20 Cctober 2005 APPARATUS FOR MEASURI NG DI STORTI ON OF CYLI NDRI CAL BODY
BACKGROUND OF THE INVENTION 1. Field of the Invention The present
invention relates to an apparatus for neasuring distortio80dPctaber 2005
cylindrical body vvhi ch is suitably used for neasurenent of radial

di stortion of a | i ndrical bod such_as an inner_or._outer rin f, a
bear i ng. 2. DABBARATIN FSIR MISAMRINGUDRS TORRIGBF 4TV LINTEHCAL B 1 i ng
C or an outer ring Co of a ball bearing Mshown in Fig. 8 has a
distortion in the radial direction, a raceway groove Cis or a groove Cos

for guiding balls B exhibi [ bearing Mis used,
axial vibration is generat ﬁéﬁé@ﬁ?ﬁeﬂ{%@@@ﬁ@ rotation .

unatt ai nabl Th rﬁf Le distortions of the inner ring G and the outer
ring Co rrust B\E% ﬂfo‘h 1Lel

turn with the p rfac di

distortion Ed g’zh%re%gﬁgecf al?lvgﬁﬂﬁ%pg‘rggéﬁéé {scﬁr%céﬁ)g Og |n?1éhaesru r?}gng G
ideal |y bgeg FRBPSod Ui HANRYRES Hod i YuiaPIp ﬂeatﬁ&tmgasﬁférﬁéﬂpbﬁsem
and nust be reduced to~a specified tol erance cidentally, such

distorti Onrﬁlab%ﬁst%%&ﬁnéf ANAinHRes HABASHI@ as Wn YaBePlorasutet atdg @i
m cronmeter as disclosed in, for exanpl e, Japanese Patent Application

Lai d- Open gkakak) No. 8( 1996) 261710. Fig. 9 shows a conventional
di stortion nmeasurenent apparatus 60 capabl e of measuring distortion Ed by
use of an gl eDesepHoficirtbemR&htedTAL di stortion neasurenent apparatus 60

has a holding plate 62 which is disposed on the top face of a base bl ock
61 and has a V- shagaitraplwhag aepressiiog (62s .anfouter ring Co of a ball bearing
M shown in Fig. 8 has a distortion in the radial direction, a raceway groove
" Cis or a groove Cos for guiding balls B exhibits. waviness. When such a ball
bearing M-is used, axial vibration is generated, making smooth and stable
rotation unattainable. Therefore, distortions of the inner ring Ci and the
outer ring Co must be minimized. That is, when the inner ring Ci is rotated
one turn. with the position of its lower end surface Cid fixed, radial distortion
Ed as measured at an upper end surface Ciu of the inner ring Ci ideally
becomes zero. However, in actuality, some distortion Ed is present and
must be reduced to a specified tolerance.
Incidentally, such distortion Ed has converitionally been measured
by use of an electronic micrometer as disclosed in_, for example, Japanese
Patent Application Laid-Open (kokai) No. 8(1996)-261710. Fig. 9 shows a
conventional distortion measurement apparatus 60 capable of measuring
distortion Ed by use of an electronic micrometer. The distortion

measurement apparatus 60 has a holding plate 62 which is disposed on the

top face of a base block 61 and has a V-shaped holding depression 62s. A

E5%at is, when the inner ring C is rotated one’



20 Cctober 2005 peripheral surface of a |ower end of a cylindri éal body C
(e.g., aninner ring C) is brought into contact with the hol di ng
depression 62s. A probe 63s of an electronic mcroneter 620i@ctoberidff5i nt o
contact with an upper portion of the peripheral surface of the cylindrical
body C at a position diametrically opposite the hol ding depression 62s.
Duri ng neaBtripherl sumacgs ohaclgwes smd Bgat%wimaé&%iyr GtlgE oA RGBS
pressed agaj.nst._ an inner edge of the cylindrical bod . an oper r
rotates th&Uck Prametantesa st ovith Wscheling dearresa 22%s BISPDF 8 Bk
fromvariatio asured by the electronic. mcrometer. .63. Wien the.thu
obtal ned PBIGFIT R raTreLeh Goob duoniRat infRuErr ek W BRakesr PREHEF ot o
judges the,cylindric obj ect be defective ver, suc j onal
i'storti ontibRerirbrEnt sHelser sty eosyiadti Ha & o Sposhtift dpaeairily |

because of ogBSHAN el AAMNAGoLANDY 8BS, IRARY LRUR e R ASHE LD BAF Of

i ncr eases, pect a Sur enen a sira nari ca

as a small bRL &4 U & rJARRR QP! 85 U QMBI lSaliftl oflf BRI clifARSaKeT al

mllimeter ore,. precise“neasurenent cannot be perforned with high

reproduci b%ﬁﬁdﬁcaﬁ%@ﬂ}gnc, O%gﬂ?ée&tﬁ?k@fat@@%& %?ﬁﬁﬁri@ﬁﬁ%ﬁ&f@%e%hlé sl be

per f or med nual |y tor, neasurenent requires tine and | abor,

and st abl egnfebbading MRQHISAENI CRARO v atR f AeiBUre SUMYARYe CEledtibnic
| NVENTI ON An obj ect of the present invention is to provide an apparatus for

measuring #isidhdtcPn68f Wigem | ther tieas diainethidifoetibim Rat fdisTechsidectle
contact and enabl es performance of precise neasurenent with high
r epr oduci bipédified 20lcerhedethe2®frator judges the cylindrical object to be defective.

However, such a conventional distortion measurement apparatus 60
has the following drawbacks.

First, because of mechanical contact involved in measurement,
measurement error increasesr, especially in measurement of a sméll
cylindrical body C, such as a small inner ring Ci whose outer diameter is not
greater than several miliimeters. Therefore, precise méasurement cannot be
performed with high reproducibility.

Second, since a major portion of measurement work must be

performed manually by an operator, measurement requires time and labor,

and stable, reliable measurement cannot be performed.

SUMMARY OF THE INVENTION
An object of the present invention is to provide an apparatus for
measuring distortion of a cylindrical body which eliminates mechanical
contact and enables performance of precise measurement with high

. reproducibility.



