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(54) LIFTING TOOL FOR ROTARY SHAFT AND LIFTING METHOD FOR ROTARY SHAFT

(57) A lifting tool (1) for a rotary shaft (S4) in a rotary
machine, said lifting tool being inserted between the ro-
tary shaft (54) and a bearing stand (2) which surrounds
at least the lower part of the outer circumference of the
rotary shaft (54). This lifting tool (1) for a rotary shaft (54)
has a pedestal (8) that is supported by the inner circum-
ferential surface (2a) of the bearing stand (2), and a jack
part (9) that is provided between the pedestal (8) and the
outer circumferential surface of the rotary shaft (54), and
that expands/contracts in the radial direction. The size
of the pedestal (8) in the radial direction is smaller than
the gap between the rotary shaft (54) and the bearing
stand (2) in the radial direction, and a rotor bearing (10)
having a cylindrical surface corresponding to the outer
circumferential surface of the rotary shaft (54) is provided
between the jack part (9) and the rotary shaft (54), Mul-
tiple support members (11) oriented in a direction other
than the direction of the jack part (9) are provided on the
rotor bearing (10).
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Description

[Technical Field]

[0001] The present invention relates to a rotating shaft
lifting jig which is used when lifting a rotating shaft of a
rotary machine, for example, a turbine etc., and to a ro-
tating shaft lifting method.
[0002] This application claims priority to Japanese Pat-
ent Application No. 2013-123941 filed on June 12, 2013,
the contents of which are incorporated herein by refer-
ence.

[Background Art]

[0003] Conventionally, a journal (tilting pad) bearing is
used in large-size rotary machines such as steam tur-
bines and gas turbines for rotatably supporting the rotor.
When replacing or dismounting the journal bearing, it is
necessary to remove loads applied to the lower half part
of the journal bearing by hoisting or jacking up a rotor
shaft which is composed of a rotor, a plurality of blades,
etc.
[0004] Known methods for jacking up a rotor include a
method as described in Patent Literature 1, which uses
two hydraulic jacks and a V-block disposed between
these hydraulic jacks and a rotor. A pedestal which sup-
ports the two hydraulic jacks used in this jack-up method
is provided with support bolts. These support bolts serve
as a safety device for supporting the V-block in case of
a defect occurring in the hydraulic jacks.

[Citation List]

[Patent Literature]

[0005] [Patent Literature 1]
Japanese Utility Model Laid-Open No. S58-7800

[Summary of Invention]

[Technical Problem]

[0006] The conventional jack-up method described
above requires two hydraulic jacks. Moreover, the con-
ventional jack-up method have a problem in that the op-
eration becomes complicated due to the two hydraulic
jacks to be operated for jacking up a rotor.
[0007] An object of the present invention is to provide
a rotating shaft lifting jig and a rotating shaft lifting method
which allow a rotating shaft of a rotary machine to be
lifted by a simple operation.

[Solution to Problem]

[0008] According to a first aspect of the present inven-
tion, there is provided a rotating shaft lifting jig which is
inserted between a rotating shaft of a rotary machine and

