1 Hydrodynam c axial bearing DESCRI PTI ON Technical Field The invention
relates to the field of hydrodynam c axial bearings for rotating shafts,
such 5as those used in exhaust-gas turbochargers. The invention relates to
a hydrodynam c axial bearing having a floating disk, and to a floating disk
such as this. Prior Art Load-bearing axial bearings are used when axi al
thrust forces are applied to rotors which rotate at high speed. In the case
of exhaust-gas turbochargers by way of 10 exanple, hydrodynam c axial
bearings are used to absorb high axial forces resulting fromthe flow, and
to guide the turbine shaft in the axial direction. In order to inprove the
capability to conpensate for incline positions and the wear behavior in
applications such as these, fregudrb®aHanig adlisthozarifg-called floating disks,
can be used between a bearing conb, which rotates at the shaft rotation
speed, and a beari-nrg-hoeustng—-whi-ch--does--not—15rotate, i-n—hydrodynan-c
axi al bearings. Exanples relating to this can be found, inter alia, in
GB1095999, EP0840027, EP1199486 and EP1644647. The floating disk is

radially guided either on the rotatbagd®R®TIGKat is to say on the shaft or
on the bearing conb by a radial bearing which is integrated in the floating
di sk, for exanple as disclosed in EP0840027, or else on a 20 stationary

bearing collar, which concentricallytssii@unssg the rotating body, for
exanpl e as disclosed in EP1199486. In general, a hydrodynam c axi al bearing

such as this ithelinderiichaéigds Rithe®adss HrobyHamicadal Beariagsd fof oRtmgpsdd] arhed
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rotat es at onlfipatiigaiisk shekl 4s thike shaft rotation speed, and the shaft or the

beari ng .
Prior Art

Load-bearing axial bearings are used when axia! thrust forces are applied to rotors

which rotate at high speed. In the case of exhaust-gas turbochargers by way of
10 exémple, hydrodynamic axial bearings are used to absorb high axial forces resulting

from the flow, and to guide the turbine shaftin the axial direction. in order to improve the

capability to compensate for incline positions and the wear behavior in applications such

as these, free-floating disks, so-called fioating disks, can be used between a bearing

comb, which rotates at the shaft rotation speed, and a bearing housing, which does not
15 rotate, in hydrodynamic axial bearings.

Examples relating to this can be found, inter alia, in GB1095899, EP0840027,
EP1199486 and EP1644647. The floating disk is radially guided either on the rotating
body, that is to say on the shaft or on the bearing comb by a radial bearing which is
integrated in the floating disk, for example as disclosed in EP0840027, or else on a
20 stationary bearing collar, which concentrically surrounds the rotating body, for example
as disclosed in EP1199486. In general, a hydrodynamic axial bearing such as this is
lubricated by means of lubricating oil from a dedicated lubricating-oil system or, in the
case of exhaust-gas turbochargers, via the lubricating-oil system of an internal

combustion engine which is connected to the exhaust-gas turbocharger.

25 Durihg operation, a load-bearing lubricating film is formed between the floating disk,

which rotates at only about half the shaft rotation speed, and the shaft or the bearing



conb which is arranged on the shaft. Profiled annular surfaces are
generally provided for this purpose on both sides of the floating disk and
formthe lubricating gap in each case together with one snooth sliding
surface. The profiled annular surfaces conprise wedge surfaces which are
oriented at least in the circunferential direction and which, 5 together
with the snooth sliding surfaces, forma converging gap. If sufficient

| ubricant is drawn into this converging gap, t he | oad-bearing |ubricating
filmis formed. The lubricant propagates©in the radial direction because of
the effect of the centrifugal force fron1the fl oati
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defined as the beg’ause of the different relative speeds and the different centrifugal-force effects. Since
the bearing size is designed for the smallest lubricating gap that in each case occurs,
one bearing gap is overdesigned, and this can lead to an unnecessarily high power loss

20  and to an unnecessarily high oil throughput.

