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(57) A rotation shaft supporting structure with which
the radial clearance between the bearing surface of an
upper tilting pad on which self weight of the rotation shaft
does not exert and rotating surface of the journal of the
rotation shaft can be adjusted so that a high pressure oil
film is formed in the clearance and carryover of lubrication
oil from an upstream pad to its adjacent downstream pad
is prevented.

A plurality of bearing pads (40) are disposed in a
bearing housing (30) to surround coaxially a journal j of
a rotation shaft, a spring (80) is disposed between the
bearing housing (30) and an upper pad (40a, 40b) near
downstream side end of the pad in relation to the rotation
direction of the journal to push the end part of the pad
radially inward, and an oil supply nozzle (50) is mounted
to the bearing housing (30) to be located adjacent to the
upstream and downstream side end of each pad(40), the
upstream side nozzle is to supply lubrication oil to the
bearing surface of the pad and the downstream side noz-
zle is to inject oil toward the journal surface to prevent
carryover of lubrication oil from the bearing surface of
the upstream pad to that of the downstream pad dragged
by the rotating surface of the journal, the nozzles also
serving as stoppers to prevent rotational movement of
the pad (40).
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Description

Technical field

[0001] The present invention relates to a rotation shaft
supporting structure of a direct lubrication type tilting pad
journal bearing for example in a large rotating machine
such as a steam turbine, gas turbine, and electric gen-
erator, specifically to a rotation shaft supporting structure
with which formation of high pressure oil film on the bear-
ing surface of the upper bearing pad is made possible.

Background art

[0002] A self-aligning journal bearing having tiling pads
has been used as a journal bearing of a large size rotating
machine.
A journal bearing having tilting pads devised by the ap-
plicant of this application is disclosed in patent literature
1(Japanese Laid-Open Patent Application
No.5-332355). As disclosed in the patent literature 1,
each of the tilting pads is supported by means of a spher-
ical pivot and an adjusting liner received in a recess de-
fined in the back side face of the tilting pad and in a recess
defined in the inner side face of the bearing housing such
that the pad is swingable about an axis parallel with the
rotation shaft (circumferentially swingable) and about a
direction perpendicular to the axial direction of the rota-
tion shaft (axially swingable).
[0003] As the pads are swingable circumferentially and
axially in accordance with the movement of the journal,
a journal bearing of tilting pad type has self-aligning func-
tion.
Therefore, it can support a journal stably and is preferably
adopted for high speed rotating machines.
The spherical pivot is received in both the recess in the
tilting pad and the recess in the bearing housing so that
it serves as a stopper of the tilting pad, i.e. the tilting pad
is prevented from being dragged circumferentially by the
rotation of the journal.
[0004] There are two types of tilting pad journal bear-
ing, i.e., oil flooded lubrication type and direct lubrication
type. In the oil flooded lubrication type, both axial end
sides of the tilting pad are sealed so that spaces between
a tilting pad and the adjacent tilting pad are flooded with
lubrication oil. With this type, mechanical efficiency de-
creases due to friction loss of the side seals and agitation
loss of oil in the spaces between the tilting pads.
[0005] Occurrence of decrease of mechanical efficien-
cy will be explained referring to FIG. 8 quoted from the
patent literature 1. FIG.8 is a graph showing a relation
between mechanical loss and rotation speed of journal
in a journal bearing of oil flooded type. In the graph, the
total mechanical loss increases nearly proportional to the
square of the rotation speed. It consists of frictional loss
X between the journal surface and bearing surfaces of
the lower pads on which bearing load exerts, frictional
loss Y between the outer circumference of the journal

and bearing surfaces of the upper pads on which bearing
load does not exerts, and mechanical loss Z which is the
sum of the friction loss due to the side seals and agitation
loss of oil in the spaces between the pads due to agitation
by the rotation of the journal.
[0006] Direct lubrication type of tilting pad radial bear-
ing was proposed to eliminate the mechanical loss Z. In
the direct lubrication type, oil supply nozzles are provided
at the upstream side of each tilting pad upstream in re-
lation to journal rotation direction and lubrication oil is
supplied to the bearing surface of each tilting pad, and
side seals are eliminated. Direct lubrication type is now
widely adopted, as mechanical loss Z can be eliminated.
The tilting pad journal bearing of the patent literature 1
is of direct lubrication type.
[0007] Another type of direct lubrication type tilting pad
radial bearing is proposed in patent literature 2 (japanese
Laid-Open Patent Application No. 2000-274432). In a tilt-
ing pad journal bearing of direct lubrication type, there is
a problem of so-called carryover of lubrication oil as re-
cited in paragraph [0009] of the patent literature 2. This
is a phenomenon that the lubrication oil lubricated the
bearing surface of an upstream tilting pad is carried on
the rotating journal to be introduced to the bearing surface
of the adjacent downstream tilting pad.
[0008] Lubrication oil rises in temperature in the inter-
stice defined by the circumferential surface of the journal
and bearing surfaces of the tilting pad (hereunder re-
ferred to as bearing clearance of the tilting pad) due to
shearing force in the lubrication oil in the interstice caused
by the rotation of the journal. Lubrication oil increased in
temperature in the bearing clearance of the upstream
tilting pad is carried over to the bearing clearance of the
adjacent downstream tilting pad, so the lubrication oil is
further increased in temperature in the bearing clearance
of the downstream tilting pad, which may cause overheat
of the bearing surface of the tilting pad and occurrence
of bearing seizure.
Means of preventing carryover of lubrication oil in a direct
lubricating type tilting pad journal bearing are proposed
in the patent literature 2.
[0009] In patent literature 3 (Japanese Laid-Open Pat-
ent Application No.2006-112499) is proposed another
means of preventing excessive temperature rise of lubri-
cation oil in a direct lubricating type tilting pad journal
bearing. With this means, an oil supply nozzle is provided
to the bearing housing at each of the upstream side end
and downstream side end of a tilting pad in relation to
the rotation direction of the journal, and a cooling path is
formed in the pad circumferentially parallel with the bear-
ing surface of the pad. A part of oil injected from the oil
supply nozzle located at the downstream side end is di-
rected to be introduced into the cooling path, thereby
cooling the bearing surface of the tilting pad from under
the bearing surface thereof to suppress temperature rise
of the bearing surface.
[0010] As recited in paragraph [0004] of the patent lit-
erature 2, a bearing clearance of a tilting pad (clearance
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between the journal surface and bearing surface of the
tilting pad) is filled with lubrication oil, the pad is supported
by the stationary bearing housing, and the journal rotates
at high speed in the oil filled in the clearance. Therefore,
very large speed difference is developed in the oil be-
tween the bearing surface of the pad and journal surface.
A wedge-form oil film is formed between the bearing sur-
face of the pad and journal surface due to the speed
difference, and oil pressure is generated in the oil film to
support load exerted from the journal onto the bearing
surface of the pad.
[0011] FIG.9 is a quotation of FIG.33 of the patent lit-
erature 2, showing pressure distribution in the lubrication
oil film between the journal surface and bearing surface.
In the drawing, a plurality of tilting pads 101a~d are dis-
posed around the journal 100 to support the journal 100.
Radial clearances 102 between the journal 100 and the
tilting pads 101a~d are filled with lubrication oil. Integra-
tion of oil film pressures Fp exerting to the bearing faces
of the pads 102 coincides with the bearing load W.
[0012] High oil film pressure is generated by the effect
of wedge shape of the oil film narrowing the radial clear-
ances 102 downstream of rotation direction of the journal
due to tilting the each tilting pads 101a~d.
[0013] A direct lubrication type tilting pad journal bear-
ing is superior to an oil flooded type tilting pad journal
bearing in a point that mechanical loss is smaller in the
former than in the latter, as mentioned above.
However, construction becomes complicated in a direct
lubrication type tilting pad journal bearing because of pro-
viding oil supply nozzles and/or adopting means to sup-
press carryover of lubrication oil, resulting in increased
manufacturing cost.
[0014] In a tilting pad journal bearing, not only the direct
lubrication type tilting pad journal bearing, tilting pads are
supported swingable circumferentially and axially in re-
lation to the journal by spherical pivots provided in the
inner face of the bearing housing and the swingable sup-
porting structure makes assembling and disassembling
of the journal bearing too much like hard work. With the
present structure of the journal bearing, tilting pads can
be detached from inside the bearing housing only after
detaching the journal bearing because the spherical piv-
ots protrude from the bearing housing into recesses in
the back face of the tilting pads.
[0015] As self weight of the rotation shaft exerts on the
bearing surface of a lower tilting pad disposed on the
inner face of the lower bearing housing, high pressure
oil film is formed relatively easily on the bearing surface
of the lower pad as the journal rotates. However, self
weight of the rotating shaft does not exert on the bearing
surface of an upper tilting pad disposed on the inner face
of the upper bearing housing, so high pressure oil film
can not be formed easily.
Further, when adjusting radial clearance between the
bearing surface of a tilting pad and rotating surface of
the journal so that a radial clearance narrowing toward
downstream of rotation direction of the journal is formed

