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(57) Abstract: An apparatus (110) (and associated method) for inspecting a

steering column assembly (10) including at least one motorized roller support

assembly (118) that is adapted to rotatably support the steering column as-

sembly at least partially along its length, and at least one optical scanning

e, device (158) adapted to optically scan a feature of Interest of the steering

’ column assembly while the shaft of the steering column assembly is rotated

for gathering data for identitying one or more deviations from one or more
predetermined values for the feature of interest.



WO 2015/120027 PCT/US2015/014427

APPARATUS AND METHOU FOR INEPECTION OF A MID-LENGTH SUPPORYED
STEERING COLUMN ASSEMBLY

CLAIR OF BENEFIT OF FILING DATE AND PRIORITY

[664] The prasent application claims the benefit of the filing date of, and priority o, United
Sistes Application Mo, 81/838,419, filed February 4, 2014, which is hersby incorporated
by reference in #s entirely, The present spplication is alse relsted o Uniled Satas
Application Mo, 81535421, fled February 4, 2014, which s hereby incorporated by
refarance in #s entirety.

FIELD

f002Y In general, the present lsachings relate o an apparstus and method for inspection
of 8 stesring columin assembly before instalistion inlo 8 ansporiation vehicle. More
particisarly, the present teachings refale o an apparatus and method for nove-condad]
inspection of 2 slesrdng column assembly for an automotive vehicle while the sleering

oedurmn sssembly is rolatebly supporied 8t lsast parilally slong s length,

BACKGROING

03 In the manufactire of slesring column asssmblies, there are often & number of
subassemblies of components that require assembly with sach other. For proper
operation, many of the subsssembdies or componants are adapted for rolation abouwt a
iongituding! axis upon instaliation info a vehicks for which 8 is intended. it is uportant in
the manufacture of stesring oolumn assemblies thal individual subassemblies o
components are properly allechad 1o one another. This is often achieved by ons or marg
orimping, staking or olher plastio deformation operstions by which a sleeve, a tube, a disk
of some ofher genarally oylindrical and hollow objsct is connecled around & shafl, or some
oiher generally ovlindrical componsnt so that the connecied parls resist fongitudingl
saparation, rasist radial dispiacemeant, or both. Though it is possible for an assembly ling
worker to perform 2 visual andior manual inspection for gualily assuranosg, such an
inspection isaves opan the possibiiity of some subjectivity from one worker to another, and
may laad io potentially Inconsistant results.

{8647 There is 2 need for an automated approach to the inspaction of steering column
assembiiss {"sleering column assemblies” as used hersin conlemplale not only final
stesring column assembliss adepted for insialiation ints & vehicle, but also subassembliss
that are incorporated into final steering column assembliss) befors installation of the sams
into & vehicle, There is & particular nesd for & non-contact appreach (o the inspection of
stesring column assemblies {8.g., joinis between components of the assemblies) by which
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the device thal conducis the inspeciion does 8o withowt making contact with sisering
sotumn assembiias whils being inspected, Thers is also 2 nesd for an approach 1o slesring
cohsmn assemblies that aliows for rotadion of stesring column assembliss, bul which avoids
condact with componenis of the sleering oolumn assemblies In 3 manner that would
potentially damage the steering column assemblies, There alse is 8 need b manage
inveniory baing manufaciured and nspecied o help assure that assemblies that faill io
meet cerlain oriteria are segregated from thoss assemblies that do mest such orfena
[B88] The following WS, palent documents may be related o ihe present isschings:
Pubdished LS, Palent Application Nos, 20020101585 and 20130170734; and ULES, Patant
Mos, $,182,889; 5287.381; and 5,426,308, &l of which are incorporaied by referencs
herain for all purposes.

BUMMARY

[GO8T The present teachings make use of 8 simple, vat elegant, sporeach o non-contact
inspaction of a stesring column assembly by which the stesring oolumn assembly is
retatably supporied st least partislly along #s length, and is rolaled aboul 3 longiuding
axis a0 that data (2.g., profile data) can be gathered about 5 featurs of intarast by an optical
detection device and ussd 1o assure the presenge of the feature of inferest andior i
determing i the feature of Interest mesls cerlain predefined coriteria. As will be glraned
from the following, the izachings conlgmpiale an apparatus {and asseciated method) for
nspecting 2 steerng column assembly cluding &t lsast one molorized roller support
azsembly that i adapled {o rolatably support & steering column assembly &t least parlially
along its fully telescopically sxiended length {s.g., it Is adaplad to support al least about 2
parcent, S psroent, 10 percent, 20 percend of the length or longer of the stsering oolumn
assembly, or possibly less than about 53 percent, 35 percent or 25 percent), The af least one
optica! scanning devics (which desirably s spaced apart from the stearing column assembly
under inspection s adapiad o opHeally scan & feature of nierest of the slesring column
assembly {for sxample, by emiiting a Beht beam such as 5 laser beam {a.g., & blus laser
beam}, which may be diffuse, onlo the steering column assembly &l one or mors looations st
which the faature of inleres! 8 supposed o be and detecting reflections from the slsering
column assembly (8.4, using & solid stals delsctor, such as a complamentary melal oxide
semiconductor {CMORB) detecion)), while the shalt of the slesring column assambly s rolated
for gathering data by identifVing one or more deviglions from ong or more predetemmined
values for the featurs of inlerest.

YT in one aspeot, the present teachings pertain generally {o an apparsius for speciing
a steering column assembly having 2 length, a first end, 2 second end, and & longitudinal axds.
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The apparsius includes st least one support sbuchurs having & longludingl adds, The
aspparaius also has at lzast one molonized rolier suppon assembly that ncludes & worke-place
drive motor, and one of mors roflers sdapisd o be driven by the work-plecs diive motor. The
at least one motorzed mller support assembly may bs carvisd on the &l least pne suppot
shruciure. The at least one motorizad mller support assembly is adapied for suppariing the
stearing column assembly over a porlion of its length a1 2 location betwesn the frst end and
the second and of the steering column assembly, and for rolaling the sleering column
assembly. The apparaius sizo includes al least one opticsl scanning device adapled o
optically scan & featyre of interest of the steering column assembly whils the steering oolumn
assembly is rolated for gathering data for identifying ons or mors deviglions from one oF more
predetermined values for the feature of intersst. Forinstance, the atisast one optical scanning
device may amit 3 light beam and the al lsast one optical scanning device may be onented so
that the beam is almed at the fealurs of interest of the steering column assembly and reflected
Hght of the baam off the featurs of infersst can be detecied by the at least one optica! scanning
davice {s.g., using & solid siale or other deledlor that can issue a signal based upon the
raflecied Bght sl H roceives). Upon reosbing Bie sleering column assembly &l a looalion
batwasn s frst end and i3 second end, the st least one worke-plecs drive molor operass o
rojate the one or mors roflers o thereby rotals the sieerdng column assembly about i
inngiiudingl axis 5o that Is can be seannad by the 3 least one optical scanning device.

