1 DESCRI PTION LINE 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 of a work or the |like, nore
specifically a light irradiation device that irradiates line |light.
BACKGROUND ART Conventionally, various lighting devices (light 10
irradi ati on device) have been devel oped tolcarry out an inspection of a
surface of a work. For exanple, an annul ar- shaped |ighting device that
irradiates light of a lowangle fromits circunference, a |ine-shaped
lighting device that irradiates line Iight on a work, or other lighting
device 15 that neets various aspects of a work or various purposes of
irradiating |ight have been known as RERCRIFFRONng devices as shown in Japan
Patent | aid open 1. Especiall a line-shaped |ighting device of a
converging type is so arrangééNFh5¥G¥EnﬁﬁﬁA%§ﬁ§ g re 20 laid out in a
line and a cyllndrlcal # ns. is arranged in front of the bullet-shaped LEDs
so as toirra 1RLD,e. shaped |i ght on a work. Japan Patent |aid open
1 nunber: 10-21729 ISCLCSU CF THE INVE ng%% LENB TQ BE RESOLVED
BY THE | NVENTI ON How&V&r mvﬁ% BbE HETE 2 Re? t i W8T % 19%ght  emitting

area and can ngt, aerconsidered 25.8 PO Hetdd@lhg flaws, recognizing a

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 BY 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



source. Then there is a problemthat it is difficult to 2 gather rays of

| ight so that enough lighting lumnous intensity can not be obtained if a

| ens whose focal distance is short is used with an attenpt to, for exanple,
downsi zing. 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 extredely big, thereby to fai

downsi zing and being low in cost. Especially, if cylindrical |enses are
arranged in nultiple lines, a problemof a | ens size becones significant. As
aresult of 10 this, an arrangenent in which nultiple lines of line |ight
each of whose three-dinmensional angle differs can be gathered and irradiated
has been | essg&Hean.raas péntiohecatdbas, cspnge Jigidngoéwsingief fi ci ency

(l'ight use efficiency) and downsizing are . in a trade-off 15 rel ationship
for this typel®Eersidohyant Pehdre |9ueieRrdpel 3 ilans nhogevieedl sisiprsfgenent
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along a directi on-Lle t RewblbBe, £5%iHhe r%ﬁen&eﬁéa%é@éiné%%&gﬁ@wrﬁi%ds to
sol ve the above-nentioned problems and its main object is to provide a

thereby to fail downsizing and being low in cost. Especially,
if cylindrical 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-dimensional angle differs can be
gathered and irradiated has been less known.

As mentioned above, since light focusing efficiency

{light 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 1LEDs 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 obiject is to provide a
line light irradiation device that is compact and that can

improve light focusing efficiency without substantial



line light irradiation device that is conpact and that can inprove |ight
focusing efficiency without substantial 3 wunevenness of |ighting. MEANS FOR
SOLVI NG THE PROBLEMS More specifically, the Iine light irradiation device

in accordance with this invention conprises nmultiple light 5 emtting parts
each of which is provided with a light irradiating part where nultiple
optical fibers are thickly arranged in azline or in nultiple lines with
light leading out end portions of the nmultiple optical fibers formng a
straight line of a predeterm ned width and a columar |ens 10 arranged to
extend along a direction of the line in front of the light irradiating part
in pairs, and that irradiate line 1light that converges into a straight

line, and a hgldidghesR0ody 1hpting.arranged to face to a work as being an
object on which the line light i's to be irradiated, on which a 15

noni tori ng boEANSS FOR' 8ODEING aHEepebRAtMs i N order to nonitor the work, and
that holds the light emtting parts so that each optical axis face of the

l'ine I'ight irradi atMdef sprrifacdllof, tthe Lligdtliht tirkgdpaticn cleyises on a
predeterm ned straight line. 20 "Thickly" here is a state that each of the
i ght | eading egcosddnporiitdnghiis anvemrigeoh wombrasesstulicdpdpateght

t herebetween. In order to nmake it possible to irradiate Iight of nutually
di f f er ent 3t hredd tdiipgnBabRalcashg P, which sl pmaridfewitds & Hagh€ach |i ght

emtting part is arranged on the holdin%. , , ]
irradiating part where multiple 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

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
mutvually 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.