Anot'her object of the present invention is to provide an apparatus for
measuring distortion of a cylindrical body which facilitates realization of
ful l y-automated operation, elimnates manual operation, an@0cQetvbes 260abl e,
reliable neasurenent. In order to achi eve the above objects, an apparatus
for neasuring distortion,of cylindrical body according to the present

i nvention i ncl uddgoger ﬁqt&2§h9 mepeiigiventivh iprtoirdeidecan apphedtusubf ace;

a cylindrical-hody transfer chanijsmfor rolling the cylindrical body

such t hat aﬁlﬁgfgﬁgﬁgr g}Stg{quéége Bf cylgicad doesly twhichyfeicilitatesalredlimfionewhi ns
in contact augth tationary straight rail; a reference pole disposed at
a position 12%1 a%%{&?aﬁtga ?ﬁ'egﬁé%é@r ﬁ\ilﬁﬁﬂg?ﬁssmaﬁb‘él pPperatione and enablesaitabledy in

a directionepReiPeRdl r. o the rolling direction of the cylindrical
body; a Iasgrlaggan grgnﬁg%r%ﬁ%%'er capabl e of sinultaneously scanni ng the other

oroj ect edtovar 5 (hect Ay Rl (bR bORREn by ariEre dotrarNeme
For contr oll e " Re o ARy A TLRLFLAS BRiodhs Betio Msdesa scan
T oromet o1 o L her oy e ey P anep AR, Bt R b 16 oo
51 EFDESCRI PTI O CF THE DR Na P oiy U A8 L Bph Gl o™
neasur emenpnappad ablishacegintfical bodd RIEBAS & &b qﬁ% e .tsltj‘}eti(%&f%ﬁnt

invention; Fig. 2 is a partially sectioned front view of the di'sto
measur emenstrapglar atais; a 3réfBrddnicob®sle2Q@85posed at a position separated a
predetefmined distance from the cylindrical body in a direction
| perpendicular to the rolling direction of the cylindrical body; a laser séan
micrometer capable of simultaneously scénning the éther end of the
cylindrical body and the reference pole by means of laser beam préjecfed
toward the rolling direction to thereby measure a distance between the
cylindrical body énd the reference pole; and a control section for controlling
the cylindricalfbody transfer mechanism and the laser scan micrometer and
for processing measurement data output from the laser scan micrometer to

thereby obtain distortion. By virtue of the above-described configuration,

radial distortion of the cylindrical body can be measured.

~ BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a plan view of a distortion measurement apparatus according
to a preferred embodiment of the present invention;
Fig. 2 is a partially sectioned front view of the distortion

measurement apparatus;



Fig. 3 is a view show ng the operation principle of the distortion

measur enent apparatus; Fig. 4 is a perspective view showing a nmain portion
of the distortion neasurenent apparatus; Fig. 5 is an expl2h@cber 2005
showi ng a correction function section of the distortion neasurenent
apparatus; Fig. 6 is a flowhart showi ng the steps of a nethod of measuring
distortion of a cylindrical body by use of the distortion neasurenent
apparatus; Fig. 7 is a schematic plan view of a distortion measur enent

appar at us accor dj 0. a nodifi d enbodi ment _of the. nven Fi g.
8 is a sectional kéggd% i Bw'i6i (t“ﬁﬂgr ‘ct PFCERHIn Bl CIB ar| n%1 ?gtinlqﬁd tical
body); and Fé 91is a ers ective view of a conventional distortion _

measur ement™ "%&B T’ED DESCRI PTI ON OF THE PREFERRED EMBODI MENT An

embodi ment of t hg, .fﬁseatpé%{geeht%gwho%g DiARNIIREf Fhe HliBidon L1

reference to the acconpanyin rawm ng are trative of

t he enbodi ppt ant to limt the scope of the invention. In
order to deschiLﬁ-g eﬁ{ Vent o’n clearly, detailed description of known

parts is omttedy 'ET%t 1804447 WGy Shodidk St Qe Qb AMBaseti iBBétion of
apparatus 1 accolgl ng toé%ﬁ)e present enbgdlu?réent vfn I'l- be described with

reference tRe didtddtior h&airehiedt kawi ngs, reference nuneral 16 denotes
a base bl ock which -4 20 Cctober 05
Fig. 6 is a flowchart showing the steps of a method of mea_suring
distortion of a cylindrical body by use of the distortion measurement

apparatus;

Fig. 7 is a schematic plan view of a distortion measurement
apparatus according to a modified embodiment of the present invention;
Fig. 8 is a sectional side view of an inner ring of a ball bearing
{cylindrical body); and
| Fig. 9 is a perspective view of a conventional distortion measurement

apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

An embodiment of the present invention will next be described in
detail with reference to the drawings. The accompanying drawings are
illustrative of the embodiment and are not meant to limit the scope of the
invention. In order to describe the invention clearly, detailed description of
known parts is omitted.

First, the structure of a distortion measurement apparatus 1
according to the present embodiment will be described with reference to

Figs. 1 to 4.

In these drawings, reference numeral 16 denotes a base block' which



E

has a flat surface 2 at the top thereof. A stationary straight rail 3 is
fixedly provided on the flat surface 2 at a central position thereof. The
stationary straight rail 3 is fornmed of a plate nenber of AoQstoher 2005

t hi ckness and has a straight side portion 3s on at | east one side thereof.
The straight side portion 3s has a length for enabling a cylindrical body
C serving as an object wunder neasurenent to be rolled at | east one turn.
The degree of straightness of the straight si de portion 3s is as high

2E£ PSﬁiLbL.h Pt el S et natb i, A stebich Bkl edignERE W hRAGT
3
eyl i ndr L calPBa A b g %gtf‘ég?;’%ﬁa SEntAF pobiBe ARG Tl stfifonacy,
end of the t{aﬁgﬂlgg itS3 ef ardd gp 3 e§1at@ n?&nﬁ?f bt %bﬂgtarﬁnﬁua&téésoan@fhégﬁg
S acCl

stationary in or | tate di scharge of

cylindricalg tpaﬁgﬂt %1d HERGE GROLE 12a& oReC¥ideNthdrealt. C’Phémé\ﬁélgﬁ‘ﬁaél@el S

provi ded on top ace “of “the stationary straight rail 3 such that

the ref ere tiBA! % ﬁasecf(fe EﬁZfb&pE‘ﬁéﬂlﬁ & A AincR el BodpQT epfinglast &8 obfiet

surface. us, the refere pole 5135 di'sposed at a position separated a

predeterm riﬁdjéill $hed@renté@M foh e L YIRS igallead¥re ithra, di TREt Hogree of
perpendicular to the rolling direction Fe of the cylindrical body C. A

novabl e st sgigfktdedklofhe sthaight kategorilit 8t iaigitighisdepgsiibleonFasthet, at he
stationary straight rail 3, is disposed at a position separated a.

