
Description                                 in portions of the bellows unit
subject to higher stress- ing than in portions of the bellows  unit subject
to low- The present invention relates to mechanical face   er stressing.
Alternatively, the pitch of the convolu- seals and in particular to
mechanical face seals in   tions may remain constant while the depth of the
con- which one seal face member is secured  in fixed rota-   5   volutions
is reduced in portions of the bellows unit tional relationship and sealed
with respect to one of  subject to  higher stressing. Acombination of
variation a pair of relatively rotatable components so  that it is  in
pitch and depth may also be used to tailor the bel- movable axially  with
respect thereto, by means of a  lows unit to-operating conditions,
increasing the pitch resilient bellows unit.Such a face seal is f.i. known
to depth ratio in portions subjected to higher stressing from GB-B-2082693
(=DE-A-31 29 113).             10   and lowering the pitch to depth ratio
in portions of the With seals of this type when the bellows unit fails
bellows unit subjected to lower stressing. Preferably, due to fatigue this
normally occurs at the convolution               variation of pitch and/or
depth of the convolutions will adjacent the end by which it is rigidly
secured to the               be progress from one portion to another.
associated. component.Stressing of the bellows unit             The present
invention is applicable to welded be- results from three effects:-
15  lows units in which a series of annular disks are weld- a) axial
compression of the bellows unit by means   ed together, alternate pairs bf
disks being welded to- of which an axial load is applied to the seal face
gether  at their inner and outer peripheries, or to member urging it into
sealing engagement with a   formed bellows units in which. a thin walled
tube Is de- second seal face member associated with ,the    formed to
define a series of convolutions. other component,
20       Various embodiments of the invention 'are now b) loading due to
the pressure differential across  described, by way  example only, with
reference to the bellows unit; and                             the
accompanying   drawings in which:- c) vibrational loading.
Figure 1 shows in sectional  elevation a seal The end of the bellows unit
which is rigidly se-      formed in accordance with the present invention;
cured to the associated component must support the    25
Figure 2 shows a modification to the bellows unit rest of the bellows unit
and, is not flexibly mounted in     used in the seal illustrated in Figure
1; the same way as the other convolutions and will con- Figure 3 shows an
alternative form of bellows unit sequently be more highly
stressed,.particularly with    which may be used in the seal illustrated in
Figure regard to vibrational loading. Sressing of the  other       1; end
of the bellows unit, which is attached to the seal   30    Figurre 4 is a
variation of the bellows unit shown face member or a carrier ring for the
seal face mem-           in Figure 3; ber, could also be abo ve average.
Figure 5 is an alternative variation of he bellows The present invention
provides  a bellows unit in                      unit illustrated in Figure
3 illustrated in  Figure 3; which stresses  are   more evenly distributed.
Figure 6 illustrates a further alternative form of According to one aspect
of the present invention,   35         bellows unit which may be used in a
seal accord- a mechanical face seal includes a seal face member
ing to the present invention. which is secured in fixed rotational
relationship and     Figure  7 illustrates a variation of the bellows unit
sealed with respect to one of a pair of relatively rotat-
illustrated  in Figure 6; and able components by means of a resilient
bellows unit,             Figure 8 illustrates a  welded bellows unit
similar said bellows unit being attached at one end to the as-
40         to the  bellows unit illustrated  in Figure 7. soclated
component and at the other end to the seal                    As
illustrated in Figure 1, a mechanical face face member the seal face member
being biassed        between a rotary shaft 10 and housing 11 includes a
into sealing engagement with a second seal face      first seal face member
or seat 12 which is retained in member associated with the other component
by         a recess in the housing 11 and is sealed with respect
compression of the bellows unit, the bellows unit de-   45  thereto by
meams of the bellows  unit ,the unit de- having a pitch which is the'axial
separation between   to the shaft 10 by means of a metal bellows unit 16, a
point on one convolution and a corresponding point  The  metal  bellows
unit 16 is secured to a collar 17 on the next convolution and a depth which
is the ra-       mounted upon the shaft 10, in known  manner.The dial
separation between the extremity of the crown     50   collar 17 is sealed
with respect to the shaft by means and the extremity of the root of the
convolution, char-  of elastomeric 0-ring 18. The bellows unit 16 is se-
acterised in that a convolution in a portion of the bel-      cured to the
collar 17 in fluid tight manner by, for ex- lows unit subject to higher
stressing has a pitch which  ample, welding ,brazing, bonding with an
adhesive or is greater than  and/or a depth which is less than that
swaging. The seal face member 15 is a press fit within of   a convolution
in a portion of the bellows unit subject    55            the end of
bellows unit 16 remote from collar 17 and to lower stressing.
