- 1 DESCRIPTION Infrared ray |anp, heating apparatus and nethod of

producing the infrared ray | anp TECHNI CAL FI ELD The present

i nvention

relates to an infrared ray lanp to be used for a heater for heating

objects and a space heater for heating roons, etc. (hereinafter referred
to as a heating apparatus), nore particularly to an infrared ray |anp
havi ng good functions as a heat sourté by using

as a heating elenment, to a heatin s using the infrared ray | anp,
and to a method of producing thggﬁﬁ%ﬁggtgbﬂ

ay | anp. BACKGROUND ART A

conventional infrared ray |lanp causes a problemwherein its power
consunption increases abnornmally after use for a long tinme, and its
heating portions fuse and break in so

. i | i
descri bed bel ow. As Iafha%edretly APy a%%@%‘\e}én‘%‘a hgﬁf&ﬁge \glsé&%oﬁgat

source,

an infrared ray |anp havi a_tun spiral filament held at the

_ n st en
"central poftpmvdﬁcbﬁglﬁ§§t%ﬁﬁ?aﬁgdarﬁy ?égf supports of tungsten is

used. However, the infrared ray em ssion rate of the tungsten is so | ow

as, - 2 30to 39% and the rush current at the tinme of turning on is
hi gh. Furthernore, it is necessary to use a nunber of

TECHNICAL FIELD

Thepresentiﬁventionrelatestoeulinfraredray
lamp to be used for a heater for heating object;s anld a space
héater for heating rooms, etc. (hereinafter referred to
as a heating apparatus), more particularly to an infrared
ray lamp having good functlons as a heat source by using
acarbon-basedsubstanceasaiheatingelement,tozaheating
apparatus using the infrared ray lamp, and to a method of

producing the infrared ray lamp.

BACKGROUND ART

A conventional infrared ray lamp causes a
problem wherein its power consumption increases
abnormally after use for a long time, and 1ts heating
portions fuse and break in some cases. This problem will
be described below.

As an infrared ray lamp conventionally used as
a heat source, an infrared ray lamp having a tungsten
spiralfilamenthehﬂatthecentralportionofeaglasstube
by a number of supports of tungsten is used. However, the

infrared ray emission rate of the tungsten is so low as,.

a carbon-based subst ance



t he tungsten supports for holding the tungsten spiral filanent at the
central portion of the glass tube, and the assenbly work for them was not
easy. In particular, sealing the plural tungsten spiral filanments in the
glass tube in order to obtain high output was very difficult. In order to
sol ve these problens, an infrared ray |anp, wherein. a carbon-based
substance forned into a rod shape is @dsed instead of the tungsten spiral
filaments as a heating el enent, has been proposed_conventional%é.?HAs such

a convent Bonab BARramed rtdye TR AACFAMtasdd gy TiMEHP ity

Japanese Published Unexam ned Patent Application, Publication No. Ebi

11- 54092 apphiieth by Furetheame repplitc 4/t NESATIRTHf LO NS HradBHEPPAVBAti on i s
avai l abl e. Since the carbon-based substance has a high infrared ray

eni ssi on take mingSteo Samppenbsi Aorarhl 44y érh%s‘?'g%gﬁa?é* GP+h2"i nfrared
ray | anp al so becones high by using the carbon-based substance .as a

heati ng efamentent R ttee ms?rret-r%iri@,‘ért:h@ncaﬁb*éﬁ?b%ééﬂSsEBEFan@Ed‘hgg‘ea
negative resi stance tenperature characteristic wherein iés resi stance

val ue | owerss easb L hewpap ik uthem &S RRE e@8fbon-HaRY* bB&ﬁ&H&e has a
significant characteristic of capable of, reducjf itz rush ﬁurrfnt at the
time of e by orle AESra20t 4RE SEL R ¥ dhtt 1 EREEFoP g EnE 1953

conventional infrared ray lanp described in Japanese Publj.shed Unexam ned
Pat ent Apiutzationorgll iteatqtraie, Nigh output was very .