predet er m Mashtdslaharide Bf agfofiacdtinagbnd Srada @orenitem@ssidéhendnpostive of
straight rail 11 has a plate portion of constant thickness equal to that of
the stati dharstatibnaigltraight rail e theasterpof tthorsthaight side giogtiens3sién
portion 11s on at |east one side thereof. The straight side portion 11 Is
has a | engtodénto faemlaﬂalltc hepding ththlerﬂd'hndalcabbégly C:tande nesr sEnitide S4d6 one -
turn. Notably, the -

- formed to extend from the end of the straight side portion 3s to an exit-side
end portion of the stationary straight rail 3 in order to facilitate discharge of
the cylindrical bedy C. 7 '

| A reference pole 5 of a cylindrical columnar shape is provided on the
top surface of the stationary straight rail 3 such that the reference pole 5
extends upward from a central portion of the top surface. Thus, the
reference pole 5 is disposed at a position separated a predetermined distance
from the cylindrical body C in a direction perpendicular to the rolling -
direction Fc of the cylindrical body C.
A movable straight rail 11, which faces the straight side portion 3s of
the stationary straight rail 3, is disposed at a position separated a
predetermined distance from the straight side portion 3s. The movable
straight rail 11 has a plate portion of constant thickness equal to that of the
stationary straight rail 3. The plate pot"tion has a straight side portion 11s
on at least one side thereof. The straight side portion 11s has a length for

enabling the cylindrical body C to be rolled at least one turn. Notably, the



20 Cctober 2005 degree of straightness of the straight side portion 11s may
be relatively low. |If necessary, a friction nenber 21 nay be attached to
the straight side portion 11s, or the straight side porti & Qttwbarnflde
coated with a friction-inparting nmaterial. Meanwhile, as shown in Fig. 2,
a lower-level surface 18 is forned on the top surface of the base block 16
wth a stepped portion 17 forned between the flat surface 2 and the

| ower -1 evel surface 18. The novable straight rail 11 has a to-be-supported

per pend cLidgET oL sFrghiniess o the SRR FRERETOR: | oht apae LAY tow

22, “rosts oft PREETIEY 9 KOs icer 8 Bov: heret SR TP RERAR o
12 | el ugod OBy g nEnai seses b olertdp I, P CEETEIME A TY or
and & servamigh Rplfld HALiN 600 BT Oh e Bk ciEdetel

mechani sm Vi anism r 1ncludes a slider 26, which

integrally J des - ' e Eqhapithm 2 ppkae
slider 26 iés‘ﬁg‘#uédg |‘§%ﬁ@ggﬁﬁ§ﬁgq§%gm§& %ﬁi@‘géebgﬁ%? \tms(‘r%%B By irtus of

the above- gﬁﬁﬁ%hbfﬁ' féﬁﬁ@g%‘&%&n fefaf berfaS€ 1V 2ARUAE 13%et-dedHlistemcet I
an e e

slider 26 advanc and retracted along the rolling direction Fc of

the cylindrifgal RRABICstERD 11l | 1beasles ¢siteesuppa@ited . portipai 22ofwisiehaisat ed
support shafts 28 are provided to project froma side surface 26 and are

passed t hr qyedprhny eerRQdf &F eRebrd ddwnward ératppod tedppadidudar 28.a lateral
Pressure-application springs 30 are fitted on the support shafts 28

bet ween t haiigd iofehe2pladdchdrtient oppesiseipherdtemghbsidopor@an Mhus Thehbower
novabl e straight rail 11 is urged toward the stationary straight rail 3
and i s advamckdf @rdta-btragipedtedgottion 28 tdsts he icilgeerdevel spy bte, the
eyHindrical bOdyFﬁrgf;r(,j abgii\é\g?geéftla?nissgtsiagt?(% leSgsr giis%ggecrl %inl t}?e lower-level
surface 18. The drive mechanism 'section 12 includes a moving mechanism
25 composed of a ball-screw mechanism 23 and a servomotor 24 for rota’;ing
thé screw portion 6f the ball-screw mechanism 23. The moving mechanism
25 further includes a slider 26, “lrh_ich integrally includes the nut pbrtion of
the ball-screw mechanism 23. The slider 26 is slidably guided by.a pair of
guide shafts 27. By ﬁrtue of the above-described arrangement, when the
servomotor 24 is driven, the slider 26 can be advanced and re&acted along
the rolling direction Fc of the cylindrical body C, which will be described
later. A pair of separated sﬁpport shafts 28 are provided to project from a
side surface 26 and are passed through holes 29 formed in the
to-be-supported portion 22. Pressure-application springs 30 are fitted on
the support shafts 28 between the slider 26 and the to-be-supported portion
22. Thus, the movable straight rail 11 is urged toward the stationary
straight rail 3 and is advanced and retracted together with the slider 26.

Therefore, the cylindrical body C held between the stationary straight rail 3



-6 20 Cctober 2005 and the novable straight rail 11 can be rolled along the
stationary straight rail 3. Notably, the drive nmechanismsection 12 and
the novable straight rail 11 constitute a cylindrical - bodR0tOchoberR005
mechani sm 4. Meanwhile, a projection unit 33 is disposed on the rear side
of the stationary straight rail 3 (the rolling direction Fc is defined to
be the front direction); and a beamdetecting unit 34, which constitutes a
| aser scan mcronmeter 6 together with a projection unit 33, is disposed on

the front %ﬁ%eﬁﬁi&aﬁleskﬁraiéﬂgféﬁ 341 @1LPBE follbl ddond %e%ﬁiﬁﬁﬁ?ﬁgfﬂgﬁgﬂt 33

I's supported by leg portio 5, and the beamdetecting unit

supported by |29 MALLIRhe3brive THECIRAPLAS kEQibrtNiAt aRd BRdridv@ble straight
beam detecting unit 34 are connected to a control section 7 (Fig. 3). The

above- desci4iped SRI(RORL th_ﬁﬁd&*ﬁ:aﬂ—'b%@{ teANTeE ke hhidhiet . control section 7.
For exanple, a laser scan mcroneter LS-5000 (product nane) of Keyence

