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for determining the rectilinearity of guide rails The i nvﬁmn" m'mmmmmks to
a nmethod.and-a device for determning the rectilinearity ¥ s
according to the definition of the patent clains. Quide rails«ggswve for

gui dance of objects, for exanple gui dance of lift cages. Usual ly several
gui de rai I‘¥0§§ 49nnected into a rail sthand. Lift cages ar ePERIGR02A0p 355

conveyed e Su nded. at, cabl.es d ar ed. by, way. of gui de el enents
al ong t he hpdﬁqﬂoﬁﬂ"cq fr?rtdﬁg‘?muﬂ@galﬁﬁée?tﬁﬁﬁar'&%fag%fjﬁ %‘f Sthe guide rails
I's of significance, since the travel confort depends thereon. Departures
fromrectilinearit of t he gui rai]s Jead to, vibrations in the lift cage.
- Such vi b-h}:ﬁl grgio Elét%shtgn% QG Bgyige rﬁ?ftqeé%r%n@g%aﬁ reshiinearity efiuidesse
of a | ong rais dccdidimgth, thbdkfiditicroof the ba@entasinsof fast [ift cages, for exanple
i n high buildings, and are regarded by passengers as detrinental. As

cl osest state of the art the docunent EP O 498 051 di scloses a nethod and a

devi ce acceuide gild servbifengtienspacbbigcef fa axahife baidanéd emifk da aéne UsBially
measured b aﬁgam ng detector. The frame is in contact with t gui de ra|I
Qxrahatids

by way of 5 arg sorReied eré%adﬂl&str%ndnd«rféea@ﬁ/%@ret%a@urweveq whileThe
spaci ng dedgpéidedodttoablcghdaé® %ﬂcmes;v a@ytdr@etdéeéremm@ AORFIRGafQr85d.Ofn | S

in contact wth the %w de rail of a raller and neasures changes In

spaci ng bef'ee?e he Gatinsarty; of taﬁoﬂtr e rlls isiof SigRiicanse: ndncsethectavel crarmrr ed

on the |ifdepenge transbrc hBgkaturetstramrectiliggardg of ﬂie'%iudé’raﬂ@%doatb VigatiorsliR e s-
A downst re m st r%ght egﬁasgn devj ce corrects specitic non-rectilineariti es in

the gui de iftisage SRIEER HRIMSOES HpRaldilieeahle sohaniydn the Fasepfa
det ached fipagidiltéiahd "But Alson tHetdsB&f tast fift §élﬁafst for ERemMe INhigA DI ARG 8RE BFE

wi th the checkin % and str ai ght eni ng of the guide rails is di sadvantageous
in this neeadged Mp@fﬁ@ga@ﬁ%@e rimentak ¢ he obj ect of the present invention
to provide a nethod and a device for determni ng the rectilinearity of
guide rails, the nethod and device bein fast and accurate and

conpat i bl Anflosesssije st thecarh thaudacugiant a@r&gg @8 slisclasen anmetiicd eod=a denied on.

Thi s obj eciccbadinelo WiichRAe isPUERG idh gurld@%lpfrgﬁrn&‘?ra\Mé I& ﬁqegsdisé E 59&.@
t he pat ent ¢l ai ns invention relates to a net a devi ce

det er ni ni nipieFe- rEzﬁgr]qm%edmCPpta&r Wit INgea4ids el bymrcg,twogugwluesp,ageq g'*l"ges

oriented saHibsit adviedlovyr aigaldeathil.t Ph@ spadi r%@é"té@orae(rhcﬁfrarﬁé at€aSineetRa tb%élﬂﬂir
beamis emtted al oagtpt he reference axis ght source. The |ight beam

i s VO 0318 8Rafe epf isqpreracioeith the gurde rail by way of a roller and measures

changes in spacing between the guide rail and frame. This measuring device is mounted
on the lift cage and checks installed guide rails in special test travels. A downstream
straightening device corrects specific non-rectilinearities in the guide rail system, for which
purpose the respective guide rails are detached from their mounting in the lift shaft.

The high cost connected with the checking and straightening of the guide rails is
disadvantageous in this method and this device.