In order to solve these problems, an infrared
ray lamp, wherein a carbon-based substance formed into a
rod shape is used instead of the tungsten spiral filaments
as a heating element, has been proposed conventionally.
As such a conventional infrared ray lamp, an infrared ray
lamp‘disclosed in Japanese Published Unexamined Patent
Application, Publication No. Hei 11-54092 applied by the
same applicant as that of the present invention ié
available. Since the carbon-based substance has a high
infrdred ray emission rate of 78 to 84%, the infrared ray
emission rate of the infrared ray lamp also becomes high
by using the carbon-based substance as a heating element.
Furthermore, since the carbon-based substance has a
negative resistance temperature characteristilc wherein
its resistance value lowers as the temperature rises, the
carbon-based substance has a significant characteristic
of capable of reducing its rush current at the time of

turning on.

FIGS. 20 and 21 are front views showing the



Hei 11-54092, wherein the carbon-based substance is used as a heating
elenment. Part (a) of FIG 20 is a view showing the structure of the |ead
wire taking-out portion of the conventional infrared ray lanp in which a
heating element 200 is sealed inside a glass tube 100. Part (b) of FIG
20 is a partially magnified view show ng the connection portion between
the heating elenment 200 and the |lead-vare 104 of the infrared ray |anp
shown in the part (a) of FIG 20. FIG 21 is a partially nmagnified view
showi ng t B8nveartiania Dnindrhired eayweéamphel¢ Orhdad nigh ef ap@m&ss200a  and
200b and the lead wire 104 of the conventional infrared ray lanp in which
the two hpabingrel®meidsarifadapat20dbAparle sehied . i Rvbdd adielghalie -t ube.
The part (a) of FIG 20 shows the structure of one end of the infrared ray
| anp, andelihelothars endiinéréhe theranedormbasep hadbsdian¢arisseegét ure.
Furthernore, the structure of the infrared ray lanp shown in FIG 21 is

simlar tgstdafesthom elendmet . paPartaj adfofFGG 2@,0 esceptisersheing
connection portion between the two heating el enents 200a and 200b_and the
|l ead Wi renk04tshmwuie éhethegleed wdrshdekimgt e tpROT {90 oPEFFRE 20, in
the conventional infrared ray lanp, a metal wire 102 wound in. a coil
shape is wound mtr bomalt hef ead el relyelhow ingwhliated heado ¥ Dt ta
car bon- based substance and forned into a - 4 rod shape. The end_partion of
the coil - gbapeds metaledi imsidera gledmriatbai tA%a mBedt (k) 125 Edfe 103,
and this netal . ‘ _

20 is a partially magnified view showilng the connection

portion between the heating element 200 and the lead wire

104 of the infrared ray lamp shown in the part (a) of FIG.

20. FIG. 21 is a partially magnified view showing the

connection poftion between the two heating elements 200a

andZOObandtheleadwire104cnftheconventionalinfrared

ray lamp in which the two heating elements 200a and 200b

are sealed inside the glass tube. The part (a) of FIG.

20 shows the structure df one end of the infrared ray lamp,

and the other end of the infrared ray lamp has similar

structure. Furthermore, the structure of the infrared

ray lamp shown in FIG. 21 1is similar to that shown in the

part (a) of FIG. 20, except for the connection portion

between the two heating elements 200a and 200b and the lead '

wire 104 shown in the figure.

As shown in the part (a) of FIG. 20, in the
conventional infrared ray lamp., a metal wire 102 wound in

a coil shape is wound around the end of the heating element

200 formed of a carbon-based substance and formed into a



f oil sleeve 103 is secured to the end of the heating element 200 by
crinping. The internal lead wire 104 forned of a nmetal wire and having a
coil portion 105 wound in a coil- spring shape in the mddle of the wire
is electrically bonded to one end of the netal foil sleeve 103" One end

of a nol ybdenum foil sheet 107 is spot-welded to the other end of the
internal lead wire 104. Furthernore, .an external lead wire 108 fornmed of a
nol ybdenumwire is welded to the other end of the nol ybdenum foil sheet

