;%§§§400 MECHANI CAL FACE SEALS The present invention relates to mechanical -
 .seal s. According. ‘'to one aspect of the present inve

rethani cal face seal for. providing "a  fluid tight seal 2@1&460961
pair of relatively rot at abl e conponents 05 conpri ses; a first
annul ar seal face nmenber nounted in fjxed rotational relationship and
sealed with respect to one of said conponents, said first seal face nenber
defining an inclined annular sealing face; a second annul ar seal
face nmenber mounted in fixed rotational 10 rel ationship and sealed
with respect to said other MEQHANICAL RACE ssEXIS seal face nenber
bei ng noveable axially with respect to the two conponents and defining an
i nclined annul ar seal-ing face which is opposed to the sealing face of
the first seal face nenber; a third 15 annul ar seal face nenber
di sposed betRRfePreffdt Afwention sialates @ inechanicrl fface @Al Second
seal face nenbers; and spring neans associated with the second seal face
menber to.urge it axially towards the first seal face nenber so as to

mai nt ai n opp n ac of 0 hi seal_ fac er .in
seal i ng engagenent\m4rf%éalgﬁﬁ f && eé%) °£ gﬁe f PESEERN an& SRS sa

face member gd GRifiddlyelhceNedd)C! igsd %%%dfm‘gacss ?huiBe EigRt 2pda1

second sea

~A

between a pair of relatively rotatable components

05 comprises; a first annula: seal face member mounted in
& fixed rotational re_lationéhip and sealed wjth' respect to (
one of said components, said firSt seal face member
defining an inclined annular sealing face; a second
annular seal face member mounted in fixed rotational

10 relationship and séaled with respect to said other
component, said second seal face member being moveable
axially with respect to the two components and defining an
inclined annular sealing face which is opposed to the
sealing_ face bf the first seal face member; a third

15 annular seal face member disposed between and free to

(%

rotate relative to the first and second seal face members;
and spring means associated with the sécond seal face
member to urge it axially towards the first seal face
member, so as to maintain opposed sealing faces of the
20 third seal face member in sealing engagement with sealing
facés of the first and second seal face menmbers

respectively.

The inclined sealing faces of the first and second seal



“.2- face menbers will thus exert a radial force on the third seal face L7 A

mermber, . which will *centralise the third seal face menmber and provide i
;radial  stability. Preferably the tnclined sealing faces of the firs
and second seal face 05 menbers.will be oppositely inclined and exer

an inward radial load on the third sealp face rnenber. Two such nmechani cal
face seal assenblies may be nounted coaxially of one another to provide a
doubl e seal. Preferably in a double seal of such configuration the 10
sealing faces of the first seal face nenbers are oppositely inclined, the
seali ng facesfaxfe themsecsnwiddaltliuscenenbers wadiappbertel yon nché netdiadd
each pair of sealing faces of the.axia[{¥ opposed first and second seal
face menbers s8ad ARSI ReRper nc¥hieh. will cenbrahhee the bhiecd sppdt £368l

face nenbers may be defined b§, a single annular conponent. However ,
each pair (ﬂaéﬁﬁhnda%@alPFQ ddfe and SR bii%. of PReferakby f &be

nmenber s are, preferably,. defined b epas at e anpnul ar _conponents.
Separ at e spri‘r{b&d&ﬁé ﬁﬁélbﬁgprfcﬁﬁ?fed°¥o tts?reggt[@'()st Eaahs@fc r%%%gnkaétgal
face rrerﬁﬁrs %’ﬁrtgss he,o0 se%s | i f .of .the fir eal f
menbers. 'tﬁ‘ﬁet e oul%'!lgilsea é’?eo%tyquﬁ s@ﬁggégegbové{, 5§§ﬁ§n%é‘r Iﬁgﬁrard
defined bet vepyifie RAld g S diddl GAl daARE nERRG.S: one or more
passages passing between the concentric sealling
Two such mechanical face seal assemblies may be mounted
coaxiaily of one another tb proVide é double seal.
Preferably in a double seal of such configuration the
10 sealing faces of the first seal face members are oppositely
inclined, the sealing faces of the second seal face members
are oppositely inclined and each pair of sealing faces of
the axially opposed fitst and second seal face members are

oppositely inclined.

15 The inner and outer first seal face members may be defined

_by a single annular 'component.' However, each pair of

s second seal face members and each pair of third seal face
| members  are preferably defined by separate annulér
components. . Separate spring means may be provided to urge

20 each of the second seal face members towards the opposed

sealing faces of the first seal face members.