between the bearing surface of a lower tilting pad and
rotating surface of the journal in order to allow high pres-
sure oil film on the bearing surface thereof as the journal
rotates, the adjusting is not easy in the case of journal
bearing of large rotating machines, for self weight of the
tilting pad increases.
[0016] Patent literature 1: Japanese laid-open Patent
Application No. 5-332355.
Patent literature 2: Japanese laid-open Patent Applica-
tion No.2000-274432.
Patent literature 3: Japanese laid-open Patent Applica-
tion No.2006-112499.

Summary of the Invention

[0017] The present invention was made in light of prob-
lems of the background art mentioned above, and an
object of the invention is to provide a rotation shaft sup-
porting structure in a direct lubrication type tilting pad
journal bearing, with which carryover of lubrication oil
from the bearing surface on an upstream pad to the bear-
ing surface of the adjacent downstream pad is prevented,
simplification in construction and reduction in manufac-
turing cost are achieved, and assembling and disassem-
bling of the bearing is facilitated.
[0018] Another object of the invention is to provide a
rotation shaft supporting structure of the journal bearing
in which the radial clearance between the bearing surface
of the upper tilting pad, on which self weight of the rotating
shaft does not exert, and the rotating surface of the jour-
nal can be adjusted, thereby facilitating formation of high
pressure oil film on all over the bearing surfaces of the
tilting pads.
[0019] To attain the object mentioned above, the
present invention proposes a rotation shaft supporting
structure of journal bearing having a plurality of pads dis-
posed in a cylindrical bearing housing circumferentially
spaced along the inner surface of the bearing housing
so that a journal swingablly placed in the cylindrical bear-
ing housing is supported by the pads capable of being
self-aligned and composed such that lubrication oil is in-
troduced to clearances between the journal and the pads,
wherein a radial clearance forming means to allow a ra-
dial clearance narrowing toward downstream of rotation
direction of the journal to be formed between the bearing
surface of an upper pad on which bearing load due to
self-weight of the rotation shaft does not exert and the
journal surface, is provided between the inner face of the
upper bearing housing and the back face of the upper
pad at a downstream position in relation to rotation di-
rection of the journal.
[0020] In the invention, a radial clearance between the
bearing surface of the upper pad and journal surface nar-
rowing toward downstream of rotation direction of the
journal is formed, so a high pressure oil film is formed on
the bearing surface of the upper pad by the wedge effect
of the oil film, as a result, favorable lubricating perform-
ance of the bearing surface is achieved and occurrence
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of bearing seizure can be prevented.
[0021] It is preferable radial clearance forming means
is a spring member which is disposed between the inner
face of the bearing housing and the back face of the upper
pad to push the upper pad radially inwardly at a down-
stream position thereof, thereby allowing a radial clear-
ance narrowing toward downstream of rotation direction
of the journal to be formed between the bearing surface
of the upper pad and journal surface.
[0022] With the construction, the upper pad is pushed
downward toward the rotating surface of the journal by
the elastic force of the spring member at a position on
the back face of the upper pad near the down stream
side end thereof in relation to the rotation direction of the
journal.
[0023] It is preferable that a pad attitude adjusting
means is provided near both the upstream and down-
stream end parts of the upper pad in relation to the rota-
tion direction of the journal so that the radial clearance
between the bearing surface of the pad and rotating sur-
face of the journal can be adjusted by the both pad ad-
justing means.
A desired radial clearance narrowing downstream can
be formed between the bearing surface of the upper pad
and journal surface with high dimensional accuracy by
the combination of the spring member and pad attitude
adjusting means.
[0024] It is preferable that said pad attitude adjusting
means is a bolt which penetrates a through hole drilled
through the bearing housing at such a position that said
bolt is screwed into a screw hole provided in the back
face (outer face) of the pad near a circumferential end
part of a pad disposed inside the bearing housing, where-
by the radial clearance between the bearing surface of
the pad and rotating surface of the journal can be adjust-
ed by adjusting screwed-in length of the bolt into the
screw hole in the back face of the pad.
[0025] With the construction, the pad attitude adjusting
means is simple and inexpensive, and as the pads are
held by the bearing housing by means of the bolts, the
rotation shaft can be transferred with the journal bearing
comprising the bearing housing and bearing pads at-
tached to the journal of the rotating shaft.
[0026] It is preferable that each of the pads is support-
ed at its central zone by a spherical pivot attached to the
inner surface of the bearing housing so that the pad is
swingable circumferentially and axially in relation to the
journal, and
that a radial through hole is drilled in the upper bearing
housing for supporting an upper pad, on which bearing
load due to self-weight of the rotation shaft does not exert,
from the outer periphery thereof radially inwardly at such
a position that the through hole opens facing the back
face of the spherical pivot so that depth from the outer
periphery of the bearing housing to the back face of the
spherical pivot can be measured, whereby the radial
clearance between the bearing surface of the pad and
rotating surface of the journal is adjusted based on the

