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LINKAGE FOR STEERING WHEEL ELECTRIC MOTOR TILT ASSEMBLY

FIELD

[0001] In general, the present {eachings relate 10 an improved steering column assembly and
methods assatiated with the same. More particularly, the present teachings pertain 1o an
assembly and method for providing an adjustable tilt function 1o a steering whes! in relation fo

a vehicle operator {e.g., raising and lowering).
BACKGROUND

[6002] in the figld of aulomotive vehicles, it has become popular {0 employ steering column
assembiies that include Hlt and/or telescoping functions, stich assemblies being known also as
‘rake and reach steering column assemblies.” For assembliss that have an adjustable tilt or rake
function, it is common 1o use a molor, ard parlicularly an sleclric motor.  For exemple; it is
comimoen o employ an electric motor that rotates a shaft for actualing a steering column assembly.
it is also possible to employ one or more levers for manual performance of one of both of these
functions. However, within steering column assemblies, there is limited space for which to
incorporatie the elements that enable the adjustment of the steering wheel by providing tilt andior
telescoping functions: Notwithetanding recent efforts in the area, there remains a need for
packaging motors and steering column assemblies within a small footprint in a vehicle. Moreover,
there remains a need fo reduce manufacturing cosis and create lightweight vehicle systems,
mcluding steering column assemblies.

[G003] Existing fechnologies rmay include amploying a tilt screw associated with and/or driven by
a motor. As the steering shaft raises and lowers, as a result of the tilt subassembly, a great deal
of stress is placed upon the tilt screw.

{0004] One approach to provide a filt function previously has been to employ a tilt screw that is
generally aligned perpendicular with an axis of rotation of a motor for driving the screw. The
screw has been assembled thwough a threaded nut or brass filting.  Upon completing the
assembly, an adjustment screw would be inserted into the nut with an appropriate amount of
torque applied to adjust clearance of the threads of the nut or brass filting and the threads of the
screw through the entire distance of travel of the columm housing.

[0008] Notwithstanding sfforts o improve steering column assemblies {e.g., steering column
assemblies having adjusiable filt functions), there remains a need for alternative assembilies,
particularly those in which fewer parts are required within the assembly, less stress is placed
on the tilt screw, or both.
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SUMMARY

[0008] The present teachings make use of a simple, vetl elegant, construction approach by
which relatively few components can be employed for achieving an adjustable steering column
assembly, such as a steering column assembly able {o effectively perform an adjustment of
the steering column by having a it funclion, a {elescoping functlion, or both.

[0007] In a very general sense, the teachings herein relate to an improved assembly by which
a motor operates to actuate an elongated actuatable member having a tongitudinal axis (e.g.,
to rotate a till sorew that is rotatable about iis longitudinal axis). The elongated actustable
member (& .g.. the it screw) 1s engaged with & position securing member that at least partially
surrounds the elongated actuatable member (e g., the tilt screw is threadingly engaged with
a nut and an optional bushing) and is pivotally camied within a column housing. As the
elongated actualable member is actusted by the motor {(e.g., the it screw rolates), the
positicn securing member {e.g., the it nut and optional bushing) moves along {he elongated
actuatable member {(8.9., the tilt screw), pivols relative with the column housing, and causes
the column housing o be raised or lowered (it will be appreciated that the colurmin housing
may be pivolally fixed to a mounting bracket at a location along he mounting bracket). As will
be demonstrated, it may be possible to maintain a load fransmitted from the column housing
so it is subsiantially on axis with the longitudinal axis of the elongated actuatable member
{e.g., the tilt screw), which may also be substantially on axis with a through bore of the position
securing member (e.g., it may also be substantially on axis with a threaded bore of the tilf nut}.
[0808] The teachings generally contemplate a steering column assembly that includes an inner
column tube, a steering shafl {adapled for coupling with a steering whes! or other like structures)
that is suppored for rofation at least in part by the nner column fube and having a longitudinal
axis; and a sullable bracket for carrying the inner column tube and attaching the assembly within
a vehicle {a.g.. o a cross-vehicle structure, an instrument. pansl assembly, the ke, or a
combination thereof). The bracket, such as a steering column mounting structure, may be coupled
with a column housing, such as for securing the column housing in a generally fixed position within
the vehicle. A it subassembly may be smployed for selectively raising andlor lowering the
steering shaft {e.q., o thal the height position of the steering whes! relative {0 g vehicle
operator can be adjusted). The column housing may be pivotally coupled to the steering
column mounting strucfure fo permit sieering shaft it adjustment by way of the it
subassembly. The inner column be may be configured to be carried by the column housing
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{e.g.. in a telescoping manner), i one or mare fixed positions. For example, the inner column
tube may be telescopically adjustable {&.g., by way of a manual adjustment fever or a motor)
within and/or relative 10 the oolumn housing, The column housing and the inner column fube gach
will have a longitudinal axis. Their respective longitudinal axes may be generally alighed (e.g.,
they may be generally co-axial).

[0009] The present teachings may include an adjustable rake steering column assembly having
a steering oolumn mounting structure. The sleering column mounting structure may include an
upper portion adapled to be fixedly secured within an automotive vehicle {8.9., 1o a cross-vehicle
member). The steering column assembly may include a column housing. The column housing
may have g longitudinal axis. The column housing may be adapted to cany an inner column tube
having a steering shaft atleas!t partially disposed therein. The column housing may include a wall
having an opening therein (e, a column housing wall opening). The column housing wall
apening may be located ransversely of the longitudinal axis of the column housing. The column
housing may be fixed in position along ifs length for affording a generally upward and downward
pivotal motion in relation to the sleering column mounting struclure.  The stesring column
mounting structure may include a forward portion having generally opposing downwardly
disposed side walls (e.g., connecting walls) for pivotally securing the column housing o the
steering column mounting struclure.  The steering column mounting structure may include
generally opposing downwardly disposed side walls (e8.g., forming & collar portion), at least one
of which may have an opening that is generally juxtaposed with the column housing wall opening.
[60010]} The adjustable steering column assembly may further include an elongated
actuatable member, such as a tilt screw, having g longiudinal axis. The filt sorew may have a
threaded shank portion. The tilt screw (or another elongated actuatable member) may include an
engagement element that is adapled to connect {0 and/or engage with at least a portion of the
motor or other actuator thal assisis in the raising and lowering of the column housing. The
gngagement element may include one or more gear portions, one or more intermal openings or
cavilies {e.g., a hex, square, or other palygonal shape) for receiving a portion of a drive shaft, one
or more projections o be received by a portion of the drive shaft, or a combination thereof. The
upper portion of the steering column mounting structure may have an opening defined therein
through which the tilt screw can accessed. The longitudinal axis of the il screw may be non-
parallel relative to the longitudinal axis of the upper porfion, but may be pivotable over a range of
about £10°. The column housing wall opening and the it screw may be located fransversely of
the longitudinal axis of the column housing on & single side only of the column housing.

[00011]) The adjustable steering column assembly may further include a position securing
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member, such as a {ilt nut and an optional bushing ibcated at least partially around the fit nut
{2.g., around one or more of the side walls of the tilt nut). The tilt nut may have a threaded bore
therethrough adapted 10 receive the tilt screw in threaded engagement. The optional bushing
may also include openings adapled 0 receive the it screw. The it nut may be positioned at least
parfially within the column housing wall opening. The §ilt nut may have & body with an outer
surface that is in contact with a surface defining the column housing wall opening. The bady of
the it nut may be in contact with an inner surface of the bushing, The bushing may then be in
contact with g surface defining the column housing wall opening. The contact arranged bebween
the il nut and the column housing wall opening may be such that the load transmitied from the
polumn housing wall opening © the {ilt nud s substantially on axis with the threaded bore. The
column housing wall opening and the Hlt nut may be configured to provide line confact between
the body of the tilt nut and the surface of the column housing defining the column housing wall
apening, thereby resisting lash in a generally vertical direction while still allowing the column
housing to rotale freely among different rake positions throughout a full range of operative
movement: The contact arranged between the bushing and the column housing may be line
of the wall opening or contacting the bushing, the longitudinal axis of the threaded shank portion
of the {ilt screw may be able to pivot {e.g., fore or aft) generally relative {0 the column housing as
the column housing is raised or lowered. The column housing wall opening may have 8 maximum
height and a maximum width, and the filt nul may have a maximum height and a maximum width.
The bushing may have a maximum height and a maximum width. At least the maximum width of
the colurmn housing wall opening may exceed the maximum width of the it nut, maximum width
of the bushing, or both. The maximum height of the column housing wall opening may
approximate the maximum height of the tilt nut, maximum height of the bushing, or both. The tilt
nui may have a generally flal front wall, The it nut may have a generally opposing flal rear wall.
The #lt nut may have a side wall having rounded portions {e.g., corners, such as for defining a
generally race track shape), which connects the front wall with the rear wall. The {ilf nid may have
side walls including one or more ribs (which may provide a surface that is generally planar or
generally rounded). The side walls of the till nul may be adapted to contact the bushing
surrounding the nut. The threaded bore may have a longitudinal axis that intersects the sidewall
and is approximately paralisl with the front wall and the rear wall. The it nut may be fabricated
from a polymeric material (e.g., a crystalline polymer, such as an acetal homopolymer (8.9.,
Delrin®}). The tilt nut may be free of any adjustment screw for resisting lash. The tilt nut may be
free of any structure (e.g.. any metallic structure) into which the it nut is press it
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80812} The steering column assembly may include at least one motor adapted for raising
and lowering the column housing. The motor may be configured 10 operatively rotate the gear
portion of the Hlt screw and cause the Hilf nut to advance toward the gear portion or withdraw away
from the gear portion. When the tilt nut advances toward the gear portion or withdraws away from
the gear portion, the position of the ik nut within the column housing may cause the column
housing to raise or lower relative to the mounting structure. The at least one motor may have an
externally projecling elongated drive shaft (e.g., a threaded drive shafl). The drive shaff may have
a longitudinal axis oriented generally parallel with the longitudinal axis of the column housing.
The drive shaft may have a longitudinal axis oriented generally perpendicular relative {o the
longitudinal axis of the it screw. The drive shaft may engage the gear portion of the tilt screw for
rotating the ilt screw. The rotation of the Hill screw may cause the i nut fo move along the tilt
screw {e.g.. upwardly or downwardly) to thereby raise and lower the column housing relative to
the mounting shructure. The steering column assembly may also include a telescoping
subassembly adapted to seleclively advance the inner column tube, steering shaft or both in a
fore or aft direction.

