1 DESCRI PTI ON LI NE LI GHT | RRADI ATI ON DEVI CE TECHNI CAL FI ELD Thi s invention
relates to a lighting device for 5 product inspection used for detecting
flaws, recognizing a mark on a surface o{ a work or the like, nore
specifically a light irradiation device that irradiates line |ight.
BACKGROUND ART Conventionally, various lighting devices (light 10

I rradi ati on device) have been developed to carry out an inspection of a
surface of a work. For exanple, an annul ar- shaped |ighting device that

irradiates |ight of a | ow angle ;§£% ?ié unf erence, a |ine-shaped
lighting device that irradiates I| c£§ﬁ a work, or other lighting

device 15 that neets variou ﬂﬁpﬁﬁé&rq%RQP YR D @hous pur poses of
t

irradiating |ight have been nown as tlng V|ces as shown in Japan

Patent |aid opeiiprcakspegiml |y, a line- shaped l'i ghting device of a
converging type is so arranged that bullet-shaped LEDs are 20 laid out in a

line and a cylindrinals liegentforarfedaged td 4 narhtohgtdevind ltek- shaped LEDs
so as to irradiate thin |ine-shaped light on a work. Japan Patent | aid open
1 nunber: 5S10-@2iRet DhS§GEASIIRE uGRd THE |dVENTLON PHavwROBEENMSN T rRE aRESCLVED
BY THE | NVENTI ON However, the LEDs have a certain level of a |ight
mark on a surface of a work or the like, more specifically a
light irradiation device that irradiates line light.
BACKGROUND ART
Conventionally, various lighting devices (light
10 irradiation device) have been developed to carry out an
inspection of a surface of a work. For example, an annular-
shaped lighting device that irradiates light of a low angle
from its circumference, a line-shaped lighting device that
irradiates line light on a work, or other lighting device
15 that meets various aspects of a work or various purposes of
irradiating light have been known as the lighting devices as
shown in Japan Patent laid open 1.
Especially, a line-shaped lighting device of a
converging type is so arranged that bullet-shaped LEDs are
20 laid out in a line and a cylindrical lens is arranged in
front of the bullet-shaped LEDs so as to irradiate thin
line-shaped light on a work.
Japan Patent laid open 1 number: 10-21729
DISCLOSURE OF THE INVENTION
25 PROBLEMS TO BE RESOLVED EBY THE INVENTION
However, the LEDs have a certain level of a light

emitting area and can not be considered as a point light

source. Then there is a problem that it is difficult to



emtting area and can not be considered as a point light source. Then there
is a problemthat it is difficult to 2 gather rays of light so that enough
lighting lum nous intensity can not be obtained if a | ens whose focal

di stance is short is used with an attenpt to, for exanple, downsizing. On
the one hand, if a | ens whose focal distance is long is 5 used, it is
possible to gather rays of |light nodestly. In this case, however, a size of
the | ens becones extrenely big, thereby to fail downsizing and being |ow in

cost. Especi all i.f cylendrical | enses are,arranged i.n_ nultiple lines, a
problen18f a $%%¥ﬂéﬁ?¥s%%%2g%g&éﬁanl T &HCUIRs é&?ggﬁigugfnoﬂ%pthis, an
arrangenent i e i i i | i

t hr ee- di nensi %%%Hsgﬁg{rgéléi%grﬂsé ?ggag%e%a{fﬁg_r %gﬂgnwgg%g}{me%f%fgcgeen | ess
known. As menid onpd-talgVvasedi o ldngBitbastsidlg feff bab@pry, ddWnghtiHge

efficiency) and downsizing are in a trade-off 15 relationship for this type
of a conventiofnalhd iohe- Bae@edifl ghehagted FecadndBetiaR@eTBNloky e

conventional line- shaped lighting device is low in design freedomand half-

fini shed, o esuddd,ngti nsdpddsihilet tesgdthereataya oEqlighmantiestby. | Ighti ng

device. Furthernore, in case that nultiple LEDs 20 are laid out in aline, a

gap is fornedtlbet weee, ahov@Emnd size afj thentensEbetones sextiremediynbias a

|l i ghting source even though the LEDs are arranged thickly. As a result,

there is a ptanedy tRafathdrmsdsingfand geipagles ookt edsmesaglay,

direction of {Emééfigsrical lenses are arranged in multiple lines, a
problem of a lens size becomes significant. As a result of

10 this, an arrangement in which multiple lines of line light
each of whose three-dimensicnal angle differs can be
gathered and irradiated has been less known.

As mentioned above, since light focusing efficiency

{l1ight use efficiency) and downsizing are in a trade-off

15 relationship for this type of a conventional line-shaped
lighting device, an arrangement of the conventional line-
shaped lighting device is low in design freedom and half-
finished, resulting in difficulties to meet a requirement
for lighting device. Furthermore, in case that multiple LEDs

20 are laid out in a line, a gap is formed between an LED and
its adjacent LED from a viewpoint as a lighting source even
though the LEDs are arranged thickly. As a result, there is
a problem that unevenness of lighting is generated along a
direction of the line.

25 The present claimed invention intends to solve the
above-mentioned problems and its main cbject is to provide a

line light irradiation device that is compact and that can

improve light focusing efficiency without substantial



25 The present clainmed invention intends to solve the above-nentioned
problenms and its main object is to provide a |ine light irradiation device
that is conpact and that can inprove |ight focusing efficiency wthout
substantial 3 unevenness of l|ighting. MEANS FOR SOLVI NG THE PROBLEMS More
specifically, the line light irradiation device in accordance with this

i nvention conprises multiple light 5 emtting parts each of which is
provided with a light irradiating part where nmultiple optical fibers are
thickly arranged in aline or in multiple lines with [ight |eading out end
portions of tieewannkspl ef onightdhgfi bers formng a straight line of a
predeterm ned width and a columar |lens 10 arranged to extend al ong a

di rection of NEANS FOB SOLVINSH(THSf PROBIEMS ght irradiating part in pairs, and
that irradiate line Ilight that converges into a straight line, and a
hol di ng body that Noreaspafybicald wakket bing ddhtasrpedinfion doybee on
which the line light is to be irradiated,. on which a 15_nmpnitoring bore is
arranged to p@h@c%t‘@apﬁe ¥y thds mRTerion: FeMibes aNdtinke He t he

[ 9n e o R B8k eRth 0Bl U putalash el L iggltne Light
St L) Do BRI VAR Rl Botbeh PR SRSy | eaci o
arranged in a line or in multiple lines with light leading
out end portions of the multiple optical fibers forming a
straight line of a predetermined width and a columnar lens

10 arranged to extend along a direction of the line in front of
the light irradiating part in pairs, and that irradiate line
light that converges into a straight line, and a holding
body that is arranged to face to a work as being an object
on which the line light is to be irradiated, on which a

15 monitoring bore is arranged to penetrate in order to monitor
the work, and that holds the light emitting parts so that
each optical axis face of the line light irradiated from
each of the light emitting parts crosses on a predetermined
straight line.