(688} Other featurss may form a parl of the apparatus, as will be apparent from the leachings
herein. For sxample, the ot lsast one oplical scanning device and the at loast one motorized
roller assembly may be both carrisd on & common suppord strusture, The spparaius may
include o least one marking device adapled for marking 3 visual indicsior onle 2 surface of
the stesring column assembly based upon the results of the bspection; the al lesst ong
marking devies may include 2 Buid nozzle adepled for spraving the visual indicaior onto g
pradetermined location of the siesring whes! assembly. The s lsast one marking device may
alzo be carvied on 2 common support struciurs with the at isast ons molorized rollar support
assembly, andior the af loast one optical scanning devige. The at least one motorized roller
suppost assambly may nclude 2 motor that drives st lesst two opposing rolfers (which may be
spaced apard from each other, .4., by sboul 1 to aboul 18 mwm, or sven sbout 2 to sbout 10
s} and may be adapled to roll 8 generally ovlindrioal portion of the steering column assembly
while also supporting the steering column assembly ovar at least a portion of its length.

0087 The spparsius may includs an idler roller assembly {e.g.. one that is axially aligned
with & longituding! 2xds of the at feast one molordzsd rolfer support assembly and thus generally
paralisd with an axis of rotation of the steering column assembly} that is adapled to receive gt
izast o portion of the steering columm subassembly for roling the sieering column assembly
in response o the rotation of the molorized roller support assembly. The spparatus may
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includs at least one conbroliee adapted o be programmed with dala shout 8 desieed surface
profile for a feature of iInteres! of the sieering whee! subassembly, and is adapted (o compars
2 detected value obiained from the at lzast ong three-dimensional scanner and based upon
the comparisan iz adapied io issue & gignal, which may Ip lum idgger a visual andfor audile
alarm, andfor ssug & signsl for causing 3t least ong marking device 1o apply 8 marking upon
tha siesring column sssembly.

0018] As will be seen furlher hersin, the apparatus is such that the at lsast one molorized
support assembly and any idier rolisr assembly are adapled o support the sleering column
assembiy solsly from g location al or below the longitudinal axis of the slearing column
assembly. In this regard, the at lpast ong motorized suppord assembly and any roller assembly
may be the sole means of supporting the stesding columny assembly on the apparatus.
Moreover, the at lsas! one melorized suppornt assembly and any idisr roller assembly may be
sonfigured o support the steering column assembly so sl ons or both of the first and second
ends of the steering column assembly are free of contact with any support structss,

00941 In another aspect, the present teachings siso contempiate a8 methed of non-contact
inspection of & siserihg column assembly. The method may employ using ar apparatus In
gecordance with the present {saching. For instance, the method may include 8 step of
supporting & siesring column assembly from a looation benesth the longludinal axis of the
stearing column assembly. The method may Include 2 step of rolating the slearing column
assembly about is longiluding! axis while scanning the slesring column assambly with at least
ong optical scanning devics for one of more features of nlerest for the siesring column
assambly. A step may be emploved of comparing dals obtalned about the one or mors
seanned faaiures of inferest with 2 predetermined valus for ihe one OF MO soannad faatures
of interest, Based upon the comparing step, there may also be 2 step of identifving whether
oy not the stesring column assembly conforms with the predstermined valus.

F012] A mathod I acoordances with the present isachings may include sieps of providing &
steering column assembly that Includss an upper shalt subsssembly and a3 lowsr shalt
subassambly that are joined {ogethar with at lsast one stake, whereln the siake optionally may
be slongated and orlentad ganerally transvarse relative o & longliudinal axis of the steering
column assembly; rolating the stesting column assembly about #s longitudingl axis whils
seanning with the al least one opiical scanning devics for asceriaining data sbout the at least
one steke; comparing date ohtained about the al lsast ons siaks with & predeiermined valus
for the at leas! one stake; and based upon the comparing siep, identifving whethar or not the
steering column agsembly conforms with the predeisrmined valus.

B3] Thers may be a step emploved of appiving 8 marking o the sleering column assembly
based upon the resulls of the comparing step. A slep may be emploved of delecling whathey
a marking has been applied o the sieering colurmn assembly and based upon such delscting
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step intervunting 8 further assembly operation. A slep may be employed of scanning a
refersnce steering column assembly for oblaining qualilative information aboul relative
positions of af lsast one featurs of inleres!, withow! regard to dimensions of any of such
faaturas, for use thersafier in the comparing slep. & methad in accordancs with the present
isachings may include repeating the steps for g plurality of steering column assemblies each
being designed o have the same fealures, and based upon the identifying slep. ssgregsting
one or mors stesring column sssembiias that conform with the predetermined value fom ong
or more stesring column assamblies that do not conform with the predetermined valus,
{3014} The present teachings provide a number of technical benefils, including but not limited
o the ability o consistently and reproducibly inspect sieering column assemblies for assuring
thal the assemblies meet pradefined oriterda, the abilily to minimize speralions for assuring
that a stearing column under nspection is proparly supporisd, the abllity B inspect steering
column asssmbliss before insialiation into a vehicls {e.q., & jooation of manulacturs or
storage), the abiily 1o enlify nonconforming steerdng column assermblies before additional
costly assembly steps are performed and o theraby halp reducs scrap rates of expensive
assembliss, or any combination of the foregoing.

BRIEF DESCRIPTION OF THE DRAWINGS

[BO1S] Fig. 1A s 3 side soctional view of an Blustrative steering column assembly that may be
inspecied in accordance with the gresent tesachings.

(8618} Fig. 18 is an onlarged visw of an infended design of an ifustralive stake that may be
ihe subject of inspaction in accordance with the prasent teachings.

[8017] Fig. 248 1s 3 perspective view of an Bustrative apparatus in accordancs with the present
teachings.

FOO1E] Fig. 28 is a side sectional view of the apparatus of Fig. 24 with & steering colsmn
sssembly ingded thereon for flustration,

fB048] Fig. 20 s & perspactive iransparent view of 3 molorized rolier support assembly for
the apparatus of Fig, 28

G301 Fig. 3 s 2 schamatic of an Bustrative assembly thal includes the apparatus of the
present isachings.

DETAILED DESCRIPTION

FRG21] As required, delailed  smbodimenis of the present {sachings are disclossd
hareln; howsver, # is fo be undersiood that the disclosed embodimanis are mersly
examplary of the teachings hat may be smbodied In various and sllemative forms. The

5
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figures are nol necessarlly (o scale; some featurss may be exaggerated or minimizad o
show detalls of pariicular components. Thersfore, specific structural and funclional detalls
disclosed herein are nol o be interprelad as Emiting, but merely as 8 representative basis
for teaching one skilled in the art o varlously smploy the presaent teachings.