{00013} The present teachings also contemplate methods of assembling and adjustable
steering column assembly. The methods may include a step of threading the filt screw through
the tlit nut, orenting the 4t screw so that its longitudinal axis is positioned generally vertically
within the assembly; and locating the filt nut within the column housing wall apening so that
generally opposing portions of the it nut are in direct confact with the wall structure defining the
column housing wall opening. These steps may be performed in any order. The step of locating
the Hit nut within the column housing wall opening so that generally opposing portions of the tilt
nut are in direct contact with the wall structure defining the column housing wall opening may
include locating the tilt nut so it is in only direct line contact with the wall structure defining the
column housing wall opening.

{0014 As can be seen, it is thus possible {o realize a uhigue assembly (and assoclated
methods) that enables a il funclion within the stearing colunin assembly that reduces the amount
of torgue felt on the tilf screw, reduces the number of parts needed to provide a fitt function to the
steering column assembly, or both.

BRIEF DESCRIPTION OF THE DRAWINGS

[00015] FiG. 1 is a perspective view of an jllustrative assembly in accordance with the
prasent teachings.
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HEH FiG. 2 is a rear view of the assembly of FIG. 1.

{00817} FIG. 3is a perspective view of the Mustrative assembly of FIG. 1 with the stesring
solumn mounting structure removed.

[GO018] FiGs. 4A and 48 are enlarged views of a till subassembly in accordance with the
present teachings.

{00018} FiGs. 5A, 58, and 5C dlustrate the possibile movement of the tilf screw during a tilt
adiustment in accordance with the present teachings.

{00020} Fi3s. 6A and 6B are perspective views of ilustrative tilt nuts in accordance with
the present teachings.

{poe21} FIG. 6C is & side view of the Hlustrative it nut of FIG. 88

[G0022] FIG. 80 is a perspactive view of an illusirative il nut in accordance with the present
teachings.

[G0023] FIG. BE is a perspective view of a ilt nul and a bushing surrounding the tilt nut in

accordance with the present teachings.

DETAILED DESCRIPTION

[00024] As reguired, detalled embodiments of the present teachings are disclosed
herein; however, it & to be understood that the disclosed embodiments are merely
exemplary of the teachings that may be embodied in various and alternative forms. The figures
are not necessarily {0 scale; some fealures may be exaggerated or minimized to show details
of partictdar componenis. Therefore, specific structural and functional details disclosed herein
are not to be interpreted as limiling, but merely as a representative basis for teaching one
skilled in the art to variously employ the present teachings.

(G025} in a very general sense, the teachings herein refate {o an improved assembly by
which & motor operates 1o actuate an elongated acluatable member having a longiudinal axis
{e.g., to rolale a tilt screw that is rolatable about its longitudinal axis). The elongaled acluatable
member {(.g., the {ilf screw) is engaged with a position sscuring member that at least partially
surrounds the slongated actuatable member {e.g., the Hit screw is threadingly engaged with a
nut) and is pivotally carried within a column housing. As the elongated actuatable member is
actuated by the motor {e.g., the tilt screw rotates), the position securing member {e.g.. the §if nut)
maoves along the elongated actuatable member {e.g., the lt screw), pivols relative with the column
housing, and causes the column housing to be raised orlowered (it will be appreciated that the
column housing may be pivotally fixed o a mounting bracket at a location glong the mounting
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bracket). As will be demonstrated, it may be possible to maintain a load transmitted from the
colummn housing so itis substantially on axis with the longifudinal axis of the slongated actuatable
member {e.g.. the tlt screw), which may also be substantially on axis with a through bore of the
position securing member {e.4., it may also be substantially on axis with a threaded bore of the
HRnLt).

[000286] Far example, in one general sense, the teachings herein relale {o an improved
assembly by which a motor {e.g., an eleclric motor) operates o rolate a generally vedically
oriented tilt screw having 2 longitudinal axis. The Hlt screw is threaded through a {ilt nut {which
may be made, as any other position securing member generally of the teachings, of a polymeric
material, such as an acetal or polvoxymethviene {e.g., Deliin®)) that bears al least in part against
& column housing surface in a manner for resisting vertical lash {e.g.. on one side of the columin
housing, laterally of a column housing longifudinal axis). Rotaling the it screw about its
longitudinal axis causes the filt nul fo be raised or lowered along a length of the tilt screw. As the
tilt nud raises or lowers, it causes the oolurmn housing to move with it. Contact between the Hilf nut
and the column housing allows pivoting as bebweer the it nut-and the column housing. In this
manner, load transmitted from the column housing can be substantially on axis with the
longitudinal axis of the tilt screw {(which may aiso be substantially on axis with a threaded bore of
the tilt nut). Such pivotal motion can thus help to avoid torsional resistance from the screw as the
column housing raises or lowers. it is contemplated that the it nut may be at least partially
enclosed by a bushing, where the inner sutface of the bushing contacts the filt nut and the outer
surface of the bushing bears at least in part against the column housing surface in a manner for
reaisting vertical lash.

[00027] in general, and as will be appreciated from the description that follows, the present
teachings pertain fo a steering column assembly, and more particulardy, an adjustable steering
column assembly (8.g., having il and/or telescoping functions). The steering column assembly
may inglude g mounting portion, such as-a stesring column mounting structire having an uppst
portion adapted to be fixedly secured within an automotive vehicle, for secwring the stesring
column assembly in a vehicle in a fixed operational position. As will be also seen, the teachings
gnvision that the steering column assembly may include a till or rake adjustment that is adapted
to allow a user 10 select an angle of inclination of & steering wheel, a reach adjustment that is
adapted to allow a user {o select an appropriate fore-aft position of the steering wheel, or both.
in general, any such adjustment may be confrolled by a motor or a suilable user operating device
{e.g., a lever, an eleciromechanical actuator, or otherwise),

[00028] The teachings describe aspects useful for an adjustable steering column assembly
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for an automotive vehicle (8.g., an adjusiable rake andfor reach steering column assembly}. in
genearal, an assembily of the teachings hereln may include a stesring shaf {(e.g,, one that can be
coupled with a steering whesl or other sfeering device) and/or an inner column wbe that supports
the steering shaft {e.g., via one or more bearings). A column housing may be employed. it may
be adapted 1o telescopically couple with the inner column tube {e.g., each may have a longitudinal
axis that s generally parallel or even coaxial with each other). A bracket, such as a sleering
column mounting siructure, may be employed for at least parfially securing either or both of the
inner column tube or the column housing to the vehidle {8.q., 1o a cross-vehicle structure). The
steering column assembly may include a it subassembly that permits angular adjustment of the
filt of the steering wheel {or other steering device} relative 1o the user or vehicle operator. The tilt
subassembly may include a motor (8.9., a it motor or motor that controls both filt and telescoping
adiustment). The motor may cause rotation of a tilt screw within the assembly. The 8l screw
may have a threaded shank porion thal engages with a tit nut. The tilt nut may be positioned at
least partially within and maintain contget with the colunm housing. The tilt nut may move along
the tilt sorew (e.g., upwardly ordownwardly) as a result of the engagement between the motor
and the tilt screw. As the it nut moves, the column housing may also pivolally adjust and move,
thereby assisting i the angular adiustment of the steering column assembly {e.g., the steering
wheal},

{00029} With more altention now to the details of the adjustable steering column assembly
{.q9., rake, reach, or bath) herein, they generally will include a tube that is operatively connected
with a steering wheel (not shown), e.g., via a steering shaft. One such tube, referred to hereinas
an inner colunm tube, typically will have a hollow cavity along at teast a porfion of {if not the
enfirety of) the length of the tube and may be sized and configured to receive and support a
rotatable shaft, namely a steering shaft and possibly one or more bearings. Both the shaft and
the tube will have a longitudinal axds. When installed in a vehicle, the longitudinal axis of each the
shaft and the tube (as well as the stesring column assembly in general) may be generally coaxially
alighed, aligned generally parallel with 3 fongitudinal axis of a vehicle, or each. The shaft and the
inner column twbe typically may be made of or otherwise include a suitable metal, such as ons or
more of iron (8.9., steel), magnesium, zinc, or aluminum.

{60030} The inner column fube may be generally ovlindrical and hollow. |t may have a
forward snd porlion and a reanward end portion, and a longitudinal axie. Either or both of the
forward or rearward end portion may include a suilable bearing that supports the steering shaft
for rotation.

[00031] The steering shaft may have a rearward end portion adapted fo receive a steering
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wheel {not shown). & may have a forward end portion that penetrates through and may be
supported by a bearing, & kKey lock collar or both. As noted, the steering shall may be supporied
for rotation at least in part by the inner column tube and have a longitudinal axis that may be
generally coaxially aligned with the longitudinal axis of the inner column tube.

