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met hod and a device for determning the rectilinearity of guide rails
according to the definition of the patent clains. Guide rails serve for

gui dance of objects, for exanple guidance of |ift cages. Usually several
gui de rai lwoaseowennected into a rail strand. Lift cages are wsuakbyos3ss
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this nmethogg gm@dtaylrfasggeégéggas Wetrinsentdie obj ect of the present invention to
provide a method and a device for determining the rectilinearity of guide

rails, the nmethod and device being sinple, fast and accurate and conpatible
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is met by the invention in accordance with the definition of the patent
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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 @ method and a device for determining the rectilinearity of guide

rails, wherein a guide rail is oriented substantially paralle! to a reference axis. Atleast one

light beam is emitted along the reference axis by a light source. The light beam is



detected by a light detector. The |ight source or the light detector is

di spl aced on the guide rail. The guide rail and refer ®JaNuExRy 2b@mve a
constant spacing fromone another and the structural dinensions of the
guide rail are standardi sed. A warping of the guide rail is ascertained as

a change in the spacing between the guide rail and the reference axis. A
result wi tWOri@9pees to vvarpi ng of the guide rail allows detecPCHAHEI03he
di mensi onal accuracy, guide rails and, i f necessary, a correction or
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transm ssi guidardl ®fadeuraturdingof | mage dat a and travel data. The deV| ce for
determning the rectilinearity of guide rails neasures individual guide
rails FS before m)unting, for exanple before nounting in a lift shaft. The
gui de rai | Sharieyention is escaigdies mTJ(}smcfd)IIommgglblydefaemEe 36 ehbadimbntsndywway of
standard di nen |ons guide rails FS is known and amounts

The | en t th
to, for ex%ff%n @(58{9?1%0#3% h&; gmwﬁlﬁa width of the guide rails FS are
simlarly knovvn and anmount to, for exanple 88 mm and 16 mm respectively.

The gui de al FS |s Iaced ast ane.sup rt,. poi n on at | east
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the rectili neari ty déteguind@ malré&mhaarapobgtdmmlsw th Fig. 1 the guide rail
FS to be neasured is placed by way of two support points on two supports
A, A2, wherein the two support points are near the two ends of the guide

rail FS. Adigabt ageoushgws tama:hgcn'amle view lof ESrtIdf%semMSérabba’jimanyopar@lvlcelfoto a
reference axis AA" o et ween the support points
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The reference axis AA" and the force lines of the gravi tatl onal force G are
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Fig. 4 shows a block diagram of the detection, transmission and evaluation of

image data and fravel data.

The device for determining the rectilinearity of guide rails measures individual guide rails
FS before mounting, for example before mounting in a lift shaft. The guide rails are, for
example, T-section girders of steel with known standard dimensions. The length of the
guide rails FS is known and amounts to, for example, 5000 mm. The height and width of
the guide rails FS are similarly known and amount to, for example, 88 mm and 16 mm
respectively. The guide rail FS is placed by way of at least one support point on at least
one support A1, A2. In the exemplary embodiment of a device for determining the
rectilinearity of guide rails in accordance with Fig. 1 the guide rail FS to be measured is
placed by way of two support points on two supports A1, A2, wherein the two support
points are near the two ends of the guide rail FS. Advantageously, the guide rail FS lies
substantially paralle! to a reference axis AA' on the two supports A1, A2. Between the
support points the guide rail FS bends due to its own weight under gravitational force G.

The reference axis AA' and the force lines of the gravitational force G are preferably



bet ween the support points and the ends of the guide rail FS is known and,
for exanple, fixedly preset. The spaci ng of the suppofd JANARS2006 om t he
ends is advantageously selected so that the bending caused by the
gravitational force Gis as small as possible. Conpensation for the
~theoretical bending caused by the gravitational force G can be nmade by
means of &P eV&¥eEti ng unit AE. The exenpl ary enbodi ment of &EH®REO PGr
determning the rectil.i rity of id ralls in accordance Fig, 1lis
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for exanple, screws R10, R11. The light beamfromthe light source LQis
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Fig. 1is no reali’s on of the invention. Thus it is also
possi bl e to nount the Ilght source not on the guide rail, but at a spacing
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exenpl ary nbodl ment device tor determ ning rectilinearity
rails in BSis continuously detected or calculated.