body so that the optical axis face of the line light irradiated from each
light emtting part is arranged radially viewed fromthe direction of the
line. 4 As a nore preferable enbodinment for uniformlighting, it is
preferable that the line light fromeach light emtting part is arranged
si de-by-side wth no space therebetween so as to be the line Iight of
continuous three 5 dinensional angle. In grder to do so, it is preferable
that each columar lens is arranged generally on a straight line viewed
fromthe direction of the line. In order to hold multiple Iight |eading out
portions in a group easily, it is preferable that the Iight 10 irradiating
part further conprises a pair of pinching plates and the pinching plates

hol d the light |eading edtrcepserHPlcoBEHORIhdE MYrt LBLE EopRtl Gt ihbers by
pi nching them As an arrangenent to introduce |light into each optical fiber
effectively and ignpketetybhle tthHat phef elwedl 6 dhtatremléadh ndighg part is fornmed
by bi nding each light introducing end portion of the optical fibers and

i ght from admightngopace is sarirahgedusede-tht-cithewbimdingppaet . Al t hough t he
optical fiber itself is of flexibility that can be bent, it is very
difficult forcherieha@veentse a2¢oopei thag Firnseddghd ohfdadiindgeh préecal fi ber
toward the direction of the line. As a result, if the band of the optical
fibers is°shad@gneaopel FFleoxakpl@rdedxitoyApesei dit d5 Prefertls theke |i ght
barts ar ga;re&tﬂ%@ggg) s @fpdse?%t O S8 ed 238 IV SA B Beradbhe ofldd '

viewed from the direction of the 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



25 failing to be downsized in a direction toward thickness. Wth a viewto
solve this problem in order to nake it possible to nount the band of the
optical fibers with ease even though nultiple |ight sources are arranged
along the 5 direction of the line on the holding body and to be downsized
in the direction toward the thickness, it is preferable that the binging
part is located to deviate to either onesof directions with respect to a
center line of 5 the light irradiating part. As a concrete enbodi nent of
the light source it is represented that the |ight source that introduces
light into the optical fibers is a power LED that can continuously flow
current greater than or equal to 200mA. 10 In order to nake it possible to

change a w dt&iedctite dfr enéi aired dn Reel h@n@m@ﬁdaxgrt aM@rt®use aspects of the
light can be irradiated, it is preferable that i stance between the

i ght irradi adéowngsipasd iantdhé héinwattivnatovens tdan théckuassedit % In order to
make it possible to set a position where the light is converged on the work
in connecti orpwefdrablechhagetiod ingiiggapset b viesateletootdviate the |ight
emtting part, it is preferable that the light emtting part is rotatably
around a rot aeiidwey cpe Tt Abreqtsianer WiEB| respadie tROadreRERY dinsf ofhe |ine
and the rotatlonal angle can be set. In order to line up nultiple types of
the |ight?> |r?@&h%ﬁ9h§n1669@%%%”Eh§ﬁr5an irradiate line light whose Ilength

iffer h other with r ingr e
d ers each othe Asta ég%%@eggseég%éamen of tﬁeefight source it is

represented that the light source that introduces light into
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 rotatiocnal 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 1ight can be easily changed by changing a number of the

serially arranged light irradiating parts.



by standardi zi ng basic conponents, it is preferable that the 25 nultiple
light irradiating parts are arranged serially along the direction of the
line. This is because the length of the Iline Iight can be easily changed by
changi ng a nunber of the serially arranged light irradiating parts. 6
Especially, in order to pronote standardization of the basic conponents, it
is preferable that each length of the Ilight emtting part is identical
(nmore preferably, the shape thereof is identical). On the contrary, with
this 5 arrangenent, the length of the line light is limted to a |length
that is integral nultiplication of the length of the |light irradiating
part. In order to increase a nunber of variations of the |length of the line
light, it is preferBgpecidlie,| ightrder adi atriomgtpastandefirdieweiah af fiher ent

| engths are 10 serially arranged. In spite of this, if too many variations
are set for theslempuposknthe 1f ght rinefadibi¢ nghgfarcachabenaf!f et itheness of
st andar di zi ng_conponents is reduced. In order to nmake an effect of reducing
a cost nore Fiohl kibtEipg Babhder didentdcahe (RupTaferapsy alide shePes 15
preferable that nultiple light emtting parts of the identical |ength or of
several diffeFeereqferdgt Adentecalyy aﬁﬁe&%&q%mﬂ’f I8 ¥ St o nake it

