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(57) Abstract: An object of the present invention
is to provide a hydraulic pump structure which
improves the ease of mounting the hydraulic
pump on the main shaft, and a method of mount-
ing the hydraulic pump which can be performed
in a simplified manner. A hydraulic pump unit 10
is formed by unitizing a cylindrical member 46 fit
into an outer circumference of the main shaft 12
and a hydraulic pump body 76 arranged on an
outer circumferential side of the cylindrical mem-
ber 46. The hydraulic pump body 76 comprises a
ring cam 52 mounted on the outer circumference
of the cylindrical member 46, a pump bearing 54,
a pump housing 34, a plurality of piston 58
housed in the pump housing 34 and actuated by
the ring cam, and a plurality of cylinders 60
which guide the plurality of pistons in a radial
direction and are arranged in a circumterential
direction, and the hydraulic pump unit 10 is con-
figured such that the pump unit 10 is insertably
fixed to the main shaft 12 by the cylindrical mem-
ber 46.
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Description

Title of Invention: HYDRAULIC PUMP STRUCTURE FOR WIND
TURBINE GENERATOR OR TIDAL CURRENT GENERATOR

[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

AND METHOD OF MOUNTING HYDRAULIC PUMP
Technical Field

The present invention relates to a hydraulic pump structure, which generate operating
oil pressure to a hydraulic motor for generating electric power mounted on a main shaft
of a wind turbine generator or a tidal current generator, and a method of mounting the

hydraulic pump on the main shaft.

Background Art

As a traditional wind turbine generator, there are a structure in which wind power
rotates a propeller and a rotation of the propeller is directly sent to a direct-power
generator, or sent to a generator via a gearbox having a prescribed speed increasing
ratio, or a structure in which the rotation of the propeller is sent to a generator via a
fluid type transmission which is a gearbox constituted of a hydraulic pump and a
hydraulic motor. Patent Document 1, JP3822100B discloses one example of a fluid
type transmission.

Further, more examples of using a fluid type transmission constituted of a hydraulic
motor and a hydraulic pump as a gearbox are disclosed in Patent Document 2, US
2010/0032959A and also in Patent Document 3, US 2010/0040470A.

Patent Documents 2 and 3 propose the hydraulic pump mounted on the main shaft of
the wind turbine, structured such that a plurality of cylinders are arranged in the radial
direction of the main shaft and radially in a circumferential direction and pistons are
arranged slidably in the cylinders such as to be moved by a relative rotation speed

difference between the rotation of the main shaft and a rotation of a nacelle side.
Citation List

Patent Literature

PTL 1: JP3822100B

PTL 2: US2010/0032959A
PTL 3: US2010/0040470A
Summary of Invention

Technical Problem
Patent Document 2 and Patent Document 3 discloses a ring cam, hydraulic pistons
and cylinders that constitute a hydraulic pump. However, neither of the documents

proposes specifically how to mount these parts with respect to a main shaft of a wind
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turbine, or how to perform the mounting process in a simplified manner, or a structure
suitable for mounting the unit to the main shaft and so on.

Further, none of Patent Documents discloses a detailed structure of the hydraulic pump
such as the arrangement of a pump bearing for supporting the hydraulic pump to the
main shaft.

Therefore, it is necessary to make improvements so as to provide a simple structure
which performs the mounting process with ease. By this, it is possible to reduce the
number of steps of mounting the hydraulic pump with respect to the main shaft, reduce

the cost of performing the mounting process.
In view of the issues above, an object of the present invention is to provide a

hydraulic pump structure which improves the ease of mounting the hydraulic pump on
the main shaft of a wind turbine generator or a tidal current generator, and a method of

mounting the hydraulic pump which can be performed in a simplified manner.

Solution to Problem

To achieve the object, a first aspect of the present invention is a hydraulic pump
structure for a wind turbine generator or a tidal current generator which comprises a
hub equipped with a plurality of blades, a main shaft connected to the hub and a
hydraulic pump mounted on the main shaft, the hydraulic pump structure comprising: a
hydraulic pump unit in which the hydraulic pump is unitized by a cylindrical member
which is fit into an outer circumference of the main shaft and a hydraulic pump body
which is arranged on an outer circumferential side of the cylindrical member, wherein
the hydraulic pump body comprises: a ring cam which is mounted on the outer cir-
cumference of the cylindrical member; a pump bearing; a pump housing which is
provided rotatably with respect to the cylindrical member via the pump bearing and is
fixed to a body side of the wind turbine generator or the tidal current generator; a
plurality of pistons which are housed in the pump housing and is actuated by the ring
cam that is rotated with the main shaft; and a plurality of cylinders which guide the
plurality of pistons in a radial direction and are arranged in a circumferential direction,
and wherein the hydraulic pump unit is configured such that the pump unit is insertably
fixed to the main shaft by the cylindrical member.

According to the first aspect of the present invention, the hydraulic pump unit is
configured such that the hydraulic pump is unitized by the cylindrical member which is
fit onto an outer circumference of the main shaft and the hydraulic pump body,
wherein the hydraulic pump body comprises: the ring cam mounted on the outer cir-
cumference of the cylindrical member; the pump bearing; the pump housing provided
rotatably with respect to the cylindrical member via the pump bearing and fixed to the

body side of the wind turbine generator or the tidal current generator; the plurality of
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pistons housed in the pump housing and actuated by the ring cam that is rotated with
the main shaft; and the plurality of cylinders which guide the plurality of pistons in the
radial direction and are arranged in the circumferential direction, and wherein the
hydraulic pump unit is configured such that the pump unit is insertably fixed to the
main shaft by the cylindrical member, and the hydraulic pump unit is constituted of the
cylindrical member and the hydraulic pump body which is arranged on an outer cir-
cumferential side of the cylindrical member.

Specifically, the hydraulic pump unit is formed including the cylindrical member and
the hydraulic pump unit is inserted onto the main shaft via the cylindrical member,
thereby improving the ease of mounting the hydraulic pump unit to the main shaft.

Further, the performance of the hydraulic pump can be checked per unit before
mounting the hydraulic pump to the main shaft. The performance of the hydraulic
pump can be firmly ensured to improve the reliability of the product.

In such a conventional case that the hydraulic pump is mounted on the main shaft
while being assembled, the completed hydraulic pump is already mounted on the main
shaft as an actual machine, and thus a detailed confirmation test of the hydraulic pump
is hard to perform due to restrictions on items that can be tested of the performance test
and so on.

