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US 11,1

1

ACTUATOR OF AN APPARATUS FOR
LEVEL ADJUSTMENT OF A MOTOR

VEHICLE

('OSS-Ri ilil !RI IN('l I TO Ri!I,A'I I iD
APPI ICA'I'IONS

line applicduon is thc U.S. National Phase of PCTAppln.
No. PCT/DE2018/100081 filed Feb. I, 2018, which claims
priority to DE 10 2017 001 568 6 filed Feb. 20. 2017 and DE
10 2017 109 147 5 filed Apr 28, 2017, the entire disclosures
of ivhich are incorporated by reference herein

TECHNICAI F]EI D

1'he disclosure relates to an actuator pmvided for level
ddlusimeni of a motor vchiclc, wluch composes mi electn-
cally actuated spuidlc dnvc, in particular ui the form oi'a ball
screiv, wherein the spindle nut of the spindle drive is
rotatably niounted and can be blocked by a locking unit.

BACKG ROI IND

DE 10 2015 20(i 149 B4 discloses a device for level
adjustment of a vehicle body, which operates with a screw
drive and has a latching device which bridges the screv
dnic with form Iit in ai least two axial posiuons. The
latcimg dei icc operates accorduig io thc so-called ballpoini
pen principle and has latching stops which are arran ed at
difi'erent axial positions and cooperate vvith control cams. A
la(china sleeve of the latching device is forined by a stack of
sleeve rings arranged in axial succession along, the spindle
axis. Spdcers arc arrangixl bciwcen thc uidivxlual slimvc
rings.

Further devices for level adjusunent of a vehicle body
which comprise latchin devices which bridge a ball screv
are disclosed, for example, in documents Dl I 10 2014 206
142 Al and WO 2015/021952 Al

A device for level adtusunent for d motor velucle. which
is known from DE 10 2015 214 161 Al, comprises a damper
device hating a piston-cyhnder unit and d screw drive with
a spindle and a nut which ic mounted on this spindle via
rolling bodies and to which a spring seat of the damper
device is coupled, wherein the nut is axially nxivable aloag
the spindle. An adapter sleeve is inserted into the spindle, i e.
fiucadtxl spuidlc. which adapter slecvc supports ihe spindle
dxlallv dlii! Iias a rddlallv lllwardlv illrccicd flan e wluch is
supported on the piston-cylinder unit. The adapter sleeve is
acoustically uncoupled from the cylinder of the piston-
cylinder unit with the aid of an elastic eleinent

A huther active wheel suspension element ivhich opemstes
with a ball screw is known for cxamplc from DE 10 2013
222 648 Al. In this case, a spnn holder, on which boih a
chassis spring and a compensation spring are supported. is
coupled to an axially displaceable nut of a ball screw.

A chassis actuator with a (ieneva mechanism is kniown
fmm l)li 10 2014 213 121 Al 1'he (ieneva mcchanisni
comprises a driving wheel which has a pea and a locking
disk A star wheel cooperates with the driving wheel, which
star wheel has slots for the peg and contours wifich have a
complenientary form to the locking disk.

EP 2 657 129 A2 discloses mi actuator for a landm gmir
Oi dli illrCIdit. Tllls BciiIBIOI Colllpllsos B SCCCW dllVC illxi Bll
electric latching niechanisni with a plumality of detent ele-
nients

SUM19LARY

1'he disclosure relates to an actuator for level adjustment,
in particular level regulation. of a motor vehicle, which

99,249 B2

operates with a ball screw;md composes a lockuig urut
pmvided for blockina said ball screw. which locking unit is
notable both for a compact constniction and the option of
fine gradation

The actuator has a spindle drive which can be actuated by
an electric motor via a gear, wherein the spindle nut of said
spindle dnvc is coupled via dn axial bearing to a hmisuig,
which is not necessarily closed and is slidcable relative io
the spmdle of the spindle drive in a manner secured against

ic twisting. lite spindle is fastened for example to a damper of
the chassis of a motor vehicle, to a wheel carrier or to the
body or a subframe of a motor vehicle. In this case, the
spindle is a non-revolving part of the spindle drive. in
particular ball screw. Wlill illo aid oi B locklllg ullit oi illc
spindle drive, thc rotation of thc spuidlc nut can bc option-
ally blocked or enabled 'I'his procedure of optionally acti-
vating and deactivating the locking unit can be realized
solely by the actuation of the electnc motor. 'I he locking unit
comprises a locking contour. which is attached to the end

io face of a rotatabie elenient of the gear provided for actuation
of thc spindle drive. Thc lockuig urn( further composes a
loc4ng clement winch is movable rclauvc io ihc said
housmg and engages in the revolving locking contour in the
axial direction of the spindle drive