107.  The et £l enené €08, pbheiwet alf taiel colidewshd®Sd nétali wigenal
| ead wire 104, the nol ybdenumfoil sheet 107 and the external lead wire"

108 conneqlediisNcsdesd &4 tdeachehed faldvelaeed heért eddi hhdsthetglass
tube 100 and disposed therein. An inert gas, such as argon, nitrogen or
the like, gdis saalefe NS de § beuglkassot tibe eICo £t tbe glaatingbel e0enti s
fused and bonded at the portion of the nolybdenumfoil sheet 107, thereby‘
conpl eti ngan gypfépimgingy. | ame Hl€erdall s eadperispect i ¥ ef 9fmedsiedwiang t he
i nside of anot’her conventional infrared ray |anp and show ng the

struct ur e ;xft 4 hews erNenid dnapanig en detheporitien wol 5hwatingy &t edrent s 200a
and 200b and the netal lead wire 104 of the conventional infrared ray

et b D e ea | mo el ehonts. 2008 and. 2005, e beal ed - 5
in one gl assndebetononeskowh)of Ithe heekallr frdd isadye ¢ e@rpl 0 3hovAnenePdG 21
coi | -shaped netal wires 102a and 102b ’
of a molybdenum foil sheet 107 is spot-welded to the other
end of the internal lead wire 104. Furthermore, an
external lead wire 108 formed of a molybdenum wire is
welded to the other end of the molybdenum foil sheet 107.
The heating element 200, the metal foil sleeve 103, the
internal lead wire 104, the molybdenum foil sheet 107 and
the external leadwire 108 connected in series as described
above are inserted into the glass tube 100 and disposed
therein. An inert gas, such as argon, nitrogenor the like,
is sealed inside the glass tube 100, the glass tube 100
is fused and bonded at the portién of the molybdenum foil
sheet 107, thereby completing an infrared ray lamp.
FIG. 21 is a perspective view showing the inside
of another conventional infrared ray lamp and showing the
structure of the connection portion between the two
heating elements 200a and 200D and the metal lead wire 104
of the conventional infrared ray lamp. As shown in FIG.

21, this conventional infrared ray lamp has a structure

wherein the two heating elements 200a and 200b are sealed



are wound around the end portions of the heating element 2

respectively, and nmetal foil sleeves 106 are f?tted over tggamfpgszogﬁe
fitted metal foil sleeves 106 are secured to the end portions of t he
heating el enents 200a and 200b by crinping. The netal |ead wire 104 having
a coil portion 105 wound in a coil-spring shape in the mddle of the wire
is electrically connected to the netal 5 foil sleeves 106. The infrared ray
| anps havi ng t he above- nentioned structures have good infrared ray

em ssi on k3t ghe glid¥e tdwer(heat smpwel pnenis the Lofmed ol magalBow ba
substance; but, there are the follow ng problens. In the conventi onal sed

i nfrared gapWnm erd ngzihe costrushapedshetral wktes 2024 crndhéORdnp of
large wattage of the infrared ray lanp, that is, for the lanp of a large
power cong\aPtichd td¥o€Rdl tEbapad mpeimtlionseof0Rhieshelagsiing ¢ be@emitgh
tenperature . As a result, when the infrared ray |anp having this
struct uresighHaed bobvarkepgctivelyt hendane hefl fedilssapeyest liifeare
connection portion anong the heating el ement 200, the coil-shaped t al
wire 102 ' ii | i pec jeta

fAnd ddevet alhd eiirebeevehe0Biitnerdasdsn batabses be VRS 106
tenperature rise. The conventional infrared ray lanp therefore has the
problen10EﬁﬂNHH@@iebeablm@anenmeQOCMﬂmaﬂiqﬁlpbﬂth@ﬂﬁﬁQHt%bﬁﬁﬁﬁisif t he
tenperature at 6 the connection portion between the coil-shaped nmetal wire
102 and t heygretaaia haoidb dlyeeventilirgi seBheone tadobshyd ¥ore 104 having

a coil portion 105 wound 1in a coil-spring shape in the

middle of the wire is electrically connected to the metal

foil sleeves 106.

