WO OU33161 PCT/NLO0100796 1 A measuring device conprising a novable
nmeasuring probe. The invention relates to a nmeasuring device conprising a
novabl e nmeasuri ng probe and sensors coupled to the rreasurl J}? for 5
provi di ng POABPI8h data.of the measuring probe. A neasuri Mﬁce‘ of this
kKind i s known from US patent applicatipn no. 4,703,443, and can be used
for measuring the shape or contour of a two-dinensional or
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to determine the effective length of the arm by means of a simple
mathematical computation.  Subsequently the two-dimensional or three-
dimensional contour of an object to be measured can be determined from
25 the Tength and the angular displacement of the arm by means of well-known
mathematical formulas based on a Cartesian, spherical or cylindrical
coordinate system.
The presence of a relatively large number of sensors
at the pivot points of the arm for determining the Tength thereof makes
30 the arm relatively vulnerable and liable to malfunction, in particular
when potentiometers are used. Furthermore it will be apparent that the
maximum Tength of the arm is inevitably Timited for constructional reasons,
so that this prior art device is only suitable for measuring relatively
small objects, which can be placed on a measuring table.
35 Consequently it is an object of the invention to provide
an improved measuring device, which has been designed for measuring small



2 objects to be placed on a measuring table, as well as relatively large

obj ects disposed in a room According to the invention this object has been ~
acconplished in that the neasuring probe is coupled, via a cord or a wire,
5 to a fiwaoigaesor for neasuring the length or change POT/NBOOOTP60f t he
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measuring probe, the second sensor is coupled to an elongate, rotatably
supported arm, in the longitudinal direction of which the cord or the wire
engages the arm.
In a preferred embodiment of the measuring device
25 according to the invention, the arm is coupled to the second sensor at
a first end, and is provided at a second free end with an opening precisely
adapted to the thickness of the cord or the wire, through which opening
~ the cord or the wire can be moved. The clearance between the wire and the
opening must be minimal in order to keep -the arm in line with the cord
30 or the wire as accurately as possible. '
In an embodiment of the measuring device according to
the invention the arm is supported in such a manner that it is rotatable
in an imaginary plane, in particular for measuring two-dimensional abjects.
_On the basis of the measured angle or angular displacement of the arm and
35 the measured length or change in length of the cord or the wire, the
contour of an object scanned by means of the measuring probe can be




3 accurately determ ned by neans of mathenmatic conputations based on a
pol ar coordinate system Since the accuracy of such a neasurenent is
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In the preferred embodiment of the invention the arm
is supported in a precision bearing having the smallest possible starting
moment, that is, the moment that is required for causing the bearing to
rotate from standstili.

25 = In yet another embodiment of the invention the arm is
made of a material having a low specific weight, such as aluminium or a
plastic, wherein the arm is furthermore designed to comprise as little

- material as possible whilst retaining sufficient mechanical strength,
however.

30 . - For an accurate measurement of the length or change
in length of the cord or the wire caused by a change in position of the
measuring probe, the cord or the wire needs to be sufficiently taut when
the position of the probe is being determined.

According to an embodiment of the invention, again in

35 'order to enhance the speed of the measuring operation, the first sensor
is coupled to a tensioning and roll-up mechanism for keeping the cord or
wire tensioned under the influence of spring tension and for automatically



WO 01/33161 PCT/ 1YLOO/ 00796 4 rolling up said cord or wire. Thus it is
achieved that the cord or the wire is sufficiently tensioned for carrying
out the neasurenment at all tinmes so as to be able to accurately determ ne
the | engtWO8MH#ange in length of the cord or the wirefC yx‘br eferred
enbodi nent of the neasuring device acgording to the invention the
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In the preferred embodiment of the invention the
measuring probe is elongate in shape, comprising a grip for taking hold
of the measuring probe and a pin-shaped end that is rotatably supported

25 with respect to said grip, to which said cord or the wire is attached.

By attaching the cord or the wire to the rotatably
supported pin-shaped end it is achieved that the cord or the wire will
extend in the radial direction of the measuring probe at all times during.
the positioning of the measuring probe. Consequently, no errors are

30 introduced into the 1inear measurement, because the wire is not in line
with the centre of the measuring probe and/or with the pin-shaped end

thereof.

In particular for measuring relatively large objects,

wherein the cord or the wire can have a length of 6 metres or more, a

35 material which is as low-stretch as possible should be selected, because
stretch of the cord makes the 1inear measurement unreliable. It has become
apparent that paraleine cord or paraleine wire is sufficiently stretch-



apparent that paraleine cord or paraleine wire is sufficiently stretch WO
"01/ 33161 PCT/ n00/ 00796 5 proof for the purpose of the invention. O
cours.e.also the sprl ng tension of the tensioning and r ani sm
nust be sePOMEHn such a manner that it will not caungJTﬁﬂ‘es}ﬁ@g%
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portabl e conpu e neasuring device Is characterized by a
processi ng ddbexetoconnected to the sensors for processi ng nmeasuring
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preferably a's interface or use, eripherals,
“such as the tabje r'\Rk\‘f’(!‘ﬁ’l feon yhetie Hher measuring R'}‘?Qe I“‘FEE Icﬂ"? 11%85"{"'9
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peripherals, such as the RS 232, which is known per se, or the like.
In the most complete embodiment the measuring device
comprises a further processing device connected to the interface, such
25 as a desk computer or a portable computer, which is provided with suitable
software for processing the position data for driving a device for
graphically representing the obtained position data, and/or software for
processing said position data for driving a machining apparatus for
directly and automatically producing an object corresponding to the
30 position data. Graphical devices or plotters and machining apparatus that
are suitable for this purpose are known per se in the industry.
Consequently, the invention also provides apparatus
for graphically representing measured position data, characterized by a
measuring device as described above, which is connected to said processing
35 apparatus. _
The invention furthermore relates to machining apparatus
for automatically producing objects on the basis of predetermined measuring



The invention furthernore relates to machining apparatus for automatically |
produci ng objects an the basis of predeterm ned neasuri ng, WO 01/ 33161
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positioned at a reference point prior to measuring an object, wherein the
measurement is calibrated in relation to said reference point.

The invention furthermore relates to a method for

25 measuring an object by means of a measuring device as described above,

wherein the measuring data obtained by moving a measuring probe, which

data is representative of linear changes and angle changes of the cord

or the wire, is subjected to correction operations, among which radius

correction of the reel onwhich the cord or the wire is wound, compensation

30 of vibrations in the measuring arm coupled to the cord or the wire,

measuring point and line filtering and offset correction in relation to

the dimensions of a measuring pin or measuring top of a measuring probe.