a bearing stand surrounding the outer periphery of at
least a lower part of the rotating shaft, the rotating shaft
lifting jig including: a pedestal which is supported on the
inner peripheral surface of the bearing stand under the
rotating shaft; a rotor receiver of which the inner periph-
eral surface is formed so as to conform to the outer pe-
ripheral surface of the rotating shaft, and which covers
the outer periphery of the rotating shaft on the lower side;
a jack part which is disposed between the pedestal and
the rotor receiver, and extends/contracts in the radial di-
rection of the rotating shaft to move the rotating shaft,
along with the rotor receiver, in an extension/contraction
direction; and a plurality of support members which sup-
port the rotor receiver against the bearing stand from
directions different from the extension/contraction direc-
tion and different from one another.
[0009] According to this configuration, it is possible to
configure a rotating shaft lifting jig, including a backup
structure for fall prevention during jack-up, in a simplified
configuration. Since a single jack part is used, the work
efficiency during jack-up can also be improved.
[0010] In the above-described rotating shaft lifting jig,
the extension/contraction direction of the jack part may
be the vertical direction, and the plurality of support mem-
bers may be disposed across the jack part.
[0011] According to this configuration, it is possible to
stably support the rotor receiver for fall prevention during
jack-up.
[0012] In the above-described rotating shaft lifting jig,
the pedestal may have an outer peripheral surface con-
forming to the inner peripheral surface of the bearing
stand.
[0013] According to this configuration, it is possible to
stably support the pedestal by the bearing stand.
[0014] In the above-described rotating shaft lifting jig,
the bearing stand may be provided with an opening at
the bottom, and the pedestal may be provided with a
protrusion which engages with the opening.
[0015] According to this configuration, the stability of
the pedestal can be enhanced.
[0016] According to a second aspect of the present
invention, there is provided a rotating shaft lifting method
for lifting a rotating shaft of a rotary machine by means
of a jig which is inserted between the rotating shaft and
a bearing stand surrounding the outer periphery of at
least a lower part of the rotating shaft, the rotating shaft
lifting method including the steps of: fixing a pedestal, of
which the radial dimension is smaller than a radial clear-
ance between the rotating shaft and the bearing stand,
between the rotating shaft and the bearing stand so as
to be supported on the bearing stand; mounting a jack
part, which extends/contracts in the radial direction and
lifts the rotating shaft from below, on the pedestal; mount-
ing a rotor receiver, which has a cylindrical surface con-
forming to the outer peripheral surface of the rotating
shaft, between the jack part and the rotating shaft; pro-
viding the rotor receiver with a plurality of support mem-
bers in directions different from the direction of the jack
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part; and activating the jack part.

[Advantageous Effects of Invention]

[0017] According to the present invention, it is possible
to configure a rotating shaft lifting jig, including a backup
structure for fall prevention during jack-up, in a simplified
configuration.

[Brief Description of Drawings]

[0018]

[Figure 1] Figure 1 is a cross-sectional view of a gas
turbine of an embodiment of the present invention.
[Figure 2] Figure 2 is a cross-sectional view showing
around a journal bearing of the gas turbine of the
embodiment of the present invention.
[Figure 3] Figure 3 is a view in the direction of the
arrow A of Figure 2.
[Figure 4] Figure 4 is a perspective view showing a
pedestal of the embodiment of the present invention.
[Figure 5] Figure 5 is a view illustrating a rotor lifting
method by means of a jig of the embodiment.
[Figure 6] Figure 6 is a view illustrating the rotor lifting
method by means of the jig of the embodiment.
[Figure 7] Figure 7 is a view illustrating the rotor lifting
method by means of the jig of the embodiment.

[Description of Embodiment]

[0019] In the following, an embodiment of the present
invention will be described in detail with reference to the
drawings.
[0020] A rotating shaft lifting jig 1 (hereinafter referred
to simply as the jig 1) of this embodiment is the jig 1 which
is inserted between a rotor 54 of a gas turbine 50 being
a rotary machine and the lower half part of a bearing
stand 2 (hereinafter referred to simply as the bearing
stand 2).
[0021] As shown in Figure 1, the gas turbine 50 in-
cludes a casing 51 on the outer side, and a plurality of
stages of a combination of vanes 53 fixed on a stator 52
and blades 55 fixed on the rotor 54 are disposed inside
the casing 51. In the gas turbine 50, a working fluid such
as combustion gas, after activating a turbine 61, passes
through a diffuser 56 provided on the downstream side
in the flow of the fluid and is then sent out to a device etc.
[0022] The rear end of the rotor 54 is supported by a
journal bearing 3 housed in the bearing stand 2. The bear-
ing stand 2 is supported by a plurality of struts 57 which
are disposed radially around the rotor 54 so as to extend
across the flow of the working fluid.
[0023] The bearing stand 2 is provided so as to sur-
round the rotor 54. More specifically, the bearing stand
2 is provided so as to cover an end portion of the rotor
54 on the downstream side of the turbine. The inside of
the bearing stand 2 serves as an oil flow passage during