{60033 The adjustable steering column assembly may include one or more brackets or
steering column mounting structures that may be employed for receiving at least a portion of the
steering shafl, The one or more brackets or steening column mounting assemblies may secure
the steering column assembly {e.g., an adjustable rake and/or reach sfeering colunm assembly)
within the autonmotive vehicle. By way of example, a steering column mounting structure may
include an upper portion that is adapted to be fixedly secured within an sutomotive vehicle, such
as to a vehicle structure, such 85 a cross vehicle beam, instrument panel, or otherwise. The
steering column mounting structre may include one or more downwardly disposed side walls
extending fram the upper portion of the mounting structure {e.g., forming & collar portion, an area
for a pivotal connection with the column housing, or each). The steering column mounting
structure may incude a single unitary structure or a plurality of components assemblsd togsther
in an assembly to define the stesring column mounting structure. The steering column mounting
structure may be a cast structure {e.g., a structure made by casling & mass}, a forged structure
{e.g., & structure made by forging a metal mass), a machinad structure, a consolidated structure
{e.g., a structure made by a step of sintering and/or pressing & powder metal mass), or any
combination thereof. One approach is o cast the steering column mounting structure fo form an
aluminum alloy casting. The steering column mounting structre may be configured for
integrating funclions of mounting within a vehicle and accommodating a it function of the
assembly relative {0 a vehicle operator. The steering column mounting struclure may include 8
housing structure, a flange structure, or bath for receiving a {ilf subassembly {(8.g., one that is
motorized), a telescoping motor subassembly {e.g., one that is motorized), or both,

{00033] The steering column mounting structure may include a plurality of rbs. The
steering colum mounting structureg may include one of more openings through which a fastener
may be passed for attaching the mounting struciure {0 the vehicle., The maounting structure may
include an upper portion, at least part of which is adapied 1o abul against the automolive vehicle
structure to which it is attached. For example, for attaching {0 a generally flat cross-vehicle beam,
instrument panel, or both, which is © be disposad above the mounting structure, the mounting
structure may include a generally planar upper portion. The upper portion may have a longitudinal
axis that extends along the length of the upper portion (e.g., spanning from the forward portion of
the steering column mounting structure to the rearward portion of the steering column mounting
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structure). The upper porion may include one or more mounting apertures for mounting the
mounting structure to the awlomotive vehicle via one or more fasteners. The uppsr porfion may
include ane or more openings defined therein for accessing slements of the steering column
assambly, such as a it screw.

[60034] The steering column mounting struciure may have ong or more elaments
extending therefram, such as one or more pairs of generally opposing downwardly disposed side
walls {e.g., located toward a forward end of the steering column mounting structure, foward &
rearward end, foward the center. or combination thereofy. The downwardly disposed side walls
may be inlegrally formed with the upper portion {e.g., so that the steering column mounting
sfructure is formed from a single plece). One or more of the downwardly disposed side walls may
be a discrete element from the upper portion and may be separately attached 1o the upper portion,
Any, some or all of the downwardly disposed side walls may project cutward andior downward
relative to the upper portion (e.g., they may be generally orthogonally or obliquely disposed
relative to the upper portion),

{D0035] The stesring column mounting structure may include a pair of downwardly
disposed connecting walls, which provide an area of connection to another element of the steering
column assembly {e.g., a column housing}. The walls may be disposed toward a forward portion
of the mounting structure. The connecting walls may include one or more openings for recelving
a fastener that penstrates through the wall and into a porfion of the column housing {e.g., a pivot
mounting location) to create a pivotal connection. One or more connecting walls may include a
portion that extends bevond a forward end of the upper portion of the steering column mounting
structure.

[00036] The steering coluran mounting structure may be a structure including one or more
downwardly disposed side walls, which may be joined together to form a collar portion. The
downwardly disposed side walls {e.g., forming the collar porlion) may at least padially flank at
foast a portion of the steering column assembly {e.g.. the steering shaft, the inner column tube,
the column housing, or combination thereof). For example, the mounting structure may include
& collar portion that prajects away from g lower surface of the upper partion. The collar portion
may be defined {o include a complelely closed or atl least partially enclosed structure against
which the innsr column tube may sbut. One ormore of the downwardly disposed side walls {8.9.,
forming the coflar portion) may be located at or toward a rearward end of the steering column
mounting structure. The collar portion may have an asymmelric structure, such as that depicted
herein as resembling & capital letter “D.” within which ong or more components (e.g., a drive
member such as a rod) of a motlorized tilt subassembly are received. The steering column
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mounting structure may have a generally "U" shaped wall or collar partion {e.g., where the free
ends of the U contact or are connected o the upper portion). One or more of the downwardly
that is generally fuxtaposed with an opening the column housing {e.g., for accommodating a tilt
nut). The positioning of such opening in the mounting portion may allow for accessing the fitt nut
even as the steering column assembly is in an assembiled position,

{00037} The adjusiable steering column assembly may include a oolumn housing adapted
to carry the inner column tube having a steering shaft therein. The column housing may be
generally elongated. }t may have a generally cylindrical configuration to receive at teast a portion
of the steering shaft, the inner column fube, or both. The column housing may have a longitudina
axis. The longitudinal axis may be generally paraliel 1o or coaxial with the longifudingl axes of the
steering shaft, the inner column tube, or both. The column housing may be fixed in position along
its length for affording a generally upward and downward pivotal motion in relation {o the steering
column mounting structure.  As indicated, a column housing may be pivotally coupled with the
steering column mountting structure (8.g., at a forward end of both the mounting strugture and the
column housing), for example, at one or more of the downwardly disposed side walls, such as the
connecting walls located at the forward portion of the mounting portion.  The pivol mounting
focation may be at or within about 20, 30, 40 or 80 mim of a forward end of the column housing.
The pivol mounting location may be on an underside of the column housing, on a top side of the
column housing, or at some location in between the top side and the underside of the column
housing. For example, the column housing may have a lower portion that has laterally projecting
flanges over at least a portion of the column housing length. The flanges may project form both
sides of the column housing. The flanges may project iaterally outward 1o a location that extends
beyond the outermost reach of the wall from which # projects. The coupling between the mounting
structure and the column housing may be adapled o pennit steering shafl adjustment {e.g,, it
adjustment, telescoping adiusiment, or both, stch as by way of the tilt subassembly, the
telescoping subassembly or both).

[D0Bas]Y The column housing may be a cast structure (e.g., a structure made by casting a
mass}, a forged siructure {8.9., a structure made by forging a metal mass), a machined siructure
{e.g., a structure by forging a metal mass), a machined structure, a consolidated structure {8.g.,
& structure made by a slep of sintering and/or pressing a powder metal mass), or any combination
thereaf. A cast sfructure {e.g., including a metal such as aluminum, magnesium, zing, and/or iron
{e.g., stesl)), for example, may be an aluminum alloy casting. The column housing may include
ong or more ribs.
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{80839 The column housing may include ane or more walls. The one or more walls may
be losated along & side of the housing so that the one or more walls project generally radially
outward relalive {o a longitudinal axis of the housing. The one or more walls may be integrally
formed with a portion of the main bady {e.g., the area adapted o receive and/or support an inner
golumn fube andior & stearing shaft of the sleaning colunin assembly) of the columpr housing. The
ane or more walls may be a separate struclure that is discrete from the main body of the column
housing and aftached {o a portion of the columin housing. For example, a stamping could be
attached to the cast portion of the column housing {o provide the one or more walls of the column
housing. The one or more walls may be configured to receive at least a portion of the Htt
subassembly (2.g., a tilt screw, a tilt nut, or both}

{G0040] The one or more walls {e.g. integrally formed with the main body of the column
housing or 8 separate structure discrete form the main body of the column housing and aftsched
thereto} in the column housing may include an opening therein, with the opening being adapted
for receiving, contacting, andfor supporting a8 it nut of the tilt subassembly. The wall opening
may be defined by atleast a portion of the wall structure of the column housing, The wall opening
of the column housing may be located transversely of the longitudinal axis of the column housing.
The wall opening of the column housing may be located on a single side only of the column
housing. Therefore, the colmn housing wall opening and the {itt screw may both be located
fransversely of the longiudinal axis of the column housing on a single side only of the column
housing. Two or more sides of the column housing may include a wall opening (e.g., i two or
more {ilf screws are employed). The wall opening of the column housing may have a maximum
height and a maximum width. The wall opening may have any shape that is capable of receiving,
contacting, andfor supporting at least a portion of a it nul. The wall opening may be defined by
ane or more flat surfaces and/or one or more curved surfaces. The wall opening and the i nut
may have a similar shape. The wall opening and the §ilt nut may have different shapes. The wall
sphening miay be a polygonal shaps. For example, the wall opaning may be generally rectangular.
The wall opening may be generally oblong. The wall opening may be generally racetrack shaped.
The wall opening may be defined by one or more rounded or curved segments {e.g., concave
segments where the curve dips toward a point within the opening, convex segments where the
curve extends away from a point within the opening, or both). Each of the curved segments may
have generally the same radius of curvature. Each curved segment may have a different radius
of curvature. The wall openings may have one or more angles or corners joining one or more
generally straight segments. One or mare of the corners may be generally rounded. Qpposing
sides of the wall opening {e.g., i the opening is generally rectangular) may be generally
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syrrmetrical. Opposing sides of the wall ppening may be mirror images of each ather. Opposing
sides of the wall may be different shapes, curvatures, lengths, or combination thereof. The
maximum height of the wall opening of the column housing may be about 15 mm or more, about
20 mm or more, or about 25 mm or more.  The maximum height may be about 45 mm or less,
about 35 mm or less, or about 30 mim or less. The maximum width of the wall opening of the
column housing may be about 15 mm or more, about 20 mm o more, or about 25 mm or mare.
The maximum width may be about 45 mm or less, about 35 mm or less, or about 30 mm or less.
The maximum width of the column housing wall opening may exceed the maximum width of the
tift nut positioned therein (e.g., to allow movement or rotation of the tilt nut within the opening).
The maximum height of the column housing wall opening may be approximately equal o the
height of the tilt nut. The maximum height may be greater than the height of the tilt nut {e.g.. o
accommodate some rotation of the tilt nut within the opening).

