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(57) Abstract ’ N

A hydraulic axial bearing for a
radially-mounted axle (1), which has a
flange (1a) incorporating an outer, sub-
stantially axial sealing gap (7) formed be-
tween the flange and a sealing ring (3),
and an inner, substantially radial sealing
gap (9), formed between the axle and a
sealing ring (5a) confined in the bear-
ing housing (5). A hydraulic pressure
medium is supplied, through the line (D)
to the cavity (11) formed between the
sealing gaps, whereupon the medium is
evacuated through the gaps, under a con-
siderable drop in pressure, to absorb axial
loadings applied to the axle. The outer
axial gap can be controlled by an addi-
tional pressure medium that is supplied
to the pressure chamber (5b) via the line
(D). This permits the pressure in the cav-
ity (11) and consequently the axial load- :
ings absorbed, to be regulated.
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HYDRAULIC AXITAL BEARING

Baekground of the Invention

The present invention relates to a hydraulic axial bearing for a
radially-supported rotatable shaft or axle.

There is a need within many fields of technology for an axially-
adjustable bearing system, which can withstand heavy and variable
axial thrust loads. One example of this is in the cellulose processing
industry, where a multi-purpose axial mill can be subjected to thrust
loads on the order of 100 tons, while at the same time having to satisfy
high demands for accuracy in axial positioning, in order to achieve an
exact grinding gap.

A similar axial bearing system is known from the PCT publication
WO 88/03611, which contains a detailed description of the general
requirements for a hydrostatic bearing system and hydrostatic axial-
bearing systems of the prior art.

The axial bearing system mentioned in the PCT publication uses
two hydrostatic axial bearings, one on either side of a flange-like
pressure plate which is anchored to the shaft or is formed integrally with
it. Another system is shown in SE 464 370, where two flanges are
used instead of one, with the bearings acting in opposed directions,
away from one another.

Both these designs have practical limitations, mainly in respect of
the difficulty of maintaining the inner and outer sealing gaps at the
same height in spite of deflections caused by loads and thermal
expansion. A deviation as small as 1/100mm can have disastrous
consequences. In addition, the bearing is relatively heavy, with a high
moment of inertia, which is a great disadvantage in absorbing vibrations
of the flange. The bearing is also very expensive due to its weight.
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Sumnmary of the Invention

The purpose of the present invention is to provide an hydraulic
axial bearing arrangement without the drawbacks mentioned above, and
with a higher loading capacity and lower energy losses.

According to the invention, an hydraulic axial bearing for a
radially supported rotating shaft, has a fixed flange, a substantially axial
sealing gap formed between the flange and an outer sealing ring, and
an inner, substantially radial sealing gap formed between the shaft and
an inner sealing ring confined in the bearing housing, and means for
supplying hydraulic pressure medium to the cavity formed between the
sealing gaps, to absorb the axial loadings applied to the axie.
Preferably, two such bearings are provided, one on each axial side of

the flange.
The advantages, compared to the systems in the previously-

mentioned publications, will be evident to the professional in this field:

1. One axial sealing gap for each bearing, instead of two, will
be insensitive to deviations and thermal expansion of the flange and
bearings.

2. The pressurized medium for the cavities between the
sealing gaps need not be supplied through the bearings.

3. The outer sealing ring has low mass, and consequently
low moment of inertia, resulting in a closer adaptation to the vibrations

of the flange.
4. An inner radial gap provides a larger utilized hydraulic

area, which provides a higher loading capacity.
5. Energy consumption is lower, since the inner gap is closer

to the center line.

Brief Description of the Drawings

FiIG.1 shows a double-sided bearing arrangement as
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incorporated in the invention.
FIG.2 shows an exposed and enlarged axial sealing ring, in

which the pressure in the cavity is explained as a function of the
geometry and the pressure applied to the pressure chamber by the pilot

valve.

FIG.3 shows an enlargement of the inner sealing ring, illustrating
the drop of pressure of the medium along the radial gap.

FIG. 4 shows a practical application of a double-sided bearing
arrangement according to the invention.

Descripiion of the Preferred Embodiment

According to Figure 1, the axie 1 or shaft is radially mounted or
supported at a distance from one or both sides of a fixed flange 1a. In
each of two axially opposed bearing housings, 4, 5, surrounding the
flange 1a, there is an outer, axial sealing ring 2 and 3 respectively,
which can be displaced within its outer pressure chamber, 4b and 5b,
and sealed by means of the seals 2a and 3a respectively. In each
bearing housing 4, 5, there is also an inner radial sealing ring 4, 5,
which forms an essentially fixed sealing gap, 8, 9 with the axle.

A hydraulic pressure medium is applied from the pumps 15 and
16, through the lines C and D to the cavities 10 and 11 formed between
sealing gaps 2, 3 and 8,9, by the flange 1a, the axial sealing rings 2, 3,
portions 4'.5' of the housing 4, 5 and the inner radial sealing rings 4a,
Sa. This medium is expelled from the cavities through the fixed radial
gaps 8, 9, and the adjustable outer, axial sealing gaps 6, 7, which
causes a drop in pressure that affects the flange 1a. A hydraulic pilot

valve 12, fed by pressure from the pump 14, driven by the motor 17,
actuates the sealing rings 2, 3, through the lines A, B, to close the outer

sealing gaps in proportion to the current axial load. For this control, the
pilot valve is assisted by a sensor 13 which monitors the position of the
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axie. The evacuation flow is indicated in the figure by |, J and G, H
respectively.

