
DESCRTPTION

MECHANI CAL SEAL

'1'echnaca t _L, ae1d

[0001]

The present invention rel-ates to a mechanical- seal and

particularly to a mechanical seal which can be split into a radial

direction of rot.ating equipment to which the mechanical seal is

att.ached.

Background Art

[0002]

A mechanical seal has been widely used as shaft sealing means

for rotatíng 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 \dork, 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 Lit.erature 1, for

example) .
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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 split into a radial direction of the rotating
equipment (refer to Patent Literature 1, for example) . 



Patent Literature

[0003]

Patent Literature 1: JP No. 2002-048248 A

Summary of Invention

Technicaf Problem

[0004]

vühen the component of the mechanical seal- is splít into a

radial direction thereof, a slight shift in a shaft direction or

a radial direction orthogonal thereto on a split surface would

resÌrlt in imperfect shaft seal , wÏrich 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 directíon

and the radial direction on each spfít cross section of a sfeeve

and a gland cover is prevented by inserting a pin caffed an

alignment pin ínto a hofe formed on eacÏÌ split cross section

perpendicularly thereto. However, a shíft equivafent to a

cfearance required between the pin and the hole occurs on each

spfit cross section, and a shift equivalent to the shift. on the

split cross section also occurs in a half-split slide member

att.ached to the sfeeve and the gland cover, thereby causing the

leakage problem.

[0005]

An object of the present invention is to sofve the

aforementioned probÌems, that is, to decrease the shift on the

2

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 



spfit cross section of the mechanicaf seal .

sofution to Problem

[0006]

A mechanica] seal in an embodiment of the present invention

provided to achieve tlre aforementioned object includes at least:

a rotary ring which rotates whife 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 rotatíng shaft; and

a gland cover which is in a sealed state with the seaÌ ring to

cover an outer side thereof- At least the rotary ring, the seal

ring, and the gland cover are spfit into a radiaf direction thereof,

where one surface of a split surface of at feast the gland cover

incLudes a projection which is projected toward another surface

of the split surface whife the other surface includes a recess

which is fitted to the projection.

[0007]

The mechanícal seaf in another embodiment of the present

invention further includes a sLeeve vühich 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 incfudes a projection which is projected toward

another surface of the splít surface, while the other surface

incfudes a recess which is fitted to the projection.

[0008]

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 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. 



In another embodiment of the present invention, the

projection in the mechanicaf seaL has an anisotropic form

extending long in any direction within a plane of the spl-it surface,

while the recess has an anisotropic form to be fítted to the

anisotropic proj ection.

[000e]

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 direcEion of the rotating shaft; and a second

projection extending long along the radiaf dírection of the

rotating shaft. The anisotropic recess includes: a first recess

whích is fitted to the fírst 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

t.he radial dírection of the rotating shaft.

[0010]

The mechanical seal in another ernbodiment of the present

invention further incfudes two of the recesses which are provided

on the split surfaces facing each other, respectively, and extend

long ín the same direction on the both splíL surfaces, where a

pin forming the projection is embedded in one of Èhe thlo recesses/

and another recess of the two recesses is fitLed to an exposed

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

[ 0 011]

[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 a second projection extending long along the radial direction of the rotating shaft.
The anisotropic 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 split 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 surface of the pin when the split
surfaces are brought together. [0011] 



In the mechanicaf seal in another embodiment of the present

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

thereof is embedded in the one recess.

[0012]

The mechanical seal in another embodiment of the present

invention further includes Lwo pre-assemblies each including a

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

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

and the gland cover, respectivefy, into the respective radial

dírections.

[0013]

The mechanical seal ín another embodiment of the present

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

resin on the one surface of the splít surfaces, and an eLastíc

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 splít surfaces are

brought together.

Advantageous Effects of fnvention

[0014]

According to the present invention, the shift ín the split

cross section of the mechanícaf seal can be decreased.

Brief Description of Drawings

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 Invention [0014] 



[001s]

Fig. 1 is an exploded perspective view in which a mechanical

seaf according to a first embodiment of the present invention is
partially disassembLed.

I.ig. 2 is an exploded perspective víew in which a

pre-assembly consLituLing the mechanicaf seal iffustrated in Fig.

1 is disassembfed.

Fí9. 3 is a side view of a pre-assembly which is illustrated

in rig. 1 and seen from a split surface side.

Fig. 4 is a front view of the mechanical seal which is

iIlustrated in Fig. 1 and seen from an atmosphere side toward an

equipment side.

Fig. 5 is an enlarged perspective view of a projection vühich

is formed in a sfeeve haff illustrated in Fig. 2.

Fig. 6 is a diagram i1lustrating the viciníty of the

projectíon illustrated ín Fig. 5 from the equipment side.

Fig. 7 ís a set of diagrams ilfustrating a state before and

after moving a set scre\^/ to the atmosphere side and before and

after detaching a preset chip during the installation work of the

mechanicaL seal-.

Fig . 8 i s an enlarged perspective view of a proj ection formed

in a sfeeve half of the mechanical seal according to a second

embodiment -

Fig. 9 is an enlargedperspect.ive view of a projection formed

in a sleeve half of the mechanicaf seaf according to a third

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



embodiment .

Reference signs LisE

[0016]

1 mechanicaf seal

1a, 1b pre - as sembly

2 sleeve

2a, 2b sfeeve half

3 rotary ring
3a, 3b rotary ring half

4 seal ring
4a, 4b seal ring half

5 gfand cover

5a, 5b gfand cover haff

18 split surface

40, 42 second recess (recess)

41-, 43 first recess (recess)

50, 52 second projection (projection)

51, 53 first projection (projection)

58 split surface

70, 72 second recess (recess)

71-, 73 first recess (recess)

80, 82 second projection (projection)

81, 83 first projection (projectíon)

150 drape pin (pin)

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 



1sl drape pin (pin)

L70 recess

1-7L proj ection

180 proj ection

B rotating shaft

Description of Embodiments

[0017]

Each embodiment of a mechanicaf seal according to the

present invention will now be described h¡ith reference to the

drawings .

[0018j

<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 disassembfed. Fíg. 2 is an exploded perspective view

in which a pre-assembly constituting the mechanical seal

if lustrat.ed in rig. 1 is disassembled. Fig. 3 is a side view of

the pre-assembly which is íllustrated in Fig. 1 and seen from a

split surface side. Fig. 4 is a front view of the mechanj-cal seal

which is illustrated in rig. l and seen from an atmosphere side

tohrard an equipment side.