[G0041] The steering column assembly may include a it subassembly for causing
adiustment of the steering shaft {and slesring wheel} in an upward or downward direction in
relation {o a vehicle -operator. The tilt subassembly may include 8 motor that initiates movement
of the steering column assembly by operafively driving a8 drive member, such as an externally
projecting elongaled drive shaft that is threaded or thal has gear teeth over at least a portion of
fts length. The drive shalt may have a longitudinal axis that is oriented generally paraliel with the
longitudinal axis of the steering shafl, inner column tube, column housing, steering column
mounting structure, or a combination thereof, at least at certain positions or angular adjustments
of the steering wheel. The externally projecting slongated drive shaft {e.g., a threaded drive shaft)
may have a longitudinal axis otiented generally perpendicular relative to the longitudinal axis of a
tilt screw of the tilt subassembly, atleast af cerlain positions or angular adjustments of the steering
wheel. The motor may cause the drive shaft to rotate, move in a fore and aft direction, otherwise
move, or & combination thereol, The drive shalt may engage with a portion of a Uil screw at least
partially housed within the column housing. The tilt screw may include one of more engagement
slemenis for engaging with a drive shaft. The one or more engagement elements may include
one of more gear portions, one or more intermnat openings {e.q., having a cross-section shaped
fike 2 hex, square, or other polygon), one or more projections from the tilt screw {(e.g., having a
cross-section shaped fike a hex, sguare, or other polygon) or other features for engaging with the
drive shaft. For example, at or near one or both ends of the ilt screw, there may be one or more
gear portions that engages with the drive shaft of the motor. As the motor drives the drive shafl,
the drive shaft engages with the gear portion of the screw, causing the screw o rotate {i.e., about
its longitudinat axis). The motor {(e.g., the tilt motor) may remain in a fixed position and may have
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a gear or a screw. As the gear or screw of the maotor shaft rotates, # remains meshingly engaging
& portion {e.g., the gear) of the {iff screw, aven if the tilt screw pivols or swivels,

{042} The motor of the tilt subassembly may be part of a remofe mechanism that inihiates
movement of the steering column assembly (e.¢g., upward and downward relative 10 a vehicle
usery by way of the motor within g gear box. The oulpud of the gear box may be coupled {o the
tilt screw via a drive shaft {e.g., a flexible drive shaft). The drive shaft may engage with or be
secured {o an engagement slement of the it screw. An engagement element of the 1l screw
may inchude an internal opening or cavity within the it screw {e.g.. shaped as a hex, square, ot
other polygony that is adapted o receive at least a portion of the flexible drive shaft. The
engagement element may be a protrusion that is recelved by an internal opening or cavity of the
drive shaft. The gear box may contain a gear reduction {e.g., 8 spur or worm type gear reduction),
and the drive shaft {e.q., a flexible diive shaft), via the culput from the remote mechanism, may
transmit the torgue from the gear reduction to the screw. This may cause the tilt screw to rofate
about s fongitudinal axis 1o support and cause movement of the tilt nut along the tit screw.,
{00043] The till subassembly may include an elongaled actuatable member, such as a tilt
screw, located at least partially within the column housing, steering column mounting structure,
or both. The tilf screw may include {e.g., at one or each of the ends of the tilt screw) or be
positioned within one or more bearings and/or bearing openings (8.9., located within or adjacent
the miounting structure, column housing, or both) to allow for the rotation of the tilt screw within
the assembly. As mentioned, the steering column mounting structure may include an opening
defined within the upper portion through which the tilt screw can be accessed when installed within
the assembly. The iilt screw may include a threaded shank portion that engages with and suppors
a tilt nut {.g., a tilt nut having a threaded bore). The Uit screw may have a longitudinal axis (e.g.,
extending along the length of the il screw, from one end of the screw 1o the opposing end of the
screw). The longitudinal axis of the {ill screw may be non-paraliel relative 1o the longitudinal axis
of the upper portion of the stearing column mounting structure but may be pivolable over a rangs
of abott £ 15°, ahout & 10°, aboul £5°, or abput £ 3°. In addition, the longitudinal axds of the tilt
screw may be generally orthogonal to the longitudinal axis of the drive member {e.g., drive shall)
of the motor of the tilt subassembly {at least during certain elevations or 8 nsulral position of the
steering column assembly). During a tilt or rake adjustment of the steering column assenbly, the
tilt screw may be permitted to move or pivat within the column housing over a range of about &
15°, about * 10°, about 2 5°, or about 2 3™ from a position orthogonal o the longitudinal axis of
the drive shaft. For example, during a raising of the steering shaft {and steering wheel) relative to
a user, the filt screw may pivot and become angled within the column housing. During a lowering
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of the steering shafl {and steering wheel) relative {o a user, the 8 screw may pivel and angle in
the opposite direction. The tilt screw may be positioned such that each of a distal and a proximal
end relative to the gear are translated about a pivol axis when the column housing is raised or
lowered.

[60044] The it subassembly may include a position securing member that at least
partially surrounds the elongated actuatable member, such as tilt nut and optional bushing
positioned upon or adapted {o receive the tilt screw. The tilt nid may have a threaded bore
therethrough adapted o receive the tilf screw (e.g., the threaded shank portion) in threaded
angagement. The tilt nut may be positioned at least partially within the colurmn housing wall
opening. The column housing wall opening and the it nud may be configured {0 provide direct
point, line, or plane contact (which may depend upon the shape of the tilt nul) between the body
of the filt nut and the surface of the column housing defining the column housing wall opening.
As mentionead, the height of the column housing wall opening and the height of the Bt nut may be
approximately equal o maintain contact between the surface defining the column housing wall
gpening and the it nid. The contact between the it nut and the surface defining the column
housing wall opening may thereby resist lash in a generally verfical direction while still allowing
the column housing, the filt screw, or bolh, o rotate freely among different rake positions
throughout a full range of operative movement. The conlact arranged between {he tit nut and the
column housing wall opening may be such that the load transmitling from the column housing
wall opening to the tilt nut is subsiantially on axis with the threaded bore.

[G0045] The tilt nut may have a body defined by an outer surface. At least a portion of the
it nut {e.g., the body, the outer surface, or both) may be fabricated from a polymeric material,
such asg a crystalline polymer, such as an acetal homopolymer {e.g., Delrin® commercially
avatlable from DuPont, such as Delrin® 100 grade). The il nut may be formed of any polymeric
material having two or more of the following properties: good dimensional stability; high fatigue
endurance; long-term fatigue endurance; low moisture absorption; good wear and/or abrasion
proparties; fow coefficient of friction; hard and resilient surface; supenor impact andfor cresp
resistance; high resistance 1o repeated impact; high elongation {e.g., without the need for impact
maodifiers; excelient machinability, high strength and/or stiffness properties (e.g., without the need
for fillers/reinforcements or other modifications); high tensile strength and sirain at break (e.g.,
higher than the standard copolymery; chemical registance to at least some fuels, hydrocarbons,
neutral chemicals and/or solvents; maintenance of advantages at elevated temperatures; and
good flow characteristics, fast cyoling, thermal stability {e.g.. as evidenced by litlle reduction n
the melt viscosity}, or combination thereof during processing. The tilt nut may include a threaded
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bore that may be formed fram the same polymeric material as the outer surface and/or boady. The
threaded bore portion may be a metallic matenal. The threaded bore may be insseried into an
opening in the body of the polymanc material (e.g., the maternial forming the outer swrface). The
polymetic outer surface material may be formed around the threaded bore portion of the tift nut.
The §ilt nut may be free of any adjustment screw for resisting lash. The titnut may be free of any
structure {e.g.. any metaliic structure) into which the tilt nud is press fit.

{00048} The it nut may be adapted o move {g.g., rotate, pivat, tlt, move fore and aft, or
combination thereof) within the assembly. Af least a portion of the tilt nut is still adapted to retain
contact {e.q., point, line, or planar confact} with at least a portion of the surface of the column
housing defining the column housing wall opening. The filt nut may be in contact (&.g., in line
contact with at least two locations of the surface defining the column housing wall opening) with
the column housing throughout the raising and lowering of the column housing. The angle of
movement or rofation may be generally the same angle as the angle of movement or rotation of
the it screw as the adjustable steering column assembly (8.9., the stearing wheel, steering shafl,
inner column tube, column housing, or combination thereof) is raiged and or lowered iy relation
to a vehicle operator.

{00047 The tilt nut may have a front wall, a rear wall, and one or more side walls. The tilt
nut may have a plurality of skle walls {e.g., Tour side walls in a generally rectangudar shaped it
nut). The one or more side walls may connect the front wall with the rear wall. The threaded bore
portion may intersect one or more side walls {e.g., two opposing side walls). The threaded bore
portion may be generally or approximately paraliel with the front wall, the rear wall, or both. The
it nut may have one or more generally flat walls. For example, the till nut may have a generally
flat front wall andior a generally opposing flat rear wall. The tilt nut may have one ormore curved
walls {e.g., hourglass shaped, curved or angled segments curving or angling into or away from
the body of the tilt nut, or a combination thereof), One or more side walls (or where one or more
side walls joins another side wall of a front or rear wall) may have rounded portions {e.g.. comers,
such as for defining a generally race frack shape). The one or more side walls may include one
or more ribs. The ribs may provide addifional strength or stiffness to the Bilt nut. The ribs may
help to reduce the weight of the nul. The ribs may assist in controlling areas of contact between
the nut and the optional bushing or the surface of the column housing defining the column housing
wall opening. The front wall and/or rear wall {e.q., the perimeter) may be generally polygonal in
shape, generally rectangular in shape, generally ovular in shape, generally oblong in shape,
generally hourglass in shape, or a combination thereof. The side walls connected to the front wall
and/or rear wall may generally follow the contours of the perimeter of the front wall, rear wall or
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both. For example, if the perimeter of the front wall has a curved segment, the face of the side
wall joined at that curved segment may be curved in g similar shape {Le., rather than having 8
planar face). The front wall andfor rear wall may have one or more angular segments {e.q., two
planar segments joined together {o form one or more angles), generally curved segments,
generally convex segments, generally concave segments, generally sinusoidal shaped segments,
ar a combination thereaf, The front wall and/or rear wall may have one or more rounded cormers
{e.g., between segments forming the perimeter of the front wall and/or rear wall). One or more of
the side walls may be generally flat or planar. One or more of the side walls miay have a generally
hourglass shape. One or more of the side walls may be generally curved, generally concave (e.g.,
the face of the wall curving info the body of the {ilt nut), generally convex {e.g., theface of the wall
curving away from the body of the {ilf nid), or a combination thereof. One or moreg of the side
walls may include one or more angular segments {e.g., two or more planar segmenis joined
together to form one or more angles). For example, a series of planar segments may be arranged
in angular refationship with each other o generslly form an indentation in a side wall similarto a
cancave shape. Une or more of the sids walls may include rounded edges (8.g.. where the sidse
wall joins with the front wall, rear wall, or both).

