METHGD OF MANUFACTURI NG LI GHTING UNI T BACKGROUND OF THE | NVENTI (hvg! 2 ¥

This invention relates to a nethod of manufacturing a lighting unit thgﬁ&
is preferably used when a product i nspection is conducted by neans of
reflected |ight emtted by the lighting unit. As a method for

exam ning a surface of a product it has generally been known that a product
to be examned is irradiated by a |lighting unit through its underside and

then the reflsatrGrROUND OF VraEalINVENTPORted or taken a photo in close
proximate to the lighting unit. If there exists sonme unevenness in |ight

intensity on the sthisdaventipn aedatesdtoi 8 meyhodpyle mamifiactunisg af | aw
or a finishipg defect on the surface of t prodyct, to be examned is -
failed to be a%‘a%.m#eﬁg?&i’e}si RrS%SEFP’f}S USsA HHER 2 RRIRCE of a
product it is; tﬁ‘ﬁﬂ’}”' LOhtI i ' n

ar r angenent th%%ﬁ%c P ura11a$|r tc;ogldgfs"%leﬁ E’#ﬁ ﬂ%ﬁ?g ('éﬁ'c%e as #%tsl-tig%t?ti ng di odes

are placeg adrhioved Bﬁ&:ﬂ&dﬁ@@itd.@iﬁohn‘iﬁe lighting unit and the whole
undersi de thereof emts light areally so as to keep the light intensity on

the surface to be Rxanimedhody dor eRepdving| 3 swriace aha pragfuedudit to be
éxam ned is three- dinensional, it is_necessary to light up the product to
_be exani ned fl?%ﬁnme@%y g’r?@“d?‘?‘@@f‘i Shabue BF u%t'e\)"é?g?e i€ as if .
to cover the ]%5 Cch [ fosal &H@# s ' unit
havi ng such a'% ar r2\1&ntgeedrrelbr){tSlél ?ﬁ%ﬁ?ﬁg Birllétér?lﬂc;e ){ft%e | | d%:[élll’%hfjal%ll , hanely
the surface gheretiRirelldcteld 13gRtCOBCRISUABTE Dispedidd @ ialeeatked cone

shape and that a plurality of.illum nant
10 photo in close proximate to the lighting unit. If there

exists some unevenness in light intensity on the surface
to be examined, it may happen that a micro flaw or a
finishing defect on the surface of the product to be
examined is failed to be detected. Therefore, in order to
15 examine a surface of a product it is very popular to use a
lighting unit having such an arrangement that a plurality
of illuminants such as light-emitting diodes are placed
~all over the underside of the-lighting unit and the whole
underside thereof emits light areally so as to keep the .
20 1light intensit& on the surface to.be examined even.
Especially in case that'a product to be examined is three-
dimensional, it is necessary to light up the product to be
. examined from_not only one direction but also several
directions as if to cover the product. In such a case it
25 1is usual to use a lighting unit having such an arrangement
" that the underside of the lighting unit, namely the
surface which emite light is a concave face of a hollow

truncated cone shape and that a plurality of illuminant
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;2- - are arranged on the concave face. However, if a lighting unit
has the above-nentioned. arrangenent, in order to place a plurality of
illumnants all over the underside of the lighting unit, conplicated

steps have to be taken, such as to process the underside of the lighting
unit to forma concave face of a hollow truncated cone or a hollow conic,
to perforate a plurality of holes-on the concave face, to enbed illum nants
in each of tdiee Hyremgedspecitheekyncagd fhea.to wire each of the

iIlum nants by hand. This makes it difficult to assenble the |ighting unit
havi ng the above- Howev&¥ed i ﬁallgahﬁﬂmg unhbrhay thiakpwermentioned to
assenble the lighting unit,. This al so gakes it . diffjcult_tqQ.stgndardi ze a

process of T1g 1R PXEEZ: FOOPLRAFGHR | PRI 1R it VairaBtsnt
angl e of em ta{:lhl”%}érﬁ R P 7453 1 QLE ¥ Efxgplfé’l‘f?ngéh oC

under si de of trng unit or t e angl e e per rateg vari es.

