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,978 B2US 10,570
1

SWITCHABLE BEARI YG BUSH FOR A
MOTOR VEHICLE

('RO)S-RlllilikiiN( li I'0 Rt!I,AI III)
APPLICATIONS

This application is the U.S. National Phase of PCT/
DE2016/200233 tiled May 17. 2016, which clmms priority
to DE 10201S215426.2 tiled Aug. 13, 201S, lhe entire
disclosures of which are incorporated by reference herein

and thus cxlubits a maximum dcfonuauon potential. On thc
other hand. the bearing buslung has a maximum rigidity in
a second scning, w hcrmn lhc claslomcr elcmcnl cxpcrwnccs
a maximiun preloadina force, and exhibits a minimum
dcfiirmalion potential. Numerous sw htclung scnings may bc
possible between the first setting and the second setting„
v herein the preloading force acting on the elastomer ele-
ment can be adjusted in a variable manner.

13RIlili DIISCRIPI ION Oih TIII: DRAWIN(i)

TECHNICAL FIELD Furllmr mcasurcs lbr miproinnenl shall be explahhhcxl

below in greater detail, together with the descriptions of
exemplary embodiments based on thc iigurcs. Therein.

lil(i I shows a perspective illustration of a chassis
conninluig rod for a motor 1 chicle, wherein Ihe chassis ann
has a bearing bushing accordin to various embodiments
described herein,

lil(i 2 shoivs a schematic sectional view, illustrating the
construction of the bearing bushing according to a first
exemplary cmbodimen(

FICi. 3 shows a scheniatic sectional view, illustrating the
construction of the bearing bushing accorduig to a sinond
exeniplary embodiment.

FICi 4 shows a schcmanc sixuonal vieiv, hlluslratuig Ihe
constniction of the bearing bushing according to a third
exemplary embodiment,

FICi. 5a shoivs a schematic sectional view. illustmtion the
constniction of the bearing bushin according to a fourth
exemplary cmbodimcnl. wherein thc bcanng bushing exhib-
its a low ngiditv,

lii(i 56 shoivs a schematic sectional view of the bearing
buslung according to ihl(i 5hi. wherein the hearing bushing
exhibits a high rigidity,

FICi 6a shov,s a schematic side view, illustmting the
construction of the bearing bushin according to a fifih
cxmnplary embodiment.

FICi 6b shows a schematic sectional vww of llm beanng
bushin according to ihl(i 6ih,

lil(i 7 shoivs a schematic sectional view, illustrating the
constniction of the bearing bushing according to a sixth
exemplary embodiment,

FICi. 8 shows a scheniatic sectional view, illustrating the
construction of the beanng bushing according lo a sevendi
exemplary cmbodimen(

I I(i 9 shows a scheinatic sectioiial view, illustnsting the
cmistniction of the bearing bushing according to an eighth
exeniplary embodiment. and

FICi 10 shov, s a schematic sectional view. Illustmsting the
construction of the bearing buslung according to a ninth
cxmnplary embodiment.

llus disclosure relates to a binnng buslung for a motor
vehicle, comprising an inner ring and an outer ring, as well
as mi elastomer element disposed radially between the inner
ring and the outer ring, v herein the bearing bushin can be
switched between at least to rigidity states.

IIA('K(il(OI/ND 2o

The construction and the opemsting data of bearing bush-
ings resulting therefrom that are used in a chassis of a motor
i chicle hase a strong impact on thc dnving imd slcering
charactcnstics of thc motor vclucic. Rclativcly minor muCh-
fications to a spring constant or rigidity of the bearing
bushing can have significant etfects on the vehicle charac-
teristics. such as the under- and oversteering behavior as
well as chassis noises, vibrations and operating resismnces.
Dependin on the setting of the bearing bushjhtg. the motor io

i chicle has a relatively "soll" or a relanvcly '*hard" oper-
ating bclmvior.