The infrared ray lamps having the above-
mentionedstructureshavegoodinfraredrayemissionrates,
since their heating elements are formed of a carbon-based
substance; but, there are the following problemns.

In the conventional infrared ray lamp having the
structure shown in FIG. 20, for the lamp of large wattage
of the infrared ray lamp, that is, for the lamp of a large
power consumption, the coil-shaped metal wire 102 is
heated to a high temperature; As a result, when the
infrared ray lamp having this structure is used for a long
time, the contact resistance of the connection portion
among the heating element 200, the coil-shaped metal wire
102 and the metal foil sleeve 103 increases because of the
temperature rise. The conventional infrared ray lamp

therefore has the problem of abnormal heating at the

connection portion. Furthermore, if the temperature at



a long time, the tenperature at the bonding portion may rise high and, in
the worst case, the bonding portion may f use and break. Moreover, the
stress caused by heat cycles due to the difference in thermal expansion
coefficient between the heating el enent 200 and the coil -shaped net al
wire 102 is added, and the contact resistance becones higher than the

val ue at the beginning of use, whereby6the tenperature rise at the
connection portion is accelerated, |In addition, .in the sérucéu e of the
infrared thaychamediendgeHELOoRPRENESTY tocefiRdts SRR QNP ®b5"  Efioun i n
FIG 21, the follow ng problens are caused. In the Rrogess mheiei Qoth
ends of tR&2 wnd Hew imgtelefitdtls SARRY and 200b° &7 e QP PP By Yjsf?ng t he

netal foil sleeve 106, no problemoccurs if the two heatingn}elenen&z 200a
0

and 200b ar d.covd npt@eby tAeumiswR oF aEREGISRt dMTIPRELEER Foree? fdvever,

crinping may occur in a state of an unbal anced {ensj.on or conpression
force. |nritdre iglvemdonbl Fher4pPEdts ﬁ?sﬁanﬁ%&nhé’ @rcf%gﬁa [%%Y such a

way, if the heating el ements 200a and 200b are heated the in
el ements Z0Gee and DOOBKexpiieF NER Fral 152 SHF &R T £FENSRT ??a?%g&\,@%?f?%i sg

reason, the inbalance of the tension or conpression.for ] i o the
heat i ng QuﬁnﬁﬁstkﬁoékﬁﬁpﬁeﬁﬁqlﬁﬂwﬁgﬁgmagﬁQﬁ%§%%%%8w%§ﬁt eéf%% ance in

host Fng Eiwress. +oeukReRimee Lot Hifland he B igaER eI 200
appli ed, gﬁggrﬁgg’is added, and the contact resistance becomes
higher than the value at the beginning of use, whereby the
temparatureriseeﬂ:the¢qnnectionportionjj;accelerated.
In additioﬁ, in the structure of the infrared
ray lamp having the two heating elements 200a and 200Db
shown in FIG. 21, .the following problems are caused.
In the process wherein both ends of the two
heating elements 200a and 200b are crimped by using the
metal foil sleeve 106, no problem occurs if the two heating
elements 200a and 200b are crimped by a uniform tension
or compression force; however, crimping may occur in a
state of an unbalanced tension or compression force. 1In
the conventional infrared ray lamp undergone crimping in
such a way, if the heating elements 200a and 200b are heated,
the two heating elements 200a and 200b expand thermally
in different states. For this reason, the imbalance of
the tension or compression force applied to the heating