With the double seal assembly disclosed above, a chamber is
defined between the pair of the third seal face members,

one or more passages passing between the concentric sealing



- faces of the first: or second seal face nenbers kB may-be prOV|ded '
/J this chamber, so that fluid |eaking past the.sealing faces-may be
ained fromthe chanber, or fluid may be introduced into the chanber to

B

provide a barrier and for 05 | ubri cating and/or cooling purposes. Several

embodi-ments of the invention are now-g@escribed, by way of exanple only, -
withreference to the acconmpanying draw ngs, in which: Figure 1 shows in
part section, a nechanical face seal 10 formed in accordance with the
present invention; Figure 2 shows in part section, a nodified version of
the seal shdacesn PEgutke 1;fikftd Rrgusecendhdval nf@setlmbeesem oheg” %
doubl e seal fornmed in accordance wth the present invention. ' gurer’

i | | ust rat es PXovddeshi eal thdS chamb ﬁhrcﬁ%ﬂ?ﬂﬂﬁeﬁ151§e%eﬂ&¥ﬂ&%9ﬁ%ﬁh b8 ng
10 d t b| ft 11 at . th th haf t trat :
the housi ng 520118 3495 Mag ke SFEEAE) EFPRCEhheRpaRber or OToE3R101 DAY | s
| t ed th 3; h 1 th h 2

the bore t hP%g‘H‘%Cﬁ"S‘# Ll e 1ohTnAE 2o RESYEde 150REE 18R, Bl Gorne.
housi ngs10 By, JFR3Y iNg FhEAH IH G purposes.

- Several embodiments of the invention are now described, by

way of example only, with reference to the accompanying

C

drawings, in which:
Figure 1 shows in .part section, a mechanical face seal
10 formed in accordance with the present invention;

Eigure 2 shows in part section, a modified version of the

seal shown in Figure 1l; and |

Figure 3 shows in sectional elevation a double seal formed

in accordance with the present invention, -
' N\

15 Figure 1 illustrates a mechanical face seal which provides
a seal between a houéing 10 and a rotatable shaft 11 at the
point wﬁere the shaft 11 penetrates the housing 10. A
first annular seal face member, or seat 12, is located
within a recesé 13 in the housing 10, around the periphery

200 of the bore through wﬁich the shaft 11 passes. The seat 12

is sealed tb the housing 10 by means of an elastomeric




14- Oring 14 or other conventional nethods. A sleeve nenber 15 is nnunted{5:

upon.the shaft 11 adj acent to but spaced axially fromthe housing 10 a S
gl anped thereto-by clanmping ring 16 carrying a plurality of 05 radi{ﬁ%%?ﬁ
di sposed cl anpi ng screws (not show). The sleeve 15 is sealed to the 1
11 by nmeans of elastoneric Oring 17. A second annul ar seal face nenber 18
Is slidingly located on the sleeve 15 afd=i s seal ed thereto by neans of

el astonmeric Oring 19. A plurality of axially extending 10
circunferentially spaced conpression springs 20 acting between the

clasping ring 16 .and .t [ r r e seal face nenber 18
towards the s Yl 7 1£%ngaih§rra§>nr%%§3§8ﬁ \ii lr'1{1geQ é’v?c‘e, not shown, engages
i n opposed bores in the second seal face nmenber 18 and clanping ring 15

16 to locate the second seal face menber 18 rotationally with respect to

shaft 11. The ergieé‘?e apeisEE oDl $&ahotiREEa "BPHRT tA8 BhELEr Vi dadaviehlt to
opposed nutually 1 nclined frustroconical sealing faces 24, 25. A third

annul ar seal fpe rEyHea 24xialngsi fromedkd) hdueiingen10t hendseis i wd ampedes
24, 25 and has corresponding sealing faces 22, 23 which engage the
seal i ng faces feréXo r dspectlampingndring miént sameying seal pdyraddiyenokt
therewith by neans of the axial force exerted by springs 20. The
frustrocdmicmraﬂidk&wsd24pogsdabggmpiagtsgrews (not shown). The sleeve
15 is sealed to the shaft il by means of elastomeric O-ring
17.“' A second annular seal face member 18 is slidingly
Av | located on the sleeve 15 and is sealed thereto by means of
elastomeric O-ring 19. A plurality of axially extending
10 circumferentially spaced compression springs 20 acting
between the clampiné ring 16 and the seal face member 18
urge the seal face member 18 towards the seat 12. A pin,
or similar driving device, not shown, engages in opposed
bores in the second seal face member 18 and clamping ring

15 16 to locate the second seallface member 18 rotationaily

with respect to shaft 11,

The sea£ 12 and second seal face member 18 are provided
with opposed mutually inélined frustroconical sealing faces
24, 25. A thira annular seallface member 21 is positionéd
20 between the sealing faces 24, 25 and has cofresponding
sealing faceé-zz, 23 which engage the sealing faces.24, 25
respectively and are maintained in sealing engagement
therewith by means of the axial force exerted by springs

