seal s ‘and in partlcular nechanlcal face seals‘including a flexible
resilient bellows unit. 5 One form of _gechani cal face seal fdkcﬂ%ﬂMdeﬁg
a seal between a- pair -of relatlvely rotat abl e nachi ne conponent s conpri ses
a first seap~yember which is secured in a fluid- tight manner to one of
sald'conpon nts and a second seal face menber having a sealing face which

i s. urged agai nst 10 an opposed sealing face of the first seal face
menber, the secarouaRftaf agscHesimls bei ng secured to the other of said

- cohponents by nEans of a 1Texiple resilient bellows unit. In this form of
~seal, the bellows unit serves to provide a seal between.the second sea

NECHANICAL FACE SEALS The present inVéntfdnufelates to nechani cal face. ' (:i
12

face nmenber "and its associated 15 conponent and al.so to apply the axial -
| oad required tEherptesant stnvent o irlatesntsobeechanicataface . cseplkemnd
with the first seal fage menber.. In qperation, the bellows unit w.ll be

subj ected to a 3B BPE%%EPeaﬂ|W?Qh%H&q%% taceoseales ipginding Ry £4piRifent | y

not only nust the t be capable of applying the appropriate | oad
to the seal facgeﬁggﬁ ggb% %néggo be capable of withstanding the

pressure differentials to mhlch it is subjected. Furthernmore as the seal .
face nenbers wear, 25 the bellows unit nust be capabl e of extending and

provide a 3o0ad vhehforaest andchamidal @ule 'saall ifbe provigingad seal
| between a pair of relatively rotatable machine components
comprises a first seal member which is secured in a fluid-
tight manner to one of said components and a second seal
face member having ‘a sealing face which is urged against
1°i . anlopposed.sealing7face of_the-first.seal face member, the-“m'
~ second ‘seal face memberfbeing secured.to the other of said
cOmponents by means of afflexible resilient bellows unit.:
- In this form of seal, the bellows unit serves to prov1de a
.seal between the second seal face member and its assoczated
15 component and also to apply the axial load required to urge

'the second seal face member into sealing engagement with:

the first seal face member.

. In operation the bellows unit will be subjected to a
20 - pressure differential across its walls and consequently
‘not only must the bellows unit be capable of applying the
' appropriate load to the seal face members but must also be
capable of withstanding the pressure differentials to which
_ '.it is subJected Furthermore as the seal face members wear,
25 l ”the bellows unit must be capable of extending and proVide

ca load within certain limits over the life of the seal



Jhe bellows unit nust consequently be made of a material of sufficient
Jjt h and thickness to withstand the pressure differential, 'whilst® bei'ng
iently flexible to permit the required axial nmovenent duye to wear,

e 5 retaining the required axial thrust. One nethod of achieving
this is to produce a bellows unit by welding together a plurality of R
a nul ar discs, alternate pairs of discs being welded together at their 10~
i nner and outer diameters to forma series of. convol utions. The

- production of this formof bellows unit. is however a Iengthy and costly
process. Furthermore, the hydrawg i<c bal ance diameter of the wel ded
bel l ows unit varies with the pressure differential across its wall's and'15
the overall design of the bellows unit/seal face nmenber assenbly nust
accommBhet bel hows vapititmust iqensegaently beovede of sepatanial wil | functi on.

satlsfactor at all the essur dlfferentlals to whigh it is subjected.

20 R cﬁsgsi?lm g hiGKBEFEOHR WHEREtand bshef or i ng

convol | e e have the

advant Q?ﬁ % ?%fgg%gﬁgﬁy% %gnggggb fygi%§?£§1 an ﬁéfly const ant
~and COQSGBHEHEUtﬁ@er&ﬁﬁ% ra‘%ﬁtarl' %bﬁﬁénendﬁ@et&%é% wiiile/ seal face .

menber assenbly are not as great as with the melded bel'| ows unlts.J

5 retalnzng the required axlal thrust._-

One method of achlev1ng this is to produce a bellows un1t

by weldlng together a plurality of annular dlscs, -

alternate pairs of.dlscs being welded together at their
10 '_inner and outer diametersﬂto form alSefies of. ,'; o . 'ﬁ?“
| convolutions. Thesoroduction_of-this form of bellows unit

is however a'1engthy_and'costly_process, Furthermore, fhe

'h&draulic balance diameter” of the_weldeo bellowslunit

varies with the preeeure diffefentiallacross its walls and
15 . the overall design of the bellowé unit/seal face member
-assembly must. accomhodate this variation in.oraer'to

provide a seal whlch will functzon satxsfactorzly at all

the pressure d1fferent1als to whlch it is subjected.
. 20 A.cheaper methodﬁoﬁ,producing'bellows units.is by forming
convolutionS'in a thin walled tube. Bellows units of this
| type have ‘the advantage that. the "hydruallc balance ,l
d1ameter'.1s substantxally coqstant-and consequently the .
design restrictions on the bellows unit/seal-face-meﬁber

25 assegbly'are not as'great.as with the welded bellows units.