Brief description of the invention

The object of the present invention is therefore to optimize the power loss and oil
throughput for a hydrodynamic axial bearing with a floating disk.

According to the invention, this is achieved by the two bearing gaps on the two sides of

25  the floating disk having supporting capabilities of different magnitude, thus resulting in
the minimum lubricating gaps being the same at the design point. The supporting.
capability of a bearing is defined as the supporting force as a function of the rotation
speed, the minimum lubricating gap and the oil characteristics.

According to the invention, the different supporting capability is achieved by lubricating
30 gaps of different geometric design. In this case, the lubricating gap is defined as the



area bounded by a profiled annular surface and a snooth sliding surface

bet ween the conponents which formthe axial bearing, that is to say between
t he bearing housing and the floating disk on one side, and the floating

di sk and the bearing conb, which rotates with the shaft, on the other side.
5A radial step on the floating disk makes it possible to individually
design the surfaces of the two axial |ubricating gaps in such a way that
the m ninum gap height in the two lubricating gaps is of the sane magnitude
at the design point. In this case, that 8ide of the floating disk which
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profiled to have the same dimensions. The same effect is achieved when two profiled annular
surfaces of the same size interact with smooth sliding surfaces, one of which does not

extend over the entire annular surface for example in the radial direction.

20 A variation in the supporting capability can also be achieved by a geometric change to
the profile in the circumferential direction. For example, the number of segments may be
reduced from six to five. Alternatively, the extent of the oil grooves in the circumferential

direction can be increased.

The cited embodiments make it possible to compensate for the minimal lubricating-gap
25  heights on both sides of the floating disk, despite different relative speeds between the
floating disk and the bearing housing on the one side and the floating disk and the

bearing comb on the other side.

Alternatively, one or both sides of the floating disk may be in the form of a smooth
sliding surface, and the profiled annular surface may be arranged on the shaft and/or
30 the bearing comb. By way of example, if the side of the floating disk which faces the

shaft is in the form of a smooth sliding surface and the annular surface is profiled to



4 correspond to the shaft, annular surfaces, which rotate at higher speed,
are each profiled fromboth bearing pads. Brief description of the draw ngs
Enbodi nents of the invention will be explained in nore detail in the
following text with 5reference to the drawings, in which: Figure 1 shows a
first enbodi ment of an axial journal bearing designed according to the

i nvention and having a stepped floating disk, Figure 2 shows a second
enbodi ment of an axial journal bearing dgsigned according to the invention
and having a floating disk with differently profiled annul ar 10surf aces,

and Figure 3 shows a sectio h Lcatd i I third
enbodi nent of 8%rea§?rg| t%j thﬁrsﬁgﬁt‘ %@g%ﬁgkﬁgéﬂgﬁ%@dﬂ{tﬂﬁggﬁ gi?ghais%%}ékj ﬁgféjr?\?g?]t i on
and havi ng a spefipééttohlbottbentngthastk. Approach to inplenentation of the
invention 15 Figure 1 and Figure 2 show two enbodi nents of the hydrodynam c
axi al bearing according to the invention, with the center of each of the

figures showi ng a section al ong gaedsRadtion akthedlalvingsigh the axi al beari ng.
The axi al bearing conprises a floating disk 30 which is arranged axially

bet ween t he begfibagirieats o he iARnBdOWil be elganddig nooetetdillin thehfotidwing text méthged
on the shaft 10 and rotates with the shaft. Optionally, the bearing 20 conb
may be i nt e§r afderense e dadpes. MVICy 54i al Iy protruding proj ection,

resulting in the flpating disk bein rranged. axj - b i ng
ousi ng and ' hé BTt Sl npoontal PLAT AR kRbeafing Bl doBsalE
each of the figures stewentneanddbvinhestepmdifloatpgdissk from the respective
side. The left-hand side shows the floating disk 30A viewed in the
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facing the bearing housi ﬁg ro es a l'ute speed v that is to say
in the counttter cl ockw serfates.@otii on when viewed in the direction Ain the
illustrated enbodinment. In this case, the lubricating oil which is

i ntroduced r adiFadurg 3vishowsubseatiar ithieralrthe ubricaing-eihgupply iy aihEdh egpodifent of

profiled annular 5 an axial journal bearing designed according to the invention and having a
stepped floating disk.