[9022] In general, and as will be sppracigted from the description that follows, the prasent
teachings periain o pre-vehicle insialiation quality inspeciion of steering column assemblies
0 assure st the assembliss being Inspeciad have the inlended dasign fealures and mestl
the Intended design criterta. The steering column assemblies gensrally e snvisioned to have
art intended design such that the assemblies have a {slescoping shall assembly, The preasent
teachings thus pertaln generally 1o an apparatus and method for inspecting o steering column
assembly fo.g., an ner shall sssembily) having & longlluding! axis, a first end, 8 firsl and
poriion exending from the first end slong the longitudingl axds from the fisst end, & second
end, 2 ssoond end porlion exiending from the second end loward the #rst end along the
iongitudinal axis. One oblsct of the teachings thus is o help assure that a steering column
assembly beinyg inspected has the infended design features, such as the fealiss described
above generally, and more particuary sddressed hereln, andfor that the Inlended design
feniures ars acceplably positionsd, are of an acceptable geomeslry, have an acceplable
surface appsarance, andfor have acceptable dimensions,

{3023} More particulary, the present leachings parain genserally 10 an apparatus and method
for inspecting an inner slsering column shaft assembly that is employsd {o form a lelescopic
stasring oolumn assembly having a longituding! axis. In particular, one or more slakes for
Inining componends of the sleering column assembly (8.4., adioining longiludinally exdending
components of the inner steerng solurmn shaft assembly’ are inspecisd. The inner stesring
codumn shalt assembly has & frst end, 2 first end portion, 3 second end, and a8 sscond and
portion. The first end portion is defined by an upper shall subassembly, and the second and
poriion is defined by 8 lowaer shall subassambly. The upper shalt subassembly is ielescopically
conneciad with the lower shaft subassembly. For inslance, the upper shalt subassembily may
te islescopically assembled i the ower shall subassembly by 2 spling shall assoniated with
the upper or lower shaft subassembly and 8 matingly soupled lube spline associated with the
gther of the upper or lower shafl subsssemidy. The upper shafl subassambly may include &
staaring whesl interface shalt that exiends fo and includes the first end of the sisering column
assembly, § may be olalably supporied by one or mors bearings condained within an ouler
cofumn fube it & resulling assembly. The lower shaft subassembly may nchade ap
intermediate sha®l interface shalt exiending toward and inchading the sscond end of the
assambly, which is adapted for coupling with an hiormediate shafl, the latler of which, In tum,
may couple with 8 rack and pinlon sssembly. The intermadiate shafl inlerface shall may be
rotatably supported {o.g., by ong or mors sultable bearings} within the column ube {eg., at s
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Incation proximale a forward end of the column tube). The Intermediale shall interface shaft
may bz coupled with ons of the spline shaft or the spline whe by way of 8 sullable stake,
(6824} As indicated, in the manufacture of this assembly, one or movre slakes may be furmed
o mechanicslly sscure two or more components iogether, The siekes typically inolude a zane
of plastie deformation of an culer structss (8.9, 8 lubs) for einging # indo & fixed engaging
contact with an Inner shruckure {e.g., 8 shaltl. Though any sultable geomeslry for 2 siake may
b gmploved, in ang Hustrative aspedd, the geomelry is generally slongated, and may be
generally reclanguiar, The stake may have g width (W) and a length L) The lengih may be
grientad in 2 direclion thal is generally ransverss o the ongludinal ads of the sigering
golumn assembly. § may aleo be orenied diagonally or paraiisl relative o the longHuding! axis
of the steering column assambly. The siake may have a width that rangss from about 1 o
about 10 mm {8.¢., sbout 2 to abowl 7 mm), The siaks may have 8 length that rangss from
abowt § o about 25 mm {e.g., aboul § o about 208 mm

{68235} In the Hushrative ambodiment for the present ieachings thers is al lsast one staks, and
there may be two sinkes {9.q., only two stakes), A stake may be located for directly joining the
stuaring whes! interface shafl with one of the spline shall or the spling fube. A stake may be
focated for oinkng the intermediate shalt inlerface shalt with the other of the mating spline
shall or spline ubs,

002681 In one general aspect of the teachings, thare s thus envisioned tha inspection of ong
or more siakes for jpining & fube in lube structure, andfor a shalt in ube sruchivs, The
izachings may also be sultably emploved for inspeclion of one or more orimps andéor dimples,
andfor other plastic deformity for joining & tube i lube, and/or a shalt in ube struciure.
IG0ET] With respect to the apparatus of the present tsachings, i one aspect, the presant
tenchings perlain generally 1o an apparatus that includes st least ane support structure
having o longitudinal axis. The apparalus desirably has a firgt end and a second end and 2
iongitudinal axis. The spparstus also has at least one motorized rofler supopor! assembly that
nciudes 2 work-piace drive molor, and ane or mors rollers adapted 1o be driven by the work-
pisce drive molor. An example of & sullable motor 13 8 servo motor, such as ong having the
charactaristios of & molor availabie commercially fom Oron {8.g., under the number RESM-
KOOGI0LE2). The al lzast ong motorized roller support azsembly may be caried on the al lsast
ane support structure la.g., on an upper surface of 8 generally planar support structure), The
at lsast ong motorized roller suppor assembly s adapied for supporting the sleering column
assembly over & porion of s length {2.q., over only 2 portion of s length, such as over lgss
than half of #s fully telescopically extendsd length) 8t & location bebween its first and and #s
sacond end, and for rotating the sleering column assambly, The rollers of the motorized roller
support assambly fwhich may be In spaced opposing relalion o sach other) may hus be
located &l an infermadiaies location along the lengih of the steering column assambly that is
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inspected therson, For instance, I the slearing column assembly is divided Into enual thirds
when placed on the apparatus, the rollers may be located In a reglon generally corrasponding
with the middie third of the sisering column assembly, though other locations are also posaible.
{BO28] The at least one materized roller support assambly may include one or a pluralily {8.g.,
=t iowst one palr) of roflers that are adapted o be driven by the work-plece drive molor (8.3,
directly by attzchment of an oulpul shall of the work-plece drive molor to 3 roller, or vis ons
or more ntermadiale gears {such as by an idler goar that drives & gaar associsted with ons
or more roller}), 8 rofler or the fike, which is operatively connested with an output shalt of the
worleplace drive molon, Any sush gears may roiale about paralis! mlational axes andior
genarally in a common plane oF 2 paraliel plane reigtive to each olher. The st isast one
motorized roller support assembly is configured 8o that the stesring column assembly can be
placed thereon {8.g., from above), and rolled sboud the ongiludina! axds of the sigeding column
assambly. One or more of the rollers have & longitudine! axis that is generslly paraliel with the
longiudine! auds of a steering column assembly plsced theraon. Each of the rollars may have
2 length along iis longhtudinal axis for contacting the steering column assembly. For sxample,
the roflers may have 2 length of about 28 to about 100 mm, abowt 30 to abaeut 80 mm, or evan
about 40 o about 80 mm {e.g.. aboul 50 mm). Opposing rollers may be the same or different
iength. The roflers may be in staggered relation lo each other, and may thus nol necassarily
ba diractly spposite each other over some or all of their lsngth, The tolal length of the slesring
cofumn that is In contas! with the roflers may be at least about 2 pergsnt, § percent, 10 pergent,
&4 parcant or more of the length of the slesring column assembly in s fully lslescopioatlly
sxiended position. The folsl length of the sieerdng column that I In contag! with the rollers
may be balow about 50 peroent, 40 peroent, or 30 percent of ths length of the steering cohsmn
assembly in its fully islescopically sxiended position. For making such measuremends, i bvo
osppesing rollers ars emplovad the length of contact with only the longest of the rollers is used.
Thus, i two roflers sach have a3 § om length in contao! with the slesring column assemibly,
then the leogth of the steering column sssembly in condact with the rollers is only § om, not 10
v H

[BG28} The rollers may be generally cylindrical, sueh that thay contact & steering colummn
assumbly placed thereon I a genarally ine contast manner. i is slso possible that the rollers
may includs one or a plurality of mllers adapied 1o condact the stesring solumn assembly ina
ganaraily point contact manner,

