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(57) ABSTRACT

A bearing bushin for a niotor vehicle includes a sleeve, a
bolt armsnged inside the sleeve, and at least one elastomer
elcmcnt arrmiged rmh ally bc(ween thc slccvc and thc bolt lor
supporting thc bolt in thc slecvc in a dampuig manner. The
bolt lras a ball elcmen( axially bets(con two distal ends,
wherein the ball element interacts with at least two movable
ball socket elenients in order to change the stiffness of the
bearing bushing. This allows the bearing bushing can be
sv itched between at least uvo stiffiiess levels.
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SWITCHABLE BEARLNG BIJSHINC FOR A
MOTOR VEHICLE

CRO)S-RlililiRJJNC li I'0 JIJ!J,AI JIB
APPLICATIONS

This application is the U.S. National Phase of PCT/
DE2016/200232 filed May 17. 2016, which clmms priority
to DE 10201S215425.4 filed Aug. 13, 201S, the entire
disclosures of which are incorporated by reference herein

TECHNICAL FIELD

llus disclosure relates to a btmnng buslung for a mutor
vehicle, comprising a sleeve, a bolt that is arranged inside
the sleeve as well as at least one elastomer element that is
arranged radially betv een the sleeve and the bolt for sup-
porting the bolt in the sleeve in a damping manner. w:herein
the bcaung bushing can bc switched between at least two
stlflhcss h:vt:lm 20

BACKOROUND

lllc structure and Ihc rcsultulg operating dale of bearing
bushuigs tluit Brc used In a suspension of a motor vehicle
have a very stmng influence on the driving, and steering
characteristics of the niotor vehicle Relatively small adjust-
ments of the spring constant or of the stiffness of the bearing
bushings could have B significant effect on the driving
characteristics such as e.g. the under- or oversteering beblv- lo

ior Bs well as chassis noises, vibrations mxl ruunm hard-
ness. Dependin on thc settulgs of the bearing buslungs. the
nlotor vehicle would display a relatively "soft" or a rela-
tively "hard" nuuiing perforniance

Diflerent bearing bushings are generally known from the li
prior art in the field of motor vehicle chassis. For one. mere
mechanical bearing bushings or rubber bushing~ are known,
w'lich fbdtUrc B ccrtB111 stifihcss. Iu ddditliilt to this, hydrmi-
lically dampcncd suspension bushuigs dre known, with B

fixed or variable stiffness 13earings with inagnetorheologi- 40

cal fluids or magnetorheological elastomers are fuuhernmre
known, lvhere the stiffness can be adjusted via a magnetic
field.

For example. the DE 696 22 141 T2 discloses B method
lor fllt: pliXiiictloil dud dppliCB11011 01 II SilspcllS1011 bliShlllg
w ith 1 aria ble-su Jlncss for controlling Ihe relative movmncut
betlveen a suspension arni in a motor vehicle and a chassis
component of the motor vehicle. 'lite suspension bushing
features a variable stiffness, which is realized by enclosing
a nlagnetorheological elastomer or gel, whose stiffness can so

be varied to a v ide range by means of B conuoliable
magnenc field Thc variable controllable magnetic field is
gcncrated by means of ml clectronmgnct suucturc whmh Is
completely integrated as a part of the structure into a
suspension bushing stnicture. s.

It is the objective of this disclosure to pnlvide a bearing
bushing for B motor vehicle. whose stiflitess can be adjusted
mechanically and winch is therefore not based on B hydrau-
lic or mdgnctorheological opcraun punciplc.

So

SUMISLBVRY

According to an embodiment, d bolt features a ball
clmuent tlrdt Is axially arranged between two distal ends,
whcrcui thc ball clement ultcracts with at lmist tv 0 movable si
ball socket elements in order to adjust the stiffness of the
bearing bushing In other words, a ball eleinent is fornied on
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thc bull. In a lirst sv,ttclung position, thc btmung bushing is
supported by the at least one elastomer element in the sleeve.