20. The frusttqconical surfaces 24, 25 also exert an



<5- inwardly radial force on the third seal face menber.21, to centre it
th respect to said surfaces. In the seal - arrangenent described above, ,
e third seal face menber 21 floats-between the seat 12 and second seal 05
ace nenber 18 and is 'not constrained- rotationally with respect to
either the shaft 11 or housing 10. Under normal sealing conditions the
third seal face nenber 21 will tend Lg rotate with the second seal face
menber 18, due to the small amount of drag that will exist between faces 23
and 10 25. However, if for some reason, for exanple tenporary dry -,
running, friction bet ween one pai r of faces 22 and 24 or 23 and 25 becaxgt
exceptional igwhigly trheialelfirce owveERenthheaweealt Falcedaiembdr faCeSt0ul d
stop and the relative novenent woul d occur at the other pair of faces, thus
15 avoi di agnthe ékcwsthveespactt hat sabhdl dunofaeesi se occur at the high
friction surfaces. In the seal described above, the third seal face nenber .
21 may constitute the wear elenent and woul d be nade of a softer
material than the seat 12 and the second seal face 20 nmenber For
exampl e, tHRB &hf Geaéeaﬁrrﬁﬂﬁémﬁﬁﬁbe@es@llkﬁﬁn @bp¥enndehe r G%lg’ldapW@b
carbon or plLastics mater] Giypt 12 and second seal face nenber 18

|
from net al Sﬁce memb& Lo, f?@‘PF eoR: they seafyl2 econg (F83h

The Seﬁk faggcreren%)&r‘bel %y V{esf %%tnaggné) S{r%é ro?:at:.onally with _

respect to either the shaft 11 or housing 10. Under normal

O

sealing conditions the third seal face member 21 will tend
to rotate with the sécond seal face member 18, due to the
small amount of drag'that will exist between faces 23 and
10 25. However, if for some reason, for examplg temporary dry
running, friction between one pair of faces 22 ahd 24 or 23
and 25 became exceptionally high, then reiative movement
between that pair 6f faces would stop and the relative
movement would occur at the other pair of facés, thus
15. avoiding the excessive ﬁear'that wbuld otherwise occur at

the high friction surfaces.

In the seal described above, the third seal face member 21
may constitute the wear element and would Be made of a
softer material than the seat 12 and the second seal face
20 member 18. For example, the third .seal face member 21
'could be made from graphite, carbon or plasrics.material
and the seat 12 and second seal face member 18 from metal
or a sintered refractory méterial, for examplé alumina.

The seal face member 21 may however be made of similar or



.

‘harder material than the seat 12 and second seal face nenber 18. P
Nor eover., repl acedbl e wearing: faces may be provided on the seat 12
define seallng face 24 and/or on nmenber 18 to define sealing face 25. 05

in order to facilitate renoval and replacenent: of the third seal face

menber 21 when worn, this nenber may cggvgniently be split axially into a
plurality of arcuate portions. Menber 1 could then be renoved and
replaced merely be retracting the second seal face nenber 18. The
various 10 arcuate portions formng the third seal face nenber 21 wll be

- hel-d toget her nybaert hgageprials assentimd eakthel1pnveidl rdionla f eeges face
applLi ed by the conical faces 24, 25 of the seat 12 and second seal face

.menber 18. Thmembat 128and Mereovesgal réplacestler wéﬁﬁﬁng alfaeelse hay be
split axially to facilitate renoval and replacement. Wth such
constructi onsproNedpdr vinortheofsesdatl 2l X anidef iree hedall ingefdee 2bdbyandfier on
surroundi ng housing 10; alternatively these portions nay be bolted
toget her usi ngemaegedBi 50 Befise Fralppet FaAs 8b.the second seal face
menber 18 may 20 be bolted together wusing tangential bolts or a

sui tabl e clanping ring. Provided the sealing faces 22, 23, 24 and 25 are

machi ned .to a_reasqnable fj | appi ng of  the_faces is not
Og In or %er.to acfﬁktatéukeﬁ%val and replacement of the third

- seal facg member 21 when worn, this member may conveniently

be split axially into a plurality of arcuate portions.

s ~ Member 21 could then be removed and replaced merely be
retracting the second seal face member 18. The various

io arcuate portions forming the third seal face member 21 will

be held together when the seal is assembled by the inward

radial forces épplied by the conical faces 24, 25 of the

seat 12 and second seal'féce_member 18.

The seat 12 and second seal face member 18 may also be
15 split axially to facilitate removal and replacement. With
such constructioﬁs, the portions of seat 12 will be held
together by the surrounding housing 10; alternatively
these pértions may be bolted together usiﬁg ~tangential
bolts. The portions of the second seallface mémber 18 may
20 1be 'bolted together using tangentiél bolts or a suitable

clamping ring.

Provided the sealing faces 22, 23, 24 and 25 are machined

to a reasonable finish, lapping of the faces is not



necessary and a running in period could prOV|de a fluyid trght seal :
Bet ween the faces. This arrangement will al'so accommopdat e variations
TN ‘eccentrics i ntroduced, - for exanple, by shaft radial or seal housi ng*
m sal i gnnents. 05 However, where it may be necessary to accommpbdate
| arge m sal i gnnments and/ or seallng isorequired fromstart up, the faces 22,
23, 24 and 25 may be nade sem - spherlg as illustrated in Figure 2. Wth
this arrangenent the axial alignnent of the third seal face nmenber 21 mﬁth
respect to 10 "the seat 12 and second seal face nenber 18 may .