The measuring device according to the invention makes

it possible to measure objects very accurately, in the order of tenths

35 of a millimetre, and quickly, and the measuring data can be fed directly

to a graphic apparatus or drawing apparatus for providing a graphic

representation of the measured object and/or to machining apparatus for




35 of amllinetre, and quickly, and the measuring data can be fed directly
to a graphic apparatus_or draw ng apparatus for providing a graphic
representation of the measur ed obj ect and/or to machi ni ng_appa %b for WO
01/ 33161 PO NBMI00796 7 directly and autonatically pr oﬁﬁ'@ﬁh@ ﬁg obj ect,
for exanple in accordance wth the DIN SO code.: The neasuring device
according to the invention will be explained in nore detail hereafter by

nmeans of exemphaitYy QP aciotRtically prdduéitigethd dbject ,Skuresxample i decovdaweof an
enbodi nent of gqh%geng@ugon% eV| ce according to the invention for neasuring
t

t wo- dlrrensu% Ure 2 is aschematlctog pl an, vi ew of the
device of Figure 1. 10 Fi gUhe meagwtingedevics pocorAbigs to dheatnveptiopgeid 1scal e,

the nmanner | %e@p@ﬁrﬁeBQnarﬁdﬁead&aiﬁﬁemﬁ'erOby mbsns\bf @xemgage emqu‘imertﬂser in
one prefgr red enbodi ment of Ft1g|?re V'fcagl ?ﬁe%\g{fg Fﬂ:let9 évﬁgf I VénBbafant OLFgures

4, 6, 7,°B and 9 are schemat'i sectional evational and
perspective thewseasuringefdeyicsd @ﬁﬁ@dﬂgrem dthgr invention fr%a@ﬁ??%@"%r%
accor di ng t o dliléhshfAntbhjepts. Fi gure 5 schemati caI |y shows.the manner in

which the cord or the wire E%g the Igié}pgi&p% rg{eng%%ﬁg!:i gure

4 during wuse thereof. Figu 5%s¢ e view of an enbodi nent
20 of the neafurignee devi ce which is sui tabl e for measuri ng

thrfee- dh%mnSi Ogal Obj ects. Fig@t ¢ dchematiaaFghehoas, Con par erlacgeds scaliegw ﬁf a
referred e i ment n i  he
b 23:?5 dnanney. Sa vﬁi& Orﬁl{ah@m gnaalege Bhd ; pgﬁeﬁwgﬁggfe EacSEtHeR

measuring d I nven 5@ Si, n;k) 1 fied
el ectric w riingongi E@ﬁf&hﬁﬁdf embtoﬁléﬂerﬂﬁaﬁu?h%ée‘ﬂ'éﬁl rsording, ta &h et’B"? 0
i nvention. Figure 13 schenatﬁ1gm+e|sy4§m),m t Beanda9i avs q:uhenﬂss; ngartdaildy

correction st Sgé1on§‘|e,a§1 quoq!' q%PsﬁeE'E]JEE@Fe%'d?gpr%m% &ftfoirtngd oft O the

I nventi on. view, an enbodi nent of
a ‘measulb ng bert,eeswaw@%ﬁ ﬁQCQVGW%é%WemVFBW”cormr| sing a housing 2 in
the formof a trapezium andigureebsschéndigaldpeshdus Aheavame®, inwtiich tihe

rotatably supBof L,EGnb Nife RhGSS (RE rﬁ@“mh&?ﬁb&ga&zorhﬁngdté P9sRY 4 during
use thereof.

Figure 10 is a schematic side view of an embodiment

- 20 . of the measuring device which is suitable for measuring three-dimensional
objects.

Figure 11 is a schematic, perspective view of a
preferred embodiment of a tensioning and roli-up mechanism for use in the
measuring device according to the invention.

25 Figure 12 is a simplified electric wiring diagram of
. the measuring device according to the invention.

Figure 13 schematically shows the various processing
and correction steps in an embodiment of the measuring device according
to the invention.

30 Figure 1 schematically shows, in side view, an
embodiment of a measuring device 1 according to the invention, comprising
‘a housing 2 in the form of a trapezium, and a measuring probe 3. An arm
5, which is rotatably supported in a precision ball bearing 6, is disposed
on the upper side of the housing 2. The arm 5 rotates through an angle

35 of 360 + 20" in clockwise and in anti-clockwise dirgction in an imaginary
plane parallel to the upper surface 4 of the housing 2. Arm 5 is supported
in the centre of housing 2 in the illustrated embodiment.



on the upper side of the housing 2. The arm5 rotates through an angle 35
of 360" 20" in clockwise and in anti-clockw se direckion in an inmagi nary
pl ane paral 1 el to the upper surface 4 of the housing 2. Arm5 i s
support edwaQ01/381$¢ centre of housing 2 in the illustrate#cenvomiomsnt. Yf WO
01/ 33161 PCT/ NLOO/ 00796 8 Point of sypport 7, in which the arm5 is
rotatably supported, is connected to a Sensor 8 for neasuring the angle or

angul ar ~ di spl acement of apghyp & sﬁ%io?‘t '7”391'1 W' eh ghé"&‘i‘m ﬁqeomaeﬁbw re 11,

which 1is connected to the neasurin @g ext en L iﬁ re end 9 of
arm 5 5. THPPEBeds ofs eeweghedetord selsar, §°V|"¥§a5a‘1“"ﬂ1"%t H AP At 3“8‘1' ypport 7
to a tensi odisplacemdnt of | araps recdeddi imagindry pipne.sA myrd opi wireell,, wipich- set

reel 13, oniRbhRctaP 16O Mlashiify Wrbfe, L xiehd TG thd RFed Rl W of LRSI ON On

reel 13 acts to exert a constant Torce on the cord or wire 11 10 in the
di recti%n of: the housi ng 2. Connected to said tensioning and roll-up
mechanism 12 is a sensor The tord medberwing Ilhextandsivia afimsplandepeimt of the

reel 13, whiely ﬁ%?&o anfgn?,%dlﬂ@aﬂi rtﬁheuﬂ ﬁéﬁiltanlﬁflzt&ﬁlp?%ﬁﬂgﬁrm%féa 11to

t he rreasurl'% é)oele n@H{‘a‘fq‘ 38 cor \Aﬂ}the wre 11
resul ting fR&7se% TEH Pm n‘éra ‘Flwﬂﬁe obse"'%"“[ dgpnr"gaway
from the hotenisiepn on Beekdd dctads® ez@rtcahenmttarﬁafmcmmthﬁamﬂbbewr@dﬂc supply
and prﬁcessimgh@qum o@rf@nmg"yg phi n housi ng 2. Figure 2 is a view of

