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SPECI FICATION  TITLE OF THE INVENTION LIGHTING UNIT  BACKGRANE %F THE

INVENTION 1. Field of the Invention. This invention relates to a |lig |ng
unit that is preferably used when a product inspection is conducted by
means of reflected light fromthe lightning unit. 2. Discussion of the

Rel evant Art As a method of exangpECHFICEIIONTface of a product, it has
general ly been known that a product to be examned is irradi ated on
upper side by a lighting unit having an illum nant asse
underside, with the reflected |ight then bei hy

phot ogr AWFEE OF THBINVENTION: y to the |idhti MGE ?’Ht ere |s ______
unevenness in light intensity on the surfdce to be e; !%p%y b fhat
a nmicro flaw or finishing defect on the suffaeecipio % e Bog‘gﬁ!gﬁot’%ﬁeﬂeﬁb{'
exam ned has failed to be detected. Theref )

~airis}exa |ng\/q_ § pabasice, of| a
pr oduct LIGHHENGYNIEnmon to use a lightin iz pgoes ""I'I UMLRadtss- -
assenbly of such a construction that the a éﬁbﬁt’"&&v }ot"BaB '

e under si de

S gdurat
i | luminants such as light-emtting di odes p{@iMop ‘é‘fgd ap’hg
ereof emtting light so

~gfs ETW%M&W&IQ&&&@&UQ?{ hé surface to be exam ned.

. However, if a lighting unit has the above construction, a plurality of
i 1l um nants nust be positioned all over the underside of the lighting unit,

great | yy ﬂferlgaosfit'ﬁ% fr\Qr%nEiioH? required to assenble the lighting unit. This

not onl
This invention relates to a lighting unit that is preferably used when a product

inspection is conducted by means of reflected light from the lightning unit.
2. Discussion of the Relevant Art

As a method of examining the surface of a product, it has generally been known
that a product to be examined is irradiated on its upper side by a lighting unit
having an illuminant assembly on its underside, with the reflected light then
being visually inspected or photographed in close proximity to the lighting unit.
If there is some unevenness in light intensity on the surface to be examined, it
may be that a micro flaw or finishing defect on the surface of the product to be
examined has failed to be detected. Therefore, in examining a surface of a
product it is very common to use a lighting unit having an illuminant assembly
of such a construction that the assembly has a plurality of illuminants such as
light-emitting diodes positioned all over the underside of the lighting unit, with
the entire underside thereof emitting light so as to maintain an even light
intensity on the surface to be examined.

However, if a lighting unit has the above construction, a 'plurality of

illuminants must be positioned all over the underside of the lighting unit,

greatly increasing the time required to assemble the lighting unit. This not only
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-2 - causes some unevenness in light intensity on the surface to be
exam ned, but also requires precision in assenbly of the lighting unit to
pr event sai d unevenness from bei ng caused by unevenness in the assenbly
orientation of each illumnant. In addition, if the surface to be exam ned

I s gl ossy, tbeusdslsomeanteveaness i ligh edtensixyi oy the surface $6 ecextagninesipect

t he surface. It is an object of the present invention to provide a

li ghting uni butadsceaxaguitesaprepisiorhin assembliraof thediglitifhg it tonpreventisaid a
smal | er nunmber of illum nants can reduce unevenness in light intensity on a
surface of aupeygnBess fras bejngiraused byrinexenmess findhetassembheorientatiorint s

can be set up_easi| Y THE 1| NVENTI ON In order, to acconpl | sh
the above obpégach ifemingaht £ ﬁdg&@fhdéﬁleeﬁlﬁf%e toobe examined isglosy,

The lighting unit in accorganc res I nvent ri ses a

LI ng- sh§de E ‘émlbaa‘?térﬁreﬁﬁ 9CtF ma i‘tﬂﬁ 1t JmRpQsst ﬁ ﬂéWRf'j:téﬂ%éHf Fegol e alnd
o o) ?glh't Tor oftcts 80 PRBRT 57 i, Fveedt GhOPRAZM S KOVidhe svENS HE ! ny
Unevennoss : ARIHEER BY HEGR: B BE I ing LA nAMel FNGIE Tuffiper of
. Mre specifi ?Hﬁhﬁ{\a{}&e chﬁ\’&’qtdcgmﬂe}e?lpebg Ny ﬂg(}jﬂ‘ Qh{ ?t?:)&{’lsé. '&grﬁﬁcﬁ'&ga

shaped transparen ody I ght usion a um nants,

Wi th the trapssanenio BOENamfydd) hrld Efﬂié‘faé%%@c ﬂi&dﬂﬂﬁi’tir{hﬁltﬁ ¢drObE set@iip SSi on

surface and Ilght-lntroductlon surtace, both of which surround the center
hol e, Wwqfgh t@gmgbural ity of illumnants being located along the
| i ght-introducti'on surface so as to emt light fromthe |ight-em ssion
surface of the transparent body.
SUMMARY OF THE INVENTION
In order to accomplish the above object, the invention has adﬁpted the
following lighting init. The lighting unit in accordance with the present
15 invention comprises a ring-shaped transparent body for light diffusion
having a center hole and having a light-emission surface that surrounds
the center hole and evenly emits light projected from a plurality of
illuminants. The above lighting unit enables both even surface emission
of light and reduction of unevenness in light intensity on a surface of a
20 product to be examined.