20 “Thickly” here is a state that each of the light
leading out end portions is arranged with almost no space
therebetween.

In order to make it possible to irradiate light of
mutually different three-dimensional angle, it is preferable

25 that each light emitting part is arranged on the holding
body so that the optical axis face of the line light
irradiated from each light emitting part is arranged

radially viewed from the direction of the line.



In order to make it possible to irradiate light of nutually different
three-di nensional angle, it is preferable 25 that each |ight emtting part
is arranged on the hol ding body so that the optical axis face of the line
light irradiated fromeach Iight emtting part is arranged radially viewed
fromthe direction of the line. 4 As a nore preferabl e enbodi nent for
uniformlighting, it is preferable that the line light fromeach Iight
emtting part is arranged side-by-side with no space therebetween so as to
be the line light of continuous three 5 dinensional angle. In order to do

so, it is preferabl h égk S r - on a
straight |ine viefgagf?%ﬁ$ﬁﬁ§9flregngﬁb%fﬁ%ﬁg F?%e. inqgggggﬁﬁ%ﬁ%bld

nul tiple |ighit |igagirB8ePal1PAhbitObBe 11hed 19GAHPFEASIdakn Lighs preferable
that the light 10 irradiating part further conprises a paif of pinching
plates and tdweitpiiaghpagt plsatesahgebd §itR-bygbidé addilnagcodpaesnd portions of
the multiple optical fibers by pinching them As an arrangenent to introduce
i ght into eadiemspeitvaén $o ey tef becthes dlipeabdghuni dforoshy inudus scheefer abl e
that a 15 binding part is formed by binding each |ight introducing end
portion oft thdimsssiennlfanmies akil audgit tordenso.l iightsspxefarable thatoduced
into the binding part. Although the optical fiber itself is of flexibility
that can be AN colupBay ckspsiisf pEIARISGhUeRebahty o ehetraighptli®gl fibers
to inflect each opti_cal

viewed from tf.}ilebeéirte?:\é?gg é? ethe line.
In order to hold multiple light leading out portions
in a group easily, it is preferable that the light
10 irradiating part further comprises a pair of pinching plates
and the pinching plates hold the light leading out end
portions of the multiple optical fibers by pinching them.
As an arrangement to introduce light into each optical
fiber effectively and uniformly, it is preferable that a
15 binding part is formed by binding each light introducing end
portion of the optical fibers and light from a light source
is introduced into the binding part.
Although the optical fiber itself is of flexibility
that can be bent, it is very difficult for a band of the
20 optical fibers to inflect each optical fiber toward the
direction of the line. As a result, if the band of the
optical fibers is shaped to be, for example, axisymmetric to
the center, the light sources have to be arranged lengthwise
in case multiple light emitting parts are provided, thereby
25 failing to be downsized in a direction toward thickness.
With a view to solve this problem, in order to make it
possible to mount the band of the optical fibers with ease

even though multiple light sources are arranged along the



direction of the line. As a result, if the band of the optical fibers is
shaped to be, for exanple, axisynnetric to the center, the light sources
have to be arranged | engthwi se in case ltiple light emtting parts are
provi ded, thereby 25 failing to be downstzed in a direction toward
thickness. Wth a viewto solve this problem in order to make it possible
to mount the band of the optical fibers wth ease even though nmultiple

| i ght sources are arranged along the 5 direction of the line on the hol ding

body and to bg {%ﬁgggiggd&ﬂélf#ﬁ; gérﬁﬁéiﬁgggﬁgga%g%§gﬁmfthgness, it is

preferable t_ha.jfr i Ngi hg™ pa oca te to gither_one of
directions W &Q{BRACInt O £H8LEIoh! Mvatla thel PRidis, i fradiating part.

As a concrete enbodinent of the Iight source it Is represented that the

light source prafera®]eoghigesHd Bihging Partha sopbisedd fidaegiste apower LED
that can continuously flow current greater than or equal to 200mA. 10 In

order to makeeithgrosaebbf diredtdnge waith ddspettt be a idemdirat &ge Idfhe |i ght so
that various aspects of the light can be irradiated, it is preferable that
a di st ancé® bethedhghthérradiutingr pditati ng part and the columar |ens can be
varied. 15 In order_to nake it possible to set a position where the |ight
is converged on thefswor EopAreemrscdénent t¢f £hecRdghe sPuncediist adce bet ween

the work and the Ii%Pt emitting _part, it is Rreferable that the |ight
enitting partf§Rrese ted that the light source that introduces light intdo

the optical fibers is a power LED that can continuously flow
current greater than or equal to 200mA.

10 In order to make it possible to change a width of the
irradiated line light so that various aspects of the light
can be irradiated, it is preferable that a distance between
the light irradiating part and the columnar lens can be
varied.

15 In order to make it possible to set a position where
the light is converged on the work in connection with a
change of a distance between the work and the light emitting
part, it is preferable that the light emitting part is
rotatably around a rotational axis that is parallel to the

20 direction of the line and the rotaticnal angle can be set.

In order to line up multiple types of the light
irradiation devices that can irradiate line light whose
length differs each other with suppressing a cost increase
by standardizing basic components, it is preferable that the

25 multiple light irradiating parts are arranged serially along
the direction of the line. This is because the length of the
line light can be easily changed by changing a number of the

serially arranged light irradiating parts.



rotatably around a rotational axis that is parallel to the 20 direction of
the line and the rotational angle can be set. In order to line up multiple
types of the light irradiation devices that can irradiate |ine |ight whose
|l ength differs each other with suppressing a cost increase by standardi zing
basi ¢ conponents, it is preferable that the 25 nmultiple light irradiating
parts are arranged serially along the direction of the line. This is
because the length of the Iline light can be easily changed by changing a

nunber of the seri ﬁﬁ¥}§ gngﬁg |.i thér%qgkﬁﬁlggﬁgi 125%1 peg |1y, in

order to pronote sta tion O asicc ferabl e

that each | engids Obolinoi gt UL bHOELARE Eat dell qah @et@{eferab' Y,

t he shape thereof I dent 1 cal e contrary, wth t arrangenent,

the length of1ifig bmmev_m@fﬁaﬁts ik H&é@@héaq amoféq%éfetrlaalyl, Stl'xé‘t

mul tiplication of the length of the light irradiating part. In or er to

i ncrease a nutirecd isvidémiicans .ofor ktel eogtiagf, Whenl tieslight, it is
preferable the light irradiating parts of several different | engths are 10
serial |l y arramgethgeimantspi the dfenglthsof i tha ddneabyghariisatlimnted atee asset for the
length of the light irradiating part, an effectiveness of standardizing
conponent s i sleradic&bat| hs dmdegrad m@&&&niicéti@mtoﬁﬁtheeQGDGh@ ef ddwt nore
remar kabl e by standardi zi ng the columar |ens al so, is 15 preferable
that mul tipl eligtghdreadiating parts om Pﬁ€e¥d%?n%qgﬂeaﬁén@thWheerfseveraJ

