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67) Claim

L. A mirror drive motor assembly comprising:

a casing;

a motor supported within the casing, the
motor comprising a stator mounted in the casing and a
rotor rotatable relative to the stator, tha rotor having
two axial ends, a mirror rotatably sacured thereto at a
locatlon between the two axial ends, the rotor further
comprising a shaft end extending from cach axlial end of
tha rotor, the shaft ends being coaxial and the shaft
ends baing conically tapered at thelr axial ends so as to
have a continuous smooth uninterruptaed coniecal surface;

a palr of bearing assemblies axially
mounted within the casing for supporting the respeetive
shaft ands of the rotor;

the bearing assemblies each comprising a
housing having a shaft recaiving opening foxrmed therein
for racalving thqugaically tapered shaft ends of the
rotox:
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a bearing lccazated within the housing, the
bearing having a smooth conical bearing face for support-
ing the conical end of the rotor shaft;

seal means spaced from the conical bearing
face for providing a seal between the bearing housing and
the rotor shaft at a location axially inward of the
respective conical surfaces so that the conical surfaces
are enclosed within the housing in a fluid tight manner
and separated from the mirror by the f£luid tight housing;
and

position adjusting means for adjusting the
position of at least one of the bearing assamblies rela-
tive to the casing in which it is supported so as to
ad4ust the position of the bearings with respect to the
rotor shaft.
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SHAFT SUPPORT ASSEMBLY FOR USE _IN 2
POLYGON MIRROR DRIVE MOTOR

Background of the Invention

This invention relates to a shaft support
assembly for use in a polygon mirror drive motor for
laser beam printers oxr a motor for magnetic disk equip-
ment, VIR and the like. Laser polygon mirroxr drive motor
assemblies present a singular set of shaft support condi-
tions. The high speed motor must exhibit a high rota-
tional accuracy with a minimum of shaft whirling; this is
particularly true in modern laser printers where high
gpead and highly minute images and very dense memory ara
involved. The shaft support conditions are, howaver,
quite stable. The rotor rcaches its high operating speed
almost instantancously and operates at a constant speed.

Doseription of the Prioyx Ark

It is known that problems roelating to rota-
tional acecuracy and to contamination of the overall
machine are dire 1y related to performance of the shaft
support assembly used to support the hlgh speed rotor.
The speed and acecuracy of rotation of conventional roll-
ing element bearinygs are limited by the accuracy of tha
working rolling menbers and inner and outer races. The
high rotational spands also dramatically reduce rolling
lement life. Consaquantly, rolling element bearings are
Aot suitable for such applications. Instead, fluide-
lubricated plain bearings have been employed in shaft
support assemblies for laser polygon mirror drive motors.
Such bearings are known to be effective in applieations
raquiring high speed rotation and "high aceuracy rota-
tion." 0Of course, various improvements must be made in
such plain bearing shaft support assemblies for use in
mirror drive motoxrs of the above type.
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In a plain bearing shaft support assembly, a
fluid lubricant £ilm is formed between sliding surfaces
upon rotation of thae shaft or rotor. Unlike a gas bear-
ing, a plain bearing is not limited to low load applica-
tions. Indsed, 1f a lubricating oil is used, an oil film
of high rigidity which attains "high accuracy rotation"
and high load capacity can be obtained. Accordingly,
such plain bearings can be designed to be of a shorter
Jength as compared with a gas bearing, thus cnabling a
realization of a compact motor.

There avrae, howaver, certain problems presented
by the use of plain bearings in shaft support asscomblies
in polygon mirror drive motors. For example, in a plain
bearing making use of a lubricating oil, oil leakage is
always a problem, and dispersion of oil during high speed
rotation poses a problem in the practical use of polygon
mirror drive motors. Another problem is that plain bear-
ings typleally provide thrust or radial support, but not
both. Finally, in arplicatlions demanding accurate shaft
positioning tha clearances in plain bearings must e
accurately maintained. Manufacturing to the close tolor=
ances roquired for such applications is axpensive =- if
it is possible at all. Morcover, adjustment is particu-
larly difficult since adjustment of one clearance ean
affect another clearance.

To cope with the problem of oll leakaga, a mag-
notie £luld bearing has been proposed for use in polygon
mirror drive motors., Such bearings lnelude a permanent
magnet and a magnatle f£luid. The magnetic fluld sexves
two funetions: sealing and providing lubrieation. fThe
magnatie £luld ecan be formed by treating magnetic powders
with a surface active ageant and dispersing the same in a
base oill.