measurement result of the depth.
[0027] It is hard to expect formation of high pressure
oil film in the radial clearance between the bearing sur-
face of the upper pad, on which the self weight of the
rotation shaft does not exert, and the rotating surface of
the journal. Therefore, vibration of the upper pad tend to
occur. When the vibration occurs, direct contact of the
rotating surface of the journal with the bearing surface of
the upper pad, particularly upstream side bearing surface
thereof, may occur, resulting in occurrence of cracks on
the bearing surface of the upper pad.
With the construction mentioned above, the radial clear-
ance between the bearing surface of the upper pad and
rotating surface of the journal can be adjusted desirably
along the bearing surface so that a high pressure oil film
is formed in the clearance, so occurrence of vibration of
the upper pad can be prevented.
[0028] The invention proposes a rotation shaft sup-
porting structure of the tilting pad journal bearing of direct
lubrication type in which a first oil supply nozzle is located
at the upstream side end of a pad for supplying lubrication
oil to the bearing surface of the pad and a second oil
supply nozzle is located at the downstream side end of
the pad for preventing carryover of the lubrication oil
flowed out from the downstream side end of the pad to
the bearing surface of a pad located downstream adja-
cent to the upstream pad, and the first oil supply nozzle
has a casing part and is attached to the bearing housing
such that a side face of the casing part contacts the up-
stream side end face of the tilting pad at least in line
contact with the outer side periphery thereof and the sec-
ond oil supply nozzle has also a casing part and is at-
tached to the bearing housing such that a side face of
the casing part contacts the downstream side end face
of the tilting pad at least in line contact with the outer side
periphery thereof, thereby allowing the oil supply nozzles
to serve as stoppers to prevent circumferential move-
ment of the pad.
[0029] Lubrication oil is supplied to the bearing surface
of a pad from the first oil supply nozzle located adjacent
the upstream side end of the pad, and from the second
oil supply nozzle is injected lubrication oil toward the ro-
tating surface of the journal to prevent carryover of lubri-
cation oil from the upstream radial clearance to the down-
stream radial clearance adhering on the journal surface.
The both the first and second oil supply nozzles are con-
figured to retain the pad at both upstream and down-
stream side ends thereof to prevent rotational movement
of the pad. In this manner, carryover of lubrication oil can
be prevented, and in addition, a side of the rectangular
parallel piped casing of the oil supply nozzle attached to
the bearing housing contacts each of both upstream and
downstream side end faces of each pad at least in line
contact along the outer edge thereof, so the pad can be
prevented from rotational movement dragged by the ro-
tating shaft by the oil supply nozzle. Therefore, separate
means for preventing rotational movement of the pads
is not needed, resulting in simplicity of the supporting
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structure.
[0030] It is preferable that each of the upstream and
downstream side end faces of the pad is formed such
that the side face of the casing part of the oil supply nozzle
attached to the bearing housing contacts the outer side
periphery of the pad in line contact and the end face of
the pad departs gradually from the side face of the casing
part of the oil supply nozzle as the end face of the pad
runs radially inwardly.
By allowing the side face of the casing of the oil supply
nozzle to contact the outer periphery of the circumferen-
tial side end face of the pad, the pad can be retained
more stably.
[0031] It is suitable that each of the pads is supported
at its central zone by a spherical pivot received in a recess
provided in the inner face of the bearing housing so that
the pad is swingable circumferentially and axially in re-
lation to the journal, and that a radial through hole is drilled
in the upper bearing housing for supporting an upper pad,
on which bearing load due to self-weight of the rotation
shaft does not exert, from the outer periphery thereof
radially inwardly at such a position that the through hole
opens facing the back face of the spherical pivot so that
depth from the outer periphery of the bearing housing to
the back face of the spherical pivot can be measured,
whereby the radial clearance between the bearing sur-
face of the pad and rotating surface of the journal is ad-
justed based on the measurement result of the depth.
[0032] It is hard to expect formation of high pressure
oil film in the radial clearance between the bearing sur-
face of the upper pad, on which the self weight of the
rotation shaft does not exert, and the rotating surface of
the journal. Therefore, vibration of the upper pad tends
to occur. When the vibration occurs, direct contact of the
rotating surface of the journal with the bearing surface of
the upper pad, particularly upstream side bearing surface
thereof, may occur, resulting in occurrence of cracks on
the bearing surface of the upper pad.
With the construction mentioned above, the radial clear-
ance between the bearing surface of the upper pad and
rotating surface of the journal can be adjusted desirably
along the bearing surface so that a high pressure oil film
is formed in the clearance, so occurrence of vibration of
the upper pad can be prevented.
[0033] It is preferable that each of the pads is support-
ed at its central zone by a spherical pivot attached to the
inner surface of the bearing housing so that the pad is
swingable circumferentially and axially in relation to the
journal, and
that the spherical pivot is received in a recess provided
in the inner face of the bearing housing such that the top
of its spherical surface is level with the inner surface of
the bearing housing, thereby enabling the pad to be in-
serted and extracted in the axial direction of the journal.
Pad retaining members are attached to both axial ends
of the bearing housing to prevent axial movement of the
pads. With the construction mentioned above, insertion
and extraction of the pads can be possible by removing