More specifically, the invention is a lighting unit comprising a ring-
shaped transparent body for light diffusion and a plurality of illuminants,
with the transparent body having a center hole and having a light-
emission surface and a light-introduction surface, both of which surround

25  the center hole, with the plurality of illuminants being located along the

light-introduction surface so as to emit light from the light-emission

surface of the transparent body.
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-3- In particular, in order to reduce unevenness iin light intensity
near the |ight-introduction surface to inprove light diffusion, and in
order to enable illum nants to be nounted, it is preferable to fill the
openi ng between the transparent body and the illum nants with transparent
silicone. |n brpafticlagfihi sidenttb Ye@td uhbObhinedst ik Qi%?{t%lf‘érf%}i’tly%é& e a
reflective | ayer on each arbitrary surface other than™he

i ght - i nt r odulightiintrodizztionasuairfatee to iighprove HghandHFedions and as diddreid ect

and return light into the transparent body. In order to emt light froma
plane, the |ignhablenilbuninardsr tade nfourted; itis prefatblody filh thecbpentily a
ri ng- shaped pl ane. In order to illumnate a product to be examned from

not just one Betweavdhgl transparendnbody and tthe iijbmimlaintpawith dfarisparéhe -

t ransparent bo,g& preferably has a |light-em ssion surface that is a concave

face of & hol § funcat ed cone shape. In order to illuminate fromall
exam-ned, the_transparent body

directions all ,partss of a. product to be | _ )
- preferably has ql\dﬁﬁggéﬁf?‘g%‘i‘ egu#&sg& it i preferable dobave a reflectivedaper
.Shape. In the above, l.ighting unit in accgor ce with the present
i nventions | i §ht®aSHAPE ‘"W“F%é@ﬂi‘?hﬁﬁ%ﬁ? ﬂgﬁbmﬁr@ velgon sustacgand the
transparent b _ | cted . and.scattered in.a conplex nmanner while
it is transmi @gie{%j ef‘ﬂg%h‘é hglﬁﬁi:c%tspa%stseffegﬁft §e%8qtgﬁ?tf Wn%tse drAnspagent om
the |ight- eni,gc&'on surface of the transparent body at an even intensity.
‘The lighting unit is suitable for exam nation of a product by means of

refl ecteqglight i lgpdeRkd ie?xﬁ't‘ii%htsfrﬁﬁ? atEc e qﬂéqg}gﬁnémmggn isﬁrfa@etdge shape

of ring having a center hole, actions s as vi I nspectron an e

t aki ng of pho&aggpaa-bﬁtB@@yhepf&éﬁaglﬁgir%ns@pw%uﬁg_ to be exam ned through
t he

-

In order to illuminate a product to be examined from not just one but
several directions so as to light all parts of it, the transparent body
preferably has a light-emission surface that is a concave face of a hollow

15  truncated cone shape.

In order to illuminate from all directions all parts of a product to be
examined, the transparent body preferably has a light-emission surface that
is a concave face of a bowl shape.

In the above lighting unit in accordance with the present invention,

20  light emitted by the illuminants is projected into the transparent body, and
is reflected and scattered in a complex manner while it is transmitted
through the transparent body and uniformly emitted from the light-
emission surface of the transparent body at an even intensity. The lighting
unit is suitable for examination of a product by means of reflected light. In

25  particular, since the transparent body is in the shape of ring having a
center hole, actions such as visual inspection and the taking of

photographs can be performed on a product to be examined through the

3 This Sheet Has Been Replaced

AL




.-4- - center hole. Furthernore, the above |light-em ssion surface emts
light that is nore even in intensity than a |light-em ssion surface having
no center hole. If the lighting unit has an openi ng between the transparent
body and the illumnants that is filled with transparent silicone,

i mredi atel y géhter holeht Fustieriddred the aibovieelight-emissiohssurfice bigty light
defl ected and scattered in a conplex manner, thereby reducing the