[00048] One or more of the side walls may include one or more generally elastic or
springing members, such a8 wings or fabs. The wings may extend from one or more side walls
{e.g., fwo wings, arranged on opposing side walls) and terminate at a free end. The wings may
be generally Hlexible and may flex when a force is applied. The wings may elastically deform. For
example, when installing the tilt nut within a wall opening of the column housing, a force may be
applied to the wings as the {ilt nut is inserted into the wall opening. When the Hilt nut is in proper
position within the opening, the force agpplied fo the wings may be released, and the wings may
raturn to their original position. The wings may function 1o retain contact and/ar engagement with
the surface defining the wall opening in the columni housing to maintain the position of the {ilt nut
{during use andior during instafiation of the tilt nut andior {ilt screw), reduce lash within the it
subassembly (where {ash may be defined as clearance or lost mation in a mechaniam caused by
gaps between the pans).or both,

[00049] The present teachings also confemplate an optional bushing adapted to at least
partially surround the tilt nut. The bushing may function {o constrain or guide the movement of
the tilt nut. The bushing may function 1o reduce stress and/or friction between the Hit nut and the
housing. The bushing may be adapted to contact the surface of the column housing defining the
surface of the column housing defining the column housing wall opening. The bushing may be
generally located around the tilt nut. For example, the bushing may be generally located around
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the side walls of the nut (e.g., may generally crcumscribe the side walls of the tilt nut}. For
example, the bushing may generally have a C-ghape, where a gap betwsen the free ends of the
bushing may be adapted 1o provide additional flexibility to the bushing {e.g.. 1o receive the Hit nut
and/or accommodate tilting or rotation of the tilt nut). The bushing may be generally O-shaped or
generally D-shaped o completely surrountd al least a porlion of the i nut. The bushing may be
generally rectangular. The bushing may be adapted to cover the front face and/or rear face of
the tift nut. The bushing may have one or more rounded edges or corners. The bushing (on the
internal surface, external surface, or both) may include one or more generally straight sections.
For example, the outer surface may include one or more siraight sections adapted {o contact
andfor slide along the swrface of the column housing defining the column housing wall opening.
The bushing may be a shape that generally matches the shape of the it nut it is 1o receive. The
bushing may have a maximum internal height and/or maximum intfemal width {ie., the portions
defining the area within which the tilt nut is adapted o be received) that is greater than the
maximum height andfor maximum width of the fift nul. The inner dimensions of the bushing may
be larger than the outer dimensions of the it nut to aliow the t#t nut to move {(e.q., tilt or rotate}
include openings at the top and bollom of the structure {o accommeodate the il screw exdending
through the it nut. The ppenings of the bushing may also be threaded.

[00050] In assembilies where the bushing is used around the nut, # is contemplated that
the outer surface of the bushing contacts the surface of the column housing defining the column
housing wall opening. The presence of the bushing may reduce the contact stress between the
tilt nut and the column housing. The {ilt nut may contact the inner walls of the bushing in a radius-
an-radiug condition, as the tilt nid is permiited to it or rotate within the assembly. The bushing
may then contact the surface of the column housing defining the column housing wall opening in
a flat-on-flat condition. The bushing may be permitied 10 rolate around the nut, the nul may be
parmitted to rotate within the bushing, or both. The:bushing may be permitted to slide on the
surface of the column housing defining the column housing wall opening {e.g., through line or
plane contact), the surface of the column housing defining the column housing wall opening may
be permitied {o shide on the surface of the bushing, or both. The bushing may maintain contact
with at least a portion of the column housing. The bushing may be of sufficient dimensions that it
iz able to rotate or Hit within the column housing wall opening. The bushing may be of sufficient
dimensions {e.g., where the bushing is too wide, tall, or both, to rotate or tilt) that if is not permitted
to rotate or it within the column housing wall opening. The bushing may be of sufficient
dimensions that it is not permitted o rotate or Hlt within the column housing wall opening at the
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same angle as the tilt nut {e.g., the il nut may be permitted {o tilt to form a larger angle than the
maximum angle of the bushing relative 1o the vertical axis). The hushing may be permitled io
move vertically (along a vertical axis of the assembly), horizontally (e.9., along a longitudinal axis
of the assembly), or both, within the column housing wall opening.

[00051] The adjusiable steering column assembly may be assembled by threading the tilt
screw through the tilt nut. i a bushing is used, the nut may be inserted indo the bushing and the
til screw may be threaded through both the it screw and the bushing. The it screw may be
oriented so that its longitudinal axis is positioned generally vertically within the assembly (e.q.,
within the column housing andfor the mounting structire). One end of the it screw can be
positioned generally within the opening in the upper portion of the mounting structure. The
oppasing end of the tilt screw {&.¢., having 8 gear portion for engaging with the drive shaft of the
maotor) may be positioned near the motor, such as adjacent the externally projecting elongated
drive shaft {e.q., a threaded drive shaft), so that the drive shalt can engage with the gear portion
to enable the screw to rotate (e.9., about #ts longitudinal axis) during 8 tilt or rake adjustment of
the assembly. The till nut may be located within the column housing wall opening so that generally
opposing portions of the tilt nut may be in direct contact {.g., point contact, line contact, or plane
contact) with the wall structure defining the column housing wall opening. During assembly, #tis
possible that the i nut may be placed within the column housing wall opening prior to the tilt
screw being insialled in the assembly. For example, the tilt nid may be positioned within the
opening of the column housing and the {ilt screw may then be screwed or inserted through the
threaded bore of the tilt nut. The it screw may be inserted through the bolfom, with the end of
the tilt screw being directed toward the opening in the upper portion of the steering column
mounting structure.  Inslead, the il screw may be inserfed through the top {e.q., through the
apening in the upper porlion of the steering column mounting structure) and directed toward the
motor {e.g., & i motor). Insuch assembly, the gear portion may be secured to the i screw once
at least a portion of the tilt screw has traveled through the tilt nut.

[06G521 As the {ilt subassembly andior telescoping subassembly via one or more motors
{or other user operating devices) initiates movement of the steering column toward or into a
desired position, this permits steering shall adjustment (rake andfor reach). In a il adjustment,
the motor may cause movement (8.¢., angular adjustment) of the columi housing upward andior
downward relative to the user {and therefore movement of the inner column fube, the steering
shaft, or both). The motor may have an externally projecting elongated drive shaft {e.g., 2
threaded drive shafl) thal may engage the gear portion of the tilt screw for rotating the tit screw
and causing the Hlt nut to move along the tilt screw {e.g.. upwardly and/or downwardly). As the
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tift nut maintaing contact with the surface defining the wall opening of the column housing, this
causes the column housing o move with the it nut {othereby raise andfor lower the column
housing relative to the mounting struclure.  Therefore, the motor is configured {o operatively
ratate the gear portion of the tilt screw and cause the tilt nut to advance toward the gear portion
{a.g. i lowering) or withdraw away from the gear portion {(e.q., foward the mounting structure if
raising). This movement cases the column housing fo raise or lower relative to the mounting
struciure. As a result of the ouler surface of the Bt nul body contacting the surface of the wall
opening of the columiy housing, the longitudinal axis of the threaded shank portion of the tilt screw
is able o pivot fore or aft generally relative to the column housing as the colunmn housing is raised
or lowered. The pivoling of the tit screw, the dilt nut, or both, reduces the amount of stress andfor
torque on the it screw. Al one or both ends of the tilt screw, there may be one or more elements
acting as a stop for the 6t nut, thereby preventing the Hilt nut {and steering shafi, steering wheel,
inner column twbe, column housing, or combination thereof) from raising past a certain point or
from lowering past & certain point.

{00053] The sieering column gssembly as disclosed herein may alse include 8
telescoping subassembly for adjusting the steering shaft in a fore or aft direction generally along
the longitudinal axis of the steering shafl. Such adjusiment may be possible through one or more
favers or other user-actuated devices. Such adjustment may be possible through one or more
motors adapted for sslectively driving the steering shaft {e.g., by way of a rod or other drive
member} in a fore or aft direction. The same motor of the tilt subassembly may also provide for
telescoping adjustment {or "reach” adjustment). A separate motor may be used for telescoping
adiustment. The telescoping subassembly may include an electric motor that has a motor shaft
that operatively drives a drive member {e.g., 2 rod that is threaded or has gear teeth over at least
a pottion of ds length). The shaft may drive the drive member by use of one or more gears. It
may drive the drive member by way of a threaded nul. The motor shaft may have a longitudinal
axis that is oriented generally parafiel with the longitudinal axis of the steering shaft and/or inner
column tube. The motor shafl may have a longiludinal axis that is oriented generally fransverse
with the longitudinal axis of the steering shaft andfor inner tube. The {elescoping motor
subassembly may be such that §t includes a housing within which the motor may be at least
partially located. The housing may include one or more flat surfaces that are adapted o slidingly
hear against ancther surface {e.g., a bracket, flange of the column housing, or some other
mounting sfructure), which other surface may be part of, or may be operably connected with the
column housing. Such flat surfaces may be a parl of the mounting structure for securing the
telescoping assembly {o the overall assembly.
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[00854] in general, the feachings berein envision a steering colunm assembly that employs
& column housing with an inner column twbe. The leachings are not imited solely 1o such
assemblies. The {eachings also have general application to other fypes of steering column
assemblies. Without limitation, for example, the teachings are also contemplaled for use with a
steering columm assembly that is known typically as & transiating colurmn type assembly. Such an
assembly may inlegrate a column housing with an inner column tube. Buch infegration may be in
the form of a single fabricated unit {8.9.. @ casting). The unit may be mounted within a vehicle. it
may be mounted, for example, by way of one or more pins in ong of more sitts.

