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An acta e v:heel suspension element has a ball screw drive
having a screw dove with a dueadcd spuidlc and a spuidle
nut which is mounted in a housing via au axial bcanng. The
axial bearing is fonncd as a rolluig bearing, whose roliuig
element rolls directly on the spindle mit
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ACTIVE WHEEL SUSPENSION ELEMENT

('RO)S-Rill&IIRIIN( E I'0 Rl!I,Ail&I)
APPLICATIONS

[0001] This application is the U.S. National Phase of
PCT/DE2017/100516 Iilcd Jun. 20, 2017, wluch claims
pnouty lo DE 102016213424 g f&IOSI Jul. 22, 2016, thc entire
disclosures of which are incorporated by reference here&n

TECHNICAL FIELD

[0002] The d&sclosurc relates io a suitable acnve wheel
suspension element for a chassis of a motor vehicle

BACKG ROI IND

[0003] An act&vc wheel suspension elmneni lor d&e adjust-
able spring, suspension of a w:heel of a nu&tor vehicle &s

known from the DII 10 2013 222 640 Al. '1&vo motu&ting
elenients of the known wheel suspension element are pro-
vided fi&r its mounting to an element that is supportin the
structure of thc vch&clc on thc one hand and lo an element
that &s supporun thc w hix I on lhe other hand. A suspe&wion
sprmg is braced bctwccn one of these mounting elements
and an adjustable spring seat. 'I'he adjusting of the spriag
seat is poss&ble via a linear actuator, which includes a
rotation motor and a transmission. The transmission of the
known wheel suspension element may refer to a hail screw
dn& c or lo a planetary roller screw drive.
[0004] Further examples of adluslablc suspension ele-
ments are d&scloscsI &n thc documents DE 10 2007 026 606
Al, l)E 10 2(X)7 025 46g Al and EP I 479 542 A2

SUMMARY

[0005] Tins disclosure &s be&cd on an oblcct&ve to develop
ao active v heel suspeilston ale&&lent i&1 con&pa&lao&i to the
nientioned poor art with respect to a particularly compact
and at the same time sturdy design.
[0006] This objective is achieved via a wheel suspension
clcmcnl featunug thc charactcnstics d&sclosctl below.
[0007] The wlmcl suspens&on clcmem is designed as an
emu c wheel suspcus&on clmncnl, which works ui assucia-
tion with a screw drive that comprises a threaded spindle and
a spindle nut. The spmdle nut is hereby mounted in such a
way &vithin a housin of the wheel suspension element via
an axial bearing that &t can be rotated. hut not shihed The
ax&al bearuig ol'hc sp&ndlc nul is demgned as a rolluig
beanng. w herc&n Ihc rolling elcmcnls, c g. Ihe balls. rolls or
needles roll d&rcctly ou lhc spuidlc nut. The spu&dlc mtt itself
tlnis pmvides at least one n&lling track for the rolliag
elements of the ax&al hearing A mlling track for the respec-
tive rolling elements of the axial bearing i can be formed at
each end face of the spindle nut.
[0008] In the case that thc screw dove &s dcs&gncd as a ball
screw drive or thc 1&kc that &s funcuunmg with rolling
clcmcnls. such as rollcrs. various types ol'racks for thc
rollin element, in particular tracks of the axial beanng on
the one hand and on the other hand tracks of the spindle
drive, are formed via the spindle nut. By well-known heat
treatment methods it is possible to achieve suitable charac-
tcuslics of thc spu&dlc nut for thc mlhng bearings. The
formation of the tracks ol'hc ax&al rolling beanngs d&rcctly
»a thc spindle uut favors thc compact structure of thc wheel
suspension element both in mdial as well ss in axial direc-
tloi'I

