DIAPHRAGM BELLOWS

The invention relates to a diaphragm bellows haamdurality of diaphragms with outer
edges and inner edges, wherein diaphragms thatwf@he another in the direction of the central
longitudinal axis of the diaphragm bellows are veeldogether alternately in the region of their

inner edges and in the region of their outer edges.

Diaphragm bellows are generally used as a flexdblagling element in order to separate
different pressure regions in an application. Thdigphragm bellows are used for example for
vacuum lead-throughs of vacuum valves, whereindiaphragm bellows encloses the drive rod
of the valve and separates the vacuum region flwmatmosphere region when the valve is
opened and closed. In addition to applications yacuum lead-throughs for introducing
movement into the vacuum, diaphragm bellows camdezl for example as compensators for
absorbing thermal expansions or assembly toleradctsther application consists for example
in vibration decoupling in a vacuum system, for rapée between a vacuum pump and a
measuring instrument.

Diaphragm bellows consist of diaphragms that aré&lecketogether alternately at their
outer and inner edges. During production, firsalbfliaphragm pairs are welded together at their
inner edges and subsequently the diaphragm parareeinged alongside one another in a row
and are welded together at their outer edges. With diaphragm bellows, travel in an axial

and/or lateral and/or angular direction is possible

In addition to diaphragm bellows, corrugated beoare known, in which tubes are
deformed in a bellows-like manner, with the resthiat movability is achieved. Specific
configurations of corrugated bellows can be gathdoe example from US 4,650,160 A and
GB 2 062 132 A.

When diaphragm bellows are used, pressure diffesensually arise between the interior

and the outer side of the diaphragm bellows, whettee pressure inside the diaphragm bellows
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can be lower or higher than the pressure outsidadiiphragm bellows. Due to such pressure
differences (in particular when a higher pressurvails inside the diaphragm bellows than
outside the diaphragm bellows) and/or as a redugtavitational force, it is possible, due to the
low side rigidity of the diaphragm bellows, for datl buckling of the diaphragm bellows to
occur to a greater or lesser extent when the degphrbellows is sufficiently long. For example,
as a result, the diaphragm bellows can come to &gainst a rod (e.g. drive rod of a vacuum
valve) extending through the inner through-openmthe diaphragm bellows, in regions of the
welds of the inner edges of the diaphragm. In treneof the rod moving, the inner edges of the
diaphragm thus rub against the rod, and this canltrén wear to the weld seams between the
inner edges of the diaphragms, with the result thatstrength of these weld seams can be

impaired over time and leaks can occur.

Therefore, guide parts for guiding the diaphragriolass in the central regions of its
longitudinal extent have already been used. Sudimphragm bellows can be gathered from
US 2002/0175480 Al. This document discloses sligmigance rings, arranged inside the
diaphragm bellows, for guidance on the outer serfaica rod which passes through the inner
through-opening through the diaphragm bellows. Ehéing-guidance rings have outwardly
protruding protuberances which project into thecsphetween adjacent diaphragms of the
diaphragm bellows and fix the sliding-guidance ringa form-fitting manner with respect to
movement in an axial direction of the diaphragmdved. The inner edges of the two diaphragms,
between which each sliding-guidance ring is ret@imest against the outer lateral surface of the
sliding-guidance ring. In the compressed statehef diaphragm bellows, the inner edges of

adjacent diaphragms are also arranged over the lateeal surface of the sliding-guidance ring.

In the case of the diaphragm bellows known from2Z08 363 518 U, a solid support ring
is welded in place between two portions of the kdiagm bellows.

JP 2013221596 A describes a bellows having guidmbees configured in a scissors-

like manner. This is a complicated structure.

US 4,183,289 A discloses a bellows having a defaceestricting extension.
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It is the object of the invention to provide a disggm bellows of the type mentioned at
the beginning, by way of which advantageous guidariche diaphragm bellows with respect to
lateral buckling is allowed. According to the intien, this object is achieved by a diaphragm

bellows having the features of claim 1.

