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COMMONWEALTH of AUSTRALIA
Patents Act 1952

APPLICATION FOR A STANDARD PATENT

I/We
Durametallic Corporation
of

2104 Factory Street, Kalamazoo, Michigan, United States of America

hereby apply for the grant of a Standard Patent for an invention entitled:
Bellows seal with vibration damper

which (5 described in the accompanying complete specification.

Details of basic application(s):-

Number Convention Country Date
300475 United States of America 19 January 1989

The address for service is care of DAVIES & COLLISON, Patent Attorneys, of 1 Little
Collins Street, Melbourne, in the State of Victoria, Commonwealth of Australia.

DATED this NINTH day of JANUARY 1990

To: THE COMMISSIONER OF PATENTS /&O J

a member of the flrm of
DAVIES & COLLISON for
and on behalf of the
applicant(s)

Davies & Collison, Melbourne
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' COMMONWEALTH OF AUSTRALIA
' PATENTS ACT 1852

DECLARATION IN SUPPORT OF CONVENTION OR
NON-CONVENTION APPLICATION FOR A PATENT

In support of the Application made for a patent for an invention
entitled: BELLOWS SEAL WITH VIBRATION DAMPER

&g Raymond E. Battilana, whose address is

2104 Factory Street, Kalamazoo, Michigan,
49001, (U.S.A.)
United States of America

do solemnly and sincerely declare as follows :—
6t (b) 1am authorized by DURAMETALLIC CORPORATION

the applicant.....covueee for the patent to make this declaration on “igmbehuf.

2. (a) xKanWMﬁ%X%KXXXXMWXM%KX

or(b) Louis H. Avard and Harry L. Mason, citizens of
the U.S.A., whose addresses are 32123 64th
Street, Lawton, Michigan 49065, and 2009
Lakeway Avenue, Kalamazoo, Mlchlgan 49001,
respectively, (U.S.A.)
Both of United State of America

:rxe the actual inventor..S........ of the invention and the facts upon which the applicant.......

ge entitled to make the application are as follows :—

Applicant is the Assignee of said inventors by virtue
of an Assignment dated January 16, 1989, made

between Durametallic Corporation and the actual
inventors in respect of the invention.

\ . . XX was
3. The basic application....uu . as defined by Section 141 of the Act ol made
in..United States.of. Amerieathe .19th. Jannary..1989. o
by Jouis.Ha. Avard.and. HALLy.. L. MaSON. i, wasasniee
I e e v OR BRE Lt et iss oo s as b b
byWMWWWMMNWWMWMWmMMmmmmmmmmmmmmmmmmmmn ...... PPN Wensshbasnsian
I sseseeses ON BRE L s i e
4, The basic application..,....... referred to in paragraph 3 of ‘this Declaration :;;
the first application,....... .. made in a Convention country in respect of the invention the subject

of the application,

Declared at Kalamazoo, this 11th
Michigan, U.S.A.

DAVIES & COLLISON, MELBOURNE and CANBERRA.
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(54) Title
BELLOWS SEAL WITH VIBRATION DAMPER

International Patent Classlfication(s)

(51)* F16J 015/36 F16F 009/36
(21) Application No.: 47801/90 (22) Application Date ; 09.01.90
(30) Priority Data
(31) Number (32) Date (33) Country
300476 19.01.89 US UNITED STATES OF AMERICA

(43) Publication Date ; 26,07.90
(44) Publicatlon Date of Accepted Application : 06.02.92

(71)  Applicant(s)
DURAMETALLIC CORPORATION

(72) Inventor(s)
LOUIS H, AVARD; HARRY L, MASON

(74) Attorney or Agent
DAVIES COLLISON CAVE, 1 Little Collins Street, MELBOURNE VIC 3007

