DESCRIPTION MECHANICAL SEAL Technical Field [0001] The present invention relates to a
mechanical seal and particularly to a mechanical seal which can be split into a radial direction of
rotating equipment to which the mechanical seal is attached. Background Art [0002] A
mechanical seal has been widely used as shaft sealing means for rotating equipment such as a pump
and an agitator and includes a plurality of annular members. Therefore, a part of the rotating
equipment requires disassembling to attach or detach the mechanical seal to/from the rotating
equipment, whereby the attachment and the detachment work have required a great deal of effort. In
order to reduce such effort on the attachment and the detachment work, there has been developed a

split mechanical seal in which a component thereof is sglit into a radial direction of the rotating
equipment (refer to Patent Literature 1, for e?ffﬁﬁf&m ON

MECHANTCAL SEAL

Technical Field
[0001]

The present invention relates to a mechanical seal and
particularly te a mechanical geal which can be split into a radial
direction of rotating equipment to which the mechanical seal is

attached.

Background Art
[o002]

A mechanical seal has been widely used as shaft sealing means
for rotating equipment such as a pump and an agitator and includes
a plurality of annular members. Therefore, a part of the rotating
equipment requires disassembling to attach or detach the
mechanical seal to/from the rotating equipment, whereby the
attachment and the detachment work have required a great deal of
effort. In order to reduce such effort on the attachment and the
detachment work, there has been developed a split mechanical seal
in which a component thereof is split into a radial direction of
the rotating equipment (refer to Patent Literature 1, for

example) .
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Citation List Patent Literature [0003] Patent Literature 1: JP No. 2002-048248 A Summary of
Invention Technical Problem [0004] When the component of the mechanical seal is split into a
radial direction thereof, a slight shift in a shaft direction or a radial direction orthogonal thereto on a
split surface would result in imperfect shaft seal, which makes it easier for oil, water or the like to leak. -
In the case of the mechanical seal disclosed in Patent Literature 1, the shift in the shaft direction and
the radial direction on each split cross section of a sleeve and a gland cover is prevented by inserting
a pin called an

Patent Literature
[0C03]

Patent Literature 1: JP No. 2002-048248 A

Summary of Invention
Technical Problem
[0004]

When the component of the mechanical seal is split into a
radial direction thereof, a glight shift in a shaft direction or
a radial direction orthogonal theretc on a split surface would
result in imperfect shaft seal, which makes it easier for oil,
water or the like to leak. In the case of the mechanical seal
disclosed in Patent Literature 1, the shift in the shaft direction
and the radial direction on each split cross section of a sleeve
and a gland cover is prevented by inserting a pin called an
alignment pin into a hole formed on each split cross section
perpendicularly thereto. However, a shift equivalent to a
clearance required between the pin and the hole occurs on each
gplit cross section, and a shift equivalent to the shift on the
split cross section also occurs in a half-split slide member
attached to the sleeve and the gland cover, thereby causing the
leakage problem.

[0005]
An object of the present invention is to solve the

aforementioned problems, that ig, to decrease the shift on the



alignment pin into a hole formed on each split cross section perpendicularly thereto. However, a shift
equivalent to a clearance required between the pin and the hole occurs on each split cross section,
and a shift equivalent to the shift on the split cross section also occurs in a half-split slide member
attached to the sleeve and the gland cover, thereby causing the leakage problem. [0005] An object of
the present invention is to solve the aforementioned problems, that is, to decrease the shift on the
split cross section of the mechanical seal. Solution to Problem [0006] A mechanical seal in an
embodiment of the present invention provided to achieve the aforementioned object includes at least:
a rotary ring which rotates while driven by a rotating shaft of rotating equipment; a seal ring which is
brought into contact with the rotary ring in a shaft direction of the rotating shaft; and a gland cover
which is in &RéafedCSafEWitRithe YeaPling 16 cBFEFaR-bEfdr si@@thereof. At least the rotary ring, the
seal ring, and the gland cover are split into a radial direction thereof, where one surface of a split
surface of at least the gland cover includes a projection which is projected toward another surface of
the split surfgoewhie the othensisface includes a recess which is fitted to the projection.

[0006]

A mechanical seal in an embodiment of the present invention
provided to achieve the aforementioned object includes at least:
a rotary ring which rotates while driven by a rotating shaft of
rotating equipment; a seal ring which is brought into contact with
the rotary ring in a shaft direction of the rotating shaft; and
a gland cover which is in a sealed state with the seal ring to
cover an outer side thereof. At least the rotary ring, the seal
ring, and the gland cover are split into a radial direction thereof,
where one surface of a split surface of at least the gland cover
includes a projection which is projected toward another surface
of the split surface while the other surface includes a recess
which is fitted to the projection.

[0007]

The mechanical seal in another embodiment of the present
invention further includes a sleeve which rotates while driven
by the rotating shaft and covers an outer side of the rotary ring
while in a sealed state therewith. One surface of a split surface
of the sgleeve includes a projection which is projected toward
another surface of the split surface, while the other gurface
includes a recess which is fitted to the projection.

[0008]



[0007] The mechanical seal in another embodiment of the present invention further includes a
sleeve which rotates while driven by the rotating shaft and covers an outer side of the rotary ring while
in a sealed state therewith. One surface of a split surface of the sleeve includes a projection which is
projected toward another surface of the split surface, while the other surface includes a recess which
is fitted to the projection. [0008] In another embodiment of the present invention, the projection in
the mechanical seal has an anisotropic form extending long in any direction within a plane of the split
surface, while the recess has an anisotropic form to be fitted to the anisotropic projection. [0009]

The mechanical seal in another embodiment of the present invention further includes a plurality of the
anisotropic projections which includes: a first projection extending long along the shaft direction of the

rotating shaft; and &l 8e AT BRje SIPEXBFEM BN G o RF BREPIidFiFEttbf thEFotating shatt.

The aniotrggic esess jnckudes,a (fstieseps g a ed (e et pjegtion angextends fong

irection of the rotating shatft; and a second recess which'is second
projection aagdexerida;lons glongihe sadiatditestion of thedgiating siRinDERAL t sukmechanical
seal in another embodiment of the present invention further includes two of the recesses which are
provided orihélsplit barfaces fitifg8agh oierspdspaeiivelfoamd extd@fd fohghndhs akkedirection on
the both split surfaces, where a pin fqorming the projection is embedded in one of the two recesses,
and anothefrEcaRE TRHE 1hd PeE&SsTs fitted to an exposed surface of the pin when the split
surfaces arg preught together. [0011]

The mechanical seal in another embodiment of the present
invention further includes a plurality of the anisotropic
projections which includes: a first projection extending long
along the shaft direction of the rotating shaft; and a second
projection extending long along the radial direction of the
rotating shaft. The anigotropic recess includes: a first recess
which is fitted to the first projection and extends long along
the shaft direction of the rotating shaft; and a second recess
which is fitted to the second projection and extends long along

~ the radial direction of the rotating shaft.
{0010]

The mechanical seal in another embodiment of the present
invention further includes two of the recesses which are provided
on the gplit surfaces facing each other, respectively, and extend
long in the same direction on the both split surfaces, where a
pin forming the projection is embedded in one of the two recesses,
and another recess of the two recesses is fitted to an exposed
gsurface of the pin when the split surfaces are brought together.

[0011]



In the mechanical seal in another embodiment of the present invention, the pin is fixed such that more
than half the volume thereof is embedded in the one recess. [0012] The mechanical seal in
another embodiment of the present invention further includes two pre-assemblies each including a
rotary ring half, a seal ring half, and a gland cover half which are formed by splitting at least the rotary
ring, the seal ring, and the gland cover, respectively, into the respective radial directions. [0013]
The mechanical seal in another embodiment of the present invention further includes a coat layer
formed of a fluorine-based resin on the one surface of the split surfaces, and an elastic adhesive layer
stacked on the coat layer on the other surface of the split surfaces, whereby the elastic adhesive layer
is interposed between the coat layers when the split surfaces are brought together. Advantageous
Effects of InventionIEE)GﬂF] mechanical seal in another embodimént of the present

invention, the pin is fixed such that more than half the volume

thereof is embedded in the one recess.

[0012]

The mechanical seal in another embodiment of the present

invention further includes two pre-assemblies each including a

rotary ring half, a seal ring half, and a gland cover half which

are formed by splitting at least the rotary ring, the seal ring,

and the gland cover, respectively, into the respective radial

directions.

[0013]

The mechanical seal in another embodiment of the present

invention further includes a coat layer formed of a fluorine-based

resin on the one surface of the split surfaces, and an elastic

adhesive layer stacked on the coat layer on the other surface of

the split surfaces, whereby the elastic adhesive layer is

interposed between the coat layers when the split surfaces are

brought together.

Advantageous Effects of Invention
[0014]
According to the present invention, the shift in the split

cross section of the mechanical seal can be decreacsed.

Brief Description of Drawings



According to the present invention, the shift in the split cross section of the mechanical seal can be
decreased. Brief Description of Drawings [0015] Fig. 1 is an exploded perspective view in which
a mechanical seal according to a first embodiment of the present invention is partially disassembled.
Fig. 2 is an exploded perspective view in which a pre-assembly constituting the mechanical seal
illustrated in Fig. 1 is disassembled. Fig. 3 is a side view of a pre-assembly which is illustrated in
Fig. 1 and seen from a split surface side. Fig. 4 is a front view of the mechanical seal which is
illustrated in Fig. 1 and seen from an atmosphere side toward an equipment side. Fig. 5is an
enlarged perspective view of a projection which is formed in a sleeve half illustrated in Fig. 2.

[0015]

Fig. 1 is an exploded perspective view in which a mechanical
seal according to a first embodiment of the present invention is
partially disassembled.

Fig. 2 is an exploded perspective view in which a
pre-assembly constituting the mechanical seal illustrated in Fig.
1 is disassembled.

Fig. 3 is a side view of a pre-assembly which is illustrated
in Fig. 1 and seen from a split surface sgide.

Fig. 4 is a front view of the mechanical seal which is
illustrated in Fig. 1 and seen from an atmosphere gide toward an
equipment gide.

Fig. 5 is an enlarged perspective view of a projection which
is formed in a sleeve half illustrated in Fig. 2.

Fig. 6 is a diagram illustrating the vicinity of the
projection illustrated in Fig. 5 from the eguipment side.

Fig. 7 is a set of diagrams illustrating a state before and
after moving a set screw to the atmosphere side and before and
after detaching a preset chip during the installation work of the
mechanical seal.

Fig. 8 is anenlarged perspective view of a projection formed
in a sleeve half of the mechanical seal according to a second
embodiment .

Fig. 9 isanenlarged pergpective view of a projecticon formed

in a sleeve half of the mechanical seal according to a third



Fig. 6 is a diagram illustrating the vicinity of the projection illustrated in Fig. 5 from the equipment side.
Fig. 7 is a set of diagrams illustrating a state before and after moving a set screw to the atmosphere
side and before and after detaching a preset chip during the installation work of the mechanical seal.
Fig. 8 is an enlarged perspective view of a projection formed in a sleeve half of the mechanical seal
according to a second embodiment. Fig. 9 is an enlarged perspective view of a projection formed
in a sleeve half of the mechanical seal according to a third embodiment. Reference Signs List [0016]
1mechanical seal

embodiment.

Reference Signs List

[0016]
1 mechanical seal
la, 1b pre-assembly
2 sleeve
2a, 2b gleeve half
3 rotary ring
3a, 3b rotary ring half
4 seal ring
4a, 4b seal ring half
5 gland cover
Ba, 5b gland cover half
18 split surface
40, 42 gecond recess (recessg)
41, 43 first recess {(recess)
50, 52 gsecond projection (projection)
51, 53 first projection (projectiomn)
58 split surface
70, 72 gsecond recess (recess)
71, 73 first recegs (recess)
80, 82 second projection (projection)
81, 83 first projection (projection)

150 drape pin (pin)



la, Ibpre-assembly 2sleeve 2a, 2bsleeve half 3rotary ring 3a, 3brotary ring half 4seal ring 4a, 4bseal
ring half 5gland cover 5a, 5bgland cover half

151 drape pin (pin)
170 recess

171 projection

180 projection

B rotating shaft

Description of Embodiments
[0017]

Each embodiment of a mechanical seal according to the
present invention will now be described with reference to the
drawings.