The sliding-guidance device according to the inmenhas at least two ring parts which
each extend through less than 180° in the circuental direction about the longitudinal axis of
the diaphragm bellows (=with respect to the potagla@ of cylindrical coordinates, the z-axis of
which coincides with the longitudinal axis of theghragm bellows). The ring parts each have a
guide portion and a holding portion protruding frahe guide portion in the direction of the
longitudinal axis. The holding portion projects igly from the outside into an intermediate
space which is located between two adjacent digpmsavhich are welded together in the region
of their inner edges. The guide portion extendsatgdoutside these two adjacent diaphragms
between which the holding portion projects. Thedguportion has a guide face directed away
from the longitudinal axis of the diaphragm bellowsis guide face serves for sliding guidance
on the inner surface of a tube surrounding the ladegm bellows at least along a part of its

longitudinal extent (=the extent of the diaphragelidws in the direction of its longitudinal axis).

The ring parts can thus be plugged easily into itltermediate space between two
adjacent diaphragms from the outer side of thehdleagm bellows, wherein a snap connection is
advantageously formed between each ring part amdidphragms between which the ring part
is plugged. The manner in which such a snap commmectn be formed is explained in more

detail below.

The configuration according to the invention caspatasily make it possible to retrofit a

diaphragm bellows with a sliding-guidance device.

As a result of the sliding guidance along the insierface of the tube surrounding the
diaphragm bellows, particle production inside thapdragm bellows, as occurs upon sliding

guidance along the outer surface of a rod passingugh the through-opening through the
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diaphragm bellows, is avoided. This is advantagefmusapplications that are sensitive to

particles occurring in the vacuum.

A sliding-guidance device according to the invemtoan also be employed when there is
no rod passing through the through-opening thranghdiaphragm bellows or when such a rod
is only at a distance from the inner edges of ihpltagms that is so short as to be too small for

an inner sliding-guidance ring to be used in tlapdragm bellows.

Advantageously, the holding portion has a depresatdeast on one side with regard to
the direction of the longitudinal axis, said degres cooperating with an elevation of the
diaphragm adjoining the holding portion on thisssidr has an elevation which cooperates with a
depression of the diaphragm adjoining the holdimmgtipn on this side. It is particularly
advantageous for the holding portion to have onsde a depression which cooperates with an
elevation of the diaphragm adjoining the holdingtiom on this side, and on the other side an
elevation which cooperates with a depression ofitaphragm adjoining the holding portion on
this side. As a result of the cooperation of théeast one elevation on the holding portion with
the associated depression of the diaphragm adjacehé holding portion and/or of the at least
one depression in the holding portion with the esded elevation of the adjacent diaphragm,
the holding portion can be held in a form-fittingunmer so as to be prevented from being pulled
out of the intermediate space between the twopanrgs into which the holding portion projects,
specifically with regard to the position of the plimagm bellows that the latter takes up when no
external force acts on the diaphragm bellows. pbistion of the diaphragm bellows is referred

to as the “neutral position” of the diaphragm betdelow.

In this neutral position of the diaphragm bellow® ring parts are thus held in a form-
fitting manner so as to be prevented from falling of the intermediate space between the
diaphragms between which the holding portions & ting parts are plugged. In every
compressed position of the diaphragm bellows, coetpavith this neutral position of the
diaphragm bellows, the ring parts are thus likewistd in a form-fitting manner so as to be
prevented from falling out. Favorably, a form fihieh holds the ring parts so that the latter are

prevented from falling out is provided even whee thiaphragm bellows is extended, with
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respect to its neutral position, as far as a padiclimit value of the length of the diaphragm
bellows. At maximum extension of the diaphragm dxe# which is specific to the diaphragm
bellows and for which a predetermined lifetime gtles of extension and compression is

achieved, the length of the diaphragm bellows isathgeously below said limit value.

As a result of the above-described configuratiorsnap connection between the ring
parts and the diaphragm bellows located in its naéyosition can be formed, i.e. the holding
portions, when they are plugged into the interntedgpace between the adjacent diaphragms,

snap into at least one elevation and/or depressditrese diaphragms.