As noked in U.8. Patent No. 4,938,611 to Nii et
al. thera are two basice types of magnetle f£luld bearings.
Ona type of magnatle fluld bearing rxetalns a magnetie
fluid on sliding bearing surfaces by maghetizing the same
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by a cylindrical-shaped permanent magnet. The other type
of magnetic fluid besring has a permanent magnet arranged
at an end of the bearing and the permanent magnet and a
permeable rotating shaft constitute a magnetic fluid
sealing to have a magnetic fluid filled in a bearing
sactiion for lubrication. These two types of magnetic
fluid bearings are intended for the prevention of disper-
slon of a magnetic fluid by magnetizing and providing the
same with a sealing function.

There are, however, problems associated with
such bearing constructions. These problems axe discussed
in detail in the aforementiioned U.S. Patent No. 4,938,611
to Nii ot al.

According to Nii et al., these problems can be
addrassed by providing a magnetic f£luld sealing which
constitutes a bearing apparatus spaced away from a boax-
ing secction to provide therebetween a spacae which accom=-
nodatas a cubical expansion of a lubricant and maintains
a constant amount of a magnetic £luid in a magnetie fluid
sealing section to pravent dispersion of the magnotic
fluid upon rotation of high speeds, In additlon, a mech=
anism for circulating the magnetic fluid through making
use of shaft rotation is provided to prevent doterlora=
tion of parformance duc to temperature rise accompanied
by viscous shearing of the magnetie fluid.

The shaft support assombly of Nii et al.
ineludes a housing foermed of a non=-magnetizable material
and having a bottom portion, a fluld lubricating type
radial bearing means coaxially located in the housing and
having a magnatic fluld sealing section and a radial
baaring section, with a thrust bearing means provided at
tha bottom portion of sald housing. A rotating shatt of
a permeable material io rotatably supported by radial
baaring means and thrus4 bearing means to extend through
the radial bearing means, and the magnetie surface of
fluid lubricant f£illed in the radial bearing seetion.
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While the shaft support assembly disclosed by
Nili et al. might solve the oill leakage problem experi-
enced with previous polygon mirror motor support bear-
ings, it fails to address the other two problems men-
tioned above ~- the nced for close tolerancaes to permit
precise alignment of the shaft and the need to provide
simultancously adjustable radial and thrust supports. As
a rezult, the shaft support arrangement disclosed by Nii
et al. is unnccaossarily complex and aexpensive to con-
gtruct. Thus, there remains a neced for a simple reliable
inexponsiva easily adjustable bearing assembly for sup-
porting a high speced shaft of the type used to support
polygon mixrrovs.

summary of tha Invention

The present invention relates to a polygon
mirror drive motor assembly which ineludes an adjustable
plain bearing which supports the high spced rotor on
which the polygon mirror is supportad. This assembly
ovarcomes the problems expoerianced in conventional assome
blies by providing a plain bearing ascembly which offers
both combined radial and thrusot support and casy adjust=
ment. With the assembly of the presont invention, sup=
port in both the radial and thrust directions is simulta=
neously adjusted so that, at assembly, any slack in the
system can be easily and quiekly removed. This simpli-
fies assembly and permits the use of component parts
manufactured to less exacting tolerances.

Tha present inventlion resides, in part, in
designing a workable plain eonieal bearing system. The
advantages of such a system are apparent: one step
adjustment and eombined radial thrust support to name
two. Tha greatest diffieulty in getting a simple eentin-
uous conieal surface combined radia./thrust bearing to
work has been tha need for precise adjustment and toler=
ances. Tha relationship between fluld stiffness and the
gap between the bearing and rotor is erditlieal in a sinple
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continuous conical combined radial/thrust bearing. When
the thickness of the fluid film =~ determined by the gap
-- 18 proper'% iajiusted, tha £ilm has exaectly the stiff-
ness needad to support load applied by the wrotor. The
gap must thareforao be adjusted such that under normal
oparating conditions the fluid film -- which has a known
stiffnoss =~ is thick enungh to provida support. By
providing a conical bearing at cach end of the shaft, the
hydrodynamic forces balance onc another so long as the
propor gap is mailntained. A statlc systom with £ixod
gaps ls possible in certain applications, a.g., polygon
mixrror drive mo’ors, bocause tho loads are substantially
congtant.

shaft support assemblies which include
radial/thrust bearing arrangements include a shaft having
a conlcal portion often raeferred to as a runner. The
runncy may be formed as a part of thse shaft or formod
soparately and rotatably sacured to tha shaft. The beay=
ing has a continuous coniecal surface which is similar,
but not complimentary to tha runnex’s surfacae sinee a
complimentary surface would tend to scize. Gonorally,
the bearing surface has a slightly greater diamcter than
the runner.