operation of the gas turbine 50.
[0024] As shown in Figure 2 and Figure 3, the bearing
stand 2 has a bearing stand main body part 4 having a
cylindrical shape concentric with the rotor 54, and a disc-
shaped bearing stand sealing part 5 provided so as to
seal an end portion of the bearing stand main body part
4. The jig 1 of this embodiment is used after the bearing
stand sealing part 5, the upper half part of the diffuser
56, the struts 57 on the upper half side, and the upper
half part of the bearing stand 2 are removed. In Figure
2, these components are therefore indicated by the two-
dot chain lines.
[0025] An inner peripheral surface 2a of at least the
lower half part of the bearing stand 2 is a cylindrical sur-
face concentric with the rotor 54. Between the rotor 54
and the bearing stand 2, a clearance S is formed which
corresponds to the radial thickness of the journal bearing
3.
[0026] A portion of the upper half part of the bearing
stand main body part 4 on the end portion side is removal
as a bearing cover part 6. Since the jig 1 of this embod-
iment is used after the bearing cover part 6 is removed,
the bearing cover part 6 is indicated by the two-dot chain
lines in Figure 2.
[0027] An oil drain port 7, which is an opening of a
rectangular shape in a plan view, is formed in a lower
part of the bearing stand main body part 4 on the end
portion side. The oil drain port 7 is formed between a
mounting place of the journal bearing 3 and the end por-
tion of the bearing stand main body part 4.
[0028] Next, details of the jig 1 will be described. The
jig 1 is used by being inserted into the clearance S be-
tween the rotor 54 of the turbine 61 and the lower half
part of the bearing stand 2 which surrounds the outer
periphery of at least a lower part of the rotor 54.
[0029] The jig 1 has a pedestal 8 supported on the
inner peripheral surface 2a of the bearing stand 2, a jack
part 9 which is provided between this pedestal 8 and the
outer peripheral surface of the rotor 54 and extends/con-
tracts in the radial direction, a rotor receiver 10 disposed
between the jack part 9 and the rotor 54, and a plurality
of support members 11 for supporting the rotor receiver
10. The extension/contraction direction of the jack part 9
of this embodiment is the vertical direction.
[0030] The support members 11 are members func-
tioning as a backup structure for fall prevention during
jack-up. That is, the rotor 54 is moved by the jack part 9,
along with the rotor receiver 10, in the extension/contrac-
tion direction of the jack part 9.
[0031] The jig 1 is used in a configuration where the
pedestal 8 is disposed on the bearing stand 2, the rotor
receiver 10 is disposed in close contact with the rotor 54,
and the jack part 9 is disposed between the pedestal 8
and the rotor receiver 10.
[0032] As shown in Figure 4, the pedestal 8 has a ped-
estal main body part 13 which is placed on the inner pe-
ripheral surface 2a of the bearing stand 2, and a protru-
sion 14 projecting downward from the pedestal main
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body part 13. The pedestal main body part 13 has a shape
of a block with a flat jack mounting surface 15 and a
curved seating surface 16 which is formed of a curved
surface having a part of a cylindrical surface conforming
to the inner peripheral surface 2a of the bearing stand 2.
[0033] The curved seating surface 16 has a curvature
which allows it to come into surface contact with the inner
peripheral surface 2a of the bearing stand 2.
[0034] The protrusion 14 is a portion which projects
from the curved seating surface 16 in a direction opposite
from the jack mounting surface 15, and the width of the
protrusion 14 seen from the axial direction of the curved
seating surface 16 is substantially equal to or slightly
smaller than the width of the oil drain port 7 of the bearing
stand 2. More specifically, the protrusion 14 is formed so
that it can engage with the oil drain port 7.
[0035] The height of the pedestal 8, namely, the dis-
tance between the jack mounting surface 15 and an end
portion of the protrusion 14, is smaller than the clearance
between the rotor 54 and the inner peripheral surface 2a
of the bearing stand 2. In other words, the pedestal 8 has
such a size that it can be inserted between the rotor 54
and the bearing stand 2.
[0036] The jack part 9 is a weight-lifting hydraulic cyl-
inder of a flat type having a short overall height, and in-
cludes a hydraulic hose 18 connected with a hydraulic
supply unit (not shown). The output and the stroke of the
jack part 9 are selected appropriately according to the
weight of the rotor shaft (rotor) etc. of the turbine for which
the jack part 9 is used.
[0037] The rotor receiver 10 is a semi-annular member
which covers the outer periphery of the rotor 54 on the
lower side in close contact with the rotor 54. The rotor
receiver 10 is a member which supports the rotor 54 in
close contact with the rotor 54, and is used while being
supported by the plurality of support members 11.
[0038] The support members 11 are members which
support the rotor receiver 10 by being interposed be-
tween the rotor receiver 10 and the bearing stand 2. The
support members 11 in this embodiment are hexagon
bolts which are screw-engaged with screw holes 20
formed in the rotor receiver 10. The support members 11
are disposed such that the heads of the hexagon bolts
are butted against the inner peripheral surface 2a of the
bearing stand 2.
[0039] The rotor receiver 10 has a cylindrical surface
19 conforming to the outer peripheral surface of the rotor
54, and the plurality of screw holes 20 in which the support
members 11 can be fixed. The cylindrical surface 19 has
a shape which allows it to be butted against a portion of
the lower half part of the rotor in substantially close con-
tact with each other. The screw holes 20 are female screw
holes formed from the outer peripheral surface of the
rotor receiver 10 toward the center of curvature of the
rotor receiver 10. The screw holes 20 are formed in the
vicinity of both ends of the semi-annular rotor receiver 10.
[0040] More specifically, the female screw holes are
formed at such positions that the longitudinal directions