. resilient forned

-3- Unfortunately with bellows units of this type, the flexibility and (Egy
yield pressure:.requirements conflict. As a result, it has not been N\
possible to provide such a bellows units of reasonably high pressure
~capacity Wwhich 5 i's flexible enough to give the required face |oading,

- withaut being unacceptably |ong. According to the present invention, a
mechani cal\face seal for providing a seal between a pair -of relatlvely_lo
rotatabl e machi ne conponent's and which in use is subjected to a pressure -
~diffecential, conprises a first seal face menber which is securedin
fluid-tight manner to one of said conponegts and has-a sealing face, a .

. second seal .face menber having a sealing fafe which is. urged agai nst the 15
sealing face of the first seal face menber, the second seal face nmenber

h bei ng secured tgnggﬁrgﬁgggl twfa{qh QRN gﬁisbg |neg§ g%? fiﬁglble

ows u erei na ter
the second seal flagebPEIDErand widld tgiﬁé%rsueemqami—eméat@l ong1hal) o uni t
having a plurality. of convolutions, the crowns of the convol utions which
‘are directed toaardsulte htgtas)rrwsweerslpdassublehwspabvbme neael gr.eat er
radi us of curvature than the crowns.of the convol utions directed towards

_ the IOM/pressur€e§1ﬂﬁso¥n%h% gﬁngeasgpably high pressure capacity which

5 ' is flexible enough to give the required face 1oading,-_'

" :

'~ without being unacceptably long.

.According to the present invention, a mechanicai facefseal'
ifor provzding a seal between a pair of relatively ' :
10 "rotatable machine components and which 1n use is subjected."
. to a pressure differential, comprises a first seal face
member ‘which is secured 1n fluid-tight manner to one of
.said components and has a sealing face, a second seal face3
memher having a sealing face which is urged against the
15 _.sealing face of the first seal- face member, the second
".seal face member being secured to the other of said
components by means of a flexible resilient formed beilows-
h;unit (as hereinafter defined) which serves to seal the
?second seal face member. to said other component, said
20 pellows unit having a plurality of convolutions, the
crowns of thelconvolutions which are directed towards the
;_high pressure side of the seal being'of"éreater radius-of_‘
icurvature than the crowns of the convolutions directed '

;towards the low’ pressure Side of the seal. . :

-Serves to seal -



adopting a formed bellows unit of the configuration incorporated in
according to the present invention, the bellows unit ‘may be nmade of- a
thnner material than a formed bellows unit of.- conventional symretrical 5
*-configuration, which will w thstand the same pressure differential,
- .Congseguently, for a givenpressure differential, it is possible to produce ]
beltows uni't of greater flexihility, so that a forned bellows unit with C
~di mensions, pressure capacity and flexibility acceptable for a nechanical
face seal may consequently be formed -10 Conversely the bellows unit
incorporated in the seal according to the present invention having a
~flexiblitpysedppting o2t fexmed heldowscunitnef themeonfigurarioor med bel | ows,

i bl i t BYsR PenmiOnaf Syameantiginayioor ed bel | ows,
- the 11 owi BREPTRSBRERs CUL fer e, SRR LAY B8, FnteRE R ens Ben cvea by |

using rat kg pellbhe Gk imdy YehadeOWRSa. Chidder GREBEY Al @Randarected

- towards-the high pressure.side of the bellows unit to those directed.
- towar ds. t fermed beticws cumiti@fofconivent@onal gymetssicalit of 3:2 or greater.

~ However, it i referred to . use ratios from2:1 to 6:1. .The present
3 jnwﬁntion°P§f§8§FﬁE§€Pﬁtﬁ%ﬁ?ﬁ/“ﬁi} Uﬁtgfaﬁﬁ_ethe'same pressure

differential. ' Consequently, for ;'givén'pfessure :
differential. it is possible to produce é be;;cws.uﬁit of . .
greater flexibility, so that a formed bellows unit with |
dimensions, pressuré capacity and fle?ibility acceptable -
. 1fbr'a mechanical facejseal may consequently be formed. -
1o COnversely th§'Bellaﬁsqﬁnit-incorporated.in the seal
' _agcording'tO-tﬁé presént_invéntion:haying'a flexiblity
similar to ﬁh&t of a'canentional sYﬁmetrically.forméd

bellows, would have a greater preSsurg capacity.

