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1

SLEEVE-TYPE FREEWHEEL WITH
TORQIJE LIMITATION FOR

TWO-WHEELED VEHICLE STARTER
APPI.I(:ATIOs&S

('OSS-Rill&I JRI IN('l l TO RI II,A'I 1&D

APPLICATIONS

llus applicdt&on &s the IJ.S. Nahonal Phase ol'CT/
I)l:2017,'100516 filed.lun 20, 2017, which claims prionty to
Dl: 102016213424.8 filed .Iul 22, 201(i. the entire disclo-
sures of &vb&ch are incorporated by reference herein

TECHNICAL FIELD
I

1'he disclosure relates to a suitable active v heel suspen-
sion alen&eat for o chassis of a motor vehicle.

BA(JK(iROIJND
lo

An active wheel suspension element for the adjustable
spring suspension of o wheel of a motor vehicle is known
from the DE 10 2013 222 648 Al. T&vo mountin elements
of the known wheel suspn&sion clement arc prov&dcd for &ts

moun&ing to an clement that is suppor&m Ihe slnic&ure of thc
vehicle on the one hand and to an eleinent that i ~ supporting
the wheel on the other hand A suspension spring is braced
between one of these mounting elements and an adjustable
spring seat. The adlust&ng of the spring seat is possible via
a linear actuator, which includes a rotation motor and a &o

transnusston. Thc II&insnuss&on ol Ihc known wheel siispcn-
sion clemnlt may reli:r Io a ball screw dnve or Io 9 planetary
roller acre&v drive

Further examples of adjustable suspension elements are
disclosed in the documents Dl i 10 2007 026 ti06 A I. Dii 10
2007 025 468 Al and EP I 479 542 A2.

Sl JMMARY

This disclosure &s based on an objective to develop on do

active wheel suspension element in comparison to the men-
honed pnor ar& w&th respcc& lo a parnculdrly compacl and al
Ihc minlc hnu: shit 0)'lcslgn.

llns objective &s aclueved v&a a whiml suspension elemnlt
featuring the characteristics disclosed below.

'lhe wheel suspension element is designed as an active
wheel suspension element, which works in association with
a screw drive that comprises a threaded spindle ond a spindle
nut. Thc spindle nut &s hcrcby mounted ul such a way w &Ilun

9 housing of thc whccl suspens&on clement v&a ml ax&al o

beanng tha& &t cau bc rotated, but no& slullcd. The ax&al

bearing of the spindle nut is designed as a rolling bearing,
wherein the rolling elements, e g the balls, rolls or needles
roil directly on the spindle nut. The spindle nut itself thus
provides at least one rolling track for the roiling elements of i.
the ax&al bearing. A roll&ng track for Ihe respect&vc rolling
clcmcn&s of the axuil bcanng & can bc formed at each cnd
fiicc til Ihi: sphldlc nul.

In the case that the screw drive is desig&ted as a ball screv
drive or the hke that is funct&oning with rolling elenlents, io
such as rollers. various types of tracks for the rolling
elenlent. in particular tm»cks of the axial bearing on the one
hand and on the other hm&d tracks of the spindle dnvc. are
formed via Ihc sp&ndle uun By well-known hca& Iron&ment
methods &t is poss&blc Io ach&cvc su&table charac&crishcs of Si
the spindle mit for the rolling bearings. I'he filrmation of the
tracks of the axial mlhng bearings directly via the spindle

nul favors Ihe compan structure ol'he wheel suspens&on
element both in radial as well as in axial direction.

According to one possible emlxidinlent, the axial bearing,
of the wheel suspension element includes an axial ring that
cml be variabiy positioned in relation to the housing. The
variable positioning can be provided e.g via an adjustability
of thc axial nng via a Ilucad or v&a &ntermcdia&c plates of
varying Iluckncss, c.g. slums, tha& can be u&sencd sclcc-
tively In mly case, the axial ring represents a beanng ring, of
one of the tivo axial rolling beanngs, which together form
the axial bearing of the wheel suspension element.

