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Description

Background of the Invention

1. Field of the invention

[0001] This invention relates to orifice compensated
hydrostatic bearings and more particularly to using a
roughened surface for reducing the whirl frequency ratio
of fluid within the annulus of the orifice compensated hy-
drostatic bearings, according to the preamble of claim.
Such a bearing is known from US-A-5 310 265.

2. Description of the related art

[0002] Orifice compensated hydrostatic bearings are
very popular but to make them more robust they have a
large clearance to radius ratio for reducing rubbing on
start up and shut down which increases the bearing life.
The increased clearance to radius ratio however permits
cross coupling forces to grow which are a rotor destabi-
lizing mechanism. The cross coupling forces are caused
by the increased flow of the fluid film within the annulus
traveling tangentially with the surface of the rotor, as the
fluid moves from the high pressure source to the low pres-
sure sump. The resulting increase in the whirl frequency
ratio increases rotor destabilizing forces and reduces the
rotor dynamic stability allowances.

Summary of the Invention

[0003] The invention defined by claim 1 relates to an
enhancement to a standard orifice compensated hydro-
static bearing wherein, the annulus lands that make the
orifice compensated hydrostatic bearings more robust,
decrease the fluid flow, reducing the cross coupling forc-
es which increase the journal’s whirl frequency ratio. By
using tire track roughened lands the fluid flow from the
feed orifice flowing to the outside edge of the hydrostatic
bearing which causes cross coupling forces is reduced
producing a more stable bearing with a lower whirl fre-
quency ratio and higher damping which benefits the ro-
tordynamics of the system.

Objects of the Invention

[0004] Itisanobjectoftheinventiontoreduce the cross
coupling forces in a hydrostatic bearing.

[0005] Itis anobject of the invention to enhance damp-
ing of the hydrostatic film such that a machine can oper-
ate safely at a high rate of speed.

[0006] It is an object of the invention to reduce rotor
motion of a journal after a perturbing force is applied to
the journal.

[0007] It is an object of the invention to provide a
smooth stable operation with no rotordynamic loads that
could result in a premature wearing out of the machine.
[0008] Itis an object of the invention to reduce the whirl
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frequency ratio of the hydrostatic bearing.

[0009] Itis another object of the invention to increase
the life of the bearing.

[0010] Itis a further object of the invention to increase
the stiffness and damping of the hydrostatic bearing rel-
ative to the cross-coupling effects.

[0011] Other objects and advantages of the present
invention will become apparent from the following de-
tailed description of the invention when considered in
conjunction with the accompanying drawing.

Brief Description of the Drawing

[0012] The Figure is a cutaway perspective view of the
preferred embodiment of the bearing housing

Detailed Description of the Preferred Embodiment

[0013] Referringtothe Figure, shownis a cross section
of a hydrostatic bearing 10 having a housing 12 having
bore 26 with orifices 14 for injecting a fluid inside of the
annulus. The hydrostatic fluid entering orifice 14 comes
from a common manifold 20 so that the pressure is equal
in all of the orifices 14. Orifice 14 leads to recess 22 on
the bore 26 of housing 12. The hydrostatic fluid from the
recess 22 pushes against journal 24 (dashed) and sep-
arates the journal 24 from the bearing bore 26 of the
housing 12 to form a hydrostatic bearing. In a standard
orifice compensated hydrostatic bearing the land area
16 (the area from the center line 15 to the exit 17) is
smooth. When the journal 24 is at rest, the hydrostatic
fluid flows from the high pressure area in recess 22
across the land area 16 to the exit 17 of the bearing 10
as shown by the axial through flow vector 30. When the
journal 24 is rotating at high speeds the hydrostatic fluid
is influenced by the journal to move tangentially as indi-
cated by fluid flow vector 28 (couette flow) with a resultant
vector between 28 and 30. The resultant fluid flow causes
cross coupling forces in the hydrostatic bearing which
increase the whirl frequency ratio, thereby reducing the
bearing’s rotordynamic effectiveness.

[0014] The roughened pattern 25 is added to the bear-
ing bore land area 16 to retard the couette flow 28, and
to slow the axial flow 30, thus reducing leakage of fluid
at exit 17. Enhancing the surface roughness extends the
boundary layer effect into the flow field, slowing the fluid
flow, particularly near the roughened surfaces. Retarding
couette flow 28 reduces the cross coupling forces and
enhances damping for a better whirl frequency ratio and
a more stable bearing. The retarding of the axial flow 30
reduces the leakage and the secondary flow of the ma-
chine for a better hydrodynamic performance.