different | e”&%é?%f%%ns of the length of the line light, it is preferable

the light irradiating parts of several different lengths are
10 serially arranged. In spite of this, if too many variations
are set for the length of the light irradiating part, an
effectiveness of standardizing components is reduced.
In order to make an effect of reducing a cost more
remarkable by standardizing the columnar lens also, it is
15 preferable that multiple light emitting parts of the
identical length or of several different lengths are
arranged serially.
In order to make it possible to reduce a burden on an
image processing unit used in case of product inspection or
20 to flexibly meet other user requirement with realizing
various types of light irradiation such as intensity of
illumination is changed for each part of the line light by
making use of the above-mentioned arrangement, it is
preferable that the light source is arranged for each of the
25 1light irradiating parts individually.
ADVANTAGEQUS EFFECT OF THE INVENTION
In accordance with the arrangement of this invention,

since it 1is possible for the light irradiating part to



arranged serially. In order to make it possible to reduce a burden on an

i mage processing unit used in case of product inspection or 20 to flexibly
nmeet ot her user requirement with reali zi various types of |ight
irradiation such as intensity of illumnation is changed for each part of
the line light by nmaking use of the above-nentioned arrangenment, it is
preferable that the light source is arranged for each of the 25 |ight
irradiating parts individually. ADVANTAGEQUS EFFECT OF THE I NVENTICT In

accordance w.t ] r t t-hi i nti-on since.it i-S ssible for
the Iight @rrh%@??‘ﬁ% A 7_f|9’fr‘? algﬁngﬁ'éﬂéﬁ?%‘e%’eqh}'f the HueBlied 11 gnt |
the line |ighthatt Eehvépgfefsfrigﬁa bRE Perfity’ @TRLY) {1 g— gb@g@dcald ght can he

obt ai ned even though the light emtting part I's downsize arrangi ng the

col ummar | enppMaaseds eeal tHosihANERe | 5 dHtOkhi Bt AP FAr0 ih@olndited BYadi ati ng
part. This arrangenent makes it possible to provide varieties of |ight
irradi ati ng aspetyindytles raigmagr néis plheski gbdalerdilstthAge pas tshoatd t o
downsi ze each light irradiating part. In addition, it is possible to
obtain thé | idese ght thdatighdeaktydiagniver gesti nfhia hrrendehepiiapakasnd t hat
is efficient in light focusing. In addition, since each of the |ight
i ntroduci ng ot Pesgibbe thoprovide ayarimidest Af ckight tifsafdiaking gspect free
from unevenness, thereby enablin?_the IL%hting device that is high in
evenness. by arranging multiple Iight emitting parts and to downsize
each light irradiating part. In addition, it is possible to
obtain the line light that ideally converges into a line-
10 shape and that is efficient in light focusing. In addition,
since each of the light introducing out end portions is
arranged thickly, the line light is free from unevenness,
thereby enabling the lighting device that is high in
evenness.
15
BEST MODE FOR CARRING QUT THE INVENTION
One embodiment of the present claimed invention will
be described in detail with reference to the accompanying
drawings.
20 A line light irradiation device 1 in accordance with
this embodiment comprises, as shown in Fig. 1 through Fig. 4,
multiple light emitting parts 2 that irradiate line light LL
converging in a line shape and a casing 3 as being a holding
body that holds the light emitting parts 2.
25 Each of the light emitting parts 2 is provided with a
light irradiating part 21 where extremely fine (diameter of

0.25 mm in this embodiment) multiple optical fibers 4 are

thickly arranged in a line or in multiple lines with its



15 BEST MODE FOR CARRI NG QUT THE | NVENTI ON one enbodi nent of the present
clainmed invention will be described in detail with reference to the
acconpanyi ng drawi ngs. 20 Aline |ight iéradiation device 1 in accordance
with this enbodi nent conprises, as shomm in Fig. 1 through Fig. 4,
multiple light emtting parts 2 that irradiate line light LL converging in
a line shape and a casing 3 as being a holding body that holds the |ight
emtting parts 2. 25 Each of the light emtting parts 2 is provided with a

l'ight irradiafd ; re e ﬁﬂﬁ]y fi ' r.of 0.25 mmin this
enbodi nent) ﬁgﬁggbﬁgggﬁ%%é£$?5§€9éé£ are4a ?E?%é%%ﬁgﬁkgﬁggd inaline or in
nultiple Ii n?ré&ét'&rm‘iﬁe@ dil e 1 bRAGE NEheP Yt ngnel Eﬂi&hzoﬂn‘l@i&! ranged along a
predeterm ned direction of the line P (shown imm Fig. 5 and "Fig. 6) and a
rod lens 22 agidueisngandcal todenkens & maigeda ddligHaendenk omgrdriied
above-nentioned direction of the line P5 in front of the light irradiating
part 21 in patic sxtehlt apbey theghboestndritignpdr dsré-taion afr ahgedinead al |y
viewed fromthe direction of the Iline P. The light irradiating part 21
further cenprisdgonisofskirevilightFigradiatingupar¥idl in paipair Mufltiple

pl at e-shaped 10 pinching plates 21a, 21b. The light irradiating part 21 has
an arrangementidifaemébbingrams 2i ghe awaavrd vrdialdy vaewsd &ran &heanged in

several lines_wthqout a t.her ebet ween so
direction of ‘the flne P.

The light irradiating part 21 further comprises, as
shown in Fig. 5 through Fig. 7, a pair of plate-shaped
10 pinching plates 21a, 21b. The light irradiating part 21 has
an arrangement that each of the light leading cut end faces
are arranged in several lines without a gap therebetween so
as to draw a straight line of a predetermined width (about
0.25 mm through 1 mm) by pinching the light leading out end
15 portions 4a of the optical fibers 4 with the pinching plates
2la, 21b. Each of the rod lenses 22 is a three-dimensicnal
cylindrical column transparent body with a cross-section of
a circular form, and arranged so that each center axis of
the rod lens 22 locates on an optical axis face T of light
20 irradiated from the light irradiating part 21.
The casing 3 is, as shown in Fig. 1 through Fig. 4, a
hollow general cuboid body and a bottom face of the casing 3
is arranged to face to a work W as being an object on which
the line light is to be irradiated. Strip-shaped monitoring
25 Dbores 3a, 3b are arranged to penetrate the top plate 31 and
the bottom plate 32 of the casing 3 in order to monitor the
work W.