Preferably, the guide portions of the at least tiwg parts of the sliding-guidance device
extend through more than 180° in total in the cmterential direction about the longitudinal
axis of the diaphragm bellows (=extend through kmpangle of more than 180° of cylindrical
coordinates, the z-axis of which coincides with libregitudinal axis of the diaphragm bellows),
wherein the holding portions of the at least twgmparts are plugged into the intermediate space
between the same two adjacent diaphragms. As &,riésa possible to ensure, in any desired
positions of the ring parts which the latter takewith respect to the circumferential direction
about the longitudinal axis, that the outer eddeb® diaphragms are held at a distance from the
inner surface of the pipe in the region of the lamdjnal extent of the diaphragm bellows in

which the sliding-guidance device is arranged.

In an advantageous embodiment, the guide faceegjuide portion is formed in a curved
manner in a direction away from the longitudinaisaaf the diaphragm bellows. As a result, a
linear contact can be formed between the guide dackthe inner surface of the pipe, with the

result that friction and wear can be reduced.

When the terms “inner” and “outer” are used in tbhatext of this document, this relates
to the position relative to the longitudinal axik tbe diaphragm bellows, i.e. a part located
farther in is closer to the central longitudinalsaaf the diaphragm bellows than a part located

farther out.



Further advantages and details of the inventioneapgained in the following text with

reference to the appended drawing.

Figure 1 shows a perspective view of a diaphraghows according to the invention,
having end piece attached to both ends and a redirgathrough the diaphragm bellows,
wherein the diaphragm bellows is in its neutralifas,

Figure 2 shows the unit from Figure 1, wherein timg parts of the diaphragms are
illustrated in a removed manner;

Figure 3 shows a side view (at right angles to ldmgitudinal axis of the diaphragm
bellows), wherein a tube for guiding the diaphrdggtiows is additionally attached to one of the
end pieces,

Figure 4 shows a section along the line AA in Fey8r

Figure 5 shows an enlarged detail B from Figure 4;

Figures 6 and 7 show a perspective view and a\p&am of one of the diaphragms of the
diaphragm bellows;

Figures 8, 9, 10 and 11 show illustrations analsgmuFigures 1, 2, 4 and 5 but in a
further compressed position of the diaphragm bedlcampared with the neutral position of the
diaphragm bellows;

Figures 12, 13, 14 and 15 show illustrations aralsgo Figures 1, 2, 4 and 5 but in a
further extended position of the diaphragm bellmespared with the neutral position of the
diaphragm bellows;

Figures 16, 17 and 18 show longitudinal centratises analogous to Figures 4, 10 and

14 in a possible application of the diaphragm lvedlo

An exemplary embodiment of a diaphragm bellows ediog to the invention is

explained in the following text with reference tiglies 1 to 15.

The diaphragm bellows comprises a plurality of dragms 1, which can also be referred
to as diaphragm disks or annular diaphragms orllasmeEach diaphragm has an outer edge 3
and an inner edge 2, which delimits a central apgedi in the diaphragm 1. The inner and outer

edges 2, 3 of the diaphragms have circular shdpghe exemplary embodiment shown, all of
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the diaphragms have identical radii of their ineeiges 2 and identical, comparatively larger
radii of their outer edges 3, as is preferred. drahragms are configured in particular in a

rotationally symmetrical manner.

The diaphragms 1 are arranged concentrically witieraral longitudinal axis 5 of the
diaphragm bellows. The central openings 4 of tla@ldiagms 1 together form a through-opening
through the diaphragm bellows.

The diaphragms have a corrugated shape. The ctiomgeof the diaphragms 1 are
superimposed on a preferably conical basic shapieeadiaphragms. The outside diameter of the
diaphragms 1 is in this case favorably more tham&s greater than the height (=extent in the
direction of the longitudinal axis 5) of this coai®asic shape.

Preferably two somewhat different configurationsdidiphragms are provided, which
follow one another in alternation, as is known. Gssive diaphragms are arranged such that

their conical basic shapes point in opposite divest

The diaphragms 1 consist of sheet metal with &ii@ss which is preferably in the range
from 0.05 mm to 0.5 mm, particular preferably ire trange from 0.075 mm to 0.2 mm. For
example, the diaphragms 1 consist of sheet steehiticular in the form of austenite or ferritic
austenite. A configuration made of other metalpassible, for example a nickel-base alloy or

titanium.