Figure 2 shows an exposed and enlarged axial sealing ring, in
which the pressure in the cavity is explained as a function of the

9  geometry and the pressure applied to the pressure chamber by the pilot

valve. In this way, the pilot valve can be programmed to keep the axie
in a certain position irrespective of external loadings, and to adjust the
position of the axle during operation.

Figure 3 shows an enlargement of the inner sealing ring 5a,

10 lllustrating the drop of pressure of the medium along the radial gap.
One modification in this connection would be to permit the pressure p1
in each cavity 10,11 to act radially inwardly upon the outer
circumference of the sealing ring 4a, 5a, at p1' by means of a seal 4d,
Sd against housing 4, 5. Thus, the diameter of the sealing ring, i.e.,

15 the height of the sealing gap 9, decreases as the loading increases.
The drainage flow at p=0 through |,J does not therefore increase in
direct proportion to an increasing thrust. Alternatively, pressure at p1'
could be supplied from the pressure medium acting on outer pressure

chambers 4b and 5b.
20 Figure 4 shows a practical application of a double-sided bearing

arrangement according to the invention. The axle is mounted in
spherical axial roller bearings 18 and 19, to have a radial mounting free
from play but with some axial load-absorbing capacity. The bearing
housings 4, 5 form the piston in a linear hydraulic motor with the outer

25 cylinder 20, 21. The linear hydraulic motor has two pressure chambers
4c, 5c. The volume and pressure of hydraulic medium is regulated via
the lines E, F by means of a hydraulic pilot valve 12 and a position

sensor 13.
Pressure chambers 4c and 5c communicate directly with the

30 respective pressure chambers 4b and 5b of the bearing, through the
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lines A and B, in order to absorb the axial loadings applied to the
hydraulic motor, in the manner of "slave® bearings.

The hydraulic motor is thus operated to adjust the axial position
of the axle, and the hydraulic bearings are applied to absorb axial

S  loadings, which can vary in weight and direction.
The hydraulic pressure medium described in Figure 1, which is
applied to the cavities 10 and 11, is not shown in the Figure 4, but is of
course necessary for the correct operation of the bearing arrangement.




CA 02212433 1997-08-06

WO 96724777 PCT/US96/01433

10

15

20

25

CLAIMS:

1. Hydraulic axial bearing formed within a bearing housing for
a radially-mounted shaft (1) incorporating a fixed flange (1a),
characterized by an outer, substantially axial sealing gap (7), formed

between the flange and an outer sealing ring (3) supported in the

bearing housing, and an inner, substantially radial sealing gap (9)

formed between the shaft and the bearing housing or an inner sealing
ring (5a) confined in the bearing housing, such that a cavity (11) is
formed between the sealing gaps, and by means (D) for supplying
hydraulic pressure medium to the cavity (11) to absorb the axial
loadings applied to the shatt.

2. Hydraulic axial bearing as in claim 1, characterized in that
the outer sealing ring (3) can be displaced axially by hydraulic pressure
supplied to an outer pressure chamber (5b), formed between the
sealing ring (3) and the housing (5) to control the pressure in the cavity
(11) and thereby also the axial loading applied to the flange.

3. Hydraulic axial bearing as in claim 2, characterized in that
two bearings each having respective outer pressure chambers (4b, 5b)
in housings (4, 5), are arranged in opposite directions around one or
two flanges.

4. Hydraulic axial bearing as in claim 3, characterized by the
incorporation of a pilot valve (12) which, together with a shaft-position
sensor (13), regulates the quantity and pressure of hydraulic medium to
the two outer pressure chambers (4b, 5b), in order to absorb the axial
loading and to pemnit its axial displacement.

e
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5. Hydraulic axial bearing as in claim 4, characterized by the
bearing housings (4, 5) forming a piston in a linear hydraulic motor (20,
21) where said pilot valve (12) is fitted, which, together with said shaft-
position sensor (13), regulates the quantity and pressure of hydraulic
medium to the piston pressure chambers (4c, 5c) of the hydraulic motor
in order {o absorb the axial loading on the piston, the piston pressure
chambers (4c, 5c) communicating directly with the outer pressure
chambers (4b, 5b) in the bearing housings, so that both the hydraulic
bearings absorb the outer axial ioading applied to the hydraulic motor.

6. Hydraulic axial bearing as in any one of claims 1-5,
characterized by the inner radial sealing rings (4a, 5a) being acted upon
radially inwardly around their outer circumferences by hydraulic
pressure medium in order to control the height of the inner gaps (8, 9).

7. Hydraulic axial bearing as in claim 6, characterized by the
radial inward pressure (p1') originating from the pressure (p1) in the
cavities (10, 11) which bears the axial loading.

8. Hydraulic axial bearing as in claim 6, characterized by the
radial inward pressure originating from the hydraulic pressure medium in

the outer pressure chambers (4b, 5b).
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