[c018]
<First embodimernts:>

Fig. 1 is an exploded perspective view in which a mechanical
seal according to a first embodiment of the present invention is
partially disassembled. Fig. 2 is an exploded.perspeétive view
in which a pre-assembly constituting the mechanical seal
illustrated in Fig. 1 is disassembled. Fig. 3 is a side view of
the pre-assembly which is i1llustrated in Fig. 1 and seen from a
aplit surface side. Fig. 4 is a front view of the mechanical seal
which is illustrated in Fig. 1 and seen from an atmosphere side
toward an equipment side.

[0019]
1. Schematic overall structure of mechanical seal

A mechanical seal 1 according to the first embodiment



18split surface 40, 42second recess (recess) 41, 43first recess (recess) 50, 52second projection
(projection) 51, 53first projection (projection) 58split surface 70, 72second recess (recess) 71, 73first
recess (recess) 80, 82second projection (projection)

includes at least: a rotary ring 3 which rotates while driven by
a rotating shaft B of rotating equipment (hereinafter simply
referred to as "egquipment" as well); a sleeve 2 which rotates while
driven by the rotating shaft B and covers an outer side of the
rotary ring 3 while in a sealed state therewith; a seal ring 4
which is brought into contact with the rotary ring 3 in a shaft
direction of the rotating shaft B; a gland cover 5 which is in
a sealed state with the seal ring 4 to cover an outer side thereof;
and two pre-assemblies la and 1b formed by splitting at least the
rotary ring 3, the sleeve 2, the seal ring 4, and the gland cover
5 into a radial direction of the rotating shaft B. Both of the
two pre-assemblies la and 1b constituting the mechanical seal 1
have a split surface that can be joined together when the
pre-assemblies are installed to the rotating shaft B. The
mechanical seal 1 includes O-rings 6 to 9 in addition to the sleeve
2, the rotary ring 3, the seal ring 4, and the gland cover 5. The
O-rings 6 to 9 are split into the radial direction thereof as well.
As a result, the pre-assembly 1a includeg a sleeve half 2a, a rotary
ring half 3a, a seal ring half 4a, a gland cover half 5a, and O-ring
halves 6a to 9a, while the pre-assembly 1b includes a sleeve half
2b, a rotary ring half 3b, a seal ring half 4b, a gland cover half
5b, and O-ring halves 6b to 9b. The pre-assemblies la and 1b are
not always necessary, accordingly the sleeve half 2a, the rotary
ring half 3a, the seal ring half 4a, and the gland cover half ba,

or the sleeve half 2b, the rotary ring half 3b, the seal ring half



81, 83first projection (projection) 150drape pin (pin) 151drape pin (pin) 170recess 171 projection 180
projection rotating shaft Description of Embodiments [0017]

ab, and the gland cover half 5b, respectively, need not be
integrated.

[0020]

2. Overview of each component

2.1 Sleeve (sleeve half 2a and sleeve half 2b)

The sleeve 2 has a substantially cylindrical shape. Both
end sides of a longitudinal direction of the sleeve 2 are made
larger in a radial direction, and a space 10 is provided in a
roughly central area of the sleeve 2 in the shaft direction to
arrange therein the rotary ring 3, the seal ring 4, and the gland
cover 5. The sleeve 2 is a rotating ring which rotates while
attached to and driven by the rotating shaft B. In the present
embodiment, the sleeve 2 is a component formed of metal (preferably
SUS) . The sleeve 2 includes, on one surface of both split surfaces
18 and 18, projections 50 to 53 which are projected toward another
surface of the both split surfaces 18 and 18 and includes, on the
other surface of the both split surfaces 18 and 18, recesses 40
to 43 which are fitted to the projections 50 to 53. The "fitted"
here refers to an engaged state in which the projection and the
recess are in close contact with each other with hardly any
clearance therebetween. Numerically, the clearance between the
projections 50 to 53 and the recesses 40 to 43 is 5 pm or less,
preferably 3 um or less, or more preferably 0 pm.

[0021]

2.2 Rotary ring (rotary ring half 3a and rotary ring half 3b)

10



Each embodiment of a mechanical seal according to the present invention will now be described with
reference to the drawings. [0018] <First embodiment> Fig. 1 is an exploded perspective view in
which a mechanical seal according to a first embodiment of the present invention is partially
disassembled. Fig. 2 is an exploded perspective view in which a pre-assembly constituting the
mechanical seal illustrated in Fig. 1 is disassembled. Fig. 3 is a side view of the pre-assembly which is
illustrated in Fig. 1 and seen from a split surface side. Fig. 4 is a front view of the mechanical seal
which is illustrated in Fig. 1 and seen from an atmosphere side toward an equipment side. [0019] 1.
Schematic overall structure of mechanical seal A mechanical seal 1 according to the first embodiment

The rotary ring 3 has a substantially cylindrical shape.
The rotary ring 3 is a rotating ring which rotates while driven
by the rotating shaft B and is attached to a position closest to
the equipment side within the space 10 of the sleeve 2. 1In the
present embodiment, the rotary ring 3 is a component formed of
gilicon carbide, for example.

[0022]
2.3 Seal ring (seal ring half 4a and seal ring half 4b)

The seal ring 4 has a cylindrical shape in which one end
thereof has a larger diameter to serve as a flange. The seal ring
4 is a floating ring not driven by the rotating shaft B and is
attached to a position in contact with the rotary ring 3 within
the space 10. In the present embodiment, the seal ring 4 is a
component formed of carbon, for example. The seal ring 4 is made
smaller than the rotary ring 3 in the present embodiment but may
be made larger as well.

[0623]
2.4 Gland cover {(gland cover half 5a and gland cover half 5b)

The gland cover 5 has a substantially cylindrical shape that
is short in a longitudinal direction. The gland cover 5 is fixed
to the equipment while a part of the gland cover is inserted into
the space 10 to adjoin the seal ring 4 through the O-ring 8. In
the present embodiment, the gland cover 5 is a component formed
of metal (preferably SUS). The gland cover 5 includes, on one

surface of both gplit surfaces 58 and 58, projections 80 to 83
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includes at least: a rotary ring 3 which rotates while driven by a rotating shaft B of rotating equipment
(hereinafter simply referred to as "equipment” as well) ; a sleeve 2 which rotates while driven by the
rotating shaft B and covers an outer side of the rotary ring 3 while in a sealed state therewith; a seal
ring 4 which is brought into contact with the rotary ring 3 in a shaft direction of the rotating shaft B; a
gland cover 5 which is in a sealed state with the seal ring 4 to cover an outer side thereof; and two
pre-assemblies la and |b formed by splitting at least the rotary ring 3, the sleeve 2, the seal ring 4, and
the gland cover 5 into a radial direction of the rotating shaft B. Both of the two pre-assemblies la and Ib
constituting the mechanical seal | have a split surface that can be joined together when the
pre-assemblies are installed to the rotating shaft B. The mechanical seal | includes 0-rings 6 to 9 in

addition to #elslBedE?, BROIREREANG SVHESSAIRMRES, ST HRCEIaNE ddver BOFReRHings 6 to 9 are
split into the radial diregtéon ti&e %of a%w.ell. f\s eges%lt %FF pre-a egnlprl !{J‘ @c&d%g gleeye half 2a,
a %%?S il 3 rﬁa ga, an§%-' %1 (f

a rotary rinéE’Ha a Seal'ring al?ﬂa, angﬁahl cover ring halves 6a to 9a, while the

pre-assembly 1l includes asieeve half 2bs a rataginghall 3 aseatrinhalf<bs eglaadweover half
5b, and 0-ring halves 6b to 9b. The pre-assemblies la and Ib are not always necessary, accordingly

the sleeve Itéle 2oy the rotapnangthale 333 the Beal Fihgaraiss, BREWREHIARE dover ALK BLlor the

sleeve half 2b, the rotary ring half 3b, the seal ring half 4b, and the gland cover half 5b, respectively,
need not bMtEGrREJARDIND. XSRETRGFof 8l cdinpdhet 21 SEelE8eREHAZX 21 d sleeve

half 2b) %The %%e\iefg &aso%ngﬁ,tgn "@gf%m(?absmpe. Both end sides of a longitudinal

direction of thd Sieeve 2 aré made larger in a radial direction, and a space 10 is provided in a roughly
central area[obthe]sleeve 2 in the shaft direction to arrange therein the rotary ring 3, the seal ring 4,
and the gland cover 5. The sleeve 2 is a rotating ring which rotates while attached to and driven by the

rotating shadt-B. Br i gretRnt eRRAHERE thé skee\iP238d QrhpdeFdMREd I miétal Breferably
SUS) . The sleeve 2,includes, on one surface_af.hoth split s ojecti to 53
FHICHCRR N e S %h%ngotﬁ%{g daces 18 AL Doleions

which are projecte oward another sarface of t it surfaces 18 and 18 and includes, on the

other surfagg;eftheboth splid tntases 1B and lthseeessasi4ytedadivhieh arefitert o the projections
50 to 53. The "fitted" here refers to an engaged state in which the projection and the recess are in
close contatswitls eathmthel nittearingadyhecaepechaabeivean IRamafcale thetd&arance

between the projectioraf‘ 50.to 53 and the recesses 40 to 43 i]$315 u %réles%ég\;%f%rabl 3 um or less, or

more prefel;%ﬂ)]ﬁiqo3 Nt 85‘21?5?&&5@ ﬁﬁgo roefralrﬁl#irﬁ%rh‘éﬁ aan rotary ring halcf%% £

the rotary ring 3. Two pieces of the O-ring 7 are arranged along
a longitudinal direction of the rotary ring 3. The O-ring 7
functions as a stopper to prevent the rotary ring 3 from rotating
in the sleeve 2. The processing man-hour can be reduced by using
the two O-rings 7 as compared to the case where a metal pin or
the like is used to prevent the rotation. It is also feasible
to arrange a single piece of the O-ring 7 so that a pin is used
to prevent the rotation of the rotary ring 3 and the sleeve 2.
The O-ring 8 is a sealing ring arranged between an outer surface
of the seal ring 4 and the gland cover 5. The O-ring 9 is a sealing
ring arranged between the gland cover 5 and the equipment. In
the present embodiment, the O-rings 6 to 9 are formed of

fluorine-based elagtomer, for example.
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The rotary ring 3 has a substantially cylindrical shape. The rotary ring 3 is a rotating ring which rotates
while driven by the rotating shaft B and is attached to a position closest to the equipment side within
the space 10 of the sleeve 2. In the present embodiment, the rotary ring 3 is a component formed of
silicon carbide, for example. [0022] 2.3 Seal ring (seal ring half 4a and seal ring half 4b) The seal
ring 4 has a cylindrical shape in which one end thereof has a larger diameter to serve as a flange. The
seal ring 4 is a floating ring not driven by the rotating shaft B and is attached to a position in contact
with the rotary ring 3 within the space 10. In the present embodiment, the seal ring 4 is a component
formed of carbon, for example. The seal ring 4 is made smaller than the rotary ring 3 in the present
embodiment but may be made larger as well. [0023] 2.4 Gland cover (gland cover half 5a and gland
cover half 569°251The gland cover 5 has a substantially cylindrical shape that is short in a longitudinal

direction. The gland gaver i fied o.fhe.aulpment while £ bar of fye glapdgayerisinserted into
the space 10 to adjoin the sea? rng 4 St%rough the 0-ring 8. In the present embodiment, the gland cover
5 is a compgaentiermed elmetal (praferably Stieh Thetgland cover SHaclusestangneisififace of

both split surfaces 58 and 58, projections 80 to 83

B of the equipment, whereby the sleeve 2 and the rotary ring 3
would rotate along with the rotating shaft B. The gland cover
5 being fixed to the equipment would not move. The seal ring 4
being interposed between the gland cover 5 and the rotary ring
3 and not being fixed to the rotary ring 3 or the sleeve 2 would
move freely in the shaft direction while in a sliding state with
the rotary ring 3.
[0026]
3. Detailed structure of mechanical seal
3.1 Structure of sleeve