b oduct | HepeRt HTPBERt0thE FTIHLIN HO8! L it o dibeh or bHtA TBhiR 2w th
ot var | AT 26 LU S 1 PSR B LR ORI o ene
light irradiating part. In order to increase a number of
variations 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 light irradiating parts individually.
ADVANTAGEQOUS EFFECT OF THE INVENTION
In accordance with the arrangement of this invention,

since it is possible for the light irradiating part to



maki ng use of the above-nentioned arrangenment, it is preferable that the

| i ght source is arranged for each of the 25 light irradiating parts

i ndi vidually. ADVANTAGEQUS EFFECT OF THE I NVENTION I n accordance with the
arrangenment of this invention, since it is possible for the Iight
irradiating part to 7 irradiate extrenely fine line-shaped light, the line
light that converges into extrenely fine1ine-shaped |ight can be obtained
even though the light emtting part is downsized by arranging the col ummar

| ens whose focal distance is short 5 close to the light irradiating part.
This arrangenent nakes it possible to provide varieties of |ight
irradiating aspect by arranging multiple light emtting parts and to

downsi ze eachrtaghite raxadieatilngf fres tLinkr sadded i bight,t the possililgatt o

obtain the line light that ideally converges into a line 10 shape and t hat
is efficient Ehatigmverusssiinge éxtrzaiwilti dane binweheped bighthecdn ght
introducing out end portions is arranged thickly, the line light is free
from unevennesbtainemrasisp shavoh ighe He dhitgRli gled\nads i Fadownsimeghbin
evenness. 15 BEST MODE FOR CARRI NG WI' THE | NVENTI ON One enbodi nent of the

pr esent clalnéar?Qﬂ%ﬂﬂlqﬂﬁ ﬁPFPmn%%ZH%§hFWBé8 ferafetHiStaRre nt § sténce to the

acconpanyi ramﬁ i rradj atl n device 1 in accordance
W eh Tih S anBoRs e Wi Pebt Tz SR PATE o TRES: A GUGEer], Fakes
it possible to provide varieties of llght irradiating aspect
by arranging multiple light 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



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
light irradiating part 21 where extrenely fine (dianeter of 0.25 mmin this
enbodi ment) nultiple optical fibers 4 are thickly arranged in a line or in
multiple lines with its a |ight |eading aut end portion 4a arranged along a
predeterm ned direction of the line P (shown in Fig. 5 and Fig. 6) and a
rod lens 22 as being a columar lens arranged to extend al ong the
above-nentioned direction of the line P5 in front of the light irradiating
part 21 in pairs. Miultiple light emtting parts 2 are arranged radially
viewed from theghdi Iesdiran it the poneidn 4Ehertagddd ialoadi ating part 21
further conprises, as shown in Fig. 5 through Fig. 7, a pair of

pl at e- shaped p@egebemitgpdldtrest2da, o ihe Thael Pghsthqvmr adi Bigng paxt 21 has
an arrangenent that each of the |light |eading out end faces are arranged in
several |inesFagt houtared gagodhéerdedveesn bedngas ¢QiHMﬂ@N aessragpnged ne of a
predeterm ned width (about 0.25 mmthrough 1 mm by pinching the |ight

| eadi ng out eh8 $BLYRR t3lomy Zliéeoﬁb@%l‘lﬂ@ttlléaﬁdf(ﬁb@@l@nmpfhtlﬂ%eh@%éhl ng

plates 2l1la, 21b. Each of the rod |enses 22 is a three-dinension
cyllndrlcé? cépuﬁﬁo?Fdﬁé gﬂgBBdﬁrWQQQ§tén8rB§Eté%kﬂfbﬁab¥5 aMEiFEB}%r

an opt | cal - axiAORRCE O PaRES “S0Pd ARGPPRY TITAIRe PR TFPRAIRt i ng.
part 21. direction of the line P.
The light irradiating part 21 further comprises, as

shown in Fig. 5 through Fig. 7, a pair of plate-shaped

10 pinching plates 2la, 21b. The light irradiating part 21 has
an arrangement that each of the light leading out 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~dimensiocnal
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