Corp. can be useadeaswhiile, laapesjcc€an WhierIBTRH disgbsetinot the rdagrsidetddrihe
measurenent is performed on the basis of the following 'principle. A laser

beam emi t t ethtforeiry astegighe aadug t(tie raliery diRedtiorns tFo &f Hefibed tobye dhd Zrdrdce
polygon mrror and a reflection mrror, and is passed through a collimator
| ens (Fe | dirsytitn);t dued eb\bagenataitatimanalil 634, whidlz aonakifuteasarlasenrackn Thi s
| aser beam L is projected fromthe projection unit 33 in order to scan an
upper por t hoerasheteh® mgetinelr withl a podigctivantit B8, iefispered opothe Font side -
simul taneously. At.this tine, due to presence of th_e&! indrical body C and
t he ref er epCthgstatiganyhetrpighdirad| 3| dbke pheigation gl Fcels SRBBGWCHADI8Ns.
The beam det acti ng unit 34 detects the shadow_portions 3;;9 measuy es et'#e
di st ance VWPRRIREASt ABd dhei bramdategyeg unttadd i FEPPEFEANC 8RSt ough
| cul ation, i.ng. ' I h | sect] 7 h
cal cul ati onpf QeeeSHng o SHUSS WY nebliSaS QRS R4 e ol 2EBEER 1
control section 7 (Fig. 3). The above-described servomotor 24 is also
connected to the control section 7.
For example, a laser scan micrometer LS-5000 {product name) of
Keyence Corp. can be used as the laser scan micrometer 6. In the
micrometer, measurement is performed on the basis of the following
principle. A.laser beam emitted from a semiconductor laser is first reflected
by a 12-face polygon mirror and a reflection mirror, and is passed through a
collimator lens (F 6 lens) to thereby generate parallel (horizontal) laser beam
L. This laser beam L is projected from the projection unit 33 in order to
. scan an upper portion of the cylindrical body C and the reference pole 5
simultaneously. At this time, due to presence of the cylindrical body C and
the reference pole 5, the parallel laser beam L produces shadow portions.
The beam-detacting unit 34 detects the shadow portions and measures the
distance W between the cylindrical body C and the reference pole 5 through
| calculation processing. Subsequently, the control section 7 processes the

measurement data to thereby obtain a distortion Ed of the cylindrical body



measurenent data to thereby obtain a distortion Ed of the cylindrical body
-7 20 Cctober 2005 C. Use of such a | aser scan microneter 6 realizes a
sanpl i ng speed of 1,200 tinmes/sec and secures a resol uti or2lPc@bes2p0m
Thus, precise neasurenent is enabled. Meanwhile, a cylindrical-body

I ntroducti on nmechani smsection 14 for introducing the cylindrical body C
into the space between the stationary straight rail 3 and the novabl e
straight rail 11 is provided between the stationary straight rail 3 and

h j ecd it 33 The cylindrical -body. b0ty oduct i-on mechani
et on 1401 nobabs Eha T REheReas Breal bt CURMERR SERARPL T 1he
hoot : ' 37 | ' h tati tral ght
ol 3 to BeTUSaT e sh PRETEC SPRLTRRPH S QB Wch]' S PG PR S

The shoot ep34iRaseRt $€ERABRG. Ncl ination in order to enable automatic
feed; i.e., to cause a cylindrical body C located at the head of a |line of

the cylindrical meghenile h%ﬁﬁﬁﬁ*iéd]llfbcﬁq%ﬁdﬁ\%déﬁn&rf‘xﬂél%aéﬁéﬂlaée%ﬁbnsi rTgor

portion 11s of the novable Strai ght rarl ocated at 1ts ho

position. iHteodRadkNehdRGHARIH] IdyNe! HURS 118 HaceCHEivRie tR8GtaAdnad, PUSh

rod 38r integrally provided on a drive rod of the air cylinder 38c. Upon
advancenenstraight t Bel Bisthd QHe 3@lovablhe sendighdirhital 1 biedpyrdvil ot Heateah e

head can be |loaded to a rolling start position defined between the

st ati onar ystasibhaiystraight rdila®daridiahsgpididcatiost aiig3s. r gite dllinddiddaurly, a

cylindrical - body di scharge nmechani sm section 15 for discharging the

cyl i ndri caintbsbctionf noohismdsmpsedidnel ddadludes sshbbtaramygchahisan Ghitandia 3

and the novabl e straight rail 11 is provided between the stationary

strai ght rlapdimg amechrnissam3det ecThaeg shrpter34methanisyl i 3dr isalidpodyd

di scharge nmechani sm section 15 is constituted by a

: perpendicular to the stationary straight rail 3 fo be located on the rear side

of the stationary straight rail 3. The shooter 37 has a certain inclination in
order to enable automatic feed; i.e., to cause a éylindrical body C located at
the head of a line of the cylindrical bodies C to come into contact with the
straight side portion 11s of the mavable straight rail 11 when located at its
home position. The loading mechanism 38 includes an air cylinder 38c and
a push rod 38r integrally provided on a drive rod of the air cylinder 38c.
Upon advancement of the push rod 38r, the cylindrical body C located at the
head can be loaded to a rolling start position defined between the stationary
straight rail 3 and the movable straight rail 11.

Moreover, a cylindrical-body discharge mechanism section 15 for
discharging the cylindrical body C from the space between the stationary
straight rail 3 and the movable straight rail 11 is provided between the
stationary straight rail 3 and the beam—defecting unit 34. The
cylindrical-body discharge mechanism section 15 is constituted by a

discharge opening 39 formed in the base block 16. Preferably, the discharge

opening 39 is formed on the front side of the end position of the straigh_t side



di scharge opening 39 fornmed in the base block 16. Preferably, the discharge
opening 39 is forned on the front side of the end position of the straight
side -8 20 Cctober 2005 portion 3s of the stationary strai @ Octuber2005f
necessary, as shown in Fig. 2, a weight 41 may be placed on the

cylindrical body Cin order to prevent the cylindrical body C fromlifting
during the course of rolling. In order to determne the distortion Ed of
the cylindrical body C, a variation in distance is neasured while the
cylindrical body Cis rolled at - | east one_turn. Therefore, the straight

si de porti @orgencgts ohthestationsay ywiraighragh8: rai| 3 nust conpletely coinci de

with the projection direction of the | aser beam L. 4H;)wever, Sf'[#:c(g e
attai nment of coHpheeassesynes sEePa i3 Figt 2, Sawgighit fty paay, PesRiRre BbEGent .
a correction_function section 13 is provided as..sha in.Fig. i R er
to perfor mertingricat rhasi &n mo?rdé%in‘@elpirﬁ‘ﬁntoﬁle Qﬁh‘é?i?\é\g kﬂa e@Fggrcﬂ‘ htfﬁ%g
straight side portion 3s V\'%tfl.respect to the projection direction of the

| aser beamduring ghe 6pHEG PHFPHBECt i on section 13 shown in Fig. 5 includes

det ecti | t 45 fi to.th Lapl t L.ai I+ N,
et cction pol o 45t SFAFECPI el aof rinkihety B o BindeAledy G,