As illustrated in Fig. 1, the sleeve half 2a includes a notch
11 formed by cutting off a part of the sleeve half into a square
shape in a circumferential direction near the split surface 18
on the atmosphere side. The sleeve half 2b likewise includes a
notch 11 at a position having in-plane symmetry with the
aforementioned notch 11 about the center of the sleeve 2. The
notch 11 includes a through-hole 12 passing through the sleeve
2 toward the split surface 18. The sleeve halves 2a and 2b include
screw holes 13 and 13 with a groove in the interior thereof,
respectively, on the one split surfaces 18 at a position

corresponding with the through-holes 12 and 12 on the other split

surfaces 18. The sleeve half 2a also includes a notch 15 formed
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which are projected toward another surface of the both split surfaces 58 and 58 and includes, on the
other surface of the both split surfaces 58 and 58, recesses 70 to 73 which are fitted to the projections
80 to 83. The clearance between the projections 80 to 83 and the recesses 70 to 73 is 10 pm or less,
preferably 3 pm or less, or more preferably 0 pm. [0024] 2.5 0-ring (O-ring halves 6a to 9a and 0-ring
halves 6b to 9b) The 0-ring 6 is a sealing ring arranged between an inner surface of the sleeve 2
and the rotating shaft B. The 0-ring 7 is a sealing ring arranged between an outer surface of the rotary
ring 3 and an inner surface of an outer wall of the sleeve 2 covering the rotary ring 3. Two pieces of
the 0-ring 7 are arranged along a longitudinal direction of the rotary ring 3. The 0-ring 7 functions as a
stopper to prevent the rotary ring 3 from rotating in the sleeve 2. Thegglr%;cessing man-hour can be

reduced byRigirHel®E 0lings P cohpeigd 16 87 8ale Whér@ &} P EREaRkE i@ Lsed to
%fltzli‘g Q11pg,/-80 hat g, pin,is used to
n

prevent the otatiog.. It is alsto feasiple to arrange a single pjece
prevent theééffaﬁf(z)nlo‘?l%hél—rlot%lrf/l rﬁn%%%d%gg%?eevee . Tll:lle 0-rfing 8 is a sealing ring arranged

between anepiepseface fithe sgaé rfge4-aadchthenlandicouerbsd igmBIint:Q is asealing Bng
arranged between the gland cover 5 and the equipment. In the present embodiment, the O-rings 6 to 9
are formed atflaorme-based dlastbnteri formdamapleyioe2sly withetdforerhentosad t6RfPdnents are

assembled into the mechanical seal 1 which is then attached {o the rotating shaft B of the.equipment,
whereby th&feehe? &Pt Gy ?ﬂﬁegv?oilal}%tg eﬁgﬁg%/\'/ith 5 r%?aét%% %%aﬁné:.ﬁﬂﬁie%

g s e gland
cover 5 being fixed.io,the,squipraeptwouinetmoven TheSeal £ingeA heleg,inarpasedspetieen the

gland cover 5 and thée rotary ring 3’and not'being fixed to the rotary ring 3 or the sleeve 2 would move

freely in thesshafedieeation vithile inlashding=stateswizh taadotdly Timgldde screw holes 17
and 17 with a groove in the interior thereof, respectively, on
the one split surfaces 18 at a position corresponding with the
through-holes 16 and 16 on the other split surfaces 18. The sleeve
half 2a and the sleeve half 2b are assembled together by screwing
a bolt 20 to the screw holes 13 and 13 through the through-holes
12 and 12, and to the screw holeg 17 and 17 through the
through-holes 16 and 16, respectively.
[0027]

Each of the sleeve halves 2a and 2b includes two screw holes

21 and 21 along the outer circumference of the sleeve half from
each of the notches 11 and 11. Each screw hole 21 passes through
the inside of each of the gleeve halves 2a and 2b such that a screw
25 can be screwed to a position in contact with the rotating shaft
B. The sleeve 2 can be fixed to the rotating shaft B by screwing
the screw 25 in the screw hole 21 to the position in contact with
the rotating shaft B. Another screw hole 28 is formed adjacent

to the screw hole 21 in the circumferential direction. The screw

hole 28 does not reach inside each of the sleeve halves 2a and

14



[0026] 3. Detailed structure of mechanical seal 3.1 Structure of sleeve As illustrated in Fig. 1, the
sleeve half 2a includes a notch 11 formed by cutting off a part of the sleeve half into a square shape in
a circumferential direction near the split surface 18 on the atmosphere side. The sleeve half 2b
likewise includes a notch 11 at a position having in-plane symmetry with the aforementioned notch 11
about the center of the sleeve 2. The notch 11 includes a through-hole 12 passing through the sleeve
2 toward the split surface 18. The sleeve halves 2a and 2b include screw holes 13 and 13 with a
groove in the interior thereof, respectively, on the one split surfaces 18 at a position corresponding
with the through-holes 12 and 12 on the other split surfaces 18. The sleeve half 2a also includes a
notch 15 formed by cutting off a part of the sleeve half in the circumferential direction into a square

shape near2Rel8Hiit s8Ik Bt e egahienfdiie® Rresebveta 2BiKewRESRERLERS notch 15
t iti ing in-pl ith the af i d h th
at a position %\C/’?C%-:-'E S%n%§xrlnénet£¥aw%# ?bae%emgﬂé?r”.e '%%2@%@5‘?9“&*1%\/%9@% ©

sleeve 2. The includes a?hroug&ﬁ olel pggsmg throu e sleeve 2 toward the split

surface 18. Jihe gleeve halvesRBand dbdnelyde serevehelesd bangh witeagraoxadnthe interior
thereof, respectively, on the one split surfaces 18 at a position corresponding with the through-holes

16 and 16 @ril#redothereplittsurficasr18iThe sl cchalf paefritthelsite v haBvardessseinbled

together by screwing a bolt 20 to the screw h%les 13 and 13 through the th ouc?h-holes 12 and 12, and
to the screvr ROIERTEPERE 1P RPSUGIF e throlghERSIES 16 AN 16 A8 spBEIVElT S 2

through-hole 121 through which a bolt 130 is inserted to be screwed
into the screw hole 28 and align the centers.
[0028]

Each of the gleeve halves 2a and 2b includes three
through-holes 32 passing through the thickness direction of the
flange part with the enlarged diameter formed on the atmosphere
side. The sleeve halves 2a and 2b also include grooves 26 and
26, respecﬁively, formed on the inner surface of each of the sleeve
halves along the circumference thereof. The grooves 26 and 26
are provided to fix the O-ring halves 6a and 6b and are opened
at the side of the rotating shaft B.
f0029]

As illustrated in Figs. 2 and 3, the recesses 42 and 43 are
provided on the one surface of the sleeve half 2a holding the
rotating shaft B on the eguipment side. The recess 43 extends
along the shaft direction of the rotating shaft B and has a half
cylindrical shape (an example of the anisotropic form) which is
tapered in a direction orthogonal to the recess 42 from the end
face of the sleeve half 2a on the equipment side toward the side

of the rotary ring half 3a. The recess 43 will hereinafter be
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[0027] Each of the sleeve halves 2a and 2b includes two screw holes 21 and 21 along the outer
circumference of the sleeve half from each of the notches 11 and 11. Each screw hole 21 passes
through the inside of each of the sleeve halves 2a and 2b such that a screw 25 can be screwed to a
position in contact with the rotating shaft B. The sleeve 2 can be fixed to the rotating shaft B by
screwing the screw 25 in the screw hole 21 to the position in contact with the rotating shaft B. Another
screw hole 28 is formed adjacent to the screw hole 21 in the circumferential direction. The screw hole
28 does not reach inside each of the sleeve halves 2a and 2b but is used to temporarily fix a preset
chip 120 in assembling the pre-assemblies la and Ib together. The preset chip 120 is an adjusting
member to align the centers of the sleeve 2 and the gland cover 5. Four pieces of the preset chip are

provided in ¥RE pidscint b sahteie fhepredet chif 196 herRiRe 4 throtgRthdie 181 %Rr&fgh which a
bolt 130 is inserted to be. screwed into the screw hole 2 lign the.centers. . _Each of the
A RV, oo Aee 2 T S s Wl i

sleeve halves 2aa est reeythroug passing through t ness direction of

the flange part-with 1he eHarged-diametaienaad an dha atmosphenerside. @rslegvednalyes 2a and
2b also include grooves 26 and 26, respectively, formed on the inner surface of each of the sleeve
halves alonf@hessiaupiferarfcetierest Toenppoves 26ENARE Hie Wotideats dixither-Fhg halves 6a

and 6b and are opened at the side of the rotating shaft B, [0029 As illustrated in Figs, 2 and 3, the
recesses 4?%58&?%?5%?5\/?8&%?%%1Sﬁé’%&%&ife 8f_”1hte[3 350 1yt 28%hotdify ﬁeor%otg%ilr?g shaft B

on the equipment side.Hhe reeess 43RxteRds Aorg e shaflt direction of theyatating shaft-B and has

a half cylindrical shape (an example of the anisotropic form) which is tapered in a direction orthogonal
to the recessidl fremdhezhddackoithecldeva half 2adrthedquipaent Sidetondrdelaesile of the
rotary ring half 3a. The recess 43 will hereinafter be ,

42" when it is to be mentioned individually. The first recess

43 and the second recess 42 are formed not in contact with each

other.

[0030]

On the other hand, the projections 50 and 51 are provided

on the other surface of the sleeve half 2a holding the rotating

shaft B on the equipment side. The projection 51 extends along

the shaft direction of the rotating shaft B and has a half columnar

shape (an example of the anisotropic form) which is tapered in

a direction orthogonal to the projection 50 from the end face of

the sleeve half 2a on the equipment side toward the side of the

rotary ring half 3a. The projection 51 will hereinafter be

specifically referred to as a "first projection 51" when it is

to be mentioned individually. The projection 50 extends along

the radial direction of the rotating shaft B and has a half columnar

shape (an example of the anisotropic form) which is tapered from

the outer surface of the gleeve half 2a toward the inner side of

the rotating shaft B in the radial direction thereof. The

16



specifically referred to as a "first recess 43" when it is to be mentioned individually. The recess 42
extends along the radial direction of the rotating shaft B and has a half cylindrical shape (an example
of the anisotropic form) which is tapered from the outer surface of the sleeve half 2a toward the inner
side of the rotating shaft B in the radial direction thereof. The recess 42 will hereinafter be specifically
referred to as a "second recess 42" when it is to be mentioned individually. The first recess 43 and the
second recess 42 are formed not in contact with each other. [0030] On the other hand, the
projections 50 and 51 are provided on the other surface of the sleeve half 2a holding the rotating shaft
B on the equipment side. The projection 51 extends along the shaft direction of the rotating shaft B
and has a half columnar shape (an example of the anisotropic form) which is tapered in a direction

orthogonal RF §itesiejedtictP o8 lomiRE eHapfhEE HiRe SIS AR 2h0F HEEGEPNTEh PSR toward

the side of the rotary ring half 3a. The projection 51.will hereinafter be specifically referred to as a "first
projection 51’?'?Nchoe1?1¥it1|)s (;%gtrﬁgrl?ti}%ed ‘}Lr?lcﬁ\%dbéallyl/s The E%j&‘é%%%ﬁ exten slaléng tgeéédial

direction of the retatisg shaft Banihbhas a halficelunpacshape fan exampie o the-anmstrapic form)
which is tapered from the outer surface of the sleeve half 2a toward the inner side of the rotating shaft
B in the radiedtlircationtiierciof Wilid wafdetionBorwill hereinafter be specifically referred to as a
"second projection SO" when it is to be mentioned individually. The first projection 51 and the second
projection S@%ﬁ‘&}ormed not in contact with each other. [0031] As illustrated in Fig. 1, the sleeve

half 2b includes theyrecess, Al and e 16ces%,40 4N the o a0gdhgNasiLgN 16, beiiied with the first

projection 51 and the second projection 50 of the sleeve half 2a, respectively. The recess 41 extends
along the shaftdigsctian shthe retatingshaftd and hdsea halfm and the position to be

fitted with the first projection 51 and the second projection 50
of the sleeve half 2a, respectively. The recess 41 extends along
the shaft direction of the rotating shaft B and has a half
cylindrical shape (an example of the anisotropic form) which is
tapered in a direction orthogonal to the recess 40 from the end
face of the sleeve half 2b on the equipment side toward the side
of the rotary ring half 3b. The recess 41 will hereinafter be
specifically referred to as a "first recess 41" when it is to be
mentioned individually. The recess 40 extends along the radial
direction of the rotating shaft B and has a half cylindrical shape
(an example of the anisotropic form) which is tapered from the
outer surface of the sleeve half 2b toward the inner side of the
rotating shaft B in the radial direction thereof. The recess 40
will hereinafter be specifically referred to as a "second recess
40" when it is to be mentioned individually. The first recess
41 and the second recess 40 are formed not in contact with each
other.