In a particularly embodiment. the axial ring is spring-
loaded in relation to the In&using, wherein the spring-loading
cxtcnds ul axial d&rcchon. For the spnng-loaded support of
thc &ixidl rulg d& Ihc ho&19ulg. txg. &I phitc sprulg or an
arrangement of several plate springs &9 suitable. 'Ihe rolling,
elements, in pmticular the rolls or needles, of the axial
rolling bearing can either roll directly on the axial ring that
is mounted in a spring-loaded manner &n the housing, or it
cml roll via an insertion of an axial bearing dial . In both
cases, thc axial ring cdn bc designed as an L-section nng,
wh&ch can bc suppor&cd towards thc raduil outsule by
forming a plain bearin at the housmg l)ue to the angled
cross-section of the axial ring, e.. I.-section ring, a support
of the spring arrangement. in particular of the pL»te spring
arrangement. is provided in an embodiment, which exerts a
force in axial direction onto the L-section ring. in m»dial
d&rection towards the outside. A cyhndncal sect&on, e.. a
slccvc acct&on of the L-scchon ring is hcrcby placid around
the spring arrangement in a ring-shaped manner On the
other hand, axial forces are transferred between the spring
arrangement and a disc section of the I.-section ring which
is adjacent to the sleeve section. When the spring arrange-
ment &s compressed to its maximum. the L-section ring can
liinct&on as a blocking protection. so that a rcmainulg spnng
path ol Ihc spnng arrangement w&ll bc re&au&cd, e g. Ihat &I

ilocs h&l on Ihc blocl .

I'he tilrce transnlission behveen the spring arrangemeot
and the disk section of the I -section ring can be carried out
in o ring-shaped area accordin to tlfis embodiment, whose
diameter deviates from the partial circle of the axial rolling
bearing by less than half ol'Ihc w&dth of thc roll&ng elcmcnts
of tlus axial beanng when measured &n rad&el d&rection of thc
screw dnvc. Tlus ments ihat ml &&nag&ncd cyhnder that runs
concentrically towards the center axis of the screw drive,
v hich is pL»ces in the center through this nng-slmped area,
in which the spring arrangement exerts an axial force onto
the L-section ring. intersects the rolling elements oi the axial
bcanng, wh&ch comprises the L-scchon nug on the onc hand
and the sp&ndle mi& ns bcanng nng on thc other side.

Thc spuldlc nut can be basically driven via an elec&ncal
direct drive or via a transmission. e g a gear transm&ssioo or
a continuously variable transmission 'I'he driving of the
spindle nut can e.. be carried out via a belt drive that is
des&gned as a reduction gear unit. To accomplish this, a belt
pullcv, wh&ch ts loctitcxl arouni! Ihc spa&die ni&I ol which is
d&rcctly fonncxi by thc spindle nut that is pos&t&oned within
thc hollsulg of thc v'hcl:I 9&19pcn9&iin clean:nt, plohudcs hl
one enibodiinent both the sprin -loaded axial ring as well as
the spring arrangement that is pmvided for its sprulg-loading
in radial direction, with reference to the ion itudinal axis of
the screw drive.

Thc hous&ng or a pal& Il&at &s sol&dly cotu&cctcd to Ihe
housulg of thc whccl suspension elnncnt also fi&nns in one
embodiment a scat lhr d helical spring, wh&ch functions as
a suspension spring. 'I he active wheel suspension element is
suitable for passenger vehicles as well as for trucks and other
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ichiclcs, c.g. for construction machines. Suspensions of
difi'erent vehicles can comprise a varying number of active
wheel suspension clemcnm il is for example possible llial
two active tvheel suspension elements are provided at one
single axis of thc vehicle. In like manner it is possible lhal
each vehicle axis is equipped with active wheel suspension
elenients.

BRIEF DESCRIPTION OF THE DR%(VINGS
I I I

In the following. sevemsl design embodiments are
explained ui morc dctml via a drawing. 11 ts shov,tn

FI(i. 1 partially a tirst design example of an active wheel
sospl:risl oil cicnu:nt,

Ilt(i 2 details of the wheel suspension element according
lo FIG. I,

Fl(i 3 details of an alternative wheel suspension elenient
in a depiction that is analog to Flfi. 2.

lo
DETAILED DESCRIPTION OF THE DRAWINGS

The fol toit in explanati one refer to both design examples,
il'noi sialcd otherwisc. Corresponding parts or those which
are principally functionin tn the came way in all figures are .;
idcnliticd with thc same rcferencc signs.

