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 %%@ﬁgﬁeﬁ{aﬂ@@@ﬁ?@mt ation

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’



1 20 Cctober 2005 peripheral surface of a |lower end of a cyli ndr-i cal 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
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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

nmeasuring gisiRhdicencdf Wi ithdr tiead ddinsthidistoetibnl Rat edisTechsidecele
contact and enabl es performance of precise neasurenent with high

specified tolerance, the operator 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.



reproducibility. _2 20 Cctober 2005 Anot her object of the present invention
is to provide an apparatus for neasuring distortion of a cylindrical body
which facilitates realization of fully-autonmated operati o0 @tioben2008
manual operation, and enables stable, reliable neasurenent. In order to

achi eve the abov%gg | ect ?? an atggarat us for neasuring distortion of a
cylindrical body Bkt ot Ryeserinnventientis dn providedes apparstuatibpnar y

straight raj]| ovided on.a flat surface;, a cylindrical-body transfer
mechani sm %eafgéi“flgngl%’& Yy 19f ndr $3indrinsdybedse whinht fagilifetdsp mealidationr bace
remains in contact wth the stationary

of one en |i,;ndrical body .
strai ght rgﬁ%"%&?’éﬁ %tF ey Bﬁpg’ 8?%‘68@’@6 manyahgperdtion, sehenaklds stable,

pr edet er m agd:fl r the cylindrical body in a direction
per pendi cul ar QF% ?’tﬁg‘gﬁg‘?ﬂmgm ng direction of the cylindrical body; a |aser

scan mcroneter of +si.pul.t aneously, scanning the other end of the
cylindrical bodyhgﬁga?hgor é?%?%c ep%ﬁ%v%ébﬁgﬁls%faﬂ%éFu%WWQd
t owar d t he digldrtipg ot j nmeasup,e a di stance between_the
cylindrical 1body arfg a{ﬁ%ﬁéa@?ﬁl&ﬂ%@?%@f&e@l@nﬁ) Q‘ecBlfﬁsPﬂi Igegtioghincades: a

i or onet er and For prSeaa g el PR e FEAAEE, F By BRrtnl oy Banle s can

m cronmeter and for processing neasuremen
m cromet er mechdriemefy Mg Bheicshialiicans cht { %H apgVe; descrd bed
configuration, radial distorti g?l of the ggfisﬁ&pi%at%og .)/S%%lﬁa(ibgélr gstred.
BRI EF DESCRNhPTEN &F tREECHIRMMNISHEHG - reknhiss? ! @ b %Rl ﬁ}ed isﬁzit‘i’” LN
nmeasur enent apparatus according to a preferred embodi ment of the Predent
i nvent i on; straight rail; a reference pole disposed at a position separated a

predetermined distance from the cylindrical body in a direction

| perpendicular to the rolling direction of the cylindrical body; a laser scan

micrometer capable of simultaneously scénning the other 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 and the reference pole; and a control section for controlling

the cylindrical-body 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. 2 is a paytially sectioned front view of the distortion neasurenent
appat atus; 3 20 October 2005 Fig. 3 is a view show ng the operation
principle of the distortion measurenent apparatus; Fig. 4 30Oatqber 2065t ve
view showing a main portion of the distortion measurenent apparatus; Fig.
5 is an explanatory view showi ng a correction function section of t he

di stortion neasurenent apparatus; Fig. 6 is a flowhart show ng the steps
of a nethod of rreasuri ng di storti on of a cylindrical body by use of the

di storti on neasugene arat .Fig schemat.i ¢ pl.an

di stortion measu ’eg’re t ’gF”at wipgofhe r‘i’é’ef%l% rﬁﬂﬁ“flpgd Og%bdflﬁ)r\eﬁlﬂ cﬂ‘ t he
present i nveéla'{l on ga[ a sectl onal side view of an inner ring of a.
bal | beari ﬁ% S(lgﬁ and Fig. 9 is a perspective view of a

conventional dis ' | EZ@'. SEANON THE
PREFERRED Eww|kgq#%]ag§%%g’e§rg§€ FHr%‘e prgsen%ﬁ%en 1o @ next be
descri bed i SQﬁJrF V%ﬁlﬁ I.&g%grence to t he draw ngs. The acconpanyi ng

drawi ngs are ustrative of 'the enbodi nent and are not neant to limt the
scope of the inggnty %nan @éﬁjﬁro Qe $EbWrSg bhortQMEsH E@Rctsd£aE¢ton of
detail ed description of vvn parts 1Is omtted First, the structure of a
di stortion ﬂ@@ﬂ%ﬁb?ﬁ&@%@ﬁlﬁfeﬁi&& dpparatus;

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 refe;rence to

Figs. 1 to 4.