di rectional i thabis niwrel eyén innthtemsity rthan he lighdtemissioss sarfase hiasteg troo emi t
l'ight nore uniformy. If the lighting unit has a reflective | ayer on each
arbitrary suceates lger than the Iight-introduction surface and the
|'i ght-em ssion surface so as to reflect and return light into the
transparent bodyhe dighting: wait hgsen eperyng bemweendhe transparentobedynand the
| i ght-em ssiqp surface, it, i ossible to enhapnce the light jntensjty using
the samd quaﬁﬂ}anBPtﬁ ﬂ@ﬁ*t‘séﬁlﬁ ‘Ultén*irﬁnﬂ?é'egﬁ CPPWW%%iYE 9Ftﬁ§i18§t a
smal ler quantity .of Jpght framthe illum nants. f the ljighting.unit
conprises a ¥ §¥F§gt§fdeh?’nb(§g§ IHHIMDARLS, o ﬁﬁhg F\%ﬁ‘@hefqegl‘ﬂmtg?astgqrgﬂ 1Bl &ne,
the light-em ssign_plan ayunikdirecti.onakly .emt. light ento roduet to
be exani ned. Cf)?n-éjlﬁé m%é'ﬁ'te' hghglfﬁlbty E"o‘ﬁbﬁl‘f‘SZ‘i‘% dﬁeﬁhppgﬁgé ngﬁ‘es caemgf t he
_transparent A : St 42 v r cone shape or
a concave fa%gg%’f‘%ﬁ‘tgolbﬁhﬁ%’g‘%é@} ?ﬁ“&fﬁm&ﬁgﬂ"ﬁ‘gt gi%ip‘% %%et%gg%gﬂ’éxam ned is
possi ble from | st 13 t Vv diar ' : ' arts
of it, and ill e Hehuh gﬁrﬁ*f-’ggﬁa Frréeﬂra\é;ﬂhgﬁalﬁf%)fr%%@?ﬂtagﬁggﬁgxéégn%gzhkp
possi bl gV t ihaR thediERtRtfod ifttiondstirfadd 80 thy 1ihtidRission §ﬁ1|‘¥aég sd BSto

product. I'n accordance with the present invention, the follow ng effects
are achi eved.refleficgnd ret@fi light Untd the teakspatent dodyl Sinchethpr Ragdtity of

I nvention conprises a ring-shape transparent body for light diffusion and a
plurality of light is emitted from the light-emission surface, it is possible to enhance

the light intensity using the same quantity of light and to emit the same

light intensity using a smaller quantity of light from the illuminants.

15 If the lighting unit comprises a transparent body that has a ring-shaped
light-emission plane, the light-emission plane can unidirectionally emit
light onto a product to be examined.

If ti\e lighting unit comprises a light-emission surface of the transparent
body that is a concave face of a hollow truncated cone shape or a concave

20 face of a bowl shape, illuminating a product to be examined is possible
from not just one but several directions so as to light all parts of it, and
illuminating a three-dimensional product to be examined is possible with
no unevenness in light intensity on the surface of the product.

In accordance with the present invention, the followiﬁg effects are

25  achieved.

Since alighting unit in accordance with the present invention comprises

a ring-shape transparent body for light diffusion and a plurality of
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- 5 - Il lum nants wherein the transparent body has a center hole and has
a light-em ssion surface and a light-introduction surface both surroundi ng
the center hole and wherein the illumnants are set up along the |ight-
i ntroduction surface, light emtted by the illumnants is reflected and

scattered i njHuetinahts avhereinnher trahbprep@ BodY0hhs ROLEtet Hiole r &N rdseat
body and can be uniformy emtted fromthe |ight-em ssion surface of the
transparent Hight-émisaioresanfaceaadsa tightiintroductiohf sunfddeybothheurebanding i ght
intensity on a surface of a product to be exam ned becones constant and
even, the il ltheiceatersheleeandt whetedincthediltumimantsuareasss up aldmg phedight: and
there arises a reduction in failing to detect a mcro flaw or _a finishing
def ect on t héntnadugtionosutisse plight emitied hy the ilbaménantsn isreflectediand ng of
l'i ght through the tr,ansparerit body, slight _ deviation in direction of each
of the rount &gaiteredrinna somplicatschinannsst whilepassing trpugh: theatranspagienti cant

Ther of or o, _ alHOSIHELSHh bpHEEFR. GTHe SEI PAISHEIR ISt THRELE 86 Btres
I : | t,i ' Ler. nbl i k. Si e il |y t t
“Up &l ong' ¢ he tRArEREBORG AR U AsteBR; it diffiply. SRS Fgfsc®
i (. , \ # f 1 Lum ¢ .
“Set up on a WGBSR bRt Be i ciiRd Be exdBUgH peco s Rtigatlasd 1€
hort q ! g sl \ L ;
f hgrl iegﬁt - 2?71’ SsSi 6Irifﬁgdirl*lg§ga§%§;gﬁ1ie}% F%f}]{&iédmo %gg?c%l?g%@é;(gﬂr ?%cg [ né%’gglﬁ %niong
and to fiterhefd Qrises al téfliction Be fﬁmﬂa%.@gdl.étéctiag iES | 19440 610apﬂiﬂié&ﬁ'ﬁ$gn