In'the exemplary embodiment of a device for determining the rectilinearity of guide rails in
accordance with Fig. 1 the light source LQ is rigidly mounted at a first end of the guide rail
FS. The light source LQ is advantageously mounted on the guide rail FS by way of a slide
R, wherein the slide R is pressed against two lateral guide surfaces FS of the guide rail by
way of, for example, screws R10, R11. The light beam from the light source LQ is
preferably emitted at a constant spacing di o from the guide rail FS and along the reference
axis AA'. The spacing d.q is defined as, for example, the distance between the reference
axis AA' and a face SF of the guide rail FS. Other forms of definition are possible. The
exemplary embodiment of a device for determining the rectilinearity of guide rails in
accordance with Fig. 1 is not obligatory for realisation of the invention. Thus it is also
possible to mount the light source not on the guide rail, but at a spacing from the guide rail.

It is also possible to mount the light source on the guide rail to be movable and/or fixable

at freely selectable positions.



accordance with Fig. 1 the light detector LD is nounted on a carriage S and
is novable by way of the carriage S on the guide rail 0RNI&tR¥6a second
end of the guide rail FS and the light source LQ at the first end of the
guide rail FS and/or fixable at freely selectable positions. The |ight
detector LD is advantageously nounted on the carriage S so that the spacing
dLD bet wed ¢H¥4P@ght detector LD and thé guide rail FSis c&@((&ﬂ@/wﬁﬁ aII
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poi nts (photoarray PY) as image data BD. Other, for exanple higher or

| oner, resolutions are possible. In addition, the expert can use other 06
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force lines of the gravitational force G, one-dimensional or two-dimensional light detectors
LD can be used, wherein the light detectors LD detect changes D in the spacing between
the guide rail FS and the reference axis AA". In the exemplary embodiment of the device
for determining the rectilinearity of guide rails in accordance with Fig. 1 the light detector
LD consists of a two-dimensional diffusing disc BS with a downstream photo apparatus PA
or photo camera as a recording instrument. This enables determination of rectilinearity in
horizontal and vertical direction. In the exemplary embodiment of a device for determining
the rectilinearity of guide rails in accordance with Fig. 2 the light detector LD is a one-
dimensional photoarray PY with an elongate opening SZ. With advantage, the light
detector LD digitally detects the light beam, which is emitted by the light source LQ, with a
resolution of, for example, 1024 x 1024 image points (diffusing disc BS and photo
apparaius .PA) or 1024 image points (photoarray PY) as image data BD. Other, for

example higher or lower, resolutions are possible. In addition, the expert can use other



known |ight detectors, which are not shown here in detail, of digital or
anal og form such as charge-coupl ed-devices (CCD), photpdNdes2006t C.

Advant ageously, the carriage S has a two-di nensional roller guide which runs
in longitudinal direction on the guide rail FS to be neasured. The roller
gui de conprises at |east one roller R, R2, R3, R4, R5 which keeps the
carri age SVPR3®&Pe&dct with the guide rail FS. In the two exehpl/ahH{R2/00355
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The travel pick-up is, for example, an encoder. The fravel 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 detecled 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 sourée LQis



adj ust abl e by adjusting neans WKJ. Any adj usting means, such as cage
suspensi ons, frames, screws, etc., are usable. An optioeahntARv@b06i S
optionally fixable to the slide between the |ight source LQ and the |ight
detector LD. Advantageously, the light source LQ and the |ight detector LD
are arranged in alignnent along the reference axis AN of the direction of
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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



positions. Many possibilities of variation in the formof recordal of the
image data BD or travel data WD are freely avail abl e toe JAREARXPGUst W t h
know edge of the present invention. Fig. 4 shows a schematic diagram of the
detection, transm ssion and evaluation of inage data BD or travel data WD.

| mrage data BD ascertained by the light detector LD are passed on to an

eval uat i ngWorlisto0#Es and travel data WD ascertained by the traveCT/pHEKOUfs are
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of a guide rail FS. For example, the change D for a length L of 5 m amounts to around 0.5
mm. In 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



Local non-rectilinearities of the guide rail FS are straightened by the
engi neer, for exanple in accordance with a correction ¢gRLKO&RY 2003 @
reprocessing unit NB on the basis of the result Ewith result data ED. The
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Rl, R2, R&tra@pterﬂ@ 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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screws carriage face nmeasurenment opening travel pick-up travel data
Reference symbol list

AA' reference axis

AE evaluating unit

A1, A2 supports

BS diffusing disc

D change in spacing between reference axis and guide rail
dip spacing between light detector and guide rail
dio spacing between light source and guide ralil
E result ‘