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



according to the present enbodinment will be described with reference to
Figs. 1 to 4. In these draw ngs, reference nuneral 16 denotes a base bl ock
which -4 20 Cctober 2005 has a flat surface 2 at the top tér@cfobeA2005
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
pl ate nmenber' of constant thickness and has a straight side portion 3s on
at | east one side thereof. The straight side portion 3s has a |length for
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facilitate ecylndr a rear ant side 3r is

formed to %?ﬂ: ¢ HQ nﬁ&}?ﬁ t%h%sotmt e 18h&@ght s edﬁlé}‘%f' OPhL 8SstkRighR side

exit-side portlo e stationary strarght rail 3 in order to

facilitate wrasﬁeg@ﬁag 1cn3®h G LRSS d@h Sairfeal Boti§f @ sePEAZRA) #n Shicta

cylindrical® columar shape~is provided on“the top -Surface of the

stationary fldd Ghtasidldmehsush Bdafollele dieflesancmepahens Eké eddgreepwdr d
froma central portion of the top surface. Thus, the reference pole 5 is

di sposed atsténipgidskQT theparaighe side périlet 850 aemlghsatsapmmlbr oRutther, a
cylindrical body Cin a direction perpendicular to the rolling direction

Fc of the dydritndaheaiddads GorrActinvabitendtirangit enardncelsidehérch pbeidess afhe
straight side portion 3s of the stationary straight rail 3, is disposed at
a position thepﬁ:iaabadqa straight rail 3 to the start of the straight side portion 3s in
order to facilitate loading of the cyhndncal body C; and a rear slant side 3ris
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 st;'aight rail 3. The plate poftion 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



predeterm ned di stance fromthe straight side portion 3s. The novabl e
straight rail 11 has a plate portion of constant thickness equal to that of
the stationary straight rail 3. The plate portion has a st0dciebesP005
portion 11 s on at |east one side thereof. The straight side portion 11 Is
has a length for enabling the cylindrical body Cto be rolled at |east one
turn. Notably, the 5 20 Oct ober 2005 degree of straightness of the straight
side portion 11 s may be relatively low. |If necessary, a friction nenber
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drive nmechanismsection Spo on the lower-level surface . The

drive mec h%ﬁ%%hsfﬁtfbﬁﬂe&% ebHAeS xRN HGe TESRATHS Towib-lemIpngttteol8.a
bal | - screw nmechani sm 23 and a servonotor 24 for rotating the screw portion
of the ball 3@ YRt AU SPhLFail TR RAY i go MRChappeited Fportisrt DRy whichues a
slider 26, which integrally includes the nut portion of the ball-screw
mechani sm 33tegFhRy Sot-6iel &5 ekteriil idbahtwaguiferd dyd merppadicudér tgui detesdiaf t s
27. By virtue of the above-described arrangenent, when the servonotor 24
i s driven, dide oflthdeplalé atioheoppvsine ete astchipht st edradonyls.t Hde biwdrng
direction Fc of the cylindrical body C, - which will be described

end of the to-be-supported portion 22 rests on the lower-level surface 18.