vary consi dgle@dgbary Wahae a %hhingl "EH Npak §bBY codid ! ro%?ﬁ%' g 1u1d v/

engagenent. Also as’illustrated In gure 2, an energen y sealing tace

may be provitdemhtonsédE bee%dnse\@ﬂefaaeesenbtrhil;&aﬁ%rﬂg‘%meﬁéﬁahMl_eal%ar
of the third seal face nmenber 21 reaches a certain limt or the third sea

face nember a2tommddapses, vhoiaeianpl e ias aeteenttiol achivisduwdedlanager the
energency sealing .face 26 will engage the seat 12 to provide an .
ener gency sexiampd@, by tskafibuldadisdal oirl | el athmiisind-i gusel3gnaehitsst
annul ar seal face assenbly or seat 112, is bolted to a radially extending
fl ange 05113 Homeverhe WhARPt it 1may b?enmsﬂﬁfwa bPuraggammagatsmgdrigey
spaced bolts 114.. The seat 112 is sealed to the flange 113 by neans of an
elastoner|cnéﬁﬁ%i5nments and/or sealing is required from start up, the
faces 22, 23, 24 and 25 may be made semi-spherical as
illustrated in Figure 2. With this arrangement the axial -
alignment of the third seal face member 21 with respect to \o/
10 the seat 12 and second seal face. member 18 may vary
considerably, while still maintaining full 'sealing

engagement.

Also as illustrated in Figure 2, an emergency sealing face
26 may be provided on the second seél face member 18, so
15 that when wear of the third seal face member 21 reaches a
certain limit or the third seal face member 21 collapses,
for example as a_resqlt of accidental damage, the emergency
sealing face 26 will engage the seat 12 to provide an

emergency seal.

20 | In the double seal illustrated in Figure 3, a first annular
seal face assembly or seat 112, is bolted to a 'radially
extending flange. 113 on the shaft 111, by means of a
plurality of angularly spaced bolts 114. The seat 112 is

sealed to the flange 113 by means of an elastoméric O-ring



’8- 115 or by ot her convent.ional nethods. The seat 112 defines a pair of

oppoéiteJy_inc[ined'frustfoconical sealing faces 116 and 117. A tubul ar N
support nenber 120 is bolted to the housing 110 05 by neans of a

plurality of angularly spaced bolts- 121 passing through a flange
portion 122, so that the tubular portion of support nenber 120 extends
coaxially of the shaft 111 towards the~Seat 112. The flange portion 122 of
" support nenber 120 is sealed with respect to the housing 10 110, by
means of an elastoneric Oring 123. A pair of coaxial sealing rings 124

and-125 are shidingl y, oM el QBnbUfe LOAEI NdbeABds OX #hEALeH 126CHet ines

respectively, portion of support nenber . The' rings 124
and 125 are sqpl o i bR GEpRAG Y Ui BURRP! Fr iBEDSEon 200 DY sd81 ingraaeet'
el astoneric C}riﬁg% 1% . eys 1%&-nnunted on the support nenber 1%8 engage
in axially extjgnfigpg kayr ways 128 in the sealing rings 124 and 125, so as
to permt axial but prevent rotational novenent of the rings 124 and
125 relative to the support nenber. 120. 20 A plurality of angularly
spaced axially extending grooves 130 and 131 of part circular cross
section, are [ ovibebatnsuppoott eremher ab20 ofisr ibod tEM tmdthéehpuséng 110
surface of ring 125, so that when aligned, the grooves 130 and 131 wil |
provi de |Gfcat ibgns neansa pfural iplundlieyi off aogpragdyonspaced bolts 121
-passing through a flange portion 122, so that the tubular
portion of support member 120 extends coaxially of the
N shaft 111 towards the seat 112. The flange portion 122 of
support member 120 is sealed with respect to the housing
10 | 110, by means of an elastomeric O-ring 123. A pair of
coaxial sealing rings 124 and 125 are slidingly mounted on
the internal and external surfaces respectively, of the
tubular portion of support member 120. The rings 124 and
125 are.sealed with respect to the support member 120 by
15 means of elastomeric d-rings 126. Keys 127 mounted on the
support member 120 engage in axially extending key-ways 128
in the.sealing rings 124 and 125, so as to permit axial but
prevent rotational movement _of the rings 124 and 125

relative to the support member 120.

'20 A plurality of angularly Spaced axially extending grooves
130 and 131 of part circular cross section, are provided in
the outer surface of ring 124 and the inner surface of ring
125, so that when aligned, the grdovés 130 and 131 will

provide locations for a plurality of helical compression



11 nd 125 that engage the support menber 120 and are’cl osed .at their -
“ér end, so that the springs 132 may- act between the end of" support
menber 120 and the 05 closed end of the grooves 130 and 131, to urge the
rings 124 and 125 axially towarth “the seat. 112. Al ternate grooves
130 in ring 124 and alternate grooves 131 in ring 125 are of increased

|l ength relative to the intermedi ate grooves, and the shorter grooves

130 on rjne. 4, ,8re ' Lhh .t he Jong roqQv 13 [ing |
125, so thé?-FF&g‘an acé% 'sp#?’r?gsﬁéltgiz]ggvi ;‘\’P&agyabeﬁ}geﬁﬁ?ﬁeggu%%&tsjurfe & 1260,