Each of multiple (four in this embodiment} light



as to draw a straight line of a predetermned width (about 0.25 nmmthrough
1 mm) by pinching the light |eading out end 15 portions 4a of the optical
fibers 4 with the pinching plates 21a, %}b. Each of the rod lenses 22 is a
t hree-di nensional cylindrical colum trahsparent body with a cross-section
of a circular form and arranged so that each center axis of the rod |ens
22 | ocates on an optical axis face T of light 20 irradiated fromthe |ight
irradiating part 21. The casing 3 is, as shown in Fig. 1 through Fig. 4, a

hol | - I,d f [ | d
face to a worE WatHRTRG on Go2at th iR CTREd henl FoRr=re 8% ba o

irradiated. Hdingy phaRBre MMUHObEREr 2 RRIGRS 2 383 x 3y Hefibarr0gad £ 0
penetrate the top plate 31 and the bottomplate 3Z of the casing 3 in order

to nonitor thesiwaek Yhciashoothauhdn e inbopsré ey .hi Baciditment ight ght 9
emtting parts 2 is mounted on the casing 3 in a state of being parallel
each ot her thmiughing paxis@ menberafeditgenerpdsy torom sachhght d irke
nonitoring bore 3b. Each of the light emtting parts 2 is arranged
gener al | ySon davedafgom theeliZegtéoedf the Liee df rast itbe optided laxae P and
the optical axis face T of the line light LL irradiated fromeach of the
light enittinkpgeadt 8fothe Hineyddeht (Hyildirpdistederan eachhel 9 ection of
the line P. re concretely, it is.,so set that _each o ticglﬁaxis face T of
t

the line |ightt9t EREEERE SPTEE fr bt FFARISE FARLFEghiisneet F5Rp fhets 2

CrOSSes ON 2 yirection of the line P. More concretely, it is so set that

each optical axis face T of the line light LL irradiated

10 from each of the light emitting parts 2 crosses on a
predetermined straight line and converges on the
predetermined straight line. A measurement of a distance
between the light emitting part 2 and its adjacent light
emitting part 2 except for the light emitting parts 2

15 locating side-by-side on the center is so set that each line
light LL is arranged to lie side-by-side with generally no
gap therebetween and the generally continuous light of a
three-dimensional angle is irradiated on the work W.

In addition, light sources 6 of the same number as

20 that of the light emitting parts 2 so as to correspond to
each light emitting part 2 are mounted on a side plate 33 of
the casing 3 through a bracket 35. Each of the light sources
6 comprises a single power LED (not shown in drawings), a
lens mechanism (not shown in drawings) arranged in front of

25 the power LED, and a cylindrical body 61 that accommodates
the power LED and the lens mechanism. In this embodiment the
light sources 6 are mounted from ocutside on each of the side

plates 33 two by two each of which is arranged side-by-side



predeterm ned straight |line and converges on the predeterm ned straight
line. A nmeasurenent of a distance between the light emtting part 2 and its
adjacent light emtting part 2 except fg% the light emtting parts 2 15

| ocating side-by-side on the center is so“set that each line light LL is
arranged to lie side-by-side with generally no gap therebetween and the
generally continuous light of a three-dinensional angle is irradi ated on
the work W In addition, Iight sources 6 of the sane nunber as 20 that of

the light emit{] . , SO . or.espond t ach light emttin art

2 are ?munt edE£ fooﬁﬂgg aglﬁééé%ﬁi%e O%?%l;cz)g 8?‘?1teh 'cggri1 nogrc%rt %Porﬁawﬂg A Rét Sg. IoEach
f the light i . Sil i

0 e 11ght SaUNGeHt ﬁo&f’é@g 16563 @hgh@%o%rgri%‘gf@éwg%%( '%%Eesgf?é(mtﬂaﬁ ont of 25

drawi ngs), a |ens nechanism (not shown in arranged in

the pover LERpand tawayhi eidicRl iBogyrdlgddah e6e apma@iess. t hgepovner LED

and the |l ens nmechanism In this enbodinent the 1ight sources 6 are nounted
from out si de Diylaguetet eisidieachbinl ¢ noBteObPYEitd ngaghindemdiineg i s
arranged si de-by-side 10 along a direction of its depth. In order to nount
each of thhe iltightightuenibtig @ndi ghttsourindéonboetiiyghtbeperd8&a t hat opens
toward outside is arranged on the bracket 35. The |ight source 6 is

det achabl y nowpirddngyberet3rgby itheense mf & setsciemhtBloni The mpwendLlBbrt i on
into the light source nounting _bore 35a by the use of a setscrew Bl. The
power LED isi@ri BBPoPEa2 Hiigh LyRinakee tpgethabitcamconsabuauously 1 ow

electric currgnt qneater than or egual 1q,200mA 1 ooom.

The optical fibers 4 are accommodated inside the

10 casing 3 and, as shown in Fig. 5 through Fig. 7, a binding
part 41 is formed by thickly binding light introducing end
porticns 4b of the optical fibers 4 by the use of a
cylindrical binding member 7 for each light emitting part 2
and the binding part 41 is mounted on a binding part

15 mounting bore 35b arranged on the bracket 35 from inner side
of the binding part mounting bore 35b. More concretely, the
binding member 7 is fittingly inserted into the binding part
mounting bore 35b and detachably mounted on the binding part
mounting bore 35b by the use of a setscrew BZ.

20 One end of the binding part mounting bore 35b opens
into an inner side of the bracket 35 and the other end of
the binding part mounting bore 35b opens into a bottom of
the light source mounting bore 35a. An axis of the binding
part mounting bore 35b coincides with an axis of the light

25 source mounting bore 35a. The light source 6 is mounted on
the light source mounting bore 35a and the binding member 7
is mounted on the binding part mounting bore 35b. With this

arrangement, the light from the light source 6, namely the



The optical fibers 4 are accormmodated inside the 10 casing 3 and, as shown
in Fig. 5 through Fig. 7, a binding part 41 is formed by thickly binding

|l ight introducing end portions 4b of the_optical fibers 4 by the use of a
cylindrical binding nenber 7 for each Iigﬁt emtting part 2 and the binding
part 41 is nmounted on a binding part 15 nounting bore 35b arranged on the
bracket 35 frominner side of the binding part nounting bore 35b. Mire
concretely, the binding nenber 7 is fittingly inserted into the binding

part_mount i g hor 9, 350 an detaghanly Jmpuat odarh dhe b pding. maLl, munting

bore 35b by t UsS€e 0 setscre e’en the I'ng part

mount i ng bor g;338 aPSRSter MO tAB éaﬁberassitgstoéfté}fe %&ﬁ&%ﬁ%t@%ﬁtfgg the ot her

end of the binding part nounting bore 35b opens Iinto a the |ight

source nount iz BOMEsBEL1 AF @KbS1dhtt Feohi BHé NEbweatEpNBaRthdg bore 35b
coincides with an axis of the Iight 25 source nounting bore 35a. The |ight

source 6 i s nmbtoddced intre eachhligauriae reausinggrpracdsber afgk t he bi ndi ng
menber 7 is nounted on the binding part nmounting bore 35b. Wth this
arrangeneht , aitecailghtbérom.t he |ight source 6, nanely the 11 light fromthe
power LED is converged into a circular form whose dianeter is the sane as

t hat of the bindi ngip&hisambogideatnpas idwnofint Regl i yrandf Foeh the power LED
can be introduced into each_|ight introducing end face of the 5 opti cal

fibers 4. In9a%hslensblitedll a5 3wkt of Ehg ontigsd Figers 4 is made
to be different so that the binging part 41 is located to

deviate to either one of directions in a plane view with

10 respect to a center line of the light irradiating part 21.
The optical fiber 4 itself is elastic that can be bent,
however, it is difficult for the bound optical fiber band 4A
as noted above to bend to deviate the binding part 41 of the
optical fiber 4 toward the direction of the line P. As a

15 result, with the arrangement of this embodiment wherein the
light sources 6 are arranged along a direction of a depth
{the direction of the line) P and each light source 6 is
located to deviate from the center line of the light
emitting part 2 in order to secure downsizing toward the

20 direction of the thickness, this shape that the binding part
41 has been deviated from the center line of the light
emitting part 2 before is very effective. In this embodiment,
four identical optical fiber bands 4A are formed and mounted
two-by-two with its front and back sides turned upside down.