I'he engagement of the locking elenient in the kicking
contour in the axial direction of the spindle drive means that
at least one portion of the locking element is aligned parallel
to the longitudinal axis of the spindle dove, for example in
thc fomi of a pcg-shapnl cnd piece oi'he lockuig clement

ic v hich is directed toivards the locking contour, wherein this
can also be a short. disk-shaped or conical end piece or an
end piece v;hich is pmfiled in another manner Moreover, in
typical configuration~, the locking element does not extend
in the ion itudinal direction of the spindle drive. In~teed, the

ii loc4ng clement, where tins refers io an elongated elmueni
such as a lever or a slide, prcfi:rably extmids in a direction
which encloses a right angle with thc direction ui which ihe
portimi cooperating directly with the locking contour is
aligaed In the case of a mostly flat configuration of the

do locking element, the longitudinal axis of the spindle drive
preferably represents a surface normal of the surface in
which most oi'ihc locking clemmit lies. Thc locloug clement
iu ibis case lies prcxiominantly in a plane which is parallel io
thc lockuig contour and is displaccdblc in tins plane, i.e.
slideable or pivotable. Vvherein a portion of the locking,
element also engages in the locking contour in the axial
direction in this case.

Irrespective of the geometry and the manner in which the
IOCkillg CICI11Cllt is Illoviibhx tllB locklllg CIClllclii 1S prCfCl-

o ably loadixl within the locking unit by holding fiirccs wluch
can only bc overcome by a pivoting movemcnt of ihe
locking contour In particular, the holding forces can include
friction tiirces. Vvherein optionally separate elements. tiir
example at least one spring element„set the friction forces

ss in a defined manner. It is likewise possible, for example. to
gcllci'ilic fhtctlon folces iili ii pivot axis of illi'. Iocklllg
clement with ihc aid of d Iyiction busluug. wiuch fiction
forces iici oil tile locklllg clclliclin

'I'he friction forces ensure in any case that the locking,
si! elemeilt nlaintains its current position so loilg as it is not

forced out of this position by a twisting of the lockin
contour lyin substantially in a plane. The locking contour,
which is loca/cd on thc end f me of a revolving gear elmueni
prcfi:rably comprises a plurality of cmn tracks, wherein thai

si portion of thc loci uig elcmcni which is comiructcd Ior
exaniple as a peg or pin and engages in the locking contour
can optionally be guided in one of a plurality of cam tmacks
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Io enable or block an adjusuucnt ol Ihc sputdlc dnvc.
)witching between different cern tnhcks i ~ possible by
reversing the direction of revolution of the lockina contour
attached to the gear elenhent, which ineans reversing the
direction of revolution of the electric motor, at detined
shvitching points.

According to oue possible design, thc locking element Is
conligured as a locking lcvcr wluch can bc deficcled about
a pivot axis and coopenhtes w:ith the locking contour. 1 he
pivot axis of the locking lever here is aligned parallel to the
center axis of the spindle drive. wherein the locking lever. as
in other conti urations„engages in the locking contour in the
axial direction of the spindle drive. Ovving to the subsmn-
ually fial arrangcmcnt of Ihc lockuhg contour. an extremely
compact conslrucuon ol'he loctong unil ran be rcattzcxt,
particularly in the axial direction of the spindle drive

'Ihe element having the locking contour is capable of
revolving about an axis which is arranged parallel to the
lon itudinal axis of the spindle drive. In parlicuhsr. the
rotational axis of the element supporting the locking contour
cmh couhcide with Ihc rotanonal axis of a further rotatable
clmuent. for example the spindle nut or the rotor of the
electric motor. Directly fihrming the locking contour by
nheans of the spindle nut is also possible. In an extreme case,
the spindle drive has a single rotational axis, which refers
both to the mtatlonal axis of the electric motor and the
rotational axis of the spindle nut and the element having the
loci uhg contour. Thc pivot axis ol Ihe lockutg laser is
prcfi:rably spaci:d from thc rotational axis of thc sputdlc to
the extent that it does not intersect the spindle mit

'Ihe electrically driven spindle nut is displaced together
with the housing in the axial direction relative to the spindle,
i.e. tlueaded spindle. In a simplified configuration. the
spindle drive can operate without rollin. bodies, i.e. it can
be Ibnncd as a sunplc movemcnt lluedd. The axial bmiring
whtCh IS Ii:qiitrCII uh Bnv CIISC tol nloiinlhlg thC SpnhillC IIUI

in Ihe housing Is preferably lbrmcd as an axuil self-aligning
bearing. in particular an axial self-aligning needle bearing.
lior the technological background, please refer to docunhents
DE 10 2006 018 264 B4, EP I 630 119 Al and DE 000 R
0013 904 IULAZ in tins connection.