[0032]
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cylindrical shape (an example of the anisotropic form) which is tapered in a direction orthogonal to the
recess 40 from the end face of the sleeve half 2b on the equipment side toward the side of the rotary
ring half 3b. The recess 41 will hereinafter be specifically referred to as a "first recess 41" when it is to
be mentioned individually. The recess 40 extends along the radial direction of the rotating shaft B and
has a half cylindrical shape (an example of the anisotropic form) which is tapered from the outer
surface of the sleeve half 2b toward the inner side of the rotating shaft B in the radial direction thereof.
The recess 40 will hereinafter be specifically referred to as a "second recess 40" when it is to be
mentioned individually. The first recess 41 and the second recess 40 are formed not in contact with
each other. [0032] Moreover, the sleeve half 2b includes the projection 53 and the projection 52

in the form and the BERIBREE bé& Haetl RRF IR §t PEcA8S 13IGR) the REBNBTELESs 22 Bthe sleeve
half 2a, resp ctiverl%. .Th%grq{eggog nS?tExt drsmag)rqg tthgeshac;‘ gi{%ior% 8%@6 £ 1@@@ %ﬁELIEB and
?‘e dha) ? 5 %?De I foprm% }:Il §in a% '

has a half columnar shape (an example of anisotropic which is tapere irection

orthogonal ithemreiactians Fom the @neHfaced dha steayeskali 2b-gn the equiswentside toward
the side of the rotary ring half 3b. The projection 53 will hereinafter be specifically referred to as a "first

projection 532 wHeeSPEClolbe hentiGiel P galoThe3prejdetibAs 2é e ds Rforfgiticradial

direction of the rotating shaft B and has a half colymnar shape (an example of the anisotropic form)
which is tapcijrér(? fiohrthe uFé}esﬁ?gcaetﬁﬁ%esggg\se%a %’&%aiad ﬁ?gign%?{sﬁl@eHSF tHe Ptsting shaft

B in the radial direction, thersef.cihe Rrpigeionp2 wilkbergingfigrdhe speeifipalberefared to as a
"second projection 52" when it is to be mentioned individually. The first projection 53 and the second
projection 52iaredoiimead ot irwgontalt withceachpothpe cf0D38] 52 Albtherprojectidbns5@t@53 and all

the recesses 40 to 43 having the same form in the present embodiment, respectively, need not have

the same fdrhf Thetf/thBPtbjettions 56+ o SMW%%Q@I@%‘@?%%%?@@’To%gmong
themselves need not haye the,samp form, as lopg as the projectigns O.10,23 gap befitied with the

opposing recesses 40 to 43.
gpecifically referred to as a "first projection 53" when it is

to be mentioned individually. The projection 52 extends along
the radial directionof the rotating shaft B and has ahalf columnar
shape (an example of the anisotropic form) which is tapered from
the outer surface of the sleeve half 2b toward the inner side of
the rotating shaft B in the radial direction thereocf. The
projection 52 will hereinafter be specifically referred to as a
"second projection 52" when it 1s to be mentioned individually.
The first projection 53 and the second projection 52 are formed
not in contact with each other.

[0033]

All the projections 50 to 53 and all the recesses 40 to 43
having the same form in the present embodiment, respectively, need
not have the same form. That ig, the projections 50 to 53 among
rhemselves or the recesses 40 to 43 ameng themgelves need not have

the same form as long as the projections 50 to 53 can be fitted
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[0034] It is preferred that the projections 50 to 53 be joined to the recesses 40 to 43 on both sides
of the sleeve 2 while interposing the rotating shaft B. However, it is also possible to only form the set
of the projections 50 and 51 and the recesses 40 and 41 on the both split surfaces 18 and 18 of the
sleeve 2, and not form the set of the projections 52 and 53 and the recesses 42 and 43. Moreover, it is
possible to only form the set of the projection SO and the recess 40 and the set of the projection 53
and the recess 43 on the both split surfaces 18 and 18 of the sleeve 2. Furthermore, it is possible to
only form the set of the projection 51 and the recess 41 and the set of the projection 52 and the recess
42 on the both split surfaces 18 and 18 of the sleeve 2. That is, the combination of the projection and
the recess is unrestricted as long as a stopper can be formed for both the shaft direction and the radial
direction in Giddt tlrePERARE e &RCRANES 280ark® 2B From shifting in both the shaft direction and
the radial dir%%tgo&of the rotating shaft B. Accordingly, the clearance between the projections 50 to 53
and the recésses 0 to 43 can be nearly eliminated so that the shift between the split surfaces 18 and
18 can be reduced moreg liabbithasthencanfigiyatipnje which the pin ershedikejisrgapvably
inserted between the both split surfaces 18 and 18 of the sleeve halves 2a and 2b. [0035] 3.2
Structure oftglandeoseses AR ilostdtedniniighl sthdegamd cover IsdlEsHenclutbd, len the
circumferential side surface thereof, a notch 60 formed %utting off a part of the gland coyer half into

a square shEPESHRAE LhEuMErdritiet biretiShAEarthe SHYEYRAce 58. THEQRAPER e At 5b
likewise inclydes, 8 natch §Q aLadesitien summelical with the pforementioped noteh G0-akaut the

center of the glandcover S. The notch 60 includes a through-hole 61 passing through the gland cover
5 toward the spiihsudacenh 8t ibemglahdgavet halvwekbe antdblamelude sCredolds=62an, 62 with a
groove in the interior thereof, respectively, on the one split surfaces 58 at a position corresponding

with the thré@ghteE§ EIMahBBEBR the bhfePIpEEFAEES 55 TRE gﬁanfa%%\lié}%éﬁ%%%the gland

cover half 5 S %mb"i‘gjﬁ%%%%r, E’ES%Z{(;‘%;’\‘%‘?%%@G%E’t%‘d gﬁﬁoég%msfj{%"é’ noles 92 gﬂ% 62

through the ﬁrbaug oles S iflustrated in Figs. 2 and 3, the gland
cover half 5grpgliges dhesecasses O aed ddAl postiaheloset te the mdnnsphere sisie #@n the

through-hole 61 on the one surface of the split surfaces 58 interposing the rotating shaft B. The recess

71 extends aishghikersiedediré2tion bhehbablasing shatB badawd & #af édlindricheshbpey(@n

example of the anisotfopic form) which is tapered jn a diregtion orthogonal g e reresse
projection 51 and the recess 41 and the set of the projection 52
and the recess 42 on the both split surfaces 18 and 18 of the sleeve
2. That isg, the combination of the projection and the recess is
unrestricted as long as a stopper can be formed for both the shaft
direction and the radial direction in order to prevent the sleeve
halves 2a and 2b from shifting in both the shaft direction and
the radial direction of the rotating shaft B. Accordingly, the
clearance between the projections 50 to 53 and the recesses 40
to 43 can be nearly eliminated so that the shift between the split
surfaces 18 and 18 can be reduced more reliably than the
configuration in which the pin or the like is removably inserted

between the both split surfaces 18 and 18 of the sleeve halves

2a and 2b.
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70 from the end face of the gland cover half 5a on the atmosphere side toward the equipment side.
The recess 71 will hereinafter be specifically referred to as a "first recess 71" when it is to be
mentioned individually. The recess 70 extends along the radial direction of the rotating shaft B and has
a half cylindrical shape (an example of the anisotropic form) which is tapered from the outer surface of
the gland cover half 5a toward the inner side of the rotating shaft B in the radial direction thereof. The
recess 70 will hereinafter be specifically referred to as a "second recess 70" when it is to be mentioned
individually. The first recess 71 and the second recess 70 are formed not in contact with each other.
[0037] On the other hand, the gland cover half 5a includes the projections 83 and 82 at a position
closer to the atmosphere side than the screw hole 62 on the other surface of the split surfaces 58
interposing tA8¥8tating shaft B. The projection 83 extends along the shaft direction of the rotating shaft

B and has g h%fé:co}%rggarrgh%%foﬁn géagwéal%gf the anisotropic form) which is tapered in a direction

orthogonal to the projection 8 the end face of the gland cover half 5a on the atmosphere side

toward the equipmgat sideu Jhesreiectionr 83 will, herringftenbecspecifinallfreteried Imde =, "first
projection 83" when it is to be mentioned individually. The projection 82 extends along the radial

direction ofahe tb&atimtrshatt Brgrtiad atiddecsurfreshipe et ex@mpie eRiHPanRERBPic form)

which is tapered from the oEter surface ft[f—ie gl?L
|

¢ nd %over halféaltgvx%rg Othae isnnea[ sidg o; trée rotating
shaft B in tHd rSHiat HiF8cHSH tRePET The bHSiedtish 82 MiFhersinattar be spectically Fatehied to as a

"second projgctig 82" whgk diste beimentiopeddpdividualph d hefirst nsqiection 83 andrthe second
projection 82 are formed not in contact with each other. [0038] As illustrated in Fig. 1, the gland
cover half 5 mofludesvthe leedfséd72idmlviSat dngdsiimscser to-thes&tnosphaesside dvan the
through-hole 61 on the one surface of the split surfaces 58 interposing the rotating shaft B. The recess

73 extendsBAG B SRAfHitditidtro R i TdRsitg SRER B ahGTh &L a3 PRty Mt caEHab S fan
example of the ggn%gg%pégg%rafﬁk whigh isdepered i fliigetion orthgdgnakigithe fegess fadrom the

end face of t 5b on the atmosphere side toward the"equipment side. The recess 73
will hereinafterbegpetiticatlyreferedtd astaifistiretesspd whanrtisto be mentiongthindividually.
The recess 72 extends along the radial direction of the rotating shaft B and has a half cylindrical shape

(an examplevfaheharigsRopr Aot PHiEr I dpsieaTroRrte o bt iace bf theyRFAESver half 5b
toward the inner side, gfthe rotating, shaft B In he radial dlrectign hiersal, ThA feess Faudl

58 at a position corresponding with the through-holes 61 and 61

on the other split surfaces 58. The gland cover half 5a and the

gland cover half 5b are assembled together by screwing bolts 65

and 65 to the screw holes 62 and 62 through the through-holes 61

and 61, respectively.