Successive diaphragms 1 in the direction of theitadinal axis 5 of the diaphragm
bellows are welded together alternately at theiemmedges 2 and at their outer edges 3, resulting
in a concertina-like configuration. Thus, altermatenwardly open and outwardly open

intermediate spaces 6, 7 are provided between ssigesdiaphragms 1.

The corrugations of the diaphragms 1 form elevati@mmd depressions on the two sides of
the diaphragms with regard to the direction of ¢katral longitudinal axis 5 of the diaphragm

bellows. Thus, elevations and depressions are fbionesach of the two side faces (=large faces)
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of each diaphragm 1, said elevations and depresdiaving a respective height or depth
measured parallel to the direction of the longmadliiaxis 5. In the exemplary embodiment, each
side face has two elevations and two depressionse Mr fewer elevations and/or depressions

could also be provided. Each side face could ads@ lonly one elevation or only one depression.

In the configuration according to the accompanyiggres, end pieces 8, 9 are welded
onto the two ends of the diaphragm bellows. Thesé gieces 8, 9 serve to connect the
diaphragm bellows to further parts of a vacuumlitgcilt would also be conceivable and
possible to dispense with the end piece 8 andam®dfor the diaphragm bellows to be welded
directly to other parts of the vacuum facility ateoend or both ends.

End pieces welded onto the ends of the diaphradgiomsecan have various shapes.

The configuration of the diaphragm bellows as dbsdrthus far is known.

The diaphragm bellows has a sliding-guidance defaceguidance on a guide element
which is a tube 14 surrounding the diaphragm belaivleast along a part of its longitudinal
extent. The sliding-guidance device is formed by ting parts 10, 11 in the exemplary
embodiment. In modified exemplary embodiments, sh@ing-guidance device could also be
formed by more than two ring parts. Each ring pag a guide portion 12 and a holding portion
13 protruding inwardly (=in the direction of thenfgitudinal axis 5) therefrom. The holding
portion 13 projects into an outwardly open interratsl space 6 between two adjacent
diaphragms 1 which are welded together in the regib their inner edges 2. The holding
portions 13 also secure the ring parts 10, 11 iforan-fitting manner so as to prevent
displacement in the direction of the longitudinaisa5 of the diaphragm bellows. The holding
portions 13 of the ring parts 10, 11 of the slidmgdance device project into the same

intermediate space 6 between two adjacent diaptgdgm

The ring parts 10, 11 are concentric with the diagms.



The guide portion extends radially outside the wlvaphragms 1, between which the
intermediate space 6 is located into which theinglgortion 13 of this ring part 10, 11 projects.
The guide portion 12 thus also extends radiallgideatthe diaphragms 1 that are welded to these
two diaphragms 1 in the region of their outer edgest least in a position of the diaphragm
bellows in which the diaphragm bellows is comprdssempared with its neutral position, the
guide portion 12 also extends radially outsidettte diaphragm pairs which are welded together
in the region of their outer edges 3 and adjoinpoth sides, the two diaphragm pairs that are
welded in the region of their outer edges 3 andiadhe holding portion 13 on both sides.

The guide portions 12 of the ring parts 10, 11 adov sliding guidance of the diaphragm
bellows on the inner surface 15 of a tube 14 sudog the diaphragm bellows at least along a
part of its longitudinal extent (=extent in theatition of the longitudinal axis 5). Such a tube 14
is illustrated for example in Figure 4. The tubeid4ecured in this case to one of the end pieces
8, in particular by welding. A guide face 16, diet away from the longitudinal axis of the
diaphragm bellows, of each guide portion 12 codpsrwith the inner surface 15 of the tube 14.
As seen in the longitudinal central section throulga diaphragm bellows, cf. Figure 4 and
Figure 5, the guide face 16 is configured in awgated manner in the exemplary embodiment,
for example in a manner curved in the form of awdar arc. It is thus possible for linear contact

with the surface 15 to be achieved.

The radial extent a along which the holding portiéof each ring part 10, 11 extends in
the intermediate space 6 between the adjacentrdiggis 1 is greater than the radial extent b of

the guide portion 12, preferably more than twicgzst.