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 Was
bei ng an object on which the line light is to be irradiated. Strip-shaped
nonitoring 25 bores 3a, 3b are arranged to penetrate the top plate 31 and
the bottomplate 32 of the casing 3 in order to nonitor the work W Each of
multiple (four in this enbodinent) light 99 emtting parts 2 is nounted on
the casing 3 in a state of being parallel each other through a fixing
menber 34 at a position facing to the nonitoring bore 3b. Each of the Iight
emtting parts 2 is arranged generally on a straight line 5 viewed fromthe
direction of the line P and the optical axis face T of the line light LL
irradi ated fremieachqgopatte 2 lisghbuamkdtomgRacksiRgi 3 af rangaderasi al |y
viewed fromthe direction of the [ine P. Mdxre concretely, it is so set that
each optical ddisgf paeallel dduvh bither| tighdudh a fiadnhqteshie® Bhoateach of the
light emtting parts 2 crosses on a predetermned straight |ine and

conver ges on tdusitpredéseimy ned tder mpyhtotinge boAendasuEerbnef ofhen ldightance
between the light emitting part 2 and its adjacent light emtting part 2
except for thémHKGHngenﬁtt$ﬁbJﬁaﬁﬁgaQQQ@‘ﬁﬁ@éﬁﬂﬁg gh de-3hradiohe dine he center
is so set that each line ght LL is arranged to _lie_ side-by-side with

general |y Ao vdgﬁefihéF%&%éﬁr&ﬁal%eo%eﬁm drirg RBomrd idsusy F@ﬁ% B

t hr ee- di nensi gnal e js irradiated o r In a d|t| l'i ght
sources 6 of Fﬁgesgng Em%e%l qlg%% LL 1rradfM%e5 ¥¥om gh

light emitting parts 2 is arranged radially viewed from the
direction 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 emitfing 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 1ED, and a cylindrical body 61 that accommodates
the power LED and the lens mechanism. In this embodiment the
light sources 6 are mounted from outside on each of the side

plates 33 two by two each of which 1s arranged side-by-side



20 that of the light emtting parts 2 so as to correspond to each |ight
emtting part 2 are nounted on a side plate 33 of the casing 3 through a
bracket 35. Each of the |ight sources 6 conprises a single power LED (not
shown in drawi ngs), a |ens mechanism (not shown in draw ngs) arranged in
front of 25 the power LED, and a cylindrical body 61 that accommbdates the
power LED and the | ens nmechanism In this lénbodinent the |ight sources 6
are mounted from outside on each of the side plates 33 two by two each of
which is arranged side-by-side 10 along a direction of its depth. In order
to mount each of the light sources 6, a |light source nounting bore 35a that
opens toward outside is arranged on the bracket 35. The |I|ight source 6 is
det achabl y nmowibed bydirétiimgl ywfi nserdepithS5 Ihsordeghttecemptint ngp@ndiporti on
into the light source nounting bore 35a by the use of a setscrew Bl. The
power LED isthe LEDhGfseuidesh G.umi hadglle 3gyreet haunting dwde ghauthat 1 ow
el ectric current greater than or equal to 200mA. The optical fibers 4 are
accommodat ed PRSPEetPHard Pwadideg 19 aneengad sRokRei bragket 55thrd®yh Fig. 7,

a binding part 41 is forned by thickly binding |ight .introducing end
portions 4b oftifh& éﬁPFE%IrTEfJisoéil%aﬁhéﬁl’ H‘é’%@go?y aPlt'cEquJré'r il{:fﬁ?’g’b}r%i ng
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detachably noyated pRpthe PINAMNG  R¥dnce type that can continuously
flow electric current greater than or equal to 200mA.
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
portions 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 B2.