'Hie wheel suspension element that is in general identitied
with the refcrcucc sign 1 refers lo an aclivc clement of a
1 chicle suspension, in particular the(of s passen cr vchiclc.

'Hie tvheel suspension element I comprises a screw drive so

2. e g a ball screw drive. with a threaded spindle 3 and a
spindle nut 4. An adapter elenient 3 is solidly connected to
the threaded spindle 3. The lon itudinal axis of the screv
drive 2 and thus of the entire wheel suspension element I ls
idcntiticd with L. Thc detmls of thc wheel suspciwion lc
clmuents 1 that are outlined in FIGS. 2 and 3 are respectively
tocatcxt on ttu: n ht side ol'thc longttudmal axis L that is not
shotvn in these depictions

l3y the plain bearing element 6. which can be seen in iil(i.
1. the arrangement of spindle nut 4 and adapter element 5 co

can be shifted in relation to a houcing 7 of the wheel
suspension clement 1. A locking dcvicc, whwh prevents thc
lwtslmg of spuidlc nul 4 ul relalion lo housm 7. Is nol
dcpicxcd in lhc ligures.

I lousing 7 is composed of an upper housing portion 8 and
a lower housiilg poruoit 9. Ihe upper housing portion 8
provides a seat area 10 for a not depicted helical sprin In
comparison to the upper housing portion 8. the lower
housing porl ion 9 is dcslgncd with csscnllally thinner walls.
Thc rclbrencc "upper" and "lower" housulg portion 8. 9 are o

chosml lbr descubing a distingutslung between the housing
portions 8, 9 aild do not iniply any stateinent regardiilg their
installation position within the motor vehicle.

An axial bearin 11 is located within housin 7 mainly in
the area of the lower housing portion 9, which is made as a ss
Incud shool t:lclllcnk Bnd Il solves Ils lhc bcllrulg for thc
spindle nul 4 within housing 7. Thc axnil bearing 11 is
composed by an upper axial bcaruig 12 and a lower axial
bearing 13, v herein also in this case the reference "upper"
and "lower" is merely referring to the arrangement in the io
figures, wlfich does not mandatorily correspond to the
arrangement within the motor vehicle.

As rolling clcmcnts 14 ol'hc axial besnngs 12. 13, rolls
arc provided in thc design example accordmg to FIGS. 1 and
2,;md balls for tlm design example accordmg to FI(i 3 In sc
like manner, it is possible to coinbine ditferent bearing
construction tyfies, in particular ball bearings„rolling bear-

iugs and needle beanngs for the beanng ol'puidlc nul 4
v ithin one individual tvheel suspension elenlent l.

In all cases, the rolling elements 14 of the axial bearing li
roll directly on the surface of spmdle nut 4 In the desigtt
example according to FI(iS. 1 and 2, the axial bearing 11

does not feature any guiding fiinctlon in radial direction,
whcrcas the axial bearuig 11 according to FIG. 3 assiuncs in
addilton lo tm maui limclion, c.g. Ihc axial bearing function,
also a bearing function in radial direction

In each one of the design examples outlined in I'l(ig I to
3, the iower axial ring 13 includes an axial ring 15, w:hich is
designed as an L-section ring. Axial rin 15 is spring-loaded
via two plate springs 16 that are set one behind the other. The
phllC Spl1llgS I 6 BrC ICCII(Cd ul B 1111g-SBBpcxl SpBCC Ibtllunng
an almost rectangular cross-section, which ts luntlcd on lwo
sides via the axial rin 15 and on the other two sides via the
lower housing portion 9 as well as via the threaded spindle
3 'I'he spring detiection of the plate spnngs 16 is dimen-
sioned in such a way, that the two axial bearings 12, 13 are
operating under tension in each opemsting mode of the wheel
silspclisloll clclncnl 1.