is sealed with respect thereto. According to one  embodiment of the present
in-                        Under normal operation  the bellows  unit 1 6 Is
vention  the pitch of the convolutions may be  greater           held under
compression so that a  sealing face  20 of 2    EP 0 395 278 B1
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the seal face member 15 is urged into  sealing en-       and pressure
differential, so that the bellows unit may gagement with face 21 of seat
12.                     be more evenly stressed than a a  conventional
bellows The metal bellows unit 16 comprises  a series of  unit with
symmetrical configuration The bellows unit convolutions 25 to 28 all of
sequal depth.The  pitch of    6 may consequently be capable of taking
greater the convolutions 25 to 28 reduce with their spacing    5   overall
stress levels without failure and still provide from the end of the bellows
unit 16 which is secured  sufficiently low face on-load for the unit to
produce a to the collar 17. Typically, if convolution 25 has a pitch  seal
while avoiding high wear rates. P, convolutlon 26 could have a pitch P x F
where F is      The bellows  design is   a compromise between a reductior
factor which is less than 1. Convolution 27   strength and spring rate, it
being necessary to provide could then have a pitch P x [err] and so on.
Other rela-  10  the required strength while maintaining a spring rate
tionships may be  used for example the pitch of each  sufficiently low, so
that the bellows unit may be cdm- convolution may be a function of the
pitch of the pro-  pressed to an extent which will allow movement of the
ceeding convolution. Furthermore variation  in pitch  seal face member 15
as the sealing faces 20 and 21 may be limited to  only part of the bellows
unit 16,for  wear, withot producing an excessive axial load example to a
single convolution at the end of the bel-  15   which would result in a
high wear rate and heat pro- lows unit 16 connected to collar 17, as
illustrated in  duction which.may lead to seal failure. Reduction of
Figure2.The bellows unitillustrated in this figure also   the strength  of
the material used to form the bellows incorporates the asymmetrical
configguration covered  unit 16 will help in this respect. The spring rate
will by GB-B-2082693.                                            also
depend upon the number of convolutions and The most  highly stressed areas
of the 'bellows   20   consequently reducing the  pitchof the  convolutions
unit 16 described  above will be  the  crowns and roots     away from the
collar 17 thereby increasing the num- of the convolutions 25. to 28. The
greater the radius  ber of convolutions will also lower the spring rate. of
the crowns  and roots the  stroger and thus more        In the alternative
form of bellows unit 40 illustrat- capable of withstanding the stresses
they  will be.   edin Figures 3,4 and 5,the pitch of the convolutions
Stressing of the bellows unit 16 illustrated in Figure 1   25   41  to  44
remains constant  but the  depth. of  the con will result from three
factors:                           volutions increases from the end  45 of
the bellows a) Axial compression of the bellows unit; this will   unit 40
which is securedto collar 17, to theend 46 to tend to close up the
convolutions thus reducing   which the seal face member 15 is.fitted.
Typically, if the radius of the  crowns and roots. This reduction  the
depth ofconvolution 41 is Cd then the depth of in the radius  will have a
greater effect on the con-   30   convolution 42 could be Cd/F where F is
the depth volutions with smaller radii and will consequently  factor which
is less  than 1. The depth of convolution be felt more towards the end of
the  bellows unit  43 could then be [err] and so on. remote from the collar
17.                                 With the bellows unit 40 stress loading
due to b) Pressure differential across the  bellows unit;  compression of
the bellows which will decrease the this acts to force apart the walls of
the convolu-   35  radius of the crowns and roots of the convolutions will
tions open to high, pressure for example in  the  be  substantially
uniform. However, stress loading due seal illustrated in  Figure 1, if high
pressure acts  to the shorter flanks and the axially stiffer convolu-
between the bellows unit 16 and housing 11, the
to vibra- pressure will force walls 30 and 31 of convolution  tional
loading. The longer flanks towards end 46 are 25 and walls 32 and 33 of
convolution 26  apart.  40   subject to less vibrational stresses   being
in effect This will increase the radius of the roots 34 and  flexibly
mounted, so this  extra  apacity used to 35 of convolutions 25 and 26
respectively thus re-                         bring the overall bellows
stiffness back down and ducing sressing of those areas. However the ra-
maintian suficiently low face load due to compres- dius of the crowns 36 an
37 will be reduced thus                           sion, within  the limits
of pressure  capacity, increasing stressing.Again this factor  will have a
45   The depth of the convolutions 41 to 44  of bellows greater effect the
smaller of the                     unit 40 may be varying the internal
diameter crowns, that is the further the convolution is     47 of the
convolutions, as illustrated in Figure 3, the away from the  collar 17.