(56) Prlor Art Documents
US 4261681
US 3773337

(57) Claim

1. A mechanical seal construction for sealinz a,
shaft which is relatively rotatable with respect to gqﬁéi&,
said seal construction having collar means surrounding and
nonrotatably fixed to said shaft, a rotary seal portion
disposed in surrounding relationship to the shaft and
including a rotary support ring and a rotary carbide face
ring fixed to said support ring, said rotary support and
face rings being radially spaced from said shaft to define
a substantial annular clearance therebetween, an axially
elongate metal bellows disposed in surrounding relationship
to said shaft and extending axially between said collar
means and said rotary support ring, said bellows means
having one end thereo:f fixedly anchored to said collar
means and the other e!id thereof fixedly anchored to said
rotary support ring, and a stationary seal portion includ-
ing a gland ring fixed relative to said housing and a
stationary carbide face ring fixed to said gland ring, said
gland and stationary face rings being disposed in surround-
ing relationship to said shaft and spaced radially there-
from by substantial annular clearance spaces therebetween,
sald rotary and stationary face rings defining thereon

loola




(11) AU-B-47801/90 -2-
(10) 620005

axially opposed and generally planar seal faces which are
maintained in relatively rotatable sliding engagement with
one another to create a seal radially thereacross, compris-
ing the improvement wherein a vibration dampening ring is
concentrically disposed within said rotary face ring in
surrounding relationship to said shaft, said vibration
dampening ring being constructed of carbon and fixedly
secured within said rotary face ring by means of an inter-
ference or press fit therebetween, said vibration dampening
ring having an inner diameter which is only slightly larger
than the outer diameter of said shaft to define a small
radial clearance therebetween, said vibration dampening
ring being of substantial axial extent +o function as ]
Vibration dampcr‘.
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COMMONWEALTH OF AUSTRALIA

PATENTS ACT 1952
COMPLETE SPECIFICATION

NAME & ADDRESS
OF APPLICANT:

Durametallic Corporation

2104 Factory Street

Kalamazoo Michigan

United States of America
NAME(S) OF INVENTOR(S):

Louis H. AVARD

Harry L. MASON
ADDRESS FOR SERVICE:

DAVIES & COLLISON

Patent Attorneys
1 Little Collins Street, Melbourne, 3000.

COMPLETE SPECIFICATION FOR THE INVENTION ENTITLED:

Bellows seal with vibration damper

The following statement is a full description of this invention, including the best method

of performing it known to me/us:-



£
terees
3 Q

[
¢

ree:

€ ¢t
Dtt

tece

o

Q

renfda

ceCE

<
ecce

- la -

FIELD OF THE INVENTION
This invention relates to a mechanical seal
construction, and particularly a bellows-type seal con-
struction provided with a vibration damper for cooperation
between the shaft and surrounding seal ring.
BACKGROUND OF THE INVENTION
United States Patent No. 4 261 581, assigned to
Durametallic Corporation, discloses a mechanical seal
construction employing a pair of opposed face rings which
are disposed in relatively rotatable and sliding sealing
engagement with one another. One face ring is fixedly
related relative to a surrounding housing, and the other
surrounds and is nonrotatably mounted relative to a rotat-
ing shaft. The rotating face ring is typically spaced
radially outwardly from the shaft to define a substantial
annular clearance space therebetween, and this face ring is
coupled to one end of an axially elongate bellows which
surrounds the shaft and at its other end is coupled to a
collar which is fixedly and sealingly coupled to the shaft.
This known mechanical seal construction is widely and
successfully utilized in many environments, such as the
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chemical and petrochemical industries, requiring a sealing
relationship for confining fluids, particularly corrosive
and/or high-temperature fluids.

In the known and extensively utilized mechanical seal
construction described above, the face rings are normally
and preferably constructed of a carbide material, generally
either silicon carbide or tungsten carbide, so as to both
withstand the desired operating conditions and provide a
desirable seal life. However, due to the extreme hardness
of such carbide face rings, they have necessarily been
maintained in substantial radially spaced relationship from
the zhaft so as to prevent contact therebetween due to the
mechanical vibration which exists in the conventional
mechanical seal environment, which vibration between the
face rings and the shaft occurs in numerous forms and
modes, including axial, radial and torsional vibrations.