lighting unit which can emt nost suit Ight fromthe light-em ss

Lo ] oA e b o proce, vl il of
and the ill ultiglarthsough ¢heitfarisphtert bodyhslighindeviation in direction of each of
the mounted illuminants from an exact alignment may not have
significant influence on evenness of light intensity of the transparent
15  body. Therefore, allowance in precision of assembling the illuminants
becomes large, resulting in easier assembling work. Since the illuminants
are set up along the light-introduction surface only, the number of parts to
be used is smaller than that for a lighting unit having illuminants which
are set up on a whole underside of a illuminants assembly, resulting in
20 shortened assembling time. Since it is easy to alter angles and shapes of the
light—emission surface and the light-introduction surface in designing and
to alter color of light to be emitted, it is possible to provide a lighting unit
which can emit most suitable light from the light-emission surface for a
surface of a product to be examined.
25 If the above-mentioned lighting unit has an opening between the

fransparent body and the illuminants which is filled with transparent

silicone, immediately after light is emitted from illuminants, the light is
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silicone, imediately after light is emtted fromillumnants, the light is
- 6 - conplicatedly deflected and scattered, thereby reducing in
directionality of light and causing the |light-enm ssion surface to emt
light nore uniformy and in nore suitable light intensity on the surface of

the product. complicatédlyl defléctetband stattaed ptheeéye sddiing a lirevtionality of
arbitrary surfaces ot her than the light-em ssion surface so as to reflect

and return | ilight ans causieg tthahgh&remnﬁs:bndwrface@eemw Hght givrei wnifoimiyd
fromthe |ight-em ssion surface only, i s possible to enhance the |ight
intensity by and imgmore syitabl edaghttmte;nsmy ¢n§hﬂsmfdcetofdmpradtmt.sarre li ght
intensity by us smal | er quantity_of ht fromillum nants. If the
| i ght - eni ssi on 1 §l§g¢d@‘t&g mdt has s pef @(ﬁtveog‘d’? rion gach of ashitparysuafases t he

l'i ght-eni ssion, surface, bec s a plane Ilght sour o unidire tlonally
emt |idht t&ReGt laarbﬁbﬁﬁ’c&%tre@ug@ogxaw AGRISQAG O §etﬁwéfa@#atﬂtgm ightdatehat a

conpri ses a KheaaRacerbhod iR are eR B hird brom dbe RhtSRision,
“up'a product 58 Ui I RGRibE B SRREY "’c&ﬁ@ﬂfeﬁ?rv‘i’%“%v e ““ "
- Thr ce df mensi ety TEHtoand tb bl e LRI R RloATHy F&%ﬁ %*Raﬁer
DEsCRl P11 on QAR SER kbt Al 2c” o 22&?22"3? the i nventi on
may be aU{UierstH% wﬁgb-ehﬁéﬁbﬁrsiﬁfé& df*iﬁeftfadsgken tog ﬁ%ﬁ:ﬁ# &ﬁ@ld@s of

illustrative enbodi ffents of the invention
acconpanyi ng Hg dightaemissibrivBuiflice becomés a plarfe Hght Q5ifrcé 86 driddecorNllpl a

lighting unit showing a first
emit light toward a product to be examined and is preferable in case that a
surface to be examined of the product is a plane.
If the lighting unit comprises a light-emission surface which is a concave
15 face of a hollow truncated cone shape or which is a concave face of a bowl
shape, lighting up a product to be examined is possible from not only one
direction but also several directions as if to cover the product and lighting
up a three-dimensional product to be examined is also possible without
unevenness in light intensity on the surface of the product.
20
BRIEF DESCRIPTION OF THE DRAWINGS
The objects and features of the invention may be understood with
reference to the following detailed descriptions of illustrative
embodiments of the invention, taken together with the accompanying
25  drawings, in which:
| F1g 1 is a cross-sectional view of a lighting unit showing a first

embodiment of this invention,
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~enbodi nent of this invention, -

7 - Fig. 2 is a bottomview of a lighting unit shovm'ngthefirét
enbodi ment of this invention, Fig. 3 is a cross-sectional view of a
lighting unit showi ng a second enbodi nent of this invention, Fig. 4is a

schemati c vi ewFig. 2 isghbottatrhview of lai lighiting unit shoivihg ¢hd ifirst emboddinemt of
this invention when the first enbodinment Is turned on, Fig. 5 is an

el evati onal wfethisfinwention,uni nant - mounti ng substrate of the first

enbodi ment of this invention on which illumnants are nounted before the
first embodi menFig.s3 is aeatsisedectivnal vieve afna dighting emdt shoswingf a ssecond

i1l um nant-nounting substrate of the first enbodi nent of this invention
that is bent embediment o @l‘lﬁrmé’ﬁﬁfiénbefore the substrate is nounted on a