A hydrodynamic fluld ils loeated betweon tha
surfacae of the shaft runner and the bearing pad surfaea.
Tha fluld has a ealeculable fluld £ilm stiffness or spring
charactoristie. This £luld £ilm stiffness acts in oppo=
gition to the lead applied by tha rotor in operation.
When the load applied by the rotor varias during opera=
tion, the system should lnecluda a spring or the like to
vary the position of the bearlhg surface to accommodata
variations in lead. In a stable system sueh as a laseyr
poiygon mirror drive motor assembly, however, the posi=-
tion of the eonieal bearing surface may ba fixed, if it
ean ba aeceurately posltioned.

When the shaft ls at rest the bearing eontaests
tha shatl® runhar. Baeause the bearing and runner have
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different shapes, this contact occurs aleng a single line
(Lf the cone angles are cqual) or discrote points.

Fluid, praferably either air or liguid or another lubxi-
cant such as oil, f£ills the remaining spacae botween tho
runner and bearing. As the shaft begins to rotate, tho
pressure and stiffnass of the fluld inecroases, Under
normal oporating conditions, tho fluid £ilm has a caleu=
lable stiffness when the shaft is at rost. As the shaft
speed approachas noxmal oporating conditions, the fluild
£ilm stiffness inercases until the shaft is lifted out of
contact with the boaring. If the opposed coniecal bear=
Ings are aceurately positioned, an ccquilibrium pesition
will be xecached. At oquilibrium, the fluid stiffness
acting on each end of tha shaft oxactly opposen tho rotor
loads and tha bearing is spaced from the shaft runner and
the rotor is supported on a £luld £4ilm.

Tha polygon mirror driva motoxr assembly of tbe
prasent invention preforably lncludes a motor casing, a
high spocd rotor oxr a shaft supported within the motoer
casing, a motor loecated within the motor casing for driv=
ing tha rotor and a polygon nmirrer secured to tha rotor
such that tho polygon mirroy ls adapted te be drliven with
the rotor by the motor. In accordance with tha presoent
invention; the high speed rotor has two axial ends and
cach axial end is eunleally tapered. The respective
tapured ends of the rotor are supportod by bearing assem=
blies,

Bach of these bearing assemblias ineluda a
eonleal beazing for supporting the eonleal end of the
high spes. rotor or shaft. Tha conleal bearing io
pacured within a bearing housing. 'The eonleal bearing
may ba formed integrally with a pertien exr all of the
baaring heusing, 1f desired. 'The Interior of the hearing
housing ls sealad except for an opening through whieh the
cenieal and of the hlgh speead rotoy passas. The gap
batwaen the bearing housing and the pariphery of the high
spaed reter is sealed by a magnetie seal. The nagnetle
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scal may be of any conventional form. The bearing hous-
ings are preferably substantially cylindrical and
racalved in complimentary cylindrical openings formed in
the motor casing, A locking set screw or some other
means is provided to seleoctively f£ix the bearing housing
in the motor casing once a desired position is found.

In accordance with the present invention, the
outer cylindrical surface of at least one of the bearing
housings, and preferably both, arc provided with means
such as fine throads to cnable preeise adjustment of the
boaring housings. Likewisae, the interior surface of the
cylindrieal opening formed in the motor casing ls pro-
vided with complimentary fine threads such that the bear-
ing housing can be threaded into the motor casing. This
allows the posltlon of the two bearing housings to ba
procloely set. If only onc of the two housings is pro-
vided with an adjusting means such as the throeads, tha
othar houning is first locked into position. The posi-
tion of tha other, adjustable, housing is used for all
fina adjustment. Once the proeeclise position of the hous=
ing is set, tha position of tha housing relative to the
casing is fixed through the use of a loeking set serew or
the like.

Becausa both the high speed rotor and the cas=-
ing have f£lxaed dimenslons, elearances batwaen the eonieal
end of the hlgh spaed rotor and the eonleal support sur=-
faca of the bearings within eaech bearing housing ean be
adjusted by simply adjusting the position of one of the
baaring housings. Further, since the eonieal bearing
proevidas both the radlal and thrust suppert for the high
spaad rotor, thls one simple mechanleal adjustment
rasults in simulbtanaous adjustment of tha radial and
thrust supports on both ends of tha shaft. Moreever, the
baaring components ean be manufactured to less exaeting
tolarancen basausa tha bearing assembly ean be qulekly
adjusted to ewempensate for any manufasturing arrors er
loosa toleraneas. Thus; the present invention overcomes
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the greatest difficulty in getting a simple continuous
conical surface bearing to work -- the need for precise
adjustment and tolerances.

The simple fixed geometry conical bearing of
the present invention works in laser polygon mirror drive
motor assemblies because the conical supports at each end
of the shaft work together and because pf the stable
operating conditions, high speed and quick start up of
such assemblies. Other varjiables in a plain bearing sys-
tem such as the stiffness of the magnetic fluid and the
shape and size of the various compenants are all fixed.
The requirement for precise tolerances ia, of course,
golved by the present invention.

af Desncription O [2) aw s

Flg. 1 is a ochematic side view of a double
conical plain bearing shaft support system according to
the present invention.