It is an $bj edernf Hdw rtroewtakenenbu@n 49 €6 Prsless IR hedeside
nanufacturlng a lighting unit characterized by that the lighting unit

havi ng such af daheadgahding ImautatOplEomlatqomavélﬁﬁnma:ﬁa dodlowt up on a

concave face of a hqg]low truncated. cone shape can eas be manuf gct ur ed.
SUMVARY OF TEE‘%“N@E@% e oF Pnbglagy ‘E’Bnh%co?ﬁblﬁ%#qq?éy%@o@é%ﬁ Xned
RS ﬂz"tle%n oga%h%dgghggvghgaégl Iggvl he | r%% i on coﬁpri ses

nanufacturlng a uni t1n accor dahcée™ w I
the foll _OWI n_Q)fSttQiéS lﬁflelgoh;@lsﬁﬁc@ﬁrbw basd ctlien | B8 Wi @atdV o) the
concentric circular hole

10 illuminants by hand. This makes it difficult to assemble

the lighting unit having the above-mentioned arrangement,
thereby taking longer time to assemble the lighting unit.
This also makes it difficult to standardize a process of
manufacturing a variety of lighting units having different
15 angle of emitting light because every step such as
processing the underside of the lighting unit or the angle
of a hole perforated varies. _
It is an object of the present invention to provide a
method of manufacturlng a lighting un1t characterized by
20 that the lighting unit having such an arrangement that a
plurality of illuminants are set up on a concave face of a
. ' hollow truncated cone shape can easily be manufactured.
SUMMARY OF THE INVENTION
In order to accomplish the above-mentioned object the
25 invention has adopted the following method. The method of:
manufacturing a lighting unit in accordance with the
invention comprises the following steps of holding a

flexible circular board having a concentric circular hole
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-3- + and a cutout which has at least two sides in a planar state,
enbedding a plurality of - illumnants in the board, and jointing one side
of the cutout and the other side of the cutout or holding both sides in
cl ose contact so as to place the illumnants in the side of the concave
face. Wth the above-nentioned nethod, a plurality of illumnants can
easily be set up on a concave face of the hollow truncated cone-shaped

boar d. M ea st Galich Halde altnieaktoBwbSsidedt 1wch @iladm@nuf act uring
a lighting unit characterized by obtaining the lighting unit in which a

plurality of statey rembedding aaplamgddtynof idhemimantscirfthe s, f or med
into a shape _of a hollow truncated cone and the |Ilun1nants are nDunted on

the undersi de2Rf 1‘?1’6?%%@% sdder qthS&gﬁuFﬁ‘étb%@dtlb? of

hol di ng the fl.,exi r con cular e and
2 cutout  whi et S R BotR side8 1800 (dntddt deing, &
pluralitys of plaléé”ﬂlf@"ﬂlshﬁﬁﬂar&% |1h9|Ehee§b'.Iié' 8f Eh&Uesncdvd add ke in the
board, and then jointing one side of the cutout and the other si de of the
cut out of thentmhuthenabuﬁaﬁma@thohbd setbed| nachbsea iy auf . I n
particular, in order to further lify assenbling operations, it is
preferabl e tc#lkﬂ?%¥QHQﬁﬂ9§¥ Q§Sﬂéyﬂgeb§&quﬁs°Ph% ePRRAVe G R Wheard so

t hat the q{gﬂ%p% égtj |d1g:8§ ngFbgﬁn%ggP&S and enbeddi ng each

il luminants in 0ard CAm D
More spec1flcally, the invention is a method of

10 manufacturing a lighting unit characterized by obtaining
the lighting unit in which a pluraliﬁy of illuminants are
arranged on a concave face of a board formed into a shape
of a hollow truncated cone and the illuminants are mounted
on the underside of the lighting unit through the board by

15 the steps of holding the flexible circular board haviné a
concentric circular hole and a cutout which has at least
two sides in a planar state, embedding a plurality of
illuminants such as 1ighf-emitting diodes or the like in
the board, and‘then jointing one_side of the'cutoup and

20 the other side of the cutout of the board or holding both
sides in close contact.

. _ In particular, in order to further simplify
~assembling operations, it is preferable to use a printed
circuit board as the above-mentioned board so that the

25 operations of wiring each illuminants and embedding each
illuminants in a board can be done at once.