[0009] According to one possible embodiment. the axial
bcanng of thc whccl suspmis&on clmnent includes an ax&al

ring Ilia& can bc vanably posit&oncsI in relet&on to lhe
housmg. 'I'he variable positionin can he pmvided e.g via an
adtustability of the axial ring via a thread or via mtermediate
plates of varying thickness, e.g. shims, that can be inserted
selecti&ely. In any case, the axial rin represents a bearing
ring of one of the two axial rollmg bearings, which together
form thc ax&al bcarmg OI'he wheel suspcns&on clement.
[0010] In a particularly mnboduncnt, the ax&al ung is
spnng-loaded &n relet&on lo the housu&g, w herc&n thc spruig-
loading extends in axial direction. 1&or the spung-loaded
support of the axial ring at the housmg. e g a plate spring or
an arrangement of several plate springs is suitable. The
mlling elements. in particular the rolls or needles. of the
axial roll&ng bearing can cithcr roll d&rix lly on thc axial ung
thai &s mounted &n u spruig-loaded maru&er in thc housui, or
it can roll v&a an Iuscruon of mi axial bearu&g dwk In bod&

cases, the axial ring can be designed as an I,-section ring„
which can be supported towtmds the radial outside by
forming a plain bearing at the hous&n . Due to the an led
cross-section of the axial ring, e.g. L-section ring. a support
of thc spring arrtmgcmenk in part&euler of thc plate &pung
arraugmnent, is provided ui an cmbodunent, which exerts a
force in axml direct&on onto lhc L-section nug. in radial
direction tov,ards the outside. A cylindrical section, e.g a
sleeve section of the I,-section ring is hereby placed around
the spring arrangement in a ring-shaped manner. On the
other hand. axial forces are transferred between the spring
arraugemcnt and a d&sc section ol'hc L-sixuon ung wluch
is adjacent lo the slecvc section. Whm& thc spring arrange-
meul &s compressed to ils maxunum. &hc L-acct&on ring cmi
funct&on as a blocking pmtection. so that a reniaining spring
path of the spring armngement will be reta&ned, e g. that it
does hit on the block.
[0011] The force transmission between the spnng arrange-
ment and the disk section of the L-section ring can be carried
oui &n a nag-shapcxt area accord&n lo tlus cmboduuenL
whose d&ametcr dcvmtcs from lhc parual c&rcle of thc axial
rolling hearing by less than half of the width of the rolling,
elements of this axial hearin when n&easured in radial
direction of the acre&v drive 'I'h&s means that an imagined
cylinder that runs concentrically tov, ards the center axis of
the screiv drive. &vhich is pLaces in the center through tlds
ring-shaped area, in which ihe spnng arrangcmeul cxcrls an
axial fi&rce onto thc L-acct&on ring, u&tcrsects thc rolluig
elcmcnts of the axial bearing, which compn sea the L-sect&on
ring on the one hand and the spindle m&t as hearing ring on
the other side.

[0012] The spindle nut can be basically driven via an
electucal direct drive or via a tmnsm&ssion, e.g. a ear
transmission or a continuously variable transmission. The
dnvuig of thc spuidlc nut can c.g bc ca&r&cd out v&a a belt
dove lhal is designed as a reduction gear un&t. To accomplish
tlus, a belt pulley, Ivhich is located around the spindle nut or
v hich is directly formed by the spindle nut that is positioned
v ithin the housing of the wheel suspension element, pro-
tnides in one embodiment both the spring-loaded axial rin
as well as the spring armngement that is provided for its
spruig-load&ng &n radial direct&on, w&th rclbreucc lo lhe
longitudinal axis ol'hc screw drive.
[0013] The hous&ng or a part that &s sol&dly connected io
the housing of the whed suspens&on elen&ent also forms in
one embodiment a seat for a helical spung, which h&nctions
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as a suspension sprin . The active wheel suspension eleinent
is suitable lhr passmigcr vehicles as well as lhr trucks and
other vcluclcs, c.g. for construcuon macluncs. Suspensions
of different vehicles can comprise a varying number of
active wheel suspension elements It is for example possible
that two active wheel suspension elements are provided at
one single axis of the vehicle. In like manner it is possible
that each velucle axis is equipped with active wheel sus-
pcustoll ck:lucllm.

BRIEF DESCRIPTION OF THE DRAWIN()S

[0014] In the following. several desi 0 embodiments are
explained in more detail via a drawing. It is shown:
[0015] FIG. I partially a lirst design example of an active
wllcei suspcilslou ck:lllcllt,

[0016] FIG. 2 details of thc wheel suspension element
accordiim to lq(i 1.