Flg. 2 is a schematic porspective view of a
doubla conical plain bearing and a shaft having tapered
ends.,

Flg. 3 is a longltudinal crosg-scectional view
of a first embodiment of a laser polygon mixror duive
according to the present invention.

Fig. 4 is a longitudinal eross-sectional view
of another last polygon mirroxr drive according to the
praeseht invention,

Detajlled Deseription of The Drawinegs

The operating principles of the double conleal
plain bearing assembly of the present lnvention ean be
understood with reference to Flgs., 1 and 2. "These flg-
ures show a simplified ecombined radial/thrust support
assembly in which a coniecally shaped runner 5y im formed
at each and of a shaft 5 and a palr of coaxially aligned
bearing 3 each having a conieal face are mounted in a
housing 1 teo support the runners 5y at each end. 'The
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shaft 5 is thus supported in both the radial and thrust
directiicas. The bearings 3 for purposes of the illustra-
tion, are simple continuous conical surfaces. The bear-
ings 3 are typically tapered at the same angle as the
runner 5r hut are slightly larger so that, at rest, the
kearing and runner are cggantric and a wedge shapad space
is formed between them. When the surfaces contact, they
contact along a single line with a converging wedge
shaped space extanding from cach side of the line of
ceintact. The bearings 3 arae precisely spaced from the
ends of the shaft 5., To facilitate this, at lcast one of
the boarings 3 ls providad with threads te allow the
bearing to be threaded into and out of the housing 1.
Rotating thae bearing in the directions indicated by
arrows loads to axial displacement of the bearing 3 rela-
tive to the housing 1, the shaft 5 and thae othaer bearing
3. WUltimately, the clearance between the sb~ft 5 and
both conical bearings is changed by this one simpla
adjustment.,

At rost, the bearings 3 contact the conical
surfacaes of thae shaft runner 5r. The bearing surfacas
and conleal surfaces aroe prassed agalinst one anothar by
gravity. As tha shaft 5 begins to rotate, the atiffness
of tha hydrodynamic fluid lnereases until the stiffness
of the fluild oxeaads tha gravity force wlhich causes con=
tact batween the shaft and bearing surfaces. At that
point, the £luld forces the surfaces apart until an equi-
librium iz reached and the shaft runner 5r and shaft 8
ara supportad on a film of pressurized fluid. At equi-
1ibrium, the axial stiffnesns at each end of the shaft lo
balanecad so that shaft position is malntained with a high
dagrea of aceuvracy. The equilibrium is maintained as
long as operation conditions are stable. In a laser
pol, gon mirrer drive m oy, the high speed equillbriua
gtate 18 reached almost immediately at start up and la
maintained throughout operation.

s
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There are several constraints faced when
designing a conical bearing support system. For
instance, once the fluid to be used is known, the stiff-
naess characteristics of that fluid are fixed since they
ara physical characteristics. In such a case, the bal-
ance depends antirely on setting an appropriate clearance
betwaen thae shaft and beoarings. The clearance is prefer-
ably adjusted manually and fixed once the proper settirg
is found.

If the operating conditions vary, however, an
automatic adjustment means should be provided. Automatic
adjustment can also be used as an alternative to rénual
adjustment, if desired. As described in applicant’s pro=-
vious United states Patent Application 07/685,148 filed
April 15, 1991, such an automatic adjustment can ba pro-
vided by a spring such as a Bellaville (initially coned)
spring, a spring wacher and an elastomeric cushion or a
beam=like support structure. In this way a very simple
and roeliable combined radial and thrast bearing arrange-
ment can ba provided.

FIG. 3 shows a polygon mirror drive mator
assambly for laser printers or the like. The assembly
includan a casing 10 which ls proferably constructed of
aluminum or the lika. A motor 20 is seceured to the cap-
ing. The motor 20 lnecludes a motelr rotor 21 formed of a
permanant magnat 22 gsecured to & rotor shaft 23 and a
motor stator 24 secured to the motor casing 10. A poly=-
gon mirror %7 is sacurely mounted on tha rotor 23 by a
mirror ratalinar 28. An opening 12 is formad in the motor
casing 10. Tha polygon mirror 27 1s arranged such that a
portion of the mirror 27 aextends through the opening 12.
In this vay, tha mirror wan be used to rafleet tha laser
baam in a laser printer or tha llke as 1s known.

As shown in Plg. 3, the axlal ends 23y of the
rotor 23 are conieally tapered and rotatably supported by
a palr of coaxially aligned bearinyg assemblies 30. 1In
the illustratad embodiment, each bearing assembly 30
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includes a bearing housing 31 having a substantially
cylindrical outer periphery. As discussed below, the
interior of the bearing housing showld be fluid tight.

