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This invention refates to a mathod of determining the position for a machining

axis of & rotary work blank, in partictlar a orankshaft, which includes workplece argas

to be machingd by stock removal and workplece areas left unmachined and whoss

nominal mass distribution is known, by msans of a measuremant device capable of

measuring the spatial position of workplece surface points.

DE 28 23 218 C2 discloses a mathod of measuring the position of the mass
inertia axis of a workplecs configured to rofate by means of a mass-centaring
machine. This method includes recsiving the workpisce in 3 maching in an initigl
position pradstermined by s geomstrical shape and rotating & about an axis of o
tation of the holding fidiure., Whils the workpiece rotates, any imbalance identified is
measured, and the position of the mass nhertia axis of the workpiece in relation o the
given axis of miation s determined.  In g further step, the position of rest of the
workpiecs is changsd such that the given axis of rsiaiimian{i the mass nerlia axis
coincide. In this position, centering bores of analogous centering means are applisd
o the workpiecs, which serve {0 receive the workpiece in the subsequent machining

operations,

EF 0 268 724 Bl dischsss a method of mass centering workpieces o be
machined in part, in particdar orankshafts, in which the workpincs, befora baing
machinad, is displacad transvarsally relstive 1o s axis of rotation iy the sense of
raducing any imbalance and is provided with centering bores defining the balancsd

contered position.  To detenmineg magnitude and direction of the transverse dis-
|

i
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placement of the workpiece, the unbalances resulting from the workpisce areas o be
machined are disregarded, consideting only thoss unbalances that are attributable o
the workpiece areas remaining unmachined. The sods of rotation which, as & result of
the transvarse displacement of the workpisce, ia fixed with the cenlering bores,
thersfore runs in balancing fashion only in relation fo the workpisce portions
remaining unmachined. Considering that machining of the workpisce is oriented to
the axis of rotation defined by the centering bors, a preliminary balancing function is
achieved. In this process, the workpisce areas remaining urimachined are measured
in thelr actual outer shapes by sensors which are ditested at individual selscied
refersnce points of the workpiece surface, and are inpulted in a computsr which
compares these actusl shapes to the targst shapes of an ideal workpless and
computes the workplece displacement in dependence upon the varlance belwsen
sctual and target shapes while alse having regard {o the machining allowances pro-
vided. This known method requires highly complex measurement devices in order to

be abls 1o messure the workpiece areas leff unmachined to the required accuracy.

fn 2 method described in JP 2008 020008 A a rotary work blank is received in
a device in which the position of the work blank can be adjusted.  The three-
dimsensional shape of the work blank is measured and supplied in the fwm of digital
data by means of 3 tuee-dimensional shape measuring device using a camera, a
laser beam or the like and the principle of a tiangulation. An image arithmetic
processing unit generates g solid 30-modeld from the measured dala, and extracts a
part in which the shape remains in the final product shape obtained from the work

blank. Then a calculating unit cardes out & balance simulation by the sxtracted part
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and calculates the gravily center position and the center axis for which the imbalance
of the rotated final product shape iz minimal. By msans of the positioning devics the

work blank is then brought info the caloulated center position and centered.

Moreover, EP 2 184 895 A1 discloses s method of determining the position of

centering bores drilled into a crankshaft, which includes measwing the outer surface

of the crankshall and capling tuee-timensional shape data, assuming, on the basis

of such shape data, a position of the centering bore in the crankshaft, simulating,
based on the assumption of the position of the centering bore as reference quantity a
pradetermined machining operation of the crankshaft, and then determining a
crankshaft shape corresponding to the simulated machining operation. in a
subsequent balance decigion sfep. 8 check I8 made 1o esigblish whether or not the
magnitude of the imbalance of the crankshaft in the shape achieved after the
simulated machining operation 5 within 3 predetermined allowabls rangs, and 3
gentering bore decision step determines the assumed position of the centering bore

as the valid bore position if the imbalance value lies within the penmissible range.

balance weights of a crankshaft af severa! points and compares the shape with the
nominal contour of the crankshaft in order to determine an undsrfill or other shaps

defacts.

i{ I8 an oldect of the present invention to provide a method of the type nitially
referred to which enables the points of location for defining & machining axis of 3 work

biank to be determined to a degree of sccuracy resulling In only a minimum of
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imbalance of the machined work blank. I addition, the method should allow simple

and ready implementation and tequire no complex and sxpensive devices for i

plementation.  Short oycle times should be achisvable for detsemining the points of

lacation of work blanks.

it is ancther object of the presant invention i provide an advantagsous device

for implementing the method.