[0036]

As illustrated in Figs. 2 and 3, the gland cover half 5a
includes the recesses 70 and 71 at a position closer to the
atmosphere side than the through-hole 61 on the one surface of
the split surfaces 58 interposing the rotating shaft B. The
recess 71 extends along the shaft direction of the rotating shaft
B and has a half cylindrical shape (an example of the anisotropic

form) which ig tapered in a direction orthogonal to the recess
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hereinafter be specifically referred to as a "second recess 72" when it is to be mentioned individually.
The first recess 73 and the second recess 72 are formed not in contact with each other. [0039]

On the other hand, the gland cover half 5b includes the projections 80 and 81 at a position closer to
the atmosphere side than the screw hole 62 on the other surface of the split surfaces 58 interposing
the rotating shaft B. The projection 81 extends along the shaft direction of the rotating shaft B and has
a half columnar shape (an example of the anisotropic form) which is tapered in a direction orthogonal
to the projection 80 from the end face of the gland cover half 5b on the atmosphere side toward the
equipment side. The projection 81 will hereinafter be specifically referred to as a "first projection 81"
when it is to be mentioned individually. The projection 80 extends along the radial direction of the

rotating shatf BEARE Helea g7tk Eiemedr Shep8 YaR&:EaE. bPthe 2RiSotrddie iBRPRARGT R tapered
rom th oule a1 gang Coyes VLS oWaRd I IVgL S8 o 19 1000, 1 0LE n the
¥ dh o Fherei ifically re

radial direcfion thereof. The proje will hereinafter be spec erred to as a "second
projection 8§ whe itfis ¢a beymestiened individually. The-firstyrejesion Bl and:ihetseicondbprojection
80 are formed not in contact with each other. [0040] All the projections 80 to 83 and all the

recesses 7be0ERhavmeatiadamierhlin the Presearemrbofinertnds fanely heesddicthave the

same form. The %r?[ections 0 to 83 among %\;d%wselves%% the recesses tq 73 among themselves

0
need not h&E e ¢ ol A Ny ad the BrojscticHE 808 83 G beltdtf With e opposing

recesses 7/Q 40 7xample of the anisotropic form) which is tapered from the
outer surface of the gland cover half 5a toward the inner side
of the rotating shaft B in the radial direction thereof. The
recess 70 will hereinafter be specifically referred toas a "second
recess 70" when it is to be mentioned individually. The first
recess 71 and the second recess 70 are formed not in contact with
each other.
[0037]

On the other hand, the gland cover half 5a includes the
projections 83 and 82 at a position closer to the atmosphere side
than the screw hole 62 on the other surface of the split surfaces
58 interposing the rotating shaft B. The projection 83 extends
along the shaft direction of the rotating shaft B and has a half
columnar shape (an example of the anisotropic form} which is
tapered in a direction orthogonal to the projection 82 from the
end face of the gland cover half 5a on the atmosphere side toward
the equipment side. The projection 83 will hereinafter be
specifically referred to as a "first projection 83" when it is
to be mentioned individually. The projection 82 extends along

the radial direction of the rotating shaft B and has a half columnar
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[0041] It is preferred that the projections 80 to 83 be joined to the recesses 70 to 73 on both sides
of the gland cover 5 while interposing the rotating shaft B. However, it is also possible to only form the
set of the projections 82 and 83 and the recesses 72 and 73 on the both split surfaces 58 and 58 of
the gland cover 5, and not form the set of the projections 80 and 81 and the recesses 70 and 71.
Moreover, it is possible to only form the set of the projection 82 and the recess 72 and the set of the
projection 81 and the recess 71 on the both split surfaces 58 and 58 of the gland cover 5.
Furthermore, it is possible to only form the set of the projection 83 and the recess 73 and the set of the
projection 80 and the recess 70 on the both split surfaces 58 and 58 of the gland covers. That is, the
combination of the projection and the recess is unrestricted as long as a stopper can be formed for

both the sh&fedREcliBR SrMRIAMGA BRechE FPERRR 1S frevent ¥ gl cbedcksdet S and 5b

from shifting juboth lhe shaft dteetion and the cadigl djegtion afahe folgling shalt B Acgpigingly, the
X _

S .
clearance bétween the projections 80 to 83 and the recesses 70 to 73 can be nearly eliminated so that

the shift betyeeprHbesplik surgces 58w@arsl 58 canbergduged dnete-teliahlythandbe configaration in
which the pin or the like is removably inserted between the both split surfaces 58 and 58 of the gland
cover halvesBziged 5pn[C4 N1 11 Ferhblafd glafkkcevechalves bhvame Spnneddes wo 2

through-holes 90 passing through the thickness direction of the gland cover halves, The through-hole
90, into whicR 858l 0B MGt Hedh Fg. X hskhelid ?eé&irgg 6 ﬁ&”}ﬁg ARt ‘66\‘/%}%1?3/ a stuffing

box T of the;gquipment. The-gland saves hal{ph (r 3R)dREdss 5 deain bele fvith @ digmpiar of

approximately 4 mm) 95 obliquely passing through the gland cover half from the surface thereof on the
opposite sidesaf the eginpment tdwardthelseat nag 4b. The drain hole 95 is a through-hole provided to
discharge the leakage of water, oil or the like to the outside. [0043] As illustrated in Fig. 2, the
gland cover R4v¥&d 5a and 5b include, on the surface thereof on the equipment side, grooves 66 and

66 formed along the circumferenti ireﬁtign ftge r@ﬁ%ti haft B ,Lhegrqqves 66 and e are
provided to fix the ﬁnéijrglf\%sr lga%%dl% aiLngg'are' open g’%%he eunpment side. The gland cover

halves 5a apdbk-alsosinskide, endhessuiagesiheieafinon she side ©f thasoiaiing phalt 8,sgraeves 68
and 68 formed along the circumferential direction of the rotating shaft B. The grooves 68 and 68 are
provided to filkahetdfirghirsivel dacdird 8b andtdre epenvirfropafinghshaPBidigeurfaces

58 interposing the rotating shaft B. The recess 73 extends along
the shaft direction of the rotating shaft B and has a half
cylindrical shape (an example of the anisotropic form) which is
tapered in a direction orthogonal to the recess 72 from the end
face of the gland cover half 5b on the atmosphere side toward the
equipment side. The recess 73 will hereinafter be specifically
referred to as a "first recess 73" when it is to be mentioned
individually. The recess 72 extends along the radial direction
of the rotating shaft B and has a half cylindrical shape (anexample
of the anisotropic form) which is tapered from the outer surface
of the gland cover half 5b toward the inner side of the rotating
shaft B in the radial direction thereof. The recess 72 will
hereinafter be specifically referred to as a "second recegs 72"

when it is to be mentioned individually. The first recess 73 and
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[0044] Each of the gland cover halves 5a and 5b includes three screw holes 132 disposed in the
circumferential direction on the inner side of the through-hole 90 along the radial direction. The screw
hole 132 passes through the gland cover halves 5a and 5b in the thickness direction thereof. Agroove
is formed inside the screw hole 132 so that a set screw 140 can be moved to be both inserted and
removed. The set screw 140 is used to push the rotary ring 3 from the seal ring 4 side in order to fix
the rotary ring 3 tightly to the sleeve 2. The set screw 140 prevents a flatness error of the rotary ring 3
and the seal ring 4 and has a function to prevent each component from falling out when the
pre-assemblies la and Ib are split. After the mechanical seal 1 is installed to the equipment, the set
screw 140 is either pulled out or moved in a pull-out direction to release the pressing force against the
seal ring 4. i SEERWERF RS G T5mheE BT S 58 fwhite SV 2%ip 813‘&1% EBCELRWIEH the side in
contact with g}% al ring 4 is formed of metal softer than the SUS (such as copper). Therefore, the
seal ring 4 would not be easily damaged even when the set screw 140 comes in contact with the seal
ring 4. [0045] The glaadeover SHaekideshwogins: 4t andrl hspingd 14640 adgap fdmmed with
the seal ring 4 so that the seal ring 4 is biased to the side of the rotary ring 3. [0046] 3.3 Structure of
rotary ring ProA@ﬂFﬂs‘?F&‘fea%aﬁg B Rk RERFHLG PRICIL FRIUBSSTHIR BFRRERIMTEaRE 1
arranged Sld de in the t ess. direction aI the Quter circymferenc the rotar. ring half.
Each groov |s provﬂeéfto lg(] egsczh Gt {_ﬁ%et) iR alves JL?% an Lngand S opf%n onO%hé}IS|de of the

sleeve halves 2ghard-ghsMereever, thedetany rmga@vgs. 3arapdhoinskidesorethecen@d fane thereof
on the side of the seal ring halves 4a and 4b, a projected surface 102 projected toward the side of the

seal ring haives\ga @rel 4baThedpropetedsuriceli0rand tiageahafy Fawad 4xmand diadfe brought

into contact with each other to form a slidin gartStherebetween refer t '1% 3%
columnar shape (an examp he anisotropic for hich ig

tapered in a direction orthogonal to the projection 80 from the
end face of the gland cover half 5b on the atmosphere side toward
the equipment side. The projection 81 will hereinafter be
gspecifically referred to as a "first projection 81" when it is
to be mentioned individually. The projection 80 extends along
the radial direction of the rotating shaft Band has ahalf columnar
shape (an example of the anisotropic form) which is tapered from
the outer surface of the gland cover half 5b toward the inner side
of the rotating shaft B in the radial direction thereof. The
projection 80 will hereinafter be specifically referred to as a
"second projection 80" when it is to be mentioned individually.
The first projection 81 and the second projection 80 are formed
not in contact with each other.
[0040]

All the projections 80 to 83 and all the recesses 70 to 73
having the same form in the present embodiment, respectively, need

not have the same form. The projections 80 to 83 among themselves
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[0047] 3.4 Structure of seal ring As illustrated in Fig. 2, each of the seal ring halves 4a and 4b is a
component having a substantially L- shaped cross section and includes: a flange part 111 having a
larger diameter on the side of the rotary ring halves 3a and 3b; and a sleeve part 112 connected to the
flange part 111 and extending to the side of the gland cover halves 5a and 5b. The end face of the
sleeve part 112 on the side of the gland cover halves 5a and 5b comes in contact with the
aforementioned pin 145 and the tip of the set screw 140. The sleeve part 112 also includes on the
inner surface thereof a groove 115 which is opened on the end surface of the sleeve part on the side
of the gland cover halves 5a and 5b and has a half cylindrical shape. The aforementioned pin 145 is
brought into contact with the groove 115 to prevent the seal ring 4 from rotating. [0048] 3 .5 Structure

of proj ectidiFaittFetESEf5iRTed Bntéads PRPEFHTAOEBFEILEGE AIRPGIARFcBFRFT0MISa CFig. 5 is
an enlarged BRIRRectySyiPw ofdhe Riaieeliap hich ds fumed inle sieeveiallietgtadin Fio. 2.
Fig. 6 is a diagram Illustrating the vicinity 'of the projection illustrated in Fig. 5 from the equipment side.
cpposing recesses 70 to 73.
[0041]
It is preferred that the projections 80 to 83 be joined to
the recesses 70 to 73 on both sides of the gland cover 5 while
interposing the rotating shaft B. However, it is also possible
to only form the set of the projections 82 and 83 and the recesses
72 and 73 on the both split surfaces 58 and 58 of the gland cover
5, and not form the set of the projections 80 and 81 and the recesses
70 and 71. Moreover, it is possible to only form the set of the
projection 82 and the recess 72 and the set of the projection 81
and the recess 71 on the both split surfaces 58 and 58 of the gland
cover 5. Furthermore, it ie possible to only form the set of the
projection 83 and the recess 73 and the set of the projection 80
and the recess 70 on the both split surfaces 58 and 58 of the gland
cover 5. That ig, the combination of the projection and the recess
is unrestricted as long as a stopper can be formed for both the
gshaft direction and the radial direction in order to prevent the
gland cover halves 5a and 5b from shifting in both the shaft
direction and the radial direction of the rotating shaft B.
Accordingly, the clearance between the projections 80 to 83 and
the recesses 70 to 73 can be nearly eliminated so that the shift

between the split surfaces 58 and 58 can be reduced more reliably

than the configuration in which the pin or the like is removably
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[0050] The sleeve half 2a constituting the sleeve 2 includes on the split surface 18 the second
recess 40 and the first recess 41 identical to those in the sleeve half 2b. Embedded in the second
recess 40 on the sleeve half 2a side is a pin (such as a pin formed of SUS, which will be referred to as
a "drape pin") 150 having a substantially columnar shape and forming the second projection 50. When
the sleeve half 2a and the sleeve half 2b are joined together, the exposed surface of the drape pin 150
would be fitted to the second recess 40 on the sleeve half 2b side. Likewise, a drape pin 151 forming
the first projection 51 is embedded in the first recess 41 on the sleeve half 2a side. When the sleeve
half 2a and the sleeve half 2b are joined together, the exposed surface of the drape pin 151 would be
fitted to the first recess 41 on the sleeve half 2b side. [0051] The drape pins 150 and 151 are
driven into & RERE it BelilRREe FAR MY EmER thaf theswer afABRrtt thE drapeIiA™S0) formed

of the two sgggnd rf;%%??eeé @Oﬁaggg hgle (with a diameter slightly smaller than the outer diameter of
the drape pin 1§1r) ormed of the two first recesses 41, respectively, the holes being formed when the
sleeve half 2a @nglthe sleeve half 2b are joined together. When the sleeve half 2a and the sleeve half
2b are thereafter separated from each other, the drape pins 150 and 151 would remain in the sleeve

half 2a. As a resultEhetdrape s 380 2Rd e FerhaikiigirPthecifeihaR 2HWE6IdHBAm the second
projection 50, and the first projection 51, respectively. Here, the first recess 41 and the second recess
40 formed if$HE léf%é_\karigf; 23 h&RA°S b?ga%e?rlrc%%#éitﬁﬁaﬁ ﬁéjl]%lrls%sfgcé%g i(i%éLnodn tk?eigggnd recess
40 formed ig1he glequpchath.2h-kespectiMelye Assardingly: as Jstrairdinghig: 8, ankrea kla having
more than half the volume of the drape pin 151 would be embedded into the first recess 41 on the

sleeve half 22 kice waeadtherdiape pia 151 isdevareihto tse totpiioraddof fietvwbéirstlaedsses 41.
On the other hand, an area 151b _having less than half the volume of the drape pin 151 would be

embedded Y e SIdeRePhaE s Sl ARRF rdsAE thBUr&TE PRTESE can'té ré BN ik8d fitto the
sleeve half 2a sidewhilg being embedded thereip withaut, coming off when the slegvegMalf 2a and the

sleeve half 2% are separated
approximately 4 mm) 95 obliquely passing through the gland cover

half from the surface thereof on the opposite side of the equipment
toward the seal ring 4b. The drain hole 95 is a through-hole
provided to discharge the leakage of water, oil or the like to
the outside.