i ph f i ) body, . Fig. .7 i - i | view of
Per L Phery O 2 Ao S e b e e el My i ..
Cnvent i on,  Sipefiaget o Sevetihn Fien B o AmBORIRRRS HUERP Chowi ng a
_fifth enbodi f. this. i I 0. DETA. LED SCRI PT.| ON THE RREFERRED
EVBCD VENTS A TiE s an S R PRy, of Bl eamgunting, sebstaih ol ane
reference to 4he ARGAIRANN P HAEYvAATIon oS WHRERNIIDFSRe dredilitued
apedi | y holder and an

lighting unit conprises a ring-s um nant -asse

i 11 um nant as&ﬁgltél %e%irs‘ﬁ‘ehﬁnddiﬁl | kliyg%ﬁg!%measserrbl y 3 being held in close
Ide o e 11Tum

contact with the bottom side t nanht - assenbly hol der 2. The
11 um naqy  assgfplelis AnCElIEPAtiSRS Wiew of an illuminant-mounting substrate of the

first embodiment of this invention that is bent in to a circular shape before
the substrate is mounted on a periphery of a transparent body,
Fig. 7 is a cross-sectional view of a lighting unit showing a third
embodiment of this invention,
15 Fig. 8 is a cross-sectional view of a lighting unit showing a fourth
embodiment of this invention,
Fig. 9 is a cross-sectional view of a lighting unit showing a fifth

embodiment of this invention.

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
A first embodiment of the invention is described below with reference to
the accompanying drawings.
As shown in Figs. 1 and 2, a lighting unit 1 comprises a ring-shaped
illuminant-assembly holder 2 and an illuminant aésembly 3, with the
25 illuminant assembly 3 being held in close contact with the bottom side of
the illuminant-assembly holder 2. The illuminant assembly 3 comprises a

ring-shaped transparent body 4 and a plurality of illuminants 5 such as
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ri ng-shaped transparent body 4 and a plurality of illum nants 5 such as

- 8- light-emtting diodes. The transparent body 4 has a center hole 11 of
the sane dianeter as the illum nant-assenbly holder 2. The illum nants 5
are arranged in.a row along a light-introduction peripheral surface 4e.

Li ght eni tt edighy-ermidting| diei ﬁantTéleStraBspan@pébpdy4a£asaardegtar kolgl £l ob thée
axis of the center hole 11. The transparent body 4 has a |ight-em ssion

pl ane 4c on samesdigaeter apthssilluminantssgemply ilwgd@h% The iluminantssBane| y

hol der 2. The lighting unit 1, which is ring-shapedq and_has a center_ hole
11, is for actTangedsnch raw glongaa highirnkadyction peripheral susfase 46ndright aphs

" ght Png.uni eonttep 7 Bre. DRfian e s Brolesied at grighoanpiesto thepongh thre

2T exi e i E0tsle o Thel GhrGRIER} PO 4 naf ighesTaBRn Big AT M.
%Flfjl:fn ﬂ%:fnit EE%%%? s%?’é’dﬁi%éﬁe#&?? sRReRR Y é@ﬁ%ﬁ?@ﬁ%@ﬁ?‘i’gﬁgﬁ%ﬂagﬁﬂ%L jt re
the T oal'b o ighitirk Gl G vifich 1o BRSSP QIR RN Rice féghlgqllénltlf% ok Btibhs 0ug

. surface 4 angukhas viShdl- BiEpestion aﬁarﬂ@c&kﬁg of Bﬁbtdg%a Rs Dfaf utftPBet he
side facing the holder 2, an inner surface 4b, and a glde edge 4d of the

l'i ght - eni ssiexaAnfitled pothidh is do€atedaitate irdersidébf the & | afitl Byflond 1.
The |ight em ssion surface 4c of the transparent body has fine

i rregul arg t i ¢he ipper gidaiofithy Hghtingemit ¢ through el entérlhole ¥lhe upper side
of the holder 2 are for nmounting the lighting unit 1. Wth the above
construction, {hethe fitatiembodiment,itheadkonitents Sard mdistednornt flexible
performs as described with the aid of Fih'z 4, when the |ighti ng unit 1 is
turned on. Liijuminantrmeunting csvhstrate e anidunarrangeds alengntihacdightn
terns of its _degree of scattering py the t r_anshparent silicone 6, and is
i ntroduced i ARBOAMEHOR AL, , Wishythe apening hetygren ithe teansparesy body 4
and the illuminants 5 being filled with transparent silicone 6. Each of the
15  illuminants 5 is supplied with power from a power cable 8 inserted
through the flexible substrate 7. Surfaces other than the light-introduction
surface 4 and the light-emission surface 4c, that is, a surface 4a on the side
facing the holder 2, an inner surface 4b, and a side edge 4d of the light-
emission surface 4c, are coated with a white reflection layer 41. The light-
20 emission surface 4c of the transparent body 4 has fine irregularities like
ground glass. Female screw holes 21 on the upper side of the holder 2 are
for mounting the lighting unit 1.
With the above construction, the lighting unit 1in accordance with this
invention performs as described with the aid of Fig. 4, when the lighting
25 unit 1 is turned on. Light emitted from each of the illuminants 5 is