The objsct identified is accomplished with regasd 1o the msthod by the features
recited in claim 1. Advantageous further develapmants of the method are regited in

claims 2 o 8.

With regard to the devige, the obisdt is accomplished by the fealures recited in

claim 8. Advantageous smbadiments of the device are recited in claims 10 to 18

According to the present nvention, the method of detenmining the position of
the end points of location for & machining axiz of 3 rolary work blank which includes
workpiece arsas to bs machined by stock removal and areas {o be left unmachined
and whose nominal mass distribution is known, by means of a8 measurement device
capable of measuring the spatial position of workplece surface points, comprisas the
sieps of!

receiving a teference workpisce in the seats of the measurement device,;

measuring, by means of the measurement device, the position of a plurality of
points of surface areas of the reference workpiece 1o be left unmachined relative to

att imbalance refersnce axis delemmined in the measuremant device;
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storing. in & data memory of a computer, the measwed position data of the
plurality of points of surface areas of the reference workpisce 1 bs left unmachined
as raference partial surface;

remmoving the reference workpiece from the messursment device and receiving
a wark blank in the seats of the measurement device;

measuring, by means of the measuremsnt device, the position of a plurality of
points of surface areas of the work blank to be left unmachined;

storing, in the data memaory of the computer, the measured position data of the
plurality of paints of surface areas of the work blank o be left unmachined as blank
partial surface;

computing, from the sfored position data, an imbalance effect reistive to the
imbalance refersnce axis which results from the deviation between blank partial
surface and referencs partial surface;

axpressing the imbalance effect by the position of the main nertia axis of an
sssumed workpiace having nominal mass distribution; and

computing the machining axis of the work blank by adding an offset to the

position of the main inertia axis.

The offset may be nitislly assumed as zevo value, 1o be subsequently deter-
mined ampirically and stored in the compuiter with reference to imbalances, measured
relative to the machined workpiecs axis, of a plurality of workpieces manufactined
with a machining sxis determined according o the method. Preferably, the position of

the machining axis may be sxpressed by the position of points of location which are
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computed as penetration points of the machining axis through work blank end planes

aligned orthogonally o the imbalance reference axis.

The smpirically delermined offsel makes alfowance for an imbalance of the
refarence workpiece relative to the imbalance refersnce ads determinead in the
maasirement device and changes which the work blank sxperiences as a result of
the subsequent machining operation using the machining axis determined according
to the method, counteracting these sffecls in the sanse of diminishing the imbalance

of the finishemachined warkpiecs,

The method of the invention affords the advaniage of producing highly acow
rate results because objects subjact to measursment which differ anly slightly, that is,
the reference workplsce and a work blank, are measured using the same meas-
wemeant method and the position data of both objscls as obtained by the measures
ments are compared, with only the difference between the position data oblainsd
sntering into the further calculstion.  As 3 result of the comparizon of the position
data, influences atlributable to the measurement process and distortions of the ww
derlying measuremsant valies as well as zero-point deviations are compensaled for
ard are accordingly unable fo sdversely affect the measuremsnt accuracy
cotsdderably, Furthermore, as the refersnce workpisce and the work blank differ only
within the scope of customary manufacturing tolersnces, the comparison of the
position data produces relatively small difference valuss so that inscouracies voour-

ring during measurement can have a very limitad effect only.
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At all evenis, practice has revealed that the method of the prasent invention
produces very advantageous results. - Minor clrcular errors gcowr on the finish-
balancing machine for balancing the finish-machined workpieces.  The measurament
device is only required o measure linearly and produce repeatable measured values
for ke measuring positions on the reference workpiece and the work blank. Minor
deviations of the absoluls magnitude of the measured values have only 2 limilsd
impact, 80 that an exact calibration of the messurament device a8s would be
necessary for caloulation of the workpisce volume is dispensable. Averaging over a
plurality of measurement points adds o reducing the accursicy demands placed on
the measuramsnt device. Therefore, low-cost measurement devices may be used &y
the methad, including, for example, three-dimensional measurement devices applving

the laser light-section tachniqus.