of the support members 11 are oriented in directions
which extend along the radial direction of the rotor 54
and slightly downward from the horizontal direction. In
other words, the plurality of support members 11 support
the rotor receiver 10 against the bearing stand 2 from
directions which are different from the extension/contrac-
tion direction of the jack part 9 and different from one
another. The two support members 11 of this embodi-
ment are disposed symmetrically across the jack part 9.
[0041] In this embodiment, the "directions which are
different from the extension/contraction direction of the
jack part 9" mean directions which are the radial direction
of the rotor 54 and different from the extension/contrac-
tion direction of the jack part 9.
[0042] A fall prevention plate 21 for preventing fall of
the rotor 54 can be mounted on the rotor receiver 10.
The fall prevention plate 21 is a long sheet-like member
which can be curved so as to follow the contour of the
upper half part of the rotor 54, and is used with its both
ends fastened with screws on the horizontal surfaces of
the rotor receiver 10.
[0043] In a state where the rotor receiver 10, the jack
part 9, and the pedestal 8 are in place, the entire dimen-
sion from the curved seating surface 16 of the pedestal
8 to the cylindrical surface 19 of the rotor receiver 10 is
smaller than the radial dimension of the clearance S. To
be more specific, the difference between the entire di-
mension and the radial dimension of the clearance S is
smaller than the stroke of the jack part 9.
[0044] The jig 1 of this embodiment has a turnbuckle
22 for fixing the pedestal 8. The turnbuckle 22 is a rod-
like member having a pair of butting parts 23 at both ends,
and the distance between the pair of butting parts 23 is
adjustable. More specifically, the turnbuckle 22 has a co-
lumnar turnbuckle main body part 24, and the pair of butt-
ing parts 23 having a threaded shaft which is screw-en-
gaged with a pair of screw holes formed in both end sur-
faces of the turnbuckle main body part 24. Instead of the
turnbuckle 22, another hydraulic cylinder may be used
to fix the pedestal 8, and if a hydraulic cylinder is used,
the pedestal 8 can be fixed more easily.
[0045] Next, a method for lifting the rotor 54 by means
of the jig 1 of this embodiment will be described.
[0046] First, the bearing stand sealing part 5 and the
bearing cover part 6 are removed so that a worker can
access the rotor 54.
[0047] Next, the pedestal 8 is inserted between the ro-
tor 54 of the turbine and the bearing stand 2 as shown
in Figure 5.
[0048] Then, as shown in Figure 6, the protrusion 14
of the pedestal 8 is engaged in the oil drain port 7 of the
bearing stand 2 to fix the pedestal 8. At this point, the
curved seating surface 16 of the pedestal 8 and the inner
peripheral surface 2a of the bearing stand 2 are in surface
contact with each other.
[0049] Thereafter, the jack part 9 is placed on the jack
mounting surface 15.
[0050] Next, as shown in Figure 7, the rotor receiver
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10 and the fall prevention plate 21 are mounted on the
rotor 54.
[0051] Then, the two support members 11 are mounted
on the rotor receiver 10. In this step, the support members
11 are mounted by slightly turning the rotor receiver 10
in order to avoid interference between the support mem-
bers 11 and the bearing stand 2. Figure 7 shows a state
where a first support member 11 is mounted.
[0052] Finally, as shown in Figure 3, the support mem-
bers 11 are adjusted so as to eliminate the clearance
between the heads of the support members 11, which
are hexagon bolts, and the inner peripheral surface 2a
of the bearing stand 2.
[0053] Thus, preparation for jacking up the rotor 54 has
been completed.
[0054] To dismount the journal bearing 3, the jack part
9 is activated and the rotor 54 is suspended off the journal
bearing 3. That is, loads applied to the journal bearing 3
are removed by suspending the rotor 54. Then, after the
journal bearing 3 is moved toward the end portion of the
rotor 54 by a predetermined method, the journal bearing
3 is moved from the position of the bearing cover part 6
by means of an overhead crane etc.
[0055] According to the embodiment described above,
it is possible to configure a jig for lifting the rotor 54, in-
cluding a backup structure for fall prevention during jack-
up, in a simplified configuration. Since the single jack part
9 is used, the work efficiency during jack-up can also be
improved.
[0056] In addition, since the jig is easy to mount to/re-
move from the clearance S between the rotor 54 and the
lower half part of the bearing stand 2, the jig can be in-
stalled or dismantled quickly, as well as the time required
for dismounting the journal bearing 3 is reduced during
emergency inspection of the journal bearing 3 etc.
[0057] Since the support members 11 are provided on
both sides of the jack part 9, the rotor receiver 10 for fall
prevention during jack-up can be supported stably.
[0058] Since the pedestal 8 is provided with the curved
surface having a part of the cylindrical surface conform-
ing to the inner peripheral surface 2a of the bearing stand
2, the pedestal 8 can be supported stably by the bearing
stand 2.
[0059] Since the pedestal 8 is provided with the pro-
trusion 14 which engages with the oil drain port 7 provided
at the bottom of the bearing stand 2, the stability of the
pedestal 8 can be enhanced.
[0060] Since the radial dimension of the pedestal 8 is
smaller than the radial clearance between the rotor 54
and the bearing stand 2, the pedestal 8 can be inserted
into the clearance.
[0061] It is also possible to insert the pedestal 8, the
jack part 9, the rotor receiver 10, and the support mem-
bers 11 from the peripheral direction of the rotor 54. Ac-
cordingly, as the state of mounting or the state of removal
can be visually checked while these components are be-
ing inserted from the peripheral direction, the operation
can be performed safely and correctly.