external diameter 48 as illustrated in Figure 4, or both c) Vibrational
loading:  this has gtreatest effect  at        the internal and external
diameters 47 and 48 as illu- the end of the bellows unit 16   which is
secured   50   strated n  Figure  5. The  balance diameter of the bel- to
collar,17, this end supporting the  rest of  the  lows unit, that is the
diameter on which the axial on- bellows unit 16, the effect diminishiing
away from  load.due to pressure applied by the bellows unit 40 ef- the end
secured to the collar 17. may fetively acts on the seal face  memnber 15
may be Because  of the configuration of the bellows unit  varied as
required, in this manner. 16 used in the seal described  above, the higher
55      As illustrated in Figue 6, a  combination of in- stressing of the
convoluitons 25 and 26 adjaent the  crease in the  pitch and decrease in
the depth of the collar due to vibrational stresses, will be balanced
convolutions towards the end of the bellows unit 50 againstthe reduced
loading due to axial  compression    which is attached to collar 17,may be
used in order 3    



5         EP 0 395 278  B1                6 to reduce stressing in that
portion of the bellows unit     tached  at one end to the associated
component 50, as described above.                                    (10)
and atthe other end tothe seal face member Alternatively, as illustrated
Figure 7  the bel-    (15), the seal face member (15) being biassed lows
unit 55 may be tailored to provide substantially     into seallng
engagement with a second seal face uniform stressing throught out its
length under oper-    5   mernber (12) associated with the other compo- ,
ating conditions. This may be achieved by increasing      nent (11) by
compression of the bellows unit (16; the pitch of the convolutions in: the
more highly          40;50;55, 60),the bellows unit(16; 40; 50; 55;
stressed end portion of the bellows unit 55 while re-      60) defining a
plurality of convolutions(25-28;41- ducing the' depth of the convolutions
in the less         44), each convolution (25-28,41,44) having a
stressedcenttal portiod, provided thatthedverall' f- t0  ' pitch which lb
the'axiat'separation between a fect is to rdduce striesing in the more
highlystressed     point ori one convolution (25,28, 41-44) and a portions
of the bellows unit 55.Similarly the depth of     corresponding point on
the next convolutibn 25- the convolutions  may be reduced in the  more
highly      28;'41-44) and a  depth which is the radialsepa- stressed
portions,of the  bellows unit, while he pitch
ration between  the extremity of the crown (36,37) is increased  in the
less stressed  portions, provided   15  and the extremity of the root (34,
35)  of the con- that overall levelling of the stresses is achieved.Gen-
volution (25-28; 41-44)i: characterised in that a erally this may be
achieved by increasing the pitch to   . convolution (25; 41) in a portion
of the bellows depth ratio in the more highly stressed portions of the
unit (16; 40; 50; 55; 60) subjectto higher stressing bellows unit ..
. having  a pitch  which is greater than  and/or a While the most highly
stresed portion ofthe bel-  20     depth which is less than thatof a
convolution (28; lows unit55 will be  that end portion secured to the
44) in  portion ofthe bellows unit(16;40;50;55; shaft 10 by collar,17, the
end portion attachd to seal       60) subject to lower stressing. face
member 15  is  also liable to be more highly stressed than the central
portion of the bellows unit  2. Amechanical face seal acccrding to Claim 1
char- 55, due to reaction of the seal face member 15   25        acterised
in that the pitch to. depth ratio of the against seat 12. The pitch of the
convolutions may         convolutions (25-28; 41-44) in a portion of the
consequently  be increased and/or the depth of the         bellows unit
(16; 40;50; 55; 60) subject. to higher convolutions decreased towards both
ends of the bel-        stressing is greater than that in a portion of the
lows unit 55,, as. illustrated in Figure 7.                  ellows unit
(16; 40;50; 55; 60) subject to lower As illustrated in Fgure 8, the bellows
unit60 may   30     stressing. be a welded bellows unit formed from a
series of an- nular disks 61, alternate pairs of disks 61 being weld-  3.
Amechanical face seal according to  Claim  1 or 2 ed .,together at their
inner and outer peripheries, to    characterised in that the pitch of the
convolutions provide a series of convolutions. As described above,
(25-28) is greater in portions of the bellows  unit the pitch and/or depth
of the convolutions  may be var-  35  (16;50;55;60) subject to higer
stressing than ied, to even out stressing along the iength of the bel-
in portions of the bellows unit(16;50;55;10)sub- lows unit 60. In the
embodiment illustrated in Figure       ject to lower stressing, the depth
of the convolu- 8 a retaining ring 62 forseal face memb  15, is weld-
tions (25-28) remaining constant. ed to the end of the bellows unit 60
remote form collar 17.