Since such mechanical vibrations have long created
problems with respect to wear and durability of mechanical
seals, particularly those constructions involving metal
bellows, seal designers have attempted to utilize various
structural modifications in the seal construction so as to
more closely control and confine the rotating seal parts
relative to the shaft to prevent wear or failure due to
such vibration. 1In one commonly and long utilized con-
struction, the support ring for the rotating face ring is
provided with several (normally three) tabs formed inte-
grally thereon and projecting radially thereof so as to
create a very close fit with the shaft, the clearance
between these tabs and the shaft typically being a few
thousands of an inch. These tabs and their close clearance
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with the shaft are intended to provide a much closer con-
finement, at least radially, of the rotating seal parts
relative to the shaft, and hopefully minimize vibration.
The Assignee's experience with this type of vibration
dampening technique, however, through both field experience
and laboratory testing,-indicates that this vibration
dampening construction creates more problems than it
solves. For example, fretting damage between the shaft and
the vibration dampening tabs occurs due to misalignment of
the seal faces with respect to the shaft axis. Forced
vibration of the support ring back and forth (that is,
axially) also frequently results in fretting damage to the
pump shaft. This damage and the adverse loads imposed on
the support ring may be great enough to cause face separa-
tion, undesirably high leakage rates, or even hang up of
the bellows. Close clearances of the vibration dampener
tabs with tiie shaft also make the seal construction suscep-
tible to hang up due to crystals or solids forming on the
atmospheric side of the seal or thermal expansion of the
shaft irside the vibration dampener tabs. Thus, this type
of vibration dampening structure is, in many use situa-
tions, undesirable or unacceptable.

In an attempt to overcome the fretting and hang up
problems caused by a vibration damper of the aforementioned
type, mechanical seal constructions have also used a vibra-
tion damper constructed of a plastics or elastomeric
material. Such vibration damper is generally comprised of
a ring member which is axially rather thin, and which is
fixedly clampingly held between the rotating face ring and
its support ring. This elastomeric dampener ring projects
radially inwardly so as to create a close fit with the
shaft. While this elastomeric dampener ring obviously
eliminates the fretting prcblem, nevertheless it has been
observed to create other operational probléms. Far
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example, this elastomeric dampener has been observed to
hang up on the shaft and thus effectively act as a seal,
thereby interfering with proper operation of the mechanical
seal construction. The elastomeric dampener also undergoes
deterioration, particularly in view of the highly corrosive
or high temperature fluids with which seals of this type
are commonly used, and in addition the known dampeners have
been of very short axial extent and accordingly have per-
formed with only limited success.

In a very small number of use conditions, a mechanical
seal construction in provided with carbon face rings rather
than carbide face rings. Such carbon face rings are typi-
cally not used since they have a very short operational
wear life. However, in situations where they are used,
they have been constructed so as to have an inside diameter
which provides only a minimal clearance relative to the
shaft to minimize the vibration problem. While such a
carbon face ring has been observed to operate in a satis-
factory manner with respect to minimizing vibration
problems, nevertheless such is not a fair evaluation of the
overall seal construction performance, including an evalua-
tion of the vibration problem, since such carbon face ring
itself exhibits a very poor life cycle, such that the
vibration problem itself may no longer be of primary
concern. |

Accordingly, it is an object of this invention to pro-
vide an improved bellows-type mechanical seal construction
employing carbide face rings, which seal construction
overcomes many of the above-mentioned disadvantages and
operational problems.

In the improved bellows-type mechanical seal construc-
tion of this invention, the rotating carbide face ring has
a vibration damper mounted thereon, the latter preferably
being constructed as a carbon ring which is fixedly mounted
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within the carbide face ring, preferably by means of a
press fit. The carbon vibration dampener ring is of sub-
stantial axial extent, and provides a close clearance with
the shaft to effectively dampen vibrations of the rotating
seal parts while at the same time avoiding damage to or
hang up on the shaft. .

In the improved seal construction, as briefly summar-
ized above, the carbon dampener ring preferably has an
axially length which is somewhat shorter then the axial
length of the carbide face ring, the latter being support-
ingly positioned so that it has a nose part which projects
axially beyond the carbon dampener ring, with this nose
part defining thereon a seal face which slidingly contacts
an opposed seal face on the stationary face ring. This
arrangement thus prevents build up of coke and debris in or
directly adjacent the plane of the seal face.