15 Significéng.improvémenté in the flexibility or presﬁure
caﬁacity of bellows uniﬁs:may be'achiéved by using réﬁios 
. of the radii of the crowns of the convolutions directed
'towards the high pressure side of the belldws'unit to
those di:ected'tow;tdé[theylcw pressure'side.bf ﬁhe-.
20 " bellows unit of 3:2'or gre§ter. ;Hdwever,.it-is preferred'

to use ratios fram'2=1 to 6:l.

The present invention ié now aescribed by way of example |

only, with':éference to. the accomﬁahying dr&wing whidh.

. shows diaérammatically a;cross-section.qf a.m§chénica1.
23 ~ face Sgal.fbrmed in accﬁrdénge with the present'invention.



only, with reference to the acconpanying draw ng whi ch shows

di agrammatical Iy a ¢ross-section of a mechanical 25 face seal forned i
accordance with the present invention. -5 - As illustrated in the
acconpanyi ng drawi ng, a nmechani cal face seal between a rotary shaft 10 and
a. houslng dhin, for exanple, a punp assenbly, conprises a first annul ar
sedl i ng nenber or seat 12 which is retained in a recess in 5 t he housi ng
11 and is sealed thereto by neans of an elastoneric 'O -ring 13.. The
sealing face 14 of an annular seal face Sreber 15 is maintained in seallng
ccontact with seat 12 by means of 10 a formed netal bellows unit 16 which
"~ 'is secured to dmbéﬂﬂaﬁtiﬁtﬁéuﬁﬂeﬂhap@#FQﬂEﬁQYiRglﬁFﬁﬁ%ﬂﬁs 8f mgchapieal of

L nf tiatl d b 23; th t abl, f t
e e R R i Al 0 RN TR,
' fit int h b
QBEEZta:nehnfn e 03& e § gmgu |cn1gﬁ %éﬂ?ﬁ?%% o%%fé%ff %Eﬁ faC(raIng

menber 15 SerV'sra&ﬂﬁgpinaﬂsss 8xf gaae' i3 %ﬁlsﬁais haa3hel'gaNa rzéssgtbﬁr
end of the bellows unit 19.is welded to the collar 17, but nay be secured

to the coBI ar Rheampueihgr 10eand mblseamltu&wh&eyamfehmdorl ght 20
J0|nt for exanpl e swagi ng or brazing.
~ elastomeric 'p'-ring 13.

.a

:g :he sealing face l4 cf'an'annular seal face member 15 is
malntained infsealing contact with'seat lz.by means-of
10 a formed metal bellows unit 15 wh;ch is secured to a collar. 17
'lmounted upon’ shaft 10 by means of a series of c;rcumferentlally__
.spaced grub screws 23, or by other suitable fastening means, |
- and sealed thereto by 'O'—ring i8. The seal face member 15 ;
"_ 'ts~is a press fit in the end of the bellows unzt 16, an elasto---
a5 meric '0'-r1ng 20 retained in the outermost convolutlon of .
”the bellows unit 16 and face member 15 serving to produce a :
' fluid-tight seal . therebetween. The other-end~of.the bellows-_
unit 19 is welded to the collar=17 but'nay be secured to the |
':collar by any other means wh;ch will produce a flu;d—t;ght |

:fti ‘20 “.joint for example swaging or brazing._

The'metal bellows nnit 16 comprises.a series of corrugations;-
the rad;us of the crowns 21 of the corrugatzon directed -
_ _‘;.away from the shaft 10 being greater than the radius of the
:2$ "crowns 32 of the corrugatlons directed ‘towards the shaft 10

ig¥é' by a ratio of 4:1.



d metal bellows unit 16 conprises a series of corrugations, the radius of
“he crowns 21 of the corrugation directed away fromthe shaft 10 bei ng-
. greater than the radius of the 25 crowns 22 of the corrugations directed

- towards the shaft 10, 'by a ratio of 4:1. -6- The seal described above

“i's assanbled so that the bellows unit 16 is under conpression and pre | oads:
the face nenber 15 towards the seat .12 so that the sealing face 14 of the
face menber 15 is held in sealing engagenent with the seat 12. . 5 In
operation the seal is subjected te @& pressure differential across its
faces, a higher pressure region P existing on the outside-of bellows unit
16, conpared with the interior of the bellows unit. 10 This pressure

“differentjal & ates an axi al extension forc roportioQnal to the pressure -
<G 11 or eninh S9aih dsctluat] Bbeks: S7aerenSlof A1 R el ca To the

| f h 6. . As
Sonbequo AR 0 ok BoRSEbLYL TR AFL bR e Wl Hame, 72
~condi ti ong eaaﬁﬂd;actneoahhedlbeweeaaéh&ée@éaﬁ.&@%@% f@cqpgenber 15,

‘under a wi de range of operating
face member 15 is held in seal;ng engagement with the seat 12.