It is the object of the present invention to provide a method and a device for determining
the rectilinearity of guide rails, the method and device being simple, fast and accurate and
compatible with proven techniques and standards of mechanical construction.

This object is met by the invention in accordance with the definition of the patent claims.

The invention relates to a method and a device for determining the rectilinearity of guide
rails, wherein a guide rail is oriented substantially parallel to a reference axis. At least one
light beam is emitted along the reference axis by a light source. The light beam is
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detected by a light detector. The |ight source or the |light detector is

di spl aced on the guide rail. The guide rail and reference axis have a
constant -spaci ng from one another and the structural dinmensions of the
gui de rail are standardi sed. A warping of the guide rail is ascertained as

a change ip.t cing between the guide rail and the reference axis. A
result w tﬁ’orogﬁ%@gfl to warping of the guigde rail allows deteBtTER%0Fhe

di mensi on i FHLE: AL ifs r tion or
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rectil i neadsceftaiged ggiadehangp|in therspacing bettwesn thesgilideaeli andvthe vefefenpamkisofA a
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second embedlRih e €5 beeBidy g B AEGloR i QALY SLaTHE™,
devi ce, ofoftithe gulsigrrgés and, tiheeaspsary ng chredtiveror tremrogessitg ofahe dimehsidng of the
reference gxi L .shows a bl ock di agram of the detection,

transm ssi@ﬁagh@%\ﬁ%ﬁqﬁuﬁgﬁ ‘of image data and travel data. The device for
determning the rectilinearity of guide rails neasures individual guide
rails FS r . . e unt i ina.lift shaft. The
gui do 1 ai 1 SEeRRAe il & RERoToG A TRIBH IF coimhkn Beevey of

st andar d déxasnse,@gsordifigdo IFegsgt o éf intwhichgui de rails FS i s known and anopunts
to, for exanple, 5000 mMm The height and width of the guide rails FS are
simlarly known and anount to, for exanple, 88 nmand 16 mmrespectively.
The gui de Figi1 FS i sshpwscadchgmatimysidé view dfezest ofoméirst wmbadimdardiofita devicatfor

| east one support Al - [ nbodi nent of a device for
determ ning the rectc;i%éﬁ‘rggb&t@&%cﬁ@%%ﬂ&%ﬁ#ﬁg r?'g?' accordance with Fig. 1 the
guide rail FS to be nmeasured is placed by way of two support points on two

. , wh i . i th d f
Thegui de TaiT Fs aticum Sty UBRS PGl SePbmeeBhanei, of 8 vies

paral l el to a referedsternziring tieNectiimentity of guideugiort s Al, A2. Between the
support points the guide rail FS bends due to its own wei ght under

gravitational force G The reference axis AA' and the force lines of the
gravitatiokigl3force ghowse localfyeeadiVed diag@m) Vhidvi® G8cataMist KyHB2 HaGicS 5 the

di d di cul grJ} _ \Wth ad h 1 f th
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preset and the spacing between the support points and the ends of the guide
rail FS isgknpwn and r , I et.. The.spacing of the
support pollzlﬁtg from ?t}?gge%%@é}gblggr\f‘gﬁnﬁgg@%lﬁjg{e@% Ité%}sﬁﬁssi)%" ?H‘gtev?ngp%bﬂEi ng
caused by the gravi tiatagersata éng taveGdate. as snal | as possi bl e. Conpensati on
for the theoretical bending caused by the gravitational force G can be nade
by neans of an evaluating unit AE. The exenplary enbodi ment of a device for
det er mi ni nthe Hevigeetor idetemmining theakctijinearity rodiiguislei railameasulas dedividuah ghidg.rails | s
not oblig AYPRN ] i ' i i ; it is.alsqg possible
o pl ace rhe Era it 30t beind cbRFe (R 8T8 Bt ! S P50 oY e
support oredxaynplmyT-eéctionrgirdetsaof steel sithppaown pleindarsl dimensioes.t Tae lengih of the
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connr1 ses A ¥ "&s KHbwHEhGieMniie, BF shéipble. pBGII gt rBldhhend Rt oty
beam i s pribeeuids sails rsx pleysifndans kraivrandd amosintitd, foi exeenge, 88 hem landhté mour ce