In a prcfcrred contiguralion. Ihc spindle nul Is duvcn via
d spur gear. in particular a mulu-sui c spur gear v,tlh a lugh
overall mulliphcduon factor. Instead of an axial bcamng
fihrmed as a rolling bearing. it is, in principle. also possible
to use a slide hearing fihr mounting the spindle mit in the
housing. wherein the bearing is prefemsbly also formed in the
manner of aself-hlighning bearing in this case. ~hereby
stresses witlnn the spindle drive arc elIictcnlly counlcractcd
hl Bll Opi:ldlitlg sldlos Of Ihc nloloh VChlCIC.

lite substanually tlat, disk-slmpcd locking contour can be
contiaured in such a way that only a single latching position
is provided along the circumference )uch a configuration is
possible in particular when the element having the locking
contour rotates more quickly than the spindle nut. i.e. Is
coiiplcd ut d lorqUc-proof nuinnch hl lhc lonu of B si:pBriitc
loci uhg disk lo a gear clcmcnt connected upslrcam of thc
spindle nut or Is formed dirimlly by such d gear clement On
the other hand. m the case of a slower rotation of the locking
disk or a gear element which directly assuines the function
of a locking disk„ in particular in the case of a torque-proof
coupling of the lockin disk to the spindle nut. it is particu-
larly advmhnigcous wtlhtn thc context of a lihm radalion of
thc locknhg iitltl to provlilc d plUItililv ol IBtchuhg positions
along the circumfi:rcucc of thc locking disk.

In a preferred contiguration of the locking unit, the
pivotable locking lever Is loaded by a spring, tihrce in the

axial dtrccnon, I.c. in Ihc longitudinal ihrectton of Ihe ptvol
axis. The sprin fihrce represents a prestressin force wlfich
holds llm locking Icvcr uh ils current angular postnon as long
as greater forces are not in etfect A suitable spring fihr

gcncl'tiling thc phcsncssulg force H, for cxBnlplix II plate
spriag or an annular corruaated ivasher 'I'he generation of a
detined tightenin torque by a screw connection without a
separate spring element is, in principle, suitable for gener-
atin a defined prestressing force wluch loads the locking

I it
lcvcr ui thc Bxial dttccnon iif Ihc pivot IixH

A fnction torque acting on the lockin lever can be
gcncra ted by any manner of loading by a spnng force. w tuch
friction torque is, on the one hand, snhaller than the posi-
tioning torque which can bc introduced into Ihc lockuhg
lever by the cooperation betv een the locking disk and the
locking lever but. on the other„greater than the sum of all the
other torques acting on the locking lever. includuhg torques
generated in particular by mass inertia during positionin

20 tuovcnlcnm.
When the locking elenhent is designed as a slideable

elcmcnt, thc mobdily of tlus clement can also bc specilically
hindered by a separate device, for example by a brake, in a
sintple configuration in the fornh of a spring contacting the
linearly movable locking elenhent.

The locking lever or other locking element can be pre-
vented from liftin ofi'the locking disk in different ways. In
this regard, it is. for cxamplc. possible Ihal Ihc loclong Icvcr
is coupled 10 contours ol Ihc locking disk In Ihc manner of

ho an undercut by its end cooperating with the locking disk,
v hich engages in the locking disk in the axial direction lt
is likewise possible to nhount a cover upstremn of the locking,
lever in the axial direction of the spindle drive. which cover
is integrated in the spindle drive in a manner fixed to the

hs housutg, or ts fomhed directly by the housing aud prevents
the locking lcvcr from lilting otl'hc loctong disk. These
design options cdn bc rcahzed irrespecuve of whether Ihe
locking contour is provided by a separate locking disk
coupled to a gear element or is integrated in a toothed

do element of the gear via which the electnc motor drives the
spindle nut.