Approach to implementation of the invention

15 Figure 1 and Figure 2 show two embodiments of the hydrodynamic axial bearing
according to the invention, with the center of each of the figures showing a section
along the shaft axis through the axial bearing. The axial bearing comprises a floating
disk 30 which is arranged axially between the bearing housing 20 and the bearing comb
11, which is arranged on the shaft 10 and rotates with the shaft. Optionally, the bearing

20 comb may be integrated in the shaft as a radially protruding projection, resulting in the
floating disk being arranged axially between the bearing housing and the shaft
projection. The left-hand and right-hand areas of each of the figures show a view of the
floating disk from the respective side. The left-hand side shows the floating disk 30A
viewed in the direction A, and the right-hand side shows the floating disk 30B viewed in

25 the direction B. '

The profiled annular surface of the fioating disk 30A facing the bearing housing rotates
at the absolute speed vs, that is to say in the counterclockwise direction when viewed in
the direction A in the illustrated embodiment. In this case, the lubricating oil which is

introduced radially via lubricating grooves 31 into the area of the profiled annular



surface of the floating disk between the floating disk 30 and the bearing
housi ng 20, as indicated by the broad arrows, is drawn into the wedge
surfaces 32 in the opposite direction to the rotation direction of the
floating disk. The pressure required for the supporting capability of the
axial bearing is built up by the narrowing of the lubricating 5 gap

bet ween the wedge surfaces 32 and the opposite snooth sliding surface on

t he bearing housing. The greatest pressure results in the area of the
transition fromthe wedge surface 32 to §he latching surface 33. The
profiled annul ar surface of the floating disk 30B facing the bearing conb
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30 has two des
circumferential direction.

In the embodiment shown in Figure 1, the floating disk 30 has a radial step, as a resuit
of which the side facing the bearing housing 20 projects in the radial direction beyond
the side facing the bearing comb 11. The radial extents of the two sides of the floating

20  disk are therefore different. The profiled annular surface on the side facing the bearing
housing has an annular width rg which is greater than the annular width rnw of the
annular surface on the side of the floating disk facing the bearing comb.

Because of the higher relative speed with which the wedge surfaces of the profiled
annular surface rotate along the smooth sliding surface on the bearing comb on the side

25  of the floating disk facing the bearing comb, & lubricating gap is formed, despite the
smaller supporting area, which corresponds to that between the bearing housing and
the side of the floating disk facing the bearing housing.

In the embodiment shown in Figure 2, the floating disk 30 has two sides of equal size,
but whose profied annular surfaces are different. The profiled annular surface is
30 subdivided into a plurality of segments 34, wherein one segment comprises a lubricating
groove 31, a wedge surface 32 and an adjacent latching surface 33. The annular

surface, which rotates more slowly in comparison to the stationary bearing housing, on



but whose profiled annular surfaces are different. The profiled annul ar
surface is 30 subdivided into a plurality of segnents 34, wherein one
segnent conprises a lubricating groove 31, a wedge surface 32 and an

adj acent | atching surface 33. The annul ar surface, which rotates nore
slowy in conparison to the stationary bearing housing, on 6 the |eft-hand
side has a greater nunber of segnents 34 than the annul ar surface, which
rotates at a higher relative speed, on the side facing the bearing conb.
The supporting capability can optionallygbe varied for exanple by varying
the inclination angle of the wedge surface, thus nmaking the area of the
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15 the profiled annular surface is enlarged somewhat outward. The inner edge of the
smooth sliding surface on the bearing comb is offset radially outward, thus additionatly
reducing the supporting area of the lubricating gap between the floating disk 30 and the

bea(ing comb 11, in comparison to the first embodiment.