In operat;on the seal is subjected to a pressure d1fferent1a1
. across its faces , & hlgher pressure region P existlng -on the
outs;de of_bellows_unxt 15,.compared.w1th_the.1nterzor of
the. bellows ﬁnit;”; S ;
10 .

'-_This'pressﬁre differeﬁtiai'creetee aﬁ'axial exteneion fbrce
proportional.to-tﬁet#resshre differential. This axial force
reinforces the initial fofée.applied-to the seal face member
‘15 by the exialiy'cdmpressed-bellows unit‘ls. As a

15 consequence of this;edditional'fotce which is applied under
operative_conditiene, the iead:applied between the seat 12-

and seal face member ls,tnnderﬂa wide range of oﬁerating
conéitions,'is only just inlexcess=ef that reﬁuired to create :
an effective seal unaer the prevailing conditieﬂs. By this

20 means wear on the seal face member 15 may ‘be min;mised

-

m



conditions, is only JUSt in excess of that required to create an effectiv%@@éb/
seal undér the prevailing conditions. By this 20 neans wear on the seal

face nmenber 15 npy be m ni m sed. -7- This node of operation, is not in
.itself new . The present ‘invention lies in a novel.configuration of the

. be{LOMB untt\16 whi ch al l ows. greater control over the characteristics of’

"thé bellows unit. For exanple, in order to withstand the 5 pressure
differential to which the bellows unit is subjected, it nust be made of a .
‘material of sufficient strength and gauge e withstand the pressure without.
col 'apsing. The configuration clained herein, permts the bellows unit to

- be made of a lighter gauge material than would be necessary for a bellows

uni't of ti.onal | thstand th
oressare diTfor SRUPaPOUSTRE SSEREF I Jn Bas e LAELE; BRVr o BRE STTRGHE

bel | t of t |

bel Lo uni{ of sfRakEen2¥iak Ll o A A SORRIGCBE! Kol ob it Gpd o
conpressed to aigleaheehIgU160s Akl s Qiaﬁa%q%%ratﬁé Eﬁéﬁaéﬂefﬂé@ics of

pre-load on the face seal 1S, throughout its |
0 ~ the bellows unit. For. example, in order to withstand the
5 :pressure differential to which the bellows unit is subjecteqd,
| it must be made of a material.of suffiCient strength and -
gauge to withstand the pressure without collaps;ng. The
configuration claimed herein permits the bellows unit to :

"_be made of a lighter gauge material than would be necessary

for a bellows unit of conventional symmetrical des;gn, which c

10 IWIll withstand the ‘same pressure differential The use of
'_.lighter gauge material results in the bellows unit of greater )
axial flexibility and consequently using a bellows unit
according to this invention the bellows unit may 1nitially.
- be compressed to a greater degree and thereby provrde a
15 :'more uniform pre-load on the_face.seal 15, throughout_

_its life.

F.% - The following example illustrates the improvement in the
| _-performance of the bellows which may be achieved by the :

20 present invention.



15 pitch of the convolutxons bexng S 67 mm for the bellows

and+a wal | thickness of 0.18 nm All three units were formed with plain
radi used 5 convol utions,» the walls of. the convol uti ons being

t he acconpanying draw ng. Bellows unit A was of conventlonal .symetrical

~configuration, the radius.-of the ¢nner and outer crowns of the
_convol-uti ons-being equal and the p
. Bel L.ows |[E¥AMPLE and C were forned with the radius of-the outer crowns of -

‘tthe convgl'utions_heing twice.that o he i nner cro the 15 itch of
t he coanWGFeoH§138Wﬁ8“§ 1§ ﬁﬂ1?o?“% é d%gmﬁm\¥¥§ma£¥& ?aTennPfor the-
e o WllderTa1N 2Rk ARE' bRUSYHEL | SR Gl G TGS aN | D 2

X|a 20 force of. 300

tch of the convolutions being 7.21 nm.

control | 80 Sxi &l 'di Splacenen rve an I ni

Newt ons :jmnd¢! h@.‘éﬁ:e‘t@'rt o£As3Ng2 Bhuﬁxgﬁ@'ie@alsl mﬂﬁkdgs‘isw ®.18
mm. All three units were formed w1th plaln radlused
5 o onvolutions, the walls of. the convolutzons being |
| . substantzallyltransverse to the.axls of'the bellows unit,

as illustrated in the accompanying drawing.