Further, it is preferable in the first aspect of the present invention that the main shaft
has a stepped portion with a reduced diameter, and a tip section of the cylindrical
member of the hydraulic pump unit comes in contact with the stepped portion so as to
position the hydraulic pump unit.

As described above, the tip section of the cylindrical member of the hydraulic pump
unit comes in contact with the stepped portion of the main shaft so as to position the
hydraulic pump unit. As a result, the positioning becomes easier in the steps such as
inserting the hydraulic pump unit onto the main shaft and thus, the workability of the
mounting process and the precision and stability of positioning the unit are improved.

Further, it is also preferable in the first aspect of the present invention that the
cylindrical member is fixed to the main shaft by any one of a shrink disk connection, a
flange coupling, a key connection and an involute spline connection.

As described above, the cylindrical member can be fixed to the main shaft by a
shrink disk connection, a flange coupling, a key connection or an involute spline
connection other than a simple method of inserting and fitting the cylindrical member
onto the main shaft. As a result, the fixing of the cylindrical member with respect to
the main shaft is further secured.

Furthermore, it is also preferable in the first aspect of the present invention that the
cylindrical member has a large diameter section and small diameter sections disposed

on both ends of the large diameter section, the ring cam is arranged on an outer cir-
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cumferential side of the large diameter section, the pump bearing is mounted on
stepped portions between the large diameter section and the small diameter sections.
With the above structure of the cylindrical member having a large diameter section and
small diameter sections disposed on both ends of the large diameter section, the pump
bearings supporting pump housing on the cylindrical member are respectively mounted
on stepped portions between the large diameter section and the small diameter
sections. As a result, the positioning of the pump bearing is made easy and it becomes
more stable at the mounting position.

Moreover, it is preferable in the first aspect of the present invention that the pump
housing is formed into an almost cylindrical shape having end walls and the end walls
of the pump housing have an inner circumferential opening which is supported by the
pump bearing.

As described above, the pump bearings are respectively mounted on the stepped
portions between the large diameter section and the small diameter sections and the
pump bearing supports the inner circumferential part of the pump housing on both ends
wall thereof. As a result, both end surfaces of the pump housing are guided along the
walls forming the stepped portions so as to position the pump housing around the main
shaft in a stable manner.

It is also preferable in the first aspect of the present invention that the main shaft has
a hollow structure.

Next, a second aspect of the present invention is a method of mounting the hydraulic
pump of the wind turbine having the hydraulic pump structure for a wind turbine of the
first aspect and the method comprises the steps of: assembling the hydraulic pump unit
in advance; then inserting and fixing to the main shaft a first main shaft bearing which
secures the main shaft rotatably on a body side of the wind turbine generator or the
tidal current generator; then fitting the hydraulic pump unit having been assembled be-
forehand onto the main shaft via the cylindrical member of the hydraulic pump unit;
and then fixing the hydraulic pump unit to the main shaft by means of a fixing
member.

According to the second aspect of the present invention, the hydraulic pump unit is
assembled in advance in the preliminary step. As already explained in the hydraulic
pump structure, the hydraulic pump unit is constituted of the cylindrical member and
the hydraulic pump body which is arranged on an outer circumferential side of the
cylindrical member. The hydraulic pump body comprises the ring cam, the pump
bearing, the pump housing provided rotatably with respect to the cylindrical member
via the pump bearing and fixed to the body side of the wind turbine generator or the
tidal current generator, the piston housed in the pump housing and actuated by the ring

cam that is rotated with the main shaft, and the plurality of cylinders which guide the
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piston in the radial direction and are arranged in the circumferential direction.

First, the main shaft bearing which secures the main shaft rotatably on a body side of
the wind turbine generator or the tidal current generator is inserted and fixed to the
main shaft, then the hydraulic pump unit having been assembled beforehand is fit onto
the main shaft via the cylindrical member of the hydraulic pump unit; and then the
hydraulic pump unit is fixed to the main shaft by means of a fixing member.

As described above, the hydraulic pump is assembled in advance and then inserted
and fixed to the main shaft. The performance of the hydraulic pump can be checked
per unit before mounting the hydraulic pump to the main shaft. The performance of the
hydraulic pump can be firmly ensured to improve the reliability of the product.

Further, compared to the case wherein the hydraulic pump is mounted on the main
shaft while being assembled, the hydraulic pump is already assembled before being
mounted on the main shaft and the hydraulic pump unit can be assembled in a different
place and then fixed to the main shaft. As a result, the restrictions on assembling fa-
cilities or test facilities are removed and the assembling of the hydraulic pump unit can
be performed efficiently.

Furthermore, in the second aspect of the present invention, the mounting method may
further comprise the step of: inserting and fixing a second main shaft bearing, wherein
the first main shaft bearing is inserted and fixed, the hydraulic pump unit is then
inserted and fixed, and the second main shaft bearing is then inserted and fixed.

By inserting the first main shaft bearing and the second main shaft bearing re-
spectively before and after inserting the hydraulic pump unit, the main shaft bearings
can be fixed on the front and rear side of the hydraulic pump unit and the mounting
position can be changed depending on the locations of the main shaft bearings.

Further, it is preferable in the second aspect of the present invention that the
hydraulic pump unit and the first main shaft bearing are inserted and fixed from a side
opposite to the hub.

The hydraulic pump unit and the first main shaft bearing are inserted and fixed from
a side opposite to the hub. Specifically, the main shaft is placed up right with the hub
side on the bottom, and the hydraulic pump unit and the first main shaft bearing are
inserted from above. As a result, the inserting of the hydraulic pump unit can be
performed in a stable manner.

Furthermore, the mounting method of the second aspect may further comprise the
step of: fixing the main shaft to a nacelle on the body side of the wind turbine
generator or the tidal current generator in a state where the first main shaft bearing and
the hydraulic pump unit are fixed to the main shaft, after the steps of inserting and
fixing the first main shaft bearing and the hydraulic pump unit to the main shaft.

In this manner, the hydraulic pump unit and the main shaft bearing are fixed with
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respect to the main shaft, and then the main shaft is fixed to the nacelle on the body
side of the wind turbine generator or the tidal current generator. As a result, the process
of mounting the hydraulic pump on the nacelle is made easy and also the positioning of
the hydraulic pump unit with respect to the main shaft is performed in a more stable
manner, thereby securely achieving the performance of the hydraulic pump.