Both sides of a fioating disk for a hydrodynamic axial bearing must be supplied with

20 lubricating oil. According to the invention, at-least one supply hole 35 is incorporated in
the floating disk for this purpose. The supply hole 35 connects the two sides of the
floating disk, and allows lubricating ail to be supplied from one side to the other.
Optionally, the fioating disk has a supply hole for each lubricating groove on the side
facing the bearing comb.

25 Inthe illustrated embodiment, the lubricating oil is passed via a lubricating oil supply line
22 in the bearing housing into the area of the lubricating gap between the floating disk
30 and the bearing housing 20. The rotation of the profiled annular surface feeds the
iubricating oil along the lubricating grooves 31 radially outward, and in the process
draws it into the wedge surfaces in the circumferential direction. The lubricating oil is
30 also fed via the supply holes 35, which are arranged in the area of the lubricating
Qrooves 31, into the area of the lubricating gap between the floating disk 30 and the
bearing comb 11. If, in this case, starting from the lubricating gap, the supply hoies with



25In the illustrated enbodi nent, the lubricating oil is passed via a

| ubricating oil supply line 22 in the bearing housing into the area of the
| ubricating gap between the floating disk 30 and the bearing housi ng 20.
The rotation of the profiled annular surface feeds the |ubricating oi

along the lubricating grooves 31 radially outward, and in the process draws
it into the wedge surfaces in the circunferential direction. The
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8 List of Reference Synbols 10Shaft 11Bearing conb 20Beari ng housi ng

21Bearing collar 22Lubricating oil supply line 30F oating di sk 30AFl oating
di sk, bearing housing side (viewed in direction A) 30BFloating di sk, '
bearing conb side (viewed in direction B) 3lLubricating groove 32Wedge
surface 33Latching surface 34Segnent of the profiled annular surface

List of Reference Symbols

10 Shaft

11 Bearing comb

20 Bearing housing

21 Bearing collar

22 Lubricating oil supply line

30 Floating disk

30A Floating disk, bearing housing side (viewed in direction A)
30B Floating disk, bearing comb side (viewed in direction B)
3 Lubricating groove

32 Wedge surface

33 Latching surface

34 Segment of the profiled annular surface

35 Supply hole

fe Annular width on the side of the bearing housing

Iw Annular width on the side of the bearing comb

VR Relative speed of the floating disk with respect to the bearing comb
Vs Speed of the floating disk

Viy Speed of the bearing comb



35Supply hole rGAnnul ar width on the side of the bearing housing rwAnnul ar
width on the side of the bearing conb VRRel ati ve speed of the floating disk
with respect to the bearing conb vsSpeed of the floating di sk vwSpeed of
the"bearing conb 9 PATENT CLAIMS 1. A hydrodynam c axial bearing for a
shaft (10) which is nounted such that it can rotate in a bearing housing
(20), conprising a floating disk which is arranged axially.between the
beari ng housing and a bearing conb (11) which is arranged on the shaft,
wherein a lubricating gap, which is bounded by a profiled annul ar surface
and a snooth sliding surface is in &ach case forned between the-bearing

housing (20) and the float b?ﬁﬂf@%‘&s and the floating disk (30) and the

bearing conb (11), wherein annul ar surfaces conprise a

plurality of 1\/\@41%0% LERGSSI deding Wys%,@n ﬁ@mlcﬁlﬁrn{dawe& fen lhutbtrdaﬁadm@g gap in

the circunferent Pal Hrroctron and ratial Tubricati ngn gr ooves
characterized i & brefincahoysing 0l fameisipp| 3 19atidedigkawhict & ?FWEWPp@F Wed in the