' Bellows unlt A was of convent1onal symmetrical

'g 10 -'conflguratxon, the rad;us of the inner and outer crowns of

the convolut;ons-belng equal and the pztch of the
convolutlons be1ng 7.21 mm. Bellows units B and C were
formed w1th the rad1us of the outer crowns of the_

convolutxons being tw1ce that of the 1nner crowns, the
: _un;t B, and 7 1 mm for the bellows unit C.

When these bellows units were pre-compressed wzth a

controlled axial displacement, to give an init1al axial

'l 20 - force of 300 Newtons :—

Bellows units A and B exhibited similar pressure e
capac;ty but bellows unit B showed a 45% 1mprovement in

P flexzbilzty over bellows unit A. and
25 ' '

following - exanple illustrates' the inprovenent in the perfornmanee-of
bel |l ows, which nay be achieved by the 20 present inventi-on. T-8-.
) LE Three bellows units A, B and C were fornmed fromthe same material,
edgch having an outer dianeter of 66.58 nm an inner dianmeter of 53.42 mm °

;;3
'_substantlally transverse to the axis of the bellows unit, as |IIustrated in
10

wy



"~ capacity but. bellows unit B showed a 45% i nprovenent in flexibility ove(iééi)
- bellows-unit A; and 25 -9- Bellows units A and C exhibited simlar g
fleX|b|I|t|es but bellows unit C showed a 31% i nprovement in pressure
capacity over ‘bellows unit A - As illustrated in the above exanple, the
bel | ows Aits incorporated in the seal in accordance with the present
|hvent|02. ;may exhibit: inproved flexibility, in which case the bellows
uni t may be shortened or used to provide a seal with greater wear
~allowance; or inproved pressure capacity;9as conpared to simlar
' cbnventional_belloms 10-units of synnetrlcal configuration. Alternatively,

“‘the bel | ows. units BektPYH WHE s Acabd Ci pxlihitad rﬂé'}‘iﬂérdééﬁgﬁbﬁl%biﬁ.ve
B boy, f | t tim sine
i mprovements in tb"?l |'Bih:| Eyﬁﬁ?ﬁq e %éﬁﬁ?&e%grﬁr?ﬁu

- these. |nprovenents I'n accordance wt € par e 15

nmechani cal face seedpadity @verndiioest weis zmay be made without departing
. fromthe invention, for exanple where the seal is .to be sub- jected to high
pressure on the inside of the bellows unit, 20 the radii of the crowns of

the ConVO|Ut'onﬁsaifiﬁégg%.%SQin the above example, the bellows units

incorporated in the seal’ 'in accordance with the present -
linvention. may exhibits: improved flexibility. in which
‘case the bellows unit may_be shortened or used to provide_u‘
a seal with'greater'wear;allowance: or improved pressure
-capacity:'as-compared to similar conventional bellows
: lO‘ units of symmetriCal\configurationf” Alternatively, the
. bellows units used in the present-invention may be : =
'-designed to give improvementa in both" the flexibility and
pressure capacity. optimising these improvements in
- accordance with the particular requirement for’ the

15. 'Vmechanical face seal.

Various~modifications‘may be made without departing from
- the invention, for example where the-: seal is to be sub-
.a'Jected to high pressure on the inside of the bellows unit,

20;' the radii of the crowns of the convolutions are reversed.

'_Asfexplained‘above; thel”hydraulic:balance-diameter"'of'the_
_formedbbellowseincorporated'in-seals'according to tbe'present
invention; is. substantially constant, and while the seal face
o .member associated with the bellows unit must be designed to'
25'_ give a balanced seal, there is no need for the relatively

-jcomplex

R




r.porated in seals according to the present invention, i's substanti‘ally
_c- stant, and while the seal face menber associated with the bellows unit
nmust be deS|gned to 25 give a bal anced seal,. there is no need for.the .
. relattvely conpl ex -10- design of retalnlng ring arrangenents which are
necessary to conpensate for the variation.in “hydraulic bal ance diam eter"
~which are experienced with the wel ded bel |l ows. The seal . face menber 15 may
consequently be a push-fit into % 10 the end of the bellows unit 16 as
described above. -Wiile in the above description an '0'-ring is used to
“forma seal’ bet ween the bellows unit and the seal, face nenber, this may be
di spensed with if the fit between the seal face nenber and bellows unit is
~ good enodiffign pfosetainipguringi grrangenents Whigh angmacessaasr to |