the pad retaining members sliding the pads axially.
Therefore, replacing or repairing of the pads can be pos-
sible without removing the rotation shaft.
[0034] A method of assembling the journal bearing of
the structure according to the invention composed such
that each of the pads is supported at its central zone by
a spherical pivot received in a recess provided in the
inner face of the bearing housing so that the pad is swing-
able circumferentially and axially in relation to the journal,
and that a radial through hole is drilled in the upper bear-
ing housing for supporting an upper pad, on which bear-
ing load due to self-weight of the rotation shaft does not
exert, from the outer periphery thereof radially inwardly
at such a position that the through hole opens facing the
back face of the spherical pivot so that depth from the
outer periphery of the bearing housing to the back face
of the spherical pivot can be measured, the method com-
prises measuring the depth from the outer periphery of
the bearing housing to the back face of the spherical piv-
ot, and placing an adjusting shim on the back face of the
spherical pivot to adjust the position of the top of the
spherical surface of the spherical pivot in order to adjust
the radial clearance between the bearing surface of the
pad and rotating surface of the journal.
[0035] According to the method of the invention, ad-
justing of the radial clearance between the bearing sur-
face of the upper pad, on which the self weight of the
rotation shaft does not exert, and rotating surface of the
journal can be performed easily, so that a desired high
pressure oil film can be formed in the radial clearance.
[0036] In the method of the invention, it is preferable
that the pad attitude adjusting means is provided near
both the upstream and downstream end parts of the up-
per tilting pad in relation to the rotation direction of the
journal, and the radial clearance between the bearing
surface of the pad and rotating surface of the journal is
so adjusted by the pad attitude adjusting means that a
radial clearance narrowing downstream of rotation direc-
tion of the journal, thereby effecting generation of lubri-
cation oil film increasing in pressure toward downstream
of rotation direction of the journal.
[0037] By this, a high pressure oil film can be formed
in the radial clearance between the bearing surface of
the upper pad and rotating surface of the journal, in other
words, on the bearing surface of the pad due to the so-
called wedge effect.
As a result, lubrication property on the bearing surface
of the upper pad can be improved, and occurrence of
bearing seizure can be prevented.
[0038] It is preferable that said pad attitude adjusting
means is a bolt which penetrates a through hole drilled
through the bearing housing at such a position that said
bolt is screwed into a screw hole provided in the back
face (outer face) of the pad near a circumferential end
part of a pad disposed inside the bearing housing, where-
by the radial clearance between the bearing surface of
the pad and rotating surface of the journal can be adjust-
ed by adjusting screwed-in length of the bolt into the
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screw hole in the back face of the pad.
With the construction, the pad attitude adjusting means
is simple and inexpensive, and as the pads are held by
the bearing housing by means of the bolts, the rotation
shaft can be transferred with the journal bearing com-
prising the bearing housing and bearing pads attached
to the journal of the rotating shaft.
[0039] According to the present invention, the journal
of a rotation shaft is supported by a tilting pad journal
bearing in such a state that a radial clearance narrowing
toward downstream of rotation direction of the journal is
formed between the bearing surface of an upper bearing
pad and the rotating surface of the journal, so a high
pressure oil film is formed in the radial clearance, in other
word, on the bearing surface of the upper pad, by the so-
called wedge effect.
Therefore, favorable lubrication property can be main-
tained between the bearing surface of the upper pad and
rotating surface of the journal, preventing occurrence of
burning out of the bearing surface.
[0040] Further, according to the invention, the journal
bearing is composed such that the first oil supply nozzle
has a casing part and is attached to the bearing housing
such that a side face of the casing part contacts the up-
stream side end face of the tilting pad at least in line
contact with the outer side periphery thereof and the sec-
ond oil supply nozzle has also a casing part and is at-
tached to the bearing housing such that a side face of
the casing part contacts the downstream side end face
of the tilting pad at least in line contact with the outer side
periphery thereof, thereby allowing the oil supply nozzles
to serve as stoppers to prevent circumferential move-
ment of the pad, so that the mechanical loss in lubrication
is decreased, carryover of lubrication oil from an up-
stream pad to the adjacent downstream pad is sup-
pressed, and separate means to prevent circumferential
movement of the pad is not needed.
[0041] Furthermore, according to the invention, in the
journal bearing composed such that a radial through hole
is drilled in the upper bearing housing for supporting an
upper pad from the outer periphery thereof radially in-
wardly at such a position that the through hole opens
facing the back face of the spherical pivot, the radial clear-
ance between the bearing surface of the upper pad and
the journal surface is adjusted by measuring the depth
from the outer periphery of the bearing housing to the
back face of the spherical pivot and placing an adjusting
shim on the back face of the spherical pivot based on the
measurement result of the depth. Therefore, the radial
clearance between the bearing surface of the upper pad
and journal surface can be set to a desired dimension so
that a high pressure oil film can be formed in the radial
clearance, in other words, on the bearing surface of the
upper pad, occurrence of vibration of the upper pad can
be prevented and lubrication property of the bearing sur-
face of the upper pad is improved, which results in elim-
ination of occurrence of bearing seizure.

Brief Description of the Drawings

[0042]

FIG. 1 is a sectional front view of embodiment of the
journal bearing of the present invention(C-C section
in FIG.2).
FIG.2 is a sectional side view of the embodiment of
FIG.1(B-B section in FIG.3).
FIG.3 is a rear view of the embodiment of FIG.1(view
in the direction of arrow A in FIG.2).
FIG.4 is a partial enlarged sectional view near the
spherical pivot 36 in FIG. 1.
FIG.5 is a perspective view of the oil supply nozzle
50 of the embodiment of FIG.1.
FIG. 6 is a partial enlarged sectional view near the
oil supply hole 60 in FIG. 1.
FIG.7 is a sectional view along line D-D in FIG. 1.
FIG.8 is a graph showing mechanical loss in a tilting
pad journal bearing of oil flooded type.
FIG.9 is a drawing for explaining of formation of oil
film pressure in the journal bearing due to the wedge
effect.