In the illustrated embodiment, this is acsomplished by
closing one end with an aluminum cap 32. The aluminum
cap is secured to the bearing housing 31 by cap bolts 34.
An O-ring 35 provides a fluid tight seal between the
aluminum cap 32 and the bearing housing 31L. A filler
screw 33 or similar device to allow access to the fluid
tight interior of the housing is provided. By removing
this filler screw 33 magnetic oll can be inserted into
the sealed housing. The end of the housing oppousite the
cap is opan to allow the tapered end of the high speed
yotor 23 to pass into the housing and to be supported on
a conical bearing 36 which ls secured to the housing 31.
In the¢ illustrated embodiment, a conical bearing 3¢ is
actually formad integrally with the housing 31, A mag=-
netic seal 37 iz mounted in tke housing 31 and secured in
place by a snap xing 38. The magnetic seal may be of any
known cosistruction.

At least one of the two, and praferably both,
bearing housings 31 is provided with a fine thread 31t
formaed on the outer periphery for reasons which will be
discussed hereinafter.

As discussed below, the bearing housing must ba
fixed in place once it ls properly positioned with
raspact to the motor casing 10. Accordingly, in the
illustrated ombodimen® a locking set serew 17 is provided
in the motoxr casing 10 such that it can be serawed down
to fix the bearing housing 31 into position. Naturally,
any othar means for veleasing and locking the bearing
housing with raespact to the motor casing could be used
for this purposa.

The eoniecal bearing 25 is a plain bearlinyg hav-
ing & tapered surface. The angle of the taper of the
cunioxl bearing surface should ba squal to the angle of
taper of the and of the high speed rotor 23. Tha dlam=-
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eter of the bearing surface should, however, be slightly
greater than the diameter of the conical shaft end. A
supply of magnetic oil 50 is provided in the sealed inte-
rior of the housing 30.

In operation, the clearanea batween the conical
bearing 36 and each tapered end of the high spaeed rotor
can be precisely adjusted with ease by simply threading
one or both of the housings into or out of the motor
casing. Because of tha conical shape of the bearing 36
and thae complimentary conical shape of the ends of the
high speed rotor 23, such adjustment causes simultancous
radial and axial or thrust positioning of tha high speed
rotor, Moreover, both ends of the rotor arc adjusted hy
simply adjusting the housing 30 at one end. Thus, thae
prasent invention allows ona-step adjustment, a feature
which is very difficult in systems where the radial and
thrust adjustment are separately undertaken.

Another important operational feature of the
prasent invention is that once the bearing is precisely
aligned in the position which gives optimum operation,
tha ontire system is fixed into position so that good
operation is maintained. fThe system is designed such
that there is very little wsar bacause when the high
speoad rotox ls rotating there is no contact between the
rotor and the conlecal bearing surface. Instead, the
rotor is supported on a £ilm of magnetic oll. Likewise,
bacause of the provislon of a magnatle seal which oper=
ates by providing a sealing with a layer of oil instead
of with frictlional contact, the system operatas such that
the high speed rotor is entirely supported by fluilds.
Additionally, because there is no slack in the system the
position of tha high speed rotor is aceurataly main-
tained.

Flg. 4 shows another laser polygon mirroxr drive
motor assembly according to the present invention. This
assenmbly ls similar to that of Plg. 3 and similar compo=
nents have similar reference numerals. The assembly of
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Fig. 4 is, however, more suited to retrofit applications,
whereas the assembly of Fig. 3 is intended to be manufac-
tured as original equipment. Briefly, the assembly
includes motor casing 10, which is preferably constructed
over aluminum or the like. The casing of this embodiment
includes separate end casing portions 110 formed with
threaded bearing receiving openirgs. This type of assem-
bly might be useful in retrofitting an existing casing to
raceive the bearing housings of the prasent invention.
The end casing portions 110 are sccured to the casing 10
by cup bolts 134 or the like.

A motor 20 is sccurcd to the wasing 10. The
motor 20 includes a motor rotor 21 formoad of a parmancnt
magnat 22 and a rotor shaft 23 and a mokor stator 24
sacurcd to the motor casing 10. A polygon mirror 27 is
rotatably secured to the rotor shaft 23 by a mirror
ratalner 28 or the like. Arn opening 12 is formed in the
motor casing so that the polygon mirxror 27 is visible
from the outside of the casing 10 or axtends outside the
casing 10, as desired.