Further, a drive mechanism section 12 is disposed on the 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 cylﬁldrical 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



| ater. A pair of separated support shafts 28 are provided to project froma
side surface 26 and are passed through holes 29 fornmed in the

t 0- be- supported portion 22. Pressure-application springs 3@0dDetober 26@5 on

t he support shafts 28 between the slider 26 and the to-be-supported
portion- 22. Thus, the novable 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

st at | onar y it dicdlfovkBld iFaHA0rP 19, BAGIRACuILA tevabliensty st ai

11 canh be rolle ong the stationary straight ral 3. Notably, -the drive

mechani sm ?ﬁ‘?té.O'T\Iélt%bﬁf‘%hﬁrﬁf@"iﬁ@&ﬁaxﬁ"sﬁﬁis%ﬁqn N3 hndlifeonfdvable etight
cylindrical -body transfer mechanism 4. Meanwhile, a projection unit 33 is

di sposed opait N8 dRAfitetdl8 SlindiRal-Podliteltddfyr fldchb@i¥mrail 3 (the rolling
direction Fc is defined to be the front direction); and a beamdetecting

unit 34, which qgeshivhilees Prdjastsn 9GH0 33Tic diwprised 6n tthgetdaerside tdf the
projection unit 33, is disposed on the front'side of the- stationary
strai ght r sidticharyhergighk aail Br{thairbllidg disestigpdc sddbfined e¢g bedh¢ ifong 35,
and the beamdetecting unit 34 is supported by |leg portions 36. The
proj ect i ondimctioR3 amd 4 Heedmatutestime tinig ki whieh aoastibnwsctekiisen sgan
control section 7 (Fig. 3). The above-described servomotor 24 is also
connect ed tuctdmeeteoft togetiBerwithna projeotionxmrip B8, indispsoeed spakhenirenbaidicer
LS-5000 (product name) of Keyence Corp. can be used as the |aser scan
ni cr onet er obthe gtatipnaryi streight anil JeaE1e preisction ynit G ifesUBROTAG WaleRs of
the following, 'principle. A-laser  beamenitted froma senjconductor ébaser
is first reprtiansdd, ayddhehqameiotestingHni $4 & SHRROHCAN & PYkoRS s |
' h h ' : . :
and is pas S’Flge tprtr)j%lé onaunit 33 and the beam-detecting unit 34 are connected to a
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



collimator lens (F O lens) to thereby generate parallel (horizontal) |aser
beam L. This |aser beamL is projected fromthe projection unit 33 in order
to scan an upper portion of the cylindrical body C and théd@fwben280pol e
5 sinmultaneously. At this time, due to presence of the cylindrical body C
and the reference pole 5, the parallel |aser beam L produces shadow
portions. The beamdetacting unit 34 detects the shadow portions and
nmeasures the distance Whbetween the cylindrical body C and the reference
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0.05 Um Jhus,r8Leat SE urenent is enabled. Meanwhile, a
cylindrical - body&lhnt rodttjlcltgls}"ca)e%1 mechani sm section 14 for introducing the

cylindrical bodwGh@hflet H%ﬁﬁﬁﬁfqa@%%@l&écgﬁtéﬂcﬁ{ h?é@{]axlisrﬁté&!ti%tlc{ i 3

and the novable straight rai'l 11 is p etween the stationary

strai ght raittodudig e dpiansehl Wodyntt irdd tHd &kl B &R thO Btationary

i ntroducti on nechani sm séction 14 i ncludes a shooter nechani sm 37 and a

| oadi ng nestraiyhs ta3B.3 Hirvl $heokRNaBRC Ramiighn 3ili B1 disSpASAded Rdthessl gid ar

to the stationary straight rail 3 to be located on the rear side of the

st at i onar ystetibaaghtstraight Jail Thearsd aht gropettivas uaic 86t aimhel agindigddidbdyn
order to enable automatic feed; i.e., to cause a cylindrical body C | ocated
at the headrafudiidn nediartisre sadtiondi 4 datluntedi £ shGotar menkanizho 3¢amdat

with the straight side portion 11 Is of the novable straight rail. 11 when
| ocat ed atlopdsng homechrosisti 038. TheTheaghogtere cherhemis® i 3¢| usledisgrosais

cylinder 38c and

: perpendicular to the stationary straight rail 3 to 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 inf;o contact with the
straighf side portion 11s of the movable 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 Eeam—defecting unit 34. The
cylindrical-body discharge mechanisnﬁ 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