Spindle nut 4. winch ts located tn axial direction, e.g. ul
longitudinal direction of the longitudinal axis I „between the
spriag-loaded axial ring 15 and the upper housing portion 8,
is driven via a belt drive 17 Abelt is hereby marked with tg,
and a belt puliey, v,hich is rotationally connected to as well
as enclosin spindle nut 4, is marked with 19. Along with
spindle mit 4, belt drwe 17 is located axially bctwccn thc
plain bearing 6, which is arranged in thc upper portion in thc
arrangement according to I'l(i I, and an optional plain
bearing 2(l, tvhich is arranaed in the lower portion in the
arrangement according to lil(i. I as well as in the arrange-
ment according to Flfi. 3, which can in deviation to the
simplified depiction also reach around a separate, rittg-
sliapcd plmn bearing clement. In the embodiment accordulg
to llm FIGS. 1 aml 2. thc axial bearing 11, vui wluch spuldlc
nut 4 is mounted between thc two housing portions 8, 9. Is
carrymg out a pure axial bearing fiuiction, while the radial
bearing is being carried out via plain beanng 6 as well as by
plain bearing 20. In this case, a radial bearing of spindle nut
4 is provided exclusively via the bearin elements 21, in
particular balls, of screw drive 2. A ball return system within
screw dove 2 is not dipmlcd.

Thc upper housulg porlion 8 is dcsignixl with muliiplc
parts both in the design example according to the Iil(iS. I
and 2 as tvell as in the design exmnple according to I'l(i 3

In detail, an outer housing portion 22„an intermediate
housln portion 23, as well as an inner housing portion 24
can bc scca, wherein the rolling elcmmits 14, e g. the rollers,
roll directly on lhe uuier housulg portion 24 In the case of
FIG. 2. Cages 25 arc furlhcuuore indicatixl tn FIG. 2, wluch
guide the mlling elements 14 tvithin the axial bearings 12,
13

In the design example according to the FI(iS. 1 and 2. the
design of the lower housing portion 9 corresponds to the
design according lo FIG. 3. Thc lower housulg portion 9 is
dcstgucd in a stcppcd maiulcr. wherein an inner cyluidncal
section 26, which is locaicd on lhc side of Ihc plate springs
16 that is facing away from the axial bearing I l. provides a
bearing component of the plain bearing 20 A middle cylin-
drical section 27, ivhich is also an intey at component of the
lower housing portion 9. is connected to the inner cylindrical
section 26 vta an uulcr disc sccuon 28. Thc uincr disc section
28 is located wtltun B normal plane with rcfcrencc lo lhc
longitudinal axis L and is arranged parallel lo thc axial nng
15, wherein one of the disc springs I 6 contacts the inner disc
section 28 and the otherdisc sprin 16 contacts the axial ring
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LIST OF REFERENCE SICr'NS

1 Whcml suspension clement
2 Screw drive
3 Threaded spindle
4 Spindle nut
5 Adapter element
6 Plain beanng element
7 Housing
8 Upper housing portion
9 Lower housing poruon
10 Seat arcs
11 Axial beanng
12 Upper axial hearing
13 Lower axial bearing
14 Roiling bearing
15 Axldl rllig
16 Plate spring
17 Transmission, belt dnvc
18 13elt
19 13elt pulley

sc

i
15 within a respecuvely ruig-shaped arcs. The two ring-
shaped areas are located within an imagined cylinder that is
alignixl concentncdlly with rcgarib to thc longitudmal axis
L. wluch intcrsccts the rolling clcmcnts 14 ol'oth axial
bearings 12, 13

1he cylindrical inner surface of the central cylindrical
section 27 provides B limit stop for the axial ring 15 in radial
direction. A cylindrical sleeve section of the axial ring 15,
ivhich is marked with 30. can be slightly shifted in relation
to thc central cylindncal section 27 of the lower housing iii

portion 9. 11tc slecvc aim(ion 30 rcprcsenIs one of the side
surfaces of the substantially rectanguhsr cmss-section of the
rina-shaped space in which the arrangement of the disc
springs 16 is located A disc section of the axial ring 15,
which is marked ssith 31, adioins the sleeve section 30 in is
radial direction towards the inside, which Iiinns a further
side surface of thc behirc-mcntioncd ring-shaped space,
winch is rectangular ui cross-section. Apl mc Ihat is ruiuung
through the disc section 31 intersects an outer disc section,
that is marked with 29. in the arrangements according to Ic
FRIS. 1 to 3„1vhich is a component of the lower housin
portion 9.