In tha embodiment of Flg. 3, tha axlial ends of
the rotor 23 nra conically tapered and rotatably sup=
poxrted by a palr of coaxial bearing assemblies 30. In
the embodiment of Fig. 4, howaver, the conleal taper is
provided by adding a separate conleal end pleoca 123 to
tha rotor 23, Such a construction might be useful in
retrofitting an existing rotor for use in the shaft sup=-
port assembly of tha present invention. The assembly of
Flg. 4 also differs from the assembly of Filg. 3 in that
tha eonlieal bearing 136 of Filg. 4 is formed saparately
from tha bearing housing 30 and a sealing plug 137 is
provided to maintain tha eonleal bearing 136 in position
and an O=ying 35 to provide sealing against the bearing
housing 31. Unlike the embodiment of Flg. 3, a secend
O=ring 135 is provided in the sealing plug 137. This
O-ring 135 seals against the bearing heusing 31 and the
aluminum eap 32, IXf desired, the O0=-ring 135 ean also act
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as an elastomeric cushion spring. This offers the possi-
bility of using a spring load to autom.tically adjust
bearing clearancaes in addition to ox in liecu of manual
adjustment. Finally, in the ombodiment of Fig. 4 locking
scrows 138 are used to ratailn the magnotic scal assembly
37 in placa instcad of a snap ring as used in Fig. 3.

The ombodiment of Fig. 4 is otherwise similar to the
cmbodiment of Fig. 3 and operates in aessentially the samae
manner.

As mentioned above, Fig. 4 illustrates a con=
struction which can be designed to have automatic cleaxr-
ance adjustment in addition to oxr as an alternative to
manual adjustment. Speclifically, since the conical boar-
ing 136 is formad scparnte from the bearing housing 31,
the conleal bearing can slide axially within the housing.
As shown in Filg. 4 the bearing 136 can not, howaver,
slide closexr to tha rotor 23 bacause tha housing 31
includes a flange which restricts axial movement of the
bearing 136. Axial movement in the opposite direcction is
similarly restricted by the sealing plug 137 and the cap
32. If there arae no clearancaes batween the bearing 136,
the sealing plug 137 and the cap 32, then the bearing is
axlally fixad within the housing. on the othex hand, if
thera is some axial elearance batween those componants,
the bearing 136 will be axially movable within the hous-
ing. In such a ecase, automatic adjustment can be
achlaved by appropriately providing a spring within the
claarance to oppose axlal movement of tha bearing 136,

In thea embodiment of Flg. 4 the spring could be an alas=-
tie eushion such as tha O-ring 135 pressing agalnst the
ecap 32. Of course, other springs such ams a spring washer
or coll spring could ba used.

As explalned ln eo-pending Unlted States Patent
Applieation 07/685,148, with such a construection it is
possible to provide a self adjusting bearing eonsatruction
in whiech the bearing surface is in contaet with the shaft
surfaeca when the shaft ls at rest, but the two surfaces
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are forced apart by a pressurized fluid film when the
shaft rotates under normal operating conditions. This is
achieved by designing the bearings such that the force
tending to push the shaft and bearing surfaces together
1s less than the counteracting stiffness of the fluid
under normal operating conditions. At rest, the surface
of the bearing 136 is in contact with the conical surface
of the shaft runner 123. The two surfaces are preaessaed
agalnst one another by the force of the O-ring spring
cushion 135 and any gravity force. As the shaft 23
begins to rotate, the stiffness of the hydrodynamic fluid
increasaes until the stiffness of the fluid axceeds theo
forca of the spring 135 acting to push the surfoce of the
bearing 136 into contact with the surface of the shaft
runner 123. At that point, the fluid forces tha surfaces
apart against the blas of the spring 135 and any addi-
tional forces until an equilibrium is reached and the
shaft runner 123 and shaft 23 are supportad on a film of
pressurlzed fluld,

The advantage of such a self adjusting system
is that there is no need to maintain close tolerances
sinca the flumid itself balances with the spring force and
the othor forces to assura proper spacing batween the
surfaca of tha bearing 136 and the surface of the shaft
runnexr 123. In arranging for an oparable balance of
spring force varsus fluid £ilm stiffness, there are sov=
aral constralnts. For lnstance, onece the fluid to ba
used is known, the stiffness characteristles of that
fluld are fixed since thoy ara physleal characteristies.
In such a case, tha balance must ba provided for by
selecting an appropriate spring stiffness. 'The spring
forca ean be provided by any known spring such as a
Bellaville (initially eoned) spring, a spring washer or
an alastomeric cushlon as shewn. Regardlass of tha npa=
elfle type of spring selected; the spring ean be dasigned
using known prineiples to have the neecassary spring ehar=
actaristle to operate as desexribed abova. In this way, a
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very simple and reliabla combined radial and thrust bear-
ing arrangement can be provided.