enhanced in terms of its degree of scattering by the transparent silicone 6,

and is introduced into the transparent body 4 by the light-introduction

8 e e it e e e e e e
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.-9-+ surface 4e, and is scattered in vertical and |ongitudinal directions
therein. As shown by a beamBMin Fig. 4, the light is reflected and
scattered by the reflection layer 41 applied to the transparent body 4 and
partially by the light-em ssion surface 4c of the transparent body 4,
finally bei nguufacé dejrand dsistdteeted Haradrtiosh artd dorgitiidinal ditectivngstheeiur f ace
4c is like ground glass, the light is further scattered thereby and emtted
at an even i Assioown by abeaimeBehin Fig. 4 the light ssteflectedrdrat scadtered\byithe hi s
construction, the total nunber of illumnants 5 can be nade snaller than -
that in the ceflectionilayemthapplieddonthediransparent oidyed ahtuparitaily by shebl v,
as specified_ in the prior art. In addition, even_ if each of the illumnants
5 devi at es s|11%ﬁtqrplsswmsurée¢q mof ﬂmﬁrampaégatbo@yﬁgﬁmlm beingruniformdy and
scattering of the light tend_ (o e ate unevenness in the intensity of

li ght erft t t e@TMESE, %h%eﬁrpght wstgﬁg}fs miggionqguriagedcds ke greuerglass, of

each %:‘ :%Qa%ﬁ ifa?ﬁalﬁféﬂﬁef ???é%@@ﬁﬁ%ﬁ%ﬁﬁtéﬁl e | e aEa Giga ORI FORR1 ght
A

_ pamait .08| ar E;/ Sse'%) ?&#ﬁ tl ngmgég 419' vaggge ml&rag‘t’rbsgf‘b‘%‘%'t ﬂ“‘t fetali g of
Fi . 5

“rowon al @Mﬁ?i%ﬁ%ﬁﬁgrﬁ@aﬁﬁ Bcphilie A4S RREF Ml hde fiStndRaBe B8, 7 °

that the ill yff|,AARGNEs 'rﬁoﬁH %Eil Bk 'eﬁltﬁ:ﬁfiﬂﬁﬁﬁﬁttan?%s@frﬂa dﬁﬁé&lﬁﬁ jfRut er

periphery of "a transparent 4 Wt em Ssi o ace Cl ng
inside ( rthé 161"2&t Fi a@hm&ﬁsé{?@ﬁ Y1fchfachh8f ithe Li'I'hﬁﬁﬁ{arﬁ§ S§ r&%’vllat%s' S

conpl et ed by f| I ng the opening between the illum nants 5 and

transparent klightly ivi direttion Ipamette exdct alipaAnfent AréffédtRpt AR sb@&@ﬁngbfﬁay

be applied to the transparent body 4 before or after assenbly of

i [l um nants 3hedightetendats plintiniatd athevennésp dnetheciritbnsiby iof l%hta@ﬂnéﬁedo t he

substrate 7 at the same tine that the illumnants 5 are nmounted as shown
from the light-emission surface 4c. Since the thickness of the illuminant

assembly 3 can be made close to the external diameter of each of the

15  illuminants 5, the lighting unit 1 can be made small in height.
A method for assembling a lighting unit 1 of the first embodiment,
particularly for mdunting illuminants 5, is described below with the aid of
Figs. 5 and 6. Asshown in Fig. 5, the illuminants 5 are first mounted in a
row on a linear flexible illuminant-mounting substrate 7. The substrate 7
20 that the illuminant 5is mounted on is then bent and attached to the outer
periphery of a transparent body 4 with the light-emission surface facing
inside (direction A in Fig. 6). Assembly of the illuminant assembly 3 is
completed by filling the opening between the illuminants 5 and the
transparent body 4 with transparent silicone 6. A reflection layer 41 may be
25 applied to the transparent body 4 before or after assembly of the
illuminants 5 to the transparent body 4. A power cable 8 is attached to the

substrate 7 at the same time that the illuminants 5 are mounted asshown
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- 10 - in Fig. 5. The illum nant assenbly 3 i.s thus assenbl ed and then
mounted on an illum nant-assenbly holder 2, and a lighting unit 1 in
accordance wth this invention is conpleted. Therefore, nounting of the
i 1lum nants 5 on the substrate 7 can be perforned by the conventi onal
net hod for ARAWIE HgThedUuhtifiagt RREEHLBN3 & fHAiTHseibIed hAll GhefithbR@HEA! €,
as described earlier, the total nunmbér of the illum nants 5 can be
reduced, and orslangitlumimandtaseembiy hdlder2; andialightingaadit of int kecoslaniced
illTumnants 5 fromthe exact alignnent may not have a significant