[001e]

1. Schematic overaff strÌrcture of mechanical seaf

A mechanical- seal 1 according to the first embodiment

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



includes at least: a rotary ring 3 vrhich rotates whife driven by

a rotating shaft B of rotatíng equipment. (hereinafter simply

referred to as "equipment" as well) ; a sfeeve 2 which rotates vühi1e

driven by the rotating shaft B and covers an outer side of the

rotary ring 3 whife in a seafed state therehrith; a seal ring 4

which is brought into contact with Lhe 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 1a 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- directíon of the rotating shaft B. Both of the

two pre-assemblies 1a and 1b consLituting the mechanicaf seal 1

have a split surface that can be joined together \^¡hen the

pre-assemblies are installed to the rotating shaft B. The

mechanical seaf 1 incfudes o-rings 6 to 9 in addition to the sleeve

2, the rotary ring 3, the seaf ring 4, and the gland cover 5 . The

o-rings 6 to 9 are spl-it into the radial- direction thereof as well.

As a result, the pre-assembly 1a includes a sleeve ltalf 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 ha]f

2b, a rotary ring half 3b, a seaf ring half 4b, a gland cover half

5b, and o-ring hafves 6b to 9b. The pre-assemblies 1a and 1b are

not always necessary, accordingly the sleeve lnalf 2a, the rotary

ring half 3a, the seal ring inalf 4a, and the gland cover half 5a,

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

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) 



4b, and the gland cover half 5b, respectively, need not be

integrated .

[0020]

2. overview of each componerÌt

2.1 sfeeve (sleeve ]nalf 2a and sl-eeve half 2b)

The sl-eeve 2 has a substantially cylindrical shape. Both

end sides of a longitudinaf direction of tÏÌe sleeve 2 are made

farger in a radial direction, and a space 10 is provided in a

roughly centraf area of the sleeve 2 in the shaft direction to

arrange therein the rotary ring l, the seal ring 4, and the gl-and

cover 5. The sleeve 2 ís a rotating ring which rotates whife

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 5o to 53 which are projected t.oward 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

t.o 43 which are fitted to the projections 50 to 53. The "fiLted"
here refers to an engaged staEe in which the projection and the

recess are in close contact with each ot.her with hardly any

clearance therebetween. Numerically, Lhe clearance between the

projections 50 to 53 and the recesses 40 to 43 is 5 pm or less,

preferabfy 3 pm or fess, or more preferably 0 ¡rm.

[0021]

2.2 F(oLary ring (rotary ring half 3a and rotary ring half 3b)

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



The rotary ring 3 has a substantially cylíndrical shape.

The rotary ring 3 ís 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 sfeeve 2. In the

present embodiment, the rot.ary ring 3 is a component formed of

sificon carbide, for example.

100221

2.3 Seal ring (seal ring half 4a and seal ring half 4b)

The seaf ring + has a cylindrical shape in which one end

thereof has a larger diameter to serve as a flange. The seal ring

4 is a floaLíng ring not driven by the rotating shaft B and is

attached to a position in contact with the rotary ring 3 withín

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 t.he present embodiment but may

be made l-arger as well.

[0023]

2.4 Gland cover (gland cover half 5a and gland cover half 5b)

The gland cover 5 has a substantially cyfindrical 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 ís a component formed

of metaL (preferably sus) . The gland cover 5 íncludes, on one

surface of both split surfaces 58 and 58, projections 80 to 83

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



r^¡hich are projected toward another surface of the both split

surfaces 58 and 58 and incfudes, on the other surface of the both

split surfaces 58 and 58, recesses 70 Lo 73 which are fitted to

the projections 8o to 83. The clearance between the projections

80 to 83 and the recesses 70 Lo 73 is 10 pm or 1ess, preferably

3 pm or less, or more preferably 0 pm.

10o241

2.5 o-ring (o-ring halves 6a to 9a and O-ring haLves 6b to 9b)

The O-ring 6 is a sealing ring arranged between an ínner

surface of the sleeve 2 and the rotating shaft B. The O-ring 7

is a sealing ring arranged between an outer surface of the rotary

ring 3 and an inner surface of an outer walI of the sleeve 2 covering

the rotary ring 3. Two pieces of the o-ring 7 are arranged aLong

a fongitudinal direction of the rotary ring 3. The O-ríng 7

functions as a stopper to prevent the roLary ring 3 from rotating

in the sleeve 2. The processíng 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' rt is also feasible

to arrange a single piece of the o-ring ? so that a pin is used

to prevent the rotation of the rotary ring 3 and the sleeve 2.

The o-ring I is a seafing ring arranged between an outer surface

of the seal ring 4 and the gland cover 5. The O-ring 9 is a sealing

ríng arranged between the gland cover 5 and the equipment. In

the present embodiment, the o-rings 6 to 9 are formed of

ffuorine-based efastomer, for example.

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 lb 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 lb
constituting the mechanical seal I have a split surface that can be joined together when the
pre-assemblies are installed to the rotating shaft B. The mechanical seal I includes 0-rings 6 to 9 in
addition to the sleeve 2, the rotary ring 3, the seal ring 4, and the gland cover 5. The 0-rings 6 to 9 are
split into the radial direction thereof as well. As a result, the pre-assembly la includes a sleeve half 2a,
a rotary ring half 3a, a seal ring half 4a, a gland cover half 5a, and 0-ring halves 6a to 9a, while the
pre-assembly lb includes a sleeve half 2b, a rotary ring half 3b, a seal ring half 4b, a gland cover half
5b, and 0-ring halves 6b to 9b. The pre-assemblies la and lb are not always necessary, accordingly
the sleeve half 2a, the rotary ring half 3a, the seal ring half 4a, and the gland cover half 5a, or the
sleeve half 2b, the rotary ring half 3b, the seal ring half  4b, 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 um or less, preferably 3 um or less, or
more preferably 0 um. [0021] 2.2 Rotary ring (rotary ring half 3a and rotary ring half 3b) 



[0025]

The aforementioned components are assembfed ínto the

mechanical seal 1 which is then attached to the rotating shaft

B of the equipment, r^¡hereby the sleeve 2 and Lhe rotary ring 3

lvoufd rotate along with the rotating shaft B. The gland cover

5 being fixed to the equipment woufd not move. The seal ting 4

being interposed betvreen the gland cover 5 and the rotary ríng

3 and not beíng fixed to t.he rotary ring 3 or the sfeeve 2 would

move freely in the shaft direction whiLe ín a sliding state with

the rotary ring 3.