~and eit herg¢ hey,engls 0§ 9@VEena3q 9N ki geggé éﬂq# f \, i
ring 125. o% neltlﬁi glﬁgﬁng?? rslnﬁggz?ﬂglhgr?d 1 g\%/i’ltlwéﬁe | (?(e}[}egﬁ(#e?ﬁrhﬁe[y]f%oaded
towards thfhdeateléZoséd ARPATIiY Yot HEH | &edl, f BoSthaEORKealspraHdsha fACes
135 and 136 are provided on the ends of rings 124 and 125 respectively,
seal i ng f ansy 13xthebeagwernal tieal égphed fanduppopppaseritsed Nal2onaana@n the t he
sealing face 116 on seat 112, and sealing face 136 being axially aligned
and di5 oppokoded 2énd iafc| thet igrwovessekdld ngnaddlll twnusgat the2.rilmgmir of
third seal face nmenbers 140 and 141 are positioned between the sealing -
faces of sk 14md ankRy i mysiably arkowarsds scthe f 8eatrenbe?. 14AHtnat e pair:
of '

<§§%§;prings 132. The grooves 130 and 131 open to the surface-of the rings

grooves 130 in ring 124 and élternate grooves 131 in ring
125 are of increased length relative to the inﬁermediate
grooves, and the shorter ”grodves 130 on ring' 124 are o~
10 aligned wiéh the.lpnger grooves 131 on ring 125, so that
adjacent springs 132 will act betwéen the support'membet
120 and either the end of groove 130 in ring 124 or the end
of groove 131 in.ring 125. In this manner; rings 124 and
125 will be independently loaded towards the seat 112.
15 Oppdsitely inclined frustroconical sealing faces 135 and
| 136 are _provided on the ends of rings 124 and 125
respectively, seaiing face 135 bein§ axially aligned and of
Opposite inclination to the sealing faée 116 on seat 112,
and sealing face 136 being.axially aligned and of opposite \u)

20 inclination to sealing face 117 on seat 112.

A .pair of third seal face members 140 "and 141 are
positioned between the seaiing faces of seat 112 and rings
124 and 125, seal face member 140 having a pair .of
frustroconical séaling.faces 142 and 143 corresponding to

25 ahd engaging sgaling face 116 of seat 112 and sealing face



*frustroconical sealing faces 142 and 143 corresponding to 25 and engagi.hy
sealing face 116 of seat "112 and sealing face -10- 135 of ring 124
‘respectively. . Simlarly the seal face nenber 141 has a pair of
*frustroconical sealing faces 144 and 145 corresponding to and engagi ng
sealing face 117 of seat 112 and seaIL? face 136 of ring 125,
respectively. 05 The sealing faces 1 and 142, 143 and 135, 117 and 144,
and 145 and 136 are nmai ntained in sealing engagenent by neans of the
axial force exerted by springs 132. The frustroconi cal surfaces 116
and 135, and1B%7 epd dilfg alled ,exeespestiablyoadsinilahd yseehe f azalnefhees
140 .and 141 10 respectively to centre these wth respect: to
sald frustromembexl kil fhasesa Amiv toft Heuvetirodongetl desdriingedfaced 144
reference to Figures 1 and 2, in the.seal arrangenent described above, the
third seal faod rebberorigaspandingl tio and bengeghnghsesdianglfaces 11anat
rings-124 and 125 of the second seal face assenbly and are not constrai ned
rotational |y Sfidth }:3p&nd t eaiingr fage shiff t 01 X1MI nba%i n§esPOCtiKadY .
avoi diing .t he excessiye wear whe ne _pair. of, faces__is j ecte to
o oh ST AR AR LEREoRaceRortE 58na” 24 2y Snghdber 1LHBLATG c 144
def [ ned bet wekh ! 0§5°%Ha '358 "B i intddned in Sharind en ot by

passages 1

means of the axial force exérted by springs 132. - The
frustroconical surfaces 116 and 135, and 117 and 136 also
exert radial loads on the seal face members 140 and 141
10 respectively to <centre these with respect to 'said

frustroconical surfaces.

As with the embodiments described with reference to Figures

1l and 2, in the seal arrangement described above, the third

seal face members 140 and 141 float between the seat 112

15° and rings 124 and 125 of the second seal face assembly ahd

are not constrained rotationally with respect to either the

shaft 111 6r housing 110, thus avoiding the excessive wear

N\ when one pair of ‘faces is subjected to high friction

running conditions.