i nfl uence on with thispiawentiesn iccashpleated. Thatefore, mounting rofdhe dHdanirentst h
this invention. Therefore, there is a reduction in the limtations of
assenbly, redupn; the isubstgater 2 £endbepetionrmed bydhe mprnyesitional swetidd faor k.
A second enbodi nent of .the invention will now _be described below with

ref erende t ompynting electrefug partshens aa norgli sgbstiate. ofFurthermese, as

e by s SR e S Bhhainats 44 S s
e S e
AL L RS RO, bl SRy e
product 9c¢ t ﬁ?érf&f faﬁé@&gghggﬁgmﬁ ﬁﬁi:tt ilains Q@éﬁ}‘tdgnﬁe 5@&{} Wﬂig inRRdENt of

the inventiort 1S descri eference
10  Therefore, there is a reduction in the limitations of assembly, resulting in

decreased assembly time and easier assembly work.
A second embodiment of the invention will now be described below
with reference to Fig. 3.
Fig. 3 shows a lighting unit of the same construction as the first
15 embodiment, except that the light-emission surface 4c of the second
embodiment is a concave face of a hollow truncated cone shape. With this
construction, since a product to be examined can be illuminated from not
just one but several directions so as to light all parts of it, illuminating a
three-dimensional product to be examined is possible with no unevenness
20 in light intensity on the surface of the product 9c that the product doesn't
cost a shadow.
A third embodiment of the invention is described below with reference
to Fig. 7. | |
Fig. 7 shows a lighting unit having a construction that is similar to that
25  of the second embodiment but different in that a transparent body 4 has a
surface 4a that is facing a holder 2 and is of a hollow truncated cone shape.

This construction is for enhancing light from peripheral directions.

10
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'Fig.- 7 shows a lighting unit having a construction that is simlar to that
of the second enbodi nent but different in that a transparent body 4 has a
surface 4a that is facing a holder 2 and is of a hollow truncated cone
shape. This construction is for enhancing |ight from peripheral directions.
A fourth enbodA fentthoémblodiment of ithhe inwerdisre is destribeldbelowtwithakeference t o
Fig. 8. Fig. 8 shows a lighting unit having a construction that is
similar to tteFiggdond enbodi nent but different in that an end face of a
transparent body 4 that is facing a holder 2 and is orthogonal to the axis
of a center hoFig. Bishows adightingunitghaving asenstrugtion thatisesimilambel the t hat
light is introduced intg the tran,lparent body 4 in a direction that is
appr oxi mat el y€ Pmoqlﬁlegﬁe,b‘%dlg egentincthat ap engl face of a tiansparent  bedy

R T
0 a5 b CHAERAT e 0 AR Bed "
poserble 10 Y Bl GRIPA'F cRofL AV W ABPRS oY Bl O RE" 10
. described belgw ut Erbé\?%xegggf/‘iy glfn':g&-b(f)cgh\rth gﬂzgogﬁgéﬂﬁ% it L 1agokgit 1

conprising a transparen shape as an open-ended face

appr oxi mat el o ddnaaanalit tié)gh bRX4o> i1Aimen£ieNh ﬁfroﬁﬁ%{etolﬂaﬁ eé%'ahﬂnEaEinSrom

open-ended face serving as I ght -1 ntroduction surtace

enbodi mefy . nde justicie it SReA\EIréiondEd A tol lightodbabaped transparent
body is a light-em ssion surface 4c. Such a construction has an effect

simlar to thaFufthetmoréosihtd thelbesiiming subdtrate Pissd ﬁfngbélﬁﬁiédfpliaﬁ& fiby
when a product to be exam ned has a spherical surface. This invention is

not |imted tnottieressdrydionast a1 flexible bebistratedmitais| possiblertaboswe a Rormal
exanpl e, a transparent body 4 may be a ring-shaped,
substrate as a circuit board, making it easier to mount illuminants.
A fifth and final embodiment of the invention is described below with
156  reference to Fig. 9.
Fig. 9 shows a lighting unit 1 comprising a transparent body 4 of a bowl
shape that has an open-ended face approximately orthogonal to the axis of
a center hole 11, with the open-ended face serving as a light-introduction
surface 4e. In this embodiment, the internal concave surface of the bowl-
20 shaped transparent body is a light-emission surface 4c. Such a construction
has an effect similar to that of the fourth embodiment and is preferable
particularly when a product to be examined has a spherical surface.
This invention is not limited to the embodiments described in detail
hereinabove. For example, a transparent body 4 may be a ring-shaped,
25 while a light-emission surface 4c may only be a concave surface of a bowl

shape. Other combinations of the shapes described for the above

embodiments may be possible. In order to more preferably illuminate a

11
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‘whil-e a |light-em ssion surface 4c may only be a concave surface of a bow
shape. Ot her conbinations of the shapes described for the above enbodi nents
may be possible. In order to nore preferably illum nate a