Detailed Description of the Preferred Embodiments

[0043] A preferred embodiment of the present inven-
tion will now be detailed with reference to the accompa-
nying drawings. It is intended, however, that unless par-
ticularly specified, dimensions, materials, relative posi-
tions and so forth of the constituent parts in the embod-
iments shall be interpreted as illustrative only not as lim-
itative of the scope of the present invention.
[0044] FIGS. 1 to 3 show an embodiment of the journal
bearing of the invention, FIG. 1 is a sectional front view
along line C-C in FIG.2, FIG. 2 is a sectional side view
along line B-B in FIG.3, and FIG.3 is a rear view viewed
in the direction of arrow A in FIG. 2.
In FIG.1, a journal j is a rotation shaft of large rotating
machine such as a steam turbine, gas turbine, and an
electric generator. The diameter of the journal j is as large
as about 40cm, so a journal bearing 10 to support the
journal j becomes large in size, and circumferential ve-
locity of the journal j becomes high. The journal j rotates
in a direction of arrow a.
[0045] The journal bearing 10 supporting the journal j
is comprised of a bearing platform 20, a bearing housing
30 comprising an upper semi-cylindrical housing 30a and
a lower semi-cylindrical housing 30b fixedly supported
by the bearing platform 20, and four tilting pads 40a~d
attached to the inner circumferential surface of the bear-
ing housing 30. The bearing platform 20 has a concave
part 20a semicircular in section, and the bearing housing
30 is cut in two halves of the upper bearing housing 30a
and lower bearing housing 30b. The lower bearing hous-
ing 30b is supported by the semicircular concave part
20a of the bearing platform 20. The upper bearing hous-
ing 30a is positioned by a positioning pin 31 (shown in
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FIG. 3) to the lower bearing housing 30b and connected
to the lower bearing housing 30b by fastening bolts 32
as shown in FIG.3.
[0046] Four tilting pads 40a~d are disposed inside the
bearing housing to surround coaxially the rotation shaft.
Hereunder, suffixes a~d will be omitted when matter com-
mon to all of the tilting pads is recited. This is similarly
applied to other constituent parts. As shown in FIG.4, a
recess 42 is provided in the back face (outer face) of
each of the tilting pads 40 near the center part thereof,
and an adjusting liner 44 is press fit in the recess. A recess
34 is formed in the inner face of the bearing housing 30
at a position facing the adjusting liner 44, and a spherical
pivot 36 is inserted in the recess.
[0047] The surface of the spherical pivot 36 facing the
adjusting liner 44 is formed into a spherical surface so
that the tilting pad 40 is circumferentially and axially
swingable in relation to the journal j. The tilting pads 40
are located such that a circumferential spacing s1 is pro-
vided between each of the pads. The spherical pivots 36
are located such that their centers are at positions 45°
from the vertical center line or horizontal center line of
the journal bearing. The spherical pivot 36 is received in
the recess 34 such that the top of its spherical surface is
level with the inner circumferential surface of the bearing
housing 30. Therefore, the tilting pad 40 can be removed
from the bearing assembly with the adjusting liner 44
fixed in the recess 42 thereof by removing a side plate
mentioned later and sliding the tilting pad in the axial
direction of the journal.
[0048] Radial holes for measurement 38 are drilled in
the upper bearing housing 30a penetrating the upper
bearing housing 30a from the outer periphery thereof to
the recesses 34. An outer liner 33 is provided on the outer
periphery of the bearing housing 30 at a circumferential
position thereof radially opposite behind the bearing
housing 30 to the spherical pivot 36 located in the recess
34 in the inside face of the bearing housing 30.
As shown in Fig.4, the outer liner 33 is attached to the
outer periphery of the bearing housing 30 by means of
fastening bolts not shown in the drawings. The outer pe-
riphery of the outer liner 33 protrudes a little from the
circumferential surface of the bearing housing 30.
[0049] Therefore, the outer liner 33 contacts the con-
cave surface 20a of the bearing platform 20, and the low-
er bearing housing 30b is supported by the bearing plat-
form 20 via the medium of the outer liner 33. There is a
radial clearance s2 between the concave surface 20a of
the bearing platform 20 and the outer surface of the lower
bearing housing 30b.
A hole 33a is drilled in the outer liner 33 to communicate
with the hole for measurement 38. The hole for meas-
urement 38 is plugged by a plug 39 after measurement
mentioned later is finished.
[0050] As shown in FIG. 2, annular side plates 35 are
attached to both side ends of the bearing housing 30 to
retain the tilting pads between the inner circumferential
surface of the bearing housing and the rotating surface