Ou fllc othcl hallil, tht: bolt ls cotltu:ctixl to thc sh:cvcvla
the at least two ball socket elements in a second switching,
position of thc bmiring bushing. Accorduigly, thc Bt lcasi onc
elastomer eleinent is bridged by means of the at least two
ball socket elements. In addition. the at least two bali socket
elements come into contact with the hall elenient for increas-
ing the stiffness of the bearing bushing. A load on the bearing
buslung guides thc force Via the bolts aud thc at least two
ball socket elements into the sleeve. Furthermore. a bail joint
is rcalizcd by thc cotulcction betwcxu thc ball clement and
the at least nvo hall socket elements 1 he stitfness in a
sccotul sw itchulg posltloll Is coilsixJUclltly ill Im uldxlulilul,
v herein a tilting of the bolt is made possible

According to one embodiment„ the at least tw 0 bail socket
elements can be axially moved towards the ball element tilr
the adjustment of the stiffness of the bearin bushin . Thus,
thc second switchuig position of thc bcanug buslung is
realized by an axial approaching of the at least two bali
socket elmncnts.

According to an enlbodinlent, the at least iwo hail socket
clemcnts can bc radially moi cd towards thc bali clement Ibr
the adjustment of the stiffiiess of the bearing bushing 'I'Ims,

the second switclung position of the beanug buslun is
realized by a radial appmaching of the at least nvo ball
socket elements.

I'he at least nvo ball socket elements niay be supported on
the sleeve in such a way that they are at least movable. For
this pUrptisc. Bu opclllllg Iuav bc Blrallgixl 011 fllc sleeve,
which Is provided to at least guide the respective ball socket
elcmcnt. Howcvcr, it is also possible that the at least two bull
socket elements are mounted on the outside of the sleeve and
arc only dtrcctcd through ihe sleeve in order to interact with
the bali element

The at least two ball socket elements may be mainly
founed in a complementary lvay to the hall element and that
they enclose. In other words. the at least tv o ball socket
elcmcnts arc adapted to thc geometry of thc ball clement,
v herein openings are provided filr the bolt axis. But it is
furthcrmorc also possible that several ball socket elcmcnts
accommodate the ball element in a second switching posi-
tion oi'he beaung bushmg.

Furtlmunorc. Onc acxuator is provided for moving thc at
least two hall socket elements. Accordingly. the at least two
ball socket elements are moved axially or radially by the
actuator, whereby the respective stiffiless level of the bear-
ing bushing is initiated. The actuator may include an electric
motor as well as a control element for controlling and
regulating thc stifliicss of thc bearing bushing

This dlsclosUrc luclUdcs fllc tcchtlicBJ tixichlug Ihilt thc
ball element is arranged axially between two elastoiner
elements. 'I'he two elastomer elements may be made in a
ring-shaped design, wherein the holt is axially guided
through the two elastonler elements and Is thus radially
mounted on the sleeve by nleans of the two elastomer
elcmcnts. Thc at least two ball socket elmueuts arc arranged
axially bctwcen Ihc two elastomer clemcnts

BRIEF DESCRIPTION OF THE DRAWINOS

Furtlmr measures for improi ament Brc dcscribcd in lur-
ther detail ui thc followuig along with thc description of
embodinlents of the disclosure shown in the figures It is
shown
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FIG. I is a pcrspcctivc view ol' suspension ami lhr a

motor vehicle, wherein the suspension amt comprises a
beanng buslung uccording lo onc cmbodmicnt.