In accordance with the invention, the following

effects are achieved.
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In accordance with the invention, the followng effects are achieved.

-4- It becones possible to easily set up a plurality of

illum nants on a concave face of a hollow truncated cone- shaped board by
the followng steps. First, hold the flexible circul'ar printed circuit
board having a concentric circular hole and a cutout which has at |east two

sides in a planar state. Next, enbed a plurality of illumnants in the
board. Finally, |orftb&efsmed Goaivlke teleadtilgnset hpo i ST tieypfost he
cutout or hold both sides in close contact so as to place the illum nants

in the side oilltminantesivan faacwncayen faceubf afhohley truncatet amuessary
to provide a conplcated process tqQ.the underside_of the lighting unit,

whi ch makes i?hg%‘ér ?F%E@ﬁtﬂ@ tfl?g'llof"@ﬁgi #5eBfi t , FFeh eBPtd Hforten the
time require . e Ltion.. Sjknce L Lk t4l g e can easily
be changed | uéégﬁg%%aér%cﬁlgldgn | aqr#é:tegfr)a%ﬁgggoa{%%r#%%é@g% of a cutout, it
I S easy t?, NeEbh G thF £ & Maid1elyY Hefle balt hNeutBit Swiddh e 1QUS il e of
emtting Tight up so as to fit to light a product to be exam ned. If a
printed circutwo miies iin wsqlaamra stased, MNext ngeniped @ iplural idonuifet ed
j'lust by enmbedding the illumnants in the board. Then a process of

assenbling t h@-]ﬁ’@fﬂ% i tthes beggl-i f Fépabiaui@int G §ida &f fhscess
such 5 Wi {6 SEEM] GH1P oM 8080 D8, DB | o BRYE PEIGRLPT! OV

OF THE DRAWI j ec features of e’invention nmay
under st ood W i) ¢Ri dtsiftdct e alsOkbophA8edehel 1 ElimidRaadd Bl @hef

illustrative enbodi nents of the invention, taken together with the
acconpanyimg si@sviofyther adnicgive face. As a result of this, it is not
necessary to provide a complicated process to the
underside of the lighting unit, which makes it easy to
assembie the lighting unit, thereby to shorten the time
required to assembie. In addition, since emitting angle
15 can easily be changed just by chénging a diameter of a
board or a size of a cutout, it is easy to manufacture a
variety of lighting units with various angle of emitting
light up so as to fit to light a product to be- examined.
‘ If a p;inted circuit board is.used 'as a board, wiring
| 20 operation is completed just by eﬁbedding the illuminants
in the board. Then a process of assembling the lighting
unit is simplified because a complicated process such as
wiring each of the illuminants can be omitted.
BRIEF DESCRIPTION OF THE DRAWINGS
25 . The objects and features of the invention may be
understood with reference to the following detailed
description of illustrative embodiments of the invention,

taken together with the accompanying drawings in which;
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:5- Fig. 1 is a cross sectional end view of a lighting wunit

showi ng a preferred:-enbodi nent of this invention, Fig. 2 is a front
view showi ng the board on which illumnants are nounted prior to
assenbling of the lighting unit shown in Fig. 1, Fig. 3 is a cross
sectional end view of a lighting unit show ng a nodification of the
preferred enbodi nent, and Fig. 4 is a front vieM/shomAng the board
on which illum napi§, a1 e IR D Het ibBadSefabli&g of éhﬁl Ing uni t
shown in Fig. 3. DE Al LED DESCRI PTI ON OF THE PREFERRED EMB An
enbodi nent ofunbe $hmw&ngcn1nﬁdﬂennsd bmbdéimenbedf thiswimv&ﬁtmm&herence to
Fig. 1 and Fig. 2. shown in Fig a plurality_of illumnants 1

such as light-en¥9ng cﬁ%c?esf’%%né'- é(r’-te&’nﬁéﬂwbﬂgatmd%‘?%‘?‘%lé’rbﬂ’}ﬁlch i ghting

1 exi bi e pr i nt bAoA % pf5eaR, Beifr Gy Rbebbl N GF, QR 270

i I'1um nangs 111 ﬁgﬁuﬂmﬁngdN%,QQa@q 2 1Pomer is supplied to each of the
i1lum nants roma power cable 5 tﬁrough the board 2. The lighting case

3 is provi ded W t PRy cénties ehalros3? sketivhallabndi ni@ecif an ldightdligng phot os
and a frame 33 for retalnlng the illumnants 1 and the_board 2. An

i nternal thr dRABShewne R Medifdcatdrn A§ theerveferres smhndiment.he

i ghting unléné- Wth the above-nentioned arrangenent, a method of

Fig. 4 is a front view showing the board on which

10 illuminants are mounted prior to assembling of the
lighting unit shown in Fig. 3.