loo26l

3. DetaiLed strucLure of mechanical seal

3.1 structure of sfeeve

As illustrated in Fig. 1, the sfeeve haff 2a incfudes a notch

11 formed by cutting off a part of the sfeeve half into a square

shape ín a circumferentiaf direction near the splít surface 18

on the atmosphere side. The sfeeve half 2b ]íkewise includes a

notch 11 at a position having in-plane symmetry with Èhe

aforementioned notch 11 about the center of the sleeve 2. The

notch 11 includes a through-hofe 12 passing through the sleeve

2 Lov/ard the sptit surface 18 . The sfeeve halves 2a and 2b include

screw holes 13 and 13 v,/ith a groove in the interior thereof,

respectively, on the one split surfaces 18 at a position

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

surfaces 18. The sleeve hlalf 2a al-so incfudes a notch 15 formed

L3

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 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 0-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 split surfaces 58 and 58, projections 80 to 83  



by cutting off a part of the sleeve half in the circumferentiaf

direction into a square shape near the split surface 18 on the

equipment side. The sleeve haff 2b likewise includes a notch 15

at a position having in-plane s)4nme t. ry with the aforementioned

notch 15 about tÏÌe center of the sleeve 2. The notch 15 includes

a through-hole 16 passing through the sleeve 2 toward the split

surface 18. The sleeve halves 2a ar..d 2b include screw holes 17

and 17 with a groove in the ínterior thereof, respectively, on

the one split surfaces 18 at a position corresponding vrith the

t.hrough-holes 16 and 16 on the ocher split surfaces 18. The sleeve

L]alf 2a and the sleeve half 2b are assembled together by screwing

a bol-t 2o to the screw holes 13 and 13 through the through-holes

12 and 72, ar.:d to the screw hofes 17 and 17 through the

through-holes 16 and 16, respectively.

lo027l

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

21- an;1 2L aLorrg the outer circumference of the sleeve haff from

each of the notches 11 and 11. Each screw hole 21 passes through

the inside of each of the sleeve halves 2a af]d 2b such that a screw

25 car] be screwed to a position in conLact wilh the rotat.ing shaft

B. The sleeve 2 can be fixed to the rotating shaft B by screwing

the screr¡/ 25 in the screw hole 21 to the position in contact with

the rotating shaft B. Another screw hofe 28 is formed adjacent

to the screw hole 21 in the circumferential di-rection. The screw

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

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 (0-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. The processing man-hour can be
reduced by using the two 0-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 0-ring 7 so that a pin is used to
prevent the rotation of the rotary ring 3 and the sleeve 2. The 0-ring 8 is a sealing ring arranged
between an outer surface of the seal ring 4 and the gland cover 5. The 0-ring 9 is a sealing ring
arranged between the gland cover 5 and the equipment. In the present embodiment, the 0-rings 6 to 9
are formed of fluorine-based elastomer, for example.  [0025]        The aforementioned components are
assembled into the mechanical seal 1 which is then attached to the rotating shaft 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. 



2b but is used to temporarily fix a preset chip 120 in assembling

the pre-assembfies la and 1b together. The preset chip 120 is

an adjustíng member to align the centers of the sleeve 2 and the

gland cover 5. Four pieces of the preset chip are provided in

the present embodiment. The preset chip 120 incfudes a

through-hole 121 through which a bolt 130 is inserted to be screwed

into the screw hofe 28 and align the centers.

[0028]

Each of the sfeeve halves 2a and 2b incLudes three

through-holes 32 passing through the thickness direction of the

flange part with the enfarged diameter formed on the atmosphere

side. The sfeeve halves 2a and 2b al-so include grooves 26 ar:d

26, respectively, formed on the inner surface of each of the sleeve

halves along the círcumference thereof. The grooves 26 and 26

are provided to fix the O-ring halves 6a and 6b and are opened

aÈ the side of the rotating shaft B.

[002e]

As iflustrated in Figs. 2 ar,d 3, the recesses 42 a]:ld 43 are

provided on the one surface of the sleeve half 2a hofding the

rotating shaft B on the equipment side. The recess 43 extends

along the shaft direction of the rotatíng shaft B and has a haff

cylindrical shape (an exampfe of the anisotropic form) which is

tapered in a direction orthogonal to the recess 42 from the end

face of the sfeeve half 2a on the equipment side toward the side

of the rotary ring half 3a. The recess 43 will hereinafter be

[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 near the split surface 18 on the equipment side. The sleeve half 2b likewise includes a notch 15
at a position having in-plane symmetry with the aforementioned notch 15 about the center of the
sleeve 2. The notch 15 includes a through-hole 16 passing through the sleeve 2 toward the split
surface 18. The sleeve halves 2a and 2b include 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 holes 17 and 17 through the through-holes 16 and 16, respectively. 



specifically referred to as a "first recess 43I' when it is Lo be

mentioned índívidually. The recess 42 extends afong the radial

directíon of the rotating shaft B and has a half cylindrical shape

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

ouLer surface of the sleeve hal-f 2a toward the inner side of the

rotating shaft B in the radial direction thereof. The recess 42

wilf hereinafter be specifically referred to as a "second Tecess

42r' \^/hen 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 haff columnar

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

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

the sleeve ]nalf 2a on the equipment side toward the side of the

rotary ring half 3a. The projection 51 $/il-L hereinafter be

specifically referred to as a "first projection 51" r^/hen it is

to be mentioned indivídually. The projection 50 extends al-ong

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

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

the outer surface of the sleeve haff 2a tovtard the inner side of

t.he rotating shaft B in the radial direction thereof. The

[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 lb 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 the present embodiment. The preset chip 120 includes a 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
sleeve 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, respectively, 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 0-ring 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 42 and 43 are provided on the one surface of the sleeve half 2a holding the rotating shaft B
on the equipment 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 



projection 50 will hereinafter be specificafly referred to as a

"second projection 50" \^then it is to be mentioned individually.