- accommodat e manufacturing tol er- ances a, layer of a s |table sealant may. be

appl i eg ttf?eF@’“Pr?é’F\ﬁé@nf; AP KaF 95%9’%*1% IhATARY Jt‘I'F? A3AM- may be-
1 t t
5 S Al S EHALBE8 d VOPL AERET B

*1necessaﬁsédl face member 15 may consequently be a push-fit into

pr ai ned above, the " hytdE aul.i ¢ bal ance.di.ameter” :of the.for med bel.lows
0

5 the end of the bellows unit 16 as described above. While
in the above description an 'O'-ring is used to form a seal
between the bellows unit and the. seal face member this may
be diSpensed with if the fit between the seal face ‘member
-and bellows unit is good enough to produce a fluid-tight
0 joint however in order to accommodate manufacturing toler-
.;ances a layer of a.suitable sealant nay be applied there- |
between.. Alternatively the end of the bellows unit mag be
tapered'outwardlyjand the:outer surface'of the'seal'face.
" member correspondingly tapered. | | -
15 _ . _
_With these forms of press-fit joint it is necessary to
have some means of axial location of the seal face member
with respect to the bellows unit. This may be achieved by
_ .butting the seal face member up to the wall of the first
20-"_corrugation of the bellows unit, as shown in the accompanying
drawing. With this arrangement however, the seal face member
o interferes with the flexing of the first corrugation of the
1bellows thus reducinq the’ overall flexibility ‘of the bellows.
_,'_It is therefore desirable to. separate the seal face member |
25 ' from the wall of the first corrugation and an abutment may

'be provided on the end portion of the bellows unit, for this

‘lll

€



have sone neans of axial iocation of the'seal face nember with respect f£q. -

the belkows unit. *This nay be.achi eved by buttlng the seal face nenbe

up'to the wall - of the first 20 corrugati-on of ‘the bellows unit, as shown
in the acconpanying * .drawing. Wth this arrangenment however, the seal
face nenbe& |nterferes with the flexing of the first corrugatlon of the -

" ‘be¥l ows thus’ reduci ng the overall erX|b|I|ty of the bellows. It is

therefore desirable to.separate the seal }ige menber 25 fromthe wall of

the first corrugation, and an abutnent . fa

€ provided on the end portion

of the-bellows unit, for this - 11 - purpose - While the press-fit

-:.J0|nts descri bed above areé particularly ‘suitable for face menbers 15 nade

-~ of fragile nate;galg #ch 5 as-carbon, alternatively. the carbon seal
face nenber \

may  be connected by swagi ng, brazing or welding, Swaging may al so be used
- to connect the bellows directly to the. seal face nenber, where the seal

- face nmenber is mibtlefthe hpresd<fit jqﬁnta'H&BcrébhdasbeVGtQwempan#iﬂularly
car bi de ‘or

speci fication. cosuitabke fer fage mambess d5nBRAehPE ﬁﬁﬁﬁi}ﬁdT?FﬁFlﬁﬁmﬂFuch

‘Bel | ows ugl

a SUItam

10

15

- 20

‘25

e retained in a netal ring, to which the bellows unit

nitride.. The term"forned bellows unit" used in this

R
be retained in a metal ring, to which the bellows unit may
be: connected by swaging, braZing or welding. 8waging may

.:-also be used to connect the bellows directly to the seal
-face member where the seal face member is made of a hard

"material Such as Sintered metal carbide or nitride._'

"ﬂhe'term'"formed bellows unit" used in this_specification
:'_cowers'any bellows'unit of monolithic'construction' such'.
bellows units are conveniently formed from a tubular metal
blank, by a suitable forming process for example rolling
or blowing. However ‘the bellows unit may be made from other-
"'flexible resilient materials “for example rigid plastics )
such as polytetrofluoroethylenes. Such units may be made
by methods similar to those used to make metal bellows units_
'or by other suitable methods for example machining -or |
"where suitable direct moulding. ] ' '

Furthermore the bellows unit‘may be of multi-ply construc-_
”_tion and where for- example it 1s necessary in order to
_prevent corrosion of a metal bellows unit at least one

, surface of. the metal bell oS may be" covered w:.th a non—-



W ng.  However the bell ows unit nay'be made from other flexible
ent materials, for exanple rigid.plastics such as :
-pol yYetrof |l uoroet hyl enes. Such units may be nade by nethods S|nllar to

t hose used to make netal bellows units 20 or by other suitable nethods'

fof-exanpl e, machining or where suitable direct moul ding. Furthernore the

bellows unit may be of multi-ply construc- tion and where for exanple, it .

~a
.