40   4. A mechanical face seal according to Claim 1 or 2 The various
relationships between  the pitches         characterised in that the depth
of the  convolu- and depths of the convolutions given above are given
tions(41-44) is less in portions of the bellows unit by way of example only
and other relationships   may       (40; 50;55; 60) subject to higher
stressing than be used. While only one configuration of welded bel-
in portons of the bellows unit (40; 50; 55; 60) sub- lows unit is shown,
configurations of welded bellows    45          to lower stressing,  the
pitch remaining  con- units corresponding to  any of the embodiments illu-
stant. strated in Figures 1 to 5 are aslo covered by the pres- ent
invention.  '                                           A  mechanical face
seal according to Claim 1 or 2 characterised in that both the pitch and
,depth of 50      the convolutions are varied so that the pitch to Claims
depth ratlo' is greater in portions of the bellows unit.(50; 55; 60)
subject to higher stressing than 1. A mechanical face seal including a
seal  face             in portions of the bellows unit (50;55;60) subject
member (15) which is secured in fixed rotational        to lower stressing.
relationiship and sealed with respect toone of a 55 pair of relatively
rotatable component (10,11) by  6. A mechanical face seal  according  to
Claim 4 or 5 means of a resilient bellows unit(16;40;50;55
charactesed; in that the  depth of  the convolu- 60), said bellows unit
(16; 40;50;55;60) being at-           tions(41-44) is varied by varying the
internaldi- 4   



EP 0 395 278 B1                 6 to reduce stressing in that portion of
the bellows unit  tached at one end to the associated component 50, as
described above.                                   (10) and at the other
end tothe seal face member Alternatively, as illustrated in Figure 7 the
bel-    (15), the seal face member (15) being biassed lows unit 55 may be
tailored to provide substantially     into sealing engagement with a second
seal face uniform stressing throughout its length, under oper-   5  member
(12) associated with the other compo- ating conditions. This may be
achieved by increasing       nent (11) by compression of the bellows unit
(16; the pitch of  the convolutions in  the: more highly       40; 50; 55;
60), the bellows unit (16; 40; 50; 55; stressed end portions of the bellows
unit55 while re-    60) defining a pluralityof convolutions (25-28; 41-
ducing the depth of the convolutions in the less          44), each
convolution (25-28;,41-44) having a stressed central portion, provided that
the overall ef-  10  pitch which is the axial separation between a fect is
to reduce stressing in the more highly stressed   point on one corivolution
(25-28; 41-44) and a portions of the bellows unit 55. Similarly the depth
of   corresponding point on the next convolution (25- the convolutions may
be reduced in the more highly       28; 41-44) and a depth which is the
radial sepa- stressed portions  of the bellows unit, while the pitch
ration between the extremity of the clown (36,37) is increased in the less
stressed portions, provided   15  and the extremity of the root (34, 35) of
the con- that overall levelling of the stresses is achieved. Gen-  volution
(25-28; 41-44), characterised in that a erally this may be achieved by
increasing the pitch to    convolution (25; 41) in a portion of the bellows
depth ratio in the more highly stressed portions ofthe    unit (16; 40; 50;
55; 60) subject to higher stressing bellows unit.
having a pitch which is greater than and/or a While the most highly
stressed portion of the bel-  20  depth which is less than that of a
convolution (28; lows unit 55 will be that end portion secured to the
44) in a portion of the bellows unit (16; 40; 50; 55; shaft 10 by collar
17, the end portion attached to seal    60) subject to lower stressing.
face member  15 is  also liable to be more highly       . .          .
stressed than the central portion of the bellows unit  2. Amechanical face
seal according to Claim 1 char- 55, due to reaction of the  seal face
member 15   25      acterised in that the pitch to  depth ratio of the
against seat 12. The pitch of the convolutions may        convolutions
(25-28; 41-44) In a portion of the consequently be increasedand/or the
depth of the        bellows unit (16; 40; 50; 55; 60) subject to higher
convolutions decreased towardsboth ends of the bet-       stressing is
greater than that in a portion of the lows unit 55,.as illustrated in
Figure 7..               bellows unit (16; 40;50; 55; 60) subject to lower
As illustrated in Figure 8, the. bellows unit 60 may   30  stressing. be a
welded bellows.unit formed from a series of an- nular disks 61, alternate
pairs of disks 61 being weld-  3. A mechanical face seal according to Claim
1 or 2 ed together at their inner and outer peripheries, to
characterisedinthatthepitch of the convolutions provide a series of
convolutions. As described above,     (25-28) is greater in portions of the
bellows unit the pitch andlordepth of the convolutions may be var-  35
(16; 50; 55;.60) subject to higher stressing than led, to even out
stressing along the length of the bel-   in portionsof the bellows unit(16;
50; 55; 60) sub- lows unit 60. In the embodiment illustrated in Figure
ject to. lower stressing, the depth of the convolu- 8 a retaining ring
62.for seal face member 15, is weld-   tions.(25-28) remaining constant. ed
to the end of the bellows unit 60 remote from collar 17.