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 1light

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



nounting bore 35b by the use of a setscrew B2. 20 One end of the binding
part nounting bore 35b opens into an inner side of the bracket 35 and the
other end of the binding part nmounting bore 35b opens into a bottomof the
| i ght source nounting bore 35a. An axis of the binding part nmounting bore
35b coincides with an axis of the |light 25 source nounting bore 35a. The

| ight source 6 is nounted on the |light spurce nounting bore 35a and the

bi ndi ng menber 7 is nmounted on the binding part nounting bore 35b. Wth
this arrangenent, the light fromthe |ight source 6, nanely the 11 [|ight
fromthe power LED is converged into a circular form whose dianeter is the
sane as that of the binding part 41 and alnost all of the light fromthe
power LED canlbght ifgnodteegondt oLrIadl kbghérddsd rieduchngiensidrageraf the 5
optical fibers 4. In this enbodinent, as shown in Fig. 5 and Fig. 6, each
| engt h of al |wlessa dianteteflr thetloptiamel abi beat <f ithenhdedinte deertdidfif erent so
that the hinging part 41 is located to deviate to either one of directions
in a plane viavdvalmpsto adéspécthe dightefirem thegoofert hBD| ¢ghtdd rradi ating
part 21. The optical fiber 4 itself is elastic that can be bent, however,
it is difficulBtyaesugesk ipsangadptiigit inbeeduaing #8d Aacactedhshove to bend
to deV|ate the binding part 41 of the optical fiber 4 toward the direction
of the Iime PPRCa f%rﬁé§uﬁt with the arrangenent of this enbodi ment

wherein the |ight sources 6.are arranged.al on di r n of dept h t he
di reclti on of tlhg Iiﬁ‘éijtrﬁsgﬁa'@g(‘:ﬁeﬁ‘?grﬁ% §5‘8?“’8e9%a? | and" ey, %% (

each length of all or a part of the optical fibers 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 socurce 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



| ocated to deviate fromthe center line of the light emtting part 2 in
order to secure downsizing toward the 20 direction of the thickness, this
shape that the binding part 41 has been deviated fromthe center line of
the light emtting part 2 before is very effective. In this enbodi nent,
four identical optical fiber bands 4A are forned and nounted two-by-two
with its front and back sides turned upsige down. 25 In accordance with thus
arranged enbodi nment, 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 extrenmely small point light emtting source are 12
thickly arranged in aline or in several lines and irradiates extrenely
fine |ine-shapetckiwhirranaed inagiatredor! ighiewaralbéinbe andie |ight LL that
converges into extrenmely fine line-shaped |light even though the irradiated
light is 5 gatteacihites axtasgehy five dodet simmp? hilgbse thealrmiddeéade is

short close to the light irradiating part 21. As a result, it is possible
to obtain a |1yt mprddei thet hine i iighdi Blethat iqgnverdesl iyte @xrseyehy in
| i ne-shaped light and that is_ efficient in |ight focusin in other words a

| umi nous 10 | Foit iigegsfiprped kihielavens thaesh It ﬂrﬁﬁﬁéﬁiéhiﬁiﬁhﬁaﬁﬁ 2 can
PR R R T e S R
brovi de' the. | TGHTIHG CREPST EOTEh 1h9hBy ChA Lt LAt FREE ot o, Pe 1 E00Ksi bl o
to it is possible to obtain a lighting device that irradiates
light ideally converging in line-shaped light and that is
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-mentioned 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



utilize the rod lens 22 that is inexpensive, thereby to |ower costs. The
present clainmed invention is not limted to the 20 enbodi nent. For exanpl e,
wi th the above-nentioned arrangenment, in order to prepare several different
types of lighting device that irradiates line |light whose |length differs,

it is necessary to change a nunber of the optical fibers 4 and a 25 | ength
of the pinching plates 2la, 21b for each t§ype of the |lighting device In
this case, however, it is not possible to standardize basic conponents such
as the optical fibers 4 or 13 the pinching plates 2l1a, 21b, thereby to

di mnish a size of a product lot or to increase a | abor hour of

manuf acturing the product. In order to solve this problem this nodified 5

embodi ment i stBe RIMAHIEH PLREES t B2 i2dR §h?¥?1i>3hd3%éirlf“12151€tehe“{z@gﬁf
irradiating part 2 %1the col umar | ens 2%% t he i dentjcal Iength and
of the |dent|€aPr@§Eéﬁa i°¢ OFpHQl HFFEFS 8 bEPTh W PTaBR Yilfig. 8 and
t he nultlpletﬂnduhﬁ%¥%§d units are arranged serially along the 10 direction
of the line a single light source 6 is connected to each

light emtting part,g, ofﬁé$Q%9EoTQé I%QQg&,FE afﬁ Qﬁm¥ﬂfﬁgﬁs enbodi nent .