The first projection 51 and the second projection 50 are formed

not in contact wíth each other-

[0031]

As iflustrated ín Fig. 1, the sleeve haff 2b includes the

recess 41 and the recess 40 in the form and the position to be

fiLted with the first projection 51 and the second projection 50

of the sfeeve lnaLf 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- hereínafter be

specifically referred to as a I'f irs! recess 41" when it is to be

mentioned individuatly. 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

wilf hereinafter be specifically referred to as a "second recess

40,' r,rhen it is to be mentioned individually. The first recess

41 and the second recess 4o are formed not in contact with each

other.

[0032]

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 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 sleeve half 2a toward the inner side of the rotating shaft
B in the radial direction thereof. The  projection 50 will 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 SO are formed not in contact with each other. [0031]        As illustrated in Fig. 1, the sleeve
half 2b includes the recess 41 and the recess 40 in the form 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 



Moreover, the sl-eeve half 2b includes the projection 53 and

t.he projection 52 in the form and the position to be fitted vrith

the firsÈ recess 43 and Lhe second recess 42 of Lhe sfeeve half

2a, respectively. The projection 53 exLends afong the shaft

direct.ion 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 projectíon 52 from the end face of

the sfeeve half 2b on the equipment side toward the side of the

rotary ring half 3b. The projection 53 wilf hereinafter be

specifically referred to as a "first projection 53" when it is

to be mentioned individually. The projection 52 extends along

the radial direction of the rotating shaft B and has a hal-f cofumnar

shape (an example of the anisotropíc form) whích is tapered from

the outer surface of the sleeve half 2b toward the inner side of

the rotating shaft B in the radiaf dírection thereof. The

projection 52 will hereinafter be specifically referred to as a

"second projection 52" when it is to be mentioned índividually.

The first projection 53 and the second projection 52 are formed

not in contact with each other.

[0033]

All the projections 50 Èo 53 and alf the recesses 40 to 43

having the same form in the present embodiment, respectively, need

not have Lhe same form. That is, the projections 50 to 53 among

t.hemsel-ves or the recesses 40 to 43 among themselves need not have

Lhe same form as long as the projections 50 to 53 can be fitted

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 position to be fitted with the first recess 43 and the second recess 42 of the sleeve
half 2a, respectively. The projection 53 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 52 from the end face of the sleeve half 2b on the equipment side toward
the side of the rotary ring half 3b. The projection 53 will hereinafter be specifically referred to as a "first
projection 53" when it is to be mentioned individually. The projection 52 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 sleeve half 2b toward the inner side of the rotating shaft
B in the radial direction thereof. The projection 52 will hereinafter be specifically referred to as a
"second projection 52" when it is 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 is, the projections 50 to 53 among themselves or the recesses 40 to 43 among
themselves need not have the same form as long as the projections 50 to 53 can be fitted  with the
opposing recesses 40 to 43. 



with the opposing recesses 40 Eo 43.

[0034]

It is preferred that the projections 50 to 53 be joined to

the recesses 40 to 43 on both sides of the sfeeve 2 whife

interposing the rotating shaft B- Ho\,rever, it is aLso possíble

to onfy 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 ar'd 43. Moreover, it is possible to only form the set of the

projectíon 50 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 sfeeve

2. FurÈhermore, it is possible to only form the set. of the

projection 51 and the recess 41 and the set of t.he projection 52

and the recess 42 on the both split surfaces 18 and 18 of the sl"eeve

2. That is, the combínation 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 prevenL t.he sLeeve

hal"ves 2a and 2b from shífting in both the shaft dírection and

the radial- direction of the rotating shaft B. Accordingly, the

clearance betr^reen the projections 50 to 53 and the recesses 40

to 43 can be nearly el"iminated so that the shift between the split

surfaces 18 and 18 can be reduced more relíably than the

configurat.íon in which the pin or the like is removably inserted

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

2a a\d 2b.

I9

[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 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.  [0035] 3.2
Structure of gland cover        As illustrated in Fig. 1, the gland cover half 5a includes, on the
circumferential side surface thereof, a notch 60 formed by cutting off a part of the gland cover half into
a square shape in the circumferential direction near the split surface 58. The gland cover half 5b
likewise includes a notch 60 at a position symmetrical with the aforementioned notch 60 about the
center of the gland cover S. The notch 60 includes a through-hole 61 passing through the gland cover
5 toward the split surface 58. The gland cover halves 5a and 5b include screw holes 62 and 62 with a
groove in the interior thereof, respectively, on the one split surfaces 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 is tapered in a direction orthogonal to the recess  



l003sl

3.2 Structure of g]and cover

As illustrated in Fig. 1, the gland cover half 5a includes,

on the circumferentiaf side surface thereof, a notch 60 formed

by cutting off a part of the gland cover half into a square shape

in the circumferential direction near the spLit surface 58. The

gland cover half 5b fikewise íncludes a notch 60 at a posítion

sl¡mmetricaf with the aforementioned notch 60 about the center of

the gland cover 5. The notch 6o incfudes a through-hole 6l passing

through the gland cover 5 tor,üard the split surface 58. The gland

cover hafves 5a and 5b include screw hofes 62 al:d 62 with a groove

in the interior thereof, respectively, on the one split surfaces

58 at a position corresponding with t.he through-holes 61 and 61

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

gland cover hal-f 5b are assembled together by screwing bolts 65

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

and 61, respectivefy -

[0036]

As illustrated in Figs. 2 and 3, the gland cover hal-f 5a

incfudes the recesses 70 and 71 at a position cfoser to the

atmosphere side than the through-hoLe 61 on the one surface of

the split surfaces 58 inLerposing 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 is tapered in a dírection orthogonal to the recess
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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 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  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 projection 82 will hereinafter be specifically referred to as a
"second projection 82" when it is to be mentioned individually. The first projection 83 and the second
projection 82 are formed not in contact with each other. [0038]        As illustrated in Fig. 1, the gland
cover half 5b includes the recesses 72 and 73 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
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
(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 recess 72 will 



70 from the end face of the gland cover Lralf 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 afong 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 vrif I hereinafter be specifically referred to as a "second

recess 70'r when it is to be mentioned indíviduaIly. The first

recess 71 and the second recess 7o are formed not in contact wiÈh

each other.

[0037]

on the other hand, the gland cover half 5a includes the

projections 83 and 82 at a position cl-oser to the atmosphere side

than the screw hole 62 on the oÈher surface of the split surfaces

58 interposing the rotating shaft B. The projectíon 83 extends

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

cofumnar shape (an example of the anísotropic 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 projectíon 83 wil"l hereinaf t.er be

specifically referred to as a 'rfirst projection 83" when it is

to be mentioned individually. The projection 82 extends afong

the radial direction of the rotating shaft B and has a half cofumnar
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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 shaft B and has a half 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  or the recesses 70 to 73 among themselves
need not have the same form as long as the projections 80 to 83 can be fitted with the opposing
recesses 70 to 73. 