B30 The rollars may be supporied for roelstion in 3 sultable drive rolfler housing, which may
alzo house 8 work-piecs dilve molor, The housing may projest upward from the suppornt
structure of the spearatus. The housing may have s longitudinally orentsd well. The well may
sxtend from & first end of the housing {0 the second end of the housing and has a width that
iz sulficiently large 50 that the sisering column assembly can De placed into the wall without
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soniacting the housing and rest In contact with oneg or more of the roliers.

fB031] The spparstus may inclids at least one idler roller assembly {e.g., one that is axially
aligned with & longituding! axis of the at lsast one molorized roller suppor! assembly and thus
generally paraliel with an axis of rotetion of the steering colurn assembiy) thal is adapled o
receive at lsast 5 porlion of the sleering ool subassembly for rolling the steering column
assembly in reaponss o the oiation of hs molorzed roller suppor! assambly, For exampls,
ong or a plurality of idier rollers may be supposted for roistion in 2 sullabis idier roller housing,
which may be free of any molor, Like the drive rolier housing, the idler roller housing may
profect upward from the supporl structire of the apparatus. The housing may have a
inngitudinally onentad well. Such well may extend from & first end of the housing {o ths sscond
and of the housing. The well may have & widlh that is sufficiently large s0 that the steering
aolumn assembly can be placed inio the well without contacting the housing and rest in contast
with one or more of the idier roliers. The idler rollers may have a length for confaciing the
sleering colurm assambly. For example, the rollers may have g length of about 10 fo abowt
84 mm, about 15 fo about 80 mm, or sven abowt 20 to abowt 40 mm {e.g., about 38 mm}.
{B032T The apparatus may nclude one or more end plates for helping 0 ocals a steering
column assembly in the apparatus andior for helping o restric! onglluding! transiation of the
stesring column assembly during inspection. Any such end plale may have 8 height thalis al
teast as high a3 the localion of the longliudinal axis of the stesring column assembly placed
ot e apparatus. By way of exampls, there may be an end plals located on the first end of
the apparaius.

fB033] The apparatus of the prozent {sachings optionally may slse ncolude al lsast one
sultable marking device adapted for merking 8 visua! indicator omto a swriace of 2 sieering
oofumn assembly that has been inspecled based upon the resulls of the inspection. For
example, i a stesring column assembly falls an inspection a marking device may be actualed
to mark the sisering column assembly. Allernatively, I o sisering column assembly passes an
nspection a marking device may be acluated o mark the stearing oodumn asssmbly. The at
least one marking device may include 3 coating spray device that includss & spray noezls that
iz in Budd communicalion with & source of a Higuid coaling {B.g., & dye, 8 colorant, o soms
other coating} almed foward 2 stesring column assembly while the sisering column assembly
iz positionsd on the apparatus of the present inachings, For example, 8 sultable bracks! may
be mountad 1o the supporl struclure canving the spray nozzle in opposing relation (o & shaft
of & stearing column assambly being inspeclted, such that the spray nozzle is adaptad 1o spray
the shall with @ lguld coating al lsast parliaily along a langih of the opposing shaft. The spray
nozzis may alse be adapisd o spray an end of the slearing column assembly. By way of
axample, 5t least one marking device may be located prodimale the second end of the
apparatus. The at least ons marking device may also be carvied on & common support
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struciure with the =l least one motonzed roller suppornt sasambly.

{0034} The apparatus also includes at least one oplics! scanning devics (which may sisa be
carried in the common support structure with the at least one marking device and the al least
one molorized rofler support assembil, which may Do adapted to oplizally scan a featurs of
interest of the slesring column assembly while the steering column assembly is rolated for
gathering data for identifving one or morg devigtions fom one or more predetermined values
for the featura of interast. For instance, the at lsast ong optical scanning devige may emit a
fight beaam and the at least one oplinal scanning device may be orienied 5o that the beam s
aimad st the feature of interest of the stesring column assembly and reflected light of the beam
off the fsature of interest can be detected by the at loast at least one opticel scanning device,
Lipan receiving the stesring column assembly a1 a looation babvaan #s first end and s second
end, the st feast one work-plece drive motor operales o rofale the one or more rollers to
thereby rolste the sleering columnn assembly abowut s longituding! axds 30 that is can he
seanned by the at least one oplics! scanning device,

[OO35Y Iy accordanes with the Hlustrative smbodiment hersin, thers may be ong oF more
optcal scanning devicss that arg positionsd to generally opposs the location of each slake In
2 stesring column assembly. For example, I there are two slakes, there may bs twe optical
scanning devicas that are located opposite the nended and sxpected looation of any slake
for @ sieering column assembly placed on the apparatus for inspection. Any such opticat
seanning davice may be positionad at & location below the stesring column asssmbly. Any
such optical soanning davics may be spaced apard Fom the sieering column assembly, For
axampis, & may be spaced & g dislance of abowt 1 candimeters {om) o aboul 20 centimaters
{e.gq., aboul 3 om o about 15 em).

{0038] The o isast one opticel scanning devics may be g sultable In-ine profile measurament
devine. The ot lsast one optical scanning device may include & ght beam emiller {8.9. & laser
beam smiler), which may be adepiad o emit 2 gensrally diffuse beam {8.g., the beam may
he smitled 3o that, al the looation whers # reflects off & steering column assembly, & lnear
sagmant {8.g., 8 bus insar segment} is visibla). For example, i may inchuds 3 blus laser beam
emilter {La., | emits blus ight & a8 wavelength of ahout 380 fo about 480 om {a.¢.. 8t about
408 nmll The al least one optical scanndng davics may includs 2 suilable detector positioned
rafalive to the light beam emitter for detecting reflaction from a surface of the steering eolumn
assembly Deing nspscted, The delector may include 2 solid siale deteclor, such 88 a
complemeniary meial oxide semiconducior detector. The at lsast ong oplical scanning device
may includs one or more lenses (o9, at lsast one oylindrical lens) for focusing the beam from
the amitter source, andfor a hwo dimensional lans devics {8.4., a lens device that may Includs
ong or a plurality of lenses that can concentrate Hight entering § from varlous angles 10 8 single
point, such as an Emostar lens) for recelving at lnast a porlion of the light that is reflecied from
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the stesring column subassembly, The al least one oplical scanning device may hchude a
suliable processor adapted o aoquire date from the delector and oulpul such data 1D 2 sultable
display device, Ths processor {or another prooessor) may ba sullably programmed to perform
& compardson of data acguired from inspesting & stesrdng column assembly  with
predetermined values {s.g., values storsd In memory associsted with the provsssor
parforming the comparison) or other data about a known referencs stesring oolumn assambly,
The processor may be suliably programmed 1o outpul the resulls of an inspection of & sisering
coliimin assembly, In ihis regard, the processor may be sultably programmed i cause an
aurdibles alarn, a visual alamn of both i issue § g stesring column assembly passes or falls an
ngpection. The processor may be sullably programmed o identlfy one or more features of
nterest that falls I mesl & predelermined orllerls for such fealure. An exampls of 8 sullable
poiical scanning device has the charscleristios of & commercially avaliable optical scanning
davice such as Modsd Mo, LIV7080, available from Keyencs Gorporation of America.