25 In accordance with thus arranged embodiment, since the
light irradiating part 21 is so arranged that distal end
portions of optical fibers 4 each of which can be considered

as an extremely small point light emitting source are



each length of all or a part of the optical fibers 4 is nade to be
different so that the binging part 41 is located to deviate to either one
of directions in a plane vieww th 10 reiBect to a center line of the |ight
irradiating part 21. The optical fiber itself is elastic that can be
bent, however, it is difficult for the bound optical fiber band 4A as

not ed above to bend to deviate the binding part 41 of the optical fiber 4
toward the direction of the line P. As a 15 result, with the arrangenent of

this enbodi t. rein the .light,sources re arr.anged along a direction
of a depth ”?iqﬁé:\i\(’ggr %%:]P?n edofmt %ehrr?ener ﬁna%‘ag %.%Jh Hlpﬁgta ‘gur ce 6 1is

| ocated to dew ihereq ot [ Q 4 ephiti g2 I N
order to securé%ﬁga%égg%ng t owar b? éﬁgﬁ %F%@%?f%%ﬁbf Fh% %ﬂ@% %g%g, this

shape that thgdpitnebndodate 14hehasgiicen. €Yt At drged theo C8itir@ehiyne of

the light emtting part 2 before is véry effective. In this enbodi nment,

four identicatinepllinetsiddeer 18gndsevh aheubhr sl iatddiadsed et ghtwvasby- t wo
with its front and back sides turned upside down. 25 In accordance with thus
arranged énbagitiemed by rceranigéngl thltrad dedsa?2 ndhaser fol24dl | di stmnaer anged
that distal end portions of optical fibers 4 each of which can be

consi dered dss ahoskt ekpaa \rosihel Lp@ithtirrpghating tantg28eufse aaresult t hi ckly
arranged in a line or in several lines and, irradiates extrenely fine

|'i ne-shaped IitgHe, PPagikhle 4@ abkain|a dighgangdeine that ireadigtest hat

converges Intq exttenely, Jing.Line-5haned Lhghty SYghet Igyal g T adi ated

efficient in light focusing, in other words a luminous

10 lighting device, as well as each light irradiating part 2
can be extremely downsized to be an arrangement that
occupies little space.

In addition, since the light introducing out end
portions 4a are arranged thickly, the line light LL is free

15 from unevenness, thereby enabling to provide the lighting
that is high in evenness. Furthermore, it is possible to
utilize the rod lens 22 that is inexpensive, thereby to
lower costs.

The present claimed invention is not limited to the

20 embodiment.

For example, with the above-mentiocned arrangement, in
order to prepare several different types of lighting device
that irradiates line light whose length differs, it is
necessary to change a number of the optical fibers 4 and a

25 length of the pinching plates 2la, 21b for each type of the
lighting device

In this case, however, it is not possible to

standardize basic components such as the optical fibers 4 or



5 gathered by arranging the rod | ens 22 whose focal distance is short close
to the light irradiating part 21. As a result, it is possible to obtain a
lighting device that irradiates |ight igﬁally converging in |ine-shaped
light and that is efficient in light focldsing, in other words a | um nous 10
lighting device, as well as each light irradiating part 2 can be extrenely
downsi zed to be an arrangenent that occupies little space. In addition,
since the light introducing out end portions 4a are arranged thickly, the

[ine 110Nt Liks dieRind SLL0 heyenossnct ol eby SIAR:EA%S!0 A Y de the

lighting that TS evenness. her more; 0SSi utilize

the rod | ens 2%ddlti Sot KRN h¥Beadd & QR¥OLOhoh AW nBARES-t G PT esent
claimed invention is not limted to the 20 enbodinment. For exanple, with

t he above- nengnorg@dactangenent, in order to prepare several different
types of lighting device that irradiates line |light whose length differs,

it is necessary to rhanrgeratauwdiare ahitheraplianGalthishesdifieand a 25 length
of the pinching plates 21a, 21b for each type of the lighting device In
this case>5 hoswhaslipent is swmtargesged| hato thet dnghbt dindd thagi pacbrdonent s such
as the optical fibers 4 or 13 the pinching plates 2la, 21b, thereby to

di m ni sh a si fheoflightpibeitiatisg bart 21 rodebbe eluper heng 2%) of

manuf act uri ng ) , , , ,
the identical length and of the identical shape is

modularized to be one unit as shown in Fig. 8 and the

multiple modularized units are arranged serially along the
10 direction of the line P. Furthermore, a single light source

6 is connected to each light emitting part 2, although not

shown in drawings in this embodiment. It is a matter of

course that a number of the optical fibers 4 and the shape

of the optical fiber band 4A to be connected to each light
15 emitting part 2 are made to be identical.

In accordance with this arrangement, if a number of
the serially arranged united light emitting parts 2 is
changed, it is possible to prepare several different types
of the light irradiation device that irradiates the line

20 light whose length differs and to promote standardization of
components of the light irradiation device because the light
emitting part 2 as being one of the basic components becomes
a single type. As a result of this, a manufacturing cost can
be reduced.

25 Furthermore, since the light intensity can be varied
for each light emitting part 2, it is possible to irradiate
not only the light of uniform intensity of illumination but

also the light of a diversified range. As a result, various



the product. In order to solve this problem this nodified 5 enbodi nent is
so arranged that the light emtting part 2 (the light irradiating part 21
and the columar lens 22) of the identigﬁl | ength and of the identical
shape is nodul arized to be one unit as own in Fig. 8 and the nultiple
nodul ari zed units are arranged serially along the 10 direction of the line
P. Furthermore, a single light source 6 is connected to each light emtting
part 2, although not shown in drawings in this enbodlnent is a matter

f f th
gptiggrr??b;r ggugg ét%ggﬂgggggako £ﬁ§]% |g t i% qﬁFﬁﬁgﬁﬁ gart g are
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the serially arrangéd united t emtting parts 2 1s chan

possible to M}P&%k@n?eé(%ﬁitlﬂ"ef BEH?:EE WOHRER bﬁfaté&émgfoﬁot rérafiratihon devi ce
that irradiates the [ine 20 |ight whose |length differs and to pronote

st andar di zat idvawdhgstotipanett 8 abniteringbbrer3adind byncopsieeimeaause the
light emtting part 2 as being one of the basic conponents becones a
single type. #mge pestodisiofy,t Bnsend pmribacofirting irage bacomdre dasduced. 25
Furthernore, since the light intensity can be varied for each |ight