elements 200a and 200b increases. In the case when the

balance in the crimped state is improper in particular,



Next, the problemof directivity in the conventional infrared ray lanp wll
be described below. The infrared ray lanp is used as a heater for heating
objects or for a space heater for heating roons by using radiant infrared
rays. As this kind of the conventional infrared ray |anp, an infrared ray
| anp having the structure shown in FIG 22 is knowmn. FIG 22 is a plan
vi ew show ng an exanple of the conventional infrared ray lanp. FIG 23 is
a perspective view showing the infrared ray |anp shown in ELG. Zﬁ. In
FIGS. 22 @idl o23theheaehonabased | baasinthe 1oPeatés &9 VahF tahPBe
understood easily fromthe descriptions on both side , portiong sho in the
figures, 1degetotensiba cenenpressiqdifwice i ARAlred- r“h?/ylsbarfﬁa $ not
shown in either of the figures. The conventional infrared ray |anp shown
in FIGS. 22 and 23Neatprites Er§m&ﬂﬁuﬁfaﬂﬁ$%Sﬂ%ﬁﬁFVc&“gﬁ%és tube 201,
metal foil sheets 205 enbedded in both end portions. of tchfIaSE t ube 201,
a heat i ngcehesnmnti @l hin fierired 158y sbanedvitddi & (HesgFi2ed 981 and
internal "Lead wires 204 . The heating element 240 is a Lgsistanﬁe wre

[

formed of nichroneToe tinfseEadaf@ot®AP| #5aUS65iT MapelerHe®Ti hP&r nal

| ead wires 204 are used to connect both ends of %ge hﬁatiq_ elegent 240 to
the netal héatlinshedi 5e@05. oAs £018 2 FPAEH P AURF HeAf | RG2&EMent °240 i s

el ectricall connected to the nmetal foil sheets, 205 and pul l.e oper |
byyusing radiant infrared rays. As t%ls %lng of QH% p y

conventional infrared ray lamp, an infrared ray lamp
having the structure shown in FIG. 22 is known. FIG. 22
is a plan view showing an example of the conventional
infrared ray lamp. FIG. 23 is a perspective view showing
the infrared ray lamp sﬁown in FIG. 22. 1In FIGS. 22 and
23, the central portion of the infrared ray lamp can be
understood easily from the descriptions on both side
portions shbwn in the figures, therefore, the central
portion of the infrared ray lamp is not shown in either
of the figures.

The conventional infrared ray lamp shown in FIGS.
22 and 23 comprises a substantially cylindrical glass tube
201, metal foil shéets 205 embedded in both epd portions
of the glass tube 201, a heating element 240 hermetically
sealed inside the glass tube 201 and internal lead wires
204. The heating element 240 is a resistance wire formed
of nichrome or tungsten and wound in a coil shape. The
internal lead wires 204 are used to connect-both ends of

the heating element 240 to the metal foil sheets 205. As



by the internal |ead wires 204 on both sides, thereby secured stably. At
this time, the center axis of the «coil-shaped heating el enment 240 is

di sposed so as to be substantially coaxial with the center axis of the
cylindrical glass tube 201. As shown in FIGS. 22 and 23, the external |ead
wires 206 are connected to the netal foil sheets 205 on both sides
respectively. When a voltage is appl+edl across the external |ead wres 206
taken out fromboth sides, a current flows through the heating el ement
240, and heabtsujenerthesherdrhntthes heaeintg 24 rkht 2286 FHHLE t he

resi stance of the heating elenent 240 corresponding to_the current. At
this tinegohnkrareatl tragdeane tadi £réd shemtsh osh@aﬁi PYLleP&nBRCPSA0-Y Part
(a) of FIG 24 is a graph of the distribution curve 270 of Ehe intensity
of the inbyated rayseenpit dedd omirRE RO 9y RPEReSE 2% OLBELERY i nfrared
ray lamp shown in FIG 23. Part (b) of FIG 24 is a cross-sectjonal view
showi ng t kecpardd ontdklkiyng Afre thead | hymel et BLSE &S i‘ﬁ‘fcrt\ &d ray

| anp shown in FIG 2 3 . The x and y axes shown  in thg arts (ac} band (b)
of FIG 2é4odie shiapodoheltdasr i hemanixéd %o sa BHSRRSH rgé’n&isuﬁ ar’fo the
axial direction of the heating el ement 240 shown in .FIGf2§ In the parts
(a) and (bpbeftatiGlaRdy Gea%rdYi HithedMespoREET- 2% S 1¥Ft FB%center axis
of the heating elenment 240. In the %raph of the part (a) of FIG 24, the
val ues incyld.ndeiapl glass tube 201. '

As shown in FIGS. 22 and 23, the external lead
wires 206 are connected to the metal foil sheets 205 on
both sides respectively. When avoltage is applied across
the external lead wires 206 taken out from both sides, a
current flows through the heating element 240, and heat
generates from the heating element 240 owing to the
resistance of the heating element 240 corresponding to the
current. At this time, infrared rays are emitted from the
heating element 240.