In a prcfi:rrcd cmboihmenk Ihc loclnug contour forlucxt on
an eud face ol'he loci uhg disk or directly ou thc cnd I'ace of
a loollmd wheel dcscnbcs Iwo aunularly closest rmuung
contours and a latching contour. 'I'he two ninning contours
here have at least one comnhon portion, ivhilst the latching,
contour has at least one point in conunon hi ith at least one
of the rurufing contours. This produces at least three switch-
iug potnm In total, which enable swttcluug bclwimn Ihe

II ninnulg conloUls Bnd lhc latching conloiih'llc Iltst ninnulg
contour corresponds lo a rolanon of Ihc spuhdlc nul uh a tirsl
direction of rotation: the second nutning contour corre-
sponds to the rotation of the spindle mit In the opposite
direction. The latclung positions are then only approached

ss when the locking disk revolves in a cettain direction. This
direction of revolution is produced when thc vehicle level is
low ared.

In a particularly prefi:rrcd conligurauon, Ihe loctong disk
is connected in a torque-proof manner to an intermediate

io v heel v hich is connected as part of a nhulti-sthge gear
between the electric motor and the spindle nut The inter-
mediate wheel, and. hvith tins. the locking disk which is
Optionally fomtcd ihreclly by thc Intcnucdiatc wheel, rotates
at a role nona l speed which is low cr than the rolauona1 sperM

ss Uf Ihc clcclric motor bui greater Ihmt Ihc rolauoual speed of
the spindle nut On the one hand. this concept means
nxhderate holding torques which are to be absorbed by the
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loci ulg disk and. on thc other. a tine gradation of Ihe locking
unit compared to a locking mechanism acting directly on the
spinille nut.

With the aid of the intermediate lvheel. which supports the
loci ulg contour, parallel kincmaucs of the lockmg mcclm-
nism. i.c. Ihc lockulg uiut, arc produced. Tlus mmuls Ihat thc
loci ulg and unlockulg movements are exixutcd parallel to
the drivin nlovenlent and are not located in the load path.
A very smooth approach, i e. deactivation of the locking
unit, and departure„ i.e activation of the locking unit, is
therefore possible. In the locked state of the lockin unit, the
region ol'hc gear bctwccn the locking unit and Ihc electric
uxuor Is lildil-II'cc.

Ill lhc cdsc 111 whu:h Ihc Illultl-stage car ts ilcsl lied tis II

spur gear. the rotational axes of the spindle nut. intermediate
wheel and electric motor are aligned nounally to a plane in
lvhich the locking lever is plvotable or the locking element
is slideable An imaginary surface can be cut from a plane
w luch hcs parallel to Ibis plane mid uucrsccts Ihc spuldlc nut
dnd thc intenncdiate whccl, wluch surface is delnnitcd by
the spinille nut, by thc intermediate wheel and by a tangent
placed at the spindle nut and at the intermediate wheel

In this case. the tenn spindle nut includes a toothed wheel
which is connected to the portion of the spindle nut wluch
cooperates with the tttieaded spindle via rollin bodies or is
integrally formed on this portion. Thc said inuiginary surface
is dctunitcd by two approximately arcualc liims alai a
sIIdigllt lilu) w hcrclll tile dpploxlllltltelv al'cuiltc 1111cs etich
represent toothed contours tn a particularly space-saviag
desi n of the actuator. the pivot axis of the locking lever
intersects this surface„wherein parts of the lockin lever
mounted in the housing can project over the said surface.
Like the spindle nut, the intermediate vvheel is also mounted
in the housing of the actuator.

BRIEF DESCRIPTION OF THE DRAWIN(iS

A plurality ol'xemplary cmbodimcnts arc cxplamcd in
morc detail below, with rcfcrcnce to drawulgs winch show

11Ci I an actuator of a level adjustment device for a nlotor
vehicle in a sectional illustration,

11Ci 2 the actuator in a side vielv,
FIG. 3 the actuator in a perspective illustration.
FIGS. 4 and 5 details of the actuator according, to FICi. I,
FIGS. 6 to 8 ditli:rent variants of s lockmg lever tbr the

actuator accordulg to FIC) 1,
Fl(ig 9 and 10 details of a locking unit of the actuator

accordiim to 11(i 1.

Fl(ig 11 to 14 in simplified illustnltions, different oper-
ating states of a locking unit of the actuator.