[C043]

As illustrated in Fig. 2, the gland cover halves 5a and 5b
include, on the surface thereof on the equipment side, grooves
66 and 66 formed along the circumferential direction of the
rotating shaft B. The grooves 66 and 66 are provided to fix the
O-ring halves 9a and 9b and are open on the equipment side. The
gland cover halves 5a and 5b also include, on the surface thereof
on the side of the rotating shaft B, grooves 68 and 68 formed along
the circumferential direction of the rotating shaft B. The
grooves 68 and 68 are provided to fix the O-ring halves 8a and

8b and are open on the rotating shaft B side.
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from each other. The same can be said for the case where the drape pin 150 is driven into the second
recess 40. It is also possible to form the first recess 41 or the second recess 40 deeper on the sleeve
half 2b side and shallower on the sleeve half 2a side so that the drape pins 150 and 151 would remain
on the sleeve half 2b side. The clearance between the second projection 50 formed of the drape pin
150 and the matching second recess 40, and between the first projection 51 formed of the drape pin
151 and the matching first recess 41 would be 10 Rm or less, preferably 3 pm or less, or more
preferably O pm. [0052] The same structure is applied to the second recess 42 and the first recess
43. Moreover, the second projection 52 and the first projection 53 are formed in the same manner as
what is described above. Furthermore, the same structure is applied to the first recesses 71 and 73,
the second rE&&Es 70 and 72, the first projections 81 and 83, and the second projections 80 and 82
which are formed ingthe glandicovarn, £ dsore pinfberdhanthe drapeniae 43G,28d kel
hereinafter be referred to as the "drape pin 150 or the like" without assigning a reference numeral
individually. H0063] 333 Giatriresttent amsplit surfade renttiis préfersed ikat the sleeviriand the
gland cover 5 have a coat layer formed of a fluorine-based resin on one of the respective split

surfaces 18mF 58St BriehEPBARaRG thé SSaMhide Ry iPthEspRiiRe o fie Hé&anical seal
1.Byf i tl d lasti hesive | tacked-th he f th
y ormlr%l?%e Sf%% gacyie%rsagrr]ms ’ @é‘f‘%@gﬁc @Heﬁgnéygfséé'? ﬁglbvgfseqa%ogr'i e giher sytface of the

respective Split surrace aslic esive layer can be interpose between the coat

layers whentheciwe-pee@ssentdlies leranbrare asgesbleditogatheled isnpreferreddhad ther elastic
adhesive layer be able to retain the adhesive feature for an extended period of time while repeating

the disassehibhe aheRttoasbemnbly ©f the predaskemisias keanavbaThe ksl drpeided layer is

preferably 0.1 to 40 pm, more preferably 0.1 to 30 um, and n&os{:tcpreferﬁblé/ O.lrtcc))i_‘lor m, .'I;lhe elastic
adhesive [a§8FsTENQREsive RSP Brefratty fdrhled Bf ASFathihE s “Hhe Coht4el Betiden rubber

packing whigh-has heendised conventignally ancthe, Octing;capine fligunated Ry, usingiheigoat layer
and the elastic adhesive layer, whereby water or the like would not leak easily. Note that the coat layer
may only becforored oheeach 3plit Thrdace 18afthe slédveheahass:2aandl.2ly oe eachsphit sufface 58 of

the gland cover halves 5a and 5b. There is an advantage of having the coat layer formed of the

fluorine-baselEr &<t #at He 8l A A ddHReIFE Ry dridtme S8/ S5 & WS G HUTRBE  of times.

[0054] each component from falling out when the pre-assemblies la and

1b are split. After the mechanical seal 1 is installed to the
equipment, the set screw 140 is either pulled out or moved in a
pull-out direction to release the pressing force against the seal
ring 4. The set screw 140 is mainly formed of SUS, while only
a tip of the set screw on the side in contact with the seal ring
4 is formed of metal softer than the SUS (such as copper).
Therefore, the seal ring 4 would not be easily damaged even when
the set screw 140 comes in contact with the seal ring 4.
[0045]

The gland cover 5 includes two pins 145 and 12 springs 146
in a gap formed with the seal ring 4 so that the seal ring 4 is
biased to the side of the rotary ring 3.

[0046]
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4. Method of assembling mechanical seal Now, the assembling of the pre-assemblies la and Ib
and the subsequent installation thereof to the equipment, in a method of assembling the mechanical
seal 1 according to the first embodiment, will be described separately. [0055] 4.1 Assembling of
pre-assembly The assembling process is performed as follows. 1) The fluorine-based resin is applied
to each split surface 18 of the sleeve halves 2a and 2b to form the coat layer, and the urethane-based
adhesive is applied onto the coat layer on the sleeve half 2a side to form the elastic adhesive layer. 2)
The sleeve halves 2a and 2b are integrated by using the bolt 20.

3.3 Structure of rotary ring

As illustrated in Fig. 2, the rotary ring half 3a includes
two grooves 101 and 101 arranged side by side in the thickness
direction along the outer circumference of the rotary ring half.
Each groove 101 is provided to fix each of the O-ring halves 7a
and 7b and is open on the side of the sleeve halves 2a and 2b.
Moreover, the rotary ring halves 3a and 3b include, on the end
face thereof on the side of the seal ring halves 4a and 4b, a
projected surface 102 projected toward the side of the seal ring
halves 4a and 4b. The projected surface 102 and the seal ring
halves 4a and 4b are brought into contact with each other to form
a sliding part S therebetween {(refer to Fig. 3).
[0047]
3.4 Structure of seal ring

Ag illustrated in Fig. 2, each of the seal ring halves 4a
and 4b is a component having a substantially L-shaped cross section
and includes: a flange part 111 having a larger diameter on the
side of the rotary ring halves 3a and 3b; and a sleeve part 112
connected to the flange part 111 and extending to the side of the
gland cover halves 5a and 5b. The end face of the sleeve part
112 on the side of the gland cover halves 5a and 5b comes in contact
with the aforementioned pin 145 and the tip of the set screw 140.
The sleeve part 112 also includes on the inner surface thereof
a groove 115 which 1s opened on the end surface of the sleeve part

on the side of the gland cover halves 5a and 5b and has a half
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3) The drape pin 150 or the like is driven into the hole formed by each set of the recesses 40 to 43. 4)
The 0-ring halves 6a and 6b are attached to the groove 26 in the sleeve 2. 5) Two sets of the 0-ring
halves 7a and 7b are attached to the two grooves 101 and 101 in each of the rotary ring halves 3a and
3b, respectively. 6) The rotary ring halves 3a and 3b are inserted and attached to the sleeve 2.

The assembling of the rotating ring will be completed by performing the processes up to this point.
[0056] 7) The fluorine-based resin is applied to each split surface 58 of the gland cover halves 5a and
5b to form the coat layer, and the urethane-based adhesive is applied onto the coat layer on the gland
cover half Sa side to form the elastic adhesive layer.

cylindrical shape. The aforementioned pin 145 is brought into
contact with the groove 115 to prevent the seal ring 4 from
rotating.

[0048]

3.5 Structure of projection and recess formed on each split surface
of sleeve and gland cover

[0049]

Pig. 5 is an enlarged perspective view of the projection
which is formed in the sleeve half illustrated in Fig. 2. Fig.
6 1s a diagram illustrating the vicinity of the projection
illustrated in Fig. 5 from the equipment side.

[0050]

The sleeve half 2a constituting the sleeve 2 includes on
the split surface 18 the second recess 40 and the first recess
41 identical to those in the sleeve half 2b. Embedded in the second
recess 40 on the sleeve half 2a side is a pin (such as a pin formed
of SUS, which will be referred to as a "drape pin") 150 having
a substantially columnar shape and forming the second projection
50. When the sleeve half 2a and the sleeve half 2b are joined
together, the exposed surface of the drape pin 150 would be fitted
to the second recess 40 on the sleeve half 2b side. Likewise,
a drape pin 151 forming the first projection 51 is embedded in
the first recess 41 on the sleeve half 2a side. When the sleeve
half 2a and the sleeve half 2b are joined together, the exposed

gsurface of the drape pin 151 would be fitted to the first recess
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8) The gland cover halves 5a and 5b are integrated by using the bolt 65. 9) The drape pin 150 or the
like is driven into the hole formed by each set of the recesses 70 to 73. 10) The 0-ring halves 8a and
8b are attached to the groove 68 in the gland cover 5. 11) The 0-ring halves 9a and 9b are attached
to the groove 66 in the gland cover 5. 12) The spring 146 and the pin 145 are attached to the gland
cover 5. 13) The seal ring halves 4a and 4b are inserted to the gland cover 5. The assembling of
the seal ring 4 and the gland cover will be completed by performing the processes up to this point.
[0057] 14) The bolt 65 is unscrewed to split the gland cover 5. 15) The seal ring halves 4a and 4b
and the gland cover halves 5a and 5b are inserted to the rotating ring assembly from an outer

circumference thereof. ]
41 on the sleeve half 2b side.

[0051]

The drape pins 150 and 151 are driven into a hole {(with a
diameter slightly smaller than the outer diameter of the drape
pin 150) formed of the two second recesses 40 and a hole (with
a diameter slightly smaller than the outer diameter of the drape
pin 151} formed of the two first recesses 41, respectively, the
holes being formed when the sleeve half 2a and the sleeve half
2b are joined together. When the sleeve half 2a and the sleeve
half 2b are thereafter separated from each other, the drape pins
150 and 151 would remain in the sleeve half 2a. As a result, the
drape pins 150 and 151 remaining in the sleeve half 2a would form
the second projection 50 and the first projection 51, respectively.
Here, the first recess 41 and the second recess 40 formed in the
sleeve half 2a have a greater capacity than the first recess 41
and the second recess 40 formed in the sleeve half 2b, respectively.
Accordingly, as illustrated in Fig. 6, an area 15la having more
than half the volume of the drape pin 151 would be embedded into
the first recess 41 on the sleeve half 2a side when the drape pin
151 is driven into the hole formed of the two first recesses 41.
On the other hand, an area 151b having less than half the volume
of the drape pin 151 would be embedded into the sleeve half 2b
side. Asg a result, the drape pin 151 can be reliably fixed into
the sleeve half 2a side while being embedded therein without coming

off when the sleeve half 2a and the sleeve half 2b are separated
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16) The bolt 65 is used again to integrate the gland cover 5. 17) The preset chip 120 is fixed to the
sleeve 2 by using the bolt 130. 18) The set screw 140 is screwed to press the seal ring 4 and the
rotary ring 3 against the sleeve 2. The pre-assemblies la and Ib will be made into a cartridge by
performing the processes up to this point. [0058] 4.2 Installation of mechanical seal to equipment 1)
The mechanical seal 1, from which the bolts 20 and 65 are unscrewed, is split into the pre-assemblies
la and Ib.

from each other. The same can be said for the case where the drape
pin 150 is driven into the second recess 40. It is also possible
to form the first recess 41 or the second recess 40 deeper on the
sleeve half 2b side and shallower on the sleeve half 2a side so
that the drape pins 150 and 151 would remain on the sleeve half
2b side. The clearance between the second projection 50 formed
of the drape pin 150 and the matching second recess 40, and between
the first projection 51 formed of the drape pin 151 and the matching
first recess 41 would be 10 pm or less, preferably 3 um or less,
or more preferably ¢ pm.