LQis prefer ; I f QF [l e ran f visibl
LQ L5 et BB, TR S S R B3P Mol R 3 o
| ongi t udi nede duppeet AdN A2an Il dhel etxempiame émbictdimeard eofod dewizel fog fdetdrmining thghe

tw sting can,.al e in ne .li ght r.c n n_invol ved .
al gori tﬁm @Etllﬁﬁgﬁyﬁgﬁg@o@ﬁq ggﬁogélarﬂ%gﬁ'ﬂ!hf %gaﬂ ﬁﬁ%SHﬁegﬁﬁifﬁetol tiegﬁ\pa%g?%s on
t he di f f usplaceddbys vaBfi twocsupporn ymirds ywnaeoesuppdriorA1¢ A2 whetsid .the twa Isapport
exenpl ary enbodinent .of .a device.for .deterdd ni the rectilinearit i
U b ray 1 €OMR L Betr B oo Atk S dud 1 TS ABVariaed 8B L Fap s s
rrgunt ed atsxmlsfaintialty mgllemfto taﬂmf@ah%heaxiaip}A' fe®. tB'e*hWolst@]Pbrtse\Fr ﬁe. LE2tiwveen the
advant ageous nmount on,the ide . rail . F wa S| i R ereLn
Che ol | do soppbrt RLEL B diis RSk A head s 1 T o et furBet nebfertnallBFto e
rail by waphetefefente exanpAcand thievercRlifes Bt the Bhavitatigh! foeansfaremprefesablyi ght
source LQis preferably emtted at a constant spacing dLQ from the guide
rail FS and along the reference axis AA'. The spacing duo is defined as,
for exanple, the distance between the reference axis AA and a face SF of
the guide rail FS. O her forns of definition are possible. The exenplary
enbodi nent of a device for determining the rectilinearity of guide rails in
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WO 03/ 004968 4 PCT/ CHO2/ 00 355 The device for determ ning the
rectilinearity of guide rails conprises a |ight detector LD. In the
exenpl ary enbodi nent of a device for determning the rectilinearity of
guide rails in accordance with Fig. 1 the |ight detector LD is m)unted on a
carriage Sgandh vabl e by way of the carriage S on the guide rail
bet ween a Second géhﬂd) of the guide rail é and the |ight sour8gT E@%Qmé-he
first end @épddes eﬂ\aucﬁ&tl t&-Sn@BAtAEr. fwvitR R |

i y r bifaritdo J 1Rk BHhRlisho 15 Alage

positions. The lig detector LD is advant ageou

S so that t\%ée'%‘éeci%@nw@OB@t\A@éﬁowr\eand» @ftemréettmedlyopmet ahe thpiispacingi |
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for exanpl tgy %géégiggtgﬁrﬂgnogvéhh%mg ?@Bgﬁig 3&?’@@"'@&2‘5’%‘5&%’% faptget"ﬁ% for
phot oar r aydet§mining tex eagilingayityepfbarddencails infacaordendecwith Gig. dbtsatohdbilga;tortyl‘fer

rectiline S rglan 1 is not atory
for reali g%tblﬁ%ﬁeﬁ ogméihy%@te% i E’ﬁthsaﬁcig (PE'% Smlé&) E‘ag%&? 8\“83 rﬁ'l ?'
light det eZnale sHRROrORPIRtan eniy deingis $Uppbdtorzh)y veay syl awore g toa stdpgo@pbde dnal .
It is als idly mount the Iight source on the guide rail. In
t hat caseqrteglstgél?hﬁobéébﬁgrgd that at | east one of the two units, either the
l'ight source or the light detector, is to be nounted on the guide rail to
be measur f irtu

efthe @éﬂ@@fdr%t@rﬁﬂﬂh&ghé’ reétFlﬁe&g gpﬁb rar’:s(,i \95@(18{@(30%3‘?.95{)?%%‘3‘8”

wei ght takes place along t force I'ines o
one- di mensWiigfapmés at lﬁ@smﬂﬁelmili beam. ITthth!mmtsmrefetibly:ahrarbl@ fu:a.(sded whebei n