FI(f 15 in a schematic illustration, the armngement of
diffi:rmlt clemente of Ihc locking urut of thc actualor,

FIG. 16 in a schematic Illustration. Ihc mounting of a
spindle nut of the actuator by means ofan axial self aligning
bearing,

11Ci 17 ul an illustration analogous to I'l(i ll, an
alternative configuration of a lockin unit of an actuator of
a level adjustment device

t)l I I'A II,I il ) Dt IS('RI Pl'ION

An actuator which is denoted as a whole by the reference
sign I scrvcs for clcctromecharucal level adtustment and
lci cl regulation In a motor veluclc. Here. Ihe acluator I of
thc type illustruted ul FIGS. 1 to 3 can bc prcsmlt either on
each lvheel of an axle or only once tilr each axle tn both
cases, a system toivel of 150 nun can be realized with the

actualor 1. Thc actuator I comprises u spindle dove 2. w tuch
is fornled as a ball screw. The spindle nut (denoted by 3) of
the spindle drive 2 represents its rotatable component and is
displaceable in the linear direction relative to a threaded
spindle 4. also referred to as spindle for short The spindle
nut 3 is rotatably mounted in a housing 6 of the actuator I
by means ol'an axial bearing 5. namely au axial self-d lignulg
bcanng. A sprulg sent 7.;mlongst other tlungs, is formed by
the housing 6. on which spring seat a chassis spring (not

ia illustnlted) formed as a helical spring is supported The
chassis spring intmduces forces into the spindle 4 via the
spring seat 7, the axial bearing 5 and the spindle nut 3.

The housing 6 is secured against nvisting relative to the
spindle 4 with the axi of an anti-twist dcvicc 8. 9 dcnotcs a
vcluclc adapter Ibr fastemng the spuldlc 4 to thc vehicle. Thc
spindle 4 is a non-revolving component of the chassis

'I'o actuate the spindle drive 2, an electric motor 10 is
pmvided which drives the spindle nut 3 via a multi-stage
gear 11. nameiy a spur gear. A loclung unit 12. which will

Ic be discussed in more detail beloiv, is assigned to the gear 11.
Thc gear 11 composes a driving toothed wheel 13, follucxt

as au cvolosi, wluch is lixcdly connixtcd to thc motor shaft
of the electric motor 10 the evoloid 13 intmduces a torque
into a helically toothed intenuediate wheel 14 lirom this
intermediate wheel 14. driving power of the electric motor
10 is transmitted to a nlain wheel 15 v hich is arranged
concentrically to a portion of the spindle nut 3 wlgch
provides a hchcal ruiunng trtmk for thc rolling bodies, I.e.
balls. of thc spindle drwe 2. Thc main wheel 15 of the gear

ic ll. I.e the driven toothed lvheel of the gear ll, is assigned
to the spindle nut 3

'I'he locking unit 12 comprises a locking lever 16, gen-
emslly referred to as a locking element. and a locking disk 17
v hich cooperates therewith and is fixedly connected to the

ls iutcnncdiatc whcxl 14. In FIG. 3, components surroundulg
the lockulg lcvcr 16 arc not shown for thc sake of clanty.

Thc locking disk 17. w hicl is also rcli rred to as a control
disk, has, on its end face. a locking contour 18, generally
also referred to as a control contour, in which the kicking

dc lever 16 engages by means of an end piece 19. which is
either integrally formed on the locking lever 16 or connected
to thc dcffcctablc cnd thereof.

SH denotes thc pnor axis of the locking lever 16. Thc
pivot axis SH is located in the region of a iourual 20, wtuch
is formed by the housin 6. A screw 21 penetrating the
locking lever 16 is screwed into the journal 20 in such a way
that the locking lever 16 is loaded by a prestressing force in
the axial direction of the pivot axis SH. As a result of this
prcstrcssing force, a friction torque RM is gmlcratcd wluch

c is siguilicant ul 0:nns ol'hc locking funcuon of thc lockulg
lcvcr 16 in con)unction with Ihc tucking disk 17.

l)ifferent possible variants of the end piece 19 which are
each suitable for the device according to I 'l(i I are indicated
in FICiS 6 to 8. Whilst, in the variants according to FICiS.

l. 6 and 7, the end piece 19 enga es in the locking disk 17 in
thc foml of au undcrmit, (herc is no such undercut in thc
vanant according Io FIG. 8. Tile undercut can dcscnbc a T
stmpe (FIG. 6) or a V slmpc (FIG. 7). Thc loctong lcvcr 16
is thus prevented from lifting out of the locking contour 18

ic in both cases In the case of I'l(i. 8, a hfting of the locking,
lever 16 off the locking disk 17 is prevented by a portion (not
illustrated here) of the housing 6. which is arranged at a
slight spacing from Ihc locking lever 16

Thc cooperation of the locking lever 16 with thc lockulg
ss contour 18 is rcvcalcd in parumilar in FIGS. 9 to 14. The

locking contour 18 conlprises different portions 22, 23, 24,
namely nvo running contours 22, 23 which are annularly



US 11,199,249 B2

closcii in each case, and a lockut contour 24. The outer
running contour 22 is active when, with reference to the
arrangemenl according to I'I(ig II to 13, the lockingdisk 17

revolves countercloclnvise On the other hand, the inner
numing contour 23 is active upon a rotation of the locking
contour 18 in the clockv ise direction.