Asgarding 1o anothsr groposal of the invention. the imbalance effect may be
calcutated by seledling discrele farence points of the reference parlial surfacs,
detarmining for sach discrele reference point a partial imbalance effect on the basis
of the deviation between the blank partial swiface and the reference point, and de-
ternuning the resulling imbalance sffsct by summation over the partial imbalance

sffects of ol reference points.  This snables the complexity of caloulation to be re-

According o the invention, another advantagsous further aspect of the mesthod
may nclude determining a8 nominal partial imbalance sffect for sach discrets

reference point selected with an assumad small nominal deviation between the blank
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partial surface and the reference point and stoning it as influencing coefficient of the

reference point, and determining the real partial imbalance effect for sach discrate

referance point by multiplying the influencing coefficient of the reference point by the

measurad deviation betwesn the blank partial surface and the refersnce point.

in this manner it is possible o caleulate in advanee for each discrete reference
point the influencing factors of the refarence points alter measurement of the
reference workpiecs and storing the blank partial swisce, so that the subsequent
determination of the imbalance effects of work blanks only requites multiplication of
the deviations measurad on the reference points by the associated influencing ool
ficients. This reduces the computational effort subseguent to the measurement of the

partial surfaces of work blanks substantially,

According to the invention, the nominal parlisl imbalance offect for each dis-
crefs refarence point may be sxpressed as posilion deviation of the main inerlia axis
of an assumed workpisce having nominal mass Jdistiibution, for sxampls, as
gocentricity variations of the main inertia axis in the centering planes.  The summation
of the partial imbalance effects of the individus! reference points then lesds directly to
the determination of a position of the main inertia axis which neads o be corrected

only by adding an empitcally determined offsat.

The refarence workplece selscted may be any work blank from 3 series of
similar work blanks o be measured.  Advaniageously, howsver, the reference
waorkpiece selected is 8 work blank on which the shaps of the workpiece areas laft

unmachined & midway between the form grrors caused by the manufacturing pro-



7y

10

15

28

Appin. No. 131888297 SOSPITIA EU
K

cess. As g result, the deviations betwaen the refersncs partial surface and the blank

partial sufaces of the work blanks to be measwed remain relatively small which

contribudes to detenmining the point of location accurately. Sl further, it I

advaniageous for the reference workpiece to be manufactured from a work blank

having & very small original imbalance.

To manufacture the reference workpiecs, it is possible according o the ine
vantion (o determine for a sslected work blank the optimurm position for the machining
axis by mass centering and, if applicable, sfter the corresponding centering bores are
applied, to subsequently maching the work blank to provide it with bearing surfaces
concentric with the machining axis for placemant in the measurement device,
Freferably, the bearing surfaces may be provided with a hard, wear-resistant surface.
The refersnce workpiese praduced in this manner may be received with #s bearing
surfaces in a balancing maching, and the position of its main nertia axs may be
measured. If the position of the main insrtia axis differs from the imbalance reference
axis determined by placement in the measurement device, the method of the
invention provides for adding this position deviation or its corresponding imbalancs to
the computed position of the main insrtia axis, for example, by ncluding it in the ofisat

i be added.

According to the present invention, an advaniagensus device for implementing
the method comprises a reference workplece, a measurement device having seats for
recaiving the refarence workpiece or a work blank, with a sensing device for

measuring the position of a plurality of points of unmachined surface areas of the
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reference workpiece and the work blank, and with an imbalance reference axis
aliocated to the sensing device, g computer having a data memory for storing
measured position data of the plurality of points of the surface areas left unmachined
as reference partial surface of the reference workplecs and as blank partial surface of
the work blank, whersin the computer is configred to compute from the stored
position data an imbalance effect relative fo the imbalance reference axis which
results from the deviation between blank partial surface and refersnce partial surface,
i axpress the imbalance sffect by the position of the main inerdia axis of an assumed
workpisce having nominal mass distribution, and to add an offset to the position of the
main ingcia axis which was defermined empirically and stored on the basis of the
actual imbalances, measurad relative to the machining axds, of prier manufaciured
warkpieces.  According fo the invention, the computer may also be configured to
caleulate points of location as penetration points of the machining axds through work
blank end planes aligned orthogonally to the imbalance reference axis. Alternatively,
the points of location of the work blank may also be calculated in & computer of 8
cerder-diiling machine for driling centering bores defining the machining axis in the

work blank.

The present invention will be explained in greater detail in the following with

reference to embodiments llustrated in the accompanying drawing. In the drawing,
FIG 1 is a view of 2 device according fo the invention:

FIG. 2 s 8 view of a device of FIG. 1 during the process of measuring a refer-

ance workpiece: and
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FIG. 3 is a view of a reference workpiecs.