em tting partdue tot aj teppsdidzactenisticgifatbe eamenn| yWithe d i ght of uniform

intensity of illumnation but also the light of a diversified range. As a
result, vari diphveptional arrangement, this is corrected at a side of an

image processing unit. With this arrangement, the S/N ratio
is deteriorated due to a process of correction and time to
10 require image processing is necessary. On the contrary, in
accordance with the arrangement of this embodiment, if the
intensity of illumination at the end portion is made to be
stronger than the intensity of illumination at the center
portion, the process of correcting image conducted at the
15 side of the image processing unit can be decreased as much
as possible. As a result, the S/N ratio can be maintained
favorably and high-speed processing can be possible.
On the contrary, with the above-mentioned arrangement,
a length of the line light is limited to a value of integral
20 multiplication of the length of the light irradiating part
21. In order to increase variations of the length of the
line light, the light irradiating parts 21 of several (two
through nine types) different lengths may be arranged
serially. However, if too many variations are set in order
25 to be tailored to the length of the light irradiating part
21, an effectiveness of standardizing components is reduced.
In addition, since the columnar lens 22 can be made to

be of various lengths only by a cutting process, only the



effects can be obtained. For exanple, in case that the lighting device is
used for conducting automatic inspection by taking a picture of the work W
by a canera (not shown in draw ngs) throggh a nonitoring bore 3a and by
conducting an 5 inmmge processing, an end-portion of the inage becones dark
due to a lens characteristic of the canmera. Wth a conventional arrangenent,
this is corrected at a side of an imge processing unit. Wth this
arrangenent, the S/INratio is deteriorated due to a process of correction

ran N ral orated roces !
ccor dance. witRnSr S AI0eeREEE Y HiS BREOAReIE (P PRULTR RORL ) of
i | um nati on 3t itshﬁoﬁ'lﬁjeéé(érstaEgﬂgilﬁlm%dt.o H&evel! 0D8end N3QpEhe intensity

of illum nation at the center ortion, the process of corréecting i mge

conducted at éitﬁ%tlﬁgiﬂ)é’& dftskhe »MBYIecedsi Nk Wil eRBodandiRSr gased as
much as possi bl e. aresult, the SSNratio can be maintained favorably

and hi gh- speest fle-0teesedty dfanobel PObsitiiod. chh bdencrentrensykabiid.h t he
above-nentioned arrangenent, a length of the line light is limted to a

val ue of Bntegral I20additigl itwatthda, ofhddee mMagnhehvafiduse |ight irradiating
part 21. In order to increase variations of the length of the Iline |light,
the light irmediificaiongtsion efampdeer al hqtfvmirrhrongh be perapged)
different |lengths nay be arranged serially. However, if too many variations
are set in o eZSh?dW%R§ﬁ9§FP6r@QFQ§)iﬁhe3%eh@t¢1ﬁﬁanﬁﬁé PPgHIre BPadi at i ng
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monitoring bores 3a, 3b. Furthermore, the monitoring bores

10 3a, 3b may be blocked with a transparent member such as a
glass plate so as to keep inside the casing 3 free of dust.

In addition, a distance between the light irradiating

part and the columnar lens may be varied. In accordance with
this arrangement, in case of adjusting each optical axis

15 face of the line light irradiated from each light emitting
part, convenience is improved as well as a width of the line
light irradiated on the work can be varied.

Alternatively, as shown in Fig. 9 and Fig. 10, the

light emitting part 2 may be held by the casing 3 rotatably

20 around a rotational axis that is parallel to the direction
of the line so that the light emitting part Z can be set at
an arbitrary angle or an angle of multiple steps within a
certain range. In accordance with this arrangement, it is
possible to set a position where the light converges on the

25 work by adjusting the angle of each light emitting part
according to a distance between the light emitting part and
the work.

The rotational center is preferably on the center of



be of various lengths only by a cutting process, only the 15 |ight
irradiating part 21 is unitized and the columar lens 22 is not necessarily
unitized. However, if the light enitting part itself 2 is unitized like
this enbodi ment, an effectiveness of nodél arization can be nore remarkabl e.
5 1n addition to this, there may be various nodifications. For exanple, a
hal f-m rror nmay be arranged above the nonitoring bores 3a, 3b in a slanted
posture so that the light is irradiated on the work Wal so through the

itori b 33, 3b., . Furt th j.tori, b 10 3a, 3b b
D ocked wit h 04 ARIERAF cHHE MEMDBReE 0% B Gcd SpPRTEISR: ds 160 koep
inside th ' f t. L di_st t he |ight
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light irradiated fromeach light emtting part, convenience Is |Inproved as

well as a w didssablkhe Ad Recohéséite ierxrag@'nét@@ PrBLIMRIK SippoReimMgri ed.
Alternatively, as shown in Fig. 9 and Fig. 10, the light emtting part 2

may be helsd ytridatugesonotle rcallanadt ylend0 22, odncbtatriehalli axdd $xi s that is
parallel to the direction of the Iine so that the light emtting part 2 can
be set at arpmrjeictsafyomngle centan @hdlhe ehdnfdde pife thbepslwirddd n a
certain range. In accordance with this arrangenent, it is possible to set a
posi tion wherkenshe?2l tgherd @ exges adiradidons (dbrectiynadifutihe ngineie angl e of
each light emtting part ) , .
and the rotational axis 91 is supported by a bearing 92
arranged on the casing 3. In addition, in order to change
10 the angle, for example, a handle 93 may project from a
rotational center X of the light emitting part 2 or a
position deviating from the rotational center X toward the
direction of the line so as to change the angle with an
operation of the handle 893. PFurthermore, in order to fix the
15 angle, for example, a screw 94 may project inward from the
casing 3 so as to fix the light emitting part 2 by pushing
the end face of the light emitting part 2 with a distal end
of the screw 92.
In addition, as mentioned above, in case of arranging
20 the light emitting parts 2 (or the light irradiating parts
21) serially in multiple lines along the direction of the
line, as shown in Fig. 9 and Fig. 10, a holding member 95
that holds whole light emitting parts 2 of one line may be
arranged and the holding member 95 may be supported by the
25 casing 3 with its rotational angle adjustable.
The columnar lens is not limited to the rod lens, and

it may be, for example, a cylindrical lens of half-circle in

a cross-sectional view, a Fresnel lens or the like. In



according to a distance between the light emtting part and the work. The
rotational center is preferably on the center of 16 the axle of the col umar
|l ens 22. This is because it is possible zo restrain interference between
each of the light emtting parts 2 due £ a rotational novenent as rmuch as
possi ble. As a concrete exanple as a rotational supporting 5 structure of
the columar lens 22, a rotational axis 91 projects fromthe center of the
end face of the columar Ilens 22 toward an axial direction (direction of

the 11ne) s afhilechotal lapak, 41 5,01 d SoaURROT LAY B RaDOAL |10 38eqar T anged

on the casin n additron, in order to c e 10 the or “exanpl e,

a handl e 93 RRYHPELOKSGAL fa,ri%artrQz@témabscsnifr{e)éh%be&h@oﬂ&&btoregi tting
part 2 or a position deviating fromthe rotational center X toward the

direction of driwevel Bgteiiasy feorhandeid @r@ﬂﬂf@rdﬂﬂﬂ&laPor@m ¥f epeof the
handl e 93. Furthernore, in order to fix the 15 angle, tTor exanple, a screw