t he upper surface 4 of %pﬁztm dal, .housi naﬁ é) .tm %lsurl ng devi ce
according to Figure 1. 20 W P 09 Apd Ko\l HR e MAST 18n near
its point ©fasepyeorks mranedsnmegébhemguénddiwle¢emnhp5tb§<re¢ild i Whigh
direction aWaY fndPEaLIon N €He $eHIRRIIF 7hepwrd %Qfmrélllﬂt@@(tﬁevm&buﬁnyl ew to

achi evi ng a cise_equili r| um of r p e. The
part of °§?§u aq" &n a.“ﬂf %15919t§ %@ﬁg‘} 8?\ U‘h?ﬁgé 3? ‘yetsmﬁg" 11r‘ft%‘lﬂt hat arm
5as 25 a V\‘H@I roviegerde pf tha measwiing proks Bitowards pn ayay ifrewit %1rh9ui)1"ane
parallel to the upper surfragéh vined 1% ba\ehﬂuamg indfcatieeigeeebnié Bappapd 10 of

paancl vy o BRI, S P Ml SRR s 200" L PLSCTSE o
30 5 is provided with an dbéﬂl“h@ 18 atVie["s°frfélS BPRf"QSU‘Eﬁ?FBubI*PV\Aﬁ Bh the
cord or W {rapdzbiext abesing P2 of eshabiedsurdpgdenicel Gcdosding toffigyer bd that dirt
'S 20 - Arm 5 is configured with a widened portion near its
point of support 7 and the other end 10 of arm 5 extends in a direction
away from point of support 7 over some distance with a view to achieving
a precise equilibrium of arm 5 in an imaginary flat plane. The part of
the arm at end 10 is so dimensioned as regards its weight that arm 5 as
25 a whole is kept in precise equilibrium in an imaginary plane parallel to
the upper surface 4 of the housing. If desired, the end 10 of arm 5 may
be provided with adjusting means (not shown) for precise balancing of
arm 5.
Figure 3 is a larger-scale side view of the arm 5. Arm
30 5 is provided with an opening 16 at its free end 8, through which the cord
or wire 11 extends. Preferably, opening 16 is so configured that dirt is
scraped off the cord or the wire 11 before the cord or the wire is wound
onto the reel 13. Arm 5 is provided with a guide wheel 17 near point of
support 7, which guide wheel is disposed in such a manner that the cord
35 or the wire 11 extends precisely through the centre of the point of support
7 of arm 5.




scraped off the cord or the wire 11 before the cord or the wire i s wound
‘onto the reel 13. Arm5 is provided with a guide wheel 17 near point of
support 7, which guide wheel is.disposed in such a nanner_tha éh cord 35
or the w r@VQRméiﬁends precisely through the centre of th¥ ‘"@f suppor t
7 of arm5. WO 01/33161 PCT/ NLOO/ 00796 @ For an accurate neasurenent of
the angl e or angular displacenment of the cord or the wire 11 resulting
fromthe novement of the nerausn Rgcyrabteemedsiremest ©f sthet aeglet batanghtarar m 5

be in line W&F#a@&me&&%ﬁ tﬂE éo?& ol tfe %ré"‘ithé%?ﬂf’@lgsﬁl&nethé ﬂO\Fgﬂﬂﬁf g0

achieve this openi ng .16 .nmust aday to the
di aneter of tthe me@é\'ﬂ“@rprf’h%:”vxltrés £gsen ahtﬂ?%&"h? ﬁ%ﬁ&l%@ﬁt 3'}' ar ance

in the order copd ¢ khanwiret ueamuch haes possliibie. t e onilere thlachridve Hhiopethieng 16
' s used. gBy d“?uh&%ra?ﬁahﬁéﬁhﬁlﬁaﬁt}stlﬁe },Peaeeﬁpump%gdtt% ifid{diRterdd fheof the

arm 5, |n eviations ., n
al i gnnent bet%@r?‘”lt)hat Kiregd gnﬁﬁr‘lqi?éc%]o%b%‘f'm‘iﬂea Vil pErapge 68u§'l$d°5‘§F wear
or by wideni ng ©f1 mh betwseanihagcokd aratheasid 11 amd dbherapeningy6 fistusedg By new

part 18. The %?&Etar#ﬁts'tﬁé; ?{]tviel%?}a%enyﬁﬁﬂgﬁ tgsgﬂe' Blde- é’iﬁ' ﬂmf fhe aﬁPSSIM e,

whi ch is accord on achi.ev manuf rlnngﬂt garmS
froma |ight V‘(ﬂéﬂgﬁﬁ‘”‘iﬂrﬁ'@%PPe&‘l‘"g d6dm rresentyqeyiahions 1pi §tq dgnmenty bekw
desi gni ng thetharmrsb dndathea cordnomiive anireni]l ckusedt by wedr oy hyewiidaning of

Sufficient Q?Heﬁ%vgeﬁb gﬂaﬁ'éa%ﬂf'b& %e#éﬁﬂﬁ byH 45 £¥5hg H F@Ftphp@ 18f the arm

must be retaine ver, nin C or .t wre
11 and having the arm 5 rot a 8 %5& ?%Pc glgy“ﬂgg 5'5%3&’& ?Hﬂ’én‘”‘f ﬁEﬁl‘ﬁary
pl ane paral | glos$ib1ehevhtiigipes aaofdiog t4 tHe timentiers achiryed by imasufaduringan

enbodi ment ofyph NGyl YRR 4 99 qﬂ-neﬁm%fatmakegnch %1 & i Lk 39 EIfraamt 4 arm 5

furth I
BT pbeniohtnd 1. Arncho ISt T e SR pF BSadl vt B s

have been selsaéfizdeiomethaglhcylr etgiditonimride tmgitudiyal #Finechionof dheaarimow
adhesi on | ubp,car +e%amd hoWE‘\ﬁ'e?'e f&%aﬂ%ﬁﬁ)gZEher Sﬁ.v'aﬁd ithe Rofd FtiHROwivRMENt ,
that is, the orce %J 1['9}5] tation.from
standstill. léfa’ldeg%‘“f'ﬁ e@r@ Pr%ﬁ“lra tyaq,s[p 1%@%% Hagiaayy ed
for measuri ngﬂsmmbhraiﬂghltartlw smieacsuréms 4odf thm@ewdnmldeﬂve wire 11, in

par ti cupgr in case of a greah hFRbdinBRY 4P the hivehtRIMCH GRbetRORgEENt of
t he measuring, devi ce, accord vent e s.a length

of 20-30 cm Bfgthast wgsmﬂﬁg gd?%ﬁ?”"l?ret%e %ééd’r‘}sﬁbﬁﬁro‘ffgcﬁsw"

bearings are used, such as a ball bearing which is known per se, wherein
the balls and the bearing cups have been selected for high precision and
accuracy. Furthermore, a low adhesion Tubricant is used. These measures
25 result in a starting moment, that is, the force that is required to set
the arm 5 in rotation from standstill, of less than 0.03 Ncm. A small
starting moment is required for measuring small angular displacements of
the cord or the wire 11, in particular in case of a great length thereof.
In a practical embodiment of the measuring device according to the
30 invention the arm 5 has a length of 20-30 cm.