a push rod 38r integrally provided.on a drive rod of the air cylinder 38c.
Upon advancenent. of the push rod 38r, the cylindrical body C |ocated at
the head can be loaded to a.rolling start position define®0@ttoben 2008
stationary straight rail 3 and the novable straight rail 11. Moreover, a
cylindrical -body di scharge nmechani sm section 15 for discharging the
cylindrical body C fromthe space between the stationary straight rail 3
and the novable straight rail 11 is provided between the stationary
straight rail 3 and the beamdet-ecting unit 34. The cylindrical-body

di schar ge meetianidnosthn seiiopary stradght raillifed by. a  di scharge opem ng 39
formed in the base bl ock 16. Preferabl the dis ha‘{)g %%g

formed on the frHnpeegssarnf as [shosay 1pdHet Lo BF 1“?%}(81‘? § .
Oct ober 2005 portion 3s of .the stationar stra| ﬁdrall §&e§1§%rl$( as
shown in Figylingrical \idyhC 4n ‘?Félfrb‘@ pra ndrical RHFWC | “body n
order to prevent the cyllnﬂ;l body C fromllftlng during the course of
rol I'ing. |AWithe GOHEIGP ‘ﬂﬁnghe distortion Ed of the cylindrical body C,
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section 13 er to perform zero
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portion 3s W respect ect lon direction of the | aser beam L.

The correcy chl' HAGE 10N BEGEYAQN stﬁce sftexRnh¢htFof complagl udesidertdet &cmioon
el ement 45 i xed to the movabl é straight

easy, in the present embodiment, a correction 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 correetion function section 13
shewn 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 aecordance with the



'rail 11 and a detection pole 46 projecting upward fromthe top face of the

detection elenent 45. An error Eo can be detected through an operation of
movi ng the novabl e straight rail 11 while keeping the tip &0 @pfebdef288%i on
el ement 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 nethod in which a master cylindrical body whose
distortion Ed can be approxinmated to zero is prepared in advance, and the

master cyl fISgehsR shRdn Mgl 8! AR wADE réfdfdhdeCidl FpkeRVicl8! efhe LHEngREAT EO.

The above-described correction ?unctl on section enabl es neasurenent of

i mproved apgay Yo H¥eMleastrd®lif efle Ghnes iriss CRrdhetifil RArARARUSEFRALIn
apparatus 1 "according to the present enbodi nent as well as a nethod of

measuring Fii gtortion of a cylindrical body Cw |l be described in
accordance with the -9 20 Cctober 2005 flowchart shown in Fig. 6 and with

reference to Fi GGrst] o targe dlithiey! bMeylikddicalbbsl¥ics ¢ areestippliet gebr sthiche
inner ring C of the ball bearing Mshown in Fig. 8 First, a |arge nunber

of cyl i ndrileatebadedsakisar 87&uUpWiHeed af ApmAstib@nmshocitart peshasnd nis3gutplften a
measurenent start command is output fromthe control section 7, the air
cylinder 3Bomi thadconwtznl sectas 79 the wancdiddee 3§ushdrioch 38ras( st agvaSice. th€hus,
the cylindrical body C at the head of the line of the cylindrical bodies
C, which iBushhdpd@&dstsp 8130l Thius, the ¢ylirkirizal hodysC ghudieebcadio! thedinehe
shooter nechanism 37 and is |oaded to the rolli ng start position between
t he stati oHatlie sylinggpel bafliessCarhicheismbvdiphiedsby o glelidr Bng inHig s S2) .
At this time, the novable straight rail 11 stands by at the haonme position
shown in FR¥shed gyt from the sdoobstamgchanisin 87 dpddy laadest ghthe 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 pressure-application 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.
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 body 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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rail 3 by the pressure-application springs 30. Therefore, the cylihdrical

body Cis
straight r

control section 7 outputs a command for operating the servonotor 24, the
24 operates in order to nove the slider 26 toward the rolling

servonot or
di rection

pushed under pressure to the space between the stationary
ail 3 and the novable straight rail 11. Subseque) Q¢tohpeB00he

Fc of the cyl indrical body C, and npbves the novabl e straight

rail 11 in the same direction (step S3). Thus, the cylindrical body C

rolls whil

paral lel t
beam -At t
portion of
At this ti

rojectron u projects”l aser beam

aser eam scans t

li.rﬁé %%g%ﬂ'é&qgs&oﬁééﬁtﬂﬁr{)agégse &Eﬁo‘(v? rﬁ [¥on8! r@hgtﬁlte téﬁl% ﬁ% Iﬂéét ep