I t 45. An be det : | ' th
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in contact \with the stati tral.g it side dORidUS- detiet sehtioalipr EO
IS regi steJ%%Sti ﬁngdg%rrll(ée. Fa%‘?y,tﬁ%hgﬁgig?{orskg y be detected by another

met hod in %}aflghﬁ JB fhusy Ebﬁg):]iét?ﬁ) cORYAMRIEE tHlé Profektion didedtish obehe

appr-oxi mat Zero 1S prepar advance, and the master cylindrical

body i s rolihad 8RSt 41N HOwEHE! dhcdletesiridia of komplee Ehinchbave- esit i bed
correction function section 13 enabl es neasurenent of inproved accuracy.
easy, in the present embodiment, a correcﬁon function section 13 is
provided as shown in Fig. 5 in order to perform zero correction for canceling
out an error angle Re of the straight side portion 3s with respect to the
projection direction of the laser beam L. The correétion function section 13
sh;)wn in Fig. 5 includes a detection element 45 fixed to the movable straight
rail 11 and a detection pole 46 projecting upward from the top face of the
detection elemeﬁt 45. An error Eo can be detected through an operation of
moving‘ the movable straight rail 11 while keeping the tip of the detection
element 45 in contact with the stationary straight rail 3. The thus-detected
error Eo is registered in advance. Notably, the error Eo may be detected by
another method in which a master cylindrical body whose distortion Ed can
be approximated to zero is prepared in advance, and the master cylindrical
body is rolled one turn to thereby detect the error Eo. The above-described
correction function section 13 enables measurement of improved accuracy.
Next, a method of using the distortion measurement apparatus 1

according to the present embodiment as well as a method of measuring

o distortion of a cylindrical body C will be described in aqcordance with the



Next, a method of using the distortion nmeasurenent apparatus 1 according

to the present enbodinent as well as a nethod of neasuring distortion of a
cylindrical body C will be described in accordance with thé&0Qct2ben200ber
2005 flowchart shown in Fig. 6 and with reference to Figs. 1 to 4. The
cylindrical body Cto be neasured is the inner ring G of the ball bearing
M shown in Fig. 8 First, a large nunber of cylindrical bodies C are
supplied fromthe shooter nechanism 37. Wen a neasurenent start comand

I s out put St + 1 Gy o S | : Lol £ CH ol N 8oy 8 SO as
to advanceﬂ{“ﬁe ptr}g}\&%ggﬁ%ﬁ ?S%’é‘% Qvélas .régﬁﬁg{e ttohzigjgyﬁie(%d%i ggfllé ﬁgréﬂ;&?:a%lt t he

head of thgody REto Ye h2@sti¥ed REHEhEahnRPFES CPof WRE OBl HehPCRE SHoPH iR

solid line in Fig. 1, is pushed out fromthe shooter mechani sm 37 and is
| oaded to pegrolling start position between the stationary straight rail
3 and the novable straight rail 11 (step S2). At this tinme, the novable
strai ght rail 1Fifdtardiarp¥ @tnite oheyndesdlt bedies OWMrel Supplied Tradhies
urged toward the stationary straight rail 3 by the pressure-application
springs 30shdbter ahe¢leanishe 37| | Wihieinc al mdaedyer@ens fpasthedmimaed igr esgurte to
the space between the stationary straight rail 3 and the novabl e straight
rail 11. Subsetheeothtyol sddion Re tieoair oHirsdat3&nis7duwtnp sb sisatocadned ther
operating the servonotor 24, the servonotor 24 operates in order to nove

t he sl i derp@sh rodedd (step Sd). i Tousli theceylominkal dfodyhe atythenbead af thodipeC,
and noves the novable straight rail 11 in the sanme direction (step S3).
Thus, theofcthd salindarabbadies F£olwhichhis indigdiedabyi s godidntine tiowfigh k. He
stationary . straight rai|l 3 (step 842_l . Meanwhil e, the projection unit 33
proj ect s |%e%@5ﬁﬁp’m #he shopéer mechanism 37 and is loaded to the rolling start

position between the stationary straight rail 3 and the movable straight rail
11 (step S2). At this time, the movable straight rail 11 stands by at the
home position shown in Fig. 1 and is urged toward- the stationary straight
rail 3 by the pressﬁre—app]ication springs 30. Therefore, the cylindrical
body C is pushed under pressure to the space Between the stationary
straight rail 3 and the movable straight rail 11. 7

Subsequently, when the control section 7 outputs a command for
dperating the servomotor 24, the servomotor 24 operates in order to move
the slider 26 toward the rolling direction Fc of the cylindrical body C, and
moves the movable straight rail 11 in the same direction (step S3). Thus,

. the cylindrical body C rolls while maintaining contact with the stationary

straight rail 3 (step S4). |

Meanwhile, the pfojection unit 33 projects laser beam L, which is
parallel to a horizontal plane, and the beam-detecting unit 34 receives the
beam. At this time, as shown in Fig. 4, the laser beam L scans the upper
portion of the cylindrical bedy C and'the reference pole 5 simultaneously.

At this time, due to presencé of the cylindrical body C and the reference pole
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parallel to a horizontal plane, and the beam detecting unit 34 receives the
beam At this tine, as shown in Fig. 4, the |laser beam L scans the upper
portion of the cylindrical body C and the reference pol e 5 2 Qcticben8008| y.
At this time, due to presence of the cylindrical body C and the reference
pole -10 20 Cctober 2005 5, the parallel |aser beam L produces shadow
portions. On the basis of the shadow portions, the |aser scan mcroneter 6
nmeasures the distance W between the cylindrical body C and the reference

le 5. Si |1 ' I h ' .
i st ance i SopBErafelIbSA b EXRMAToRE, dbddy BoRERY, AR skt s
means col | %ﬁ&&% ggrt‘f'ori%r %1Q%P°§Ea8fm?8%?ﬁ€t§g‘§‘tm9%&re%e%ﬁe Ahis AR Pt
sanpling intéervals, preferably “at Tntervals at ‘are as short as possi bl e.