The measurement device 10 lustrated In FIG. 1 includes two hearing housings
12, 14 arranged on a machine frame 11 in & spaced relationship fo sach other,
Mounted for rotation in each bearing housing 12, 14 is a respective spindie carrying a
spindle head 16, 18 in the form of a cylindrical disc at an end protruding from the
bearing housing 12, 14 and facing the center of the maching frams 11, Haolding fis-
wres 20, 22 provided with a clamping device for receiving the bearing journals o
bearing flanges of & workpiecs are arranged on the oppositely facing sides of the
spindle heads 16, 18, The holding fixtures 20, 22 may be constructed in a variety of
ways, including radially adjustable prisms or multi-jaw chucks or collsts.  Hoth
spindies may be driven for rotation by means of motors 24, 28, The motors 24, 28
are coupled 1o one another mechanically or by an electric circult such as allow Syn-
chronous movemsnt.  The motor 28 is provided with an angle-of-rofation sensor
which senses the angular position of the spindle head driven by the motor 26, The

spindles and spindle heads 18, 18 are aligned coaxially to sach other,

Attached to the machine frame 11 adjscent to the bearing housgings 12 s &
guide rail 30 having a slide 32 mounted therson for movement paraliel to the common
miis of the spindlss. The slide 32 contains a drive motr gnabling 1t fo be moveyd
longitudinally of the guide rail 30. A travel measurement system enables sach slide
position to be measured. Mounted on the slide 32 for pivotal movemant about an axis
35 is a holder 34, The axis 35 extends in a plane normal to the axis of rotation of the

spindles.  Secuwred to the holder 34 is a sensing device 36 capable of oplically
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sensing & body in three dimensions. The sensing device 36 operales according to
the laser light-section mathod. Hs measurement range 37 is Hlustrated by a surface
areg. A data transmission device 38 indicated by 5 double arrow conneots ths
sensing device 36 to a programmable electronic computer 40 and a data memory 41

5 connected thereto, The data frangmission device 38 may be of the wirslsss or wirsd
type. In addition, the computer 40 is configured to control the motars 24, 28 as well
as the drive of the slide 32 and the holder 34 and to racsive and process the signal of

the angle-ofrotation sensor of the motor 28

in lisu of the rotary sensing device 36 shown, it is also possitde according to

10 the invention o mount on the slide 32 two or more stationary sensing devices which
are directed al the workplese In various directions simullanecusly so that each
sensing device may cover a differant side of the workpiece. While this incurs higher
cost, it alfords the advantage of eliminaling the need fo repeat the pivot angle of the

single sensing device, in addition to reducing the time required for the measurement.

15

In the measurement device 10 shown, the imbalance reference axs for cal-
cudsting the imbatance effects is determinad by the joint axis of rotation of the spindle
heads 16, 18, The measurement rangs 37 of the sensing device 38 extends and
moves preferably in a plane in which the s of rotation is situated, Howevar, an
optical detection of the workplece surfaces may also be performed without retating
20 the workpieces by the use of a plurality of sensors.  In this arrangement, the
imhalance reference axis may be formad by a straight ine in which the centers or

central planes of the measurement ranges of the sensors infersact,
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FIGa, 2 shows the measurement device 10 in the process of 8 measuremeant
oparation.  Bupported in the holding fidures 20, 22 at the spindle heads 16, 18 is a
reference workpiece 80 in the form of a crankshaft having besring journals 52,
crankping 53 and crank webs 54, On such a crankshaft only the bearing ourmals 52
and the crankpins 53 are machined by stock removal. By contrast, the surfaces of
the orank webs 54 are left unmachined. On the reference workpiece 50 only the
bearing journals 52 at either end are machined and provided with cylindrical bearing
surfaces 58 which serve to align the reference workpisce 80 in the holding fixtures 20,
22 of the measurement device 10, defining the imbalance reference axis for the
reference workplece 500 While machining the other beating joumals 52 and the