40   4. Amechanicalface seal according to Claim 1 or2 The various
relationships between the pitches         characterised.in that the depth
of  the convolu- and depths of the convolutions given above are given
tions (41-44) is less in portions of the bellows unit by way of example
only and- other  relationships may      (40; 50; 55; 60) subject to higher
stressing than be used. While only one configuration of welded bel-     in
portions of the bellows unit (40; 50; 55; 60) sub- lows unit is shown,
configurations of welded bellows   45  ject to lower stressing, the pitch
remaining con- units corresponding.to any of the embodiments illu-
stant. strated in Figures 1 to 5 are also covered by the.pres- ent
invention.                                 5. A mechanical face seal
according to Claim 1 or 2 characterised in that both the pitch and depth of
50      the convolutions are varied so that the pitch to Claims
.      .                                depth ratio is greater in portions
of the bellows unit (50; 55; 60) subject to higher stressing than 1. A
mechanical face seal including a seal face          in portions of the
bellows unit (50; 55; 60) subject member (15) which is secured in fixed
rotational      to lower stressing. relationship and sealed with respect to
one of a   55 pair of relatively rotatable components (10. 11) by  6. A
mechanical face seal according to Claim 4 or 5 means of a resilient bellows
unit (16: 40; 50; 55;   characterised in that the depth  of  the convolu-
60), said bellows unit (16; 40; 50; 55; 60) being at-  tions (41-44) is
varied by varying the internal di- 4  



ameters(47)of the convolutions(41-44)                  zugeordn eten
Bautel-(10) upd                        anueren 7. A mechanical face seal
according to Claim 4 or 5              ist, wobel.das Dichtungsflichenteil
in .Dichtungs characterised in that the depth of the convolu-
eingriff mit einem zweiten DichtflAchentill (12), tions (41 -44) is varied
by varying the external di-      das dem. anderen Bauteil (11): zigeordnet
Ist, ameter (48) of the convolutions (41-44).             durch Kompresslon
des:Faltenbalgteiles (16; 40; 50; 55; 60) gedrUicktfstj wobsi
das-FaltenbalgteiI 8. A mechanical face seal according to Claim 4 or 5
40; 50; 55; 60) 'elne  ein iungen characterised in that the depth of the
convolu-    (25-28,41-44) aufweist, yon denerijede (25-28; tions (4144) is
varied by varying both the inter-  10  41-44) esin Steigung hat, die der
axiale Abstand nal and external diameters(47, 48) of the convo-
zwischen elnem Punkt an elner Windung. (25-28; lutions (4:44).
41-44) und eAnem entsprecberiden Punktan der 9. A mechanical face seal
according to any  one of            .Tiefe hat die der radiale Abstand
iwitobeit dem the preceding claims  characterised in that the   151   a
ul'ersten Ende des Kopfes (36, 37) und dem au- pitch of. the convolutions
(25-28). increases        Bersten Ende des Fu~es-(34,35) der Windung and/or
depth of the convolutions (41-44) de-          (25-28;.41-44) ist,
dadurch.gekennzeichnet, dan creases progressively from a portion of the
bel-      sine Windung (25; 41) in elnem Abschnitt des Fal- lows unit (16;
40) subject to higher stressing to a    tenbalgteIles (16;40; 50; 55; 60),
der.einerhoheren portion of the bellows unit (16;40)subject to low-   20
Belastung ausgesetzt ist, eine;Steigung undloder er stressing.
elne Tiefe hat, die gro6er bzw. die geringoer 1t als die einerWindung (28;
.44) ineanemAbschnittdes 10. A mechanical face seal according to any one of
Flatenbalgtejiles (18; 40; 5%.55;..62),yder.ejpnr the preceding claims
characterised in that the        niedrigeren Belastung ausgeset-ist;. ;
seal face member (15) is secured to its associat-  25
.        . ad component (10) by mean of a resilient formed        2. Mec
tnische. StIrnflachendichtung  nach  An: bellows unit (1 6; 40; 50;55)
55        .       spruch 1, dadurch gkernnzeilhnet, daB das Ver- 11. A
mechanical face seal according to any one of          44) In elnem
Abschnitt des Faltpenb gtailes(16; Claims 1 to 9  characterised in that the
sealface   30   40; 50; 55,;60), dareiner hdheran Belastpng aus- member
(15)is secured  to its assiated compo-         gesetzt ist, groer istala
dasjehnige Irinearn Ab- nent (10) by means of a welded bellows unit (60).