It is also preferable in the second aspect of the present invention that in the step of
fixing the main shaft to the nacelle on the body side of the wind turbine generator or
the tidal current generator, the pump housing of the hydraulic pump unit is fixed to the
nacelle on the body side of the wind turbine generator or the tidal current generator via
a damper mechanism. Preferably the damper mechanism has a damping effect against
vibration and prevents deformation of the pump housing and an assembling difference
while maintaining an axial center of the pump housing of the hydraulic pump unit with
respect to the nacelle, and the damper mechanism is mounted on a flange portion
protruding in a radial direction from both side of a torque arm arranged on an outer cir-
cumference of the pump housing.

As described above, the pump housing is fixed to the nacelle via the damper
mechanism. As a result, the deformation of the housing and the assembling difference
can be prevented and also there is a damping effect against the vibration from the
hydraulic pump side.

Next, a third aspect of the present invention is a method of mounting the hydraulic
pump of the wind turbine generator or the tidal current generator having the hydraulic
pump structure for a wind turbine of the first aspect. The method comprises the steps
of: assembling the hydraulic pump unit in advance; then inserting and fixing to the
main shaft a third main shaft bearing which secures the main shaft rotatably on a body
side of the wind turbine generator or the tidal current generator; then inserting and
fixing a fourth main shaft bearing to the main shaft adjacent to the third main shaft
bearing or with a distance from the third main shaft bearing; then fitting the hydraulic
pump unit having been assembled beforehand on the main shaft via the cylindrical
member of the hydraulic pump unit; and then fixing the hydraulic pump unit to the
main shaft by means of a fixing member.

According to the third aspect of the present invention, prior to inserting the hydraulic
pump unit onto the main shaft, the third and fourth main shaft bearings are inserted and
fixed to the main shaft. The step of inserting and fixing the main shaft bearings is
performed before the step of inserting the large hydraulic pump unit. Thus, the fixing
the hydraulic pump unit to the main shaft can be securely performed.

Further, the hydraulic pump unit can be fixed free of restrictions from both of the
main shaft bearings and the ease of mounting the hydraulic pump on the main shaft is

improved. The rest of the operation effects is the same as the second aspect of the
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present invention.
It is also preferable in the third aspect of the present invention that the hydraulic

pump unit and the third and fourth main shaft bearings are inserted and fixed from a
side opposite to the hub.

The hydraulic pump unit and the first main shaft bearing are inserted and fixed from
a side opposite to the hub. Specifically, the main shaft is placed up right with the hub
side on the bottom, and the hydraulic pump unit and the first main shaft bearing are
inserted from above. As a result, the inserting of the hydraulic pump unit can be
performed in a stable manner.

The mounting method of the third aspect of the present invention may further
comprise the step of: fixing the main shaft to a nacelle on the body side of the wind
turbine generator or the tidal current generator in a state where the third and fourth
main shaft bearings and the hydraulic pump unit are fixed to the main shaft, after the
steps of inserting and fixing the third and fourth main shaft bearings and the hydraulic
pump unit to the main shaft.

In this manner, the hydraulic pump unit and the main shaft bearing are fixed with
respect to the main shaft, and then the main shaft is fixed to the nacelle on the body
side of the wind turbine generator or the tidal current generator. As a result, the process
of mounting the hydraulic pump on the nacelle is made easy and also the positioning of
the hydraulic pump unit with respect to the main shaft is performed in a more stable
manner, thereby firmly achieving the performance of the hydraulic pump.

Further, it is preferable in the third aspect of the present invention that in the step of
fixing the main shaft to the nacelle on the body side of the wind turbine generator or
the tidal current generator, the pump housing of the hydraulic pump unit is fixed to the
nacelle on the body side of the wind turbine generator or the tidal current generator
side via a damper mechanism. Preferably the damper mechanism has a damping effect
against vibration and prevents deformation of the pump housing and an assembling
difference while maintaining an axial center of the pump housing of the hydraulic
pump unit with respect to the nacelle, and the damper mechanism is mounted on a
flange portion protruding in a radial direction from both side of a torque arm arranged
on an outer circumference of the pump housing.

As described above, the pump housing is fixed to the nacelle via the damper
mechanism. As a result, the deformation of the housing and the assembling difference
can be prevented and also there is a damping effect against the vibration from the
hydraulic pump side.

Advantageous Effects of Invention

According to the first aspect of the present invention, the hydraulic pump unit is
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configured such that the hydraulic pump is unitized by the cylindrical member which is
fit into an outer circumference of the main shaft and the hydraulic pump body, wherein
the hydraulic pump body comprises: the ring cam mounted on the outer circumference
of the cylindrical member; the pump bearing; the pump housing provided rotatably
with respect to the cylindrical member via the pump bearing and fixed to the body side
of the wind turbine generator or the tidal current generator; the piston housed in the
pump housing and actuated by the ring cam that is rotated with the main shaft; and the
plurality of cylinders which guide the piston in the radial direction and are arranged in
the circumferential direction, and wherein the hydraulic pump unit is configured such
that the pump unit is insertably fixed to the main shaft by the cylindrical member, and
the hydraulic pump unit is constituted of the cylindrical member and the hydraulic
pump body which is arranged on an outer circumferential side of the cylindrical
member. As a result, the hydraulic pump unit can be inserted onto the main shaft via
the cylindrical member and the ease of mounting the hydraulic pump unit to the main
shaft is improved.

Further, the performance of the hydraulic pump can be checked per unit before
mounting the hydraulic pump to the main shaft. The performance of the hydraulic
pump can be firmly ensured to improve the reliability of the product.

Further, according to the second aspect of the present invention, the mounting
method comprises the steps of assembling the hydraulic pump unit in advance; then
inserting and fixing to the main shaft a first main shaft bearing which secures the main
shaft rotatably on a body side of the wind turbine generator or the tidal current
generator; then fitting the hydraulic pump unit having been assembled beforehand onto
the main shaft via the cylindrical member of the hydraulic pump unit; and then fixing
the hydraulic pump unit to the main shaft by means of a fixing member. By this, the
performance of the hydraulic pump can be checked per unit before mounting the
hydraulic pump to the main shaft. The performance of the hydraulic pump can be
firmly ensured to improve the reliability of the product.