[0052]

The same structure is applied to the second recess 42 and
the first recess 43. Moreover, the second projection 52 and the
first projection 53 are formed in the same manner as what is
described above. Furthermore, the same structure is applied to
the first recesses 71 and 73, the second recesses 70 and 72, the
first projections 81 and 83, and the second projections 80 and
82 which are formed in the gland cover 5. A drape pin other than
the drape pins 150 and 151 will hereinafter be referred to as the
"drape pin 150 or the like" without assigning a reference numeral
individually.

(00531
3.6 Coat treatment on split surface
It is preferred that the sleeve 2 and the gland cover 5 have

a coat layer formed of a fluorine-based resin on one of the
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2) The pre-assemblies la and Ib are fitted to the rotating shaft B of the equipment so that the sleeve 2
is integrated by using the bolt 20. 3) The bolt 65 is used to integrate the gland cover 5. Here, in a
conventional complete half seal, a number of components have had to be installed one by one at the
site, thereby having required a great amount of operation time, made it difficult to accurately assemble
two slide members, and resulted in the leakage in some cases. In the present mechanical seal 1,
however, the pre-assembly is integrated along the shaft direction so that all the component halves can
be simultaneously integrated with high accuracy, whereby the risk of the leakage is reduced. 4) The
bolt 96 is used to fix the mechanical seal 1 to the equipment (particularly to the stuffing box T of the
equipment) . At this time, the centers for each of theft%ljand cover 5 and the sleeve 2 have, already been

aligned by FeSRHESELUSFR26 Ffdrebd Fa5ulingHd ThemASTE digF P BSfdR%RREaA 13 The
sleeve 2 1s fxo [ e SAIHacAAft BBy polng de sl reufildlio e e PRSINA fRipTonship

between the gland cover 5 and the sleeve 2 in the shaft direction has already been kept at a correct
set positiondnethe-presedebip 428 with éhe: spring ddtvigl aselulzs compreksed tergthcthereby
requiring no measurement or adjustment of the set position as is performed in the conventional
mechanicaldialob FheSsetisrenrfabhis mMevas & thecaffbsphere e refease the pridsling force
against the 3fal rin% 4. Jﬁ The bo!Lt 130 is uns%reevxi%ci:tor dgtaé:g wee reset €H!£ (::LZOtfrqrarll the sleeve 2.

[0059] Elga}sit% a3etor élf\é%ra%%ﬁugﬁ%tlng 4 State petore and aner movmgot%e set'screw to the

atmospherg;side and heforgandmaftengatachingthe, areses ehip dyeng tearingighatien-workof the

mechanical seal. [0060]
is preferred that the elastic adhesive layer be able to retain
the adhegive feature for an extended period of time while repeating
the disagsembly and the agssembly of the pre-assemblies la and l1b.
The thickness of the coat layer is preferably 0.1 to 40 um, more
preferably 0.1 to 30 pm, and most preferably 0.1 to 10 um. The
elastic adhegive layer is an adhesive layer preferably formed of
a urethane resin. The contact between rubber packing which has
been used conventionally and the O-ring can be eliminated by using
the coat layer and the elastic adhesive layer, whereby water or
the like would not leak easily. Note that the cocat layer may only
be formed on each split surface 18 of the sleeve halves 2a and
2b or each split surface 58 of the gland cover halves 5a and 5b.
There is an advantage of having the coat layer formed of the
fluorine-based resin that the elastic adhesive layer comes off
eagily to be used for a number of times.
[0054]
4, Method of assembling mechanical seal

Now, the assembling of the pre-assemblies la and ib and the

subsequent installation thereof to the eguipment, in a method of
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A hatched area represents the set screw 140, the bolt 130, and the preset chip 120. As illustrated in
Fig. 7, a jig (such as an L-shapedhexagonal wrench) is inserted from the through-hole 32 so that the
set screw 140 is moved in a direction indicated by an arrow (the atmosphere side direction) to release
the pressing force against the seal ring 4. In the stage of making the pre-assemblies la and Ib into the
cartridge, apart of the preset chip 120 is inserted in a gap W formed between the gland cover 5 and
the sleeve 2. The preset chip 120 has a function to align the centers for the sleeve 2 and the gland
cover 5 by screwing the bolt 130 and to secure the gap W. Once the mechanical seal 1 is attached to
the equipment, the preset chip 120 having fulfilled the role thereof is detached before the equipment is

operated. The installation of the mechanical seal 1 will be completed by performing the processes up
to this point> TP LEREIRFATTOGHETRS SS2A h@ﬁﬁaﬁféa@ea?aré&%réwéb%%&%H&E%bodimem

of the present inveptiog will noyy he d 8&@%@-1@.‘3 second embodiment has the same structure as
that of the first embodiment except that projections 50 to 53 and recesses 40 to 43 provided on each

split surface[1® 9§ sleeve halves 2a and 2b as well as projections 80 to 83 and recesses 70 to 73
provided on each split surface 58 of gland cover halves 5a and 5b have been modified to have another
form of projéctiorP&RGFECERT redpatiivefs Bethé&n the embodiments, the same reference numeral
will thus be assignerghto the samelstructure, for which the %verrlgaeo in% dgsciript‘igsn will not be repeated.
[0062] Fig. 8 is aneerﬁgrsgeergopér%e%ﬁeg View of th%ebrro?ec fon formed in the sleeve half of the

mechanical spat-gecerding i.the seeend-eghodimetpiied to each split surface 18
of the sleeve halves 2a and 2b to form the coat layer, and the
urethane-based adhegive ig applied onto the coat layer on the
gleeve half 2a side to form the elastic adhesive layer.

2) The sleeve halves 2a and 2b are integrated by using the bolt
20.
3) The drape pin 150 or the like is driven into the hole formed
by each set of the recesses 40 to 43.
4) The O-ring halves 6a and 6b are attached to the groove 26 in
the sleeve 2.
5} Two sets of the O-ring halves 7a and 7b are attached to the
two grooves 101 and 101 in each of the rotary ring halves 3a and
3b, respectively.
6) The rotary ring halves 3a and 3b are inserted and attached to
the sleeve 2.

The assembling of the rotating ring will be completed by
performing the processes up to this point.
[0056]
7) The fluorine-based resin is applied to each split surface 58

of the gland cover halves 5a and 5b to form the coat layer, and

32



[0063] A projection 171 illustrated in Fig. 8 is the same as that in the first embodiment from a
viewpoint that the projection is formed by driving a drape pin 150 or the like into a hole formed by
bringing two recesses 170 and 170 together, but is different from the first embodiment in that the
drape pin is driven into a different direction. In the second embodiment, the drape pin 150 or the like is
driven not in a shaft direction or a radial direction of a rotating shaft B but a direction between the shaft
direction and the radial direction (an oblique direction). Therefore, the single drape pin 150 or the like
would make the sleeve halves 2a and 2b less likely to be shifted in either the shaft direction or the
radial direction. In this case, it is preferred that the drape pin 150 or the like be also driven into the
oblique direction on the side symmetrical about the rotating_shaft B. Moreover, it is preferred that the

drape pin 156D RS HREMHe BRAGHIRGNESifETeht FRIMioR fr G tRet Ao rERREnGHSE PBoERSn 150 or
the like. Thig s pacaus.the. st vithin the split surfaces, L8 aad 18:0f thginleavghalves 2a and 2b

can be prevented effectively by driving the drape pins 150 or the like into the mutually different
directions. Be Tlearanesbetween the prejecienaiid fismeceofi thecdyapeguiniibQueritng like=and the
matching recess 170 would be 10 'Am or less, preferably 3 pm or less, or more preferably 0 jim. Each
split surfacé38 %of &re gland cover halves Sa and 5b including the projection 171 illustrated in Fig. 8

e e TG B o A profcteg sty e e BRI S RLOL R eciors
by each set of the recesses 70 to 73.
10) The O-ring halves 8a and 8b are attached to the groove 68 in
the gland cover 5.
11) The O-ring halves 9a and 9b are attached to the groove 66 in
the gland cover 5.
12) The spring 146 and the pin 145 are attached to the gland cover
5.
13) The seal ring halves 4a and 4b are inserted to the gland cover
5.

The assembling of the seal ring 4 and the gland cover will
be completed by performing the processes up to this point.
[0057]

14) The bolt 65 is unscrewed to split the gland cover 5.

15) The seal ring halves 4a and 4b and the gland cover halves 5a
and 5b are inserted to the rotating ring assembly from an outer
circumference thereof.

16} The bolt 65 is used again tc integrate the gland cover 5.
17) The preset chip 120 ig fixed to the sleeve 2 by using the bolt
130.

18) The set screw 140 1s screwed to press the seal ring 4 and the
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A mechanical seal according to a third embodiment of the present invention will now be described.
Similar to the second embodiment, the third embodiment has the same structure as that of the first
embodiment except that a projection and a recess having a form different from that in the first
embodiment are used. Between the embodiments, the same reference numeral will thus be assigned
to the same structure, for which the overlapping description will not be repeated. [0065] Fig. 9 is
an enlarged perspective view of the projection formed in a sleeve half of the mechanical seal
according to the third embodiment. [0066] A split surface 18 of a sleeve half 2a includes a
columnar projection 180, while a split surface 18 of a sleeve half 2b includes a recess (not shown)
which is in the position opposing the projection 180 so as to be fitted therewith inclose contact. The

columnar pfofsctich Faéddods ABRLETE aPEniSoEEHNi® f6rm but has a function to prevent a shift on
each splt surface 15qf thesleeys Nghes 29 andaP- Ihg claaimneebrier (he plojectiagd 80 and

the matching recess wo e 10 pm or less, preferably 3 pm or less, or more preferably 0'pm. Each

split surfaca,$8 1 piantheeneriadves-baanehd ineluding thie prejeetion 180 illustrated in Fig. 9 may
also include a long and narrow projection instead in the same direction as that of the projections 80 to
83 describeddA1Re first embodiment or the projection 171 described in the second embodiment,

reSpECtiV6|y4 .[%O%Qstallation of mechanical seal to eguipment
1) The mechanical seal 1, from which the bolts 20 and 65 are
unscrewed, 1s split into the pre-assemblies la and 1b.
2) The pre-assemblieg la and 1lb are fitted to the rotating shaft
B of the equipment so that the sleeve 2 is integrated by using
the bolt 20.
3) The bolt 65 is used to integrate the gland cover 5. Here, in
a conventional complete half seal, a number of components have
had to be installed one by one at the site, thereby having required
a great amount of operation time, made it difficult to accurately
assemble two slide members, and resulted in the leakage in some
cases. In the present mechanical seal 1, however, the
pre-assembly is integrated along the shaft direction so that all
the component halves can be simultaneously integrated with high
accuracy, whereby the risk of the leakage is reduced.
4) The bolt 96 is used to fix the mechanical seal 1 to the equipment
(particularly to the stuffing box T of the equipment). At this
time, the centers for each of the gland cover 5 and the sleeve
2 have already been aligned by the preset chip 120, thereby
requiring no operation to align the centers afresh.

5) The sleeve 2 is fixed to the rotating shaft B by using the screw
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<Fourth embodiment> A mechanical seal according to a fourth embodiment of the present
invention will now be described. In the fourth embodiment, the structure same as that in the first
embodiment will be assigned the same reference numeral as that in the first embodiment and
described. A mechanical seal 1 according to the fourth embodiment includes at least : a rotary ring 3
which rotates while driven by a rotating shaft B of rotating equipment; a seal ring 4 which is brought
into contact with the rotary ring 3 in a shaft direction of the rotating shaft B; and a gland cover 5 which
is in a sealed state with the seal ring 4 to cover an outer side thereof. At least the rotary ring 3, the
seal ring 4, and the gland cover 5 are split in the radial direction, where one surface of a split surface

of at least the gland cover 5 includes projections 80 to 83 which are ,pr(\)g?ected toward another surface

of the split Xtfacétwhitd & BtRer HfaBRFLILGEE TeEESS 75 B0 7B WRILKSHE fithsu 36
projections 80.10.83; That is,unlike [he. meghanical sgalel a&f?@%@q&%&rglegagegiras% the

mechanical seal 1 according to the fourth embodiment is a so-called non-sleeve mechanical seal in
which a slegg? isa ok ineluaeddndbis ease] tii npiefetrad thata farnrexgutding arstéevenportion and
a flange portion closer to the atmosphere side relative to the sleeve portion, namely a flange portion
including the8IO-fiRg 6'8H HE eUissiehesidecphesEe Addseidthe- bee sEtReAEeRdARtal seal 1,
the sleeve portion corresponding, to the goréionfogﬂjee gleeceveoz ict[_chsgr tg Sthiassidg o) gg% é%ta:.Ltng shaft B
relative to tﬁg%g&gg%ﬁ h%rﬂgnaélﬁaﬂ on the equment%dge can be Split inhalf but may not include

projections pRL0 S} Qracessas 4adeuanrasplitsurface 18. Here, at least the gland cover 5
includes the projections 80 to 83 and the recesses 70 to 73. Industrial Applicability [0068] The

present invéntidtheandie applad ictthel shaft vedlitg fohthetotatmpeyeiprids aithesiigase

the pressing force against the seal ring 4. 7) The bolt 130 is
unscrewed to detach the preset chip 120 from the sleeve 2.
[0059]

Fig. 7 is a set of diagrams illustrating a state before and
after moving the set screw to the atmosphere side and before and
after detaching the preset chip during the installation work of
the mechanical seal.