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

the outer surface of the gland cover half 5a tor,rard the inner síde

of the rotating shaft B in the radial direction thereof. The

projection 82 wilI hereinafter be specifically referred Lo as a

"second projection 82" when it is to be mentioned individually.

The fírst projection 83 and the second projection 82 a.re formed

not ín contact with each other.

[0038]

As ilfustrated in Fig. 1, the gland cover half 5b incl-udes

the recesses 72 arld 73 at a posíLion cfoser to the atmosphere side

Èhan the through-hole 61 on the one surface of the split surfaces

58 interposing the rotating shaft B. The recess 73 extends along

the shaft directíon of the rotating shaft B and has a half

cylindrical shape (an exampfe of the anisotropic form) which is

tapered in a direction orthogonaf to the recess 72 from the end

face of the gland cover haLf 5b on the atmosphere side toward the

equipment side. The recess ?3 wilf hereinafter be specifically

referred to as a "first recess 73" \^¡hen ít is to be mentioned

individualty. The recess 72 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 5b torvard Lhe inner side of the rotating

shaft B in the radiaf direction thereof. The recess 72 wilf

hereínafter be specifically referred to as a "second recess 72rr

when it is to be mentioned individually. The fírst recess 73 and

[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 shaft 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  inserted between the both split surfaces 58 and 58 of the gland
cover halves 5a and 5b. [0042]        Each of the gland cover halves 5a and 5b includes two
through-holes 90 passing through the thickness direction of the gland cover halves. The through-hole
90, into which a bolt 96 illustrated in Fig. 4 is inserted, is required to fix the gland cover 5 to a stuffing
box T of the equipment. The gland cover half 5b (or 5a) includes a drain hole (with a diameter of
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. [0043]        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 0-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 0-ring halves 8a and 8b and are open on the rotating shaft B side.  



the second recess '72 are formed not in contact wiLh each other.

[003e]

on the other hand, the gland cover haff 5b includes the

projections 80 and 81 at a position closer to the atmosphere síde

than the screw hole 62 on the other surface of the split surfaces

58 interposíng the rotating shaft B. The projectíon 81 exLends

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

coÌumnar 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 síde toward

the equipment side. The projection 81 will hereinafter be

specifically referred to as a "first projection 81" vrhen it is

to be mentioned individually. The projection 80 extends aLong

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

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

the outer surface of the gland cover haff 5b toward the inner side

of the rotat.ing shaft B in the radiaf direction thereof. The

projection 80 wilf hereinafter be specificafly referred to as a

',second projection 8O'r when it is to be mentioned individually.

The first projection 81 and the second projection 80 are formed

not in contact wiÈh 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 themsefves

[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 lb 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]  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 0-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). 



or the recesses 70 Lo 73 among themselves need not have the same

form as long as the projections 80 to 83 can be fitted with the

opposing recesses 70 to 73.

[0041]

It is preferred that the projections 80 to 83 be joined to

Lhe recesses 70 Lo 73 on both sídes of the gland cover 5 while

interposíng the rotating shaft B. Hor¡rever, it is also possible

to only form the set of the projections 82 and 83 and the recesses

72 a]rd 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 andthe recesses

70 and 71. Moreover, it ís possibfe to only form the set of the

projection 82 and the recess 72 ar,d the set of the projection 81

and the recess 71 on the bot.h split surfaces 58 and 58 of the gland

cover 5. Furthermore, it ís possible to onfy 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 is, the combination of the projection and the recess

ís unrestricted as long as a stopper can be formed for both the

shaft direction and the radiaf 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 rot.ating shaft B.

Accordingly, the cfearance betr^reen the projections 80 to 83 and

the recesses 70 to 73 can be nearfy eliminated so that the shift

bethreen the spfit surfaces 58 and 58 can be reduced more reliably

than the configuration in whích the pin or the like is removably

24

[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 ection and recess formed on each split surface of sleeve and gland cover [0049]        Fig. 5 is
an enlarged perspective view of the projection which is formed in the sleeve half illustrated in Fig. 2.
Fig. 6 is a diagram illustrating the vicinity of the projection illustrated in Fig. 5 from the equipment side. 



inserted between the both spfit surfaces 58 and 58 of t.he gfand

cover halves 5a and 5b.

100421

Each of the gland cover haLves 5a and 5b includes two

through-holes 9o passing through the thickness direction of the

gland cover hafves. The through-hole 90, ínto which a bolt 96

ilLustrated in Fig. 4 is inserted, is required to fix the gland

cover 5 to a stuffing box T of the equipment. The gland cover

half 5b (or 5a) incfudes a drain hole (with a diameter of

approximately 4 mm) 95 obliguely passing through the gland cover

half from the surface thereof on t.he opposite side of the equipment

toward the seaf ring 4b. The drain hofe 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 hafves 5a and 5b

include, on the surface thereof on the equípment side, grooves

66 and 66 formed along the circumferential direction of the

rotating shafL B. The grooves 66 and 66 are provided to fix the

O-ríng hal-ves 9a and 9b and are open on the equipment side. The

gland cover halves 5a and 5b afso include, on the surface thereof

on the side of the rotating shafÈ 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-ríng halves 8a and

8b and are open on Èhe rotating shafL B side.

25

[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 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 151a 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. As 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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L1

Each of the gland cover halves 5a and 5b includes three screv¡

holes 132 disposed in the circumferential direction on the inner

side of the through-hole 90 afong the radial direction. The screvt

hole 132 passes through the gland cover halves 5a and 5b in the

t.hickness direction thereof. A groove is formed inside the screw

hole 132 so that a set scre\^/ 140 can be moved to be boLh inserted

and removed. The set screw 140 is used to push the rotary ring

3 from Lhe seal ring ¿ side in order to fix the rotary ring 3 tightly

to the sleeve 2. The set screw 140 prevenLs a flatness error of

the rotary ring 3 and the seal ring + and has a function to prevent

each component from falling ouL when the pre-assembfíes 1a and

1b are split. After the mechanicaL seal 1is installed to the

equipment, the set screw 140 is either pulled out or moved in a

puLf-out direction to refease the pressing force against the seaf

ring 4. The set screw 140 is mainly formed of SUs, whíle only

a tip of the set screw on the side in contact wíth the seal ring

4 is formed of metaf softer than the SUS (such as copper) .