[0017J I'l(i. 3 details of an alternative wheel suspension
element in a depiction that is analog to ill(i. 2

DETAILED DESCRIPTION OF THE DRAWINGS

[0018] The following expkumiions rcfcr io boih design
examples, if not stated otherwise ( orresponding parts or
those lvhich are principally functioning in the same way in
all figures are identified with the same reference signs
[0019] The wheel suspension element that is in general
identified with the reference sign I reibrs to an active
clmnent of a vcluclc suspension. m particular tha! of a

passcllgcl vchlcks
[0020] The w heel suspension clement 1 composes a screw
drive 2. e.g a ball screlv drive. with a threaded spindle 3 and
a spindle nut 4 An adapter element 5 is solidly connected to
the tlueaded spindle 3. The longitudinal axis of the screw
drive 2 and thus of the entire wheel suspension element I Is
identified with L. The details of the wheel suspension
clcmcnis 1 tlrst arc outlined in FIGS. 2 and 3 are respectively
locatixt on thc nght side ol ilm longitudinal axis L thai is noi
sholvn in these depictions
[t)t)21] By the plain bearing element 6. which can be seen
in I'l(i. 1. the arrangement of spindle nut 4 and adapter
elenlent 5 can be shifted in relation to a housing 7 of the
wheel suspension element 1. A locking device. which pre-
ienm Ihc iwistuig ol spindle ma 4 m rclalion lo housing 7,
is noi depicted ui the ligurcs.
[0022] Housing 7 is composed ofan upper housuig pomon
8 aiui a lolvcl'ousing poltuln 9 I he upper houslllg portloll
8 provides a seat area I U for a not depicted helical spnng In
conlparison to the upper housing portion 8. the lower
housing pomon 9 is designed with essentially thinner walls.
The reference "upper" and "lower*'ousing portion 8. 9 are
clxlsml for descnbuig a distinguislung bciv,een thc housing
portions 8. 9 and do not imply any a)element re srdm Ihcir
installation position within the motor vehicle.
[t)t)23] An axial bearing 11 is klcated within housing 7
mainly in the area of the lower housing portion 9. wluch is
made as a metal sheet element. and it serves as the bearing
for the spindle nut 4 within housing 7. The axial bearin 11

is composed by an upper axial bcann 12 and a lower axial
beanng 13, wherein also in tlus case ihe rcfi:rance "upper"
and "lower" is mcrcly rcfi:rring to ihe armngcmcnt in the
figures, which does not mandatorily correspond to the
arrangemeut within the nlotor vehicle

[UUZ4] As rolling elements 14 of the axial bearings 12. 13,
rolls arc provxlcd in the design cxamplc accorduig to FIGS.
1 and 2, and balls for the design cxamplc according to FIG.
3 In hke manner. it is possible to combine different bearing
cmlstnlction types, in particular hall bearings, rolling bear-
ings and needle bearings for the beanng of spindle nut 4
within one individual wheel suspension element 1.

[t)U25J In all cases, the rolling elements 14 of the axial
bearing 11 roll directly on the surface of spindle nut 4. In the
design example according to FICiS. 1 and 2. the axial bearin
11 docs not Ibaiure miy guuling function ui radial direction,
whcrcas the axial bearuig 11 according to FIG. 3 assiuncs in
addilion io im maui lime(ion, c.g. Ihc axial bearing function,
also a bearing function in radial direction
[0026] In each one ol'hc design examples outhncd in
FIGS. 1 to 3. thc lower axial ring 13 uicludcs an axial nng
15, which is designed as an I.-section ring Axial ring 15 is
spring-loaded via two plate spnngs 16 that are set one
behind the other. The pLate springs 16 are located in a
ring-shaped space featuring an almost rectangular cross-
scctton, which Is lllllltcil oil iwo stiles vta lllc axial rill 15
and on the other two sides via the lower housing poruon 9
as well as via thc (branded spuidlc 3 The spnng dcilcciion
of the plate springs 16 is dinlensioned in such a way, that the
two axial bearings 12, 13 are operating under tension in each
operating mode of the wheel suspension element 1.