With the improved seal construction of this invention,
a bellows-type seal is able to retain use of carbide face
rings so as to provide optimum life, and at the same time
the face ring can be desirably closely and concentrically
supported relative to the shaft by means of the interme-
diate carbon dampener ring so as to effectively dampen
vibrations and minimize problems caused by such vibration,
and at the same time the carbon dampener ring effectively
provides a long and concentric area for supporting engage-
ment with the shaft, which engagement area is effectively
self lubricating and does not create any fretting of the
shaft or hang up of the seal parts. At the same time, the
carbon ring is able to maintain the desirable and necessary
minimal clearance between the carbon dampener ring and the
shaft so as to not create a total seal at this point, and
still permit the necessary floating movement (both radial
and angular float) of the face ring as required in order to
achieve optimum seal performance.
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Other structural features, objects and purposes of the
invention will be apparent to persons familiar with seal
constructions of this general type upon reading the follow-
ing specification and inspecting the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a fragmentary axial sectional view of a
conventional bellows-type mechanical seal assenbly.

Figure 2 is an enlargsd fragmentary axial sectional
view according to the present invention.

Certain terminology will be used in the following
description for convenience in reference only, and will not
be limiting. For example, the words "upwardly", "down-
wardly", "rightwardly" and "leftwardly" will refer to
directions in the drawings to which reference is made. The
words "inwardly" and "outwardly" will refer to directions
toward and away from, respectively, the geometric center of
the seal construction and designated parts thereof. Said
terminology will include the words specifically mentioned,
derivatives thereof, and words of similar import.

DETAILED DESCRIPTION

Figure 1 illustrates a conventional bellows-type
mechanical shaft seal construction 10 associated with an
apparatus which includes a wall 11 having an opening 12
through which extends a shaft 13 rotatable about its axis
14. The wall 11 may be part of any conventional fluid
handling device, such as a pump, whereby pressurized fluid
is thus present within the apparatus and tends to escape
through the opening 12.

To prevent escape of fluid, the seal arrangement 10 is
provided for creating a sealed relationship between wall 11
and shaft 13. For this purpose, the seal arrangement 10
includes a conventional annular stuffing box or housing 16
secured to the wall 11 in surrounding relationship to the
shaft. The stuffing box defines an annular chamber 17
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which communicates with the opening 12. A conventional
throat bushing 12 is normally associated with the end of
this chamber 17 for restricting flow of pressure fluid
through the opening into the chamber.

A further annular housing element 19, commonly referred
to as a gland, is positioned directly adjacent the stuffing
box 16 and is suitably sealed thereto, as by an inter-
mediate gasket 21. A plurality of conventional threaded
fastener elements (not shown) are used for fixedly inter-
connecting the stuffing box 16 and gland 19 to the wall 11l.

An "inside" type of mechanical seal assembly 23 is
disposed within the annular chamber 17 for creating a
sealeil relationship between the shaft 13 and the gland 19,
while permitting relative rotation therebetween. The
mechanical seal assembly 23 is of the bellows type and
includes a stationary seal portion 24 which is nonrotatably
connected to the gland 19. This portion 24 includes an
annular seal member 26 (commonly referred to as a gland
insert) which is nonrotatably connected to the gland 19 by
a suitable key or pin 27. A sealing ring or gasket 28 is
provided between the gland 19 and the insert 26.

Insert 26 has an annular flange 29 which projects
axially from the inner end thereof, which flange snugly and
supportingly embraces (by means of an interference or press
fit) an annular face ring 31, which latter ring defines a
flat annular seal face 32 on the outer or exposed axial end
thereof. A suitable annular clearance 33 exists between
the insert 26 and the shaft 14 to permit unrestricted
relative rotation and angular or lateral movement or
deflection of the shaft relative to the surrounding
housing.
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The mechanical seal assembly 23 also includes a rotat-
able seal portion 34. This latter portion 34 includes an
annular cgllar 36 formed by first and second ring-like
collar members 37 and 38, respectively, which are fixedly
connected by suitable screws or the like. The collar is
fixed to the shaft 13 by any conventional means, such as a _
set screw 39. A suitable seal ring or gasket 41 is
clampingly sealed between the two collars to create a
sealed engagement with the periphery of the shaft 13.