20 An annular chamber 150 is defihed between the seal face
' members 140 and 141. One or more passages 151 may be
provided through the tubular portion of support member 120

and through the housing 110, to- communicate with this

chamber 150. Where, for example, the seal is to be used to



housing 110, to comunicate wth this chanber 150. \Were, for
anple, the seal is to be used to ~separate one service on the outside
of"ring 125 and nmenber 141 from another service on the inside of ring 124
and nmenber 140, the passage 161 may sgyyve to renove any fluid which | eaks
past’ sealing faces 116 and 142, 143 and 135, 05 117 and 144 or 145
and 136, so that the fluid in one service will not be contam nated by
the fluid in the other service, even if sone | eakage does occur across the
seal i ng faceeparatét onsatsietelive di fid oxtsPI€ ofheifgall 25S an@ hfenmtiad-Lp
seal a potentially hazardous gas or vapour from 10 at nosphere, the ;
chanmber 15014hy firon | Bhodhert serwire i en |t dnsidei cdf wirdingl 324sen@ to
| ubricate and cool the sealing faces. As described wth reference to
Figures 1 member 2140ne the cp2ssagesdblt dayr crrke the remb¥es any?, flnpigd
125, 140 15  and_141 may be selected for their wear properties or nmay be
provi ded wivhighaleaksspast sexhingyfiases ahhéil apdndfidor s14dy apd of3%pl it
configuration to facilitate renoval .and replacepent and the seal ing faces
may beldf s%fr?-?dﬁir 144 9ht i ¢ ABA 1384 r §O%cohPabl Wi EJBiL i 4R, onF

oS Ot Tl St DBH B LT LR U B

6§§§;vided t hrough the tubul ar portion of support nenber 120 arid thrbugn

service,_even if some leakage does occur across the sealing
faces. Alternatively, if for example the seal is to be
used to seal a potentially hazardous gas .dr vapouf from \
10 atmosphere, the . chamber 150 may be filled with a barriér

liquid, which will also serve to lubricate and cool the

sealing faces.

As described wiﬁh reference to Figures 1 and 2 the .
materials used to prdduce the members 112, 124, 125, 140
15 and 141 may be selected for their wear properties or may be
provided with wear inserts. The various annular mémbers
may be of split configuratiqn to facilitate removal and
replacement and the sealing faces may bé of semi-spherical

rather than frustro-conical configuration.

20 various modifications may be made, without departing from
" the present invention. For example the seat 12;:112 méy be
mounted with respect to the housing 10 and the members 18;

124 and 125 mounted with respect to the shaft 11; 11l.

Moreover the members 12; 112 may also be ﬁoveable axially



nDunted W th respect to the housing 10 and the nmenbers 18; 124 and 125
mounted with respect to the shaft 11; 111. Mreover the nembers 12; 112 -

ray al so be. noveabl e axially -12- wi'th respect to the conponents.
Furthernmore, in the double seal, the sealing faces 116 and 117 of the ¢Eg
112 may be fornmed on separate rings. Wijle i n tthe enbodi nent illustrate

Figure 3, rings 124 and 05 125 are of simlar configuration, the
configutation of these rings may be varied to adjust their pressure

bal ance and hence the effect of the pressure of fluid on the inner and
outwer. seal s, sdthhatespedtertenttihe domgdinegtsf. t he i nner and outer seal face
mertaet s may be achieved or to 10 conpensate for pressure differentials
across the seal. Also the spring rates of the springs 132 acting on the
rings 124 and 125 may differ to vary the axial |oads applied to the_inner
and out er sealFyrdherRIAfr singbh ﬁné°2@le sealy3.thg gemling faces 116 and

A mechanj c face for iding a fluid tight ,seal b en
a palr of rel 25V ets & ?af%%?efignﬂﬁﬁe s ormed on' separatd rings. Wi

in the embodiment illustrated in Figure 3, rings 124 and
05 125 are of similar configuration, the configuration of
these rings may be varied to adjust their pressure balance
and hence the effect of the pressure of fluid on the inner
and outer seals, so that differential loading of ﬁhe inner
and outer seal face members may be achieved or to
10 compensate for pressure differentials across the seal. Also
the spring rates of the springs 132 acting on the rings 124
and 125 may differ to vary the axial loads appliéd to the

inner and outer seal face members 140 and 141.



conpri sing; a first annul ar seal face nenber nounted in fixed rotati-onal
ationship and sealed with respect to 05 - one of 'said conponents,

2d first seal face nenber defining an inclined annular -'sealing
ace; a second annul ar seal face nmenber nmounted in fixed rotational
relationship and sealed wth respgg- to said other conmponent, said
second seal face menber being noveable 10 axially with respect to the two
conponent s and defining an inclined annular sealing face which is opposed
to the sealing face of the first seal face nenber; a third annul ar
seal face QIAIMS disposed between and free to rotate relative togjpe
first and second seal face nenbers; 15 and spring neans associated
with the second seal face nenber to urge it axially towards the first
seal face nenber, so as tQ najntain‘ggposed sealing faces of the third sea

face menber ¥n sealidy RERRAJE A H¢% Seal FQriREEYidipg at fAuidftight and
second seal__ fac menbers 20_. _respectively. 2. A _nmechani cal face
seal accordiififl o PEYSEY Pn RAREN Phe ﬁ"‘r&ﬁt}%"e%llf ad&tadpblfe CcomPENgERES
second seal dife JINHELS, ki3 |JMAIth, 20La) B3ce® RBdl® hBlifesdh
fixed rotational relationship and sealed with respectr to
05 one of said -components, said first seal Fface member
defining an inclined annular sealing face; a second
annular seal face member mounted in fixed rotational \;J
" relationship and éealed with respect to said other
component, said- secdnd_ seal faée member being moveable
10 axially with respect to the two components and defining an
inclined annular sealing face ‘which is opposed to the
'sealing face of the first seal face membef; a third
annular seal 'face member disposed between and’ free to
rotaté relative to the first and second seal face members;
15 and spring means associated with the second seal face
_ﬁember to urge it axially towards the first seal face
:member, s0 as to -méintain opposed sealing faces of the
third seal face member in sealing engagement with sealing

faces of the first and second seal face members

20 respectively.