S4). Meanwnf |'e,

%p@d@%&&ﬁ%ﬂ Bl @N8se Fiﬁgg}lzﬁli@ﬁgﬁ%@?t@c LAG, ”th§4difsga‘h ovgp the

S shown I'n € upper

bbifedy | tHad rc?ﬁﬁhr&%ﬂy?@ﬂgécy :ﬁnﬁfee?ﬁf&g%a%o'folé % m%ih%?e?ﬁ@' Y-

erence

me, due to presence o I ca and the re

pole -10 Zg@aﬁ@.ﬁr b8P T FolikhenPanahblerh@3Ebs Qﬁégﬁlﬁ'staﬁ{&éj‘W% SaasioNed

portions.

pole 5. Si

the basis” of the shadow portions, th

nce the cylindrical body Crolls, the measurenent of the

di stance WausnipgrdfanBReurcifehi AHaUSEY ASEaRISR) sadljRidgiiter €8] pregerably

means col |

ection of a large nunber of measurement data sets at constant

aser scan m croneter

measur es t Ben@hEbasGsWp B el tdith ddtiflid ey bedunS @M tibg Jref mEgace

6

sanpl i ng i at arteatads thaehsr ablshoraas ipoksiblal s that are as short as possi bl e.

After the

cylindrical body C has rolled one turn, the maxi num val ue Wrax

and m ni mum val Udtathe oflindicali bodyn e hwsandedhirsd tiach,f themrtshdmume asiue ment

data, and

the distortion Ewis obtained from the difference
Wmax and minimum value Wmin of the distance W are obtained from the

. 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
tﬁe thus-obtained distortion Ew to thereby obtain a corrected distortion Ed
(Stép S8). Sﬁbsequently, 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
S512).

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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t her ebetween (steps S6 and S7). Further, since the correction anount Eo

has been registered in advance, the correction anount Eo is subtracted from
the thus-obtained distortion Ewto thereby obtain a correctZ28ddiobev200bn Ed
(step S8). Subsequently, the distortion Ed is conpared with a reference
value (threshold) Es. When Ed < Es, processing for a non-defective product
Is perforned (steps S9 and. S10). Wen Ed ? Es, processing for a defective
product-is perfornmed (steps S9 and S11). When the cylindrical body C has

rolled to the end position, the_cylindci.cal | .1 h [ ar ge
openi ng 39 lglbaaéomg’f%'@ :ﬁasrbh ‘?g’é@'zlﬁiql ‘#1 e g%%%)é-ngae}s‘@%ll Eogfq erggéu(racgﬁleﬁctgéq ’

next 1 & pr SR e S9io AapeCF PRaHe b ebfint 1%, e PpOaNBeaT

3cC nmeasurenent steps. are repeated (step

S12) .. As des%g ﬁg’o%.b%éﬁ%ﬂ f:gﬁmf&rﬁa?fﬁ&gp HRASY" & NBRnARP A gﬁea&ﬁraﬁﬁ@f di ng

to the preBd perform preci se”measur ement Wi i gh

reproduci bj | i E-é}oélgﬁfr;ll%t%ﬁi&s'g dﬁe%§u%§ni Calri 8r Qﬁftéprr% d?Ya RNl can aser

beam L, whPer nvol ve nec cont act rther, since t1 20

Cctober 2005 fuyllL-a C%gﬁla _canpbe,d@idrz ey ¥ift@asef prswisloroper athicon
can be elthl%ar?g{rgg, L%n S;t%& e, Pel I abl e neagtlj\nrenent -can be perfornmed. In

particul ar Xlﬁlc?r@@él'—b&d} i nAFd R altideo detiamhiagh asediapetler faptingraehtaing t tien

several: mTlineters, such as an inner or outer ring of a bearing, can be
neasur ed a&ﬁﬂ{&:tié‘éleocl}“ adslict {tenspise betwesn die ptatdsirynstodighiteail 3 and