IB33T] The apparatus may nclude at leasi one controller adapted o conlrol operation of the
work-pisce drive motor, the et least one oplical scanning devics, or both., For axampls, the
comirofler may be programmaed o cause the workeplsce drive molor o rotals while the al lsast
ang optical seanning device perfoems & scan and oblaing data,

{R038] As will be seen Turther herein, the apparatus is such that the & least ong molorized
support assembly and any idier roller assembly are adapted {0 support the slesring column
assembly solaly from & looation 81 or bhelow the longituding! axis of the sisering column
assambly. inthis regard, the 8t least one motorized support assembly and any roller assembly
may be the sole means of supporting the stesrng oolumn assembly on the apparatus,
Moraower, the 3t least ong molorized support assembly and any idier roller assembly may be
configured 1o support the steering column assembly 50 that the first and sscond ends of the
sisering column assembly are frag of contact with any support struciurs,

(8838} The apparatus may alse be part of an assembly that includes a housing. The housing
may be 3 subsiantially enclosed housing. The spparsiusg, the housing, or both, may have an
associated display devics for providing an opsrator with visual rasulls from an inspeclion.
There may be ong of mare sulisble inpul devices for allowing an operator o conirol operation
of the riaching, Thers may be one of more bins for collection of stearing assembliss thal pass
or fall inspection. Thare may be ong or more joad oslls associated with the goliection bing
apparatus that s v slechonic signaling communication with & processor tha! identifles ¥ a
stsaring column assembly passes or falls an inspection. In this manner the load cell can
sssure thal & sioering column assembly that passes or fails an inspection s placed in the
proper eolection bin, There may be other suitable hardware o assure thatl an opealor has
properly segregated inspacted steering column assamblies to separate the falled from the
sassed assemblies. The apparatus may hclude 8 device {e.g., an optical delecior) that
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opticatly analvzes whether 8 costing has bean applied 1o 2 steering column assambly. Thare
may be a rack that supporis a8 stesring column assembly before andior afler inspeciion. There
may be one o mors additional sesembly slations within or culside of the housing.

i0844] The apparatus may be part of an assembly thal ncludes one or any combination of an
optional housing, an output display, & collegtion bin, 8 load el for delecting the gresence of
an assembly in the colisction bin, a sulable procsssor for controliing ons or more operations
of ths apparsiug, & yser inerface for inpulling operation commands, or an oplical detector for
datsciing the prasence or absence of a coaling from the spray device, There may be & rack
that supporis & stearing column assembly before andior afer Inspection. There may be one
or more addiional assembly stalions within or oulside of the housing.

[3041] As can be appreciated Fom the above, use of thy apparatus of the present teachings
may include the general sleps of supportingly locating 2 sleering column assembly on the
apparatus. The stearing colimn assembly may be placed on the apparatus from above he
apparatus. The apparatus may be free of any structure that provents upward movement of the
steering column assembly whils i is positioned on the apparatus. The apparatus may support
the stesring column assembly 3o that ong or both of the first and sscond ands of the stesring
column assembly s fresly suspended or otherwise nol in contast with any struchire, The
steenng column assembly may be plecad on the apparatus s0 that # only contacis the
apparaius at the al least one molorizad rofler support assembly and at any idise rofler
assembly. Upon contacting the &t leas! one molorized roller support assembly, there may be
& step of rotaling the steering column sssembly sbout s longHudina! axds, such as by rolatably
driving one or more rollers about thelr longiludingl axis so thal the rollers engage an outer
sirface of the steering column assembly and cause the sieenng oolumn assembly o rotels
shout iis longltuding axis. During the rotating slep, dots may be oblained continuously sbout
ihe periphery of a region of inferest, dats may be ohiained intlermittently aboul the periphery
of the region of interest, or both. For sxample, & plurslily of scans may be made {e.g., B or
mure, 18 or more, 20 or mors, 30 or more, 40 or more, 380 or less, 180 orless, 80 orisss, o
othereise) al predelermined intervals for each revolulion of ihe sieering column assambly
about iis longiudingt axds, One or a plurality of revolutions may be made about the longiudingl
axis for performing an inspection.

fO042] While the steering column assembly is rotaled abowt s longiluding! axis, 8 surface
feature of inlerast is optically analyzed. For example, 3 step of oplically scanning & feature of
interast {8.g., 8 surfacs fealure of inferest) may be performed. The oplical scanning may be o
analyze for the presence or absence of 5 fealure of interest, andfor for one oF more
characleristics of a foalure of interes! seleciad from a siake location, 3 stake orfsntation, the
relative position of 2 stake as comparad with another feslure, 5 siake geomelry, & stake depth,
a siake length, & slakes width, some gther dimansion of & siake, of any combination of the
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foragoing.

160437 A siep may be performed of comparing date oblained from the scanning with 3 known
referance veiue For sxample, & siep may be performed of scanning & sieering column
assembly thal satisfies predetermined desirad quadily oritera. Data oblained from such
seanning may be stored and used in the comparing step. Ong approach o thea comparing step
volves companing relative positions of a feature of inlerest with predetermined valuss for
redative positions, withou! regerd 1o massurements of dimensions.

{8044} Predsterminad reference dats may be oblsined by scanning a part having fealures of
interest known to salisly predetermined qualily oritera. Such data may be slorad I memory
and recalied for use when parforming 2 comparing step. §is possible that the reference dats
will include: relglive positions of two or more surface faatures, one or more dimensions
zssocisted with one or more fealurss, 2 swface lopography for one or mors fealures, or any
oombination thereol, in ons approach # is envisioned that the comparing slep comparss only
redative positions of two or more features as bebween those of 3 known refersnce part and
thoss of an assembly being inspecied. That s, a qualiiative comparison is made of the surface
features without ragard to any quaniitative data about the feaburs. There may be & slep of
applying an optically detectable cosling {8.g.. 3 paint, 2 dys, or ctherwise} to 3 steering solumn
assembly in dengte whether or not the assembly has passed an nspection. Thers mav be a
step of assembling 2 further componant onio the steering solumn assembly based upon the
resulis of inspection. For example, an culer ubs may be assembied onio the stesring column
assambly after the hner slaering column assembly has been inspected 1o assure that it meels
pradetarmined oritenia, such as for sssuring satisfaciory stakes have been mads.

[G0458] Thare may be one or more slans of applving 2 cosling onlo 8 sizering column
aszembly thal passes or fails an inspaction. The methoed may include & slep of issuing an
alarm signal {8.g., an audible andfor visual signall § & sleering column assembly being
nspeacted falls o mes! ceriain orileria, or alternativaly, ssuing an alarm signal {(e.0., an audible
anddior visual signall F & stssring column meets certain criteria. For sxample, there mav be a
stap of oplically analvzing (a.4., using an auiomated optical scanning device) if an optically
dedeniable coating has been applied, and thersafier issuing an alamm signal basad upon the
result of the step of oplically analyeing.