[0015] A diamond knurled pattern is shown in the Fig-
ure but other shapes or patterns which reduce fluid flow
can be used. Multiple roughness patterns have been
used to retard both the tangential couette flow 28 and
the axial flow 30 in the annulus formed by the bearing
bore 26 and the journal 24, such as flat bottom holes and
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high machine surface roughness machining.

[0016] The roughened area 18 is added to the land
area 16 of the bearing in the circular width feature, re-
ferred to as tire tracks, because of ease of manufacture.
Tooling was not needed to roughen the land area 16 be-
tween the raised areas of recesses 22 because there is
very little benefit to roughing the communication of the
fluid between therecesses 22. The key feature is toretard
the fluid between the recesses 22 and the exit at edge
17 by inserting the roughness in tire track fashion there-
between.

[0017] Obviously , many modifications and variations
of the present invention are possible in light of the above
teachings. Itis therefore to be understood that, within the
scope of the appended claims, the invention may be prac-
ticed otherwise than as specifically described.

Claims

1. A roughened orifice compensated hydrostatic bear-
ing (10) comprising:

a hydrostatic bearing housing (12), the housing
having a cylindrical inside surface with a center
and an edge on either side of the center,

the hydrostatic bearing housing (12) having a
plurality of orifices (14) for introducing a pressu-
rized fluid into the housing at the center of the
inside surface such that the fluid enters the hy-
drostatic bearing surface at the center and exits
at the edges,

aroughened annular area (18) on the inside sur-
face of the hydrostatic bearing characterised
in that the roughened annular area (18) is lo-
cated on the inside surface of the bearing (18)
between a nonroughened annular center area
(16) and each edge to retard the fluid flow there-
by reducing the whirl frequency and increasing
the stiffness of the hydrostatic bearing.

2. Aroughened orifice compensated hydrostatic bear-
ing (10) as in claim 1 wherein:

the roughened area (18) has a diamond knurled
pattern.

Patentanspriiche

1. Aufgerautes Offnung kompensiertes hydrostati-
sches Lager (10), umfassend:

ein hydrostatisches Lagergehduses (12), wobei
das Gehause eine zylindrische Innenoberflache
mit einer Mitte und einem Rand auf beiden Sei-
ten der Mitte aufweist,
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wobei das hydrostatische Lagergehduse (12) eine
Mehrzahl von Offnungen (14) aufweist, um eine un-
ter Druck stehende FlUssigkeit an der Mitte der In-
nenoberflache derart einzufiihren, dass die Flissig-
keit an der Mitte in die hydrostatische Lageroberfla-
che eindringt und an den Randern austritt,

einen aufgerauten Ringbereich (18) auf der Innen-
oberflache des hydrostatischen Lagers,

dadurch gekennzeichnet,

dass der aufgeraute Ringbereich (18) auf der Innen-
oberflache des Lagers (10) zwischen einem nicht
aufgerauten Ringbereich (16) und jedem Rand loka-
lisiertist, um den Flussigkeitsstrom abzuschwachen,
wodurch die Wirbelfrequenz verringert und die Bie-
gefestigkeit des hydrostatischen Lagers erhéht wird.

2. Aufgerautes Offnung kompensiertes hydrostati-

sches Lager (10) nach Anspruch 1, wobei:

der aufgeraute Bereich (18) ein Diamant geran-
deltes Muster aufweist.

Revendications

1. Palier hydrostatique (10) compensé via des orifices
et présentant une partie rugueuse, comprenant :

un boitier de palier hydrostatique (12), le boitier
ayant une surface intérieure cylindrique avec
une partie centrale et une bordure sur chaque
coté de la partie centrale,

ledit boitier de palier hydrostatique (12) ayant
une pluralité d’orifices (12) pour introduire un
fluide sous pression dans le boitier au centre de
la surface intérieure, de telle fagon que le fluide
pénétre par la surface du palier hydrostatique
au niveau du centre et en sort au niveau des
bordures,

une zone annulaire rugueuse (18) sur la surface
intérieure du palier hydrostatique, caractérisé
en ce que la zone annulaire rugueuse (18) est
localisée sur la surface intérieure du palier (10)
entre une zone centrale annulaire non rugueuse
(16) et chaque bordure afin de retarder I'écou-
lement de fluide, réduisant grace a cela la fré-
quence de tourbillonnement et augmentant la
raideur du palier hydrostatique.

2. Palier hydrostatique (10) compensé via des orifices
et présentant une partie rugueuse selon la revendi-
cation 1, dans lequel :

la zone rugueuse (18) présente un motif moleté
en losange.
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