[0060]

A hatched area represents the set screw 140, the bolt 130,
and the preset chip 120. As illustrated in Fig. 7, a jig (such
as an L-shaped hexagonal wrench) is inserted from the through-hole
32 so that the set screw 140 1s moved in a direction indicated
by an arrow {the atmosphere side direction) to release the pressing
force against the sgeal ring 4. In the stage of making the
pre-assemblies la and 1b into the cartridge, a part of the preset
chip 120 is inserted in a gap W formed between the gland cover
5 and the sleeve 2. The preset chip 120 has a function to align

the centers for the gleeve 2 and the gland cover 5 by screwing
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CLAIMS 1. A mechanical seal comprising at least : a rotary ring which rotates while driven by a
rotating shaft of rotating equipment; a seal ring which is brought into contact with the rotary ring in
a shaft direction of the rotating shaft; and a gland cover which is in a sealed state with the seal
ring to cover an outer side thereof, wherein at least the rotary ring, the seal ring, and the gland
cover are split into a respective radial direction, and one surface of a split surface of at least the
gland cover includes a projection which is projected toward another surface of the split surface, while
the other surface includes a recess which is fitted to the projection. 2. The mechanical seal according
to claim 1, further comprising a sleeve which rotates while driven by the rotating shaft and covers an
outer side of the rotary rigﬁiwhile in a sealed state therewith, wherein one surface of a split

surface of th8IRREINERIATS prGietficHThich s Brflelited WS AT MEFRARAGE b B7& Split
surface, while fhe gther yrfacednelydes & fEGRSS Whieh s Ied I theRRIedieMhaving
fulfilled the role thereof is detached before the equipment is
operated. The installation of the mechanical seal 1 will be
completed by performing the processes up to this point.
[00B1]
<Second embodiment>

A mechanical seal according to a second embodiment of the
present invention will now be described. The second embodiment
has the same structure as that of the first embodiment except that
projections 50 to 53 and recesses 40 to 43 provided on each split
surface 18 of sleeve halveg 2a and 2b as well as projections 80
to 83 and recesses 70 to 73 provided on each split surface 58 of
gland cover halves 5a and 5b have been modified to have another
form of projection and recess, respectively. Between the
embodiments, the same reference numeral will thus be assigned to
the same structure, for which the overlapping description will
not be repeated.

[0062]

Fig. 8 is an enlarged perspective view of the projection
formed in the sleeve half of the mechanical seal according to the
second embodiment.

[0063]
A projection 171 illustrated in Fig. 8 i1s the same as that

in the first embodiment from a viewpoint that the projection is
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3. The mechanical seal according to claim 1 or 2, wherein the projection has an anisotropic form
extending long in any direction within a plane of the split surface, and the recess has an
anisotropic form to be fitted to the anisotropic projection. 4. The mechanical seal according to any one
of claims 1 to 3, comprising a plurality of the projections having the anisotropic form, wherein the
plurality of projections includes: a first projection extending long along the shaft direction of
the rotating shaft; and a second projection extending long along the radial direction of the
rotating shaft, and the recess having the anisotropic form includes:

formed by driving a drape pin 150 or the like into a hole formed
by bringing two recegses 170 and 170 togethexr, but is different
from the first embodiment in that the drape pin is driven into
a different direction. In the second embodiment, the drape pin
150 or the like is driven not in a shaft direction or a radial
direction of a rotating shaft B but a direction between the shaft
direction and the radial direction {(an oblique direction}.

Therefore, the single drape pin 150 or the like would make the
sleeve halves 2a and 2b lesgss likely to be shifted in either the
shaft direction or the radial direction. In this case, it is
preferred that the drape pin 150 or the like be also driven into
the oblique direction on the side symmetrical about the rotating
shaft B. Moreover, it is preferred that the drape pin 150 or the
like be driven into a different direction from the aforementioned
drape pin 150 or the like. This is because the shift within the
split surfaces 18 and 18 of the sleeve halves 2a and 2b can be
prevented effectively by driving the drape pins 150 or the like
into the mutually different directions. The clearance between
the projection 171 formed of the drape pin 150 or the like and
the matching recess 170 would be 10 pm or less, preferably 3 um
or less, or more preferably 0 pm. Each split surface 58 of the
gland cover halves 5a and 5b including the projection 171

illustrated in Fig. 8 may also include a long and narrow projection
instead in the same direction as that of the projections 80 to

83 described in the first embodiment.
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a first recess which is fitted to the first projection and extends long along the shatft direction of the
rotating shaft; and a second recess which is fitted to the second projection and extends long
along the radial direction of the rotating shaft. 5. The mechanical seal according to anyone of claims 1
to 4, wherein the split surfaces facing each other include two of the recesses, respectively, which
extend long in the same direction on the both split surfaces, a pin which forms the projection is
embedded in one of the two recesses, and another recess of the two recesses is fitted to an
exposed surface of the pin when the split surfaces are brought together. 6. The mechanical seal
according to claim 5, wherein the pin is fixed such that more than half a volume of the pin is embedded
in the one recess. 7. The mechanical seal according to anyone of claims 1 to 6, comprising two
pre-assemb[i%@%%](:h including a rotary ring half, a seal ring half, and a gland cover half which are

formed by SQ{IH tleastdhe rotary ring, the seal ring, and the gland cover, respectively, into the
respective radial directions.

A mechanical seal according to a third embodiment of the
present invention will now be described. Similar to the second
embodiment, the third embodiment has the same structure as that
of the first embodiment except that a projection and a recess
having a form different from that in the first embodiment are used.
Between the embodiments, the same reference numeral will thus be
assigned to the same structure, for which the overlapping
description will not be repeated.

[0065]

Fig. 9 is an enlarged perspective view of the projection
formed in a sleeve half of the mechanical seal according to the
third embodiment.

[oCB6]

A split surface 18 of a sleeve half 2a includes a columnar
projection 180, while a split surface 18 of a sleeve half 2b
includes a recess (not shown) which is in the position opposing
the projection 180 so as to be fitted therewith in close contact.
The columnar projection 180 does not have an anisotropic form but
has a function to prevent a shift on each split surface 18 of the
sleeve halves 2a and 2b. The clearance between the projection
180 and the matching recess would be 10 pm or less, preferably
3 pm or less, or more preferably 0 pm. Each split surface 58 of

gland cover halves 5a and 5b including the projection 180
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8. The mechanical seal according to any one of claims 1 to 7, comprising: a coat layer formed of a
fluorine-based resin on the one surface of the split surfaces; and an elastic adhesive layer stacked
on the coat layer on the other surface of the split surfaces, wherein the elastic adhesive layer is
interposed between the coat layers when the split surfaces are brought together.

illustrated in Fig. 9 may also include a long and narrow projection
instead in the same direction as that of the projections 80 to
83 described in the first embodiment or the projection 171
described in the second embodiment, resgpectively.

[0067]

<Fourth embodiment:

A mechanical seal according to a fourth embodiment of the
present invention will now be described. In the fourth embodiment,
the structure same as that in the first embodiment will be assigned
the same reference numeral as that in the first embodiment and
described. Amechanical seal 1 according to the fourth embodiment
includes at least: a rotary ring 3 which rotates while driven by
a rotating shaft B of rotating equipment; a seal ring 4 which is
brought into contact with the rotary ring 3 in a shaft direction
of the rotating shaft B; and a gland cover 5 which ig in a sealed
gstate with the seal ring 4 to cover an outer side thereof. At
least the rotary ring 3, the seal ring 4, and the gland cover 5
are gplit in the radial direction, where one surface of a split
surface of at least the gland cover 5 includes projections 80 to
83 which are projected toward another surface of the split surface,
while the other surface includes recesses 70 to 73 which are fitted
to the projectionsg 80 to 83. That is, unlike the mechanical seal
1 according to the first embodiment, the mechanical seal 1
according to the fourth embodiment is a so-called non-sleeve

mechanical seal in which a sleeve 2 is not included. In this case,
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it ig preferred that a form excluding a sleeve portion and a flange
portion closer to the atmosphere side relative to the sleeve

portion, namely a flange portion including the O-ring 6 on the
equipment side alone, be added to the structure of the mechanical
geal 1, the sleeve portion corresponding to the portion of the
sleeve 2 closgser to the side of the rotating shaft B relative to
the space 10. The flange part on the equipment side can be split
in half but may not include projections 50 to 53 or recesses 40
to 42 on a split surface 18. Here, at least the gland cover 5

includes the projectionsg 80 to 83 and the recesses 70 to 73.

Industrial Applicability
foo068]

The present invention can be applied to the shaft sealing

for the rotating equipment or the like.
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CLATMS

1. A mechanical seal comprisging at least:

a rotary ring which rotates whiie driven by a rotating shaft
of rotating egquipment;

a seal ring which is brought into contact with the rotary
ring in a shaft direction of the rotating shaft; and

a gland cover which ig in a sealed state with the seal ring
to cover an outer side thereof,

wherein at least the rotary ring, the seal ring, and the
gland cover are split into a respective radial direction, and

one surface of a split surface of at least the gland cover
includes a projection which is projected toward another surface
of the split surface, while the other surface includes a recess

which is fitted to the projection.

2. The mechanical seal according to claiml, further comprising
a sleeve which rotates while driven by the rotating shaft and
covers an outer side of the rotary ring while in a sealed state
therewith,

wherein one surface of a gplit surface of the sleeve includes
a projectionwhich is projected toward another surface of the split
surface, while the othexr surface includesg a recess which is fitted

to the projection.
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3. The mechanical seal according to claim 1 or 2,
wherein the projection has an anisotropic form extending
long in any direction within a plane of the split surface, and

the recess has an anisotropic form to be fitted to the

anigsotropic projection.

4., The mechanical seal according to any one of claims 1 to 3,
comprising a plurality of the projections having the anisotropic
form,

wherein the plurality of projections includes:

a first projection extending long along the shaft
direction of the rotating shaft; and

a second projection extending long along the radial
direction of the rotating shaft, and

the recess having the anisotropic form includes:

a first recess which is fitted to the first projection
and extends long along the shaft direction of the rotating shaft;
and

a second recess which is fitted to the second
projection and extends long along the radial direction of the

rotating shaft.

5. The mechanical seal according to any one of claims 1 to 4,
wherein the gplit surfaces facing each other include two

of the recesses, respectively, which extend long in the same
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directicn on the both aplit surfaces,

a pin which forms the projection is embedded in one of the
two recesses, and

another recegss of the two recesses is fitted to an exposed

surface of the pin when the split surfaces are brought together.

6. The mechanical seal according to claim 5, wherein the pin
ig fixed such that more than half a volume of the pin is embedded

in the one recess.

7. The mechanical seal according to any one of claims 1 to 6,
comprigsing two pre-assemblies each including a rotary ring half,
a seal ring half, and a gland cover half which are formed by

gplitting at least the rotary ring, the seal ring, and the gland

cover, respectively, into the respective radial directions.

8. The mechanical seal according to any one of claims 1 to 7,
comprising:

a coat layer formed of a fluorine-based resin on the one
surface of the split surfaces; and

an elastic adhegive layer stacked on the coat layer on the
other surface of the split surfaces,

wherein the elagtic adhesive layer is interposed between

the coat layers when the split surfaces are brought together.
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