[2048] Basad upon the presence or absence of an slerm signal, an oparalor may place &
steering column assambly inle 3 collsclion bin. For exampls, there may be 2 collschion bin for
a slesring column assembly that passses an inspection, a collection bin for @ sleerdng column
assembly that falls an inspaction, or both, Based upon ths resudls of the inspeciing, there may
be one of more steps of segregating siesring column assemblies that pass inspection from
those that fall inspection. The segregaling may inoluds lovating one or more stesring column
assamblies inlo an approgeiales collection bin, Thare may be & step of sensing (8.g., using a
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lead sansor, a molion sensor, or otherwise) whether an operalor has placed & slesring column
assambly o 3 collection bin as directed,

FHE4TY One or mors other steps may be employed, such as for controliing operation of the
apparatus of the present fsachings. For exampls, there may be one or more securlly steps
amploved 1o assure only authorized operators uss the apparatus. For example, there mey be
& slep of delecling dals sbowt an operator's fingarprint and comparing # against dala about
fingsrprints of suthodzed operators stored I memory,

[0048] Hoferring now o Figs. 14 and 18, there s Husiraied an intended design of an
Hustrative stearing colsmyn assembly 10 thal may be inspecied in acoordance with the present
tsaching. The slesring column sssembly has a longliudinal axis (LAY and has an ouler tube
12 that partially surrcunds and encloses an inner sisering column shafl assembly 14, The
inner steering column shaft assembly 14 has a first end 18, & firs! and porlion definad by an
upper shall subassembly 18, 2 second snd 20, and & second end portion defined by & lowsr
shafl subassembly 22. The upper shall subassembly 18 is lelescopically connacted with the
lowaer shall subassambly 22 over g connection region 24, namedy 8 length of the assembly
whare the two subsssemblies matingly engage sach other. For inslance, the upper shaft
subassembly 18 may be islescopically sssembled fo the lower shafl subsssembly 22 with
mating shidable tubss, such 85 by 2 spliine zhafl 28 {(having & plurslily of longiludinally
extending splines on s outer surface) associated with the upper shall subsssembly 18 and a
matingly coupled spliing fubs 28 {having a plursiity of longitudinally extending splines on its
inner wall} associated with the lowsr shall subsssembly 22, The uppsr shafl subassembly 18
may include a stesring wheel interface shaft 30 Hhat exdends {o and insludes the first end 18
of the stesring column assembly 10, The lowsr shalt subsseembly 22 may include an
imermediate shalt irerface shaft 32 exlending foward and including the ssoond and of the
ansembly, which iz adapled for coupling with an infermediale shall (inol shown), the latler of
which in tum may couple with 2 rack and pinfon assembly, The intermadiate shafl iterface
shaft 32 may be rolatably supporied {e.g., by ot or more sullable bearings 34a and 34B)
within the column tubs {8.q., o 8 location proximate a8 forward end of the oolumn wbel. The
intermediate shall interface shalt 32 may bs coupled with the spline ube 28 by wav of &
sultable slake 38, The stsering wheel inferface shaR 30 may be coupled with the spline shaft
28 with anpther siaks 38,

I0048] With reference fo Fig. 18, In the manufaciurs of this assembly, siakes are formed by
plastically deforming one component refative o another so that tws components are Frictionally
andior otherwise mechanically joined so as o mechanically seoure bwo or more componants
fogsther. in the Bustraled embodiment, the geometry of the stake 38 is generally slongated,
and may be generally rectangular, The staks may have a widih (W) and a lengdh () The
langth may be oriented in a direction that is generally ransverse 1 the longiuding! axds of the
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stering column assembly. The stakes, for axample, can have a width of aboui 2 mm and a
fength of about 12 mm,

{38507 With reforence o Figs. 28:-2C, there s sesn how an ilustrative steerng colsmn
assembly, such as the assembly 10 {of Fig. 14}, s nspecled using an apparatus 1490 of the
prasent teachings.

§B8511 The spparstus 110 includes at least ons support structurs 112 having & ongludingd
axis {(LAZ). The spparatus desirably has & first end 114 and 2 second end 118 and &
iongituding! axts {LAZ} which is shown as being generally parafiel with the longifudine! axis of
the support structurg 112 and the longliuding! axis of 2 slearing column assembly thal is
inspacied thereon. The apparatus also has a molorzed roller suppost assembly 118 that
inchides 3 work-piece drive motor 120, and a8 palr of opposing rodlers 122 adapted to be driven
by an outpul shafl of the work-plecs debve motor 120, and which are spaced apart {a.g., by
aboit 3 mm). The molorized roller suppor! assembly 118 may be carrded on an uppsr surface
124 of the support struchere 112, As seen, the molorized roller support assembly 118 &
adaptad for supporing the sleasing column assemily gver a portion of #s length gt 3 location
batwesn #is first and 114 and #s second end 118, and for rofaling the steering column
assembly.

[0052] The rollers 122 of the motorized roller support assambdy 118 are slongated, oviindrical
and have a length of between aboul 2 and aboul 20 percent {e.g., aboul 4 lo sboul 8 percent)
of tha length of the sisering column assembly In s Raly telescopically extended posilion, The
rolters may have a length of shout 20 to about 100 mm, abowt 30 lo about 80 mm, or evan
atout 40 to about 83 mim {8.g., about 58 mm). The rollers may be incsted 8t an intermediate
ication slong the length of the slesring colwmn assaembly thatl s inspecled therson., For
nstancs, ¥ he stesring colismn assembly is divided inlo sgus! thirds when plsced on the
apparatus, the rollers are localed It region generally coresponding with the middle third of
the stearing column assembly, As ssen in Figs. 28 and 20, 2 least one of the mollers i
drivingly coupled o an outpul shafl 128 of the worle-plece drive motor 120, such as by an
intermediate rolating member, and specifically an idler gear 1285 that s deven by an oulput
shafl gear 1280 and which In turm drives a rolfer gear 128¢ {8.g., 3 gesr mounded on 8 commen
shafl with the roller and showt which 2 sullable roller bearing may be positioned), the iatter
components being conlained within s drive rofler housing 130, which may incliude a tunnel as
deplcted In Fig, 20 As alen seen in Fig. 20, the gears may rolale about paralie! rotational
axes and generally in 2 common plang. An example of 3 suliabis molor is & servo motor, such
&3 one having the characteristios of a molor avallable commercially rom Omron (8.0, under
the number RESM-KODIOLE2) For the embodiment llusirated, the otal length of the slesring
columin assembly that is in contact with rollers when a stesrng oolumn assembly is placed
hwereon is below about 20 parcent of the length of the steering column sssembly in s fully
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telsscnpically extendad position. For sxampla § may be about 10 percent of the langth of the
stearing colwnn assembly in is fully islescopioaily sxtended position.

[O853] The drive roller housing 130 projects upwardly from the support struclurs 112 of the
apparatus 110, The housing 130 has 2 longiludingily orlented well 132 that exiends from 3
first end 134 of the housing to the second end 138 of the housing and has width {Wa that s
sufficiently large so that the stesring column assembly can be placed inlo the well and restin
contact with one or more of the roflers.

(68541 The apparatus 110 Includses an idier roller assembly 138 that is axially aligned with a
fongiiudina axis of the motorized roller suppost assembly 118 and thus generally paraliel with
an axiz of rotation of the stewring column assembly when placed therson, The sy roller
assembly 138 is adapled o recelve 3t least s portion of the steering column subsassmbly for
rolling tha sleering column assambly In response lo the rotation of the motorized roller support
assembly 118, For example, a plurality of generally oyvlindrizal idler rollers 144 ars supporied
for rotation in an kiler roller housing 144, which is free of any motor. Liks the debve roller
housing 130, tha idier roller housing 142 prolects upwardly from the support! structure 112 of
ihe apparatus 110, The iler roller housing 142 alzo has longiludinglly orenied well 144 that
axtends from & frst end 146 of the idler roller housing o 2 sscond end 148 of the idler roller
housing 142

[RRESY The apparatus 110 is shown as having an upwardly projacting end plate 180 for helping
o locale  sigsring column assembly in the apparaius andfor for haiping o restrist fongitudingl
frangiation of the sisering column assembly during inspection.