cylindrical™-body 1 ntroduction nmechani smsection 14 for introducing the

cyl i ndri cajhdashvablé Hmighe rajace abet theenylindrisalabodsn dischsrgaimetharipm 3

and the novable straight rail 1 1 and the cylindrical -body di scharge

mechani sm section 15 for discharging the cylindrical body C from the space between the |
stationary étraight rail 3 and the movable straight rail 11, the enti;*e
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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the stationary straight rail 3 and the novable straight rail 11, the
entire nmeasurenent operation fromsupply of the cylindric&0 Qoapef2005t he
di scharge thereof can be conpletely automated. Fig. 7 shows a nodified
enbodi nent. In the nodified enbodinent, in addition to the reference pole
5, a second reference pole 5s is provided on the side of the novable
straight rail 11. In this case, the reference pole 5s is fixed directly to

the flat fatRhdni@Rd3gnuaPaREInShr 84 PERY Aeslvdvar! e tRBVigRisent,Snodifii
rail 11 in order to avoid interference with the reference pole 5s. This

confi gur at kathoamakhestisd Pebitbicans RAcUATEMoaht ofohd s§laleasalViodyand Vb,
~and therefore, nore accurate distortion Ed having a further reduced error

can be cbt aané@ ¢hiadughneieaidemeatelphyais@uttitgeconaidiBrsel sehhemiconicadt e
processing. In the nodified enbodinent, in addition to the |aser scan

m cronet er 16, @#haedqgnd thadarefacarenpae dreiseproltdddsonrihe siadiomerpestchight ar
to the laser scan mcroneter 6 so as to neasure the anmount of novenent of
the cyli ndul Sal Thedy the roHinghetanhputitentcaal b&iojptaihedt hecypeselyi fommatia:
movenent anount of the cylindrical body C can be obtained by neans of the
| oadi ng - 1distan@x Mo detwoss the aieferience IMle tHeaned tho mytisrdrival kady. CHendver
in the present, nodified enbodinent, the position and nmovenent anount of
t he cyl i ndthiecdnopagnt amannbe Wobtefi tee avlirducadubadil ¢ mpushe ofbtained
second | aser scan mcroneter_ 16. That is, a third reference pole 5t is
provi ded oRCEHEIAY dtomnths relling gart pogitiors antihihe pesigionopf g cylingdyical

posi {1 on o 0%, oPpLned,sceurat el 1o Uie, 4! nce Ve, Belyeen 1,
reference pole 5 is rendered greater than that 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 which 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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t he novenent amount W of the cylindrical body C can be obtai ned

accurately fromthe rolling start position and the position of the
cylindrical body C at the rolling end -position. In this c&dQctobher 800&r

di aneter of the reference pole 5 is rendered greater than that of the
reference pole 5t, so as to elimnate influence of the reference pole 5t
on the neasurenent of the distance WA between the reference pole 5 and the
cylindrical body C. Notably, in Fig. 7, reference nuneral 16a denotes a

proj ection @‘é g%gtg_% Bs r scan mcroneter 16; reference nuneral 16b
denotes a b TJI Ust of the laser scan nicroneter 16; and

reference letter ,Ls gdenotes | aser, beam projected fromthe pro(%_ecti on unit -

16a. Wile the prleséit PRUBFATISH fom mepsiting <disforstonniafhar evlinduiesl bedyhe

preferred e({gg[ggli[_igig‘nt_ (and the nodified enbodi ment), the present invention
is not limte et 0. Regardi ng structural details, shapes, nunbers,
and,any om ssion or addition may be

terials, i ficati.
BgsgirL?esasaggggg%\%g%)ﬁgﬂngg%ﬂ@%ﬁ% E?Q‘Bﬂ?q RE %ﬁ@béul‘i Cfhe invention. For
| e, i ndrj . i Whi ¢h i tabl 0 the distorti
%Zgﬁrggﬁty oot oA RS FEEheRE 1ot Folier 0 (5 itica Hovias
G d : k’ﬁﬂﬁi , Ar | t.h ..
cyl ?Rdri ca%hcgg%%aégf gee notrMe?(%é?f ql—{l?(r)‘lf (go,f Qﬁ%reéy{igfdr‘f?:ggﬁ%dﬁge%%fpstﬁdy"