Part (a) of FIG. 24 is a graph of the distribution
curve 270 of the intensify of the infrared rays emitted
from the heating element 240 of ’;he infrared ray lamp shown
in FIG. 23. Part (b) of FIG. 24 iz a cross-sectional view
showing the portion having the heating element 240 of the
infrared ray lamp shown in FIG. 23. Thne x and y axes shown
in the parts (a) and (b) of FIG. 24 are orthogonal
coordinate axes on a plane perpeandicular to the axial
direction of the heating element 240 shown in FIG. 23. 1In

the parts (a) and (b) of FIG. 24, the origin 0 corresponds



directions designate the emssion intensity of the infrared rays, and the
values in the circunferential directions designate angles with respect to
the center axis on the plane perpendicular to the axial direction of the
heati ng el enent 240. These angl es are designated by angles fromthe
positive direction of the x axis. Wien a constant voltage was applied to
the heating elenent 240, the anount-o$ the infrared rays reaching a
mnute area at a constant distance fromthe center axis (represented by
the ori gito @ raf cEnGe 24k iaf o ftthee hewt £ hgget beman t2200was I Fed8rERPhher eby
the intensity distribution curve 270 was obtai ned. As indicated by the

i ntensi t yo £li 8hki utdton(air o€ 7. i B4théhmarvatap sofitFidie2zaddfel i nfrared

ray lanmp 240 emts infrared rays in all directions at substantially
simlar igfessictiybnsThisstigaalttes fhememisSiar LhientetY cpEsEhfect i onal
shape of the heating elenment 240 is substantially symetrical w th respect
to its axisreaddBsrapsci pod arhshupduss showhben alcysfere®tidlr c  24.
By the equally distributed infrared rays emtted in all directions at
substanti @b kg caiiidardentignsity argléssctibrdraserset nkat the (GhsHTt t ed
fromthe heating elenent 240 to the outside and used to heat_ the o%tside
and the sukhieuadi nhe. plab® pemadrditoHdam tonkhe ARG d 1 LRCTARP ©

structured as described above, in the case when it is desjred ta give
the heating element 240. These angles are designate \'a

angles from the positive direction of the x axis.

When a constant voltage was applied to the
heating element 240, the amount of the infrared rays
reaching a minute area at a constant distance from the
center axis (represented by the origin 0 of FIG. 24} of
the heating element 240 was measured, wheréby the
intensity distribution curve 270 was obtained.

Asindicatedbytheintensitydistributioncurve
270 in the part (a) of FIG. 24, the infrared ray lamp 240
emits infrared rays in all directions at substantially
similar intensity. This results from the fact that the
cross-sectional shape of the heating element 240 is
substantially symmétrical. with respect to its axis and has
a circular shape as shown in the part (b) of FIG. 24.

Bytheequallyd;stributedinfraredraysemitted
in all direcfions at.substantially similar intensity as
described above, heat 1is transmitted from the heating

element 240 to the outside and used to heat the outside

and the surroundings.



directivity to the emssion intensity of the infrared rays, a structure is
known wherein an infrared ray reflection plate is installed outside the
infrared ray lanp for exanple. FIG 25 is a perspective. view show ng an
exanple wherein an infrared ray reflection plate 280 is provided for the
conventional infrared ray |anp and showi ng the positional relationship
between the infrared ray lanp and thggnfrared ray reflection plate 280.
The infrared ray reflection plate 280 has a sem - cylindrical shape and is

di sposed coaxi al |y it bhkheo heahitig red Brimvfir 2404 smpsd an® s §gcdunte €he hal f
of the heating el enent 240. Part ( a) of FIG 26 is a graph of the

di stribut ,Qngec¥ris &7 hvdvé heihntlensidye ofh¢mel § rifs dreedi Fegst@@Yed from
the infrared ray |lanp having the infrared ray reflection plate 280. Part