Therefore, the seal ring 4 woufd not be easily damaged even when

the set screw 140 comes in contact with t.he seal ring 4.

[004s]

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 + is

biased to the side of the rotary ring 3.

[0046]

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 0 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. [0053] 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  respective split
surfaces 18 and 58 in order to enhance the sealing property on the split surface of the mechanical seal
1. By forming the coat layer and an elastic adhesive layer stacked thereon on the other surface of the
respective split surfaces 18 and 58, the elastic adhesive layer can be interposed between the coat
layers when the two pre-assemblies la and lb are assembled together. It is preferred that the elastic
adhesive layer be able to retain the adhesive feature for an extended period of time while repeating
the disassembly and the assembly of the pre-assemblies la and lb. The thickness of the coat layer is
preferably 0.1 to 40 pm, more preferably 0.1 to 30 um, and most preferably 0.1 to 10 pm. The elastic
adhesive layer is an adhesive layer preferably formed of a urethane resin. The contact between rubber
packing which has been used conventionally and the 0-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 coat 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 easily to be used for a number of times.
[0054] 



3 .3 Struct.ure of rotary ring

As illustrated ín Fig. 2, the rotary ring haff 3a includes

Lwo grooves 101 and 101 arranged side by side in lhe 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 sfeeve 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 ar]d 4b. The projected surface 102 and the seal ríng

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
As iflustrated 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 t.he

gland cover halves 5a and 5b. The end face of the sleeve part

112 on the side of the gland cover hafves 5a and 5b comes in contact

with the aforementioned pin 145 and the tip of the set screv¡ 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 hafves 5a and 5b and has a half

27

4. Method of assembling mechanical seal         Now, the assembling of the pre-assemblies la and lb
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. 



cylindrical shape. The aforementioned pin 145 is brought into

contact vrith the groove 115 to prevent the seal ring 4 from

rotat j-ng .

[0048]

3 . 5 Structure of proj ection and recess formed on each split surface

of sl-eeve and gfand cover

[0049]

Fíg. 5 is an enÌarged perspect.ive view of the projection

which ís formed in the sl-eeve half illustrated in Fig. 2. Fig.

6 is a diagram illustrating the vicinity of the projection

iflustrated in Fig. 5 from the equípment side.

[00s0]

The sfeeve half 2a constituting the sfeeve 2 includes on

the spfit surface 18 the second recess 40 and the first recess

41 identicaf to those in the sleeve haff 2b. Embedded in the second

recess 40 on the sfeeve lnalf 2a side is a pin (such as a pin formed

of sUS, which wifl be referred to as a "drape pinrr) 150 having

a substantiafly cofumnar shape and forming the second projection

50. When the sfeeve half 2a and Lhe sleeve half 2b are joined

together, the exposed surface of the drape pin 150 r^7ouId 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 sfeeve

half 2a and the sfeeve half 2b are joined together, the exposed

surface of the drape pin 151 woufd be fitted to the first recess

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. 



41 on the sleeve half 2b side.

100511

The drape pins 150 and 151 are driven into a hole (with a

diameter slighLly smalfer than the outer diameter of the drape

pin 150) formed of the two second recesses 40 and a hole (with

a diameter slightfy smaller than the outer díameEer 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 ha]f

2b are joined together. When the sleeve h'alf 2a and the sfeeve

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 remaíning in the sfeeve half 2a woufd form

the second proj ection 5o and the firsÈ projection 51, respectively.

Here, the first recess 41 and the second recess 40 formed in the

sleeve lnaLf 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 151a having more

than half the volume of the drape pin 151 would be embedded into

the firsL recess 41 on the sleeve half 2a side r^¡hen the drape pin

151 is dríven 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 sfeeve half 2b

side. As a resuft, the drape pin 151 can be reliably fixed into

the sleeve lnal f 2a side vrhite being embedded therein \^rithout coming

off when the sfeeve half 2a and the sfeeve half 2b are separated

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. 



from each other- The same can be said for the case where the drape

pin 150 is driven into the second recess 40. rt is afso possible

to form the first recess 41 or the second recess 40 deeper on the

sfeeve ]nalf 2b side and shaflower on the sleeve half 2a side so

that the drape pins 150 and 151 wouLd remaín 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 firsÈ projection 51 formed of the drape pin 151 and t.he matching

first recess 41 would be 10 pm or less, preferably 3 pm or less,

or more preferabfy 0 pm.

[00s2]

The same structure is applied to the second recess 42 alfd

the first recess 43. Moreover, the second projection 52 and the

fírst projection 53 are formed ín 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, |L}]e

first projections 8l- and 83, and the second projections 80 and

82 which are formed in the gfand cover 5. A drape pin other than

the drape pins 150 and 151 wifl hereinafter be referred to as the

"drape pin 150 or the fike" wíthout assigning a reference numeral

individually.

[0053]

3 .6 Coat treatmen! on split surface

It is preferred that the sLeeve 2 and the gfand cover 5 have

a coat layer formed of a fluorine-based resin on one of the

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 lb 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 lb. 



respective split surfaces 18 and 58 in order to enhance the sealing

property on the split surface of Lhe mechanical seal 1. By forming

the coat layer and an elastic adhesive layer sLacked thereon on

the oLher surface of the respective split surfaces 18 and 58, Lhe

elastic adhesive layer can be interposed between the coat layers

when the two pre-assemblies 1a and 1b are assembled together. It

is preferred that the elastic adhesive fayer be able to retain

the adhesive feature for an extended period of time vthile repeating

the disassembly and the assembly of the pre-assemblies 1a and 1b.

The thickness of the coat layer is preferably 0.1to 40 pm, more

preferably 0.1to 30 pm, and mosL preferably 0.1 to 10 pm. The

eLastic adhesive layer is an adhesive layer preferably formed of

a urethane resin. The corÌtact between rubber packing which has

been used conventionally and the o-ring can be eliminated by using

the coat layer and Lhe efastic adhesive layer, whereby water or

the like vroufd not leak easily. Note that the coat layer may only

be formed on each split surface 18 of the sleeve hafves 2a and

2b or each split surface 58 of the gfand cover halves 5a and 5b.

There is an advantage of having the coat layer formed of the

fluorine-based resin that the efastic adhesive layer comes off

easily to be used for a number of times.