floating di sk (3Neen MPBEANGndUING aRd b Hé&hhglcaﬁwb pm \@f&qyﬁraﬁgbdah iHeashsit, one side
of the floating dis connecting the two sid [ﬂ rhlngcﬂlsk and
al | owi ng | ubr i c%ter%adﬁbr'cetﬂag e gﬂ*ﬁal'?@w%?ﬁ SR "5 a@ b1 He® &t 2 The
hydr odynam c aXSnﬁiothQﬁ:ﬂﬁg NPac@Ss Plaathede romealbawmnﬂhe bhenctionsitgeOfdndat i ng di sk
conprises |ubri ro 1 i conb and
wherein the flolg? '??gn%ﬁgg‘k& aénﬂé‘g‘%ﬁ%agf’%/d'ﬁ @@ gg‘)eebf%%g rF\ﬁm ﬁg{h%rggtl on
groove on the siheieroﬁlectarmglatMadmea:oinncgecammhtyBtweﬁbesmmﬁd@ywam gachxi al _
Dear | 10 12, CLal Rl e SeAkdthd oatiNER) Brc el heARIn SiacaAPBbkafiel e (35) 1 s
era

directed at an ang gq nam c axi al “bearing as
clai med in clai arraves (ke ckdraslesiped is thabat ifastopesupplp ‘?Wé igjjneqerqraed inthe r adi al |y

stepped with r eﬁd&ﬁrﬁtdlstk%d rH?Jel‘Rr‘igm%}tro a%lﬁil@ahor'i_’ ra-d’\}@ OIhéItdéa@ddh@@m 6f t@(ﬂo@{mgbea” ng as
clainmed in claim1l V\/nerel n the annul ar ces. h form
the | ubricati ngdgfasoBactpg e tyP a@gs 8f th% ﬂ@“*rm %%m"ii.@“m @RL{( %@yg a

subdi vi ded i nt os@pkkafib@opstiddenieesthedf segnents (34), wherein one segrrent
(34) in each case conprises one wedge surface (32). 6. The hydrodynam c

axi al beari ngza§ha:hwirmrmhniimamla;iemirm aswtigmed in dame 1t wberpin difei fleatingadisiul ar

surfaces which f.of e;ms% g%n'cgl@n ésqgugbﬁg\eosﬂetf’a%ﬁ’n&th%'b@?tﬁ\g%mtgE\%\Lﬂe%’?' ng disk

have wedge surf ac
the floating disk has a supply hole (35) for each {ubrication groove on the side facing

the bearing comb.

3. The hydrodynamic axial bearing as claimed in claim 1, wherein the a! least one

supply hole {35) is directed at an angle radially outward.

4. The hydrodynamic axial bearing as claimed in claim 1, wherein one side of the

floating disk (30) is radially stepped with respect to the other side.

5. The hydrodynamic axial bearing as claimed in claim 1, wherein the two profiled
annular surfaces which form the lubricating gap on both sides of the floating disk (30)
are each subdivided into a different number of segments (34}, wherein one segment

(34} in each case comprises one wedge surface (32).

6. The hydrodynamic axial bearing as claimed in claim 1, wherein the two profiled
annular surfaces which form the lubricating gap on both sides of the floating disk have
wedge surfaces (32) of different design.

7. The hydrodynamic axial bearing as claimed in claim 1, wherein the profiled annular
surfaces comprise wedge surfaces (32) and smooth latching surfaces (33), and the

two profiled annular surfaces which form the lubricating gap on both sides of the



7. The hydrodynam c axial bearing as clainmed in claim1, wherein the
profiled annul ar surfaces conprise wedge surfaces (32) and snooth | atching
surfaces (33), and the two profiled annul ar surfaces which formthe

| ubricating gap on both sides of the 10 floating disk have a different
area ratio fromthe latching surface (33) to the wedge surface (32). 8 An
exhaust - gas turbocharger, conprisingl@ shaft with a hydrodynam ¢ axi al
bearing as claimed in one of the preceding clains. 9. A floating disk for
use in a hydrodynam c axial bearing between a bearing hou5|ng and a shaft
whi ch i s mountfieating sk haveaa differert aiea wtiatan ha lghivg SEERCE ) IR Weg9e whi ch
floating di sk figgeqaprofiled annular surface with a plurality of wedge
surfaces (32) and radial lubricating grooves (31) on each of its two sides,