94 may proj ecioliunwardiénom2t hbatchasimgn¥odvedswitth firavehénd ightthem tti ng
part 2 by pushing the end face of the light emtting part 2 with a distal
end of the sldrgbw 820ong rtleddixtindndies-hiont aodethalmiemnan berse 28f mayr angi ng
20 the light emtting parts 2 (or the Iight_irradiatin% parts 21) serially
in mltiple [kenssrRPBReA thie edgpainy dheoholdéng |nedera§Sstibvin the Fig. 9 and

Fig. 10, a holding nenber 95 that hol ds whol e Ii%ht emtting parts 2 of one
line may be mount~aid part 22a. In accordance with this arrangefent, the

columnar lens 22 can be held continuously from one end face
to the other end face. Then this arrangement makes it

10 possible to hold the columnar lens 22 more securely by
restraining bending or distortion of the columnar lens 22 in
comparison with an arrangement where only an end portion of
the columnar lens 22 is held.

Furthermore, a light homogenization member such as a

15 rod lens that homogenizes the light may be arranged between
the light source and the binding part. In accordance with
this arrangement, since the intensity of the light
introduced into each optical fiber is made to be more
equivalent, the unevenness of the intensity of illumination

20 of the line light can be more reduced. As another embodiment
to reduce the unevenness of the intensity of illumination of
the line light, it is conceived that a diffusion plate such
as a lenticular lens is arranged between the light
irradiating part and the columnar lens.

25 In addition, a color of the line light irradiated from
each light emitting part may be varied each other or may be
changeable.

It is a matter of course that the light source is



arranged and the hol di ng nenber 95 nmay be supported by the 25 casing 3 with
its rotational angle adjustable. The columar lens is not limted to the rod
lens, and it may be, for exanple, a cylindrical lens of half-circle in a
cross-sectional view, a Fresnel lens or e like. In 17 addition, as shown
in Fig. 9 and Fig. 10, it may be provided wth a nount aid part 22a such as
a |line-shaped convex or a groove extending froma side circunferenti al
portion of the columar lens 22 that is uninvolved with traveling of the 5
| ight along the axial direction and the columar |lens 22 nay be supported

by engaging t l{dihg ﬁm%ﬁgy 5 W, T ; i t .

accordance V\,il{&ﬁ’lrlt%dgbgr?an el ??a%e&%ﬂgﬁﬁﬂnng#&ﬁe%s%gggaﬁg(g%%éeﬁge
continuousl y HdRn@nBoaPd fiadderh8ré hernOtiNghtesshf@ca.s hBENaldtys ar rangenent
makes it 10 possible to hold the columar I'ens 22 nore securely by

restraining hendited oh thetldiey védfheresl exwsidlel, e8Ee 2t italCc@ipasi son
with an arrangenent where only an end portion of the columar lens 22 is
hel d. Furt hermamy ée albngdted arpigehe zhighdn sparbernspde asrangdd rod | ens that
honogeni zes the light may be arranged between the |light source and the

bi ndi ng part.sdmaratedydirere thiet holdhhg hamdyanddreemurber ne® thee liighénsity of
the light introduced_ into each optical fiber is made to be nore equivalent,
t he unevennessowice: BésPnieilt Y inited | thithet pbpve myphodimget | ankd Mayght can be

nor e reduced.. As, anot her enpodjpent to reduce the unevenness of _the
intensity of ??I%ﬂﬁrﬁaF?ﬁn dpe light source 1s not limited to the LEDs.

In addition, the light emitting parts may be arranged,
for example, on a circular arc shape viewed from the

10 direction of the line.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an overall perspective view of a line light

irradiation device in accordance with one embodiment of the
15 present claimed invention.

Fig. 2 is a general longitudinal cross-sectional view
of the line light irradiation device in accordance with this
embodiment.

Fig. 3 is a plane view showing a casing in a state

20 that a rod lens of the line light irradiation device in
accordance with this embodiment is mounted.

Fig. 4 is a side view of the casing in accordance with
this embodiment.

Fig. 5 is a perspective view showing an illustrative

25 embodiment of binding optical fibers in this embodiment.

Fig. 6 is a plane view showing the illustrative

embodiment of binding the optical fibers in this embodiment.

Fig. 7 is a front view showing the illustrative



the line light, it is conceived that a diffusion plate such as a lenticular
|l ens is arranged between the light irradiating part and the col umar |ens.
25 In addition, a color of the Iine light irradiated from each |ight
emtting part nmay be varied each other or,may be changeable. It is a matter
of course that the light source is 18 nounted on an appropriate position
such as a top face of the holding body, furthernore the |ight source is not
al ways nounted on the hol ding body. For exanple, the optical fiber nay be
el ongated and the |ight source may be arranged 5 separately fromthe hol ding

body. The ”U'E?[%'od%gﬁ't‘eo%' Bin O’c't‘i&eo&?él?%l' Flﬁg‘%s imiched Sfbddient .

above- enbodi nent an e |n rease t source is not limted to
the LEDs. In additim®g, Bh§s|é$ﬁtt%%tﬁéf'ﬂaé&rﬂv% FRYw Dehlingngedi ghtf or
exanple, on a circular arc shape viewed fromthe 10 dlrectlon of the line.
BRI EF DESCRI RHi@¥igh pgaft DRAMENGEd @k Wi ths anstiaveradidodpréspest ithe view of a
line light irradiation device in accordance with one enbodi nent of the 15
present cl ai edksentenlaimed Engenfiors. a general | ongitudi nal cross-sectiona
view of the line light irradiation device in accordance with this
enbodi men®. Fig. 3 Fig.a%lane padwashawie g/ izwe sbowing re dighit enitgindhat a
rod lens of the line light irradiation device in

part in accordance with further different embodiment of the

present claimed invention.
Fig. 10 is a partial plane view showing the light
emitting part in accordance with this embodiment.