Within each ruiu»ng contour 22, 23. there arc venous
portions within which thc cnd pwcc 19 of lhc lockuig lever
16 is auided either along the inner or akma the outer edge
of lhe respective contour U l. U2 indicate sivitching points,
which enable switching between the ditferent running con-
tours 22„23. The uidance ofthe end piece 19 from the inner
side of one rumung contour 22. 23 to the outer side of the
other ruiunng contour 23, 22, or vice versa, changes al lhc
su ilclnng points Ul, U2.

A si nificant factor for the pivoting movement of the
locking lever 16 by nleans of the locking contour 18 is the
radius mtio, which changes a plunslity of tiines along each
numing contour 22. 23 The radius ratio relates to a current
radius of a tracl on which the end piece 19 is moved in
relation to the rotating locking disk 17 mid is dcliimd as the
ratio of ihe current actual position of Ihe miri piece 19 wilh
respect to the next possible position upon a further revolu-
tion of lhe locking disk 17.

If the radius ratio is snlaller than one, this means that the
end piece 19 shuts against the inner tracl of the respective
nuuting contour 22„23 and the loci ing lever 16 is deflected
outwards. Convcrscly, with a mibus ratio whwh is grwiter
than one, tlu: locking lcvcr 16 is deflcctcri mwartls lbom thc
outer track of the respective running contour 22, 23 During
these pivoting procedures. a positioning torque MSt is
applied to the locking lever 16, which is greater than the
friction torque RM in all case~. If the radius ratio is exactly
one, the anguLar position of the locking lever 16 remains
unaltered, whcrcin, ut tlus case, ihc fnclion torque RM
pres crim uitili:slrixl positioitiiig itiovciticiils.

lite latching po sin on dcuolcxI by VP, as ill uslralcri in FIG.
14. can be appmached from that position of the locking unit
12 ivhich is illustrated in lii(i. 13, wherein, up to the
corresponding switclun point IJ3 which enables the latch-
ing position to be appmached, the locking disk 17 is initially
(uracil clockwisc. A pivoting movemcnl flien takes place in
Ihe counterclockwise direction until Ihc lalching position VP
is reached. As rcvcalcd ui FICI. 14, in thc latched posihon of
die locking unit 12, a nght angle is enclosed behveen a line
drawn thmu h the pivot axis )I I and the center point of the
end piece 19 and the lever longitudinal axis (denoted by HLJ
of the locking lever 16 Weight forces of the motor vehicle,
winch arc introduced onto thc actualor I, have lhe cflccl of
la(clung the locking unit 12. Thc describix! Iatclnng I'unction
is also producixl ui modilicd designs in wluch lhe sairi angle
is not a right angle

Cieometrical features of the gear ll of the actuator I,
vvhich is formed by the driving toothed wheel 13. the
intermediate wheel 14 and the main wheel 15, are explained
below with rcli:recco lo FICi. 15. In addition to thc pivot axis
SH of thc locking Icvcr 16. thc center axis M ol'hc spindle
dni c 2. w luch is identical lo Ihe relatioiial axis ol Ihc spindle
nut 3, and the rotational axis (denoted by /I of the inter-
mediate v heel 14 are indicated herein A straight line
connectin the rotational axes M. Z encloses an acute angle
with a tan ent T which is placed at the main wheel 15 and
at lhc intermediate wheel 14. A surface FL is cncloscd
betw emu these tangents T and thc lwo toothcri v, heels 13. 14,
winch surlhce hcs in the plane ol'he drawing illustrated in
liICi. 15 and is arranged normally to the rotational axes M,
/ I'he pivot axis SII, which is aligned parallel to the

LIST OF REFERENCE SIGNS

so

I Achiator
2 Spindle drive. ball screw
3 Spindle nut
4 Spindle
5 Axial bearing
6 Hoiisiiig
7 Spring seat
8 Anti-tivist device
9 Vehicle adaptor
I 0 Electric motor
11 Gear
12 Lockuig unit
13 Toothed wheel, eioloid
14 Intermediate wheel
15 Main wheel
16 Locking lever, locking element
17 Locking disk
18 Lockutg contour, conlrol contour
19 End piece
20 Jolirntil
21 Screw
22 Running contour

rotational axes M, Z, intersects lhc surface FL. The locinng
contour 18 is iilustrated merely in outline in FICI. 15.