Figure 4 shows an embodiment of the measuring probe 3
of the measuring device according to the invention, partially in elevation
and partially in section. Measuring probe 3 is elongate in shape and it
comprises a grip 20 for holding the measuring probe 3 and a measuring pin

35 21 that is rotatably supported in grip 20.

As can be seen in the figure, the measuring pin 21 is

mounted in a holder 22, which engages in a bore 25 in grip 20 via a shaft



of the neasuring device according to the invention, partially in elevation
and partially in section. Measuring probe 3 is elongate in shape and it
conprises a grip 20 for holding the neasuring probe 3 and a nmeasuring pin
35 21 thatWeeUtdat abl y supported in grip 20. As can bePCERR00/§76he fi gure,
the measuring pin 21 is nmounted in a ﬁﬁlder 22, which engages in a bore 25
ingrip 20 via a shaft WD 01/33161 PCT/NLOO/ 00796 10 23 and ball bearings

24. Pr efera?§§ n‘i’:QPP r*?ﬁg%rgi‘gﬁr a%'i? Hﬁﬁ@e%ﬁaﬁh?"m ath&e&QE@h&Eu t he wire

11 is attac e(f)l measurin der to;na e
easy positi ah‘? GG bPT ¢ % i ! Hsnﬁ F near f’ﬁ‘“e ﬂ"ﬂd‘?ﬁa&'r‘ﬂge"’@l bt an
obj ect 30, neasuring pin 21n|0$de15taln@ilreeehWopdsannangerFtﬁlenméasngtﬂg and a

fsgpprg&tl ng ai-weaseorZer.§>rg1$eﬂdf@9encee§p%g?avghsbﬁd&ygaOmtemﬁﬁ@%hl gﬂfgl ?hgl is
g S R N L N T AT A R RS
Figure 5, openpendizuidndy toOtheomeasaping pirppbris formedseiasgto glosiviennthesur i ng

pin 21 with fl‘?%?e;fétrpérﬂi&ﬂ'aply 39 ks b NRAEHY birFabd 83 an idbjb& 80r €d t hat
the cord or the W T be in a stralght line with the radius of

measuri ng pP%H@a%"rf’ the rreasurl ng pin 21 "at all tinmes, in order to
prevent measuring errors Aedsl séhematficakiynswwurimgigreb® dwing g fhevoted in

| ongi t i nalroﬁ*tﬁﬂf‘etduﬁﬁortlﬁv E{éursn fﬂfeclhtfashﬂné pﬁhtﬂlarli*tﬁrfe%@fteﬂd"gh pe cord.
or the wire asuri,ng pr obe

3, as is il ?%s“tfrget 5'8a "'Ygt REC rg ﬁ%sufﬁd Qh gl é Cé'rg o tﬂe W3ge ildi cat es
t he course wfllt he Doz th‘i)'lrght Henwvnéh vuherraﬁam of gred@swring rohe 3 tp sthﬁl xedl y

attached tOméalaarmasmlzrlgat psTbeires,t htorder tAOprevent amgsueingd epedris, and

t he neasuri obe | ot ed |
Lne reasur PRRE i kBt AF bRoshiRh STVl Ctont bRt e |
appr eckbat e Thist mayheccue dinda i tuatien whengimthecondher the V!a"‘ﬁa}cleﬁ diixeHyt is as’

| owstret Chc@ﬁecmsﬁd Bhe girfp 20 AT theOméBupitigepriobe 5t #€tisSTHUbtralad®gs i n

length as wgl brd gg lgﬂé)iﬁt'ngt?'ig%h "é.“eﬂ{lk% ﬁﬂl}gat% ﬁhgeco‘éW%g o?’]th rrp\é'gry ! ong.

It has beco OWF stre
so-cal | ed peft b’l'%?"(’f‘@ whep saihgerd-oyathecwixeiistfiixedlypitached @u?'tedﬂﬂaé“‘f‘(ﬂﬂ t he
pur pose of prvbe 3,nvigatt h@nnoParf‘a|£lplﬁﬁ)tGd)r|ﬂrDJ and rthe hmeasaging plicheed ds of 1 nm

" S, I e S Bable end RO MRS
t ensi on of {¢Hection. '

"A person skilled in the art will appreciate that the
cord or wire 11 must be made of a material that is as low-stretch as
possible in order to be able to detect small changes in length as well,

25 in particular when the cord or the wire 11 is vef'y Tong. It has become
apparent that low-stretch steel wire and for example so-called paraleine
cord has characteristics that are suitable for the purpose of the
invention. P'ara'lei:ne cord or wire having a diameter of 1 mm possesses a
tensile strain of 1 daN, 0.4% at 3-daN and 0.9% at 10 daN. Also other types

30 of cord or wire can be used, of course, and the spring tension of the
tensioning and roT]-u_p mechanism 12 must be suifab]_y selected.

Figure 6 is a perspective plan view of another
embodiment of a measuring probe 33 of the measuring device according to
the invention. Like measuring probe 3, measuring: pﬁobe 33 js elongate in

35 shape, comprising a grip 34 for holding the measuring probe 33, a measuring -
pin 35 rotatably accommodated in grip 34, and an approximately semicircuiar
platform 36. The diameter of the semicircular pl _atform 36 is larger than




tensioning and roll-up mechanism 12 nust be suitably selected. Figure 6 is
a perspective plan view of another enbodi nent of a neasuring probe 33 of

t he measuring device according to the invention. Like measurin robe 3,
measuri ng, WO®P31683 i s el ongate in 35 shape, conprising aPW”gﬁ'BFor

hol di ng the neasuring probe 33, a rreasur'ipg pin 35 rotatably accommvbdat ed
in grip 34, and an approxi mately semcircular platform 36. The di aneter of

:Ee 3_em' Cit rcwlhgrdialn@ée;rgmg?aﬁp 33, I?fam@r 32 P@Wc}fﬁ%m&%ﬁ&@m{d\lww 9275&6t 11

e di aneter I . A.ring 37 is_rotat.a conne
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pi n apd platform can support.ed.Jn | n S r as

descri beg above with refere 'Ic)}%ﬁepdé'u # g %B?tgfl?gm 31|.6 ﬁ\én"ys?ysg'gg%'{‘mggg‘ri ng

that is suffigripdglin Precsimeemanner agideaptibed fabeve Withprafigoencedio pepsuring