crankping 53 is not necessary. it would sot be detrimental either,

The holding fixtures 20, 22 of the measurement device are designed i1 such a
way that by seatling therain the reference workplece 50 with its bearing surfaces 58,
the bearing axis of the reference workpiece 50 coincides with the axis of rotation of
the spindies and spindla heads 186, 18, which axis definss the imbalance reference
axis in the measurgment device. The sensing device 38 enables the position of the
bearing surfaces 56 and the cylindrical outer swiaces of the spindle heads 18, 18 to
be measwred, and & salowlation and compatison of the position of thalr axes enables
the central focation of the reference workpiece 50 in s holding fidures 20, 22 to be
checked. If the check reveals a devigtion of position betwsen the imbslance
reference axis and the bearing axis of the reference workpicce 50, it is possible to
correct the position of the refersnce workplece 50 by adjusting means provided on the

holding fixtures 20, 22.
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Once the reference workpiece 80 is received and clampsd in place in the
measurement device 10, the surface arsas of the reference workpizce 50 remaining
unmachined may be measured. For this purpose, the reference workpiecs 50 is
rotated slowly under contrel of the motors 24, 28, Al the same fime, the slide 32
operates o move the sensing device 38 In g fivet angular position, for example. the
ong shown in FIG. 2, along the reference workpisce 50 in a first direction, the
measurement rangs 37 covering as this coours the clreumference and one side of the
crank webs. The sensing device i subssquently pivoted into a sscond angular
position which, for example, is symmsdtrical to the first angular position in relation to a
radial plane, and is moved along the refarence workpisce 50 in the opposite direction,
covering aside from the sireumference the other side of the crank webs, During thess
mavements, the positions of a plurality of points of the surface areas of the crank
webs 54 remaining unmachined are messured, and the measursment data s
transimitted to the computer. The computer 40 caloulates from the messurement data
of the sensing device 38 and the associated angle-ofrotation data of the angle-of-
rotation sensor three-dimensional position data and stores it in the dats memary 41

as refersnce partial surface.

in the manner described, @ work blank may be subseguently received and
measured in the measurement device 10, the result of the measurement being stored

it the data memory 41 as blank partial surface.

By referring to the stored position data of the reference partial surface and the

blark partial surface, it is then possible to calculate the optimum position of sach
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point of location for applying the centering bores on the work blank. To accomplish
this, the software of the computer 40 makes 3 comparison betwesn a plurality of
dizcrete referance points of the reference partial surface and the blank pardial surface,
computing for each reference point the smallest deviation of the blank parlial surface
from the reference point. i, for example, the blank partial surfacs is raised relative o
a refarence point, the volume of the raised location may bs computed as a small
pytamid or spherical cap, for example, using the volume and the available wark blank
data fo compule the mass, Hs center-of-gravity position sod hance s imbalance
partial effect, that s, the variation of the imbalance caused by the deviation of this

particular location of the blank partial surface from the reference partial surface,

This caleulation is performed identically for all referance points selscted, and
the imbalance partial effects identified in the process sre then added up o a toial
imbalance sffect. The total imbalance effect computed may he convertad into the
pasition of the main inertia axls of an assumed workpisce having the nominal mass

distribution of the work blank.

The computed position of the mass inertly axis is, however, not suitable as vet
as machining axis for the work blank since allowance has fo be made for changes of
the work blank due fo the subsequent machining process, zere-point displacements
and an imbalance of the reference workpiecs, if any. Therefore, § has proven 1o bs
advantageous {0 add an offset fo the position of the main inertia axis which was
determined on the basis of imbalances, measured relative to the machining axis, of a

plurality of workplaces of wark blanks of fike typs, and stored in the compuler. After
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the offset iz added, the position of the machining sxis is determined, enabling the

positions of points of jocation to be calculated as pensiration points of the machiting

swds through planss which are orthogonal to the imbalance reference axis and lis on

the work blank and faces ¢ be machined.

The position data of the peints of location is transmitted 1o a center-drilling
machine into which the work blank is loaded upon #ts removal from the measurament
device to apply the centering bores at the locations computed for this purpose. The
center-drilling machine is preferably seated in such a way that the spatial positions of
the work blank relative o the axes recsiving the measurement device and the center-

dritting machine are identical.