the |ight ge4 L D en ui de
a1 Fe e e ey g RO Sou R TR el R3St P o Pediese
devi ce f orofyisitle wavglengtbher arcinfratediasari ty of guide rails in accordance with
Fig. 1 the light detector Ld consists of a two-dinmensional diffusing disc
BS with a downstream photo apparatus PA or photo camera as a recording

i nst r ument TheTtHisiing eéBIgvisledel e longitudinah diséctios can Iberdetaririned witthosd afctwbaighiand
vertical didsffsti g e Y, devi ce for _determ ning
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1024 x 1024 inage points (d| ffusing disc BS and photo apparatus PA) or 1024
i mage poi Nhsnd B rbdd anpl e, hi her or
| ower, resolutl ons& e po{s\ﬁ’%rﬂsof ks aggl ti tm'?ﬁg%é rec{'@{ecagﬁ' Guids 1R WO
03/ 004968 FCcErdaNEE-N Biy. 3538e ketdwaulcedi) lSd@@!:tT@ustedvd’uadhstaa‘rtd afdhe gtndevranher e
in detail ,rpfTrH @t 8bures Lanal I prD)
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the roller n Iength
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and the rdf lera@msabbiesto,ﬂm0urnt$hdhglﬁcstoeme drathe glideccil ol baanpabz arm/cprd’s@bleoned
in absolut r ing froma zero point on the guide rail FS. For
this purposgggﬂgg%ggﬁpjﬁgﬁ@ﬁgdvantageously has a travel pick-up WA, wherein
the travel pick-up WA neasures the spacing, per unit of length and unit of
time, of the carriage Sin relation to, for exanple, a zero point, for
exanple the light source LQat the first end of the guide rail FS or on the
second end of the guide rail FS, as travel data WD. The travel pick-up is,
for exanple, an encoder. The travel pick-up WA is optional. The detection
of the Iength p05|t|on of the detected change D |n the spaC|ng betmeen the
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Advant ageously, the light source LQ and the |ight detector LD are arranged
in alignment along the reference axis AA" of the direction of the Iight
beam em tted-by the light source LQ In the exenplary enbodi ment of a
device for determning the rectilinearity of guide rails in accordance with
Fig. 1 theyhi amemtted by the light source LQis incident in

advant ageou? g@émgéra at an angle of |ess '?han 90 on the phot og§BE§9zéq03§5 PA
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are freel ymassurédbl e to the expert with knowl edge of the present invention.
Fig. 4 shows a schematic diagram of the detection, transm ssion and
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conputed as perm ssible (YES) or inperm ssi bIe (NO for each point of the
guide rail FS on the basis of such a perm ssible warping. The obtained

rel ative deviations are nade avail able to the engi neer who thereby gains

i nformati on about |ocal non-rectilinearities of the guide rail FS and in
whi ch direction and by which ambunt the guide rail FS has to be
straightened so that the guide rail FS corresponds with the sel ected
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FS are straightened by the engi neer, for exanple in accordance

rection protocol in a reprocessing unit NB on the basis of the
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ble to indicate the correction or t resu eocorrecti on
charge-coypledgevieasnteCR)ophaisdiagaseettn a noni t or
to Fig. 4 the nonitor Mis part of a portable corrputer for

hand- hel d conputer, which obtains result data ED, for exanple,
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%rr}%ﬁl{c{a @'dké&log@ ﬁ%addt@ ?arlgFSJg)' l?} ﬁféag%'}gng uhZ\rerfB%r e(ﬁf q«%\@drﬁ%r?ses at
legptcons: follergR1 R2. [%3 O'Mar%ﬁ whiehi keeps dive cardage Syinicootashwithl the gz

TS 1R R0 Seip B g S s Wl B R LP,
guide eailerie aceprdancewdth Egs. rﬂgarwnz two upper rollers R1, R2 run in a first plane on
a face SF of the guide rail FS, whilst lefthand lateral rollers R3, R4 and righthand lateral
rollers RS run in a second plane on lateral guide surfaces FF of the guide rail FS. The
lateral rollers R3, R4, R5 are advantageously pressed against the guide surfaces FF of the
guide rail FS by means of spring force in order to ensure a play-free running of the roller
guide or the carriage S in this plane.