The holding portion 13 which protrudes inwardlyrfreghe guide portion 12 and projects
into the intermediate space 6 between the adjattaphragms 1 has an elevation 17 on one of its
side faces and a depression 18 on the oppositefatde As seen in the longitudinal central
section through the diaphragm bellows, cf. Figudeand 5, the elevation 17 has a height
measured parallel to the longitudinal axis 5 areldapression 18 has a depth measured parallel
to the longitudinal axis 5. The elevation 17 on tm@ding portion 13 cooperates with a

depression 19 of the diaphragm 1 adjoining theihglgortion 13 on this side. The depression

-9-



18 cooperates with an elevation 20 of the diaphragadjoining the holding portion 13 on this
side. In the position which the diaphragm belloalsts up without any external forces acting, i.e.
in the neutral position of the diaphragm bellowss elevation 17 on the holding portion 13
projects into the depression 19 of the diaphragand the elevation 20 of the diaphragm 1
projects into the depression 18 in the holdingiporti3. As a result, the ring parts 10, 11 are
secured in a form-fitting manner so as to be preacfrom being pulled out of the intermediate

space 6 between the diaphragms 1.

This form fit remains when the diaphragm bellowsc@mpressed, starting from its
neutral position. The position of the diaphragmidve$ up to which the diaphragm bellows is
preferably compressed to a maximum in order toesehias long a lifetime of the diaphragm
bellows as possible is illustrated in Figures 810

A position of the diaphragm bellows in which thétda is stretched compared with its
neutral position is illustrated in Figures 12 ta Pseferably, the diaphragm bellows is stretched
at most as far as this position, in order to achiavong lifetime of the diaphragm bellows. In
this position, there is still a form fit, which aoteracts any pulling out of the holding portions 13

and thus of the ring parts 10, 11 from the inteniaedspace 6 between the diaphragms 1.

When the diaphragm bellows is compressed at mofdraas the position illustrated in
Figures 8 to 11 and is extended at most as fahepasition illustrated in Figures 12 to 15, a
specified number of cycles of compression and exdenis achieved. If a comparatively smaller
number of cycles is sufficient, the diaphragm be#iocan accordingly be compressed and/or
extended to a greater extent.

When a ring part 10, 11 is plugged into the intetia space 6 between the diaphragms
1 by way of its holding portion 13, specifically &nposition of the diaphragm bellows in which
there is a form fit between the holding portiona®l the adjacent diaphragms 1 in the plugged-
in state, the diaphragms 1 are pushed apart, siagthe size of the intermediate space 6, when
the holding portion 13 is plugged in, and then caett again on account of their elasticity,

reducing the size of the intermediate space 6, thatthe elevations 17, 20 and depressions 19,
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18 engage in one another. A snap connection bettheering parts 10, 11 and the diaphragms 1
is thus formed.

The holding portion 13 could also have an elevatiodepression only on one of its sides,
said elevation or depression cooperating with arelspon or elevation of the diaphragm 1
adjoining on this side, in order to form a form lietween the holding portion 13 and the
diaphragms 1 (with respect to the neutral positwdrthe diaphragm bellows). The holding

portion 13 could also have both an elevation add@ession on one side or on both sides.

Advantageously, the contours of the side facesefholding portion 13 correspond to
the contours of the adjacent diaphragms 1 in theraleposition of the diaphragm bellows, as is
apparent in particular from Figure 5. It is partasily preferred for the holding portion 13 to be
formed, with respect to the longitudinal centrattem, with a shape which corresponds to the
shape that the intermediate space 6 assumes viadia expansion of the holding portion 13 in
the neutral position of the diaphragm bellows wherholding portion 13 has been plugged into
the intermediate space 6. In other words, in th&rakposition of the diaphragm bellows, the
diaphragm bellows does not undergo any deformalipnthe plug-in holding portions 13.
Therefore, the thickness, measured in the direatiotine longitudinal axis 5 of the diaphragm
bellows, of the holding portion 13 also decreasethe radial direction toward the longitudinal

axis 5.