of the journal j. The annular side plates 35 are fixed to
both sides of the bearing housing 30 by means of a plu-
rality of fastening bolts 37. There is a radial clearance s3
between the inner periphery of the annular side plate and
the rotating surface of the journal j. Lubrication oil injected
from oil supply nozzles 50 is drained through the radial
clearance s3 after the lubrication oil served to lubricate
between the journal j and pads 40.
[0051] As shown in FIG.1, the oil supply nozzles 50 for
injecting lubrication oil are attached to the bearing hous-
ing 30 to be located at both end sides of each of the tilting
pads 40, that is, located at the upstream side and down
stream side in relation to the rotation direction of the jour-
nal j. FIG.5 shows an example of the oil supply nozzle
50 in a perspective view.
Structure of the oil supply nozzle 50 will be explained
referring to FIG.2 and Fig.5. The oil supply nozzles lo-
cated in the upstream side are same in construction as
those located in the downstream side.
[0052] The oil supply nozzle 50 consists of a main cas-
ing 52 and nozzle arms 54. The main casing 52 has a
rectangular parallel-piped part and cylindrical part. The
nozzle arms 54 extend from both side faces opposite to
each other of the rectangular parallel-piped part. The cy-
lindrical part is inserted into a radial hole 70 drilled at an
axial center part of the bearing housing 30 so that the
rectangular parallel-piped part is located adjacent to the
circumferential side end of the tilting pad 40 and the noz-
zle arms 54 extend in the axial direction of the journal j.
The main casing 52 and arms 54 have a hollow 56 into
which lubrication oil is introduced.
[0053] Each of the nozzle arms 54 has a plurality of
nozzle holes 58 at equal spacing along the arm so that
the nozzle holes 58 face toward the journal j along the
axial direction thereof when the oil supply nozzle 50 is
attached to the bearing housing 30. Lubrication oil inject-
ed from the nozzle holes 58 of the oil supply nozzle 50
located in the upstream side of the tilting pad 40 in relation
to rotation direction of the journal j intrudes into the radial
clearance between the inner circumferential surface of
the tilting pad 40 (bearing surface 48 in FIG. 4) and the
rotating surface of the journal j dragged by the rotation
of the journal j to form oil film there.
[0054] Lubrication oil injected from the nozzle holes 58
of the oil supply nozzle 50 located in the downstream
side of the tilting pad 40 in relation to rotation direction
of the journal j cools the lubrication oil passed through
the clearance between the bearing surface of the tilting
pad and rotating surface of the journal j (oil clearance
between the journal and tilting pad) and concurrently dis-
rupts the oil film adhered on the rotating surface of the
journal j to make the oil film to be separated therefrom.
By this, intrusion of lubrication oil dragged by the rotation
surface of the journal from the oil clearance between the
journal and upstream tilting pad into the oil clearance
between the journal and downstream tilting pad next to
said upstream tilting pad is prevented. Lubrication oil
flowed out from the downstream end of the tilting pad is
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drained through the radial clearance s3 between the side
plate 35 and journal j.
[0055] As shown in FIG.5, the main casing 52 is at-
tached to the bearing housing such that a face 52a of the
rectangular parallelepiped part thereof facing the tilted
surface 46 of the tilting pad 40 contacts a base part 46a
of the tilted surface 46 of the tilting pad 40, and tilted
surface 46 skews by a small angle α so that the clearance
between the tilted surface 46 and the face 52a increases
radially inwardly. In this way, the base part 46a of the
tilted surface 46 of the tilting pad 40 is supported at the
face 52a of the main casing 52 in a form of line-contact,
thereby the oil supply nozzle 50 supports immovably the
movement of the tilting pad in the direction of the journal
rotation.
[0056] As shown in FIG. 1, an oil supply hole 60 is
provided in the bearing platform 20. An outer liner 62 is
located on the outer periphery of the lower bearing hous-
ing 30b at a position facing the oil supply hole 60. Con-
figuration of this portion will be explained referring to FIG.
6. In FIG. 6, the outer liner 62 has an oil supply hole 62a
communicating to the oil supply hole 60.
An oil supply hole 64 is drilled radially in the lower bearing
housing 30b such that the oil supply hole 64 communi-
cates to the oil supply hole 60 by way of the oil supply
hole 62a of the outer liner 62. Annular oil groove 66 is
provided in an axial side face of the bearing housing 30.
[0057] The annular oil groove 66 runs all around the
axial side end of the bearing housing 30. As shown in
FIG. 2, the annular oil groove 66 is communicated to a
hollow 56 of the main casing 52 of the oil supply nozzle
50 by an axial oil hole 68 in the bearing housing 30. An
open end of the hollow 56 at the end of the cylindrical
part of the main casing 52 is closed by a plug 72 and the
plug 72 is secured by a C-shaped retaining ring 74.
[0058] A radial clearance s4 is formed between the
inner circumferential surface of the bearing platform 20
and outer periphery of the outer liner 62 (see Fig. 6). An
o-ring 76 is placed in the clearance s4 to seal the clear-
ance. By this, oil leakage through the clearance s4 is
prevented and concurrently the o-ring 76 serves so that
a bearing load exerted on the bearing platform 20 from
the lower bearing housing 30b by the intermediary of the
outer liner 62 becomes smaller than a bearing load ex-
erted on the bearing platform 20 from the lower bearing
housing 30b by the intermediary of the outer liner 33.
[0059] As shown in FIG. 7, two circular recesses 84
are provided in each of the outer circumferential surface
of the tilting pads 40a and 40b at a certain spacing in the
axial direction thereof and two circular recesses 82 are
provided in the circumferential surface of the upper hous-
ing 30a. Each of the circular recesses 84 faces the cir-
cular recess 82 so that a cylindrical hollow is formed. The
recesses 84 are provided near the downstream end of
the tilting pads 40a and 40b in relation to the rotation
direction of the journal j as can be seen in FIG. 1. In the
cylindrical hollow formed by the two recesses facing each
other is installed with a coil spring 80, which pushes the