[0062] Since the fall prevention plate 21 is provided to
fix the outer periphery of the rotor 54 by the fall prevention
plate 21 and the rotor receiver 10, the rotor 54 can be
prevented from falling, for example, in the event of a fail-
ure in the jack part 9.
[0063] Since the inner peripheral surface of the rotor
receiver 10 is a cylindrical surface which follows the con-
tour of the rotor 54, the rotor receiver 10 is compact when
inserted and can be inserted into even a narrow space.
[0064] Since the turnbuckle 22 is provided, the pedes-
tal 8 can be fixed stably.
[0065] Since the jack part 9 which is a hydraulic cylin-
der is used, the efficiency of the jack-up work is high.
[0066] The technical scope of the present invention is
not limited to the above-described embodiment, and var-
ious changes can be made within the scope of the present
invention. A configuration arbitrarily combining the fea-
tures described in the embodiment may be adopted.
[0067] In the above embodiment, hexagon bolts are
used as the support members 11. For example, the heads
of the hexagon bolts may be processed into a spherical
shape so that the heads of the hexagon bolts and the
inner peripheral surface 2a of the bearing stand 2 are
butted against each other smoothly.
[0068] In addition, the support members 11 may be
disposed in the radial direction of the rotational axis of
the rotor 54, and in that case the rotor 54 can be effec-
tively backed up so as not to fall.
[0069] Moreover, a spacer corresponding to the di-
mension between the inner peripheral surface 2a of the
bearing stand 2 and the outer peripheral surface of the
rotor receiver 10 may be adopted as the support member
11, and the rotor receiver 10 may be supported by insert-
ing this spacer between the rotor receiver 10 and the
bearing stand 2. The spacer is easy to insert and can be
disposed more easily
[0070] The number of the support members 11 is not
limited to two but may be three or larger.