IBO58] The spparatus 110 also ncludes an upwardly aimed marking device 1582 adapled for
marking a visual indicator onto 3 suriace of & stesrng column assemnbly that has been
inspacied based upon the resulls of the inspection.  The marking device 152 has & spray
nozzie 154 that is in fuld commundeation with & source of 2 figuid coaling {a.g., 8 dye, 8
goborant, or some other coating) and is almed oward 3 slesring column assembly while the
giesring column assembly is positioned on the apparatus of the present teachings, For
sxame, a bracket 158 supports the spray nozele 154 In opposing reiation o a shalt of a
slesring codumn assembly baing inspected, such that the spray nozzie is adapled o spray the
shall with s linuid coating st least partially along a length of the apposing shafl,

[B0%7] The apparatus 110 also includes 3 pair of oplical scanning devices 158 adapted o
optically scan a feature of interest {8.g., & palr of longlludinally spaved stakes) of the steeting
colurmn assembly while the steering column assembly s rolated for pathering date for
identifving one or mors deviations from one or more predetermined values for the feaiure of
inferest. An sxample of 8 commercially avaiiable oplical scanning device is Modsl Mo, Ld-
YFORD, avallable from Kevenes Corporglion of Amarica.

[OB5E] With referencs o Fig. &, the apparatus 110 may be part of an assembly that includses
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e of gy combination of an opional housing 180, an oulput display 182, & collection bin
1684, 3 load celt 188 for deleciing the prasence of an sssambly In the collection bin 184, a
sudtable processor 168 for controlling one or mors operations of ths apparatus, a user inderface
170 for inputling operation commands, or an oplical delector for defecting the presence or
absence of & coaling from the marking device 152, There may be & rack 174 that supports a
stearing column assembly befors andfor after Inspection. Thers may be one of mors additionat
assembly sialions 178 within or oulside of the housing 168G

8858} As oan be apprecialed from the sbove, use of the lusirated apparaius 110 of the
presant leachings may include the gensral steps of supportingly iceting & slesring column
aasemby 10 as depicled in Fig. 14 on the apparatus 110 50 that al isast the second end 20
of the sisering column assembly 10 is suspended and free of conlact with the apparalus. in
this regard, 8 step may be performed of supporting ineating a stesring column assembly over
oniy & portion of s lengih, There may be g step of loosting the steering column assembly 80
that its first end 18 may abul the end plate 1580

60887 A step may he performad of aoluating the work-plece drive motor 120 {o causs rolisrs
122 in rotate and thareby causs the slesring column assembly placad therson io otate, while
tha optical scanning devipes 158 ascan the sleering coiumn assembly (8.4, for oblaining dala
about the presence of absanos of a stake 38, 2 siake location, a steks odeniation, the relative
position of a slake as compared with another fashire, a stake geomelry, & stake depth, a slake
lmngth, a stake wigth, some other dimension of 2 stake, or any combinstion of the forsgoing).
3811 A slep may be performed of comparing data ebiained from the scanning with & known
refarance valus. For exampls, & step may be parloimed of scanning 8 sleering oolumn
sasambly that satisfiss prededermined desirad qualily orfleda {e.g., for 2 stake). Dals oblained
from such scanning may be slored and used i the comparing step, Ons approach o the
somparing step involves comparning refative positions of surface fealures of inlerest with
pradetermined values for relative positions, without regand {o measuraments of dimansions.
Based upon he resulls of the inapecting, there may be one or more steps of segregsting
steering column assembliss thal pass inspeciion from those that fall inspection. The
segragating may include ingaling one or more stesring column sssemblies in 8 collechon hin,
Thare may be ons or more steps of applving & costing onio 8 stesring column assembly thad
passes or falls an inspection. For examples, the spray nozzle 154 may dispensa a ooaling of a
dve or other detectable coaling onie the steering column assembly. There may be one oF more
steps of analyzing {e.g.. oplically, such as with an optical deteclor, or manuallyl whether a3
sieening column assembly has a8 coaling applied therele prior o installation of the stesring
oolumn assambly in g vehicle,

{8082} For instance, 3 step of scanning the steering column assembly may be performed
ysing optical delection or scanning devices 158, Based upon the scanning step, & slep of
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ndicating whethar the coaling is applied may be emploved. The readout device {oulpw
ghaptay) 182 may display 2 resull andior dispiay an insluction to the operalor. By way of
Hustralion, withowl lmilation, the readout display may issus 2 readout thal ihstructs an
operator to load & faully steering column assembly into the collection bin 184, A slep of sensing
whether the steering column assembly bas been lbaded In the bin may be parormed, such as
by the load csll 188, § ths stearing whesl zssembly has not been loaded, the apparalus may
{emporartly ceass operation until such loading has coourred, There may also be @ step of
aaswing hat sisering colump assembliss loaded inlo the bin are nol removed excepl by
pradetermined operalors, such as an operator that has enfered 3 suliable security cods, o
has satisfied some olher seourlty criteria. A step of assembling an ouler column lubs onic the
assembly may be performed if the inspection shows thal the slsering column assembly
satisfisd the deshred oriteris for an acceptable assembly (8.0, by showing that the slakes were
proparly made). Thus, the teachings herein slso envislon use of the inspaclion gpparaius and
mathod for the asssmbly of 2 sleering column assembly, preferably before B s inslalled ina
vahicle,

[BG83] While exsmplary smbodiments are desoribed above, it s not infended that thess
embodimants describe all possible forms of the invention. Rather, the words used in the
speciication are words of desoription rather than &mitation, and i iz understood thal varous
changes may be made withowl departing from the spirt and scope of the nvention.
Additionally, the features of varlous implementing ambodiments may be combinsd o form
further embodiments of the invention,

[O084] As can be appreciated, varialions In the above teachings may be smploved. For
gxample, {§ may be possible to amploy one or more motors for sotating the steering column
assembly al or near is second end andfor al soms infermadisle location.

HIB8E] Any numerical values reclied herein inclisde all values from the lowar value o the upper
valus in increments of one unit provided that there is g separation of at least 2 unils betesan
any lower value and any higher value. As an sxample, T # s siated that the amount of a
componant or 8 value of 3 process variable such as, for example, lemperature, prassure, fime
and the ke is, for example, from 1 1o 80, preferably from 28 {0 89, more preferably rom Ao
T4, # is intended ihat values such as 1510 88, 2210 88, 43 1o §1, 30 io 32 sic. are sxprassly
snumsrated in this specification. For values which are less than ons, ong unit is considered o
be 00001, 0.0017, 0.01 or 0.1 as appropriate. Thess are only sxamples of whal is specifically
infended and all possibie combinations of numerical values between the lowest value and the
highest value snumesrated ars to be considersd 0 be exprossiy sialsd In ihis applicstion h a
similar manner.

fO088] Unless otherwise siated, af ranges include both endpoints and &l numbers balwesn
the endpoints. The use of "sbout” or “approsdmately” In connaciion with 8 rangs applias 1o both
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gnds of the rangs. Thus, "abog 28 10 30" & nlended {o covar “about 20 1o about 307, nclusive
of at least the specified endpoinis,