With advantage, a length position of the detected change D in the spacing between the
guide rail FS and the reference axis AA' is detected. Each detected warpage is positioned
in absolute manner as a spacing from a zero point on the guide rail FS. For this purpose
the carriage S advantageously has a travel pick-up WA, wherein the travel pick-up WA
measures the spacing, per unit of length and unit of time, of the carriage S in relation to,
for example, a zero point, for example the light source LQ at the first end of the guide rail
FS or on the second end of the guide rail FS, as travel data WD.

The travel pick-up is, for example, an encoder. The travel pick-up WA is optional. The
detection of the length position of the detected change D in the spacing between the guide
rail FS and the reference axis AA'is also possible, for example, by a ruler. The spacing
from a zero point of the guide rail can be read off at the ruler and detected as travel data.
The position of the measuring slide can also be calculated through the size of the light
point on the diffusing disc BS. Equally, the position can be ascertained by interference of
the light source.

The carriage S advantageously comprises an angle member WK, wherein the angle
member WK is articulated to the roller guide to be pivotable about at least one axis. In the
two exemplary embodiments of a device for determining the rectilinearity of guide rails in
accordance with Figs. 1 and 2 the light detector LD is mounted in stationary location on
this angle member WK. By way of the angle member WK the angular position of the light
detector LD with respect to the direction of the light beam emitted by the light source LQ is
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det ect or (& in accordance with Fig. 1 the light beam em|tted by the light source LQ is incident in
advantageous manner at an angle of less than 90° on the photo apparatus PA or the
photo camera in order to avoid reflective effects onto the optical system of the photo
apparatus PA or the photo camera. The angle of incidence of the light beam, which is
emitted by the light source LQ, on the photo apparatus PA or the photo camera is
advantageously settable by way of the pivotable angle member WK.

The manner of recordal of the image data BD or travel data WD takes place continuously
or discontinuously.

- In the case of continuous detection of image data BD or travel data WD the
carriage S is in advantageous manner guided along the guide rail FS at a constant
speed, for example by means of a drive, whilst image data BD from the light
detector LD or travel data WD from the travel pick-up WA are detected per freely
selectable unit of length and unit of time. It is obviously also possible to stop the
carriage S for the data detection and then to guide it to a further position on the
guide rail FS. The data detection takes place at, for example, uniform or non-
uniform length sections or time intervals. For example, image data BD are
detected every 10 cm, preferably every 2 cm, for preference every 5 mm.

- In the case of a discontinuous detection of image data BD or travel data WD the
carriage S is in advantageous manner guided to specific freely selectable positions
of the guide rail FS in order to detect image data BD from the light detector LD. A
travel pick-up is usable, but not necessary, for such a discontinuous operation. For
example, instead of a travel pick-up it is possible to place a ruler against the guide
rail FS and to detect, in accordance with this ruler, image data BD from the light
detector LD at spacings of, for example, 50 cm, preferably 5 cm, for preference 5
mm. The warping of the guide rail FS can thus be detected in incremental steps
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represented. ' Fig. 3 shows a resulting exemplary diagram of the change D In the spacing
between the guide rail FS and the reference axis AA' in local resolution over the length L
of a guide rail FS. For example, the change D for a length L of 5 m amounts to around 0.5
mm. [n addition, the permissible deviation in rectilinearity is filed in the evaluating unit AE,
which enables an automatic selection of guide rails with respect to rectilinearity. '

It is provided in that case to preset a maximum permissible warping or a freely settable
permissible warping. The change D in the spacing between the reference axis AA' and the
guide rail FS can be computed as permissible (YES) or impermissible (NO) for each point
of the guide rail FS on the basis of such a permissible warping. The obtained relative
deviations are made available to the engineer who thereby gains information about local
non-rectilinearities of the guide rail FS and in which direction and by which amount the
guide rail FS has to be straightened so that the guide rail FS corresponds with the selected
permissible warping. With advantage the guide rail FS is straightened only when the result
E exceeds the permissible warping. It is thus achieved that on the one hand the guide rail
FS only has to be reprocessed as accurately as necessary and costly reprocessing time is
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result E with result data ED. The resu data aIIow accurate diagrams as well as concrete