-12- product to be examined at different positions, a lighting unit may

have a t ransgﬁféaﬁ&t RPBY eﬁaﬁﬁﬁea Atlcaff&rémpﬁhﬂ&\swﬁgﬁﬂng%ﬁft :hegfq{dvxé a

different sh I's also possible tocolor a g unit.

further possml PefB bOdy aid ADLght-@WFissionl bhutfitd @at &f SOﬂaMycaisﬂérénm
whi ch enhancenent of the light intensity is necessary, such a$ when the

iI'lum nants shapesi Itdiskdsd possiblestostalobadighiting maiwelt. is ftirther Pseillessi bl e
to use a mxture of colors such as red, blue, and green in order to emt
col ored | i ghthavednvaot imgre-rosws efsﬂhtmmmﬂtaéan&asmmwm eghaheement of -
ratio. Neither is a light- introduction surface 4e |imted to the positions
or shapds dedbe ilight intergityaisi nacessaryiaptoheas whenf thediluminaays5 naed to het
limted to the color white. Furthernpre, transparent silicone 6 may_ be

repl aced by Aitfin 2 girobpscopjc sannerspltdsialso ppssiiededusenamiptarg pf |celors
fulfills the pu pos cribed in detail, herei nabove. tho afiller, it
"may be possi§ lece y%rﬁ% AP ersiee tsr%;aucf:%lor ’é‘Pﬁ“nédlght'

“The Tight- f‘ﬁ{e?w'a%asr{’gﬁrés?fvﬁé‘ﬁ agging dhe, mioh &2 obBNts?tile priger
e o ORIl e BB b BRHIE
scope t g €0ltetail hereinabove. A reflective layer 41 is not limited to the color white.
Furthermore, transparent silicone 6 may be replaced bya filler of any othér
material, provided that the filler fulfills the purpose described in detail
hereinabove. Without a filler, it may be possible to sufficiently light some
products to be examined, although there is some unevenness in light
15 intensity in the proximity of the light-introduction surface 4e of the
transparent body 4.
Moreover, none of the constructions is limited to that illustrated in the
figures, and various modifications may be made without departing from
the spirit and scope thereof.

20
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- 13 - VWhat is clainmed is: 1. Alighting unit conprising a ring-shaped
transparent body for light diffusion and a plurality-of--illumnants, with
sai d transparent body having a center hole and havi nﬁ a Iiiﬁt-em' ssi on

surface and a |ight-introduction surface, both ﬁuum umlﬂﬂl Hm t he center
t he
* C L M

hol e, W th A&t dadeldyisof 111 um nants bei ng i
light-introduction surface in order to emt light fromthe I'i ght-em ssion

surface of the transparent body. 2. The lighting unit as defined in Caim
1, wherein the opening between said illum nants and said transparent body
is filled wikh tAalightingnuniti ¢omprising3a rihg-shaped itransparéntabody fondighitn
Caims 1 or 2, wherein a reflective layer is provided on each arbitrary
surface ot hediffusion and a plimality of dduminamiss witla saidamansperent hodydaiviagon
surface so as to reflect and return light into said transparent body. 4.
The 1i ghti ng center hvlgand,having alightremissionpsurfacerprrd & lightintroduction
em ssion surface of said trgnsparent Qody is a rjing-shaped plane. 5 The
lighting uni&urgécedimtﬁ&f M aﬁqﬁrmmg, atﬂ centexele; withesaifgpturalify €fi on
_surface of said fransparent body i conpcaye, face of a hol |l ow truncat ed
cone shape. 1& MinAgs I%‘ﬁﬂg iﬂﬁltﬁ?@sﬁg’%a}%ﬁm'ﬁ‘@‘g??ﬁ‘%} SE‘,I'P%'F 18 OXgeLr ej n
SLhe 11 9nt - o a3l ibaP ligReb Sl GISRAAENbe B NahipteRPBORYS 200 OF @
2. The lighting unit as defined in Claim 1, wherein the opening between
10 said illuminants and said transparent body is filled with transparent
silicone.
3. The lighting unit as defined in Claims 1 or 2, wherein a reflective layer
is provided on each arbitrary surface other than the light-introduction
surface and the light-emission surface so as to reflect and return light into
15 said transparent body.
4.  The lighting unit as defined in Claim 1, 2, or 3, wherein the light-
emission surface of said transparent body is a ring-shaped plane.
5.  The lighting unit as defined in Claim 1, 2, or 3, wherein the light-
emission surface of said transparent body is a concave face of a hollow
20 truncated cone shape.
6. The lighting unit as defined in Claim 1, 2, or. 3, wherein the light-

emission surface of said transparent body is a concave face of a bowl shape.

25
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