FIG. 3 shows an example of a reference workpiece 80 manufactured from a
selected work blank of a series of workpiecas of like type. In selecting the wark blank
for the reference workpiece 80, it is advantagsous for the dimensions of the work
blank to fie midway within the spplicable manufacturing tolerances fo prevent the
potential deviations of the work bianks to be compared to the reference waorkpisce 80
from becoming excessive. The reference workplece 80 is only machined at the and
bearing joumnals 82 since these are used for placement in the measurement device
10, All the remaining sections of the reference workpiece B0 are unmachined. For
machining the bearing journals, the reference workpiece 80 was mass-centered in
arder fo achieve a minimum original imbalance with reference to the machining axis.
Considering that the machining axis of the reference workpiece 80 should coincide

with the imbslance reference axis in the messurement device 10 as agcurataly as
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possible, it is sulltable for the bearing journals 82 o have a wearresistant suface o
anable the referance worlkpiscs 80 o be recaived in the measuremant device 10 with
good repeatability.  Therefore, the prior tumed bearing journals 82 have hardened
tings 63 press-fitted thereon which are subsequently ground to the nominal diameter,
The cylindrical bearing surfaces 64 of the rings may be detected in the measurement
device 10 by the sensing device 36 and their centers in the centering planes be
caloulated in order fo detect the position of the imbalance reference axis. Thereforg,
the imbalance reference axis for calculation of the imbalance effect of the Individual
waork blanks fo be compared to the reference workpiecs 60 is permanently defined by

the reference workpiess 80

Following completion of the reference workpiece 80, its imbalance in redation to
the machining ads is measured by means of a balancing machine. The imbalance
value measured then has to be sntered into the caloulation of the points of location,
for exarnple, by adding 1 to the offset. Alternatively, the reference workpiece 80 may
alse be balanced by removal of material in the area of the bearing journals and
crankping, which eliminates the need for considering an imbalance value in the

caloulation.

Advantageously, the reference workpieos 60 may also be used for Zero-point
adiustment of a center-drilling machine for drilling the work blanks, For this PUPDES,
added provision may be made for coaxial avlindrical measuring swiaces 85 adinining
the hardened tings 83 af the ends of the bearing joumals 62, which measuring

surfaces enable batter scanning by a dial gauge when setting up the center-drilling
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maching.  The measuring strfaces 85 may be formed by dowel pins 88 press-fitted

intn eylindrical portions of sentariing borss.

it will be understood that the present invention 8 not limited to the embadi-
ments described. Thus, for example, the workpiece may be held in the holding fixurs
of the measurement device so as o be stationary, and the sensing device may be
guided around the stationary workpisee. In addition, in fieu of a single sensing devics
a plurality of sensing devices may be grranged around the warkpiece and sdapted to

fravel lengthwise of the stationary workpisee.
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BFLIARAS PR KESZULEK MEGMUNKALASI TENGELY MEGHATAROZASARA

SZABADALMI IGENYPONTOR

1. Bljdrss anvageltavolitdssal mepmunkalandd és mepmunkalatdanul maradé suumkada-
megrounkalis ’teﬁngei}-‘émk ﬁl'\tg}}ﬁié‘t‘(};{’é&k‘iﬁ munkadurab-feltlet pcmi{:ak térhely ;.:a);;*;is;:-iéjﬁmik
mdrdsdre képey mérdkeszilek (10) soplisdpével, a Kivetkerd Kpdsek fdidn:

ggy referencia-mumkadarabot {30, 603 befogunk a mdrdkdsetildk (1) befektetést helyer
b,

a mérdkészalek (10) soplisépdvel mérjik a referencip-munkadarab (30, 60} megounkd-
fatlanul maradd folitfeszakaszal sok pontjdnak n mérdkésztlékben (10} meghatdrovott kig-
avensttlyoratiansdgl vonatkoztatdst tenpeivher képestt posicidat,

a referencia-rumkadarad (30, 603 megmunkalatiann] maradd fellietszakaseal sok ponts
janak mért poricitdadatait referencia-résziolifletként eltdroljok egy seamitogep (40) adattirold-
iRbhan (41,

a referencioanunkadarabet (30, 601 kivesszik o merGidsaiiléhbil (10}

exy nvers munkadarabot befopunk ¢ mérdkdsatick (10) befekietes helyeibe,

g mérihdarilek (10} sepitsépével méniik a nvers munkadarab megmumbdlatianul mars-
d6 Reltletszakaseaai sok pontjanak pozicidiat,

a nyers munkadarab megrunkalatanul margdd Relilotesakagzat sok pontidnak mént pos
sictondatait nyers réezfeliletkdnt chiaraliuk a seamitopep (401 adatiarolGiaban (41}

g {arolt poricidadatokbal kiszamitink a kisgyenstlyoratlansdyl vonatkostatdst tengely-
her képesti kiegvenstlyozathansdagt batdst, annl a nyers részieliilet o3 o refivenciasrészleliilat
ket eltérdshil ared,