The polygon mirror drive motors constructed as
described above operate in the following manner. When
the rotnr 23 is driven at high speeds, when the bearing
apparatus of the invention is applied on a polygon mirror
drive motor, the rotor is rotatably supported by an oil
£ilm of high rigidity on a wonical sliding bearing, so
that shaft whirling is all but eliminated and rotation of
high acecuracy is maintained while a polygon mirror is
free from contamination due to dispexsion of a fluid
lubricant. In this manner, the pelygon mirror drive
motor can b¢ made reliable through application of tha
invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A mirror drxive motor assecmbly comprising:

a ocasing;

a motor supported within the casing, tha
motoxr comprising a stator mounted in the casing and a
rotor rotatable relative to the statox, the rotor having
two axial ands, a mirrxor rotatably sacured thereto at a
location betwaan the two axial ends, the rotor furthoer
comprising a shaft end extending from cach axiul and of
the rotoxr, tho shaft onds being coaxial and the shaft
ands being conically tapered at thelr axial onds so as to
have a continuous smooth unintorrupted conlecal surfaco;

a palr of boaring asscombliocs axially
mounted within the casing for supporting the raespeeotive
shaft onds of the rotoxr:

the bearing assomblies aeach comprising a
housing having a shaf? racalving opening formed therein
for racelving the conically taparad shaft ands of the
rotox;

a bearing located within the housing, the
bearing having a smooth ¢onical bearing face for suppori=
ing the conical end of the rotor shaft;

seal means spaced from the conieal bearing
face for providing a seal between the bearing housing and
the rotor shaft at a location axlally inward of the
raspoectivae vonieal surfaces so that the eonleal surfaces
ara ehnclosed within the housing in a fluid tight manner
and saparatad from tha mirroer by tha f£luld tight housing:
and

position adjusting means for adjusting the
position of at least one »nf tha bearing assenmbllesn rela=
kiva to tha easing in which it ls supported se as to
adjust the position of the bearings with reapect to the
yotoxr shafk.
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2. Tho motor assombly of claim 1, comprising
position adjusting means for adjusting the position of
both bearing housings.

3. The assembly of claim 1, wherain the posi=-
tion adjusting mecans compriscs a thread formaed on tho
bearing housing and a complimontary ¢ hreaded opening
formed In the casing.

4. Tho assombly of olaim 1 further comprising
locking means for axially locking the beiring housing
into position relative to the casing, thoe locking means
comprising a sot screw adapted to angage the throads of
the bearing housing,

5. The assembly of clalm 1, whorein the seal
means conprises a magnoatic seal.

6. A mirror drive motor assombly comprising:

a motor casing:

a rotor, tha rotor ineluding a shaft hav=
ing opposad econically tapered axial ends, the tapored
axial ends having an entirely smooth unintorrupted suxr-
faca;

a palr of coaxlal bearing assomblies sup=
ported by tha moter easlng for supporting tha opposned
conieally tapered axlal ands of tha rotor:

a motor loecated within tha motor zasing
for driving the rotor: and

a mirroy rotatably secured to the rotor at
a locatlian batwaen the axial ends of tha rotoy:

aach of the bearing assemblien conprising
a vearing housinyg, a econdeal bearinyg loeated within the
bearing housing and sacured to the bearing housing teox
axial movement theraewith, a shaft recalving opening
formed in the bearing housing te allew the conieal ends
of the roter to pass inte the bearing housing, seal means
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for providing a seal botween tha bearing housing and the
rotor ghaft and at a location axially betwoen the mirror
and tho tapored axial ond of tha rotorx such that thao
Interioxr of tho bearing housing is subsotantially fluid
tight and the conical boaring and tapored axial ond of
the rotor arxc located contirely within the scaled intericr
of tho bearing housing and acparated from the mirroxr by
tha seal means, a supply of lubrisant rotained in the
bearing heusing, the conical bearing within the housing
supporting a conical end of the rotor foxr both rxadial and
thrust loads;

whorain at loast one of the boaxring hous=
ings is provided with adjusting moans for adjusting tho
axlal position of tha eoniecal bearing rolative to the
motor casing so as to adjust the elearances batwaon kho
two conieal bearings and botween cach conleal beoaring and
thae rotor.

7+  The mirror drive motor assembly of claim
6, wheraein both bearing housings inelvde adjusting means,

8. The mirrer drive motor assenbly of claim
6, whareln the adjusting means comprlse throads formed on
tha outer periphery of the bearing housing and esrres
sponding complimentary threads formed In the motex eaning
such that the baaring housing ean be khreaded inte and
out of the ecasing to adjust the axial pesition of the
bearing housing relative to tha esasing.