{00055] Put another way, by way of summary (without limitation) of the general teachings
herein, in a general respect, the present teachings relate to an adjustable sfeering column
assembly. The assembly includes g steering shafl supported by other slements of the steering
column assembly. For example, other elements may include a columit housing, which may have
ane or more of the features as described in the present teachings. {t may include an inner column
tube which may have one or more of the features as described in the present teachings and being
adapted for {elesoopic adjusiment within the column housing. |t may simply be a tubs or other
suitable hollow structure {e.g., the single fabricated unif integrated structure referenced above)
for receiving a steering shaft. A steering shafl, which may have one or more of the fealures as
described in the present teachings (which may support 3 stesring whesl that is attached o it in
part and may optionally be a part of the assembily), may be supported for rotation {e.g., by ane or
more bearings), al least in part by the other elements of the steering column assembly {e.g., the
inner column tube, the column housing, or both) and having a longitudinal axis. A steering column
mounting structure, which may have one or more feafures as described in the present teachings,
may be emploved for at least partially carrying the steering shaft, innher column tube, column
housing, or combination thereof, and attaching the assembly within a vehicle {e.g., 1o a cross-
vehicle structure, instrument panel, or other slements of a vehicle capable of supporting the
stearing column assembly). As described; the stesring column mounting structure may include g
portion that provides one or more areas of attachment fo the column housing (e.g., downwardly
disposed side walls) for allowing tift adjustment {e.gq.. by joining the column housing and the
steering column mounting structure in a8 pivoling relationship}.

[00056] Turping now to the figures, Figures 1 and 2 are a perspective view and a rear view,
raspectively, of an exemplary adjustable rake steering column assembly 10 having a sleering
column mounting structure 20 and a column housing 50 adapted to carry an inner column tube
80 and a steering shaft 82, which supports a steering whes! or other steering device {not shown).
The stesring column mounting structure 20 includes an upper portion 22, having s longitudingl
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axis LA, that is adapied to be fixediv secured withiny an automotive vehicle:. The upper partion
22 has an opening 24 through which at least a portion of the it subassembly 70 {e.g., the tilt
screw 72} can be accessed. The upper portion 22 also includes a plurality of mounting apertures
26 for mounting the mounting structure 20 within the automotive vehicle via one or more fasteners.
At a rearward portion 30 of the mounting structure 20, there are a pair of downwardly disposed
side walls 28 forming a collar portion 34. At a forward portion 38 of the mounting structure 20,
there are a pair of downwardly disposed side walls 28 acting as connecling walls 40 for pivolally
joining the mounting structire 20 with the column housing 50 at a pivol mounting location 58 (ses
Figure 3).

{00067} The adjustable rake sleering column assembly 10 includes a column housing &0
having & longitudinal axis LA; (see Figures SA-5C). The column housing 50 includes a wall 52
having a column housing wall opening 54 adapled to at least partially receive, contact, and/or
support g tilt nut 80. The mounting structure 20 also includes an opening 36 that is juxiaposed
with the columin housing wall opening 84, for providing access to the tilit nut or for easing
insialiation of the il nut within the assembly, though itis also contemplated that other sxemplary
mounting structures may not have such an opening.

[00058] The steering column assembly 10 also includes a it subassembly 70 which
provides for a tilt or rake adjustment function so that the angle of the steering wheel {(not shown}
can be adjusted upwardly or downwavrdly relative fo a user or vehicle operator. The it
subassembly 70 includes a motor 96 {e.g., a tilt motor) that engages with a tilt screw 72, The it
screw 72 has a threaded shank portion 74, which is in threaded engagement with the tilt nut 80,
and the it nut is caused to move along the il screw, thereby causing upward or downward
adjustment of the steering wheel (not shown), steering shalt 80, inner column tube 82, and column
housing 50, The steering column assembly 10 also includes a telescoping subassembly 100,
which provides for felescoping adjustment of the steering wheel in a fore and aft direclion relative
o the user or vehicle operalor, The telescoping subassembly 100 includses a motor 102 (8.g.. 8
telescoping motor), though i/t is also possible that telescoping adjustment may be performed by a
user-actuated device such as a lever,

[00059] Figure 3 Hllustrates a steering colunm assembly with the steering column mounting
structure ramoved. The Bilt screw 72 remains generally fixed within the column housing 50 and
rotates about its longitudinal ais as a result of the engagement with the motor 88. The raising
and fowering of the column housing 50 during a tilt or rake adjustment occurs as the tilft nut 80
moves upwardly or downwardly along the tilt screw 72, Al least a portion of the {ilf nut 80 contacts
the swface 56 defining the column housing wall opening 54.
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HEEH Figuras 4A and 4B are an enlarged view of the i nut 80 within the column housing
wall opening 54 (i.e., the opening in the wall 52 of the column housing 50). The tilt screw 72 18
threaded through the tilt nut 80, and the {ilf screw 72 has a longitudinal axis LAz, The motor 88
{see Figure 3} includes an axternally projecting elongated drive shaft 98 having a longitudinal axis
LAs Inthis 1t position, the jongittidingl axis LAz of the it sorew 72 and the longitudinal axis LAy
of the elongated drive shaft 98 are generally perpendicular. The slongated drive shaft 98 engages
with a gear porlion 76 of the {il screw 72, which causes the Hilt screw 72 o rofate about ifs
fongituding! axis LAx, thersby causing the tilt nut 80 {0 move along the tlt screw (L.e., upwards of
downwards}). Because of the confact between the filt nut B0 and the surface defining the opening
of the column housing wall opening, this also causes the column housing t© move upward or
downward with the tit nut, and the column housing pivotally adjusts at the pivol mounting focation
88 {(a.q., to raise and lower relative o the vehicle operator; see Figure 3). Figure 48 dlustrates a
tilt nut 80 swrrounded by a bushing 81. The bushing 81 serves o contact the wall 52 of the column
housing 50 defining the column housing wall opening 54, The inner surface of the bushing 81
cantacts and holds the it nid 80, The bushing 81 allows the Hilt nut 80 to contact the bushing 81
in a radius-on-radius condition, and {he bushing 81 cantacts the wall 52 of the column housing 50
defining the column housing wall opening 54 in a flat-on-flat condition, which may reduce the
contact siress between the B nut and the column housing.

[00081] Figures BA, 5B, and 5C Hlustrate the ability of the tilt nut 80 and the tilt screw 72 {o
pivot fore or aft generally relative {o the column housing 50 as the column housing is raised or
lowered. Figure 5A dlustrates the longitudinal axis LAs of the Hilt screw 72, which is generally
perpendicular to the longltudinat axis LA of the column housing. During a rake adjustment, the
tilt screw 72 and the filt nut 80 may pivot within the column housing wall opening 54 at an angle
a, measured from a neulral position {(where the tilt screw would be in a perpendicular relationship
to the longitudinal axis LAz of the column housing), as shown in Figures 5B and 50, As seen in
these figures, the column housing wall opening 54 has a maximum height Hmaxe and a maximum
width Wmaxe. The tilt nut 80 has a maximum height Hmaxr and a maximum width Wmaxy,
Hmaxe and Hmaxr are generally-equal, altowing for the tilt nut to maintain contact with the swiface
defining the column housing wall opening, while Wmaxe is generally Iarger than Wmaxy, thereby
atfowing the tilt nut 80 1o move within the opening fo allow the tilt screw 72 to pivet and reduce
the amount of torque and/or streas on the tilt screw. Where a bushing is used, it is contemplated
that the maximum height of the bushing may be between the maximum heights of the filf nut and
column hausing wall opening. Where a bushing s used, it is contemplated that the maximum
width of the bushing may be between the maximum widths of the it nut and column housing wall
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opening. I is also contemplated that the it nut may be smaller {in height, width, or both) when a
bushing is used so the outer dimensions of the bushing would be approximately equal in height,
width or both to the maximum height and/or maximum width as a filt nut if used alone (e.g., without
a bushing).

{60063 Figures 6A, 88, 8C, 6D and 6E are illustrative it nuts 80 having a body 82 and an
outer swrface. The il nuts 80 have a front wall 88, a rear wall 88, and side walls 80 joining the
front wall and rear wall, The il nuts 80 have a threaded bore 82 within the body 82 of the tilt nuls
adapted {o receive and engage with a threaded shank portion 74 of a {ilf screw 72 {see pravious
figures). The threaded bore 92 is generally parallel to the front wall 88, the rear wall 88, or both,
with the bore opening located generally on opposing side walls 80 {Le., generally intersecting
opposing side walls). The tilf nut 80 of Figure 8A includes wings 94 on opposing side walls 80 of
the it nut. The wings 94 may engage with the swface 58 defining the column housing wall
apening 54 (see Figure 44} to stabilize the tit nul within the assembly, to maintain contact with
the surface defining the columm housing wall opening, or both. Figure 8B #lusirates a tit nut 80
having rounded edges or corners, which assists in allowing the Hit nut {o i or pivol within the
column housing wall opening 54 {see Figures SA-5C). Figure 8C is a side view of a tilt nut 80
having generally concave segments, or curving generally inwardly toward the body of the tilt nut.
The curves also gssist in atfowing the tilt nut to it or pivot within the column housing wall opening
54 {see Figures 5A-5C). Figure BD is a side view of a it nut 80 having side walls defined by ribs
81. Figure BE illustrates a tilt nut 80 and a bushing 81 located around the tilt nut 80, The tilt nut
80 thereby contacts the bushing 81 and the bushing 81 contacts the column housing (see Figure
48}, and the housing slides on the bushing.

{000863] While exemplary embodiments are described above, it is not intended that these
embodiments describe all possible forms of the invention. Rather, the words used in the
specification are words of description rather than limilation, and § is undersiood thal various
changes may be made without departing from the spirit and scope of the invention. Additionally,
the features of various implementing embodiments may be combined fo form further
smbodiments of the invention.

[00064] As ¢an be appreciated, variations in the above teachings may be employed. For
example, it may be possible to employ manual adjustment of the stesring column assembly {8.9.,
one or more levers or pther user-actuated devices), instead of or in addition to one or more motors
within the tilt subassembly and/or the telescoping subassembly. The assembly may include a
manually operated steering whes! adjustment subassembly adapted for selaclively adjusting the
steering shaft in a fore or aft direction generally along the longitudinal axis, selectively raising or
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fowering the steering shaft, or both. The tiff and/or telescoping subassemblies may include a lever
or other adapted for manually actuating the subassembly. The either or both subassemblies may
include at least one engagement member that is brought into and out of engagement with the
inner column tube for selectively locking the steening shall info a position desired by a user{8.g.,
a fore or aft position). The elongated actuatable mamber may be a rod or a pin. The position
securing member may be a bushing or any type of member that s capable of clamping onto the
glongated actuatable member, The position securing member may ai least parlially surround the
alongated actuatable member. The position securing member may selectively sngags the
elongated actuatable member in 8 manner that may, at least at cerlain limes, resist movement
along the elongated actuatable member.