2. A mechanical face seal according to Claim 1 in
which the inclined faces of the first and second seal face

members exert an inward radial force on the third seal face

‘A O A



3. - A mechani cal face seal conprising a pair of seal assenblies as .7, "
clainmed.in daim1-or 2, one seal assenbly nounted coaxially of the otheg~_ ~
05 4. . A mechanical face seal -according to daim3 in which a Ci%g)
first seal face assenbly defines a. pair of oppositely inclined sealing

faces, a second seal face assenbly ddflirnes a pair of oppositely

I nclined sealing faces, each pair of axially opposed sealing faces of the
10 first and second seal face assenblies being oppositely

inclined. 5. A mechanical face seal according to Claim4 in which
the<first s®&MPEZce assenbly conprises a ring having a pair of inclined
coficentric annul ar sealing faces. > 15 6. A nechani-cal face sea

according to laim4 or 5 in which the sealing faces of the second sea

face assembly and thy tiiddheeal, | Pace SN Scahbe fE1h0°d BaiaePg Abga)

concentric Séal face nenbers. nmechani accordring to

Claim6 in gecntliieh SFPILInTnSH! 1190 EFAIT " GPr Y1 Rtk Lol O8sbUALITA

e
face nmenbers of the second seaF Pace assenbl y i ndependently - t owar ds
the first sqdunftage caax@dlly of the otherNechani cal face seal according to-

Caim6 or 7 in which the seal face nenbers of the second seal face

05 4, A mechanical face seal according to Claim 3 in
whiéh a first seal 'face assembly defines a pair of
oppositely inclined sealing faces, a second seal face
assembly defines a pair of oppositely ‘inclined sealing
faces, each pair of axially opposed sealing faces of the

ld first and second seal face assemblies being oppositely

inclined. .

5. A mechanical face seal according to Claim 4 in
which the first seal face assembly comprises a ring having

a pair of inclined concentric annular sealing faces.

o 15 6. A mechanical facé seal according to Claim 4 or 5
in which the sealing faces of the second seal face'assembly
and the third seal face members are defined by separate

concentric seal face members,

7. A mechanical face seal according to Claim 6 in
20 which separate spring means are provided to urge the seal

face members of the second seal face assembly independently

* < L M S *



enb
<§§§%pseal

|y are slidingly nmounted and sealed with respect to 05 -

t he i'nt ernal

xternal dianeters of a tubular support nenber. 9.’ A nmechdni cal.

according to Caim8 in which keys nounted on the "t ubul ar

support nenber engage in axially extending key-ways in the seal face

nmenbers of the 10

seal
axi al

out er
align
space

face

nmovenent of the seal face nenbers A nmechani cal -face sea
accordi ng t
extending 1
face nenber

seal
ed, -
d 20

second seal face-&8senbly to prevent rotation of said

nmenber s relative to the support menber while permtting

Clai,m ngul arly spaced axially

°wa6950355 £ﬁés§r8€P3e acﬁ P%ﬁ B?Kr 'surface of the inner seah

of the second seal face assenbly and the inner surface of th

face menber of the second seal face assenbly, so that when

conpression springs whic act between e en

tge Qgroovgs pekirdn AV £l éoeasuoe%é&rmgolﬁabhsgmofe acﬁagubar'y

tubul ar suppgrtynpeRetdNdsble Fosedmende®t O IHedl ¥coxdeylaly gaeeves,.
to urge the seal face nenbers of the -16- second seal face assenbly

towar ds t heabsemblyeadrd agkiasnaghpl ymouhted andAsemibanivdah fpespectl to

according to Claim10 in which alternate axially extending grooves in the

out er

86al

10

15

20

the internal and external diameters of a tubular support

member.

9. A mechanical face seal according. to Claim 8 in
which keys mounted on‘the'tubular support member engage in
axially extending key—waye in the seal face members of the
second seal face assembly to prevent rotatiqn of said seal
face members relative to the. support member while

permitting axial movement of the seal face members.