Fcaturcs ol'hc axial bearing 5 areshown ui FIG. 16. In
FIG. 5, rolling bodies 25. namely balls, ol'hc spuidlc dnvc
2 can be seen 1'he axial bearing, 5 arranged coaxially to the
spindle drive 2 has a rotating disk 26 and a non-mtating
supporting disk 30 which. to a limited extent, enables
pivotutg movements of the spindle nut 3 within the housing
6. The supporting disk 30 is inserted into a bearing holder 27
formed by Ihc housing 6.

Durutg operation of the spuidlc dove 2, thc disk 26 rouitcs
together ivith the spindle nut 3. Rolhng bodies 28, namely
rollers, mlling on the disk 26 are guided in a cage 29 and
contact the supportin disk 30, ivbich has the filnction of a
housin disk of the axial bearin 5. The design oi the axial
bearing 5 as a self-aligning bearing. namely an axial self-
ahgnuig roller bearing, contributes sigrulicanlly lo Ihe pre-
vention ol'prcstrcsses willun the spindle dove 2.

lii(i 17 shows, in a vieiv analogous to I'l(i H, an
Io alternative design of the lockin unit 12 In this case, the

locking element is constmcted as a slide 31. The end piece
19 fomted as a pin projects at a nght angle from the
remainin . linearly displaceable locking element 31 and. in
direct cooperation wtlh thc locking contour 18, has thc same
function as the mid piccc 19 ol'll cxcmplary cmbodimcnls
described above An undercut is optionally realized via the
engagement of the end piece 19 of the slide 31 in the locking,
contour 18. as already explained with reference to FIGS. 6
ailcl 7.

so The slide 31 is linearly slideably mounted in a slotted
guide 32. which is IixcdJy connected lo the housing 6,
whcrcin thc shdcabiiily is associated with a sliflitcss such
that in a manner ivhich is, in principle, comparable to a
pivotable locking lever 16 an alteration to the position of

is the slide 31 is only possible as a result of a twisting of the
locking disk 17, As is essentially knoss n in the case of linear
guides. the cross-sections of the slide 17 and the slotted
guide 32 arc dcsigncd in such a way that it is not possible for
thc slide 31 lo lifl oul ol'thc sloltcxI guide 32, i.ix oul of thc

so plane of the drawing according to I'I(i 17 qherefore. a
lifling of the slide 31 ofl'the lockin contour 18 is reliably
prevented, even without an undercut on the end piece 19
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23 Ruluung contour
24 I etching contour
25 Rolling body, ball
26 l)isk
27 Bearing support
28 Rolling body„roller
29 Cage
30 Supportin disk
31 Slide. locking elenlent
32 Slotted guide
Pl, Surface
HL Lever longitudinal axis
M Rotational axis
SH Pool axis
T Ttiugcul
Ul .. 113 Switching point
I'P I ocking position
I Rotational axis
The invention cLaimed is:
1. An actuator of a device for level adjustment of a motor

tehicle, having a spuldle dove, which is actuated by an
clcicnc motor wa a gear and has a rotauible spuldlc nut
which is coupled via an axial bearing to a housing which ls
slideable relative to a spindle in a Inamier secured against
nvistin, and having a locking unit, which is provided fiir
optionally activating and deactivating a blocking of the
spindle nut via the actuation of the electric motor. w:herein
the locking unit composes a locking comuur, which revolves
upon a rotation ol thc spuldlc nul and ts allached to an cnd
face of an element of the gear, and a Inovable locking
element which engages in the locking contour in the axial
direction of the spindle dove, wherein the locking elenlent
is filrmed as a lockin lever which can be deflected about a
pivot axis pamsllel to the axic of the spindle drive. wherein
thc loci ulg lcvcr is loaded by a sprulg lorrc parallel lo the
plvtu Ilats.

2. Tile actuator as clanned in claim 1, wherein thc locking
element is loaded within the locking unit by holding tiirces
sufficient to hold the locking unit in position in the absence
of a pivotin movement of the locking contour.

3. The actuator as clauned in claim 1, wherein the locking
clcmcnl is fomlcd as a side, wluch is slideablc m a plane
parallel to lhc locking contour.