Difierent beanng bushings in the chassis of a niotor
vehicle are known fmm the genenslly khhowhh prior art On
one hand, purely mechanical bearing bushings or rubber is
bearings are known„wlfich have a defined rigidity. On the
other hand. hydraulically dampened chassis buslfings having

prcdclined or vanablc rigidity arc known. Moreover,
bcanngs with magnctorhcological liquids or ma hhclorhcxh-

logical elastomers are known, ivherein the rigidity can be so

varied via a magnetic field.
I Iy way ofexaniple, Dl i (19(i 22 141 'I'2 discloses a metlxid

for the production and use of a suspension bushiiig with
variable rigidity for controlling the relative movement
between a suspension arm ui a moior vclucle and a frame
component of thc motor vcluclc. Thc suspension bushing
has a variable rigidity. which is obtained in that a magne-
torheological elastomer or gel is enclosed therein. the ngid-
ity of which can be varied over a ivide range by means ofan
adjustable magnetic field. The variably adjustable ms netic so

field is generated by means of an electroma net structure,
wluch is fully integrated in a suspension bushing structure as
part of lhe structure.

'lite object of tins disclosure is to create a bearing bushing
fiir a motor vehicle. the rigidity of ivhich can be mechaiu- sx

cally adjusted, and thus is not based on a hydraulic or
magnetorheological operating principle.

DETAILED DESCRIPTION OF THE DRAWINCiS

According to FIG. 1. a bcanng bushing 1 n disposed in a
borehole 16 provided for this in a chassis coiuiectuig rod 17.
Thc clmssis connecting rod 17 is incorporated hn a chassis
not shown Ihere~f a motor vehicle not shown here. A
cross meinber not shoivn hereof the nlotor veliicle is
attached to a bolt 18 of the bearing bushing 1. Furthermore,
the chassis connecting rod 17 has a second borehole 16a, in
which a mechanical. non-venable bearing buslung 1a is
disposed. In other words. Ihe bcanng bushing la is in Ihe
fiirm of a conventional rubber bcanng. A whiwl mount nol
shown here is disposed on a holt 18u of the bearing
buslung Iu.

SUMMARY
so

According to one embodiment. the bearing bushing Is
configured to introduce a preloadin force into the elastomer
clcineiil. Iii oilier ivords, llirougll lite iiilrodiicllohl iif
preloading force halo Ihe elastomer elcmenn lhe rigidity of
thc bcanng buslung hs uicreasixk Thus, thc bearing bushing ss
has a minimum rigidity in a first setting, ivherein the
elastomer element experiences a minimum preloading fiirce,
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According to an cmbodimcn( illustratixl ui FIG. 2, thc
bearing bushing I has an inner ring 2 and an outer ring 3, as
well as a non-rotating elastomer eleinent 4ir. disposed radi-
ally between the inner ring 2 and the outer ring 3 Iiurther-
more, a circumferential groove 11 is formed on on inner
circumferential surface of the outer rin. 3. in which. on
annular clamping elcmmi( 12 is disposed. lite diameter of
thc annular clmnping elcmen( 12 can bc reducixl, m order to
apply a preloading force to the elastomer element 4rr In
other ivords. by reducing the diameter of the clan(ping io

element 12. the preloading force to the elastomer element 4rr

is increased. An enlar ement of the diameter of the clamping
element 12 does not reduce the preloading force to the
clas(omar elcmen( 4a, but ins(cod causes Ihc elastomer
clcmcn( 4a to fiow ui(o thc circumfi:rcn(ial groove 11, even
when the bearing bushing I is subjected to a load. by nieans
of which the rigidity of the bearing bushing I is further
reduced An actuator 15 acts on the annular claniping
elenient 12 in order to chan e the diameter of the annuLar
claniping element 12. m

According to an embodiment illustra(ed ui FIG. 3, the
beanng bushing 1 has an inner nng 2 and an outer ring 3, as
well as a non-rotating elastomer element 4a„disposed nsdi-
ally betv een the inner ring 2 and the outer ring 3 Further-
niore. the inner ring 2 is disposed on a sleeve 5 Moreover,
a first and second axially moveable tapered ring, 6a. 66 are
disposed on the sleeve 5, for introducing the prelooding
force into Ihc elmtomcr elcmen( 4a. The rcspcctne tapered
rmg 6u. 66 lies, at least in par(, mdially between the inner
rina 2 and the sleeve 5 With an axial displacement of the so

two tapered rings 6a, 6(2 toward one another. the inner ring
2 experiences a mdial expansion Iior this„ the inner nng 2
is designed such that it is radially elastic. In particuLsr. the
inner ring 2 has numemus recesses not shown here in
order (o ob(ain an clasuc dclhnuauun. Moromvcr, Ihc inner ss
ring 2 luis a particularly (lun-walled design. For an axial
displaccmen( o(1hc two (apcrcd ruigs 6a, 6b. Ihc two tapered
rin s 6ii. 6(2 are connected to an actuator 15