10. A mechanical face seal according to Claim 9 in
which a plurality of angularly spaced éxially extending
grooves are provided in the outer surface of the inner seal

face member of the second seal face assembly and the inner

surface of the outer seal face member of the second seal

face assembly, so that when aligned, the grooves will
provide 1locations for a plurality of angularly spaced

compression springs which will act between the end of the

tubular support member and the closed end of the axially_

extending grooves, to urge the seal face members of the

A

o/



05 face nenber of the second seal face assenbly and alternate axially .7~
ext endi ng grooves in the i'nner seal face nenber of the second seal face
assenbly are of increased length relati-ve to the internediate grooves,
shorter grooves on the outer seal f.ace nenber being aligned with the
10 grooves on the inner seal face nenber so that adjacent spring
act between the support member and the~-dfd of the shorter groove in thé~
outer seal face nenber or the shorter groove in the inner seal face nenber.
12. . A nmechani cal face seal according to any one of 15 Clainms 9 to
11 kn which the sprjng rate_of th I ANS_acti upan t.he _inper

out®r seal faé@cﬁgﬁge%§agf Fﬁgese§5§§m§22|n$§% LR serhi y dFFFErFe%g. £88¢ A
mechani cal f%%%é%%@ according to any one of Clains 4 to 12 in which the

di mensi ons .of ‘the cortcentric 20 seal face nenbers of the second seal face
assenbly differ, so that the pressure bal ance of the seal face nmenbers
differ. -17- 14. A nechanical face seal according to any one of
Caimse 3 to 143 in Wy CHeéRaR{E¥] alfacehagdel actoddfingedtdbeicwaem the in
third seal face nenbers, a passage being provided to said annul ar chanber

bet ween the sealidly) verndife avialhy éxtendimgsgroovesesh theecomtriesealy
nmeans of which

05 face member of the second seal faée assembly and alternate

axially extending grooves in the inner seal face member of

the second seal facé assembly are of increased length

—/ relative to the intermediate grooves, the shorter grooves
| on the outer seal face member being aligned'with the longer
10 | grooves on the inner seal face member so that adjacent
springs will act between the support member and the end of

the shorter groove in the outer seal faée member or the

~shorter groove in the inner seal face member.

12, " A mechanical face seal -according to any one of
15 tlaims 9 to 11 in which the spring rate of the spring means
acting upon the inner and outer seal face members of the

second seal face assembly differ.

13. A mechanical face seal according to any one of

Claims 4 to 12 in which the dimensions of the concentric
20 seal face members of the second seal face assembly differ,

so that the pressure balance of the seal face members

differ.
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uid may be renoved fromor introduced into the annul ar chamber. 15.
chani cal face seal according to any one of the precedlng clains”in”™

ch the or each third seal face 10 . nenber is nade of material
which is softer than the materials used to define the sealing faces of
the first and second seal face nenbergy. 16. A nechani cal face seal"
according to Caim15 in which the or each third seal face menber is nade
from 15 graphite, carbon or a plastics material and the first and second
seal face nenbers are made fromnetal or a sintered refractory material .

17. A Mechani caA mechasdalalacfacdi igpd amco@ﬁengf tdﬂea}myecedeng:f
clains in which the sealing faces of the first 20 - and second seal ‘5
menbers ar CHrimsed bor epBacmbwhiichseans.arifilar chAmbechais caieﬁiar&d seal
accordlng to any one of the -18- preceding clainms in which one or
nor e b@twmulﬁ?emé sgal SfAce msmbans, st ®assager H9ing of

arcuate portions, A nechani cal face seal aceording tq any one of
cFalﬁﬁld

the 05 . prRXVt |ﬁQMH%ﬂ¥tqﬂﬁmﬁﬁﬂ|hgtY%%%stBF sraldeg fFagses
nenber&sare Pftﬁéu%t %%O@fugecon é%”fuface members by means of which -

fluid may be removed from or introduced into the annular

chamber.

15. A mechanical face seal acéording to any one of the \J/
preceding claims in which the oi_ each third seal face

10 member is made of material which is softer than the °
materials used to define the sealing faces of the first and

second seal face members.

‘16. A mechanical face seal acéording to Claim 15 in

which the or each third seal. face_ member is made from
15 | graphite, carbon or a plastics material and the first and

second seal face members are made from metal or a sintered

refractory material.

17. | A mechanical face seal according to any one of the
preceding claims in which the sealing faces of the first
20 and seéond seal face members are defined by replaceable

inserts.

18, A mechanical face seal according to any one of the

B \\
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éO. . ‘A mechani cal face seal according to any one of Claims 1 to 18 in
whi ch” the sealing faces of the seal face nenbers are of seni-spherica

eonfiguratien. 10 21. A mechani al face seal according to any one g
the. preceding clainms in which an energency sealing face is provided on Be
second seal face nmenber for éngagenment w the first seal face nenber Wwhe '

wear on the third seal face nenber reaches a certain limt or the third
seal face 15 nenber collapses. 22. A mechani cal face seal
substantially as described herein, with reference to and as shown in

Figlres 1, 2 orpge@éding ELLWENYVidd wHi "She or more of the annular

members are split axially into a plurality of arcuate

portions.

19, A mechanical face seal according to any one of the
05 preceding claims in which the sealing faces of the seal

face members are of frustroconical configuration.

\_) 20. A mechanical face seal according to any one of
Claims 1 to 18 in which the sealing faces of the seal face

members are of semi-spherical configuration.

10 21. A mecﬁaniél face seal according to ény_one of the
preceding claims in which an emergency sealing face is
provided on the second seal face member for engagement with
tﬁe first seal face member when wear on the third seal face
member reaches a certain limit or the third seal face

15 member collapses.

22. A mechanical face seal substantially as described
herein, with reference to and as shown in Figures 1, 2 or 3

of the accompanying drawings.
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