4. The actuator as clauncd ul claim 1, whcrcul lhc axial
bearing is formed as an axial self-aligning bearing,

5 1he actuator as clainled in cLsim I, wherein the locking
elenlent is secured against lifting off the locking, contour.

6. The actuator as claimed in claim 1, wherein the locking
contour has a Iirst Iuulularly closed running contour, a
second munilarly closed nuuung contour and a latching
contour. whercul lhc two ruluung contours have a conunon
portion and the latching contour has at least one conlmon
point with at least one of the running contours.

7. The actuator as claimed in claim 1, wherein the gear ts
a spur gear.

8. The actuator as claimed in claim 7, whercul lhc gear is
d ulultt-sltigt: spill't ar.

9. The actuator as claimed in claim 8. whereul a locking
disk having the locking contour is connected to an interme-
diate wheel Of the multi-stage spur gear in a torque-proof
manner.

10. The actuator as claimed in claim 9. wherein the
lockulg clement ts formed as a lockulg lever winch can be
defleclml about a pivot axis parallel lo Iheaxts of the spindle
dote mid whereul a surface dciuuitici by thc spindle nul, the
intemiediate wheel and a tangent placed at the spindle nut
and the intermediate wheel exists within a plane aligned

20

normally to rolatiolml axes ol rotatablc clcmenm ol Ihe gtmr,
which surface is intersected by the pivot axis of the locking
lcvcr.

11. An actuator conlprisin:
a spindle held d sinai rotation;
a nut supported for rotation about the spindle such that

rotation about the spindle cmises the nut to move
axially tvith respect to the spindle;

a first gear driveably connected to the nut, the ear
dclining a lirst munilarly closed ruruung contour, d

second annularly closed nmning contour. and a latchin
contour. whcrcin Ihc lwo runlung contours Imvc a

common portion and the latching contour has a com-
mon poult with thc Iirsl naming contour, and

a locking unit supported to move in a plane perpendicular
to on axis of the tirst gear„ the locking unit engaging the
contours of the first gear so as to follow the first numing
contour in response to rotation of the first gear in a firct
ihrccttou, lollow thc sccoutl rounulg couloul hl
response to rotation of the first ear ln a second
direction opposite lo Ihc Iirsl dirccnon, and follow Ihc
latching contour in response to rotation of the first gear
in the second direction starting from the common point,
the locking unit conhgured to preclude fiirther mtation
in the second direction upon reaching an end of the
latching contour.

12. The actuator of claml 11 further comprming a fhctton
mccharusm configured to resist movcmenl ol'he loclung

io iullt
13 'I'he actuator of clainl 11 fiirther composing
a second gear fixedly coupled to the nut and meshing tvith

the first gear: and
an electric motor drivably connected to the Iirst gear.

lc 14. A lcvcl adlustmmli apparatus for a motor vehicle. Ihc
dppdl'Iltils cttnlpnsulg.

a spindle held agaiml roninon with rcspcct lo Ihc vcluclc,
a nut supported for rotation about the spindle such that

rotation about the spindle causes the nut to move
do axially with respect to the spindle to adjust a level of

the vehicle:
a Iirsl gear drwcdbly cotulcclcd lo Ihc nut, Ihc gear

delinulg a first mulularly closed runlung contour. a
sccoutl anuuhilly clost:il ruunul':colour. Sail a Ialchulg
contour, v,herein the two ninning contours have a
cominon portion and the latching contour has a com-
mon point with the first running contour:

an electric motor driveably connected to the firct gear: and
a locking unit supported to move tn a plane pcrpmldiculdr

0 to an axis ol'he lirsi gear, Ihe locking unit engaging Ihe
contours of thc first gear so as lo follow thc Iirsl runnulg
contour in response to mtation of the first gear in a first
direction, follow the second running contour in
response to rotation of the first ear ln a second

s. direction opposite to the first direction. and follow the
latching contour in rcsponsc lo rotanon ol llm Iirsl gear
in the second dirccuon startulg from thc conunon poulk
lhc lockulg unit couhgurcil lo prt:clutlt: hillht:I loldlton
in the second direction upon reaching an end of the

to latching contour
15. The level adjustment apparatus of claim 14 further

comprising a friction mechanism configured to resist move-
ment of thc lockin uml.

16. Thc lcvcl adiustmmll apparatus of claim 14 further
Sc comprising.

a second gear fixedly coupled to the nut and meshing tvith
the first gear; mid
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a thtrd gear fixedly coupled to the elcctnc motor and
nteshin with the first gear.
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