Ilgvigt Ihon, bS Lbfibb@%l. aArfyylctjhryi ?% Qfﬂa]!'ﬂlga'tlihtb%lrs{t:x!ﬁﬂicﬁénﬂtyhpré_di ke .andasuibeblesed.
as be aj ne reference LQUL6 D .

rot at abl e be?r‘]’r%'go‘furﬁg%?s\é\%itﬁa 1;5'?'?1“*33',” 6#‘21 F%%n%@éﬁ%'h‘% ﬁan@@e%\nﬂ?ﬂ or

respect to grthp Bkepfcanrhe Heetsuri ng probe 33 it is ensured that the cord

or the ypre 11 will be in a gxtKA lEah expTidned Witht RFer@tetd Kigued 5 powihgof

t he neasuring probe.3 t.all.tinmes. 15 MNe i n ] |t S,

sem circul ar %ﬂlﬂ?f'&Fﬁf@ge heaging 'Beaﬁsflrlé'glpgi?'%ssdi ! égf°39f% Ob}ggnﬁd‘éttngr%ﬁgﬂh
contours of awspisiteta 98w BY ofothenmeasuningnarebe33ntt (8 ensured| Brag theecord

c } r cum;I er g_nCEbrO’EhFeF hﬁecq)gtvﬁw ,beVW}Ehei’t{i'_aﬁé’lﬁ Hﬂeaﬁtf[h_rfh&-ﬁadiasttff QﬂitpaSG urfL ace
of said objegt. Figure 7 i s¢ i.c._ perspective view of yet another
20 embodi rren&tthmeg_gwggLﬂri°ﬁ§Ia’38r%Qgirgd:@%sr’ use in a neasuring device
accordi @y to the invention. eRBwYNg i RYgbe 38K th i tisssemipincanay il alfornat i cal
to hm%‘c':lsulr3 : ngsﬁmmt | tP1ap sueHD da‘o:kh‘éadﬁ'_sh(_gﬂgr;ﬁwi‘bof lah obdedtf 30 byrmevingat an
exchangeabl e, - r e A pi n
5. 25 F qur 48 Heasrfi FR aftloliR itelaelplserth BHE Eolar TEREHIL e, D | |
el evation, ofplatfernebsestsgorproptrface ofitfaidiobiedte hat-1ike neasuring pin
40 is clearly shown. Measuripiguit Ni4Q sehdiat id, peblpettive elbwarf yedianothtl

DA BB R Lot Bbng S PHORLE i e RUA R 42

' to the invention. Measuring probe 39 is substantially identical to
measuring probe 33 as regards its design, with this difference that an
exchangeable, hat-1ike measuring pin 40 is fitted over the measuring pin
35. '

25 ' Figure 8 is a schematic view, partially in section and
partially in elevation, of the measuring probe 33, wherein the hat-like
measuring pin 40 is clearly shown. Measuring pin 40 consists of a circular
disc 41 having a rounded edge and a central, elongate cylindrical
projection 42 with a rounded top, it is in particular intended for

30 measurements along objects having a rough surface so as to prevent the
measuring pin 35 from being damaged.

Measuring probe 39 is again in particular suitable for
measuring contours of an object, it has a fixed offset that is determined
by the size of projection 42.

35 - Figure 9 is a schematic, perspective view of yet another
embodiment of a measuring probe 43 of the measuring device according to
the invention, comprising a conical measuring pin 44 having a spherical



30 neasurenents al ong objects having a rough surface so as to prevent the
measuring pin 35 from bei ng danaged. Measuring probe 39 is again in '
particul ar_ suitable for neasuring contours of an object, it has a fixed

of fset t hANCOEMWLt er i ned by the size of projection. 42."‘:%1‘?‘?"!%5% 9is a
schematic, perspective view of yet anotjper enbodi nent of a neasuring probe
43 of the measuring device according to the invention, conprising a

coni cal neasup 469 which 44 vodatably suppirded dal g\® 1 19e6icaPCliopNID Ba®C796 12

top 45, whi ?lth%rdgielt gfr%a@é ¥ mPOsd EfboliSnedt  theRébf, SMBALInCRle &t dOthAs a

di ameter of a nmm | n one,enbodl nent thereof, wh in.the cord or the
wire 11 ter M‘Ffaﬁé;eﬁ?‘@ﬂ"?e?rfc???q?r?@ {I'grﬁer" Y%P$§BWPF§QS"R 5[]‘5 E%?s"f(‘/é'é%uri ng
probe 43 i s prebepdd tiscin partdcultazbdudtibie foreusesas aseo-salladd"pgiotent’efor for 5
v ndon ¢ eEA L In korffhsOBE A6 otifcb to e Rk iled P dfith 85 £ dBCIradeATE  Of
rotatably s@ppbrindew ?ﬁg'%;pogqrt Fﬁﬂggﬁ' toﬂénggrtpp{'?4?a‘i§eénﬁ%ttﬂgf?°é’ct4§t11se
measur enent rotapkhisnpporbed,hdhe positios shipe fipt 3k dobj ot abfest theo

nmeasured, fpeidi@Emenf®asuring probes can be devel oped for use with the
measuring device according.to the invention

f.v\,hi ch probes are aItI
consi dered to be i ncor por aPERENAING; A% tHE P8I Figashare %pgﬁ?co 0Fh P % ure 10
shows Hh enibeasunedit forther measuringgprobes ccan b devetnped ntpnt gse v thnthent i on,
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57 is a sensor 58 which isFigupal shays ancesbediment R€ 3 geasuramd slevisee arm 56
in two degr @S cbrdih§8d0the irkbnk fin, CXGHIPI Gng e ﬁtﬁ?{iéﬁﬂiaﬂahwsﬁhgﬁm, v al | el

to the upper surface 55 qf housing 54. as.is. |ndica b f a
curvedlir r ol ﬂ?eraﬁ&rfisaﬁe gﬁ °€H§bﬁrﬁn§rsyhﬂﬁa s fﬁéoﬁf‘eﬁ%i%ﬁ%&r ﬁ/r&?%%t%ﬁg upper
surface 55, as is indicatedn thy iktustratef epbedimeat agp 56vjssprovidetewiasuri ng
device 50 fHrgaherjocsREBYi fCenaenasuring 25 probe that is connected to a

cord or the wire 11, SuchegnLig, asHh thinP's3fs Posenlsh s85Teh &s and am
associ ated tensioning and rol'l-up nechani s . I nc ud:sqr}g a sensor 14,
for measuri Atpabi e pfimeasusing kegmpetation ofgthe arm 86 indwp dagvessaf Biredhins of

arrow Z3 andoresampleeth ian. inagida®y qo@ah@ Pparallel to ‘the upper surface 55 of .
housing 54, as is jndicated by means of a curved arrow 51, and in an
imaginary plane perpendicularly to the upper surface 55, as is indicated
by means of a curved arrow 52. _

* The measuring device 50 further comprises a measuring
25 probe that is connected to a cord or the wire 11, such as the measuring
probe 33, for example, and an associated tensioning and rol1-up mechanism
12, 13 including a sensor 14, for measuring distance or changes in
distance, as indicated by means of arrow 53 and described in the foregoing.
Three-dimensional .contours of objects can be measured
30 accurately with the measuring device 50. Also in this case the starting
moment of ball joint 57 must be as small as possible, which can be achieved
by a careful selection of the bearing parts and the lubricant that are
used, as has been explained in the foregoing.