[t)U27J Spindle nut 4, which is located in axial direction,
eg in longitudinal direction of the longitudinal axis I„
between the spring-loaded axial ring 15 and the upper
housin portion 8. is driven via 0 belt drive 17. A belt is
hereby marked with 18, mid a belt pulley, wluch is rotauon-
ally connected to as well as enclosing spindle nui 4. Is
marked with 19. Along lvith spindle mlt 4, belt dove 17 is
located axially benveen the plam bearing 6. which is
arranged in the upper portion in the arrangelneilt according
to FICi 1, and an optional pLein bearing 20, which is
arranged in the loller portion in the arrangement according
to FIG. I as well as ui thc arrangcmcnt accorduig io FIG. 3.
which can in dcviauon to ihc simplilicd depiction also
reach around a separate, ring-shaped plain bearing element
In the embodiment accordin to the Iii(iS I and 2, the axial
bearing I I, via which spindle nut 4 is mounted between the
two housing portions 8, 9„ is carrying out a pure axial
bearing function. Ivlule the mldial bearing is being carried
out via plain bearing 6 as well as by plmn bearing 20. In tlus
case, a radml bcaruig ol spuldlc nut 4 is provided exclusively
vgl ihc bcanng elements 21. in particular balls. of screw
drive 2. A hall return system lvithin screw drive 2 is not
depicted.
[0028] The upper housing portion 8 is desi@ted with
multiple parts both in the desi@I example accordin to the
FIC)S. I and 2 as ivell as in the design example according to
FIG. 3 In dc)ail. an outer housing portion 22, an uiiermc-
dgite housing portion 23. as well as an Inner housing portion
24 can be seen, ivherein the mlhng elements 14. e.g the
rollers, mil directly on the inner housing portion 24 in the
case of FICi. Z. Cages 25 are furthermore indicated in FICi.
Z„which guide the rolling elements 14 withm the axial
bearings IZ, 13.

[0029] In thc design exmnple according to thc FIGS. 1 and
2, thc design of the lower housing portion 9 corresponds io
the design according to FIG. 3. The lower housuig portion
9 is designed in a stepped manner, wherein an inner cylin-
drical section 26. which is located on the side of the plate
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springs 16 that is facing away from the axial bearing 11,
provides a bcanng component of thc plmn bearing 20 A
noddle cylinducal section 27, which is also an integral
component of tile lower housing portion 9„ is corn(ected to
the inner cylindrical section 26 via an inner disc section 28.
The inner (bsc section 28 is located within a normal plane
ivith reference to the longitudinal axis L and is armnged
parallel to the axial ring 15, wherein one of the disc springs
16 contacts thc uincr disc sccuon 28 and thc other disc
spring 16 contacts the axial ring 15 witlun a respectively
ring-shaped area 'lite two ring-shaped areas are located
within an iniagined cylinder that is aligned concentrically
with regards to the longitudinal axis L, ivhich intersects the
rolling elements 14 of both axial bearings 12. 13.
[0030] The cyhndrical inner surface of the central cylin-
ducal sixuon 27 provnles a bmit siop for the axial nng 15
in radial dirccuon. A cylindncal sliwve ace(ion ol'hc axial
rin 15, which is marked with 30, can be slightly shifted in
relation to the central cylindrical section 27 of the lower
housing portion 9 'I'he sleeve section 30 represents one of
the side surfaces of the substantially rectnn uiar cross-
section of the ring-shaped space in which the arrangement of
the ihsc springs 16 is loca(cd A disc section oi'he axial ring
15. wluch is marked with 31, ad)outs Qte sleeve ace(ion 30
in radial direction toivards the inside. which forms a further
side surface of the before-mentioned ring-shaped space,
which is rectan ular in cross-section. A plane that is ninning
through the disc section 31 intersects an outer disc section,
that is marked with 29. in the arrangements according to
FIGS. 1 to 3, wluch is a component of (he lower housing
portion 9.
[W3(J In contrast to the design example according to the
li(CiS. I and 2, the axial bearings 12. 13 of the wheel
suspension element I according to lfi(i. 3 is not designed as
a rolling bearing, but as an axial ball bearing. Just like the
roiling elements 14. which are desi ned as rollers in the case
of the FIGS. 1 and 2, (he ball-shaped rolling elements 14 of
the axial bearing 11 according to FIG. 3 roll dircc(ly on thc
end faces of spindle nut 4 lior this purpose, ball tracks 33
are located within both end faces of spindle nut 4 On the
opposite sides of the axial beanng 12, 13, that is on the side
of the inner housing portion 24 or on the side of the axial
rin 15, the rolhng elements 14. in particular the balls, of the
wheel suspension clemmit 1 accordui (o FIG. 3 roll on a
respectively separate axial bearuig disc 32. In contrast to the
configuration accordiilg to I I(i 4. it is also possible to
implemen( construction types, in which a separate axial
bearing disc 32 is only pmvided on one of the end faces of
axial bearing 11. In like manner, it is possible to implement
modifications of the design example according to FIGS. I
and 2, ui which the rolling clemcnts 14, m parucular thc
rollers, do not roll dirix(ly on thc uincr housuig portion 24
as ivell as on the disc section 31 of axial ring 15, but at least
in one case on a separate bearing disc