After the eubiadl 6l ARNACAIAB04P! LN INEULDrbiE. LM Vlile X

and m ni rum val ue Win n”of the di stance are obtain m the neasurenent

data, and Ej?ﬁn&iiiéélobééif'b BwiisS +RBtReASArdthOM of NRe difkt &L &N ist hgigksiyeen

(steps 86 and S7). Further, since the correction anmount Eo has been

regi st er edcoftiadyasggstdS55 OMMR AN @i lod ly SmedRk @Hedoh '@ 1ak
t hus-obtai ned di stortion Ew to thereby obtain a corrected distortion Ed

(step S8).nGullseqfanthyurdtien diatobeison Eshdtint @ARAIRE Wtkhvads | BictEaMee
val ue (threshold) Es. When Ed < Es, processing for a non-defective product

i s performatir{tetveps tBA ardas Short a¥pessible.? Es, processing for a defective
product is perfornmed (steps S9 and S 11). Wen the cylindrical body C has
rolled to the erfdigoidid cpindtibal bydy @t ihiasalollbd dyneCtdiad,| thel ntsoiminen diabohar ge
opening 39 so as to be discharged: Al the above-described measurenent
st eps can BYenaxtagvhretimyire vadnotWerincef tildistanch dilya® pbtdecdeasmr g
next is present, the above-described neasurenment steps are repeated (step
- measurement data, and the distortion Ew is obtained from the difference
therebetween (steps S6 and 87). Further, since the correction amount Eo
has been registered in advance, the correction amount Eo is subtracted from
the thus-obtained distortion Ew to thereby obtain a corrected distortion Ed
(Stép 38). Subsequently, the distortion Ed is compared with a reference
value (threshold) Es. When Ed < Es, processing for a non-defective product
is performed (steps S9 and S10). When Ed = Es, processing for a defective
product is performed (steps S9 and S11). When the cylindrical body C has
rolled to the end position, the cylindrical body C falls into the discharge
opening 39 so as to be diécharged; All the above-described measurement
. steps can be automated. When another cylindrical body C to be measured
next is present, the above-described measurement steps are repeated (step
512).
As described above, the distortion measurement apparatus 1
according to the present embodiment can perform precise measurement with

high reproducibility, because the measurement is performed by means of

laser beam L, which does not involve mechanical contact. Fu'rther,v since
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S 12). As described above, the distortion neasurenent apparatus 1
according to the present enbodi nent can perform preci se neasurenment with
hi gh reproducibility, because the nmeasurement is perforned20Oawhas 2005

| aser beam L, which does not involve nechanical contact. Further, since -
11 20 Cctober 2005 full-automation can be realized with ease, nmanual
operation can be elimnated, and stable, reliable neasurenent can be
performed. In particular, a small cylindrical body having a di aneter not

greater than several mllingters,. sych . | n LN f
beari ng, CEHI'BEtOIFF@é’é’EPr R0 oG 55 & I“Hagdg%%’oﬁé%§&v?dﬁegéu§)#‘ %ra%vi%i on

of the cylindrical-body introducti ' ecl .0 4 hagr o I ng
the cyli n@ﬂwtegodﬁm% i%?hfei’hé-é%@geq%%%ggﬁﬁrﬁe%&naﬁ%ngéﬁbgn?gi gﬂ]!tﬁ:rai I
3 and the _npvahl e strai ght |4 l_%}ﬂrt 5y | A ndiningaks RQSLY ot Stehafig

mechani sm PRE&YBR £5 S %ﬁ]aﬁégﬁg}%&ng theﬁ]‘%fffi n P(?!lcal %lé)dy Cg??%tr%the space

bet ween thg stationar trgi I 3| inhednN8r tRePRYAP 8 SiBairgty, €@ lbell,
the enti resﬁvﬁégglﬁ?gpﬁ%rﬁe%pe%(%?tgﬁ %{riolm supply of t?lizé)cyl i ndrical body Cto

the di Schaﬁ% e _conpl effdiYioaut PRt @dtudi 6f Prehsinm aohodid i ed
enbodi nent . r?q}ﬁgel (r)r&[DCé:l i(‘éi §renbodi ment, i nqjggdi tion to the reference pole

5, a secon 1f§cﬁéﬁlnﬁgdjﬁ%&mdtﬁ)m rautidedsan ddeeiosi de dbr tinerathwsibg ethe
| . nt

straight r i's case, the reference pole 5s is fixed directly to

the flat faaedicANGod ORI fig: Bades bptvostrd éde istatidreanyostabight gnilad gind r ai |

11 in order to avoid interference with the reference pole 5s. This

conf i gur at 1N penRaie stadight railetiuandedsucgimdticalf body diicheage asedkariam W,

and therefore, nore accurate distortion Ed having a further reduced error

can be obtgidtrsh 1 Brioughsaibirgingrtm cylindricaheodiy€ Framthospaenbetween the
stationary straight rail 3 and the movable straight rail 11, the entire
measurement operation from supply of the ;:ylindrical body C to the

dischargé thereof can be completely automated.

Fig. 7 shows a modified embodiment. In the modified embodiment,
in éddition to the reference bole 5, a second reference pole 5s is provided on
the side of the movable straight rail 11. In this case, the reference pole Ss is
fixed directly to the flat face 2; and an opening 51 is provided in the movable

- straight rail 11 in brder to avoid interference with the reference pole 5s.
This éonﬁgﬁration enables simultaneous ineasurement of two distances Wa
and Wb, and therefore, more accurate distortion Ed having a further reduced

. error can be obtained through obtainment of an average value or other
suitable processing. |

| In the modified embodiment, in addition to the laser scén micrometer
6, a second laser scan micrometer 16 is providéd' perpendiculai' to the laself
scan micrometer 6 so as to measure the émount of movement of the
cylindrical body C. In the embodiment of Fig. 1, the position and movement

amount of the cylindrical body C can be obtained by means of the Ipading
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scan mcroneter 6, a second |aser scan mcroneter 16 is provided
perpendi cul ar to the |l aser scan nmicrometer 6 so as to neas@0eOctoben60ht of
novenent of the «cylindrical body C. In the enbodiment of Fig. 1, the
position and novenent amount of the cylindrical body C can be obtained by
means of the loading -12 20 Cctober 2005 nmechani sm 38, the servonotor 24,
etc. However, in the present, nodified enbodinent, the position and

novement apgidhan®dmt 88 &Yd isBRfdrRélortedy efe. FRwdRrOBt dhBeghd¥ene, Ariict el y
by use of the second |aser scan mcroneter 16. That is, ‘a third reference

pol e 5t i sepidigiedt,0thd Pposiod hodambw@hiditdihoundidf the dylusdriédlebsdt O ng
~start position can be obtained accurately fromthe distance W between the

reference pahéeSibianted htoreyddomatateldlbybasly ofthaBetoridBase® weemhic@onienér W
of the cylindrical body C can be obtained accurately fromthe rolling
start posi ibonThadig,he thivdi teferenet pdie Ftyisi mahvideal onbibdyst@tmhatrhetraaght ng:
end position. In this case, the outer dianmeter of the reference pole 5is
render ed grahtder Thiuan thhabllofg shetrpfstiencanpbe @bbainedoaasiratelyciromi et e