Like measuring device 1, measuring device 50 has the
35 advantage that it can be designed as a portab]e', transportable unit for
measuring small objeéts placed on a measuring table, for example, or larger

objects that are present in a space. ‘
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Figure 17 Th st oni ng and roll-up mechani sm 60 S an
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connects to a spout ext e ord or
the wire 11 extends via spo{}ﬁ‘% %ﬁnjipgé%@%ﬁ]fﬂ%ﬁ%q gﬁ b&?ﬁgb%gt%ggg?ﬁ 63,
64, 65 and 6@uidewhrels; FEane 6% &s peeyided with,an geening 68near one Sty a
groove 74 is opepi@ntonnestd he Dupout s9rdxdemiing imeedtwdvd dihectdeptfironféihi ch
groove is ad e o) ' t (ST : of event
def ormati on g@Et gh Ui gﬁgt@?@g? F’ﬁgﬂésoﬁgg gslpgﬁtggv@drﬁl qulnﬂgrf\ég’?@gl B‘égfei S
further ®dre pheetsdEd 58 G5 andsp8s Kesmeekivelyndf &by for winding and

unwi ndi ng the cord or the vinr thel 11lustheated pmbodimertisi groov@Vd dperaséndn of

the tensioning andofQl! stPacd 6 Bl §?,‘ %E io?Pﬁwso%% &V'groolBoi Caddpred tohe
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L2} 7 b g ar o B 45, 35l whl Gl bl Cobd ot
- wire 11 under spring tension. The operation of the tensioning and roll-up
mechanism 12 is as follows.
The cord or the wire 11 that can be moved into or out
of frame 61 via opening 68 is guided, via rotatably supported guide wheels
25 63, 64, 65, 66 that are movably in the longitudinal direction of their
respective shafts 70, 71, 72, 73, in such a manner that the cord or the
wire 11 will follow the spiral groove 70 of reel 67. This prevents the
cord or the wire 11 from heaping up upon being wound onto the reel 67,
which would introduce an error in the measurement. After all, the length
30 of the cord or the wire 11 is determined on the basis of the degree of
revolution of reel 67. This means that the exact diameter of the reel 67
must be known. The heaping up on reel 67 of layers of cord or the wire
11 in fact corresponds to unknown diameter changes of reel 67, as a
consequence of which the Tength of the pulled-out cord or the wire can
35 no longer be accurately determined from the degree of revolution of reel

67.



cord or the wire 11 from heapi ng up upon being wound onto the reel 67, ,
whi ch woul d introduce an error in the neasurenent. After all, the length 30
of the cord or the wire 11 is determned on the basis of the degree of
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of nmechani caMtab‘rq pulise gendragors ean be useslo pfcunses sush @s Pydsedenaratars housi ng
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i nventi on, arpdratusofar araphieadidnompresent Hgr sexitien QaUeQRtFBPr‘leE'P the
measuring device according to the invention, or for driving a machining
apparatus for producing an object corresponding to the position data.
25 Figure 12 is a simplified electric block diagram of
the electronic components 15 of the measuring device according to the
invention, and also of the connection thereof to a desk computer or
portable computer (laptop) 75 and to a machining apparatus and/or
plotter 76. '
30 : The electronic components 15 comprise a processing
device 80, for example in the form of a microprocessor, to which a display
unit 81 (see also Figure 2), a control panel 82, which communicates by
wire or by remote control, a power supply 83, for example in the form of
an exchangeable battery (see also Figure 2), an on/off switch 84, a
35 wireless transceiver unit 88, which communicates with an input unit 87
by wireless remote control, and the sensors 8, 14 and 58 are connected.




__portabl e conputer (laptop) 75 and to a machi ning apparatus and/or plotter
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or a portable computer, and graphlc or plotting apparatus and/or machmmg
apbaratus, the invention also provides a measuring device wherein the
functions of the desk computer or the portable computer and the measuring

25 device are combined into one unit, wherein said unit may also be integrated

in graphic or plotting apparatus but also in machining apparatus for

directly producing measured objects or products, project management,
purchasing, etc. .
The measuring device according to the invention as
30 discussed in the foregoing is suitable for measuring an object, for exampie
- by positioning the measuring probe 3, 43 at discrete points on the
circumference of the object, for example in the corner points of a poiygon
that is known per se, or by continuously following the contour or

circumference to be measured by means of a measuring probe 3, 33, 39.

35 In the first case means are provided for storing the
measuring data from the sensor when a measuring probe 3, 43 has been
positioned at a specific point of the object to be measured, for example



purchasing, etc. The neasuring device according to the invention as 30 )
di scussed in the foregoing is suitable for measuring an object, for exanple
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48, sijgce thyignmBnesystapasievbcexmpié 3 Tiser-aRhtrdibed hhighmenti systenoal
rreasurerrentwﬂ] be apparent that the alignment only applies to a measuring device
which is restricted to measurements in a two-dimensional plane, such as

measuring device 1. measuring device 50, on the other hand, as shown in

Figure 10, does not necessarily need to include alignment means 46, 47,

25 48, since this measdring device 50 is suitable for three-dimensional

measurements. _ :
- As has been explained in the foregoing, the data flow

that is to be processed by the processing device 80 comprises data
concerning the length of the cord or the wire 11 and the angular
30 displacement of arm 5; 48. This data is provided in raw form by sensors
8, 14, 58. The further processing of said data includes several processing
and correction steps.
Fxgure 13 schematically shows the various processing
and correction steps in an embodiment of the measuring device according
35 to the invention, under the control of the processing device 80. Blocks
mA" B and "C" indicate points corresponding to each other.