a Kisgversddvoratiansdpl hutast Kifejeratlh epy névigpes tOmepelonalisg feltdelorets
munkadarab 6 tohetetlonséel tonpelvdnek helysetdel, &5

kisedmitiok & megmunkalan tengelvt cpy cltoldsnak g 6 whetetlons$yd tengely helyae-
téhes howzdaddsival, amely eltolst qronos Hpusit pvers munkadarabokbdl ax eljdrds et

msghatdrozott megmunkaldsi tengellyel késettett 16bb munkadarabuak 8 beronkall munkada-
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rabtengelyhez Képest mért kiegyenstlyosatlansigal alapidn empirikusan hatdrozonk meg, és a

sedent hﬁgépbea {40} throhank.

Az 1. dgduyponi szerinti oljinds, speal jellemerve, hogy a megmunkaldsi tengely
helyzelet centrirozdst pontok posfcidaval fejezztik ki, amely centrirozdsi pontokat a ey
munkalast tengelynek 3 nvers pruakadieab homtokoldall, a Kepvensthvozatlansdyt vonathoe-

tatdsi tengelyre artogondlis sfkjain 18y dofspontjaiként szamitunk ki
3oAz bowvagy 2 igdnvpont szermt eljards. aveal jellemerve, hopy g referencia
réselelileten Kivalasztunk disskest referenciapontokat, g nyers részfelitlet d5 a referenciapont

keBttl elidnds alapidn mindegyik  disdindt referenciapontta meghativorunk egy wése-

ooy

e

Kiegyensulyozatlansagi hatést, 8¢ az Bssecs relorenciapom rész-kicgyvensiilvozatiansagl hatiss

@

nak Ssszegzdésével meghatdrozznk sz eredd kisgyenstlvoratlonsigt hatdst.

4. A& 3. igénypont srerint eljdeds, sesal jellomerve, hogy o nyers részfeliler 8y a refie
renciapont klizit ks névieges eltdrest felidtelezve mindegvik diszkest referenciapontra yoey-
hataroznnk egy névieges rése-kicgyensilyozatlansdgl hatdst, 85 azt a referenciapont befolvaso-
Lisi egyinhatdiaként eltaroliuk, & hogy mindegyik disekrét roferenciapontia o tdayloges téses

Kiegvensulvozatlansapl batdst a referenciapont belolydsolisl epyiitthatdidnak és g nvers réssfe-

Hiet & o veforenciapont RozoR mén olidrdsuck 82 Osswosrorzasaval hatdronzuk meyp.
S. A A ipdnypont szerinfl eljdras, awzel jellomweve, hogy o ndvieges rész-

kiepyensilyozatlansagi hatast mindegyik diszkedt referenciapontra egy ndvleges tOmegelosslds
su feltdtelesett munkadarab £8 whetetlenségl tongelvének helyretelidrdseként fojeraiik ki

6, Az ¢bdxd igdayponiok cgyike swerintl oljivds, seesl jellameave, hogy g reforencius-
nunkadarabot (30, 60} olyan nyers munkadarab megnunkdldsgeal dllitjuk ¢ld, amelynek na-
wvon kst az credeti kogyvensilyozatlansdga.

7o Az eloz0 igenypontok egyike srerintl elidras, azeal jellemesve, hogy a referenciae
mugtkadarab (30, 60) megmunkdlathanl maradd nunkadarabssakaszainak slakia az eléallitag-
hol fakadd alakeldresek kosepdn van.

8. Ax elbed igdoypontok sgvike szenintt elidrds, seeal jellameeve, hogy o mérdkészldk
(1) kicpyenstlvozatlansdgl  vonstkostatdsl  tongely®t 8 reforenciz-munbadarah  (30)

tambeliiletel (36} helvretének a meérokesziilek (10} sepitadpdvel végrett mérdsdvel dszleliitk.