schnitt de Faltenbalgtefle (16;.40;.5.55; 60), 12. A mechanical face seal
according to any one of          ,   . the proceding claims characterised
in that the   35   3. Mechanische.. StirnflIchendichtul9,ngnph An- pitch of
the convolutions (25-28) is greaterand/or spruch I oder .2, dadu.rch .g
ekqrtnzechnet ,daB the depth of the convolutions (41-44) is less to-
die Steignung derWindungen (25-28)ndeneiner wards the end of the bellows
unit (16; 40;50 ; 55;    h.herer Belastung .ausgesetzten Abschnitten 60)
attached to the component (10) associated          des Faltenbalgteilees
(16; 50; 55; 60. gr6Bqr ist als therewith.
40       in den elner niedrigerein EWastungavgesetzten 13. A mechanical
face seal according to any one of                            wobsi dle
Tiefqe der WVlndung eni2,5.-o  lpnatant thepreceding claims characterised
in that the         blpibt. pitch of the convolutions (25-28) is greater
and/or                 ...          ,       , ,. the depth of the
convolutions (41-44)  is less to-   45   4. Mecvhwaniseqhe
$tlrnfI~ch~endicbtg. x4a,  An- wards the end of the bellows (55,60)to
which    spru-hI oadr2, dad urch,-geisen  zeivhpet, daB the seal face
member(15) is attached.                     die Tlefe der Windungen
(4.1-44) in den emier hs - . hewen Q... B~elastung ausgesetzten.Abschnitten
des *, . . ,. -     -  ,    .'    ' .  Faltenbalgteiles (40;. 50; 55;60)
geringer-ist als in Patentanspruche   ', "o
den elner. niedrigeran Belastung. augesetzten Teilen des Faltenbalgteies
(40; 50; 55;..60),wobel 1. Mechanische .SvtihrnIha&eedichtqng  ilit einer
dle Stelgung konstant bleibt. Dichtungsfinchenteil (15% d.4.. > ezuglch.
ahes        *.   ;,          . .        ,. von elhem Pavvon relativ
zueoaaerdrelhbaren         5. Mechanische. Stirnflchendichtungi . nadh An-
Bauteilen (10, 111)jmittels~ eines elastischen Fal-  55  spruch I oder 2,
dadureh gekepnzeichntet daB tenbalgteisle (I.6; .4O50, 5;
60).dreh.fest.angq-      sowohl die Steigung ale auch dieTiefeAder WIn-
ordnetund abgedichtet ist wobei das Faltenbalg-        dungenriso geIndert
warden dada VerIhitnls teil (16; 40,560, 55; 60) an einem En endem 'ihm
Steigung zuTef ,e in den einerhbbprenepastung -  :   5      -  .-   .:  :
.  .  1.  ., <    .....  ^   . ;.:,t    .5   .;. ,:  ...  .. ..- .  E;....
,.. .....    4).~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~~ ~~~~~~~~~~~~~~I. 11111111
fil111111111111111 
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ausgesatzteni6dAbs'cfienittfM. W4 Palt'nbgteiles       (25-28)trqndlodr die
Tiefe der WindurJdn'.(.1- (50; 55;e0) grbf&e&tst a4ihd#Ngioeridrlgeren
My gogen das Endd deos FaIltihibditells 155; Bolastung ausgbsetzten;
.A'Ulbitefl: des Falten-        60), an dem das DichtuhngsfiAcenteil (15)
befe- balgteiles (50; 55; 60)'.     . ..  stigt 1st, groIerfbzw. geringer
st. -: *1                      ~~~~~~~~~5 6. Mechanisbhe
Stirnflaidendichtung  nach An- spruch 4 oder 5, dadubolt gekannzelohnet,
daB      Revendications        ., die TIefe der wA~cng'rii (41:-44) durchAn
Arider. der lnnlenrdbrchmesser (47) ear W"iddngen (41-     1. Joint
mecanique.frontal comprenpnt un element 44) geindert wird.  . .        ,
l rontat(18) de joint- qui est fix 1h-ortniOtilquoment W en position
angulaire fixe-Pr rapioprtA iun 7. Mechaniskhe Stirnflidloindichtutlg  nacl
An-           d'une palre d'organes (10-11)*qul torflent lun spruch 4 oder
5, dadurch gelconnzelchnet, dael         par rapport.6 rautre, au moyen
d'ur sodufflet glas- die Tiefe der Windungen (4144).ditch Andern
tique (:16; 40 ;:50 ; 55, ;60),, lWt4:bbffrl'(1;6; des Auftendurchmessers
(48) :dor Windungen   IS        40; 50 ;.55; 60) etant fixe par une
prerniere ex- (41-44) geflndert wird.