DETAILED DESCRI_PTION OF THE PREFERRED EMBODIMENTS
An embodiment of the invention will now be described
below with reference to Fig. 1 and Fig. 2.

15 As shown in Fig. 1, a plurality of illuminants 1 such
as light-emitting diodes are arranged on a underside of a
lighting unit 4, namely on a concave face 2c of a hollow
truncated cone-shaped flexible printed circuit board 2 and
a lighting case 3 holds the illuminants 1 together with

20 the board 2. Powér is supplied to each of the illuminants
1 from a power cable 5 through the boérd 2. The lighting

. case 3 is provided with a center hole 32 for visual
inspection or taking photos and a frame 33 for retaining
the illuminants 1 and the board 2. An internal thread 31

25 formed in the lighting case 3 is for mounting the lighting
unit 4.

With the above-mentioned arrangement, a method of

manufacturing a lighting unit in accordance with the

is Sheet Has Been RTlaced

Ty




manufacturing a lighting unit in accordance with the

- 6- I nvention witl now be explained. First, hold a flexible printed
circuit board 2 in a planar state. The shape of the board 2 is a circle
with a concentric circle hole and a cutout having two sides 2a, 2b. Next,
enbed the illumnants 1 in the board 2 by neans of soldering or the |Iike.
Then joint one side 2a of the cutout and the other side 2b of the cutout or

keep both sidgsvéatidh willl@s# be iAGEIned.asFiesk| ar61d4he flékibrants 1
in the side of a concave face 2c. Then the board 2 is inevitably

transformed iprintedhapeceit beatd Avir enpdavdrcshatand Thaeshapandhants 1
are set up on the coqﬁa e, face 2c of the hollow tryncated, cone-shaped
[

board 2. At thHBesBRRr %i ¥ SHGR B EonceRtrie GhEFHe shole s of

soldering or th | ke. . El I t us ,t.or oa ilI'lum nants
1to the Iigh%i%%ééégéhé§4§#cﬁ%ﬁxgﬁﬁé _? ﬁezbé,qﬁ%ﬁ@fé%@?%%aﬁg%ufacture t he
lighting gnitj#luminantd ACOPMIEGRHaME 2 bhemabRY Cofteb1 @8R tndgeshochof

manuf acturing the lighting unit 4, it is possible to enbed the illum nants
1 in the boartiRewhebhemejdiowr b issiden2a pfabhe sttoet dhdrefierethém this

case the sane pethod can _  be applied as the nethed by which electrical
parts are noEREREZRPANRE FHAUY Ot KegPcPPER £1888 28 4P R EIF t o

o et PRSI A? R iEn0d £ LROOEE gt 0
2 bynan?ES ?L%&Qd:&‘%if&c@Qc.t‘ herHerk &hel BBREAY 2! 95 Si@FiEabBy Process of
aese fo transformed into a shape of a hollow truncated cone and
the illuminants 1 are set up on the concave face 2c of the
hollow truncated cone-shaped.board 2. At the same time
wire a power cable 5 in the board 2 by means of soldering
~or the like. Finally, mount thus formed board 2 and
15 4illuminants 1 to the lighting case 3 through the frame 33,
thereby to manufacture the lighting unit 4.
In accordance with the above-mentioned method of
manufacturing the lighting unit 4, it is possible to embed
the illuminants 1 in the board 2 when the board 2 is in a
20 ﬁlanar state. Therefore, in ﬁhis case the same method can
be applied as the method by which electrical ﬁarts are
mounted on an ordinal printed circuit board. In addition
to that, since the printed circuit board 2 is used as a
board, wiring operation can be omitted jgst by embedding
25 the illuminants 1 in the board 2 by means of soldering or
the like, thereby to simplify a process of assembling the
lighting unit 4. When one side 2a of the cutout and the

other side 2b of the cutout are jointed or both sides 2a,
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l.i ghting unit 4. Wen one side 2a of the cutout and the other side 2b of
the cutout are jointed or both sides 2a,