straightening proposals, so that the engineer can reprocess the guide rail FS precisely and
quickly. This reprocessing can in turn be checked by the device for determining the
rectilinearity. It is also possible to indicate the correction or the result of the correction "on
line", i.e. in real time, for example on a monitor M. In the er}nbodiment according to Fig. 4
the monitor M is part of a portable computer, for example a hand-held computer, which
obtains result data ED, for example, by way of signal cable, or, for example, cordlessly by
radio. In principle it is possible to realise the evaluating unit AE and the monitor M in a
portable computer, for example in a hand-held computer. Overall, the quality of the
straightening operation is significantly increased.
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Reference symbol list

AA
AE

A1, A2
BS

D

dio

dia
E
ED
FF
FS
G

L
LD
LQ
NB
PA
PY
R
R1, R2, R3, R4, R5
R10, R11
S
SF
Sz
WA
wD
WK
WKJ

reference axis
evaluating unit
supports
diffusing disc

change in spacing between reference axis and guide rail

spacing between light detector and guide rail

spacing between light source and guide rail

result

result data

guide surface
guide rail
gravitational force
length

light detector
light source
reprocessing unit
photo apparatus
photoarray

slide

rollers

screws

carriage

face
measurement opening
travel pick-up
travel data

angle member
adjusting means
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goods, in which a guide rail (FS) is oriented substantially parallelly to a reference axis
(AA"), at least one light beam is emitted along the reference axis (AA") by a light source
(LQ), the light beam is detected by a light detector (LD), wherein the light source (LQ) or
the light detector (LD) is displaced on the guide rail, and warping of the guide rail (FS) is
detected as a change (D) in the spacing between the guide rail (FS) and the reference axis
(AA"). ‘
2. _Method according to claim 1, characterised in that the light beam is emitted by the
light source (LQ) at a constant spacing (d.q) from the guide rail (FS) and in the case of
non-warpage of the guide rail (FS) is detected at constant spacing (d.p) from the guide rail
(FS) by the light detector (.D).

3. Method according to claim 1 or 2, characterised in that the change (D) in the
spacing between the guide rail (FS) and the reference axis (AA') is detected by the light
detector (LD) as image data (BD) per unit of length and unit of time and/or that a length
position of the change (D), which is detected on the guide rail (FS), in the spacing between
the guide rail (FS) and the reference axis (AA") is recorded as travel data (WD).

4, Method according to one of claims 1 to 3, characterised in that image data (BD),
which are detected by the light detector (LD), and travel data (WD) are passed on to an
evaluating unit (AE).

5. Method according to claim 4, characterised in that in the evaluating unit (AE) the
change (D), which is based on the image data (BD) and travel data (WD), in the spacing
between the guide rail (FS) and the reference axis (AA'} is calculated as a result (E) with
result data (ED) and is identified as a local non-rectilinearity of the guide rail (FS).

6. Method according to claim 5, characterised in that the local non-rectilinearity of the
guide rail (FS) is straightened in a reprocessing unit (NB) on the basis of the result (E) with
the result data (ED).

7. Device for determining the rectilinearity of guide rails (FS) of a lift for persons or
goods, comprising at least one support (A1, A2) for placing the guide rail (FS) substantially
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along the reference axis (AA and a ||ght detector (LD) which’ detects this light beam and
detects a warping of the guide rail (FS) as a change (D) in the spacing between the guide
rail (FS) and the reference axis (AA'), characterised in that the light source (LQ) and/or the

light detector (LD) is or are arranged on the guide rail (FS).

8. Device according to claim 7, characterised in that the light source (LQ) is rigidly
mounted on the guide rail (FS) and that the light detector (LD) is movably arranged on the
guide rail (FS).

9. Ungice according to one of claims 7 and 8, characterised in that the light detector

(LD) is a diffusing disc (BS) and a downstream photo apparatus (PA) or that the light
detector (LD) is a photoarray (PY).

10.  Device according to one of claims 7 to 9, characterised in that a travel pick-up (WA)
records the length position of the change (D), which is detected on the guide rail (FS), in
the spacing between the guide rail (FS) and the reference axis (AA") as travel data (WD).