Accordiim to an embodiment illustrated in Iihi 4, the
bearing bushin I has an inner ring 2 and an outer ring 3. as do

ivell as a non-rototing elastomer element 4a. disposed radi-
ally bc(wcmi thc inner ruig 2 mid Ihc outcr nng 3. The inner
rmg 2 luis a tapered design, mid is disposed on a tapcrcsI
slccve 7, such that it cau bc radially expanded. The tapered
sleeve 7 is disposed on a sleeve 5 such that it can be
displaced axially Iiurtherniore. a sleeve element 19 is sup-
ported axially on the inner rin 2. in order to secure i(axially,
when the tapered sleeve 7 is displaced axially. An axial
displaccmen( ol thc Iapcrcd shmve 7 Ihus rcsuhs in a radial
expansion of thc uuicr nng 2. For dus, thc mncr ruig 2 is o

Ibrlllcrl SUCli Iilil( 1( is Iddidllv CISS(iC. Slid lies llillIlcrouS
cavities not shoivn hered(stributed, in particular. over
the entire circumferential surface An expansion of the inner
ring 2 results in a compression of the elastomer elemenr 4a
betweentheouterring 3 and the inner rin. 2.As a result, the ss
prcloaduig force to thc clas(omcr elcmen( 4a is incrcasixh
tlnis also uicrcasuig thc ngidity ol'Ihe bmring buslmig I An
ac(un(or 15 acts on thc utpcrixi sleeve 7 lbr mi axial dis-
placement of the tapered sleeve 7

Accordin to an embodiment illustrated in Iil(ig. 5rr and io
56. the beanng bushing I has an inner ring 2 and an outer
rin 3, as ii ell as an elastomer element 4ii disposed radially
betwomn Ihc inner nng 2 and the ou(cr ring 3. Furthermore,
tlucc ccccntrw. rings Sa, 8(2, 8C arc disposed raihally between
a sleeve 5 and the inner nng 2, such Ilrdt (hey cmi ro(aIc via ss
bearing elements 20a-2(lf lite bearing, elements 20a-20r are
disposed thereby on an inner circumferential surface of the

inner ring 2, and the bearing elcmen(s 202(-207 are disposed
on an outer circumferential surface of the sleeve 5 When the
iwo eccentric rings Sir and Si are rotated m relation to the
eccentric ring 8(2 disposed radially therebetween. a radial
expansion of the inner ring 2 takes place. For this, the inner
ring 2 is elastic and has nmnemus cavities not shown
here dis(ribu(cd over Ihc cn(ire circumfcrcntial surface. An
cxpdllSioii 0f tliC lllilCi rlllg 2 ICSillm 111 a iridial coiIlprcsSioii
of the elastnmer element 4a tov ard one side, and tints in a
direction-dependent increase in the preloadmg force to the
elastomer element 4u Accordin to I'l(i 5a. the bearing
bushuig 1 has a minimum rigidity in this first setting. The
elastomer element 4a is not compressed by the eccentric
nngs Sii-8c thereby. By way ol'compunson, in FIG. 5b thc
bearing buslung I is shown ui thc second settuig. In accor-
dance with the second setting. the bearing bushing I exhibits
'i fllaxl(21ilii1 rigidity. wherein the elastonier element 4a
experiences a maxinnini compression. (iurthermore, the
inner ring Z assumes an oval shape in the second setting.