As has been explained in the foregoing, the data flow that is to be
processed by the processing device 80 conprises data concerning the |ength
of the cord or the wire 11 and the angul ar 30 di spl acenent of armb5; 48.
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Sensors 8; 58 are provided for determining the angular

displacement of arm 5; 56, which sensors are likewise in the form of pulse

generators. Also in this case the number of pulses is stored by means of

an adder-subtracter, block 105, readout counter pulses measuring arm
25 rotation.

Movement of the measuring probe sets the cord or the
wire 11 vibrating. This vibration results in an oscillating movement of
arm 5; 56 and thus in a potential measuring inaccuracy. This oscillation
js measured dynamically and the measured value is used for making a

30 correction, block 106, compensation arm vibration.

The data thus obtained, which has been measured in a
polar coordinate system, is converted into an orthogonal coordinate system
in block 107. This is done because the commercially available processing
software is primarily based on an orthogonal coordinate system. Conversion

35 software suitable for this purpose is known per se in practice. A person
skilled in the art will appreciate that this conversion can be omitted,
of course, by processing the results in a polar system.
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subsequent |y corrected , 110, 15 offset correction. Furthernore the
user cdh i n@ftsetecarke®iBRk 111, rotation and translation measurement, in
whi ch way the neasurenent Fustheimere plesuser saedndicateén bladkoddnaptatden di nat e

system For aﬁ&‘?ﬁ@n?]%@ﬁ hf ashh’ﬁenﬂr '2'%' ?:rl:iiéh | vyt e f itnéassturélﬁetnitn mufe beast h
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t hus obtain Is,stored in,a 25 backing store, block-112, data storage.

- measuring points, etc. _

* During the measurement the data is stored in the main
storage of the measuring device. Once the measurement is complete and all
operations have been carried out, the data thus obtained. is stored in a

25 backing store, b'Idck-112, data storage.

After scaling and translation, the measuring data is
displayed on screen 81, in such a manner that _al]' measuring points can
be displayed on the screen, block 113, displaying data on screen.

In order to use the data obtained from the measuring

30 device, said measuring device can be connected, via an interface 85, to .
a computer, such as a personal computer, a Taptop 75 or other computer,
on which a so-called 'host programme vuns. By means of this programme the
measuring data can be fed to a processing device 76 for further processing;
block 114, "upload" data to PC with host programme.

35 _ _. Although the invention has been explained in the
foregoing by means of exemplary embodiments of the measuring device
according to the invention, it will be appreciate that the inventive




After scaling and translation, the nmeasuring data is displayed on screen
‘81, in such a manner that all measuring points can be displayed on the
screen, block 113, displaying data on screen. In order to use the data
obt ai ned f rwoyistslneasuring 30 device, said neasuring deR¢ENLYAHR798e
connected, via an interface 85, to a conjguter, such as a personal

conputer, a laptop 75 or other conputer, "“on which a so-called host

progr amve. 1 ungonce IRATES a1 AdSPSARFEMURYS. Dt TRAS LchD ofitha foRTbR f o
to a processin evice 76 for turther processing; block 114, "upload data
to PC with hoStaiBPogramme. 35 Although the invention has been expl ai ned in
the foregoing by neans of exenplary enbodi nents of the neasuring device
according to the invention, it will be appreciate that the inventive WO
01/33161 PCT/ NLOO/ 00796 19 concept can be realised in several ways within
t he scopé of the followng clains. 5 WO 01/33161 PCT/ NLOO/ 00796 20
CLAIMS 1. A neasuring device conprising a novabl e neasuring probe and
sensors coupled to the neasuring probe for providing position data 5 of

t he measuring probe, characterized in that the nmeasuring probe is coupl ed,
via a cord or a wre, to a first sensor for neasuring the length or change
in length of the cord or the wire, and to a second sensor for nmneasuring an
angl e or angul ar displacenent of the cord or the wire. 2. A measuring
device according to claim1, characterized 10 in that the second sensor is
coupled to an elongate, rotatably supported arm in the |ongitudinal
direction of which the cord or the wire engages said arm 3. A neasuring
devi ce according to claim 2, characterized in that the armis coupled to
the second sensor at a flrst end, and is 15 provided at a second free end
with an opening precisely adapted to the thickness of the cord or the wire,
t hr ough whi ch opening the cord or the wre can be noved. 4. A neasuring
devi ce according to any of the preceding clainms 2 or 3, characterized in
that the armis supported in such a manner 20 that it is rotatable in an

i ragi nary pl ane.



5. A neasuring device according to claim4, characterized in that the arm
is rotatably supported at a point sone distance away from its first end, '
for balancing the armin said imaginary plane. 6. A neasuring device

accordi ngwo®18316l m 2 or 3, 25 characterized in that theCENI00/08796pati ally
rotatably supported. 7. A measuring deﬁice according to claim§6,
characterized in that the armis rotatgbly supported at its first end by
means of a cEg@@re or a ball. 8. A neasuring device according to any of the
clainms 2-7, characterized in that the armis supported in a precision
bearing having a smallest possible starting nonent. 9. A neasuring device
according td.any of the cl Aimessudify devd hacemprésingednovablemeasutiagarobe s nade
of a |ightwgj ekd ) Mo Vg o€, [ ; f the
pr ecedi ng “g%&g%ggﬁ%1E%ﬂg?gégéwéggggﬁﬁP ﬁgfﬂg‘gﬁ}pﬁﬁf@ggngg?iﬁgﬁggﬁpled to
B ensiBai ngF theameaiur g, pAhanatHarartes 2shdpi Hiat He ABRTIRS T0BS (L

under the kbdglled] iviia [al doird lolr| 4 Witte,|$d & Iflirst kerSor Thor neabrdng Hhe 1B8egth
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i nfluence of sprihg. tension and fo tomati cal.ly rolling up,said cord or

wre 15 ATRASIEIN Ab 9ATR 6 BBV AR SRR ErthE SRR AR MBRA [ 1 ¢ ha

the tensionkng and rol | - upAmezswring deioepccedingite ol zimahl sharBctamppast t ed
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w | | fpllomﬁshidﬂspiral groove of the reel. 12. A neasuring device

according tg any of the prgaesiuping ddvieé Acedrding6d ardinrd, zeradternadd t he

The measar | 1 Beb oS AL ppyfieh A0k sHEHRLRE oF £ irifey hay AAG (oL OF
respecl5 t o pefvddes ap a secondi Beecerd withi an opewingr presisatyr daptediite gifteed. :

thickness of the cord or the wire, through which opening the cord or the

wire can be moved.