It is a matter of GCourse 'that "a nu ca bers 4 and the

shape of 4 he.aptdGaln '1'%9%ob§PPa ‘b%dt ‘Eh?% E}‘?é‘nﬂiji}?cd 9t BAGH gdr@Nh 15
emtting part 2 are nmade to be | en I ca
(the light lrradlatlng part 21 and the columnar lens 22) of
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 toc 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
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contrary, In

with this arrangenent, if a nunber of the serially arranged
united light emtting parts 2 is changed, it is possible to prepare several
different types of the light irradiation device that irradiates the |ine 20
ength differs and to pronote standardi zation of conponents of
adi ati on devi ce because the light emtting part 2 as being one

conponents becomes a singlelttype. As a result of this, a
cost can be reduced. 25 Furthernore, since the |ight

be varied for each light emtting part 2, it is possible to

t only the light of uniformintensity of illum nation but

al so

a diversified range. As a result, various 14 effects can be
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accordance wt t he arrangenent o

intensity of Qhkugbnat]&ms ahadrierendsPRy HroRhbScaREEs t owben Stronger than
the intensity of illumnation at the center portion, the process of

correcting i meggavenhibied ethrdlanyBRent, this is corrected at a side of an

10

15

20

25

image processing unit. With this arrangement, the S/N ratio
is deteriorated due to a process of correction and time to
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
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
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
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



15 side of the image processing unit can be decreased as nuch as possible.
As a result, the SINratio can be nmaintained favorably and hi gh-speed
processi ng can be possible. On the contrary, with the above-nentioned
arrangenment, a length of the line light is limted to a value of integral
20 nultiplication of the length of the light irradiating part 21. In order
to increase variations of the length of tHé& line light, the |ight
irradiating parts 21 of several (two through nine types) different |engths
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 conponents is reduced. In addition, since

t he col umar ldeht22readi peinmdento 2bel dfunidriizeds ahenfrh scadnipabylengut ti ng
process, only the 15 |light irradiating part 21 is unjtized_and the col umar
lens 22 is ndt? AScBSEaPrFr§sIa4lyz 8t ey eHOveYe el § ithkt 118t tting part
itself 2 is unitized like this emhodi nent,. an _effectiveness  of
nodularizatioﬁm8§§158 Rark ¥ bFE.“@?q%?%ﬂd&F%?oﬁhf% ?ﬁ%qg}mFﬁErémhay be
various nodifigcations. For exanple,.a half-mrror_nmay be anr ed above
the noni t or i nd BoFES "S5 SL0T AORUMAECRL Posrtr BosBOTT HTANED Poht | s
irradi atedeson the t t op j s 3a, 3b
Furthernorg, t he ngﬁ%¥5¥¢%g§ %rgéq%ggéa?ﬁgg naf}g%!ggggggg with a

transparent megbeliSHER-RS, arog! agsmPlat @ $918SmifrdesRyl Bei derddipgcasing 3
free of dust. In addition, a distance between the |ight irradiating part
and the col uMm@ioviefbe Madn DE MY B8red MBACHY dangesVahted posture so
that the light is irradiated on the work W also through the
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 2 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



this arrangenent, in case of adjusting each optical axis 15 face of the line
light irradiated fromeach |ight emtting part, convenience is inproved as
well as a width of the line light irradiated on the work can be vari ed.
Alternatively, as showmn in Fig. 9 and Fig. 10, the Ilight emtting 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 tRat the light emtting part 2 can
be set at an arbitrary angle or an angle of nmultiple steps within a

certain range. In accordance with this arrangenent, it is possible to set a
posi tion where the Iight converges on the 25 work by adjusting the angle of
each light emtting, part _according to a distance between the |ight emtting

part and theth®r&la e theacPdHanat eiftdr 22s el abP§Cye HE dénter of 16
the axle of the cqpl ar lens 22.,This is because it is ssi bl.e

restrain int ep?ﬁ?gtﬁ#‘?}ﬁétwgﬁaé’écw;ﬁr TR EnFE gRETWesh tetalcﬁggtg)aéi‘% lzlghge to a
rotational noyepeni as ch.a possi bl e. . As_a, concr e e as a