9., 'The nmirrer drive noter asserbly of elainm
7, wharain threads are formed on the exterioer of both
baaring housings and both bearing housings ara reeaived
in threaded bores in the motor easihg sueh that beth
baaring housings e¢an ba threaded Into and out of the
notoxr easing.
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10, The mirror drive motor assombly of claim
6, whaerain the conical plain beoaring is formed integrally
with the baaring housing.

11, Tho mirror drive motor assembly of claim
6, further comprising a locking means for roloasibly
axially locking the bearing housingn into plaee rxolative
to the motox casing.

12. Tha mirror drive motor nssombly of claim
6, further comprising a locking serow thixeaded into tho
motox casing for seolectivaly leeking tha boaring housing
into place rxalative to tha motor casing.

13, fThe mirror drive motor ansembly of clainm
6, whornin the mirrexr is a polygen mixxox.

14, A mirxor drive motor assembly compriscing:

a motor zasing:;

a rotor, the rotor ilneluding a shaft
having apposed conleally tapered axial ondso;

a paly of eoaxial beaarding assemblien
supported by the motor easing for supporting the opposed
eonleally tapered axlal ends of tha rotox;

a motor loeatad within the motoxr easing
for driving tha rotor: and

a mirroer ¥otatably secured te tha retor at
a loeation batween tha eonleally tapered axial ends of
tha roto:;

aaeh of the baaring assemblies eomprising
a baaring housing, a eonleal bearing leeated within the
baaring housing and axially mevable within the hearing
housing, a shaft recalving epaning formed Iin the bearing
housing te allow the eonical ends of tha roekor te pass
ints the bearing houslng, seal neans for previding a seal
batwean tha bearing heusing and the roter shaft at a
loeatlen betwean the taperad axial end of tha reter and
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tha mirroxr such that tha interior of the bearing housing
is substantially fluid tight and the conical bearing and
tapored axial and of tho rotor ara located entiroly
within tha secalad intorlor of tha housing and saparated
from the mirror by the scal means, a supply of lubricant
rotainoed in the boaring housing, tho conieal bearing
within the housing adapted to support the conical end of
the rotor for both radlal and thrust loads;

a opring acting betwean the housing and
the eonical fuaco of the bearing, the spring biasing the
conical faco of tha bearing toward the conleal ond of the
rotox, tha spring having a predotormined stiffness;

a fluid £4ilm located batwaen tho eonieal
faca of tha beaxing and the conleally shaped surfaco of
the runnor, thoa fluld f£iim having a characteristic stiff-
ness, wheroeln under noxmal oporating conditions, tho
stiffnoss of tho fluld £ilm ls greator than the stiffnoss
of tha spring suech that the fluid £ilm causes the bearing
to move away from the rotor.

15, 'The mixror drive motor asgembly of elaim
14, wharein at leant ona of the bearing housings ls pro=
vided with adjusting means for adjusting tha axial posi=
tion of tha bearing assembly ralativa te the moter caning
80 as to adjust tha e¢learances batween tha two conleal
bearings and bekwean each eonleal bearing and tha rotox.

16. 'Tha mirrer drive motor assembly of elaim
15, wherein the adjusting means eemprisa threads formed
an tha sutar paeriphery of the bearing heusing and eoyra=
sponding complinentary thraads formaed in the motor easing
sueh that the bearing heusing ean be thraaded lnte and
out of the auasing to adjust the axlal pesition of tha
bearing houaing relatlve te the eising.
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17. The mirror drive motor assambly of claim
15, furthar comprising a locking mcans for raeleasibly
axially locking the bearing housings into place relative
to the motor casing.

18, The mirror drive motor assombly of claim
15, further comprising a locking sscrow throaded inton the
motor casing for selactivaely locking the bearing howsing
into place relative to the motoxr casing.

19. The nirror drive motor asscombly of claim
14 whorein cach of the conically tapered axial onds of
tha rotor has a smooth uninterrupted conical suxfaca.

2%, The mirror drive motor of elaim 1, further
comprising a lubrieant supply poassage extending through
the boaring housing to provide dircet communication
botwaen the fluld tight interior of tha beoaring housing
and tha exterior of the mirrer drive motor assembly, so
that lubrieant can ba supplicd to the fluid tight inte-
rior of tha housing without disassembling the assembly
and means for selactively sealing the lubyicant supply
passage o ensura tha fluld tightness of the housning.

DATED this BIXTEENTH day of DECEMBER 1992
RUSSELL_DOUGLAS IDE

By
THOMSON PIZ2EY
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ABSTRACT

A shaft support assembly particularly wall
suited for supporting the high speed rotor in a lasecr
polygon mirror drive motor asscembly. The rotor has coni-
cally tapered ends. Thaese cends arce supported by conical
plain bearings. At lecast onc of tha bearings ls adjust-
able with raspect to the shaft and the bearing so that
the gap botween the shaft and bearing can be casily
adjusted.
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