According to an embodiment illustmsted in FI(ig. 6a and
6b, Ihc bcanng bushing 1 has an inner ruig 2 and an ouier
ring 3, as well as im elastomer elmuen( 4a ihsposed radmlly
between the inner rin 2 and the outer ring 3 I'urthermore,
six tapered elements l(hr-(of are disposed benveen the
elastomer element 4a and the outer ring 3. which interact
with respective ramps 9u-9f on an inner circiunferential
surface of the outer ring 3. When the tapered elements
10a-10/ uiterac( wi(h (he rcspcctn e ramps 9u-9g'. Ihe respec-
tive tapered clcments 10a-10f move rndially, duc (o a
rotational movement of the outer ring 3 1 he radial move-
ment of the tapered elements Igir-(0f results in a compres-
sion of the axially slotted elastomer element 4a In order to
prevent a rotation of the tapered elements 10a-10f on the
elastomer element 4a, the tapered elements 10a-10fmay be
vulcanizixl onlo (he elastomer elemcn( 4a. mid also gutdox(
radially. For tlus, a respccuic bolt 22a-22f is tnscnox(
tluuugh Ihc rcspcc(ivc (apcrcd clcnu:nt 10a-108 wherein Ihe
respective bolt 22u-22f is radially guided into a respective
gmove Z3a-238 on the washers 24rr, 246 shown in lii(i 6(r

In addition. the bolts 22a-22fmove exclusively in the msdial
direction. In order to implenient a rotation of the outer ring
3 in rcla(ion(o Ihc uiucr nng 2. Ihc ou(cr nug 3 lms a sliduig
bearing bushing 21 on dn outcr circumfbrcutial surface,
whcrcill tliC oil(Ci itiig 3 IS CoilliCC(cd to all SCIuii10r 15.

According to an enibodiment illustrated in Iil(i 7, the
bearing bushing I has an inner nng 2 and an outer ring 3, as
v ell as a non-rotating elastomer element 4a disposed msdi-

ally between the inner ring 2 and the outer ring 3. Further-
more, respective further inner rings 2a. 2(2 aud outcr rings
3a, 36, as well as ixin-rotaung clastomcr elmuen(s 46, 4c
disposed riulially between the rcspectivc nuicr rings 2a. 2b
and the respective outer rings 3ir, 3b, are disposed axially
ad(acent thereto I he three outer rings 3, 3u, 3(2 are rotatably
supported on a slidin bearing bushing 21. Furthermore. the
elastomer elemems 4a-4C have an eccentric design, and can
roIa(e independen(ly. A ro(anon ol thc elastomer elcmcn(s
4a-4C rcsul(s ui a radial compression of Ihc respim(ivc
clastomcr clemcn(s 4a-4C, dnd thus ui a dirixuou-dcpcndcnt
increase in the preloadin force to the respective elastoiner
element 4a-4C. In order to implenient a direction-dependent
increase in the preloading force to the respective elastomer
element 4a-4C, the elastomer element 4a may be rotated 90"
clockwisc, togcthcr 0 2th the non-rotatuig ou(cr ring 3 dis-
posed thereon and (he non-rotating iruwr ruig 2 disposes(
thereon, wherein the elastomer elemmits 4(2 and 4c are
rotated 90" counter-clockvrise, together with the respective
outer nng 3a, 36 and the respective inner nng 2a, 2(2 As a
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result. the central axw is displaced upward. whcrcin ir

actively enga es in the axle kinematics. The respective inner
rings 2, 2a, 2b arc rotatably supported vrd rcspccliv c bwrrulg
elm»ants 20a-20C Furthcrmorc, Ihe respective elastomer
elements 4u-4C interact with respective actuators 15ir-151

Accordiim to an embodiment illustrated in IIKi 8, the
bearing bushin I has an inner ring 2 and an outer ring 3. as
vvell as a non-rotating elastomer element 4a. disposed radi-
ally betvveen the inner rin 2 and the outer ring 3. Further-
more. a lirst and a second washer 13a. 13b arc disposed on lii

lhc Ilulci rhlg 2 Birch lhiit they call »love Bxiiillyr v, hei cill thc
two washers 13rr, 13b can be displaced axially against the
elastonler element 4a via an actuator 15, in order to intro-
duce the preloading force into the elastomer element 4a. In
addition„ the elastomer element 4a is axially compressed via
the tvvo washers 13a, 13b.