[G887T The disclosurss of afl arlicles and refersnces, including patent applications and
publications, are incorporaied by referancs for aff purpeses. The tenm "consisting sssentially
of" {o describe a combination shall include the slements, ingredients, componanis or slaps
identified, and such siher elements ingredients, components or slops that de not matadally
affant the hasio and novel characteristios of the combination. The usea of the lerms “comprising”
o “inchuding” {0 desoribe combinations of slemends, hgredients, components or sleps hereln
also contempiales smbodiments that consist essentially of, or aven consisting of, the
slemants, ingredients, components or sieps,

[BOEEY Plrs!l elements, ingredients, componends or sleps can be provided by 3 singls
infepraded element, ngrediant, component or step, Alternatively, & single infegrated slement,
ingredient, componsnt or step might be divided inlo saparate plural elements, ingradients,
componsants oF steps. The disclosure of “g" or "ong” o describe an slemend, ingradient,
componsm of stan is not intended o forecloss additional slements, ingredients, components
oF sleps,

0088 Relative positional relationships of slements dapicted in the drewings ars pant of the
tsachings hersin, sven if not varbally described. Further, geomsiriss shown in the drawings
{hough not intended to be Bmiling} are also within the scope of the teachings, even I noel
varkally deseribed,
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CLABS

What is claimed is:

1} An apparatus for performing an inspection of a stesring column assembly having a

langth, & Bret end, 2 sscond end and & longituding! axis, comprising:
a. &tleas! one suppor! struciure having & iongiudina! axds;
b, #fleast one molorized roller support assembly that is camied on the at least

one support shruciure and that includes at least one work-plece drive maotor,
and one or more rollers adapted 1o De ditvern by the al least one work-piecs
drive molor, the at lsast one molorized roller support assembly being adapled
for supporting the steering oolumn sssembly over al least a portion of ils
fength st & location betwesn iis first end and s sscond end, and for rotating
the stesring column assembly about its longitudinal axds;

at least one oplicai scanning device adapied (o oplicslly scan g featurs of
intarest of the slesring column assambly while the slesring column assembly
is rotated for gathering dals for identifving one or mors deviations from one or
moe predetermined valuss for the featurs of inlerest; whergin he al lsast
one optical scanning device emils a iight beam and the al least ong optical
stanning device is orented so that the lghi beam is aimed al the festure of
inderest of the slesring column assembly and refiscied lght of the light beam
off the featurs of Inferest can be defectad by the al least &l least one opticsl
seanning device; whereln, upon recelving the stesring column assembly at s
fotation babween s first end and iis second end, the al isas! one work-plecs
drive molor operales (o rotate the ong or more roflers 1o thereby rotate the
steering column assembiy about its longituding axis so that is can be
seamned by the at least one oplical scanning devige.

2% The apparatus of claim 1. wharein the af lsast ons optica! scanning devics and the &t

3

least ang motorized rolisr suppor! assembly are each carried on 8 common suppon
siruciure.

The apparaius of clalm 1 or 2, whersin the apparstus includes al least one marking
device adapled for marking 2 visual ixlicalor onto & swiace of the steering column
assembly based upon results of the hspection, and whereln the al lsast one marking
device Includes a fluid nozzle adapted for spraving the visual indicalor onin s
predetermined lncation of the steering column assembly.

The apparatus of any of claims 1 through 3, wherein the al least one oplical scanning
device, the &t lsast one molorized rolier support sssembly and any marking device
are carrled on & comemon support siructurs,
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51 The apparatus of any of claims 1 through 4, whereln the at least one molorized roffer
stpport azsembly includes & motor that drives 3t least two spaced apart opposing
roflers and s adapisd o roll 8 generally cylindrical portion of the steering column
assembly while also supporting the slesring column assembly over ot lesst abowt 2
percant of s length bul less than about B0 percent of iis length.

8 The spparatus of any of daims 1 through B, wheraln the apparsius further includes
an ider rofler assembly adapled 1o recsive st least a porlion of the stesring oalumn
assembly for relling the sissring column assembly In responss to miation of the &
feast one motorized rofler support assembly.

7} The apparaius of any of clalms 1 through §, whereln the apparatus includes at least
one condroler adapled to be programmed with dals about 8 desired swfacs profile
for the feature of interest of the stesdng column assembly, and is adapisd to
compare 2 detecied valus obialned fron the &t lasst one optical scanning device and
based upon the comparison is adapted 1o Bsue & signal cousing & least ong marking
device 1o apply 8 marking upon the slesring column asseambly,

By The spparatus of any of olaims 1 through 7, whareln the al least one motorized roller
supporl assembly and any idisr roller assembly ars adapled to support the siesring
oolume assembly solsly Fom a location st or below the longhudingl axis of he
stegring column assembiy.

4} The apparstus of claim 8, whersin the 3! loast one molorized roller support assembly
and any idier roller assembiy are 3 sols means of supporting the slesring column
assembly on the apparaius,

183 The apparatus of any of clalms 1 through 8, wherein the ! lsast ons molordzed roller
support assembly and any idier roller assembly are configurad (o support the stearing
column assermbly so that the first and second ends of the steering column assambly
ars fres of contact with any support strustire while the sieering column assembly is
optically scannsd.

111 A method of using an apparatus of any of oleims 1 through 10, wharein ths method
includes the steps of providing a! least one siesring column assembly; rofaling the
stesring column assembly about s longitudina! axds while stanning with the al lsast
one apical scanning devics for one or more fealures of interest for he stesring
solumn assembly; comparing data obiained sbout the one or more scanned faalures
of interest with a predetermined value for ths one or more scanned features of
intevest; and based upon the comparing step, identifving whether or nod the stesring
gudurnn assambly conforms with the predafermined valug,
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12YA method of using an apparatus of any of clalms 1 through 10, whersin the method
nchudes the sieps of providing 2 steering column assembly that includes a0 upper
ahafl subassembly and 2 lower shall subassembly thal are joined logather with al
feast one stake, which optionslly may be clongaisd and orisnied generally ansverse
refative o 8 longiudinal axis of the sisering column assembly; rotating the steering
column assembly about #s ongiudinal axis white scanning with the at lsast one
optical scanning device for ascerlaining dals about the a1 lsas! one stake; comparing
data oblsined about the st lsawt ons slake with & predetermined value for the &t lsagt
ons siake; and based upon the comparing siep, dentifving whather or not the
siaering column assembly conforms with the predefermined valus,

131 A method of claim 11 or claim 12, whare 8 sisp Is employved of sppling & marking to
the siaaring column assembly based upon the resulls of the comparing step.

141 A method of any of claims 11 through 13, whersin a step s smploved of detecting
whather 8 marking has been spplied o the siesring column sssembily and based
upon such defacting siap interupling a further assembly oparation,

18} The mathod of any of claims 11 through 14, whersin e method includes 8 step of
suanmng 2 reference steaing column assambly for obiaining qualitative nformation
about relathve positions of 8t lsast one festure of Inlerest, without regard (o
dimensions of any of such fealures, for use thersafier In the comparing step.

181 The method of any of claims 11 through 15, wherein the method includes repeating
the steps for a plerality of slesring column assemblies sach being designed to have
the same fealures, and based upon the identifving slep, segregating one or mors
steetng column asssmblies that conform with the predetenmined value from one or
more steering cohamn assamblies that do not conform with the predetermined valus,
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