[00s4]

4. Method of assembling mechanical seaf

Now, the assembling of the pre-assemblies 1a and 1b and the

subsequent instaflation thereof to the equípmenÈ, in a method of

2) The pre-assemblies la and lb 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  25. At this time, the positional relationship
between the gland cover 5 and the sleeve 2 in the shaft direction has already been kept at a correct
set position by the preset chip 120 with the spring having a regular compressed length, thereby
requiring no measurement or adjustment of the set position as is performed in the conventional
mechanical seal. 6) The set screw 140 is moved to the atmosphere side to release 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] 



assembling the mechanical seal 1 according to Èhe first emlcodiment,

wifl be described separately.

[005s]

4.1 Assembl"ing of pre-assembly

The assembfing process is performed as foIlows.

1) The fluorine-based resin is applied to each spLit surface 18

of the sfeeve hafves 2a and 2b to form the coat layer, and the

urethane-based adhesíve ís applied onto the coat layer on the

sleeve lnal-f 2a side to form the efastic adhesive 1ayer.

2) The sleeve halves 2a and 2b are íntegrated by using the bolt

20-

3) The drape pin 150 or the ]íke is driven into the hole formed

by each set of the recesses 40 to 43.

4) The O-ríng 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 hafves 3a and

3b, respectively.

6) The rotary ring halves 3a and 3b are inserted and attached to

the sleeve 2.

The assembfing of the rotating ring will be completed by

performing the processes up to this poínt.

[0056]

7) The ffuorine-based resin is applied to each split surface 58

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

32

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 lb 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. [0061] <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 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 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. 



the urethane-based adhesive is applied onto the coat layer on the

gland cover half 5a side to form the elastic adhesive layer.

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 Lo 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 assembfing of the seal ring 4 and the gland cover will

be completed by performing the processes up to this point.

[0057]

L4) The bolt 65 is unscrewed to split the gland cover 5.

15) The seaf 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 to integrate t.he gland cover 5.

17) The preset chip 120 is fixed Lo the sfeeve 2 by usíng the boft

13 0 .

18) The set screw 140 ís screwed to press the seal ring 4 and the

[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 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 'Am or less, preferably 3 pm or less, or more preferably 0 jim. Each
split surface 58 of the gland cover halves Sa 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.  [0064] <Third embodiment> 



rotary ring 3 against the sleeve 2.

The pre-assembfies 1a and 1b will be made into a cartridge

by performing the processes up to this point.

[00s8]

4.2 Instaftation of mechanicaf seaf to equipment

1) The mechanicaf seal 1, from whích the bolts 20 and 65 are

unscrewed, is split into t.he pre - as seÍlblies 1a and 1b.

2) The pre-assemblies 1a and 1b are fitted t.o the rotating shaft

B of Lhe equipment so that Lhe 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 compl"ete half seal , a numbe r of componerÌts have

had to be inst.alled one by one aL t.he site, thereby having required

a great amount of operation time, made it difficult to accurately

assem.ble two slíde members, and resul-ted ín the feakage in some

cases. In the present mechanical seal 1, hor^rever, the

pre-assembly is integrated afong the shaft direction so that all

the component halves can be símultaneousfy integrated vrith high

accuracy, wLrereby the risk of the leakage is reduced.

4) The bolt 96 is used to fix the mechanical seaf 1 to the equipnent

(particularl-y 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 operaLion to align the centers afresh.

5) The sLeeve 2 is fixed to the rotating shaft B by using the screw

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 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  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,
respectively. [0067] 



25. At this time, the posítionaf relationship betr^¡een the gland

cover 5 and the sleeve 2 in the shaft direction has already been

kept at a correct set position by the preset chíp 120 with the

spríng having a regular compressed length, thereby requiring no

measurement or adjustment of the set position as is performed in

the conventionaf mechanical seal .

6) The set screw 140 is moved to the atmosphere side to refease

the pressing force ag'ainst the seal rtng 4. 7) The bolt 130 is

unscrewed to detach the preset chip 120 from the sleeve 2.

[0059]

Fíg. 7 is a set of diagrams iLfustrating a state before and

after moving the set scre\^¡ to the atmosphere side and before and

after detaching the preset chip during the inscafl-ation work of

the mechanical seal .

100601

A hatched area represents the set screw 140, the boft 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 screr^¡ 140 is moved in a direction indicated

byanarrow (the atmosphere sídedirection) to release the pressíng

force against the seal ring 4. In the stage of making the

pre-assemblies 1a and 1b into the cartridge, a part of the preset

chip 120 is inserted in a gap V{ formed between the gland cover

5 and the sfeeve 2. The preset chip 120 has a functíon to afign

the centers for the sfeeve 2 and the gland cover 5 by screwing

<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 projected toward another surface
of the split surface, while the other surface includes recesses 70 to 73 which are fitted to the
projections 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,  it is 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 0-ring 6 on the equipment side alone, be added to the structure of the mechanical seal 1,
the sleeve portion corresponding to the portion of the sleeve 2 closer 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 43 on a split surface 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 invention can be applied to the shaft sealing for the rotating equipment or the like.  



the bolt 130 and to secure the gap W. once Lhe mechanical seal

1 is attached to the equipment, the preset chip 120 having

fulfifled the rol-e thereof is detached before the equipment is

operated. The instalfat.ion of the mechanical seal 1 will be

completed by performing the processes up to this point.

[0061]

<second embodiment>

A mechanical seaf according to a second embodiment of the

present ínvention 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 4o to 43 provided on each split

surface 18 of sleeve hafves 2a ar'd 2b as weff as projections 80

to 83 and recesses 70 to 73 provided on each split surface 58 of

gland cover hafves 5a and 5b have been modified to have another

form of projection and recess, respectively. Betv¡een the

embodiments, Lhe same reference numeraf wiIl thus be assigned to

the same strucLure, for which the overl-apping description wilf

not be repeated.

[0062]

Fig. I is an enlarged perspective view of the projection

formed in the sleeve half of the mechanical seaf according to the

second embodiment.

[0063]

A projection 171 il"lustrated in Fig. I is the same as that

in the first embodiment from a viewpoint that the projection is

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 ring while in a sealed state therewith,         wherein 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. 



formed by driving a drape pin 150 or the fike into a hole formed

by bringing tvro recesses 170 and 170 together, but ís different
from the first embodiment in that the drape pin is dríven into

a different directj"on. In the second embodiment, the drape pin

150 or the fike is driven not in a shafL direction or a radíal

direcÈion of a rotating shaft B but a direccíon between the shaft

direction and the radial direction (an oblique direction) .