4, A measuring device according to any of the preceding

claims 2 or 3, characterized in that the arm is supported in such a manner

20 that it is rotatable in an imaginary plane. '

5. A measuring device according to claim 4, characterized

in that the arm is rotatably supported at a point some distance away from

jts first end, for balancing the arm in said imaginary plane.

si oned

6. A measuring device according to claim 2 or 3,
25 characterized in that the arm is spatially rotatably supported.
7. A measuring device according to claim 6, characterized

in that the arm is rotatably supported at its first end by means of a

sphere or a ball.

8. A measuring device according to any of the claims 2-7,
30 characterized in that the arm is supported in a precision bearing having

a smallest possible starting moment.

9., A measuring device according to any of the claims 2-8,

characterized in that the arm is made of a 1ightweight material.

10. A measuring device according to any of the preceding
35 claims, characterized in that the first sensor is coupled to a tensioning

and roll-up mechanism for keeping the cord or wire tensioned under the
S

| O

.




/13. A neasuring device according to any of the claims 1-11, 15
characterized in that the neasuring probe is elongate in shape, conprising

a grip for taking hold of the nmeasuring probe and a ball - - shaped
top that | WOBEAMeAbly supported with respect to said gri p",é)‘ri”ﬁﬂgggentre

of said ball- or sphere-shaped top said gprd or the wire is attached
thereto. 20 14. A neasuring device according to any of the preceding

cl ai ms, char agffgémc@dof Rpkingl térdgorr @nd for altemadicallysrokidegodp aairhicerd al
which is as | ostrt.retch as possible, such as lowstretch steel wre,
par al ei ne cory ¥} epiar aleine wre. 15. A neasuring device ccordip 1o, any
of the precedlihg 25 cl ai s, A Beasuxingdavieejaceordiigitoqiain fl&’th%m& %éé%qld
3gln'sors arg af ahded thé Stebicndng earlr alodT-up Woelaniism tdmlmpnisrebela obtahables
I vere urin S | of . | r
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LELTEETTE T 1 &dildl ¢drid! dv the Wlite WO £tA3iEH61 PCT/ NLOO/ 00796 22 18. A

measuring devi:{;e accordi ng tnggﬁ]gwﬁlﬁevi?Q%@&Id%dng@gw b¥ tRe tyifniier-11,
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of said ball~ or sphere-shaped top said cord or the wire is attached
thereto.

20 14. A measuring device according to any of the preceding
claims, characterized in that the cord or the wire is made of a material
which is as low-stretch as possible, such as low-stretch steel wire,
paraleine cord or paraleine wire.

15. A measuring device according to any of the preceding

25 claims, characterized in that the first and second sensors are arranged
as pulse generators, wherein the number of pulses delivered during use
is proportional to a change in length and angular displacement of the cord
or the wire, respectively.

16. A measuring device according to any of the preceding

30 claims, characterized by a processing device connected to the sensors for
processing measuring signals delivered by the sensors into position data
of the measuring probe and making said data available on an interface.
17. : A measuring device according to claim 16, characterized
by a further processing device connected to the interface, such as a desk

35 . computer or a portable computer, which is provided with software for
processing the position data for driving a device for graphically

representing the obtained position data. ”","J "mj m"" "lll " ,",
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data, characterized by a neasuring device according to any of the clains
1-18, which is connected to said device. 20. Machining apparatus for
automatically produci ng objects 10 on the basis of predeterm ned nmeasuring
data, chaW@@18816ted by a neasuring device accordi ng toPEFNLYKTIGe cl ai nB
1- 18, which is connected to said machiﬂ'ng apparatus. 21. A nethod for
measuri ng an object by nmeans of a neasuring device according to any of the

pre_ctedi ngdcll?J.nB, characterA@ﬁ?ur%d%ﬂidem_bom BB aBaii 15 c?%ﬂb.e%éi&ed o b
positi one one Qr nore polnLts .on e . ClrC eren 0 e_0D] eC 0 De
heasured. 22 A H@‘%‘ﬁsa’wsﬁswagawgwame%i 5 e JrIRe o Pt S0k ng
devi ce accorasmpiieroomriy portable eomputes, lwideh thareicided iwidh softwanst fohe
measuring Pri¥geedsin d pabfien t fetaCifor UdHioimN G mMkhinifg OkPpasituso Foe 20

measured. 23. A method according to.claim?2l or..22, characterized in that
t he rreaguri Ry oY Be ﬁ"sobﬂggftcf’ ﬁ%&" ‘{‘“%%Pg#h&%%é&"f{‘of’ﬁa'pri or to measuring
an object fdd.the purpose dfdevice fararaplyjcahly nepresentingmeasurad pasitiemod
gctcor dlb ?g_ tm;e&,atmr%_étevaze@by %me&bﬁfn@cd@ﬁte\iﬁébogaﬁc? o ahploft e ¢Mams!ri ng f
at a obt ai ngd, by in Ling.pr ic ata is representative o
| i near chanée%g’aﬁ'gpci'n Tqégﬁ'g%ﬁ%f}é?o%‘gh“ggﬁc&d or the wire, is subjected to
correction d8erations, anmpigchinirghapparatys fog automaticallygrrodycdng lieckh which
t he cormlI 08 oTnhfhe\#aEﬁs b preddehmi AEIREA3URENG WA ta OEharabtert zed by h:messhemgeasuri ng
arm coupl e . 1 of .t . Sl i.n [ iltering
and of f set cd%r%rfeec_ ‘f%ﬁaﬂ‘ﬁ ?Oelagg iagnléﬁ%.C?)Q‘tnﬁg?alghe%gflgﬁss %"%g&r?gagbﬁrs Hlég pin or
“measuring tdpckimipg #pRA@ENhg probe. 25. A nethod according to claim 24,
characterized.in that the Aeasthodn@odaicasusingr aceelsiedt i by aneans osft hogonal

coot 1t 5y PGB b bt 47 b bk sl
15 in that the measuring probe is positioned at one or more points on the
circumference of the object to be measured.
22. A method for measuring an object by means of a measuring
device according to any of the claims 1-21, characterized in that the
measuring probe is moved along the circumference of the object to be
20 measured. '
23. A method according to claim 21 or 22, characterized
in that the measuring probe is positioned at a reference point prior to
measuring an object for the purpose of calibrating the measurement.
24, A method according to claim 21, 22 or 23, characterized
25 in that the measuring data obtained by moving a measuring probe, which
data is representative of Tinear changes and angle changes of the cord
or the wire, is subjected to correction operations, among which radius
correction of the reel on which the cord or the wire is wound, compensation
of vibrations in the measuring arm coupled to the cord or the wire,
30 measuring point and 1ine filtering and offset correction in relation to
the dimensions of a measuring pin or measuring top of a measuring probe.
25. A method according to claim 24, characterized in that
the measuring data is processed into an orthogonal coordinate system.
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