I nfluence of the reference pole 5t on the neasurenent of the distance W
bet ween t hdistehes ¥e beputen Shanfedeaceypaladrt aad thodyliddrived disidy, C; mnd g.
7, reference nuneral 16a denotes a projection_unit of the |aser scan

nm cr onet er thies; mpegraesh campumsr 1@{2 the neylirducal e heflie Ce dath e watitainst ¢ he
| aser scan m croneter 16; and reference letter Ls denotes |aser _beam

proj ect ed R¢BHR{HE fhow; tha rofingnstary pesitign padt e Besidion: of Hye sylisdnsals

been descrjbed with reference to the preferred enhodinent (and th
modi 1 od_ eRBOHTBhEhe aling CodeRPSTIAR nIP RIS C8Shothg Pt diRgig ), the

Regar di ng lsetferr%%tcg rpaollts %e%sa}elnsdergg a reegtern&l%eﬁlsdt of the reference pole 5t, so as
to eliminate influence of the reference pole 5t on the measurement of the
distance Wa between the reference pole 5 and the cylindriéal body C.
Notably, in Fig. 7, reference numeral 16a denotes a projection unit of the
laser scan micrometer 16; reference numeral 16b denotes a beam-detecting
unit of the laser scan micrometer 16; and refefence letter Ls denotes laser
beam projected from the projection unit 16a.

While the present invention has been described with reference to the
preferred embodiment (and the modified embodiment), the present invention

. is not limited thereto. Regarding structural details, shapes, numbers,
~ materials, among others, modifications and any omission or addition may be
possible as needed without departing from the scope of the invention. For
example, cylindrical bodies wh:ich are most suitable to the distortion
measurement apparatus of the present invention are inner and outer rings
Ci and Co of ball bearings M. However, roller bearings and other cylindrical
bodies are not excluded. Further, the term “cylindrical body" used in the

present specification encompasses a cylindrical columnar body.
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material s, anong others, nodifications and any om ssion or addition may be
possi bl e as needed wi thout departing fromthe scope of the invention. For
exanpl e, cylindrical bodies which are nost suitable to the 24 Gttmber 8005
measur enent apparatus of the present invention are inner and outer rings

C and Co of ball bearings M However, roller bearings and ot her
cylindrical bodies are not excluded. Further, the term"cylindrical body"
used in the present specification enconpasses a cylindrical columar body.

-13 20 Cct S CLAIMED I'S: 1. An apparatus for measuring
distorti on%%lzg@?‘i%ﬁ%éﬁsbody, conprising: a stationary straight rail
provided on a flat surface; at cyl i ndri cal ;bod(%{, transfer mechani smfor -
rol ling the cylindri’tQ 2BBAYAUS, £or MReRsUring rdistriitiom fr paewlindrieale bedy, of

the cyli ndré&# .g%dy remains in contact with the stationary straight rail;
a reference p 2 |g$posed at a position separated a predeterm ned distance

fromthe cylindrical,: inh adrection rpendicular to the rolling
di rection of thel“icsflt Fﬁgrghgp%%la@?mgpf%‘ggggggﬁﬁﬁfé%f?é‘fF'er capabl e of

si mul t aneously s i Q. _ er end of. the cylindrical bo nd.the
ref ererice pol )é bgad@é{r%% &41??055}& anﬁg%nﬁnﬁ?laf%’@fré O% 5&%’!’15 'ihr‘?ec%(ﬁi‘%-b‘:’dy

direction tgchhgfby j G the cylindrical bady .and
the reference pol e: 5ndia ggln'?}lgqa%é?gtoﬁlgngf%\rﬁgglﬁtc glqu¥ﬁ3§?&19gy Temains in
cylindri calcohesht \ifﬁ'ﬁ%feeétati%%gf@itt 1ndy;t he |aser scan micronmeter and for

out pu . -

processi ng neasurenent data romthe |aser scan microneter to
thereby obtain aar@gé@ncedpsleOtiditell at A€ pb¥itidHisbpatatRQ9Y - predetermined
~ distance from the cylindrical bodj} in a direction pe-rpendicular to the rolling
directién of the cylindrical body; |
a laser scan micrometer capablé of simultaneously scanning the
other end of the cylindrical body and the reference pole by means of lasér
beam projected toward the rolling direction to thereby measure a distance
between the cylindrical body and the reference pole; and A
a control section for controlling;;r the cylindrical-body transfer
mechanism and the lgser scan micrometer and for processing measurement

data output from the laser scan micrometer to thereby obtain a radial

distortion of the cylindrical body.

2. An apparatus for measuring distortion of a cylindrical body
according to claim 1, wherein the cylindrical body is an inner or outer ring of

a bearing.

3. An apparatus for measuring distortion of a cylindrical body

according to claim 1 or 2, wherein the stationary straight rail is formed of a plate '

member of constant thickness and has a straiglhit side portion on at ieast one
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2. An apparatus for neasuring distortion of a cylindrical body according
to claiml1, wherein the cylindrical body is an inner or outer ring of a
bearing. 3. An apparatus for neasuring distortion of a cyl i2id@cader 206§
according to claiml or 2, wherein the stationary straight rail is forned
of a plate nenber of constant thickness and has a straight side portion on
at |l east one -14 20 Cctober 2005 side thereof, the straight side portion
having a length for enabling the cylindrical body to be rolled at |east
one turn. 4. An_apparatus for measuring:distortion Qf a.cylindrical dy
accor di ng téde|thersd; Sheestiaighthsidg ATHARY Paé’ff‘rgaiagafmg% Ifoﬁaféla&’ﬁ%gﬁe
slant side-extending from an entraInce-si de end portion of the stationary
straight r¥Hindrigal hadgtebe molled it leaslaemfu®de- portion, and a rear slant
side extending fromthe end of the straight side portion to an exit-side
end portion of the stationary straight rail. 5. An apparatus for measuring