wherein the a/\e&gahsusr @a%qersoama@eude&hgmmgi aShedthwith aattydtobiagimicvinianbdaneg f | oat i ng
disc is used in %ﬁ rod ynﬁmc %ﬁﬁall beari ng between two snooth sliding
surfaces on th@%@% "'h%PeH’{) & BIegHN9CBS i ng comb, which is arranged on the

shaf t, each 9o i eali Bt LEA 0 AR DRl ABER ekl RR st Bfhedgd 2 Srrooth

sliding surface in Feunfers ectl aracteri ze n that at
| east one supphny heflats whgh s meuntedce Sebit e Piate i e EREEiNANG: Whicl 30) |

openi ng i Nt agdalifdk Ahd OFrolEPRHEIPM e dliﬁﬁ%ﬁjraﬁtl}%fﬁddg@s@lfacéshgz fahgat i ng di sk
and connecting t two sides of the floatin fl Oﬁtl ng di sk as

clainmed in cl araﬁwvbrm@a groavesHel) folncféﬁ'] ofds a\lossweha@eé?"‘s‘h%}ﬂ?‘iﬂeﬁa ¥e35) for
each lubricati gg dgﬁg:v@yeudmhalmyswm tad fidalg dibc skused i a meeadwanm bog di sk as
claimed in clapm.J9, Wnerelnthea east one. s i s directed
at an angle rab?aélpq PetgRRN P gMoqth S ’df‘Wes“?'FC(?étop H'S%D(fg rié hoslfsec r{gﬁ’%‘):pgarinﬁ one of
clains 9 to 11pomhhwh|eln s aregasii arethefshafh eadhl matw adutdicatieg @310 petiveerr thdi al | y

stepped w th r ffko ald% gkgﬁhe&d\/\g u:!'é% Ehghef lc?&fﬂfé}gntlgl' Sfecdisn,cl ai med in

one of clains erein annul ar surfaces are each
subdi vi ded i nt ohaaacwlteﬁem that at fasstoene S@PP'&S@@#@W%‘”‘(W’)’E“G%@Teéloﬁ"'r@ri’és segment

(34) in each cape oﬁ@rﬂﬁﬂhi@%slutf?leﬁlo ‘?e s bif @R Corle3Rde- of I fiodliy didkoddi ng di sk
as clainmed in one | al s wherein the two profiled annul ar

surfaces whi chC?WFWPQW%WWF efzﬂ‘ﬂlﬂj’"@é’&kon both sides of the floating disk

h d 3 f dif nt .d Kk
Clai med ' onTHY it ik & had B b PCF R Bred B RELP 18T aces
conpri se wedge (Bufof eckBibi@ign marmiesnromﬁslmeloahemkng surfaces (33), and the two

profiled annul ar surfaces which formthe lubricating gap on both sides of
t he fl oati ng!18iTek flestingedisk asi ddiraeceinitclaiin Bavhewinithe dlrleast PIFSUPRIY BPIR AP $ur f ace

(33) to the wedietdlaf #gkIalally outward.

12.The floating disk as claimed in cne of claims 9 to 11, wherein one side of the fioating
disk (30) is radially stepped with respect to the other side.

13.The floating disk as claimed in one of claims 9 fo 11, wherein the two profiled annular
surfaces are each subdivided into a different number of segments (34), wherein one

segment (34) in each case comprises one wedge surface (32).

14, The floating disk as claimed in one of claims 9 to 11, wherein the two profiled annular
surfaces which form the lubricating gap on both sides of the fioating disk have wedge
surfaces (32) of different design.

15.The floating disk as claimed in one of claims 9 to 11, wherein the profiled annular

surfaces comprise wedge surfaces (32) and smooth latching surfaces (33), and the

" two profiled annular surfaces which form the iubricating gap on both sides of the

floating disk have a different area ratio from the latching surface (33) to the wedg;e
surface (32).