ED } result data

FF ) guide surface

FS guide rail

G gravitational force

L length

LD light detector

LQ light source

NB reprocessing unit

PA photo apparatus

PY photoarray

R slide

R1, R2, R3, R4, R5 rollers

R10, R11 SCrews

S carriage

SF face

Sz measurement opening

WA travel pick-up

WD travel data

WK angle member

WKJ adjusting means



angl e nmenber adjusting neans 06 JANUARY 2006 10 Patent Clains 1. Method of
determning the rectilinearity of the guide rails (FS) @fjaRuhkitofcor persons
or goods, wherein at |least one |light beamis emtted along the reference
axis (AA) by alight source (LQ, a guide rail (FS) is oriented
substantially parallelly to the referende axis (AA"), the light beamis
detected by a light detector (LID), the |ight source (LQ or the |ight
detector (LD) is displaced on the guide rail (FS), a change (D) in the
spaci ng between the guide rail (FS) and the reference axis (AA) is

det ect eHateht &laihsast two | ength positions (L) on the guide rail (FS) and
fromthe changes (D) in the spacing detected at the I ength positions (L) it
is calculated on the basis of a perm ssible deviation in rectilinearity

whet herqt he gRanges dddrmifing the r&ddfsdang, af BeRRlidd Ea?l'sQFS? of alliftyer ptashdbe. 2.
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of time and/or that a length position (L) 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
trave! data (WD).

3. Method according to claim 1 or 2, characterised in that a geometric form of a light
beam is detected for each length position (L), that a centre of gravity of the geometric form of
the light beam is ascertained and that a twisting of the guide rail (FS) in length direction is

determined from the change (D) in each centre of gravity with respect to the reference point.

4. Method according to claim 1 or 2, characterised in that two light beams are emitted
along two reference axes (AA') by the light source (LQ) and detected by the light detector
(LD), [the light source (LG) or the light detector (LD)] is displaced on the guide rail (FS), two
spacings between the guide rail (FS) and the reference axes (AA') are detected at at least
two length positions (L) on the guide rail (FS) and that a twisting of the guide rail (FS) In

length direction is determined from the change (D) in two spacings of a length position (L).



11 5. Method according to one of clains 1 to 4, characterised in that inmge
data (BD), which are detected by the |light detector (Lb)jargRysg@yel data
(WD) are passed on to an evaluating unit (AE) and that in the eval uating
unit (AE) the change (D), which is based on the imge data (BD) and travel
data (WD), in the spacing between the gllde 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 claim5, characterised in that the |ocal non-rectilinearity of
the gubde rdethqdFSycargingttoadrghveneins 1 @ 4 .epghavedssseryirutiiat itRBy date (Be),

basis of the re t it t res D)...7 vi ce_for
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goods, eanmutirgi urgt GAH)iaytat theoir te §laatihgrune rAE) itmg cladndee@st wolve ik ibgbéd beam
al ong a referenc is (AA), a l|ight detector D) for detecti of this
N ont Besieat e Caishird WD s SRk brRenBe ghifisast 4D TEdhecan
be pl acegersnbsbaipt(pahliy cRRUAEhs oreblie (F el enef dxh SEDAAN] is RIBALIRR as a
eval uating unit (AE), wherein the | :ght source (LQ and/or the light

det ect dPcRIImN-iestigearity <l the paidgdal Giv)t he guide rail (FS) to be displ aceabl e,
wherein the device is so equipped that the |ight detector (LD) detects
changes (D) in the spacing between the guide rail (FS) and the reference
axis (AN) abeffiod eepordipgdo|daign b Pesiatersgd ipLthabahe 'ap rmeanrectlneatityl ofdbe ng
unit (AR)qb Sai i tif i i ' ed
at the TR O ooy PR BB area T rh Shuhg a8 T R IE] B
devi at i b8 regulk éatei(EPhearity whether the changes (D) in the spacing are
pernissible or inpermssible. 8 Device according to claim7, characterised
in that the light source (LQ is rigidly nounted on the guide rail (FS) and
that thé |ighevidetfectdeterir)g itle meatdibdaritaof guisedrain (% of quiitidor aptso(F%)y. 9.
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are arranged on the guide rail (FS) to be displaceable, wherein the device is so equipped

that the light detector (LD) detects changes (D) in the spacing between the guide rail (FS)

and the reference axis (AA') at at least two length positions (L) and wherein the evaluating

unit (AE) is so equipped that from the changes (D) in the spacing detected at the length

positions (L) it calculates on the basis of a permissible deviation in rectilinearity whether the

changes (D) in the spacing are permissible or impermissible.

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. Device according to claim 7 or 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), and that a travel pick-up (WA) records the length position (L) 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).