tilting pad radially toward the journal j near the down-
stream side end thereof. Therefore, as shown in FIG. 9,
it becomes easy that an oil clearance narrowing in the
rotation direction of the journal j is formed between ro-
tating surface of the journal and bearing surface of tilting
pad 40a and 40b.
[0060] As shown in FIG. 1, radial screw holes 90 are
provided near the upstream end part and downstream
end part of each of the tilting pads 40 in relation to the
rotation direction of the journal j. Radial through holes 92
are drilled in the bearing housing 30 where the radial
though hole 92 faces the opening of the corresponding
radial screw hole 90 so that the radial through hole 92
and the radial screw hole 90 has a same axis line. A
hexagon socket head screw 94 is inserted through each
of the radial through holes 92 and its fore-end part is
screwed into each of the screw holes 90.
[0061] The radial clearance between the inner surface
of the bearing housing 30 and the outer surface of the
tilting pad 40 can be adjusted by adjusting screwed-in
length of the hexagon socket head screw 94, thereby the
radial clearance (bearing clearance) between the rotat-
ing surface of the journal and bearing surface of the tilting
pad 40 can be adjusted.
In this manner, the upstream side radial clearance and
downstream side radial clearance between the journal
surface and bearing surface of the tilting pad can be ad-
justed separately, that is, the attitude of the tilting pad
can be adjusted, to obtain a wedge-shaped radial clear-
ance by a compact and inexpensive means.
[0062] In such an embodiment of the invention, lubri-
cation oil is supplied from the oil supply hole 60 provided
in the bearing platform 20 to the hollows 56 of the oil
supply nozzles 50 through the annular oil groove 66 and
axial oil hole 68 in the bearing housing 30. The lubrication
oil is injected from the nozzle holes 58 of the nozzle arms
54 of the oil supply nozzle 50 toward the rotating surface
of the journal j.
[0063] Lubrication oil injected from the oil supply noz-
zle 50 located at the upstream side of the tilting pad 40
in relation to the rotation direction of the journal j is intro-
duced into the oil clearance between the journal and tilt-
ing pad to lubricate the rotating surface of the journal j
and bearing surface 48. Lubrication oil injected from the
oil supply nozzle 50 located at the downstream side of
the tilting pad 40 in relation to the rotation direction of the
journal j impinges against the rotating surface of the jour-
nal j, cools the lubrication oil risen in temperature in the
oil clearance between the journal surface and bearing
surface of the upstream tilting pad adhering on the rotat-
ing surface of the journal j, and disturbs the oil layer ad-
hering on the rotating surface of the journal to prevent
the high temperature oil layer adhered on the rotating
surface of the journal from being carried into the oil clear-
ance between the journal surface and bearing surface of
the adjacent downstream tilting pad. By this, excessive
temperature rise of the bearing surface 48 of the tilting
pad 40 can be prevented and occurrence of bearing sei-
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zure is prevented.
[0064] Radial clearance between the journal surface
and bearing surface 48 of the tilting pad can be adjusted
to a desired clearance by measuring the distance from
the rear face of the spherical pivot 36 to the open end of
the radial hole for measurement 38 by means of a known
measuring device and determine the radial clearance be-
tween the journal surface and bearing surface 48, and
inserting an adjusting shim 86 in the recess 34 on the
back face of the spherical pivot 36 based on the meas-
urement.
By using this clearance adjusting means together with
the clearance adjusting by the hexagon socket head
screws 94, clearance between the journal surface and
bearing surface of the tilting pad can be adjusted to a
desired clearance with high accuracy such that the clear-
ance becomes narrow toward the downstream side of
the tilting pad in relation to the rotation direction of the
journal as shown in FIG. 9. Therefore, high oil film pres-
sure owing to the wedge effect can be generated easier
on the bearing surface 48 and high performance of lubri-
cation of the bearing surface 48 can be maintained.
[0065] Self weight of the rotation shaft exerts on the
tilting pads 40c and 40d located on the lower bearing
housing 30b, so a wedge-shaped radial clearance nar-
rowing downstream as shown in FIG. 9 can be formed
relatively easily. On the other hand, the self weight of the
rotation shaft does not exerts on the tilting pads 40a and
40b located on the upper housing 30a, so the formation
of high pressure oil film between the journal surface and
bearing surfaces 48 of the upper tilting pads 40a and 40b
is not as easy.
[0066] According to the embodiment, the downstream
end part of each of the tilting pads 40a and 40b located
on the upper bearing housing are pushed radially inward
by the elastic force of the coil springs 80, so wedge-
shaped radial clearance narrowing downstream can be
easily formed also in the upper tilting pads 40a and 40b.
Therefore, high pressure oil film can be generated on the
bearing surface of the upper tilting pads 40a and 40b by
the wedge effect.
As the self weight of the rotation shaft does not exert on
the upper tilting pads 40a and 40b, there has been a
tendency that vibration of the upper tilting pad occurs,
which will cause occurrence of fatigue failure of the bear-
ing surface of the tilting pad. This problem can be elimi-
nated according to the embodiment.
[0067] Further, as the oil supply nozzles 50 are located
at the upstream and downstream side of the tilting pad
such that the tilting pad is stopped its movement in the
circumferential direction by the main casing 52 of the oil
supply nozzle 50, separate means for preventing move-
ment of the tilting pad in the circumferential direction
dragged by the rotation of the journal is not needed, and
the journal bearing can be simplified in structure.
Further, as the tilting pad 40 is supported at the outer
side periphery part 46a, the space in front and rear side
of the tilting pad can be broaden, which enables to realize

further stable supply of the lubricating oil.
[0068] Conventionally, the spherical pivot 36 is re-
ceived in the recess of the bearing housing 30 such that
it extends into the recess of the tilting pad 40 so that the
spherical pivot 36 serves to prevent circumferential
movement of the tilting pad 40. Such configuration is not
needed according to the embodiment of the present in-
vention. Therefore, by allowing the spherical surface of
the spherical pivot to be leveled with the inner circumfer-
ential surface of the bearing housing 30, the tilting pad
40 can be drawn out axially along the journal j by only
removing the side plate 35. Therefore, the tilting pad 40
can be removed with the journal in the place as it is, which
facilitates removing and attaching of the tilting pad 40
when repairing or changing the same.
[0069] Furthermore, according to the embodiment, by
providing the outer liner 62 having the oil supply hole 62a
which communicates with the oil supply hole 60 in the
bearing platform 20 separately in addition to the outer
liners 33, reduction of rigidity of the outer liner 33 if an oil
hole is drilled to it as is in a conventional example of tilting
pad journal bearing can be prevented. Therefore, neces-
sity of increasing radial thickness of the bearing housing
30 to compensate for the reduction in rigidity of the outer
liner 33 can be eliminated.
Further, as the outer liner 62 is provided such that the
load that the outer liner 62 receives from the bearing
housing 30 is smaller than the load received by the outer
liner 33, the oil supply hole 62a can be provided without
increasing the number of supporting point of the bearing
housing 30. Therefore, there is no need to raise the di-
mensional accuracy of the load supporting part of the
bearing housing 30, and easiness of assembling the jour-
nal bearing can be retained.
[0070] Further, as the outer liner 62 is provided to the
lower bearing housing 30b on which the bearing load
exerts from the journal j through the intermediary of the
tilting pad 40, adjustment of bearing load becomes easy,
and in addition, as the o-ring 76 capable of elastic defor-
mation is placed between the outer liner 62 and bearing
platform 20, adjustment of bearing load is further facili-
tated. Further, lubrication oil is supplied to the nozzle
arms 54 of the oil supply nozzles 50 through the oil supply
hole 60 in the bearing platform 20, annular oil groove 66,
oil supply hole 68, and the hollow 56 in the main casing
of the oil supply nozzle 50 with simple construction with-
out decreasing the rigidity of the bearing housing 30.
[0071] The O-ring is used between the outer liner 62
and bearing platform 20 in the embodiment, however,
other elastic member, for example, a bellow and so on
may be used instead of the O-ring. By using an elastic
member between the outer liner 62 and bearing platform
like this, adjustment of the bearing load exerting on the
bearing platform 20 from the bearing housing 30 through
the outer liner 62 becomes easy.
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Industrial applicability

[0072] According to the invention, a rotation shaft sup-
porting structure adopting a direct lubrication type tilting
pad journal bearing can be provided, with which a high
pressure oil film can be formed on the bearing surface
of an upper tilting pad by a simple and inexpensive
means, occurrence of carryover of lubrication oil is elim-
inated, and simplification in construction, reduction in
manufacturing cost, and ease in assembling/disassem-
bling of the journal bearing are achieved, and which can
be preferably applied to large rotating machines such as
steam turbines, gas turbines and electric generators.