Further, compared to the case wherein the hydraulic pump is mounted on the main
shaft while being assembled, the hydraulic pump is already assembled before being
mounted on the main shaft and the hydraulic pump unit can be assembled in a different
place and then fixed to the main shaft. As a result, the restrictions on assembling fa-
cilities or test facilities are removed and the assembling and inspections of the
hydraulic pump unit can be performed efficiently.

According to the third aspect of the present invention, prior to inserting the hydraulic
pump unit onto the main shaft, the third and fourth main shaft bearings are inserted and
fixed to the main shaft. The step of inserting and fixing the main shaft bearings is

performed before the step of inserting the large hydraulic pump unit. Thus, the fixing
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the hydraulic pump unit to the main shaft can be performed in a stable manner.
Further, the hydraulic pump unit can be fixed free of restrictions from both of the main
shaft bearings and the ease of mounting the hydraulic pump on the main shaft is
improved.
Brief Description of Drawings
[fig.1]Fig. 1 is an overall view of a general structure of a wind turbine of the present
invention.
[fig.2]Fig. 2 is an overall view of a hydraulic pump in a first preferred embodiment of
the present invention
[fig.3]Fig. 3 is a sectional view of the hydraulic pump and the main shaft taken alone
the plane X-Y of Fig. 2.
[fig.4]Fig. 4 is a perspective view of a cross-section of the hydraulic pump.
[fig.5]Fig. 5 is a sectional view of a main part of the hydraulic pump in the direction
perpendicular to the axis thereof.
[fig.6]Fig. 6 is an illustrative drawing showing a shape of a ring cam which is a
component of the hydraulic pump.
[fig.7]Fig. 7 is an illustrative drawing showing a shape of a roller and piston which are
components of the hydraulic pump.
[fig.8]Fig. 8 is a flow chart showing a process of mounting the hydraulic pump in a
first preferred embodiment.
[fig.9]Fig. 9 is an overall view of a general structure of a hydraulic pump in a second
preferred embodiment of the present invention.
[fig.10]Fig. 10 is an illustrative drawing of a main shaft bearing of the second preferred
embodiment.
[fig.11]Fig. 11 is an illustrative drawing of a main shaft bearing of a third preferred
embodiment.
Description of Embodiments

A preferred embodiment of the present invention will now be described in detail with
reference to the accompanying drawings. It is intended, however, that unless par-
ticularly specified, dimensions, materials, shape, its relative positions and the like shall
be interpreted as illustrative only and not limitative of the scope of the present.

(FIRST PREFERRED EMBODIMENT)

(GENERAL STRUCTURE)

First, a general structure of a wind turbine generator using a hydraulic pump is
explained reference to Fig. 1.

The wind turbine generator 1 is mainly constituted of a tower 2 installed upright on a

base, a nacelle 4 installed on top of the tower 2, a rotor hub (hub) 6 mounted on the
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nacelle 4, a plurality of blades 8 mounted on the hub 6 and a main shaft 12 inter-
connected with the hub 6 and transmitting a rotation force to a hydraulic pump
(hydraulic pump unit) 10 described later.

Further, the nacelle 4 houses a hydraulic pipe 16 which leads a hydraulic pressure
generated by a hydraulic pump 10 to a hydraulic motor 14 arranged on a downstream
side, and a generator 18 to which the rotation force generated by the hydraulic motor
14 is transmitted.

Fig. 2 shows the configurations of the hydraulic pump 10 in the nacelle 4, main shaft
bearings 20 and 21, and a frame 22 of the nacelle 4. As illustrated in the drawing, the
first main shaft bearing 20 and the second main shaft bearing 22 are arranged on a
front side and a rear side of the hydraulic pump respectively. The frame 22 consists of
a first frame part 22a which supports and fixes the hydraulic pump 10 and a second
frame part 22b which supports and fixes the hydraulic motor 14 and the generator 18.
The hydraulic pump 10, the first main shaft bearing 20 and the second main shaft
bearing 21 are arranged in the first frame part 22a.

Further, the first frame part 22a slants upward with respect to a horizontal surface
along the axial direction of the main shaft 12.

The first main shaft bearing 20 is surrounded by a first main shaft bearing cover 24
and secured onto a supporting rail 28 by a flange member 26 provided on both sides in
the radial direction. The supporting rail 28 is formed along the direction of the main
shaft on both sides in the width direction perpendicular to the longitudinal direction of
the first frame part 22a. The second main shaft bearing 21 is secured onto the
supporting rail 28 by a flange member 32 on both sides in the radial direction in the
manner similar to the first main shaft bearing 21. The first main shaft bearing 20 and
the second main shaft bearing 21 are designed to take radial as well as axial loads from
both the weight and the thrust applied by the wind to the main shaft 12.

The hydraulic pump 10 is housed in a pump housing 34 formed into an almost
cylindrical shape. A torque arm 36 is two part member constituted of a top half circle
part and a bottom half circle part disposed around the an outer circumference of the
pump housing 34 by joining the top half circle part and the bottom half circle part
thereof. A damper mechanism 38 is provided at a joint where the top and bottom half
circle parts are joined so as to secure the torque arm 36 onto the supporting rail 28. In
this manner, the hydraulic pump 10, the first main shaft bearing 20 and the second
main shaft bearing 21 are respectively secured to the first frame part 22a of the frame
22 of the nacelle 4.

Next, Fig. 2 shows X direction which is an axial center line of the main shaft 12 and
Y direction which is perpendicular to X direction. Fig. 3 shows a sectional view of

main parts taken along the plane X-Y of Fig. 2. Further, a partial enlarged view of the
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hydraulic pump 10 of Fig. 3 and components thereof are showed in Fig. 4 through Fig.
7.

In Fig. 3, the main shaft 12 with a hollow structure forms, from a hub side, a hub
mount section 40, a first stepped portion 42 with a reduced diameter and a second
stepped portion 44 with a reduced diameter and the diameter of the main shaft 12 is
reduced in the order of a first diameter D1, a second diameter D2 and a third diameter
D3 in this order in a step pattern.

The hydraulic pump 10 is mounted at a location having the second diameter D2. A
cylindrical member 46 is fit into an outer circumference of the second diameter D2.
The cylindrical member 46 comprises a large diameter section 48 and small diameter
sections 50, 50 disposed on both ends of the large diameter section 48. A ring cam 52
is mounted on the outer circumference of the large diameter section 48 and pump
bearings 54, 54 are mounted on stepped portions between the large diameter section 48
and the small diameter sections 50.