12

is necessary in order to 25 prevent corrosion of a netal bellows .unit,
at | east one surface of the metal ygel | ow may be covered with a non- 5
- - nmetallic material. In the enbodi ment described above, the walls of the
“convol utions of the bell.ows- unit are parallel,, variations 5 inthe, -

"characteristics of the bellows unit may be achieved by altering the

conf i guretd i materisdl. s bet ween the. crowns of the convol utions, and, :for

exanpl e, the walls may be continuously curved between the crowns of the: .-
convolutions to forma re-entrant configuration. 10 - 13 S

In the embodiment described above,. the walls of the
convolut;ons of the bellows unit are parallel, varzatlons
_5 in the characteristlcs of the bellows unit may be achleved
by alter;ng the conf;guratlon of the walls between the
crowns of the convolut;ons 'and for example, ‘the walls |
mnay be contlnuously curved between the crowns of the

_ convolutzons to form a re—entrant configuration.
lo - . . :

i7



CLAIMS 1. A nechanical face seal for providing a seal between a pair of
rel atively rotatabl & machi ne c0npoﬁen%sssangkﬂg+gga£2‘use are subj ected Yon .
a pressure differential, conpr|5|ng i rst sea menber which is f
secured-in fluri d-tight 5 ' nE!I’ mm b d conponents and has a
seal ing fage a second seal face me M”M@Egl i ng face which is ,
urgéd agai nst the sealing face of the f|r§t dealk e nenber, the-second -
seal face nenber being secured-to.the other of said conponents by. neans of
aflexible resilient 10 - fornmed bel l'owd3umit (as herei nbefore-defined)
whi ch serves to seal the second seal face nenber to said other conponent,

- said bellows unit having a plurality of convolutions, the crowns. of the

. convol utions wiigh@fse directed towards the high pressure side of the seal
bei ng 15 gﬁgbreater radi us .of curvature than the cromns'of the '
canvol utions directed tgwards t he |OM/¥£€SSUF€ si,de of the

ea
mechani cal face kedt MECRARAFARY FacelS¢ J???\Rﬁﬂ?ﬂ?ﬁﬂﬁéaQGeai betVﬁ??oao?air
the radii of the cr f.th n ons ect ed to
rostart side of 1 A% DRIREHkETy PORLILL Warhdri ERbRAAES, B8, Bhh 1
:,pressure si de of t%%ebﬁkboﬂﬁbﬂahﬁed'ﬁoaé ﬂfﬁﬁgurﬁzélfferenkial comprlslng'

a first seal face member which is secured in fluld-tlght

5 manner to one of said componeﬁts and has a sealing face,
o 'a_second seal face member having a sealing_face.which is
| urged agaihst the sealing face of the first seal face
'-:member the second seal face member being secured to the
i other of said components by ‘means of a flex;ble resil;ent‘I
10 | formed bellows unit (as hereinbefore deflned) which serves_
| | -to seal the second seal face member to said other
’-component sazd bellows unit hav;ng a plurallty of
convolutions, the crowns of the.convolutlons which are
directed towards the high pressore side:of the seal being
15__.i' ' of greater radius of curvature than the crowns of the:;
| cohvolutions directed towsrds_the low_pressure‘side.of

‘the seal.

_ 2.7A.mecbanicallface seal accordihg to Claim 1l in which the._
oA 20_‘” : ratio-of'the radii‘of the crowns of the convolutions
directed towards the hlgh pressure szde of. the bellows
un;t to those directed towards the low pressure s:de of

. the bellows unit, is et least 3:2,



¥

is of multi="pl'y COnSLT Uctl on

.. A nechani cal face seal according to Caim1l in which the ratio of the :

ij of the crowns of tﬁgﬁfggnggLLgﬂs_dLLected towards the high-pressure

dg -of the bellows unit 0Se directed towards the | ow pressure side
Ahe unit, is from2:1 “gﬂnfnlcal face seal ‘accordi,ng to any.
oneof the ClalmslSln m@‘ m the convol utions of the beIIOV\@
uni t. are parallel when th oms #nif iS unstressed.. 10 5. A :
mechani cal face seal according to any one of the Claims 1-3 in which the
wal | s of the convolutions of the beBkows unit are curvedwhen the bell ows
unit is unstressed. 6. A nechanical face seal according to any one of the

preceding Cains in which the bellows unit is made of 15 netal. 7. A

nechani cal face .seal accordin to an ne of the C 1-5 in which the
bel | ows 3nid MEChARfE ) 28 & pP&§¥F§%nﬁaF‘ér?£?lm%n§‘ whifhhani cal face

seal acoordng L4 AN ON8 OL NG BEesed 0oGha UB Ll Whlh A el [ovs unit

R FRENSHPY ace sea I'ng to any

one of the gb Ak qB i ; S rber. s
apush- 111 ShSHe g AR R Ry Zon! BrlBbbe! bEas o6 ehe w1

unit to those directed towards the low pressure side of

i )

.5 ~ the unit, is.from 2:1 to 6:1.