According to an embodiment illustrated ul FIG. 9, the
beanng bushing 1 has an inner nng 2 and an outer ring 3, as
well as an elastomer elenient 4u, radially disposed between
the inner ring 2 and the outer ruig 3 'I'he elastomer element IO

4a has tivo legs 14a and 14b, which are axially spaced apart
on an inner circumferential surface of the elastomer element
4a in a first setting not shov n here. The two legs 14a, 14b
can bc displaced axially ou the uulcr nng 2 via a respective
sliding bushing 21a, 21b disposed thcrcon. Moreover. an
outer circumferential surface of the elastomer element 4a is
non-rotatably disposed on the outer ring 3 In order to
change the rigidity of the bearing busl»ng 1. two washers
13a. 13b are disposed on the inner ring 2 such that they can
move axially. in order to axially compress the elastomer Io

elm»ant 4a. Thc legs 14a, 14b arc time movcxl toward oue
another by an actuator 15, by means ol w 1»ch thc prcloading
force to the elastonier element 4u is increased A change in
the rigidity is also obtained by modifying the exposed,
unloaded surfaces of the elastomer element 4a, where an ls
expansion is possible In the initial state. the elastomer
element 4a has numerous unloaded surface~. and is therefore
rclalivcly ilexible. Al its maximum rigidity, v,hcn lhc lwo
legs 14a. 14b arc in axial connicl with one another. on onc
hand. and on the other hand. axially loaded by the Iwo do

washers 13ir, 13b, there are substantially no more exposed
surfaces on the elastonier element 4a

According to an embodiment illustrated in FILI. 10, the
bearing bushing I has an inner rin 2 and an ourer ring 3. as
well as a non-rotating elastomer element 4a, disposed radi-
ally between thc inner nug 2 and lhe outcr ring 3. The
elastomer element 4a has two legs 14a, 14b, wherein the two
legs 14u. 14b are bowed, such that the Uvo legs 14a, 14b are
at least in part axially spaced apart from one another. As a
result. an axial, lens-shaped hollow space is formed between so

the two legs 14a, 14b. Furthermore. two washers 13a, 13b
dre disposed on llm inner ring 2 such thai Ihey can move
dxmlly, wherein the two washcrs 13a. 13b can bc displaced
axially against the respective leg 14a, 14b in order to
intmduce the preloading force into the elastomer element ss
4ri.

For this embodiment. an actuator acts on the two washers
13a. 13b. Here as well. a chan e in the rigidity is obtained,
in the same mmmcr as in FIG. 9, by modrfyulg the cxposixk
Uuliiadcd sUrlaccs of lhc chislolllcl clclucul 411 where Bll ro

expansion is possible

LIST OF REFERENCE SYMBOLS

1. 1a bearing busiuug
Z inner ring
3 Olttel'rag

4a-4C ilastolucl clcuicl»
5 sleeve
6a, 6b tapered ring
7 tapered sleeve
ga, gb eccentric ring
9a-9d ramps
10ir, 10b tapcrixi elcmmlt
11 groove
12 cksmping element
13ir, 13b washer
14rr, 14b leg
15 actuator
16, 16a borehole
17 chassis connecting rod
18, 18a bolt
19 sleeve element
2(lu-21)fbearing element
21 sliding bearing bushing
2Za-2fbait
23a-234 groove
24ir, 24b washer
25 hollo~ space
I'he invention clainied is:
I A bearing bushing tilr a nlotor vehicle, comprising:
an inner ring;
an outer ring: and
an elastomer element disposed msdlally between the inner

ring and thc outcr nng. w hereul thc bcarulg bushing can
be switched bctw can al least two rigidity states, and
wherein the bearin bushing is configured to introduce
a preloading force into the elastomer element,

wherein the inner ring is radially elastic, and is disposed
on a sleeve via at least tivo eccentric nngs, wherein the
at least two eccentric rings are rotatably disposed
bclwrcn thc inner nng and lhc sleeve In order lo
ullroducc Ihc prcloading force into Ihe elastomer cle-
luc»1.

2 'I'he bearing bushing accordiim to claim 1. wherein the
inner ring has a tapered and radially elastic design, ivherein
the sleeve can move axially. in order to introduce the
preloading force into the elastomer element. Bnd v herein the
umcr rulg rs ax»illy hxcd m place, al least al ouesrde.

3 Thc bcanng busl»ng according to clmm 1, whcrcul thc
OUICI rlllg hiiS IIUBICIOUS IdlupS Ou iiu huu:I cllcUlllfCICI»ldl
surface, ivherein the respective ramps intemsct radially ivith
a respective tapered elenlent, non-rotatably disposed on the
elastomer element.