(HYDRAULIC PUMP STRUCTURE)

A detailed structure of the hydraulic pump 10 (hydraulic pump unit) is explained in
reference to Fig. 3 through Fig. 7. The ring cam 52 is fixed to the outer circumference
of the large diameter section of the cylindrical part 46. As shown in Fig. 6, the ring
cam 52 is formed by mounting a plurality of cam pieces 52a, 52b, etc. on the outer cir-
cumferential side of the large diameter section 48 of the cylindrical part 47 in the cir-
cumferential direction thereof by means of pins 55 or bolts (not shown). A plurality of
the ring cams 52 may be arranged in the axial direction. The preferred embodiment
shows an exemplary case wherein four ring cams 52 are arranged on the large diameter
section of the cylindrical part 47. But the number of ring cams can be adequately
changed depending on the capacity of the hydraulic pump.

Further, the ring cam 52 may have a cam surface defining a plurality of waves but
not limited thereto. The ring cam 52 may be an eccentric cam that has a uniform cam
surface and is disposed eccentrically with respect to a shaft center of the main shaft 12.

The piston 58 supports a roller 56 arranged on the bottom thereof as shown in Fig. 7.
The roller 56 comes in contact with the cam surface of the ring cam 52. The piston 58
moves slidingly in the cylinder 60 to guide the roller along the cam surface. Further,
the cylinders 60 are arranged in the radial direction with respect to the shaft center of
the main shaft 12 and radially arranged in the circumferential direction.

As illustrated in Fig. 5, the rollers 56 come in contact with the cam surface formed on
the outer circumference of the ring cam 52. In conjunction with the rotation of the
main shaft 12, the pistons move inward and outward along the cam surface of the ring
cam 52. During this process, the operating oil is repeatedly introduced to or discharged

from a pressure chamber inside each of the cylinders 60.
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A low pressure control valve 64 is arranged in an intake line to the pressure chamber
62 to allow the inflow of oil to the pressure chamber 62. Each low pressure control
valve 64 is controlled to determine whether each corresponding pressure chamber
operates as a pump or not (the low pressure control valve 64 is closed at the point of
maximum volume to function as a pump and left open to disable the function as the
pump), and thus the outflow volume of the oil is controlled. Further, a high pressure
control valve 66 is arranged in a discharge line to permit discharge of the oil to the
high pressure line 16.

The above discharge control of the pressure chamber 62 in the cylinder 60 is
performed respectively for each of the plurality of cylinders arranged in the circum-
ferential direction. The rest of the ring cams 52, the rollers 56 and the pistons for each
of the remaining ring cams and the cylinders 60 are arranged so as to operate in the
same manner as the above. A controller (not shown) is arranged to control the state of
each of the cylinders 60 for each array between a working state or disabled state so as
to control a pressure and an amount of the discharge oil to be supplied from the
cylinders 60 to the hydraulic motor 14.

Each of the cylinders 60, 60, 60, 60 are supported in the pump housing 34 by a
cylinder supporting member 68. The cylinder supporting member 68 has an intake line
and a discharge line formed therein to communicate with the pressure chamber 62 of
each of the cylinders 60 and houses the low pressure control valves 64 and the high
pressure control valves 66. Further, each of the cylinders 60 may be directly formed in
the cylinder supporting member 68. Specifically, the cylinder supporting member 68
may be configured such that the cylinders are formed therein.

Furthermore, the low pressure control valve 64 is configured such that the operating
oil is supplied from a low pressure oil line 65 formed outside of the cylinder
supporting member 68 to the low pressure control valve 64, and the high pressure
control valve 69 is configured such that the operating oil having been compressed in
the pressure chamber 62 is discharged from the high pressure control valve to the
hydraulic motor 14 side via a high pressure oil line 69.

The pump housing 34 is constituted of a front side wall 70, a rear side wall 72 and a
outer circumferential wall 74 and formed into a cylindrical shape having a top and a
bottom. To the rear side wall 72, hydraulic pipes and so on are connected so that the
pipes communicate with each line formed in the cylinder supporting member 68.

The front side wall 70 and the rear side wall 72 are respectively supported at inner
circumference parts thereof by the pump bearings 54, 54 mounted on the stepped
portions between the large diameter section 48 and the small diameter sections 50 of
the cylindrical member 46. And thus, the pump housing 34 is rotatably mounted on the
cylindrical member 46. Further, the pump housing 34 is fixed to the frame 22 of the
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nacelle 4 via the torque arm 36 which is disposed on an outer side of the pump housing
34. For example, the torque arm 36 couples to the rear side wall 72. In other em-
bodiments the torque arm 36 might couple to the front side wall 70.

As described above, the pump bearings 54, 54 are respectively mounted on the
stepped portions between the large diameter section 38 and the small diameter
sections. Thus, the positioning of the pump bearings 54, 54 is easier and the mounting
position of the pump bearings 54, 54 is stabilized.

Further, the front side wall 70 and the rear side wall 72 of the pump housing 34 are
respectively guided and arranged against the stepped portions between the large
diameter section 48 and the small diameter sections 50. Specifically, the front side wall
70 and the rear side wall 72 of the pump housing 34 slidingly contact the surfaces of
the stepped portions between the large diameter section 48 and the small diameter
sections 50 to be arranged there and thus, the pump housing 34 can be firmly arranged
around the main shaft 12.

As described above, the pump housing 34 is secured to the first frame part 22a of the
nacelle 4 via the torque arm 36 and the damper mechanism 38. Thus, the rotation of the
main shaft 12 generates the relative difference of the rotation speed between the pump
housing 34 and the cylindrical member 46. The hydraulic pump mechanism operated
by the relative difference of the rotation, is formed in the pump housing 34.

A hydraulic pump body 76 is arranged on the outer circumferential side of the
cylindrical member. The hydraulic pump body 76 is constituted of the ring cams 52
mounted on the outer circumference of the cylindrical member 46, the pump bearings
54, the pump housing 34 supported rotatably with respect to the cylindrical part 46 via
the pump bearings 54 and fixed to the nacelle 4 side, the pistons 58 housed in the
pump housing 34 and actuated by the ring cam 52 rotated by the rotation of the main
shaft 12, the plurality of cylinders 60 guiding the pistons 58 in the radial direction and
arranged in the circumferential direction and the cylinder supporting member 68
supporting the cylinders 60 and having the oil lines formed therein. The hydraulic
pump is the hydraulic pump unit 10 constituted of the cylindrical member 46 and the
hydraulic pump body 76 on the outer circumference of the cylindrical member 46.