Therefore, the single drape pín 150 or the like woufd make the

sleeve hafves 2a and 2b fess likely to be shifted in either the

shaft direction or Lhe radiaL direction. In this case, it is

preferred that t.he drape pin 150 or the like be also driven into

the oblique direction on the side symmetricaf about the rotating

shaft B. Moreover, it is preferred that the drape pin 150 or the

l-ike be driven ínto a different direction from the aforementioned

drape pín 150 or the like. This is because the shift withj.n the

split surfaces 18 and 18 of the sfeeve halves 2a and 2b can be

prevented effectívely by driving the drape pins 150 or the like

into the mutually different directions. The cfearance 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 ¡rm

or fess, or more preferably 0 Fm. Each split surface 58 of the

gland cover halves 5a and 5b incfuding the projection 171

illustrated in Fig. I may al"so include a long and narrow proj ection

instead in the same dírection as that of the projections 80 to

83 described in the fírst embodiment.

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: 



[0064]

<Third embodiment >

A mechanicaf seal according to a third embodiment of the

present invention wilf now be described. Similar to the second

embodiment, the third embodiment has Lhe same structure as that

of the first embodiment except that a projection and a recess

having a form different from that in the first embodíment. are used.

Bet\^reen the embodiment.s, the same reference numeral will thus be

assigned to lhe same sLructure, for which the overlapping

descriptíon wilf not be repeated.

[0065]

Fig. 9 is an enlarged perspective view of the projection

formed ín a sLeeve half of the mecLranícal seaL according to the

third embodiment.

100661

A split surface 18 of a sleeve half 2a includes a columnar

projection 180, while a split surface 18 of a sl-eeve half 2b

includes a recess (not shown) which is in the position opposing

the projection 180 so as to be fitted therevrith 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

sfeeve halves 2a ar,d 2b. The cfearance between the projection

180 and the matching recess woufd be 10 Pm or less, preferably

3 pm or 1ess, or more pref erabl-y 0 pm. Each spliÈ surface 58 of

gland cover halves 5a and 5b including the projection 180

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 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-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. 



ilfustrated in Fig. 9 may also include a long and narrow proj ection

instead in the same dírectíon as that of the projections 80 to

83 described in the firsL embodiment or the projection 171

described in the second embodiment, respectively.

[0067]

<Fourth embodiment >

A mechanical seaf 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. Amechanicaf seaf 1 according to the fourth embodiment

includes at least: a rotary ring 3 \'rhich rotates whife driven by

a rotating shaft B of rotating equipment; a seal ring 4 whích is

brought into contact with t.he rotary ring 3 in a shaft direction

of the rotating shaft. B; and a gland cover 5 which is in a seafed

state with the seal ríng 4 to cover an outer side thereof. At

Ieast the rotary ring 3, the seal ring 4, and the gfand cover 5

are split in the radial direction, where one surface of a split

surface of at feast the gland cover 5 incfudes projections 80 to

83 which are proj ect.ed toward another surface of the split surface,

while the other surface includes recesses 70 to 73 which are fitted

to the projections 80 to 83. That is, un]ike the mechanical seal

1 according to the first embodiment, the mechanical seaf 1

according to the fourth embodiment is a so-cal-Led non-sleeve

mechanical seaf in which a sfeeve 2 is not incfuded. rn this case,

39

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. 



it is preferred that a form excluding a sfeeve portion and a flange

portion cfoser to the atmosphere side relative to the sfeeve

portion, namely a flange portion íncludíng the o-ring 6 on the

equipment. side aIone, be added to the structure of the mechanicaf

seal 1, the sfeeve portion corresponding to the portion of the

sfeeve 2 closer to the side of the rotating shaft B reLative to

the space 10. The f l-ange part on the equipment síde can be split

in half but may not include projections 50 to 53 or recesses 40

to 43 on a split surface 18. Here, at feast the gland cover 5

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

Industrial appl icability

[0068]

The present ínvention can be applied to the shaft sealing

for the rotating equipment or the 1ike.
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CTAIMS

1. A mechanicaf seaf comprising at feast:

a rotary ring which rotates while driven by a rotating shaft

of rotating equipment;

a seal ring which is brought into contact vrith the rotary

ring in a shaft direction of the rotating shaft; and

a gfand cover whrich is in a sealed state with the seal ring

to cover an outer side thereof,

wherein at feast the rotary ring, the seal ring, and the

gland cover are split into a respective radial direct.ion, and

one surface of a split surface of at least the gland cover

includes a projection which is projected tovrard another surface

of the split surface, while the other surface includes a recess

which is fitt.ed 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 ring while in a sealed state

therehrith,

wherein one surface of a split surface of the sfeeve incLudes

a proj ection which is proj ected toward another surface of the spliL

surface, while the other surface includes a recess which is fitted

to the proj ection.



3 . The mechanical seal according to cfaim 7 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 proj ection.

4. The mechanicaf seaf according to any one of claims 1 to 3,

comprising a plurality of the projeccíons havíng the anisotropic

form,

wherein the plurality of projections includes:

a fírst 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 ext.ends long along the radiaf direction of the

rotating shaft.

5. The mechanical seal according to any one of claims 1 Lo 4,

\^/herein the split surfaces facing each other incl-ude two

of the recesses, respectively, which extend long in the same
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direction on the both split surfaces,

a pin which forms t.he projection is embedded in

two recesses, and

another recess of lhe two recesses is fitted to

surface of the pin when the split surfaces are brought

one of the

an exposed

together .

6.

is
in

The mechanical seal according to cLaim 5, vrherein the pin

fixed such that more than half a vofume of the pin ís embedded

the one recess.

7. The mechanicaf seal according to any one of cLaims 1 to 6,

cornprising Lwo pre-assemblies each including a rotary ring half,

a seal ring half, and a gfand cover half which are formed by

splitting at feast the rotary ring, the seal ring, and the gland

cover, respectively, into the respective radial directions.

8. The mechanicaf seal according to any one of cfaims I Lo 7 ,

comprisíng:

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 fayer on the

other surface of the split surfaces,

wherein the elasÈic adhesive layer is interposed between

the coat layers r,rhen the split surfaces are brought t.ogether.