10 Rotary seal portion 34 also includ¢s a rotatable annu-
lar seal ring 42 which surrounds the shaft 13 and has an
inner diameter which is substantial larger than the shaft
13 to permit relative lateral and/or angular movement
therebetween. The seal ring 42 has an annular flange 43
which projects axially from the outer end thereof, which
flange defines a recess in which is positioned an annular
face ring 44, the latter being fixedly mounted and sup-
ported on the seal ring by means of a press or interference
fit within the flange 43. The face ring 44 defines a

20 transverse or radial seal face 46 on the outer axial end

thereof, which face 46 is urged into rotatable slidable

. engagement with the opposed seal face 32. 'The rear face 47

of the face ring 44 is seated against a bottom surface 48

crae as defined on the seal ring 42.

0 The seal assembly 23 also includes a conventional metal

e bellows seal 22 which extends between the collar 36 aad the

" seal ring 42 for nonrotatably and sealingly joining same
together. This bellows seal 22 encircles the shaft and has
one end thereof fixedly and sealingly connected, as by

30 welding, to the collar 38, The other end of bellows seal

T 22 is fixedly and sealingly connected, as by welding, to
the seal ring 42. The bellows seal 22 is of substantially

(R4 X
¢ U
LR} €
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conventional construction and includes a plurality of
individual bellows plates, preferably of stainless steel,
suitably welded together.

The bellows seal 22 also functions as a resilient
device for normally resiliently urging the seal ring 42
toward the gland insert 26, thereby maintaining the seal
faces 32 and 46 in sealing engagement with one another.
Additicnal resilient can be provided, if necessary, by
utilization of one or more conventional coil springs posi-
tioned for cooperation between the collar 38 and the seal
ring 42.

The face rings 31 and 44 are construction of carbide,
such as tungsten carbide or silicon carbide. The rotating
face ring 44 generally has an axial extent which exceeds
its radial thickness, and the inner diameter of the ring 44
as defined by the cylindrical inner wall 49 is substan-
tially larger than the diameter of shaft 13 so that wall 49
is spaced radially a substantial distance from the shaft.

The overall seal construction illustrated in Figure 1,
including the structure and operation thereof, is conven-
tional. Reference is made to U.S. Patent Nos. 4 261 581
and 3 773 337 wherein this type of arrangement is described
in greater detail.

Considering now the improvement according to the pre-
sent invention and referring to Figure 2, the rotating
carbide face ring 44 is provided with a vibration dampening
ring 51 fixedly positioned therein. This ring 51 is dis-
posed within the inner cylindrical wall 49 of the carbide
face ring 44 by means of an interference or press fit so
that the rings 44 and 51 are fixedly joined together. The
vibration dampening ring 51 has an inner diameter or cylin-
drical wall 52 which is only slightly larger than the outer
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diameter of the shaft 13, thereby providing a diametral
clearaﬁce therebetween in the range from about .005 inch to
about .025 inch.

The dampening ring 51 is preferably constructed of
carbon and, as shown by Figure 2, is of significant axial
length. 1In fact, the ring 51 has a length which equals a
substantial majority of, but is slightly less than the
maximum axial length of the carbide face ring 44. The
carbon ring 51 has a rear face 53 which is preferably
disposed substantially flush with the rear face 47 of the
carbide face ring. The front face 54 of the ring 51,
however, is spaced axially rearwardly or inwardly from the
seal face 46 so as to prevent any buildup of debris or coke
on the carbon ring from interfering with the seal face 46.

The ring 51, on the outer diameter thereof adjacent the
front face 54, is provided with a small chamfer 56 on the
corner thereof to facilitate the pressing of the carbon
ring 51 into the carbide ring 44 from the leftward side of
the latter. The face 54 of ring 51 is preferably disposed
axially rearwardly from the seal face 46 by at least about
.006 inch.