Further, a tip section of the tip of the cylindrical member 46 comes in contact with
the stepped portion 42 so as to position the cylindrical member 46. The cylindrical
member 46 is fixed to the main shaft 12 by a shrink disk connection 80.

Furthermore, the cylindrical member 46 may be fixed to the main shaft 12 by a
flange coupling, a key connection, an involute spline connection or the like. With this
connection structure, the cylindrical member 46 can be not only press fit with respect
to the main shaft 12 but also securely fixed to the main shaft 12.

(MOUNTING PROCESS)
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In the above structure of the hydraulic pump unit 10, the main shaft 12, the first main
shaft bearing 20 and the second main shaft bearing 21, a method of mounting the
hydraulic pump unit 10, the first main shaft bearing 20 and the second main shaft
bearing 21 on the main shaft 12 is explained in reference to the flow chart of Fig. 8.

First, in a step S1 the hydraulic pump unit 10 is assembled in advance in a pre-
liminary step. The hydraulic pump unit 10 here refers to a completed hydraulic pump
10 which is already assembled by fitting therein the hydraulic pump body 76 which is
to be arranged on the outer circumferential side of the cylindrical member 46 as
described above. The hydraulic pump should be assembled before being mounted on
the main shaft 12.

Next, in a step S2 the first main shaft bearing 20 which rotatably secures the main
shaft to the first frame part 22a of the nacelle 4, is insertably fixed to the main shaft 12.
Specifically, the main shaft 12 is placed upright and the first main shaft bearing 20 is
pressed from above onto a section having the first diameter D1 of the main shaft 12.

In a step S3, the hydraulic pump unit already assembled in the step S1, is pressed
onto the main shaft 12 from above so that the inner circumferential part of the
cylindrical member 46 is fit to a section having the second diameter D2 of the main
shaft 12. Meanwhile, the tip section of the cylindrical part 46 contacts a first stepped
portion 42 to be positioned there, thereby making the mounting position precise and
stable.

In a step S4 the hydraulic pump is unitized with respect to the main shaft 12 by
fixing the hydraulic pump unit 10 to the main shaft 12 by means of a fixing member.
The fixing member may be the shrink disk connection 80 described above so as to
secure the cylindrical member 46 to the main shaft 12. By this, the fixing of the
cylindrical member 46 to the main shaft 12 is further enhanced.

In a step S5 the second main shaft bearing 21 is insertably fixed to the main shaft 12.
During the step, front end portion of the second main shaft bearing 21 comes in contact
with the second stepped portion 44 and positioned. Thus, the mounting position
becomes more precise and stable.

Then, in a step S6 the main shaft 12 is fixed to the nacelle 4 in such a state that the
first main shaft bearing 20, the second main shaft bearing 21 and the hydraulic pump
unit 10 are mounted on the main shaft 12.

In the step of fixing the main shaft 12 to the nacelle 4 on the body side of the wind
turbine generator or the tidal current generator, the pump housing 34 of the hydraulic
pump unit 10 is fixed to the nacelle 4 on the body side of the wind turbine generator or
the tidal current generator via a damper mechanism 38 which has a damping effect
against vibration and prevents deformation of the pump housing 34 and an assembling

difference while maintaining an axial center of the pump housing 34 of the hydraulic
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pump unit 10 with respect to the nacelle 4, and the damper mechanism 38 is mounted
on a flange portion 26 protruding in a radial direction from both side of the torque arm
36 arranged on an outer circumference of the pump housing 34.

Therefore, the pump housing 34 is fixed to the nacelle via the damper mechanism 38
and thus, the deformation and the assembling difference can be prevented while
mounting the pump housing 34 to the nacelle 4 and further a damping effect is exerted
against the vibration from the hydraulic pump side.

In this manner, the hydraulic pump unit 10 is formed by unitizing the hydraulic pump
including the cylindrical member 46 and the hydraulic pump unit 10 is insertable onto
the main shaft 12 via the cylindrical member 46, thereby improving the ease of
mounting the hydraulic pump unit 10 to the main shaft 12.

Further, the performance of the hydraulic pump can be checked per unit before
mounting the hydraulic pump to the main shaft 12. The performance of the hydraulic
pump can be firmly ensured to improve the reliability of the product.

In such a conventional case that the hydraulic pump is mounted on the main shaft
while being assembled, the completed hydraulic pump is already mounted on the main
shaft as an actual machine, and thus a detailed confirmation test of the hydraulic pump
is hard to perform due to the limited extent of the performance test, limited test fa-
cilities and the like.

Moreover, in this case wherein the hydraulic pump 10 is already assembled before
being mounted on the main shaft, the hydraulic pump unit can be assembled in a
different place and then fixed to the main shaft 12. As a result, the restrictions on as-
sembling facilities or test facilities are removed and the assembling of the hydraulic
pump unit can be performed efficiently.

(SECOND PREFERRED EMBODIMET)

A second preferred embodiment is explained in reference to Fig. 9 and Fig. 10. The
main shaft of the second preferred embodiment has different structure and arrangement
from that of the first preferred embodiment.

As illustrated in Fig. 9, only the first main shaft bearing 90 is provided to support the
main shaft 12 instead of both the first and second main shaft bearings in the first
preferred embodiment. One main shaft bearing is provided on the hub side and the
structure of the first main shaft bearing is shown in Fig. 10.

A plurality of arrays of self-aligning roller bearings are used as the first main shaft
bearing 90.

Further, the first main shaft bearing 90 is surrounded by a first main shaft bearing
cover 92 and secured onto the supporting rail 28 by a flange member 94 provided on
both sides in the radial direction. The supporting rail 28 is formed along the direction

of the main shaft on both sides in the width direction of the first frame part 22a.
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The self-aligning roller bearing has a high radial load capability, and is capable of
withstanding heavy load and impact load, being subjected to axial load in both
direction to a certain extent and self-aligning itself. Thus, one self-aligning roller
bearing is arranged as the first main shaft bearing 90 on the hub side and on the side
opposite to the hub, the hydraulic pump unit is supported on the nacelle 4 via the pump
bearings 54, 54 of the hydraulic pump unit 10.