FIG. 2a is a schematic secuonal dcqnctton lo illuslralc the
structure of the bearing bushing according to a first embodi-
nient,

FIG, 2b is a further schematic cross-sectional depiction to
illustrate the structure of the bearing bushing accordin to
FR( 2a,

FIG. 3a is a schematw. sccuonal dcquctton to illustrate thc iii

structure ol'he bcanng bushing according to a second
embodiment. and

l1(i 3b is a further schematic cross-sectional depiction to
illustrate the structure of the beariitg bushing according to
FIG. 3a. I

I)l!'I'AII Ill) l)I!S('RIP'I'ION Ol' lilt I)RAKINGS

According to FIG. I, a bearing bushing 1 is arranged
within a bore hole 9. that is intended Ii!r that purpose. at a so

suspension arm 8. ilia suspension anu 8 is built uilo a nol
ilcpicteil suspi:llsloll of a ilol tlap!en:il illoliir vcliiclc.
A not depicted axle carrier of a motor vehicle will be
attached to a holt 3 of the bearing bushing I 1'he suspension
arm 8 furthermore comprises an additional bore hole 9a, into
vvhich a mechanical. non-switchable bearing bushing la is
arrang&. In other words. bearing bushing 1a is designed as

convmitional rubber bcanng. A not depicted wheel
carncr is attached to a bolt 3a of the bcanng buslun la.

Accordin to the I1(iS 2a and 2b, the bearing buslfing I so

accordin to one entbodiment features a sleeve 2 and a holt
3 which is arranged within the sleeve 2. I'urthermore, tv o
elastomer elements 4a. 4b are armnged radially between
sleeve 2 and bolt 3 for a dampened bearing of bolt 3 within
slecvc 2. Boll 3 features a bali clcmcnl 5 tlrsl is axially )s
arrmigcd between two distal ends. !!hereat bali clemmit 5
inlcrscm vstth tluce movable ball socket elements 6a-6c in
order to adjust the stiffness of the bearing bushing, I. I'he hall
element 5 is consequently arranged axially between two
eksstomer elements 4a. 4b so

In the first switchin position shown, bearin buslung 1

according lo onc cmbodnueul fimlures a mininuun stiffness.
This is the case su!ca bolt 3 is connect!xi via thc two
elastomer clcnu:nts 4a, 4b to slecvc 2 in a dampened mmmcr.
A radial approaching of the ball socket elements 6a-6c leads
to an increase of the stiffness of bearing bushing I in a
second switching position (not shown). This is the case
because the tivo elastomer elements 4a. 4b are bridged by
mc;ms ol tlm Ilucc ball socket clemcnls 6a-6c ui Ihe second
suilchuig position mid a I'orce thol is iiuroduccd uilo boll 3 o

is thus lead via thc thrcc ball socket clemmils 6a-6c uilo
sleeve 2 ivithout any danipening Accordingly. the bearing
bushing I can be switched betw:een two stiffness levels 1 he
ball socket elements 6a-6c are mounted at sleeve 2 in such
a vvay that they can be moved in radial direction. For tlus s.
purpose. an actuator 7 is connecicd to fiie ball socket
clcmcnls 6a-6c. Thc ball socket clcmcnts 6a-6c arc furthcr-
morc I'onncd as a complcmcnt to ball elcmcnl 5 and miclosc
bali element 5

Accordin to the I1(ig 3a and 3b, the bearing buslfing I ia
features a sleeve 2 and a bolt 3 which is arran ed within the
sleeve 2. Furthermore. two elastomer elements 4a. 4b are
arrmigcd radially between slecvc 2 and boll 3 for a d;unp-
cncd bearing ol'bolt 3 within slecvc 2. Bolt 3 fi:alurcs a ball
clmuent 5 that is axially arranged between lwo dislal cods, ss
wherein bail elentent 5 interacts with nvo axially movable
ball socket elements 6a. 6b in order to adjust the stitfness of

bearing bushing 1. The two ball socket elements 6a. 6b arc
thus basically separated in two halves and feature three
radial clcmcnts 10a-10c Ihr s homogcncous force distnbu-
tion, which are desi ned in a star-shaped formation. An
actuator 7 is connected io the two ball socket clcmcnls 6a.
6b for the axial adjustnient. I'he ball socket elements 6a, 6b
are furthermore formed as a complement to ball element 5
and enclose ball element 5.