LIST OF REFERENCE SIGNS

[W32J I Viheel suspension element
[W33J 2 Screw drive
[W34J 3 'I'breaded spindle
[00351 4 Spindle nut
[0036] 5 Adapicr clement
[0037] 6 Plain bearing element
[0038] 7 Housing
[W39J 8 lipper llousing portion

[0040] 9 Lower housing portion
[0041] 10 Seat area
[UU42J I I Axial bearing
[0043] 12 Upper axial bearing
[0044] 13 Lower axial bearing
[0045] 14 Rolling bearing
[(N)46] 15 Axial rin

[0047] 16 Plate spung
[0048] 17 Transnussion. belt drive
[0049] 18 Belt
[UU50J 19 l3elt pulley
[0051] 20 Plain bearing
[0052] 21 Rolluig clement of thc screw dnve
[0053] 2Z Outer housing portion
[(N)54J 23 intermediate housing portion
[0055] 24 Inner housing portion
[0056] 25 Cage
[0057] Z6 inner cylindrical section
[UU58J 27 Middle cylindrical section
[0059] 28 Iruicr disc section
[0060] 29 Outer ihsv. ace(ion
[0061] 30 Sleeve section
[(N)62J 31 l)isc section
[UU63J 32 Axial bearing disc
[0064] 33 Ball track
[0065] L Longituchnal axis

I An active v,heel suspension element comprising
a screw drive which includes a threaded spindle and a

spindle init ivhich is mounted in a housing via an axial
bearing„wherein the axial bearing is a rollmg bearin
with roliing elenients that roll directly on the spindle
llilt.

2 The ac(ivc whcml suspension elmnmit accorduig (o
i:lalill 1. wliCIC111 tllC axiill bCarlllg lltls all axial Illlg posi-
tioned in a variable way ivithin the housmg

3 The active wheel suspension elenient according to
claim 2, wherein the axial ring is spring-loaded in relation to
the housing.

4 The active wheel suspension element according to
claun 3. wherein the axial ring is mounted in a spring-loaded
minuter in the housing at least via a plate spung.

5 Thc active wluml suspension clemmit accorduig to
clean 2, wherein thc rolling clcmcnts roll directly on thc
axial nno.

6 'I'he active ivheei suspension elenient according to
claim 2, wherein the axial ring is designed as an I -section
ring, which is supported in radial direction by forming a
plain bearing at the housing.

7 The active ivheei suspension element accordin to
claim 1, whcrcin a belt-drive transmission is provided (o
duve tlm spindle nut.

8 The ac(ivc whcml suspension elmnmit accorduig (o
claim I, v;herein CO)le: or needles are pnivided as the
rolling elements of the axial bearin

9 The active wheel suspension elenient according to
claun I, wherein balls are provided as the rolling elements
of the axiai bearing.

10. Thc active v,hccl suspension elcmen( imcorduig (o
claim I, wherein the screw drive is designed as ball screiv
drive
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11. An active wheel suspension element comprising:
a hei.ising,
a screw drive cxtcnding along a longituilulal axis and

confi ured to rotate relative to the housing, the screw
drive including'

threaded spindle having tlueads extending along the
longitudinal axis, and

a spindle nut radially spaced from the threaded spindle
and liavuig a pair of radially-extending surfaces, thc
spuldlc nut rotatably cmiplcd to thc housing via a
ruling bearing having rolling elements that directly
contact and roll directly on the spindle nul

12. The active wheel suspension element of claim 11,
wherein the axial bearin has an axial ring extendin about
the longitudinal axis and variably positioned within the
hoilslng.

13. Thc active wheel suspension clemcnl of clmm 12,
wherein the axial ring is spung-loaded against the lxlusiug.

14. I'he active wheel suspension element of clainl 13,
wherein at least one of the rolling elements directly contacts
and rotates on a radially-extending surface of the axial ring.

15. The active v heel suspension element of claim 11,
w barmn at lcm t oue of Ihe rolhng clemcnls directly conlacts
and rolls direction ou a radially-cxiending surface of thc
housing
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