{60085} Any numerical values recifed herein include all values from the lower value 1o the
upper value in increments of one unit provided that there is a separation of at least 2 units betwsen
any lower value and any higher value. As an example, if it s siated that the amount of a
component or 8 value of a process variable such asg, for example, temperaturs, pressure, time
and the like is, for example, from 1 to 80, preferably from 20 fo 80, more preferably from 30 {0 70,
it is intended that values such as 15 o 85, 22 o 88, 43 to 51, 30 io 32 elc. are expressly
enumerated in this specification. For values which are less than one, one unit is considered to be
£.0001, 6.001, 8.01 or 0.1 as appropriate. These are only examples of what is specifically intended
and all possible combinations of numerical values between the lowest value and the highest value
snumerated are {o be considered {o be expressly stated in this application in a similar manner.
[00066] Unless otherwise stated, all ranges include both endpoints and all numbers
between the endpoints. The use of “aboul” or "approximately” in connection with a range applies
to both ends of the range. Thus, "about 20 to 307 is intended to cover “about 20 {o about 307,
inclusive of at least the specified endpoints.

{00067} The disclosures of all arlicles and references, including pstemnt applications and
publications, are incorporated by reference for all purposes. The term “consisting essentially of”
{6 describe a combination shall include the elements, ingredients, components or steps identified,
and such other elements ingredients, components ar sleps that do not materially affect the basic
and novel characteristics of the combination. The use of {he terms "comprising” or “including” to
describe combinations of elements, ingredients, components or steps herein also contemplales
ambodiments that consisl essentially of, or even consisting of, the slements, ingredients,
components of steps.

[00068] Plural slements, ingredients, components or steps can be provided by a single
infegrated element, ingredient, component or step. Alternatively, a single integrated element,



WO 2017/059422 PCT/US2016/055156

ingredient, component or step might be divided into separate plural elements, ingredients,
components or sleps. The disclosure of "a” or "ong” o describe an element, ingredient,
steps.

{00069] Relative positional relationships of elements depicted in the drawings are part of
the teachings herein, even if not verbally described. Further, geometries shown in the drawings
{though not intended to be imiling) are also within the scope of the teachings, sven if not verbally
described.
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CLAIMS

Whatis claimed is:

1} An adjustable rake steering column assembly, comprising;

&.

b.

a stesring column mounting structure,;

a column housing adapted to cany an inner column tube having a steering shaft
therein, and having a wall with an opening therein, and being fixed in position

along its length for affording a generally upward and downward pivolal motion in
refation to the mounting structure, the column housing having a longitudingl axis;

a Hlt screw having a threaded shank portion and a gear portion, and having a

lfongituding! axis;

a it nut positioned at least partially within the column housing wall opening, the
tift nut having a body with an outer surface and an optional bushing located
around at least a portion of the Hlt nut, wherein the outer surface or the optional
bushing is in contact with a swrface defining the column housing wall opening,
wherein the 8l nut includes a threaded bore therethrough adapted o receive the
tilt screw in threaded engagement, wherein the contact arranged between the tilt
nut or the optional bushing and the columin housing wall opening is suchrthat the
load transmitted from the column housing wall opening to the tilt nut and/ar the
optional bushing ls substantially on axis with the threaded bore;

at least one motor adapted for raising and lowering the column housing, the
motor configured to operatively rotate the gear partion of the tilt screw and cause
the it nid to advance {oward the gear portion or withdraw away from the gear
porton;

wherein when the it nuf advances toward the gear portion or withdraws away from

the gear portion, the position of the it nut and optional bushing within the column

housing causes the column housing o raise or lower relafive to the mounting structure,

and

wherein as a result of the ouler swrface of the tilt nut body or the oplional bushing

contacting the surface of the wall opening, the longiludinal axis of the threaded shank

[iv]
~d
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2)

3}

5

&)

8)

portion of the it screw is able to pivat fore or aff generally relative to the column housing

as the column housing is raised or lowered.

The adjustable rake steering column assembly of claim 1, wherein the gssembily
includes the bushing around at least a portion of the tilt nut, and wherein the {ilt nut
contacts the bushing and the busing contacts the a surface defining the column housing
wall opening.

The adjustable rake steering column assembly of claim 1 or 2, wherein the steering
columi mounting structure includes an uppear portion adapted 1o be fixedly secured
within an aufomotive vehicle (e.g., 1o a cross-vehicle member).

¥ The adiustable rake steering column assembiy of any of the preceding claims, wherein

the steering column mounting structure includes a forward portion having generally
opposing downwardly disposed side walls for pivotally securing the column housing to
the steering column mounting structure.

The adjustable rake steering column assembly of any of the preceding claims, wherein
the steering column mounting structure includes generally opposing downwardly
disposed side walls, at least one of which has an opening that is generally jJuxtaposed
with the column housing wall opening.

The adjusiable rake steering column assembly of any of the preceding claims, wherein
the steering column mounting structure includes an upper partion having a longitudina!
axis, and having an opening defined therein through which the tilt screw can accessed,
the fongitudinal axis of the tilt screw being non-paratliel relative 1o the longitudinal axis of
the upper portion, but being pivotable over a range of about £10°%,

¥ The adjustable rake steering columyy assembly of any of the preceding claims, wherein

the column housing wall opening is located transversely of the longitudingl axis of the
column housing.

The adjustable rake steering column assembily of any of the preceding dlaims, wherein
the column housing wall opening and the tilf screw is located transversely of the
longitudinal axis of the column housing on a single side only of the column housing.

The adjustable rake steering column assembly of any of the preceding claims, wherein
the codumn housing wall opening has a maximum height and a maximum width, the tilt
nut has a maximum height and a maximum width, such that {a) al least the maximum



WO 2017/059422 PCT/US2016/055156

width of the column housing wall opening excerds the maimum width of the tit nig, and
{b) the maximum height of the column housing wall opening approximates the maximum
height of the tilt nut.

the column housing wall opening has a maximum height and a maximum width, the
bushing has a maximum height and a maximum widih, such that (3} al least the
maximum width of the column bousing wall opening exceeds the maximum width of the
bushing, and (b} the maximum height of the column housing wall opening approximates
the maximum height of the bushing.

11} The adjustable rake steering column assembly of any of the preceding dlaims, wherein
the colum housing wall opening and the il nut are configured to provide tine contact
between the body of the tit nut and the surface of the column housing defining the
column housing wall opening, thereby resisting lash in a generally verfical direction while
stilt allowing the column housing to rotate freely among different rake positions
throughout a full range of operative movement.

12} The adjustable rake steering column assembly of any claims 1 to 10, wherein the
column housing wall opening and the bushing are configured 1o provide line or planar
contact between the bushing and the surface of the column housing defining the column
housing wall opening, thereby resisting lash in a generally vertical direction while stilf
affowing the column housing to rotate freely among different rake positions throughout a
full range of operative movement.

13) The adjustable rake steering column assembily of any of the preceding claims, wherein
the tilt nut is {a} fabricated from a polymeric material, (b} free of any adjustment screw
for resisting lash, () is free of any structure into which the il nut is press {it, orany
combination of {a), {b), and {c).

14} The adjustable rake steering column assembly of any of the preceding claims, wherein
the tilt nut has s generally flat front wall, and generally opposing flaf rear wall, a sidewall
having rounded portions, which connects the front wall with the rear wall, and a threaded
hore having a longitudinal axis thatl intersects the sidewall and is approximately parallel
with the front wall and the rear wall.
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183 The adjustable rake steering column assembly of any of the preceding caims, wherein
the at least one motor has an externally projecting slongated drive shaft that has a
longitudinagl axis oriented generally parallel with the longitudinal axis of the column
housing, and that engages the gear portion of the titt screw for rofating the Hit screw and
causing the it nut to move along the it screw to thereby raise and lower the column

housing relative to the mounting structure.

18) The adjustable rake steering colum assembly of any of the preceding claims, wherein
the at least one motor has an externally projecting elongated drive shaftthat has a
longitudinal axis oriented generally perpendicular relative to the longitudinagl axis of the

{ill screw.

17} The adjustable rake stesring column assembly of any of the preceding claims, wherein
the assembly includes a telescoping subassembly adapled to selectively advance the
inner colurmn tube, steering shaft or bath in a fore or aft direction.

18) A method of assembiing an adjustable rake steering column assembly of any of the
preceding claims, comprising the step of threading the il screw through the tilt nut,
orienting the tilt screw so that s longitudinal axis is positioned generally vertically within
the assembily, and locating the it nut withiny the column housing wall opening so that
generally opposing portions of the il nut are in direct contact with the wall structure

defining the column housing wall opening.

19) The methad of claim 18, wherein the step of locating the Hit nut within the column
housing wall opening so that generally opposing portions of the iif nut are in direct
contact with the wall structure defining the column housing wall opening includes
locating the tilt nut so it is in only direct ine contact with the wall structure defining the

column housing wall opening.

201 A method of assembling an adjustable rake steering column assembly of any of claims
117, comprising the step of arranging the tilt nut within the bushing, threading the tilt
screw through the filt nut and the bushing, orienting the tilt screw so that its longitudinal
axis is positioned generally vertically within the assembly, and locating the tilt nut and
hushing within the column housing wall opening so that generally opposing portions of
the bushing are in direct contact with the wall structure defining the column housing wall

opening.

30
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213 The method of claim 20, wherein the stap of ocating the it nut and bushing within the

colum housing waill opening so that generally opposing portions of the bushing are in

divect contact with the wall structure defining the column housing wall opening includes

locating the bushing so it i3 in direct ine or planar contact with the wall structure defining

the column housing wall ppening.