10



accordance with this enbodinent is nmounted. Fig. 4 is a side view of the
casing in accordance with this enbodinent. Fig. 5 is a perspective view

showing an illustrative 25 enbodi nent of binding optical fibers in this
enbodinment. Fig. 6 is a plane view showizrqg the illustrative enbodi nent of
binding the optical fibers in this enbodinent. Fig. 7 is a front view
showing the illustrative 19 enbodi nent of binding the optical fibers in this

enbodinment. Fig. 8 is a pattern perspective view showing a light emtting

part in accor i [ odi nent of the present clained
invention. 5 %ﬁgﬁéga&ggﬁﬁgllgg?de view showing a light emtting part in
accordance wWilh, urtgler ifferent .enbggi ment of the present clained
invention. Fiy. 197§ artf¥ labqlé)ﬁ]e VW showi ng the light emtting part

in accor dance%w,ib%ﬁ@iéni%@gﬁg%s _ 10 20 DESCRI PTI ON OF NOTATI ONS 1Li ne

l'ight irradiation device mtting parts 21---Light irradiating

parts 5 22"'@'-“@&1& 'i%%dﬁ@tix?é’ ﬂa‘ar'%%) 21a, 21bPi nching plates 3 Casi ng

5 22++-Columnar lens (A rod lens)
21a,21b*+*Pinching plates
3+++Casing
3a, 3b-**Monitoring bores
4+++Optical fibers

10 41--'Binding part
d4a**+Optical fiber band
6°-*Light sources
P:++Direction of the line
LL--*Line lights

15 W+ -Work

20

25



3a, 3bMonitoring bores 4optical fibers 10 41Binding part 4aOptical fiber
band 6Light sources PDirection of the line LLLine lights 15 W - -Wrk 20
25 21 CLAIM5 1. Aline light irradiation device conprising nultiple |ight
emtting parts each of which is provided;with a light irradiating part
where nmultiple 5 optical fibers are thickly arranged in a line or in
multiple lines with |ight |eading out end portions of the nmultiple optical
fibers formng a straight line of a predetermned wdth, and a col umar

| ens arranged to extend along a direction of the line in front of the |ight

i rradiating 10 in pairs, and that irradiate line light that converges
into a straight [ine and a holding body that is arranged to face to a work

as being an ppjgctign Mghehithgdidtienl bebicd cd@rigihgradi ated, on which a
nonitoring bore is arranged to penetrate in order 15 to nonitor the work,
and that hol ds the mighipleniithbhomatiag sartdhatackash Wpidicdls axi s face of

the line light irradi ated

provided with a light irradiating part where multiple

5 optical fibers are thickly arranged in a line or in multiple
lines with light leading out end portions of the multiple
optical fibers forming a straight line of a predetermined
width, and a columnar lens arranged to extend along a
direction of the line in front of the light irradiating part

10 in pairs, and that irradiate line light that converges into
a straight line and

a holding body that is arranged to face to a work as

being an object on which the line light is to be irradiated,
on which a monitoring bore is arranged to penetrate in order

15 to monitor the work, and that holds the light emitting parts
so that each optical axis face of the line light irradiated
from each of the light emitting parts crosses on a

predetermined straight line.

20 2. The line light irradiation device described in claim 1,
wherein each light emitting part is arranged on the holding
body so that the optical axis face of the line light
irradiated from each light emitting part is arranged
radially viewed from the above-mentioned direction of the

25 line,

3. The line light irradiation device described in claim 1,

or 2, wherein each columnar lens is arranged generally on a



fromeach of the light emtting parts crosses on a predeterm ned straight
line. 20 2. The line light irradiation device described in claiml1l, wherein
each light emtting part is arranged on the holding body so that the
optical axis face of the line |ight i rradfated from each light emtting part
is arranged radially viewed fromthe above-nentioned direction of the 25
line. 3. The line light irradiation device described in claiml, or 2,
wherein each columar lens is arranged generally on a 22 straight |ine
viewed fromthe aboye:-penti.one irection of the line. 4, The line |ight

i rradiation cé&ﬁQ5gg£e§EF?tﬁ%fWe% gF%Wrﬁbﬁ a??veEF%ﬂt%ﬁneﬂhéFE??F¥9Raqg ght
irradiating gﬁ&;lﬁﬁrther conprises a pair of pinching plates and the

pi nchi ng pl ates ho § the | ight | eading out end portions of the multiple
optical fibers by pinching them 10 5. The line light irradiation device
described in claiml1, 2, 3, or 4 wherein a binding part is forned by

bi ndi ng I'ightg, | dh&otiyfd N9gRAA; PUd1a@R8N et @ @RELEEbed | BEMQ23Rd1] ight from
a light source is introducéd into the binding part. 15 6. The line |ight

irradiati en davixewHesein ker i1Aght airpfli ashagepart Farkthebt cayicRs a
supported by the hol ding body and each Iength of all or a part of the
optical fibermirsofnpileciingeldites earehttheoptihatindielaitrgi hgldaite i s | ocat ed
to deviate to either one of directions with respect to a center

light leading out end portions of the multiple optical

fibers by pinching them.

10 5. The line light irradiation device described in claim 1, 2,
3, or 4 wherein a binding part is formed by binding light
introducing end portions of the optical fibers and light

from a light source is introduced into the binding part.

15 6. The line light irradiation device described in claim 5
wherein the light source is supported by the holding body
and each length of all or a part of the optical fibers is
made to be different so that the binging part is located to
deviate to either one of directions with respect to a center

20 line of the light irradiating part.

7. The line light irradiation device described in claim 1, 2,
3, 4, 5, or 6 wherein the light source that introduces light
into the optical fibers is a power LED that can continuously

25 flow current greater than or equal to 200mA.

8. The line light irradiation device described in claim 1, 2,

3, 4, 5, 6, or 7 wherein a distance between the light



20 line of the light irradiating part. 7. The line light irradiation device
described in claiml, 2, 3, 4, 5 or 6 wherein the |ight source that
introduces light into the optical fiberg is a power LED that can
continuously 25 flow current greater th A or equal to 200mA. 8. The line
light irradiation device described in claim1l1, 2, 3, 4, 5 6, or 7 wherein a
di stance between the light 23 irradiating part and the columar |ens can be
varied. 9. The line |light irradiation device described in claiml1, 2, 3, 4,
5 6, 7, or ein_the ht i part is 5 r tatabl around a

rotati onal ax]irsrat%lr']rgi:lpg l%aaf:r Ig"lnéil g{)n% iﬁ?f o‘ﬁarb % ﬁ@rf‘%/qfe and the
rotational angle can be set. 10. The line light irradiation device described
inclaiml, 2, 3, 4, 5, 6, 7, 8 or 9 wherein the nultiple light 10

i rradiating PRl L 8l B rlaagedﬁﬁrdl% li¥nabopt-d ResaPoMES {TP 15%\6? dj rection
of the line. 11. The Tine i ght irradiation device described’in clai'm10

wherein each 3ength, o, the dd @hiyherdid i lﬂm mﬁl‘i]ht'éniﬂie.&bl att i 12. The line
| ight irradiation devi ce described in claim or erein the |ight

sour ce i s 5ar rrdthtabapgacbimt seacbadiondle akighthat riadiparabepatd The
i ndi vidually. 20 25
direction of the line and the rotational angle can be set.

10. The line light irradiation device described in claim 1,
2, 3, 4, 5, 6, 7, 8, or 9 wherein the multiple light
10 irradiating parts are arranged serially along the above-

mentioned direction of the line.

11. The line light irradiation device described in claim 10

wherein each length of the light emitting part is identical.

15
12. The line light irradiation device described in c¢laim 10,
or 11 wherein the light source is arr
13. +anged for each of the light irradiating parts
individually.
20

25