Favorably, the ring parts 10, 11 have a T shameas in the longitudinal central section
through the diaphragm bellows, wherein said T shepdd also be asymmetrical (i.e. one
protruding part of the guide portion is shortentliae other). In principle, an L shape would also

be possible, for example.

If a protruding guide portion 12 were to be omiteadirely, such that the outer end-side
edge of the holding portion 13 would then take loa guidance function, it would be necessary
to prevent the holding portion 13 from being puskBedar inward that its outer edge is located
radially inside the outer edge 3 of the diaphragm®r example through a sufficient form fit of

the holding portion 13 with the diaphragms 1 andforthat the diaphragm bellows is not
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extended too much. By way of a configuration havangrotruding guide portion 12 that can be
supported at least on the outer edges 3 of thehdigm pairs 1 located on both sides of the
holding portion 13, the guide surface 16 is at eatg located radially outside the outer edges 3

of the diaphragms 1, however.

In order to allow the ring parts 10, 11 to be pledg between the diaphragms 1 after all
the diaphragms 1 have been welded together, tigepants 10, 11 each extend through at most
180° in the circumferential direction about thedduadinal axis 5.

In the exemplary embodiment, two ring parts 10afd provided, which are each in the
form of a half ring and together form a ring thatmpletely surrounds the diaphragms 1 in the
state plugged in between the same diaphragms 1h 8udng completely surrounding the
diaphragms 1 could also be formed by more thanrimg parts, for example by three ring parts
that each extend through 120 °.

The two or more ring parts 10, 11 plugged in betwid® same diaphragms 1 at any rate
extend as a whole through more than 180° in treugiferential direction about the longitudinal

axis 5.

In an advantageous embodiment, the ring parts 1Q;ohsist of plastics material, for
example PTFE (polytetrafluoroethylene), polymenfeiced PTFE, PEEK (polyether ether
ketone) or polyimide. In other embodiments, thegnparts 10, 11 can be formed from metal,
optionally coated, in particular in the region @letguide face 16. Combinations of plastics

material and metal materials are also conceivatdepassible.

lllustrated in Figures 1 to 15 is a rod 21 whiclsézured to one of the end pieces 9, is
formed for example in one piece with the latter axtends through the through-opening which
extends through the diaphragm bellows 1, and thrargopening in the other end piece 8. In
this way, a movement exerted on the end piece deamnsmitted, by means of the diaphragm
bellows, into a vacuum region of a vacuum faciiigt the rod 21. A possible application of this

kind is illustrated in figures 16 to 18. The enegqa 8 is attached to the wall 22 (only partially
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illustrated) of a vacuum chamber, for example wellde screwed thereto. The wall 22 has an
opening for the passage of the rod 21. The ende@es provided with a threaded bore (which
extends in this case into the region of the rod 2itp which the end of a piston rod 23 is
screwed (this is not illustrated in Figures 1 t9. THhe piston rod 23 is secured to the piston 24 of
a piston/cylinder unit.

The figures illustrate only one sliding-guidancevide of the diaphragm bellows, said
device being formed by the two ring parts 10, 1ihi& exemplary embodiment. Depending on
the length of the diaphragm bellows, more than sueh sliding-guidance device could also be
provided. In each case at least two ring parts 10,are then thus plugged into different
intermediate spaces 6, which are spaced apart fsom another in the direction of the
longitudinal axis 5.

In the figures, the tube 14 surrounds only one suation of the longitudinal extent of
the diaphragm bellows such that the guidance fands fulfilled by the tube 14. However, the
tube 14 could also extend along a greater portioth@ longitudinal extent of the diaphragm

bellows or along the entire diaphragm bellows.
A diaphragm bellows according to the invention @so be used without a rod 21

passing through its through-opening. A duct-likerection between two vacuum regions of a

vacuum facility can then be created via the diagimraellows.
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Key to the Reference Signs:

Diaphragm

Inner edge
Outer edge
Opening
Longitudinal axis
Intermediate space
Intermediate space
End piece