In such a case that the main shaft 12 is supported by only the first main shaft bearing
90 as shown in the second preferred embodiment, the hydraulic pump unit can be fit
onto the main shaft 12 in one step unlike the first preferred embodiment in which the
pump unit is fit onto the main shaft 12 in two separate steps. As a result, the as-
sembling process is simplified and can be performed with higher efficiency. As the
second main shaft bearing is omitted, the entire structure can be smaller and lighter.
Further, it is possible to remove the hydraulic pump unit from the main shaft 12
without removing any bearing from the main shaft 12, nor removing the main shaft 12
from the supporting rail 28.

(THIRD PREFERRED EMBODIMENT)

A third preferred embodiment is explained in reference to Fig. 11. The main shaft of
the third preferred embodiment has different structure and arrangement from that of the
second preferred embodiment.

Fig. 11 shows a third main shaft bearing 100 and a fourth main shaft bearing 102
arranged between the pump unit 10 and the hub 6. The third main shaft bearing 100
and the fourth main shaft bearing 102 secure the main shaft 12 rotatably on the body
side of the wind turbine generator or the tidal current generator. The main shaft 12 is
supported and fixed to the nacelle 4 side only by the third main shaft bearing 100 and
the fourth main shaft bearing 102.

The assembling is performed by inserting and fixing the third main shaft bearing 100
to the main shaft 12, then inserting and fixing the fourth main shaft bearing 102 to the
main shaft 12 adjacent to the third main shaft bearing 100 or with a distance from the
third main shaft bearing 100, then fitting the hydraulic pump unit 10 having been
assembled beforehand on the main shaft 12 via the cylindrical member of the hydraulic
pump unit 10, and then fixing the hydraulic pump unit 10 to the main shaft 12 by
means of a fixing member which is a shrink disk connection 80 so as to be unitized.

The third main shaft bearing 100 and the fourth main shaft bearing 102 are
surrounded by a bearing cover 104 which is arranged to slide over the third main shaft
bearing 100 and the fourth main shaft bearing 102 and secured onto a supporting rail
28 by a flange member 106 (See Fig. 2) provided on both sides in the radial direction.
The supporting rail 28 (See Fig. 2) is formed along the main shaft 12 on both sides in
the width direction of the first frame part 22a.
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According to the third preferred embodiment, prior to fitting the hydraulic pump unit
10 onto the main shaft 12, the third and fourth main shaft bearings 100, 102 are
inserted and fixed to the main shaft. Specifically, two main shaft bearings are inserted
but the step of inserting and fixing the main shaft bearings is performed before the step
of inserting the large hydraulic pump unit 10. Thus, the fixing of the hydraulic pump
unit to the main shaft can be securely performed.

Further, the hydraulic pump unit 10 is supported on an axial end of the main shaft 12
and two main shaft bearings are arranged on the hub side. Thus, the distance for
inserting the hydraulic pump unit 10 can be shorter and, unlike the case of the structure
of the unitized hydraulic pump structure, it is easy to mount the hydraulic pump unit
onto the main shaft.

Furthermore, the rest of the structure and operation effect is the same as the first
preferred embodiment and the second preferred embodiment.

The disassembly procedure for any of the first, second and third preferred em-
bodiments is the reverse of the assembly procedures just described. Assembly or dis-
assembly procedures may be carried out in a factory, at a wind turbine installation side,
or even after erection of the wind turbine.

As described above, the first, second and third preferred embodiments use the
exemplary case in which the present invention is applied to a wind turbine generator.
But the present invention is also applicable to the tidal current generator. The tidal
current generator refers to a generator which is installed in places such as sea, a river
and a lake, and utilizes tidal energy for power generation. The tidal current generator
has the same structure as the wind turbine generator 1 except that the blade 8 is rotated
by the movement of water instead of the wind.

The tidal current generator comprises the main shaft 12 rotated by the tidal current,
the hydraulic pump (hydraulic pump unit) 10 mounted on the main shaft 12, the
hydraulic motor 14 to which the hydraulic pressure generated by the hydraulic pump
10 is introduced and the generator 18 for generating electric power. The same
reference numbers are used here to explain the components that are common to the
first preferred embodiment. The hydraulic pump 10 forms a unitized hydraulic pump
unit.

Further, the hydraulic pump (hydraulic pump unit) 10 comprises, in the same manner
as the hydraulic pump structure of the wind turbine generator 1, a cylindrical member
46 being fit on the outer circumference of the main shaft 12 and the hydraulic pump
body 76 arranged on the outer circumferential side of the cylindrical member 46. It is
possible to insert and fix the hydraulic pump unit 10 to the main shaft 12 via the

cylindrical member 46.
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Industrial Applicability

According to the present invention, the hydraulic pump which is mounted on the
main shaft of the wind turbine is configured so as to improve the easy of mounting the
unit to the main shaft and to achieve a simplified mounting process. As a result, this
can be highly applicable to a hydraulic pump of a wind turbine generator.
Reference Signs List

1 wind turbine generator

2 tower

4 nacelle

6 hub

8 blade

10 hydraulic pump (hydraulic pump unit)

12 main shaft

14 hydraulic motor

16 hydraulic pipe

18 generator

20 first main shaft bearing

21 second main shaft bearing

22 frame

22a first frame portion

22b second frame portion

24 first main shaft bearing cover

26,32,94,106 flange portion

28 supporting rail

30 second main shaft bearing cover

34 pump housing

36 torque arm

38 damper mechanism

40 hub mounting section

42 first stepped section

44 second stepped section

46 cylindrical member

48 large diameter section

50 small diameter section

52 ring cam

54 pump bearing

56 roller



19

WO 2012/073280 PCT/JP2010/006981

58 piston

60 cylinder

62 pressure chamber

64 low pressure control valve
66 high pressure control valve
68 cylinder supporting member
70 front side wall

72 back side wall

74 outer circumferential wall

76 hydraulic pump part

80 shrink disk connection mechanism
90 first main shaft bearing

92 first main shaft bearing cover
100 third main shaft bearing

102 fourth main shaft bearing
104 shaft bearing cover

106 flange portion

D1 first diameter

D2 second diameter

D3 third diameter
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Claims

A hydraulic pump structure for a wind turbine generator or a tidal
current generator which comprises a hub equipped with a plurality of
blades, a main shaft connected to the hub and a hydraulic pump
mounted on the main shaft, the hydraulic pump structure comprising:

a hydraulic pump unit in which the hydraulic pump is unitized by a
cylindrical member which is fit onto an outer circumference of the
main shaft and a hydraulic pump body which is arranged on an outer
circumferential side of the cylindrical member,

wherein the hydraulic pump body comprises: a ring cam which is
mounted on the outer circumference of the cylindrical member; a pump
bearing; a pump housing which is provided rotatably with respect to the
cylindrical member via the pump bearing and is fixed to a body side of
the wind turbine generator or the tidal current generator; a plurality of
pistons which is housed in the pump housing and is actuated by the ring
cam that is rotated with the main shaft; and a plurality of cylinders
which guide the plurality of pistons in a radial direction and are
arranged in a circumferential direction, and

wherein the hydraulic pump unit is configured such that the pump unit
is insertably fixed to the main shaft by the cylindrical member.