22} An adiustable rake stesring colummn assembly, comprising;

4.

b.

a steering column mounting structure;

a column housing adapted to carey an inner column tube having a steesring shaft
therein, and having a wall with an apening therein, and being tixed in position

alang is length for affording a generally upward and downward pivotal motion in
relation 1o the mounting structure, the column housing having a longitudinal axis;

an slongated actuatahle member having a longitudinal axis and an engagsment
glement;

a position securing member positioned at least partially within the column
housing wall opening, the posifion securing member having a body with an outer
swiface that is in contact with a swrface defining the colum housing wall
apening, and having a bore therethrough adapted {o at least parfially surround
the elongated actuatable member and selsclively engage the siongated
actuatable member, the contact arranged between the position securing member
and the column housing wall opening such that the load transmitted from the
column housing wall opening {o the elongated actuatable member is substantially
oh axis with the bore;

at least one motor adapted {or raising and lowering the column housing, the
motor coupled to the elongated actuatable member by a drive shaft, and the
motor configured {o operatively rolate the elongated acluatable member and
cause the position seciying member o advance upwardly or downwardly along
the elongated actualable member;

wharain when the posiion securing member advances upwardly or downwardly

along the elongated actuatable member, the position of the position securing member

within the column housing causes the column housing to raise or lower relative to the

mounting structure, and
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wherein a5 a result of the outer surface of the position securing member body
contacting the surface of the wall opening, the longiludinal axis of the elongated
actuatable member is able 1o pivot fore or aft generally relative fo the column housing as
the column housing is raised or lowered,

23} The adjustable rake steering column assembly of ¢laim 22, wherein the steering column
mounting structure includes an upper portion adapted to be fixedly secured within an
automative vehicle.

24) The adjustable rake steering column assembily of claim 22 or 23, wherein the steering
column mounting structure includes a forward portion having generally opposing
downwatdly disposed side walls for pivotally securing the column housing to the steering
column mounting structure.

25} The adjustable rake steering column assembly of any of claims 22 1o 24, wherein the
stearing column mounting structure includes generally opposing downwardly disposed
side walls, at least one of which has an opening that is generally jdaposed with the

column housing wall opening.

28} The adjusiable rake steering column assembly of any of claims 22 {o 25, wherein the
steering column mounting structure includes an upper portion having a longitudinal axis,
and having an opening defined therein through which the slongated actuatable member
can accessed, the longitudinal axis of the elongated actuatable member being non-
parafied relative to the longitudinal axis of the upper portion, but being pivotable over a
range of about £10°.

27) The adjustable rake steering column assembly of any of claims 22 to 26, wherein the
column housing wall opening is located transversely of the longitudinal axis of the
column housing.

28} The adjustable rake steering column assembly of any of claims 22 {o 27, wherein the
column housing wall opening and the slongated actuatable member is located
fransversely of the longitudinal axis of the column housing on a single side only of the

column housing.

293 The adjusiable rake steering column assembly of any of claims 22 {o 28, wherein the
column housing wall opening has a maximum height and a maximum width, the position
securing member has a maximum height and a maximum width, such that {a} at least
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the maximum width of the column housing wall opening excesds the maximism width of
the position securing member, and {b) the maximum height of the column housing wall
opening approximates the maximum height of the position securing member.

column housing wall opening and the position securing member are configured fo
provide line contact between the bady of the position securing member and the surface
of the column housing defining the columy housing wall opening, thereby resisting lash
in & generally vertical direction while still atiowing the column housing to rotate freely
among different rake positions throughout a full range of operative movemeant.

31) The adjustable rake sieering column assembly of any of claims 22 to 30, wherein at
least a portion of the position sscuring member is () fabricated from a polymeric
material, (b} free of any adjustment screw for resisting lash, {¢) is free of any structure
into which the position securing member is press fit, or any combination of (8), (b), and
{e).

323 The adjusiable rake steering column assembly of any of claims 22 {o 31, wherein the
position securing member has a generally flat front wall, and generally opposing flat rear
wall, a sidewall having rounded portions, which connects the front wall with the rear wall,
and a bore having a longitudinal axis that intersects the sidewall and is approximately

paralled with the front wall and the rear wall.

33) The adjustable rake steering column assembly of any of claims 22 to 31, wherein the
position securing member includes a nut having a generally flat front wall and generally
opposing flat rear wall, a plurality of side walls which connect the front wall with the rear
wall, a bore having a fongitudinal axis that is approximately parailel with the front wall
and the rear wall, and a bushing around the nut that is adapted o contact at least a
portion of the plurality of side walls of the nut.

341 The adjustable rake steering column assembly of any of claims 21 {0 33, wherein the at
least one motor has an externally projecting slongated drive shaft that has a longitudinal
axis oriented generally paraliel with the longitudinal axis of the column housing, and that
engages the gear portion of the siongated actuatable member for rotating the elongated
actuatable member and causing the position securing member to move along the
elongated actuatable membsr {o thereby raise and lower the column housing relative to

the mounting structure.
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353 The adjustable rake steering colimn assembly of any of claims 22 {0 34, wherein the st
least one maotor actuates a gear reduction in a gear box, and wherein the drive shaft
fransmils torque from the gear reduction to the elongated acluatable member, wherein
the drive shaft engages the engagement element of the elongated actuatable member
for rotating the elongated actuatable mermber and causing the position securing member
o move along the elongated actuatable member {o thereby raise and lower the column
housing relative to the mounting struciure.

36) The adjustable rake steering column assembily of any of claims 22 to 35, wherein the at
least one motor has an externally projecting elongated drive shaft that has a fongitudinal
axis oriented generally perpendicular relative {o the longitudinal axis of the elongated

actuatable member.

37} The adjustable rake steering column assembily of any of claims 22 to 38, wherein the
assembly incitides a telescoping subassembly adapted to selectively advance the inner

oolumn tube, steering shaft or both in a fore or aft direction.

381 A method of assembling an adjustable rake steering column assembiy of any of claims
22 to 37, comprising the step of positioning the elongated actuatable member through
within the position securing membeyr, orienting the elongated actuatable member so that
its longitudinal axis is positioned generally vertically within the assembly, and localing
the position securing member within the column housing wall opening so that generally
opposing portions of the position securing member are in direct contact with the wall
structurs defining the column housing wall opening.

39} The method of claim 38, wherein the step of locating the posifion securing member
within the column housing wall opening so that generally opposing portions of the
position sgcuring member are in direct contact with the wall struciure defining the
columy housing wall opening indludes localing the posttion sectring member so s in
only direct line contact with the wall structure defining the column housing wall opening.

34



PCT/US2016/055156

WO 2017/059422

34

62

FIG. 2



PCT/US2016/055156

WO 2017/059422

2/5

FIG. 3

FIG. 4A



WO 2017/059422 PCT/US2016/055156

3/5




PCT/US2016/055156

WO 2017/059422

% - \».\\\et__th\a‘
P

m\\r

1 T A

4/5

Wmax+

FIG. 5C



PCT/US2016/055156

WO 2017/059422

5/5

FIG. 6B

88

90

FIG. 6D

FIG. 6C

-




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/055156

A. CLASSIFICATION OF SUBJECT MATTER

INV. B62D1/181
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

B62D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A JP 2002 002503 A (NSK LTD)
9 January 2002 (2002-01-09)
figures 7,8

paragraph [0031]; figure 1

23 January 2008 (2008-01-23)
paragraph [0082];

30 April 2014 (2014-04-30)
figure 2

A DE 10 2008 054310 Al (BROSE FAHRZEUGTEILE
[DE]) 2 June 2010 (2010-06-02)

A EP 1 880 917 Al (NSK LTD [JP])
figures 2-4
A EP 2 724 915 Al (NSK LTD [JP])

1,18,22,
38

1,18,22,
38

1,18,22,
38

1,18,22,
38

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

5 December 2016

Date of mailing of the international search report

14/12/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Yan Prooijen, Tom

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/055156

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

JP HO2 68265 U (-)

23 May 1990 (1990-05-23)

the whole document

EP 2 586 677 A2 (JTEKT CORP [JP])
1 May 2013 (2013-05-01)

figure 2

DE 37 37 225 C1 (DAIMLER BENZ AG)
5 January 1989 (1989-01-05)
figure 2

US 2002/079685 Al (YOSHIMOTO SHIN [JP])
27 June 2002 (2002-06-27)

figures 3a,3b

1,18,22,
38

1,18,22,
38

1,18,22,
38

1,18,22,
38

Form PCT/ISA/210 (col

ntinuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2016/055156
Patent document Publication Patent family Publication

cited in search report date member(s) date

JP 2002002503 A 09-01-2002  NONE

DE 102008054310 Al 02-06-2010  NONE

EP 1880917 Al 23-01-2008 EP 1880917 Al 23-01-2008
US 2008216597 Al 11-09-2008
WO 2007102348 Al 13-09-2007

EP 2724915 Al 30-04-2014 CN 103562047 A 05-02-2014
CN 103857581 A 11-06-2014
CN 103998323 A 20-08-2014
EP 2724915 Al 30-04-2014
EP 2857281 Al 08-04-2015
EP 2857282 Al 08-04-2015
JP 5655983 B2 21-01-2015
JP 5812194 B2 11-11-2015
JP 5812195 B2 11-11-2015
JP 2015227166 A 17-12-2015
JP W02013176191 Al 14-01-2016
JP W02013176192 Al 14-01-2016
JP W02013176193 Al 14-01-2016
US 2015069745 Al 12-03-2015
US 2015075316 Al 19-03-2015
US 2015090067 Al 02-04-2015
WO 2013176191 Al 28-11-2013
WO 2013176192 Al 28-11-2013
WO 2013176193 Al 28-11-2013

JP HO268265 U 23-05-1990 JP HO268265 U 23-05-1990
JP HO710997 Y2 15-03-1995

EP 2586677 A2 01-05-2013 CN 103072625 A 01-05-2013
EP 2586677 A2 01-05-2013
US 2013110353 Al 02-05-2013

DE 3737225 Cl 05-01-1989 DE 3737225 C1 05-01-1989
JP HO579546 B2 02-11-1993
JP HO1148659 A 12-06-1989
us 4925210 A 15-05-1990

US 2002079685 Al 27-06-2002 DE 10163974 Al 04-07-2002
JP 4581245 B2 17-11-2010
JP 2002193110 A 10-07-2002
US 2002079685 Al 27-06-2002

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - wo-search-report
	Page 42 - wo-search-report
	Page 43 - wo-search-report