End piece

Ring part

Ring part

Guide portion
Holding portion
Tube

Surface

Guide face
Elevation
Depression
Depression
Elevation

Rod

Wall

Piston rod
Piston

Piston/cylinder unit
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CLAIMS

1. Diaphragm bellows having a plurality of diaphregg(1) with outer edges (3) and
inner edges (2), wherein diaphragms (1) that followe another in a direction of a central
longitudinal axis (5) of the diaphragm bellows ar&lded together alternately in a region of their
inner edges (2) and in a region of their outer ed@, characterized in that the diaphragm
bellows has at least one sliding-guidance devicsliding guidance on a tube (14) surrounding
the diaphragm bellows at least along a part ofidtggitudinal extent, said sliding-guidance
device having at least two ring parts (10, 11) Wwheach extend through at most 180° in a
circumferential direction about the longitudinaisafb) of the diaphragm bellows and each have
a guide portion (12) and a holding portion (13)tprding from the guide portion (12) in the
direction of the longitudinal axis (5), said holgiportion (13) projecting into an intermediate
space (6) located between two adjacent diaphragimsvherein the guide portion (12) extends
radially outside the two adjacent diaphragms (Iyvben which the holding portion (13) projects,
and has a guide face (16), directed away fromdhgitudinal axis (5) of the diaphragm bellows,
for sliding guidance on an inner surface (15) &f tilbe (14) surrounding the diaphragm bellows

at least along a part of its longitudinal extent.

2. Diaphragm bellows according to claim 1, chandote in that the holding portion
(13) has a depression (18) at least on one sidreragiard to the direction of the longitudinal axis
(5), said depression (18) cooperating with an ¢leng20) of the diaphragm (1) adjoining the
holding portion (13) on this side, or has an elewa(17) which cooperates with a depression (19)
of the diaphragm (1) adjoining the holding port{d@8) on this side.

3. Diaphragm bellows according to claim 2, chanaogel in that, in a position of the
diaphragm bellows in which no external force actstbe diaphragm bellows, the holding
portions (13) of the ring parts (10, 11) of thelslg-guidance device are held in a form-fitting
manner so as to be prevented from being pulledobthe intermediate space (6) between the

two adjacent diaphragms (1).
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4. Diaphragm bellows according to claim 2 or 3,raekbterized in that the holding
portion (13) has on one side a depression (18) lwbapperates with an elevation (20) of the
diaphragm (1) adjoining the holding portion (13) this side, and on an other side an elevation
(17) which cooperates with a depression (19) ofdiaphragm (1) adjoining the holding portion
(13) on this side.

5. Diaphragm bellows according to one of claimsol4t characterized in that a
thickness of the holding portion (13), said thickmebeing measured in the direction of the
longitudinal axis (5) of the diaphragm bellows, @&ses in a radial direction toward the

longitudinal axis (5) of the diaphragm bellows.

6. Diaphragm bellows according to one of claim 15t characterized in that the
diaphragms (1) of the diaphragm bellows are coméiduin a corrugated manner as seen in
longitudinal central section through the diaphrabgellows, wherein the corrugations of the
diaphragms (1) form elevations and depressionsotin side faces of the respective diaphragm
(1) with regard to the direction of the longitudiaais (5) of the diaphragm bellows.

7. Diaphragm bellows according to one of claim 16t characterized in that the
ring parts (10, 11) are configured in a T-shapedimea as seen in longitudinal central section

through the diaphragm bellows.

8. Diaphragm bellows according to one of claim 17t characterized in that the
guide portions (12) of the at least two ring p4it8, 11) of the sliding-guidance device extend
through more than 180° in total in a circumferdndiigection about the longitudinal axis (5) of
the diaphragm bellows, wherein the holding porti(i®) of these at least two ring parts (10, 11)

are plugged into the same intermediate space (@)cka two adjacent diaphragms (1).
9. Diaphragm bellows according to claim 8, chandwtel in that the sliding-

guidance device is formed by two ring parts (10), Which each extend through 180° in the
circumferential direction about the longitudinalsab) of the diaphragm bellows.
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10. Diaphragm bellows according to one of claints 8, characterized in that guide
faces (16) of the guide portions (12) of the riragte (10, 11) are formed in a curved manner in a

direction away from the longitudinal axis (5) oeétiaphragm bellows.
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