used in theonpi@Seith $ReShtional QR--8 sses a cylindrical columar body.
-13 20 Cctober 2005 WHAT IS CLAIMED TS: 1) An apparatus for neasuring '

distortion of a @yﬂdfélféﬂc%abof%oﬂi/sposﬁﬂnéf bSpBgitich StphiARA" Y ﬁﬁeh%t&ﬂhnééi |
provided on a flat. surface; . : '
distance from the cylindrical body in a direction perpendicular 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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a cylindrical -body transfer nmechanism-for rolling the cylindrical .body
such that a peripheral surface of one end of the cylindrical body remains
in contact with the stationary straight rail; a reference 30Detoies2088d at
a position separated a predeterm ned distance fromthe cylindrical body in
a -direction perpendicular to the rolling direction of the cylindrical

body; a | aser scan m croneter capable of sinultaneously scanning the other
end of the cylindrical body and the reference pole by neans of |aser beam
projected toward the rolling direction to thereby asure a distance

bet ween t heids | themale dihen strpightd sidee nostione hexih 2 lengih for FARnE 4BEi on
for controlling the cylindrical -boﬂy transfer mechanismand the | aser scan
ni cr onet er CXHBdFigal B?éﬁé@&erﬁuﬁé(&t FaskePiie §a¥k out put fromthe laser scan
m croneter to thereby obtain a radial distortion of the cylindrical body.
2. An apparatus for neasuring distortion of a cylindrical body according

t laim 1, wh ingth lindrigal b | | I
bearing. 3. An aipardt ORBRRECLEr PRGOS AetdtiBh B )0 Aipduidfl By

ng. 3. An aBparKASFEF Yoa . eyl Thdric |
of " pl ate 2rarBal b Said o ML L Bt b fro R o

at |east ongid 2G5k AL 2005ShAS. LB €AY pd:REnch ALOBlarRiiayPasLignn

having a | ength cylindrical body to be rolled at |east

one turn. 4,i1AB @MaPai-at ¥ the'stPRARYEIR0pEHEsEr 4hQ@M bardsiankisidk egtdndingy
according to claim 3, wherein the stationary straight rail has a front
sl ant from the 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 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 extending froman entrance-side end portion of the stationary straight
rail to the start of the straight side portion, and a rear slant side
extending fromthe end of the straight- side portion to an 28xOttobed@08nd
portion of the stationary straight rail. 5. An apparatus for measuring
distortion of a cylindrical body according to any one of the preceding
clains, wherein the cylindrical-body transfer nechanismincludes a novabl e
st r ai ghtacraddingits phsiad S5t ar 6aberthbe costpaising ar yylgtdradajfiiodvairttrodndtiandr i ve
mechani sm for noving the novable straight rail along the stationary

st r ai ghtnechanisghifore infrginging shawylisidsicadt bodyyta ai spagsnwhetvesre the
stationary.straight.,. rai, to,thereby roll . the .cylindrical body, held
betmeensp%%og?@{ Bﬁ&?VL§Pi%PGHPCHQPWagkﬁsvﬁéﬂﬂbV% le straight rail, along
the stationary straight rail. 6. An apparatus for neasuring distortion of a
cylindrical body according to claimb5, wherein the novable straight rai

has a plate Ror AhoRiMalreH 1 AR r AntQlitlr T3 EHGS Sof 2 Fitidriddnborlyde

portion on at |east oOne side thereof, The straight sidé portion haVving a
| engt h hecortialtongairie7, whkteidr iteatylodicdlobddy iwirbédcdbn! eeshaaiant ur n.
7. An apparatus for neasuring distortion of a cylindrical body -i5 20
Cct ober i2doslesca oshbotgr troechanimrb dispesedl upetrendiconiari & nheastationary

cylindrical -pbody. introductio mechani sm_for jntroducing the cy]indrical
body i nf& gbae@ %Pﬁe@ﬁaﬁsﬁ Of’sff]a?ir@ﬁar%}d§tQtjaa%ts’fﬁ‘té‘?lllaﬁfhét’f%ghﬁﬁ‘@&bI e