tr~mitA A l'organe associe (10) et par I'autre ex- tremite A riliment
frontal (15) de joint,.1 'ilment 8.. Mechanieche Stirnflachendlchtung  nach
An-            frontal (15)-de joint Atant sollicit6 pours'appliquer spruch
4 oder $, dqdurch gekennzeichnet,. dag          A joint etanche contre un
second .lmrnent frontal die Tiofe 4er. Windungen '(4j.-44) durphAndern   20
(12) de joint, assocd  A I'autre organe (11) poar sowohl des Inneht-
alsaouch desiAulNendurchmes-        compression du soufflit (16 ; 40 50 ;
50; 6Q), ..Ie sers (47, 48> der Windungen (41-44) geandert           souff
let (16; 40; 50; 55; 60) formant ure seris wird         A :        -,
.:                  4!onrsS.(25a2A8 ;'41 A 44),:,ioxPa,$2 A -. .w >    ,
i.: .,, ; ....    ,,f.,,       ; yfi ,, ........ 28-; , 41.
A44),ayantyuantpasqiqetladiat arcoaxia- 9. Machap Isoho
StirnflaiphenydOhbtung9 nach elnem    25  Ie entre un pqint d une premiere
onde (25A 28; der vorhergehendeq, Anjsifiche, dadurch ge-            4144.M
etun point-correspondant-de.onde (25 kennzeichnet, dae  die .Steigung der
Windungen         a 28; 41 A 44) suivante, t tune profondeur qul est
(25T28Q) und/oder, die eTiefe der.Windungen (41-      la distance radiale
entre l'extremite deo la- crete 44) fortschreltend von einem oinorh~ heren
Bela-  .  (36, 37) ,et extremit6 du creux (34, 35) de I'ondo stung
ausgesetzitntAbschnitt des Faltenbalgtei7  30   (25 A 28; 41 a 44),
caracterise en ce qu une onde les (1 6; 40>zu einerOi einir nldrigeren
.Belastung    (5 a 41.), situee dans, uine ptaecdyiso  ItletiB;
ausgesetzten Abschnittddes FlftenbalgteiIes (16;       40.; ,5.Q; 55 ; 60)
qui subit une pius, f.rte ontrain- 40) zunimmt bzwS abnimmt. .;
te est de plus grand pas. etou de plusfaoible pro- a.                ;.;
:;t :s ::- . .........   .-.: >. .fondeur qu'une onde (28 -; 44) situ.s
daqns une 10. Mechanische Stirnflichendichtqupg naph. elnpem    35  partle
du soufflet (16 ; 4Q ;.50, j:5,, ; 60) qt$ subit der vorhergehbenden
Ansprflciw, ;fodurch ge-           unp plus faible contrainte.       A A
kennzeichnet,4aB das.DichtungsflAchentefl (15) an selnemtihm~zugeordneten
Bauteil (19) mitteos    2. Join.t mecanique frontal seaaloia.rvendicatlon.
1, aelnes elastischen Faltenbalgteiles (16; 40;, 50;
caracthrisA en ce que le rapport entre Ieapoe at la 55) befestigt ist2
A .                40       profondeur.des andes <25 a 8 ; 41 - 44) situees
, > -,    1,,  fl 10-tS ,: ..o Mi. >.  r .dans une.partie du.soqfflet.(
14.04A0; 55. 80) 11. Mechanisqbe 9tirnfi*chendicht~ungnooheAiniem
qulsubito tne pius forte conranteestplusgrand der Anspcflohp $biq 9au4,rch
gekP  .ichnet,  -       qupedansunepsr.tiedu.soiufflet16;.40; 50.;55; daBa
das Dichtungsflphe~nteHif15.)4auns~eirnmibm       80).qui subit une plus
faibleu oontip. zugeordieten ,auteol (1.0), mittels  nes     4-.
schweUSgten Faki   tenalet,(.   o  ist. .          3. Joi nt.
maniqijefrpnital selon,,leaciidtidn I .~~~~~~ o?,-: ^ ... t , ;,
:.i:'....I':o 2, Qar~acteli~sA6 an ,ce quoeJe paesdee scond~es (25 12.