The hydraulic pump structure for the wind turbine generator or the tidal
current generator according to claim 1,

wherein the main shaft has a stepped portion with a reduced diameter,
and a tip section of the cylindrical member of the hydraulic pump unit
comes in contact with the stepped portion so as to position the
hydraulic pump unit.

The hydraulic pump structure for the wind turbine generator or the tidal
current generator according to claim 1,

wherein the cylindrical member is fixed to the main shaft by any one of
a shrink disk connection, a flange coupling, a key connection and an
involute spline connection.

The hydraulic pump structure for the wind turbine generator or the tidal
current generator according to claim 1,

wherein the cylindrical member has a large diameter section and small
diameter sections disposed on both ends of the large diameter section,
the ring cam is arranged on an outer circumferential side of the large

diameter section, the pump bearing is mounted on stepped portions
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between the large diameter section and the small diameter sections.
The hydraulic pump structure for the wind turbine generator or the tidal
current generator according to claim 4,

wherein the pump housing is formed into an almost cylindrical shape
having end walls and the end walls of the pump housing have an inner
circumferential opening which is supported by the pump bearing.

The hydraulic pump structure for the wind turbine generator or the tidal
current generator according to any one of claims 1 to 5,

wherein the main shaft has a hollow structure.

A method of mounting the hydraulic pump of the wind turbine
generator or the tidal current generator having the hydraulic pump
structure according to any one of claims 1 to 6, the method comprising
the steps of:

assembling the hydraulic pump unit in advance;

then inserting and fixing to the main shaft a first main shaft bearing
which secures the main shaft rotatably on a body side of the wind
turbine generator or the tidal current generator;

then fitting the hydraulic pump unit having been assembled beforehand
onto the main shaft via the cylindrical member of the hydraulic pump
unit; and

then fixing the hydraulic pump unit to the main shaft by means of a
fixing member.

The method of mounting the hydraulic pump of the wind turbine
generator or the tidal current generator according to claim 7, further
comprising the step of:

inserting and fixing a second main shaft bearing,

wherein the first main shaft bearing is inserted and fixed, the hydraulic
pump unit is then inserted and fixed, and the second main shaft bearing
is then inserted and fixed.

The method of assembling the hydraulic pump of the wind turbine
generator or the tidal current generator according to claim 7,

wherein the hydraulic pump unit and the first main shaft bearing are
inserted and fixed from a side opposite to the hub.

The method of mounting the hydraulic pump of the wind turbine
generator or the tidal current generator according to claim 7, further
comprising the step of:

fixing the main shaft to a nacelle on the body side of the wind turbine

generator or the tidal current generator in a state where the first main
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shaft bearing and the hydraulic pump unit are fixed to the main shaft,
after the steps of inserting and fixing the first main shaft bearing and
the hydraulic pump unit to the main shaft.

]The method of mounting the hydraulic pump of the wind turbine
generator or the tidal current generator according to claim 10,

wherein in the step of fixing the main shaft to the nacelle on the body
side of the wind turbine generator or the tidal current generator, the
pump housing of the hydraulic pump unit is fixed to the nacelle on the
body side of the wind turbine generator or the tidal current generator
via a damper mechanism which has a damping effect against vibration.
The method of mounting the hydraulic pump of the wind turbine
generator or the tidal current generator according to claim 11,

wherein the damper mechanism prevents deformation of the pump
housing and an assembling difference while maintaining an axial center
of the pump housing of the hydraulic pump unit with respect to the
nacelle, and the damper mechanism is mounted on a flange portion
protruding in a radial direction from both side of a torque arm arranged
on an outer circumference of the pump housing.

A method of mounting the hydraulic pump of the wind turbine
generator or the tidal current generator having the hydraulic pump
structure to any one of claims 1 to 6, the method comprising the steps
of:

assembling the hydraulic pump unit in advance;

then inserting and fixing to the main shaft a third main shaft bearing
which secures the main shaft rotatably on the body side of the wind
turbine generator or the tidal current generator;

then inserting and fixing a fourth main shaft bearing to the main shaft
adjacent to the third main shaft bearing or with a distance from the third
main shaft bearing;

then fitting the hydraulic pump unit having been assembled beforehand
on the main shaft via the cylindrical member of the hydraulic pump
unit; and

then fixing the hydraulic pump unit to the main shaft by means of a
fixing member.

The method of assembling the hydraulic pump of the wind turbine
generator or the tidal current generator according to claim 13,

wherein the hydraulic pump unit and the third and fourth main shaft

bearings are inserted and fixed from a side opposite to the hub.
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The method of mounting the hydraulic pump of the wind turbine
generator or the tidal current generator according to claim 13, further
comprising the step of fixing the main shaft to a nacelle on the body
side of the wind turbine generator or the tidal current generator in a
state where the third and fourth main shaft bearings and the hydraulic
pump unit are fixed to the main shaft, after the steps of inserting and
fixing the third and fourth main shaft bearings and the hydraulic pump
unit to the main shaft.

The method of mounting the hydraulic pump of the wind turbine
generator or the tidal current generator according to claim 15,

wherein in the step of fixing the main shaft to the nacelle on the body
side of the wind turbine generator or the tidal current generator, the
pump housing of the hydraulic pump unit is fixed to the nacelle on the
body side of the wind turbine generator or the tidal current generator
via a damper mechanism.

The method of mounting the hydraulic pump of the wind turbine
generator or the tidal current generator according to claim 16,

wherein the damper mechanism which has a damping effect against
vibration and prevents deformation of the pump housing and an as-
sembling difference while maintaining an axial center of the pump
housing of the hydraulic pump unit with respect to the nacelle, and the
damper mechanism is mounted on a flange portion protruding in a
radial direction from both side of a torque arm arranged on an outer cir-

cumference of the pump housing.
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