2. Kesztlek anyageltdvolitdasal megmunkdiandd &5 megmunkaladanul marado munka-
darabszakaszokkal rendelkerd ¢s ismont névleges tmegeloszlasy forgathatd nyers munkadas

rab megmunkaldst wngelvenek meghatirozasdra, amely magiban foglal
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euy referencizynunkadarabot (38, 60,

egy  merbkesztieket (10), amely rendelkezik befekteidst helyekkel o relerencin-
munkadarab (50, 60)  vagy gy wmyers mupkadarab  befogésdvs,  rendellenik  epy
lotapogatdkeszilékhel a referencis-munkadarab (30, 607 S8 » nyvers munkadwsb megmunkdlat-
Tomd maradd  feltletsrabaszal sok pontia pozicidianak  mérésdre, & rendetkenik
letapogatokesziitékher hozsdrendelt vonatkoziatist tengelivel,

ogy sxdmitogdpet (40) amely rendelkesik opy adattareldoval (413 a megmunkélatlanud
maradd feliiletszakaszok sok pontjia mért pozicidadatatnak a referencig-munkadarab (30, 60)
refersncip-résrfeliictekent &s 8 nyers munkadaral nyers részfeltideekdnt vald troldsdom,

ghol a szdmitégdp (303 dyy van kondigurdlva, hogy o tarolt pozicioadatokbél ki tudia
sedunitant a Kiegyvensulvoratlansagl vonatkoztatasi tengelyvher képesti Kiegyens@lyozatianadg)

&~

batdst, an & nyees edyefeliilet € a reforencip-réseivlilot Kozl eltordsbid ered,

3

a kiegvensithvoratlansded hatdst ki fndja fejeent spy névieges tdmegeloszlasy feltctele-
zeit munkadarab 6 tohetetlonsépt tengelvének helysetdvel,

&5 a megmunkalasi tongelvt ki tudia szamitant epy eltoldsnak a 15 tehetetlonségl tengely
helyrzetdhez horztaddsival, amely eltolds aronos tipust nvers munkadurabokbal az eljdras
sgerint meghatdrozon mepmunkaldst tengellvel késetiett 16bb muonkadurabnak o bemunkdlt
sunkadarabtengalvher képest mért kispyensulyoratlansdgal alapian empirikosay lett megha-
TArosva < g szamitéeépben (401 tarolva,

10, A 9, indnypont srerinti kdsrildk, azzal jellomerve, hopy a szdmitdgdp dgy van kons
figurdlva, hogy o cenirfrozdst pontokat B lodia s2dmitant 2 megmunkaldst tengelynek a ayers
munkadarab homlokaldali, 2 kivgvenstlvozatiansdyl vonathoetatast tengelyre ortogondlis afk«
Jatn évo dofespontiaiként.

1 A 9 vagy 10, ipénypont szerinti készilek, saezal jellemesve, hogy a
fetapogatokésziilel 10y haromdimenzids  alakokst Srintes  nelkil,  opukailug  esaleld
sredholbaeerkezetio] (36} rendelkenik.

12, A 9-11. igénypont egvike szeriuti készilek, azesl jellemenve, hogy a bafelietési hee
Iyek forgathatd orson vannak sthelvezve, s hogy 8 mérkészilék (10} letapogatokésatifeke az
orsd forgdstengelvének irdnydbag mozgathatd.

134 912 igdnypont epyike swovintt késrtilek, szl jollemorye, hogy sz orsdnak van

cgy koaxidlis gylirtfeltlote, ami g letapogatokéaniilek észlelés tartomanydba esik.
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. A 9-13. igdnypoot epyike spedintt késsillék, szeal  jellemezve. hogy a
letapogatolideziileh az orsd forgdstengelydre kitdrd tengely (351 kel elforgathatd,

15, A 9-14. ipSuypont sgyike szerinti késztilék, awesl jellomspve, hogy a
{elapogatakdsaiick szanon (32) van elhelverve, ami muegathaidan van tartva g kiegyvensilvo-
eathansdel vonathoztatist tengelbvel pirhuzamos vezetSsinen (30),

16, A 15 dgdnypont seorind késedlek, arzal jellomerve, hogy u letapogatokeszulek ren-
delkerik legaldbb két Srzékeldszerkerettnl, amelvek a szdnra (32) vannak erdeftve, & olyan
mdsdon vannak elhelverve, hogy a munkadarabot két ellentétes oldalrdl Sselelik.

17, A 9418, igdnypont egyvike szeninti késailek, azzal jellemerve, hogy a refersncia-
munkadarab (60} edeett ¢vlrdk (63} képezte 1amifcitilotekkel (64) rendelkezik.

18 A 817 ipenypont egyike szeringi Résallleék, azzal jellemezve, hogy a referencia-
munkadarab (60) a Megvensibyoaibundg vonatkostatdst enpely meghatdrozisara a homlok-

oldalakon koncenirikus mérafeltletekkel (63) rendelhesik.
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