Mechanische Stirnf A&hed 6bung n      lach.einem      a 28) aSt plus grand
dans las pqrtlos du souff let der vorhergehengden AnsprFlche, ,dadurch ge-
(16 ; 500; 55; 60) qui stubissent tune plus forte kennzeIchnet, daB
diee1Stiqurg ;der Windungen   50     contrainte que dans les parties diu
soufflet (16; (25-28) und/oder d'i T6fa der Windungen (41-           50,.;
55; 60.) qui .subissentt une plus faible 44) gen das.Eddealealtinba;gtaias
(16;40';            contrainte; .a profondpurdes ondos (25 A28).re- 50; 55;
60)emdan  ifr zugej6t6gn .atau til(10)        tant cqnstante. befestigt
ist, grBer bzw goringeri ,.   .                                     ,,: .
4 f   . .  ,  56   1. Joint m6canique frontal pelon larovancIpatiqn 1 13.
Mechanische Stirnflchhndichtung noa.h. einem            Z .caracterise en
pce quo la prfondou!sjes.on- der vor~horgehenden. Anspruche,.dadurch .go
des (41: A44) est plus foible dane.lIeeparties du kennzeichoet, daft die
Stegundoer! WVndungen           soufflet (40:; 50; 55 ; 6,0) qui
subisasnttne plus 6  
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cantrant qe dn6lo Wit?~ du sqouft               13. Joint micrn~ anique
frontal, Solon.  u !oquo poue (20; 50 ; 55 ;: :Syt.dbs.t~   $&fil
e  eedttospiiets RaI               ei4e contrainto, lo peas roatant
oonitant;  .e quo Jo pasdols ondos- (25 & 28) ea0t plusgrand ott ou la
profoncdeur ds ondleS (.41   44.) eat'plus 5. Joint niicaknicjue frontal
soldn Ia reV6ndicbation 1    5  faible vers l'oxtrmimlticdu dsuff let -(55
; 60) 'A la- ou 2 caactila&  WeetwoIs p'as bt Is profndleur     quell.
l'ilmont frontal (1 5) dole jdintoat f lx6. \'  des ondoes varient dA
tojleomanlbrequo le rapport ontro lo Pa5 tiag fn~i'~iil&rn  dw los parties
duoukfflet (50 5Sr 6D0~iubsoi une plus' forte~ cdntrainte.4(o !da~n' Fe's
parties du   10 souff let (50 ; 55 ; 0) qul subissont uno plus fal- blo
coritrint.   f1...-. 0. Joint micaniqodPfrontal solon 1"i -~~i~btion 4 ou
5, caractirisA oen ce.qde la profoodoeur dos on-   15 dos (4-1
A.4,4).varleo par variation does diambtroa in- trireura (47) does-ondoes
(41 A.44).. 7. Joint micaniquie frontal selonjIa rove.ndication 4 ou 5,
carapt rsn   qu  apro deyrds on-   20
..- des (41 A.44) vane. pary yati!  du 4ie Mro  x tirleur (48) dos,
ondoes(1.'& 4.4).. 8. Joint micaniqute- fbrontallon.  rebn  jaton4
.*:~j. **... ou 5, caractiriao en 6.e qUMAIP profbndeur.dos on-   25 dos
(41 A 44) vanep par varle~n des doux diami-A tros,inieu  tetieu(4
4)de.do(1 9. Joint miCftnlquie 4ronts.eton, tire, qulpoqueA  30 des
rovendidotione vpnicidontes' ,parctinisen co qlui .l paba'es ondes 425
A.628)~croit otlou Ia prof'ondeur des; ondes (4,1  44  diroit progres~-
sivemontr dfune. par-tj du soufflot (16 ; 40) qui subit une plus fbrte
contrainte Aune partie dlu   35 soufflotA(1.6.; 40). qlui  uijn  .ls il
contrainte. ,, K-" 10. Joint micanique frontal selon uno quelconque des
rovondicatlons priciden tes, caractinis on   40 coquoel'il*nqpitfrontal
(I.S) doejoint estf1*i A l'r- gone (jy.Q)Apsoci~au,.moyen d'u  s
Iffet~ilati- quo for-imIP..; 40A;b; S .4  du. 11. Joint mh6caniquo frvntal.
solon une quoloqu    45 des rovondicatioha -1 A 9car~a~ctotis4.s oce quo
.  .                . .      .P l'iliment fronital (1 5) dojoint. et fikkA
l'organo (10) c0'rrespondai. -au ino~ dunsoufflet so- di (600). -  ,
~~~~50 12. Joigit micanique, frontal' seloil tine quelconique des
revendicatloq~, A6ni$&dert9%t e~qpca"ct&ds -en ce quo 10 pa 4ostppdos
0.28.&2$est palus.9r~Anc otlou la profpndiur dos 0ndeoak44l: AI4 atpu
foiblevera 'oxtnmit 'ibaufflot. (16 ;40; 50;   55 55; 60),qyl oat fix~elo A
ano.(10) qul lu oatas- socli. 7    