-7- 2b are kept in close contact so as to place the illumnants 1 in
the side of a concave face, the board 2 is bent and inevitably transforned
into a shape of a hollow truncated cone, which nmakes it easy to arrange
the illumnants 1 on the concave face 2c of the hollow truncated

cone-shaped bog dré kERES] hoemsgele&?]t@a&agv ad 'd&?l%@@ti are easily
1'g

nounted to the underside of the ting case 3 through the frame 33. Al so
there is no ddddmihapteceésinngheheide ght ingorresrel fianey ghelibpardf 2
concave of a conic or a _truncated cone nor need of perforating holes to
embed i | | uni ndft benfisasdownevitably transfermed dnkel poshapenestad cone

h h r bi d |y be f d
changing a dPAILPB CoRAERESHCSPRE 2 BHER Skped b b0 kP SFRanEHaF RO
e tiing &nol ¢19a5iRARELY106nCEADIShIAA ke %@Bgy%aet f81164T 33

tailored to fit the truncated cone ape, nane changing only a part

of the |ighti ggundatted cone-shaped vsard @ | ThHiet foirmetieBohedt Deand
ehbodi nents described in detail hereinabove. For exanple, the board 2 nmay
be a shape of idlumasanishivang easidyqountedhtp é:hesnaéérsida ofir thee

L0 L1 O e g BREEOY o S280, Ol Wiegll S39500L 0 k200! A1 120 10
' need of processing the lighting case 3 into a shape of
10 concave of a conic or a truncated cone nor need of
perforating holes to embed illuminants. As shown in Figs.
3 and 4, a hollow truncated cone shape having an arbitrary
size and angle can easily be formed just by changing a
diameter of the board 2 or a size of a cutout. 1In
15 addition, emitting angle can easily be changed just by
chénging the frame 33 tailored to fit the truncated cone
shape, namely by changing only a part of the lighting
unit. |
This invention is not l;mited.to'the embodiments
20 degcribed in detail hereinabove. For example, the board 2
may be a shape of ellipsoid having a cutout to vary a
. shape of a surface emitting light. '
Moreover, each of the arrangements is not limited to
that illustrated in the figures and there may be various
25 modifications without departing from the spirit and

essential characteristics thereof.
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podi f-i cati ons w t hout departi ng fromthe spirit and éssential”

characteristics thereof.

claimed is: 1. A et hod of manufacturing a lighting Tdnss &thBeen e ce§
steps of; hol ding a flexible circular board havi ng mmg
circular hole and a cutout which has at |east two sides tate,
enbedding a plurality of illumnants in said board, and jointing one

side of the gputiand dieeotiker side of the cutout of said board or

hol ding both sides in close contact so as to formthe board into a shape
of a hollow Iruncatrsthrehefivmanuifaetuking aabightpimrethitn ddmprsisdmgof t he
concave face of said board, so as to obtain the lighting unit in
which a pl ursisns Qffi: illuminants are arranged on the concave face of the

board fornmed into e of ah Iowtru cat.ed 2. The nethod of
manuf acturing a | |1'89§4}ﬁ% Fhitt ez égf FrEgd ?\rcl?%?lt# awea} T @%&grd i s
a printed ci rGyduRfdtble and a cutout which has at least two sides in
a planar state,
embedding a plurality of illuminants in said board,
and
jointing one side of the cutout and the other side of
10 the cutout of said board or holding both sides in close
contact so as to form the board into “a shape of a hollow
truncated cone with the illuminants placed in the side of
the concave face of said board,
so as to obtain the lighting unit in which a
15 plurality of illuminants are arranged on the concave face
of the board formed into a shape of a hollow t;runcated
cone.
2. The method of manufacturing a lighting unit as defined
in cla}im 1, wherein saic_i board,;i.s a printed circuit board.
20

25
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