The carbon ring 51 always iias an axial length which is
greater than its radial thickness. For example, the dimen-
sions of this carbon ring may range from an outer diameter
of about 1,20 inch having a radial thickness of about 0,25
inch and an axial length of about 0.30 inch, to an outer
diameter of about 4.78 inch having a radial thickness of
about 0.40 and an axial length of about 0.50 inch.

In operation, the improved mechanical seal construction
illustrated by Figure 2 utilizing the carbon vibration
dampening ring 51 is able to significantly minimize and
control vibration of the seal construction, particularly
the severe bellows vibration which has been observed to
develop in situations where a mechanical seal is permitted
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to run under a dry condition. At the same time, the carbon
ring 51 is able to retain sufficient radial clearance as to
not interfere or restrict the necessary radial displacement
or angular tilting of the face ring 44 so as to enable it
to always maintain a desired running conformance and sealed
engagement with the stationary face ring 31. The ring 51
itself is somewhat self-lubricating which, when coupled
with its significant axial length, prevents it from fret-
ting the shaft or hanging up. Except for the significant
improvement achieved with respect to eliminating or mini-
mizing vibrational effects, the seal construction otherwise
operates in a conventional manner.

Although a particular preferred embodiment of the
invention has been disclosed in detail for illustrative
purposes, it will be recognized that variations or
modifications of the disclosed apparatus, including the
rearrangement of parts, lie within the scope of the present
invention.,
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS.

1. A mechanical seal construction for sealina a,
shaft which is relatively rotatable with respect to gqﬂgil,
said seal construction having collar means surrounding and
nonrotatably fixed to said shaft, a rotary seal portion
disposed in surrounding relationship to the shaft and
including a rotary support ring and a rotary carbide face
ring fixed to said support ring, said rotary support and
face rings being radially spaced from said shaft to define
a substantial annular clearance therebetween, an axially
elongate metal bellows disposed in surrounding relationship
to said shaft and extending axially between said collar
means and s:.id rotary support ring, said bellows means
having one end thereof fixedly anchored to said collar
means and the other end thereof fixedly anchored to said
rotary support ring, and a stationary seal portion includ-
ing a gland ring fixed relative to said housing and a
stationary carbide face ring fixed to said gland ring, said
gland and stationary face rings being disposed in surround-
ing relationship to said shaft and spaced radially there-
from by substantial annular clearance spaces therebetween,
said rotary and stationary face rings defining thereon
axially opposed and generally planar seal faces which are
maintained in relatively rotatable sliding engagement with
one another to create a seal radially thereacross, compris-
ing the improvement wherein a vibration dampening ring is
concentrically disposed within said rotary face ring in
surrounding relationship to said shaft, said vibration
dampening ring being constructed of carbon and fixedly
secured within said rotary face ring by means of an inter-
ference or press fit therebetween, said vibration dampening
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ring having an inner diameter which is only slightly larger
than the outer diameter of said shaft to define a small
radial clearance therebetween, said vibration dampening
ring being of substantial axial extent. o fuacfion as q
Vipration dampcr‘.

2. A seal construction according to Claim 1, .wherein
said vibration dampening ring has an axial length at least
about 75 percent of the axial length of said rotary face
ring, said vibration dampening ring having an axial length
less than that of said rotary face ring.

3. A seal construction according to Claim 2, wherein
said vibration dampening ring has a front axial end face on
one end thereof which faces axially in the same direction
as the seal face on said rotary face ring, and wherein the
front axial face on said vibration dampening ring is spaced
axially rearwardly from the seal face on said rotary face
ring.

4. A seal construction according to Claim 3, wherein
said vibration dampening ring has a radial thickness which
is in the range of about 60 to about 80 percent of its
axial length.

5. A seal construction according to Claim 4, wherein
the diametrical cleirance between said shaft and said
vibration dampening ring is in the range of between about
.005 and about .025 inch.
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hereinbefore described with reference to the accompanying

drawings.
7. The steps, featur compositions and compounds
disclosed herein referred to or indicated in the

DATED this NINTH day of JANUARY 1990

Durametallic Corporation

apoeas by DAVIES & COLLISON
e M Patent Attorneys for the applicant(s)
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