In contrast to the design example accordin to the FICiS.
1 and 2, the axuil bcanngs 12. 13 of Qte wheel suspmision
clcmcnt 1 according to FIG. 3 is not designed as a rolling
bearing, but as an axial hall bearing..lust like the rolling
elements 14, ivhich are designed as rollers in the case of the
FIOS. I and 2. the ball-shaped rolling elements 14 of the
axial bearin 11 according to FICi. 3 roll directly on the end
faces of spindle nut 4 For this purpose. ball tracks 33 are ic
locatcsI withui both cnd laces of spindle nut 4. On the
opposite sides of Ihc axial bcanng 12, 13, Ihat is on the side
of the inner housing portiim 24 or on the side of the axial
rin 15. the Billing elements 14. in particular the balls, of the
wheel suspension element I according to lil(i 3 roll on a is
respectively sepamste axial bearing disc 32. In contrast to the
configumtion accordin to FICi. 4. it is also possible to
implmnmit construction types, in wluch a sepiaratc axial
bcanng disc 32 is only provnled on one of thc cnd limes of
axial bearin 11 In like nianner, it is possible to implement dc

modifications of the design example according to lil(iS I

and 2, in ivhich the rolling elements 14, in particular the
rollers, do not roll directly on the inner housing, portion 24
as well as on the disc section 31 of axial ring 15, but nt least
in one case on a separate bearing disc.

20 Plain beanng
21 Rolling element of Ihe screiv drive
22 Outer housing ponion
23 Intermediate housing portion
24 Inner housing portion
25 Cage
26 Inner cylindrical sccuon
27 Middle cyluidncal sccuon
28 Inner disc section
29 Outer disc section
30 Sleeve section
31 Disc section
32 Axial bearing disc
33 Ball track
L Longitudinal axis

'I'he invention claimed is:
I An active v,heel suspension element comprising
B screw drive ivhich includes a threaded spindle and a

spindle nut which is mounted in a housing via an axial
bearing, whcrcui thc axial bearing is a rolling bcanng
with rolhng elements that roll dirimtly on thc spuidle
nut;

wherein the axial bearing has an axial ring positioned in
a variable way ivithin the housing. wherein the axial
ring is spring-loaded in reLation to the housing. and
v herein the axial ring is mounted in a spring-loaded
nuuuier in thc housing di least via a plate spruig.

2 Thc active wluml suspension clemmit accorduig to
claim I, wherein the rolling elements roll directly on the
axial nno.

3 'I'he active ivheel suspension elenient according to
claun 1, wherein the axial ring is designed as an I -section
ring, which is supported in a radial direction by fomiing B

phnn bcanng at Ihc housing.
4 The active whiml suspension elmnmit accorduig to

claim 1, whcrcin a belt-drive transmission is provtdixi to
drive the spindle mit.

5 The active wheel suspension elenient according to
claun 1, v:herein rollers or needles are provided as the
rolling elements of the axial bearing.

6 Thc active wluml suspension clemmit accorduig to
clean I, whcrcin balls arc provided as thc rolling elcmcnts
of thc axial bcann .

7 'I'he active ivheel suspension elenient according to
claim I, wherein the screiv drive is designed as a ball screw
drive

8 An active v:heel suspension element comprisin:
B llonSlllg,
a screw drwe extcnduig along a longitudinal axis and

configured to rotate relative to thc housing, thc screw
drive including
a threaded spindle having threads extending akmg the

longitudinal axis, and
a spindie nut radially spaced from the threaded spindle

Blld lid vlllg B pdll Of I'tullaily'-Cxtcildlllg Sui RICi'1, tllC

spindle nut rotdiably coupled to thc housing via a
rolluig bearuig basing rollin elements that directly
contact and roll directly on the spindle nut.

9 Tile active wileel snspellsloll clcllleilt of clailll 8,
v herein at least one of the rolling elements directly contacts
and rolls directly on B radially-extending surface of the
housuig.

10. The active v,hccl suspension clement of clmm 8,
whcrcin thc axial bcdruig lrds mi axial ruig cxtenduig about
the longitudinal axis and variably positioned within the
housmg.
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11. lite active whccl suspcmton elmncnt ol'lmm 10,
wherein the axtal ring ts spring-loaded against the housiag.

12. 1'he active wheel suspension element of claim ll,
wherein at least one of the rolling elements directly contacts
and rotates on a msdially-extendin surface of the axial rin .
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