I,IS I'F Rlil'IIRIIN('I! SI(iNS

I, 1a Bcanng buslung
2 Sleeve
3. 3a Boll
4a, 4b Iilastomer element
5 Ball clcillclil
6a-6c Ilail socket element
7 Actuator
8 Suspension anu
9. 9a Bore hole
10a-10c Radial element

I'he invention clainied is:
I A bearing bushing tiir a niotor vehicle, comprising:
a sleeve:
a bolt arranged inside the sleeve, and
at least onc claslomcr clement arrangcxi radially bctw ceo

lhc sliicve mid Ihc boll lor supporting the bolt in thc
sleeve in a damping nianner, ivherein the bearing,
bushing can be sivitched between at least nvo stiffness
levels:

wherein the bolt includes a ball element axially arranged
between two distal ends, wherein the ball element
uilcracts with at least two axuilly movable ball socket
clcmcnm in order to siw itch belw iwu Ihe stilliiess levels
of thc bearing bushuig.

2 11!e bearing bushing accordin to claim I,
wherein the at least tivo ball socket elements can be

axially moved towards the ball element for the switch
between the stiffness levels of the bearing bushing.

3 Thc bcanng bushing according to claun 1,
whcrcin thc at least lvvo ball socket clcmcnts are sup-

purled on the slccve in such a way tlrat they arc
movable

4 I he bearing bushing according to claim I,
wherein the at least nvo ball socket elements are formed

in a complementary way to the ball element and that
they cnclosc the ball clcmmit.

5 Thc beanng bushing according Io claun 1,
further composing an actuator lo move Ihc at least I!so

bail socket elements
6 11!e bearing bushing accordin to claim I,
wherein the ball element is arran ed axially between tvvo

elastomer elements.
7 A bearing bushuig for a i chicle, composing:
a sleeve:
a boll insslc Ihc slccvc, lhc boll havuig a ball region

defining a radius;
an elastoiner arran ed radially between the sleeve and the

bolt for supportin the bolt in the sleeve while provid-
ing dampening between the bolt and the sleeve; and

at least one ball socket moveable in a radial direction
to!sard the ball region and shaped to conlhrm to thc ball
region. wherein thc al least oue ball socket is conlig-
ured to apply a force on the ball rekuon to change a
stitfness of the bearing bushing
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8. Thc beano bushurg of'claun 7, whercur theat least one
ball socket urcludcs lhrrm ball sockets spaced crrcumfermt-
tially about the ball re ion.

9. Thc bcann bushrng of clarm 7. funhcr compnsurg an
acsualor coupled to lhe at least one ball socket and config-
ured lo force the ball socket in the radial direction.

10. 'lire beanng bushing of claim 7, wherein the ball
socket is an integral parr of a ball socket element that
extends tlur&ugh the sleeve

11. The bearing of claim 7, wherein the elastomer is a first ra
elastomer and the bcarurg buslun further compnscs a
second elastomer spaced apart from dre first elastomer and
on an opposrtc srdc of thc ball regrun.

IZ. I'he beanng of claim I l. wherein the first and second
elastomers define a space therebetween in rvhich the hall
region is located

1fk The bearing bushing of claim 7, wherein the ball
socket rs mr integral part of a spht ball socket clemcn! with

two halves, each half coupled to an actuator configured to
force the halves in the radial direction.

14. A bearing buslung for a vehrcle, comprisurg.
a sleeve;
a parr of elastomer mcmbcrs spaced apart I'rom onc

mrother and located radially utward front the sleeve:
a bolt extending tluougst the elastomer members and

alono an axis, the bolt having a first outer diameter. the
bolt having a ball region with a second outer diameter
cxcrrcdrng lhc first outcr diamctcr, and

a plurality of ball socket elements extending tluough the
sleeve and located axially betv, een the parr of elastomer
members. Ihc ball socket clemcnts moveablc radmlly
toward lhc ball rcgron such tlrst a rmlia1 force provrdcsf
from the ball socket elcmcnts onto the ball region alters
a stiffness of the bearing bushing

i s s s
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