distortion of a gylinhdrical baody. accordi t . ONec0 :eged

cl ai ms, wherein [tg'he ‘%@I?%a?%?-fggd%e%tsﬁéﬁ% edr:is‘?#e})éﬁgln%n{ii %i:lﬁjcg\g(gﬁamﬁg abl e
straight rajl.  di. ed t a i 9@5%, ﬁ.%gé hi.:1 fisk, itV e
mechani sm 8?0%101@@% g‘ﬁge&névg%}eggﬁsﬁ%%%? rail §a Hg1 ltarjllre(ﬁs?fltE a%?%t??gﬂt

strai ght rakk. g%@gyrﬁc-ﬁnggﬁr?lg?% @&M OkRle ?ﬁ{lﬁiecﬁﬁbnréf thd QuRidhdestraight

stationary str ereby rol cylindrical body, held

bet wveen t he,JlgtihQnatyt 3F thE MikaibBt SidNHottieh,MBNAR PearStlbai @ide edtdndifgong
the stationary straight rail. 6. An apparatus for neasuring distortion of a

cylindricalphipdne @sd YrdiHeOstrRightadide ortider & Ant beitE¥akhe sortirgbf thai |
has a plate portion which has a constant thickness and a straight side

portion onsaitidrRaststeaight rail.

5. An apparatus for measuring distortion of a cylindrical body

according to any one of the preceding claims, wherein the cylindrical-body
transfer mechanism includes a movable str'aight rail disposed to face the
stationary straight rail, and a drive mechanism for moving the movable
straight rail along the stationary straight rail, while urging the movable
straight rail toward the stationary straight. rail, to thereby roll the
cylindrical body, held between the stationary straight rail and the movable
straight rail, along the stationary straight rail. ‘

6. An aﬁparatus for measuring distortion of a cylindrical body
according to clairﬁ 5, wherein the movable straight rail has a plate portion
which has a constant thickness and a straight side portion on at least one
s_iée thereof, the straight side portion having a length for enabling the

cylindrical body to be rolled at least one turn.

7. An apparatus for measuring distortion of a cylindrical ‘body
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side thereof, the straight side portion having a length for enabling the
cylindrical body to be rolled at |east one turn. 7. An apparatus for
measuring distortion of a cylindrical body -15 20 Cctober 2008c@beol008g to
claim5 or 6, further conprising a cylindrical-body introduction nechanism
for introducing the cylindrical body into a space between the stationary
straight rail and the novable straight rail. 8. An apparatus for neasuring
di st ort krooowfing toyllaind S aab, bodiier aonquriiing a oyliridrical-hodyharteoduttien
cylindrical -body introduction nmechanism includes a shooter mechani sm

di sposedngiaism o aptrogucing shatqybimsirycalshody dgnto aaspagobpbveee dhed on

the rear sj.de of the statjongry straight rail _w.th respect to the rolling
directi§Hﬂ3?n?ﬁésg?ﬁﬁﬂﬂ?Ftﬁ?8H%@f?ogﬁgﬂ%sv'gﬁphﬁuinechanisn1including an

air cylinder and a push rod integrally provided on a .drive rod of the air
cylinder, wherein upon advancenent of the push rod, the cylindrical body

located at the Rgadargnhd rOomdadirinls | GakoRUH &5f 125 dyIRRRskall Body' 0l |1 ng
start position. 9. An apparatus for neasuring distortion of a cylindrical

body aeeotsling tboclaby pnehefeifil @iereylindGcd-body imhgbdaetioni Sieabaaism
cylindrical-body discharge nmechani smfor discharging the cylindrical body
from t henclpwles abshawen mhehsnim odisppssed r perprendiailaramd thiestadicaisiny

straight rai). 10Q. An apparatus for neasyrin istortion of a.cylindrical
body aé&’@ﬂﬂi‘h@a%lot%i)ﬁﬁ‘?@?e they reps %QPi%d&?%éFatb%%ﬁi%@%g gaal

nmechani s i_ncl ude di sghar ge openi n rovided.on .the front side of the
o oos Pt respeatTh. faf iRk “reaRSn, P Bk SRRl et 200 a odfink 1 o
with re -0 1 l1i.ng:.di i h i i : t
oyl i nay P tigrhiGt fradilel d QiR Hh O i, S ulflor ey, pROGed'SiE
drive rod of the air cylinder, wherein upon advancement of the push rod, the
cylindrical body located at the head of a line of cylindrical bodies is loaded

to a rolling start position.

9. An apparatus for measuring distortion of a cylindrical body
according to any one of claims 5 to 8, further comprising a cylindrical-body
discharge mechanism for discharging the cylindrical body from the space

between the stationary straight rail and the movable straight rail.

10. An apparatus for measuring distortion of a cylindrical body
according to claim 9, wherein the cylindn‘ca_l—body discharge mechanism
includes a discharge opening provided on the front side of the end position of
the straight side portion of the stationary straight rail with respect to the
rolling direction of the cylindrical body, the cylindrica] body falling down
through the discharge opening.

11. An apparatus for measuring distortion of a cylindrical bedy
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11. An apparatus for nmeasuring distortion of a cylindrical body -16 20

Oct ober 2005 according to any one of.the preceding clains, further
conprising a correction function secti-on for correcting ar20e@ctwbenBf0® of
the stationary straight rail. 12. An apparatus for neasuring distortion of

a cylindraccakdid@dto afgobgiengst . of the rw ng claims, wherein
the reference pole is 9di sposeda%%n%%egggfn&e Cg?m?fge ChdFPeMrisieglya 13. An

appar at uLFHCtoBa fingtinn diestiontfoorcatedtigy binngfrbs aé{néyggg th%cg%%ing%%t o any
one of clsﬁd]ghtl 4ip 11, wherein the reference pole is I sposed on pboth ,
si des of the cyfl ndrical body. 14. . An apparatus for neasuring distortion
of a cylindrical body according to any one of the preceding clains,

At o e O i et e

perpendicular to the | aser scan mcrone
of the cfrroigingdp syytyne of the preceding claims, wherein the reference pole is

‘disposed on one side of the cylindrical body.

13. An apparatus for measuring distortioﬁ of a cylindrical body

according to any one of claims 1 to 11, wherein the reference pole is
disposed on both sides of the cylindrical body.

14. 'An apparatus for measuring distortion of a cylindrical body

according to any one of the preceding claims, further comprising a second
laser scan micrometer which is disposed perpendicular to' the laser scan

micrometer and adapted to measure movement of the cylindrical body.
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