rot ati onal su%%ng%%%IgﬂgFrécﬁﬁ?éa%FlEﬁ%aéé b léwﬂﬁgﬁéﬁ2§§%§3#6f%tional axi s

91 projects éégﬂﬁ% cgat grccﬂiﬁfﬁegg%ﬂnfé?&%asﬁ% &B@af?éw%{,%lgpb?{??ngz toward

an axi al direttion rection o the rotati axis“ 91 is

supported Dy arpPeariig 2 thadr FaNgRthON chBeosasi NhtdtibRaddgkid a1, i n order
to change 10 the angle, for exanple, a handle 93 may project froma

rotational cept&fectHifddie theghbnesd tdfi RBePahd Zad oF tREStd1@ha@evi ating
fromthe rotational center X toward the
lens 22 toward an axial direction (direction of the line)
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 923 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 93. Furthermore, in order to fix the
15 angle, for example, a screw 94 may project inward from the
casing 3 so0 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



direction of the line so as to change the angle with an operation of the
handl e 93. Furthernore, in order to fix the 15 angle, for exanple, a screw
94 may project inward fromthe casing 3 so as to fix the light emtting
part 2 by pushing the end face of the light emtting part 2 with a distal
end of the screw 92. In addition, as nentioned above, in case of arranging
20 the light emitting parts 2 (or the light irradiating parts 21) serially
inmultiple lines along the direction of the Iline, as shown in Fig. 9 and
Fig. 10, a holding nmenber 95 that holds whole light emtting parts 2 of one
line may be arranged and the hol ding nenber 95 may be supported by the 25
casing 3 with its rotational angle adjustable. The columar lens is not
limted to theddbbidensas alewni innBig b ahdr Féganp? e, itameyl padeiasidedens of
half-circle in, a cross-sectional view, a Fresnel lens or the like. In 17
addition, as YhEWn2imoWrly.2lg RAEtR4R SUoh f AaylBRr PEESAJEd Ve K & mount
aid part 22a such as a |ine-shaped convex .or a roove extendi ng froma side

circunferentigFOBS?t?¥ﬁP 1her %oﬁLﬁﬁﬂﬁ'cPEﬁgm'_ eHHL BORh R o ®wi t h
ravel L9 of HiSyleds SRl Onen D, St dhesti o0 Mg golbmiar | o0 22
cont i nuously. TEaRE ohisrly, (e 238 AT IR sop, g G Mg Pert e pement
astrai ning bendtRg ar d Sor PP asin Thareafind St S5 oRER dhety
mount aid part 22a. In accordance with this arrangement, the
columnar lens 22 can be held continuocusly from one end face
to the other end face. Then this arrangement makes it
10 possible to hold the colummar 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



conparison wth an arrangenent where only an end portion of the col umar
lens 22 is held. Furthernore, a |light honobgeni zation nenber such as a 15
rod | ens that honopgeni zes the |ight may be arranged between the |ight
source and the binding part. In accordance with this arrangenent, since the
intensity of the light introduced into each optical fiber is nmade to be nore

equi val ent, the unevenness of the intensit§ of illumnation 20 of the line
| i ght can be nore reduced. As anot her enbodi nent to reduce the unevenness of
the intensity of illumnation of the line light, it is conceived that a

di ffusion plate such as a lenticular lens is arranged between the |ight
irradiating part and the columar lens. 25 In addition, a color of the line
i ght irradi alt@dntedmn edc RPPYERYiatf PosA§iearsushype (api kFeadhtbeher or
may be changea maifter of course that the,light source is 18

le. It |
mount ed on anhagﬁf%%réorf@ YSibeEP L thead 1ant oFPHERSe 16 PP heP 1RSI ng body,
furth the |jght LS. not t ed t he .hal_di body. F
exarpl e, the BREPERT 91 BdF TRAGUBE BHngat e SCRe PN ega cbohsy be
arranged 5 seﬁ aggl¥%£{ Qkﬁhgngoh%%g%gggd¥0%%%§ﬁ%l %ragiaﬁ qillght source

also is not | ted € above-e I"Ien be "1 ncreased. The |ight
source 1S 901 skp et e chEDSo1 g0 ! Ofnel enbb Oy el biggr parts My
be arranged, S%%r exanpl e, on g é?ré&ﬁzr a&c shgpeﬁekeme fron1tﬁgt10
direction of .BEréd NElso is not limited to the above-embodiment and may

be increased. The light source is 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 i1s 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



BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is an overall perspective view of a
line light irradiation device in accordance with one enbodi nent of the 15
present clained invention. Fig. 2 is a general |ongitudinal cross-sectional
view of the line light irradiation device in accordance with this
enbodinment. Fig. 3 is a plane view showing a casing in a state 20 that a
rod lens of the line light irradiation devpce in accordance with this
enbodi ment is nounted. Fig. 4 is a side view of the casing in accordance

with this enbodinent. Fig. 5 is a perspective view showng an illustrative
25 enbodi nent of binding optical fibers in this enbodinent. Fig. 6 is a
pl ane view showing the illustrative enbodi nent of binding the optical fibers

in this enbodenbodimertti gpf Bindiag ftlentoptiewnl shivery irhehik| esdadmene . 19
enbodi ment of binding the optical fibers in this enbodinment. Fig. 8 is a
pattern perspectiveFigew siow pgtéetn ghrrspemtivienyigarshawingcgoltgice with
anot her enbodi ment of the present clainmed invention. 5 Fig. 9 is a partial
si de vi ew sho®hEtENT iRART &Ri eeroRfanss With areErdarrbodingnt aft fae

di fferent enbodi nent of the present clained invention. Fig. 10 is a parti al
pl ane vi ew shBRERFE e alFgRt 108%™y part in accordance with this

embodi ment, 10 Fig. 9 is a partial side view showing a light emitting

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



20 DESCRI PTI ON OF NOTATI ONS 1Line light irradiation device 2Light emtting
parts 21Light irradiating parts 5 22Columar |lens (A rod | ens)

21a, 21bPi nching plates 3Casing 3a,3bMnitoring bores 4Optical fibers 10
41Bi nding part 4a-Optical fiber band 6Light sources "Direction of the line
LLLine lights 15 Wwrk 20 25 21 CLAIMS 1. Aline light irradiation device
conprising nultiple light emtting parts @&ch of which is provided with a
light irradiating part where nultiple optical fibers are thickly arranged
inaline or innultiple lines with light |eading out end portions of the
mul tiple optical fibers formng a straight line of a predeterm ned w dth,
and a columar_lens _arran nd along a direction of the line in

&gdto exte
front of the HEFRIPTIIAE iNYAIIPNSin pairs, and that irradiate line light

that converges into a straight . | ,
1-++Line light Irradiation device

2*'+°Light emitting parts
21***Light irradiating parts
5 22++Columnar lens (A rod lens)

2la,21b*--Pinching plates
3+«+Casing
3a, 3b**"Monitoring bores
4+-+Optical fibers

10 41-+-Binding part
4a-+Optical fiber band
6+-*Light sources
Pr-*Direction of the line
LL-**Line lights

15 W--*Work

20

25



line and a hol ding 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 nonitoring
bore is arranged to penetrate in order to nonitor the work, and that hol ds
the light emtting parts so that each optical axis face of the line |ight
irradiated fromeach of the light enitdling parts crosses on a predeterni ned
straight line, wherein the light emtting part is rotatably around a
rotational axis that is parallel to the direction of the line and the

rot ati ofBAIM&ngl e can be set. 2. The line light irradiation device described
inclaiml wherein the multiple light irradiating parts are arranged

serially al .the,. ve-_n;gﬂ' d,direct] .fhe line. 3. The line |ight
irradi a ion%gg‘\}?lgelaggcr%%e ralﬁ?gﬁa?% V\hég?lglrﬁglgégch | ength of the |ight
emtting part is identical. 4. The line light irradiation device described

in claim2 auliphbhel egint tdwel Utiight psoty Gadhs odr wahgedi f @roeaddd ofititha | i ght
i rradiaiiéﬁk‘%??ﬁ%i%@?ﬁgiég¥¥'Q%Ere multiple optical fibers are thickly
arranged in a line or in multiple lines with light leading out end
porticns 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 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 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,

wherein the light emitting part is rotatably around a rotational
axis that is parallel to the direction of the line and the rotational

angle can be set.

2. The line light irradiation device described in claim 1 wherein
the multiple light irradiating parts are arranged serially along the

above-mentioned direction of the line.

3. The line light irradiation device described in claim 2 wherein

each length of the light emitting part is identical.

4. The line light irradiation device described in claim 2 or 3
wherein the light source is arranged for each of the light

irradiating parts individually.