4., A mechenical'face seal. according to any one of the c1a1ms
21-3 in which the walls of the convolutions of the :
bellows unit are parallel, when thefbellows unit is unstressed.
' ”10' 5. A mechanical fece'seai'accotding to eoy one of the Claims
1-3 in which the walls of the convolutions of the

bellows unit are curved when the bellows unit is unstressed

6. A mechanical face sealsaccording to.any'one of the

preceding Claims in which the bellows uhit is made of

12 lmetal.
7. A mechsnical face~sea1.accordiog to any-one of the Claims |
1-5 in which the bellows unit is made of a rigid plastics :
" material. : o <
20 |
" 8. A mechanical face seal sccording to any one of the #
preceding Claims. in which the bellows unit is of multi-
'-ply construction.
9. A mechanical face seal according to any one of the
25 preceding Claims in vhich the second seal face member

is a push-fit in the ‘end of the bellows unit._




- 15 - 10. A nechanical face seal according to Caim9 in which an .
abut ment* is provided in the end porl%Qﬂ_gi_th_DELLoms-unit, sai d abut nept «
bei ng spaged fromthe corrugations of the bellows unit and acting to | ocfat
5. -~ the second seal face menb u&“ﬂgﬂ“l“ﬂ the end portion of
the béllo nit. 11. A nechanical ;““““n ng to any one of the
CP<i ms 1-8i.n which the second seal facetnehbet i% I"ocated in a.retaining
ring which is secured to the 10 bellows unit in a fluid-tight
manner. 12. A nechanical face seal accordid§ #0 Claim 11 in which the end

portibn of the bel l ows unit is swaged, brazed or wel ded to the retaining .
ring. 15 -A nmechani cal face seal accordlng to any .one of the -Clains
q.

'1-8.in which thelgeccﬂld“%‘%'%ﬁmlcééefﬁﬁﬁbéf‘aisaﬁﬁ RO AR Paridy Myichnd
-the end portion of the b Iloms unit _is e rectly onto the face
nmenber. 14. A mechaniThl ‘b&e%eg‘ﬁ PSPVE@B@' gf‘n g P ?feti’&ﬁé}ar?fs%
‘pair -of relatively r i hi ﬁ#ﬁ?
subjected to a press?r%%%fé&g%t [ (%? gggggﬁ{l?aﬁgn%%%crl herei.n
with reference to, ansbugtdvns B the BerLHWINYhIE @H&vadang to locate

5 the second seal face member axially within the end

-portlon of the bellows unit.

11, A mechanical face seal according to any one of the
c1ains 1-8 in which fhe second seal'face member is -
located in a retalnzng ring Wthh is secured to the

10 L 'bellows unit 1n a flu;d-tight manner. - S re

12, A mechanical face seal.acccrding to Claim 11 in which.
“the end pertion of gne.hellows unit is swaged, brazed

or welded to the retaining ring.

15 '13.'_Aumechanical face seal according to any one of the
Claims 1-8 in which the second aeal'face member is nade
from a hard material and the end port;on of the bellows

ﬂunit is swaged directly onto the seal face member.

4. A nechanical face seal for providing a seal between a

RTAT I

- 20 - pair of'relatively rotatable nachine'components and
~which in use is subjected'to-a pressure differential,
. substantially as described here;n with reference to,

and as shown in the accompanying drawing.



15 A nechani cal face seal for provi di ng the-SeaI-betmeen a pair: Qf
3kl vel y rotatable nmachi ne conponents.-and which in use i's subjected to a
re differential, inéTUaTﬁﬁ“a“béTTUms—uﬁ1t substantially 5

| ..assgescri bed herein as beII of the Exanple. The text of the
' spectti cati on has been repr ,m, pying the applicants original v

typescript. . It may contaih & em/a ts which are difficult t.o read.
The original typescript contalnlng t hese anendnents may be |nspected on the
-premi ses of the Patent Office — _ 34 _

15, a mechanical face seal for préviding'the'seal
between a pair of relativeiy-rotatable machine
coﬁponents, and which in use is subjected to a pressure
differential, including a bellows unit sﬁbstantially
as descfibed'herein:as.bellowé units B or C of the
Example. | | | |

ho taxt of the specificstion has been reproduced by photacopyl.ng the cants oaam
mcse:tp.. It may comtain a few anendments which ave difficalt to -u;.“u The original
tmac:ipt ccntlining these lm:hmts ney be inspected on the premises of the Patent Office -
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