Claims

1. A rotation shaft supporting structure of journal bear-
ing
having a plurality of pads disposed in a cylindrical
bearing housing circumferentially spaced along the
inner surface of the bearing housing so that a journal
swingably placed in the cylindrical bearing housing
is supported by the pads capable of being self-
aligned and composed such that lubrication oil is in-
troduced to clearances between the journal and the
pads, wherein
a radial clearance forming means to allow a radial
clearance narrowing toward downstream of rotation
direction of the journal to be formed between the
bearing surface of an upper pad on which bearing
load due to self-weight of the rotation shaft does not
exert and the journal surface, is provided between
the inner face of the upper bearing housing and the
back face of the upper pad at a downstream position
in relation to rotation direction of the journal.

2. A rotation shaft supporting structure of journal bear-
ing according to claim 1,
wherein said radial clearance forming means is a
spring member which is disposed between the inner
face of the bearing housing and the back face of the
upper pad to push the upper pad radially inwardly at
a downstream position thereof, thereby allowing a
radial clearance narrowing toward downstream of ro-
tation direction of the journal to be formed between
the bearing surface of the upper pad and journal sur-
face.

3. A rotation shaft supporting structure of journal bear-
ing according to claim 1,
wherein a pad attitude adjusting means is provided
near both the upstream and downstream end parts
of the upper pad in relation to the rotation direction
of the journal so that the radial clearance between
the bearing surface of the pad and rotating surface
of the journal can be adjusted by the both pad ad-
justing means.

4. A rotation shaft supporting structure of journal bear-
ing according to claim 3,
wherein said pad attitude adjusting means is a bolt
which penetrates a through hole drilled through the
bearing housing at such a position that said bolt is
screwed into a screw hole provided in the back face
(outer face) of the pad near a circumferential end
part of a pad disposed inside the bearing housing,
whereby the radial clearance between the bearing
surface of the pad and rotating surface of the journal
can be adjusted by adjusting screwed-in length of
the bolt into the screw hole in the back face of the pad.

5. A rotation shaft supporting structure of journal bear-
ing according to any one of claims 1-4,
wherein each of the pads is supported at its central
zone by a spherical pivot attached to the inner sur-
face of the bearing housing so that the pad is swing-
able circumferentially and axially in reflation to the
journal, and
wherein a radial through hole is drilled in the upper
bearing housing for supporting the upper pad, on
which bearing load due to self-weight of the rotation
shaft does not exert, from the outer periphery thereof
radially inwardly at such a position that the through
hole opens facing the back face of the spherical pivot
so that depth from the outer periphery of the bearing
housing to the back face of the spherical pivot can
be measured, whereby the radial clearance between
the bearing surface of the upper pad and rotating
surface of the journal is adjuster based on the meas-
urement result of the depth.

6. A rotation shaft supporting structure of journal bear-
ing according to claim 1,
wherein a first oil supply nozzle is located at the up-
stream side end of the pad for supplying lubrication
oil to the bearing surface of the pad and a second
oil supply nozzle is located at the downstream side
end of the pad for preventing carryover of the lubri-
cation oil flowed out from the downstream side end
of the pad to the bearing surface of a pad located
downstream adjacent to the upstream pad, and
wherein the first oil supply nozzle has a casing part
and is attached to the bearing housing such that a
side face of the casing part contacts the upstream
side end face of the pad at least in line contact with
the outer side periphery thereof and the second oil
supply nozzle has also a casing part and is attached
to the bearing housing such that a side face of the
casing part contacts the downstream side end face
of the pad at least in line contact with the outer side
periphery thereof, thereby the oil supply nozzles
serving as stoppers to prevent circumferential move-
ment of the pad.

7. A rotation shaft supporting structure of journal bear-
ing according to claim 6, wherein each of the up-
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stream and downstream side end faces of the pad
is formed such that the side face of the casing part
of the oil supply nozzle attached to the bearing hous-
ing contacts the outer side periphery of the pad in
line contact and the end face of the pad departs grad-
ually from the side face of the casing part of the oil
supply nozzle as the end face of the pad runs radially
inwardly.

8. A rotation shaft supporting structure of journal bear-
ing according to claim 6,
wherein each of the pads is supported at its central
zone by a spherical pivot received in a recess pro-
vided in the inner face of the bearing housing so that
the pad is swingable circumferentially and axially in
relation to the journal, and
wherein a radial through hole is drilled in the upper
bearing housing for supporting an upper pad, on
which bearing load due to self-weight of the rotation
shaft does not exert, from the outer periphery thereof
radially inwardly at such a position that the through
hole opens facing the back face of the spherical pivot
so that depth from the outer periphery of the bearing
housing to the back face of the spherical pivot can
be measured, whereby the radial clearance between
the bearing surface of the upper pad and rotating
surface of the journal is adjusted based on the meas-
urement result of the depth.

9. A rotation shaft supporting structure of journal bear-
ing according to claim 6 or 7,
wherein each of the pads is supported at its central
zone by a spherical pivot attached to the inner sur-
face of the bearing housing so that the pad is swing-
able circumferentially and axially in relation to the
journal, and
wherein the spherical pivot is received in a recess
provided in the inner face of the bearing housing such
that the top of its spherical surface is level with the
inner surface of the bearing housing, thereby ena-
bling the pad to be inserted and extracted in the axial
direction of the journal.

10. A method of assembling journal bearing of the struc-
ture of claim 8, comprising
measuring the depth from the outer periphery of the
bearing housing to the back face of the spherical
pivot, and
placing an adjusting shim on the back face of the
spherical pivot to adjust the position of the top of the
spherical surface of the spherical pivot in order to
adjust the radial clearance between the bearing sur-
face of the pad and rotating surface of the journal.

11. A method of assembling journal bearing according
to claim 10, wherein the pad attitude adjusting means
is provided near both the upstream and downstream
end parts of the upper tilting pad in relation to the

rotation direction of the journal, and the radial clear-
ance between the bearing surface of the pad and
rotating surface of the journal is so adjusted by the
pad attitude adjusting means that a radial clearance
narrowing downstream of rotation direction of the
journal, thereby effecting generation of lubrication oil
film increasing in pressure toward downstream of
rotation direction of the journal.

12. A method of assembling journal bearing according
to claim 11, wherein said pad attitude adjusting
means is a bolt which penetrates a through hole
drilled through the bearing housing at such a position
that said bolt is screwed into a screw hole provided
in the back face (outer face) of the pad near a cir-
cumferential end part of a pad disposed inside the
bearing housing, whereby the radial clearance be-
tween the bearing surface of the pad and rotating
surface of the journal can be adjusted by adjusting
screwed-in length of the bolt into the screw hole in
the back face of the pad.
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