[Reference Signs List]

[0071]

1 Jig
2 Bearing stand
3 Journal bearing
4 Bearing stand main body part
5 Bearing stand sealing part
6 Bearing cover part
7 Oil drain port (opening)
8 Pedestal
9 Jack part
10 Rotor receiver
11 Support member
13 Pedestal main body part
14 Protrusion
15 Jack mounting surface
16 Curved seating surface
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18 Hydraulic hose
19 Cylindrical surface
20 Screw hole
21 Fall prevention plate
22 Turnbuckle
23 Butting part
24 Turnbuckle main body part
50 Gas turbine
54 Rotor (rotating shaft)
60 Combustor
61 Turbine (rotary machine)

Claims

1. A rotating shaft lifting jig which is inserted between
a rotating shaft of a rotary machine and a bearing
stand surrounding the outer periphery of at least a
lower part of the rotating shaft, the rotating shaft lift-
ing jig comprising:

a pedestal which is supported on the inner pe-
ripheral surface of the bearing stand under the
rotating shaft;
a rotor receiver of which the inner peripheral sur-
face is formed so as to conform to the outer pe-
ripheral surface of the rotating shaft, and which
covers the outer periphery of the rotating shaft
on the lower side;
a jack part which is disposed between the ped-
estal and the rotor receiver, and extends/con-
tracts in the radial direction of the rotating shaft
to move the rotating shaft, along with the rotor
receiver, in an extension/contraction direction;
and
a plurality of support members which support
the rotor receiver against the bearing stand from
directions different from the extension/contrac-
tion direction and different from one another.

2. The rotating shaft lifting jig according to claim 1,
wherein the extension/contraction direction of the
jack part is the vertical direction, and the plurality of
support members are disposed across the jack part.

3. The rotating shaft lifting jig according to claim 1 or
2, wherein the pedestal has an outer peripheral sur-
face formed so as to conform to the inner peripheral
surface of the bearing stand.

4. The rotating shaft lifting jig according to any one of
claims 1 to 3, wherein
the bearing stand is provided with an opening at the
bottom, and
the pedestal is provided with a protrusion which en-
gages with the opening.

5. A rotating shaft lifting method for lifting a rotating

shaft of a rotary machine by means of a jig which is
inserted between the rotating shaft and a bearing
stand surrounding the outer periphery of at least a
lower part of the rotating shaft, the rotating shaft lift-
ing method comprising the steps of:

fixing a pedestal, of which the radial dimension
is smaller than a radial clearance between the
rotating shaft and the bearing stand, between
the rotating shaft and the bearing stand so as to
be supported on the bearing stand;
mounting a jack part, which extends/contracts
in the radial direction and lifts the rotating shaft
from below, on the pedestal;
mounting a rotor receiver, which has a cylindrical
surface conforming to the outer peripheral sur-
face of the rotating shaft, between the jack part
and the rotating shaft;
providing the rotor receiver with a plurality of
support members in directions different from the
direction of the jack part; and
activating the jack part.
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