4 The bearing bushing according to claim 1. wherein the
OUICI I»lg haS a Cu CUIllfCI CIIIIBI grooVC Oil Bu IIUICI CIICU»1-

fi:reulml surlhcc. wherein ml;uulular clamping clement Is
disposed in Ihc grooie, and whercul B diameter of Ihe
annular clamping element can be reduced, In order to
introduce the preloading force into the elastomer element

5 The bearing bushing according to claim 1, wherein the
elastomer element has an eccentric design. wherein at least
ouc further cccentnc elastomer clement rs drsposixi axially
dill Bccrit to thc cldsloulcl clel» i ut, rind w hi ri ill lhc cl I sioux I

clement and Ihc Bl least one further ccccntric elastomer
element can mtate independently of one another, in order to
introduce the preloading torce into at least the one elastomer
element.

6 The bearing bushing according to claun 1. wherein a
first Bud secor»I ivdshcl drc disposed ou lhc liuu:I 11llg such
thai they can move axially. whcrcin thc lirsl and sroond
washcrs can be displaced axially agdulsl thc elastomer
element in order to introduce the preloading force into the
elastomer element
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'7. Thc bcamng buslung accordul io claim 6, whcreul thc
elastomer clement lms Iwo legs which arc at lcasl in pari
spaced apart from one another.

8. Thc bcanng bushing accordulg Io clmm 1. further
comprising at least ouc actuator for changulg the ngidily of
the bearing bushing.

9 A bearin bushing for a vehicle, comprising;
Bn uulCI'ing:
Bn OIIICI 1111g:

an elastomer element disposed radially benveen the inner
ling and lhc oulcl'ng, Bnd

ml actuator conligurcd to cause ml apphcallon of a force
on lhc elastomer clement in a radial ihreclion against al
least one of the inner ring and outer ring to alter a
rigidity of the bearing bushing;

wherein the outer rin includes an inner surfiace defining
a circumferential poove, wherein the bearing bushing
tllchuh:s a clBnlp locBlix! Bl lhc cllcunlicrcllllal gloovc,
and whcrcln Ihc actuator Is conli ured lo force thc
clamp radially inward to increase Ihc rigidity of thc
bearina bushing

10. 'I he beanng bushing of claim 9. further comprising an
axially-disphlceable ring coupled to the acnlator and con-
figured to displace along a central axis of the bearing
buslnng.

11. The bcanng buslung of claim 10, whercul the axially-
displaccdblc nng is tapered such that axial displacemenl of
the axially-displaceable ring causes radial compression of
the elastomer elenlent to increase the rigidity of the bearing
buShltlg,

12. The bearin bushing of claim 11. wherein the inner
rmg is dispo sed abou I a s1 ecvc, and the ulucr nng Is radially

lc

s e e s

clastic such that Ihc mncr nng deforms radially as thc
axially-displaceable ring dispLlces along the central axis.

13. Thc bcdnng buslung of claim 10, whcrcln thc axlally-
displaceable ring is a washer abutting an axial side of the
clastomcr clement, and axial displacement of the washer
cmnpresses the elastomer element in an axial direction.

14. The bearing bushing of claim 13„ further comprisin
a second ring abutting an opposite axial side of the elastoiner
element.

I il
15. Thc bcanng buslung oi'laim 10, w hcrcln thc elasto-

mer element includes two legs axially spaced apart and
converging tolvard one another.

16. A bearing buslung for a motor vehicle, comprism .

an inner ring:
I

an outcr ring: mid
an elastomer element disposed radially between the inner

ring and the outer ring. Ivherein the bearing bushing can
be slvitched between at least two rigidity states, and
v herein the bearin bushin is configured to introduce
a preioading force into the elastomer element;

whclc'hl Ihc outcr nng hds Ilulncrous riunps 011 Bn huu:I
clrcunlfclc'anal sulfdcc. A'hcrchl lhc rcspccuvc lalnps
interact radially with a respective tapered element,
non-rotatably disposed on the elastonler element

17. The bearin bushing of claim 16. wherein the outer
ring has a circumferential groove on an inner circumferential
surface, wherein an annuLar clamping element la disposed in
the groove, and wherein d diameter of Ihc annular clampulg
elcmcnt can bc reduced. ul order to introduce Ihe prcloadulglc
force mto the elastomer element
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