oL OB B0 APRATBLL S LOL TR VLG LRSI OR, g b oo
mechani $i HARLMIRRIGRROA Bir SRENMY S0 4 5895804 F?ﬁfe%?&ﬂjr Sebfdel%d Be

stationary
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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strai ght rail to be |ocated on the rear side of the stationary strai ght
rail with respect to the rolling direction of the cylindrical body, and a
| oadi ng mechani smincluding an air cylinder and a push ro@d OctehenlRD5
provided on a drive rod of the air cylinder, wherein upon advancenent of

the push acedrdinige toCihiNdhieC A . ted t t he head of a line of
cylindrical bodies is ?’oaded tg?é; 1?1%%%‘%8 ’pégrtﬂtesncomprmmgp@ar at us

for measfOFFREtionNs fengtiam. S@f:flancijohmn‘re(ﬁtaig bﬁdyrm@ capadi Jﬁ%lho @R
cl ai s 5{.1}}_1(,)(3,1 H{Lt her conprising a cylindrical- body arge ne anl sm
t

for di schargl ng e cylindrical body fromthe space between the stationary
straight rail and the novable straight rail. 10. An apparatus for neasuring

distortion of aocylAmdy d o) aim 9, wherein the
cylindrical - body di schal?%%lartrgghg)ﬁl g?neca%qlglc %5%%“’ ﬁ?s‘&‘ﬁé‘r 6311’61369%@06?0w ded

on the’ fﬁﬁﬁ@r@naéoanmme@mmaqaebe@m laih§ewh on of the
stati onaay teaight lbc{ﬂ V#ﬁ{% respect gf[)%a% he rgﬁﬁlhgtgl%dt%r%g 8 'cl)(? 15 he
cylindri ca o Y, ?Iﬁ%s bQﬂYI i ng down through the di schar ge

opening. 11. An apparatus for neasurlng distortion of a cylindrical body
-16 20 October 2005 according to any one of the preceding clains, further
conprising a correctlon function .section for correcting an error angle of

the stati onary 3.5t Al givparatus fop. mAasaﬁngraiswrtfdﬁ JTEAS Hrﬁg.léylsﬁ%?yl on of

a cylindgdealy cor di any one of the preceding clains erein
the refer enceng% %gﬁf?‘ >énc‘éos]r’elre‘~"th'€rtﬂlﬁletbyllrerﬁtttlelncal pbledis. 13. An

appar at uélsposedmaslwﬂlnﬂdés off Bhé b?ﬁn&hcél f¥ggndrical 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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according to any one of clainms 1 to 11, wherein the reference pole is

di sposed on both sides of the cylindrical body. 14. . An apparatus for
measuring distortion of a cylindrical body according to a) Qeciwbet 2008
preceding clains, further conprising a second |aser scan m croneter which
i s disposed perpendicular to -the |aser scan mcroneter and adapted to
measure novenent of the cylindrical body. 20 Cctober 2005 ABSTRACT

APPARATUS FOR MEASURI NG DI STORTI ON @es@¥hlchDRI CAL BODY An apparatus for
measuring distortion of a cylindrical body includes: a stationary straight

rai | provided omrPARATUSSwORaMEASERIGN iDAERDRALOMOSY d¥afRSalEEhaRi sm for
4 .

rolling the cylindrical bg%érsuch t hat a peri pheral urtrace of one end of

the cylindrical Oﬁglpq,rm inﬁemglisgpmipmwéa sylindoerlriyodst irailgtés:r ai | ;
o B ) B Rk S bt
et A £ b B A SRS ol o e
i ection et heropyenead ol R D chembit i Aghias] wibaghe and
e 1.5 " S} Sy iyl 3 LR, SRS S A S o
predetermined distance from the cylindrical body in a direction
perpendicular to the rolling direction of the cylindrical body; a laser scan
micrometer capable of simultaneously scanning the top end of the cylindrical
body and the reference .pole by means of laser beam projected toward the
rolling direction to thereby measure a distance between the cylindrical body

and the reference pole; and a control section for processing measurement

data so as to obtain radial distortion of the cylindrical body.

Figure 1
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