(b) of FI %ir?eq:ﬁﬁﬁtgr@:&&hes@ﬁlﬁ.is&ﬁaﬂn \incve ngshiowy 1of £he Jf F R8BIV Rg t he
heating elenent 240 of the infrared ray |anp having the infrared ray

reflection plgtg28PeShewrnowl¥he26inThe indmhyedara¥ SREMPTIH-PRe parts
(a) and ([)% of FIG 26 are orthogonal coordinate axes an a pl ane

per pendi cyjayt 4 05 shenatialll e di vatisiigre ofhe¢ henfisamaty BRENEARR24PShown in
FIG 25. The direction opposed to the reflection face of the infrared ray
reflection,pi@€e280 is defined as the negative - 11 direction of the x
axis. In the parts (a) and (b) of FIG 26, the ori gi n_g Cgrﬁ.reexsgrr?ngse to the
center axis of the FIG. 25 is a perspective view showlng P
wherein an infrared ray reflection plate 280 is provided
for the conventional infrared ray lamp and showing the
positional relationship between the infrared ray lamp and
the infrared ray reflection plate 280. The infrared ray
reflection plate 280 has a semi-cylindrical shape and is
disposed coaxially with the heating element 24Q so as to
surround the half of the heating element 240.

Part (a) of FIG. 26 is a graph of the distribution
curve 271 of the intensity of the infrared rays emitted
from the infrared ray lamp having the infrared ray
reflection plate 280. Part (b) of FIG. 26 is & Cross-
sectional view showing the portion having the heating
element 240 of the infrared ray lamp having the infrared
ray reflection plate 280 shown in FIG. 25. The x and Yy
axesshownintheparts(a)and(b)ofFIG.26areorthogonal
coordinate axes on a plane perpendicular to the axial
directioncﬁftheheatingelement240showan1FIG.25. The

direction opposed to the reflection face of the infrared

ray reflection plate 280 is defined as the negative




i nfrared

rays, and the values in the circunferential directions

represented angles with respect to the center axis on the pl ane

perpendicular to the axial direction of the heatin

_ g el enment 240. These

?ngiﬁs-are desi gnated by angles fromfthe_positive direction of the x axis
n e part (a) of FIG 26, the concentric gradations indicating the

eni ssi on J Y EOSLbY oBavRe! heasage vahuencopatits dradaridd Jisdd it the

part (a)

measuring, & he, gl §$4iQ/y 4 N eBsirine d sohlle sanectes cehaed mihe edséishown in
the part FIG "24. As shown in the part (a) of FIG 26, by providing
a}[eegt{gé é?éh@‘htﬂ on o) aten 280 drdplared! ttey paare (ahiak éd G ntensel y
only on of the infrared ray lanmp, wth the positive direction of

| Pg USH 33alile s CaNt€he Aaqdescrdbedcalons reptasecodmiefiiidonal

the part (a) o

only on one” si

i nfrared

has | SotroDi k. i nLens] : : . ; \ : .
ordertC)%ﬁ%%sgBh N$iden 8i 84 bEutien imfahkedi megts onsndFohet Wasty®@son, in

provi de the (i@t ayenafl £Ctdiare pt abesonepres ertesd mivdked wayh- 12

e above-nentioned FIG 24. In addition, the nethod of

ray l'anp, it is indicated that the em ssion of the infrared

Irectivity to infrared ray em ssion, it is necessar

| anp. However, the infrared ray reflectivity of the

respect to the center axis on the plane perpendicular to
the axial direction of the heating element 240. These
angles -are designated by angles from the positive
direction of the x axis. In the part (a) of FIG. 26, the
concentric gradations iﬁdicating the emission intensity
have the same values of the gradations shown in the part
(a} of thé above-mentioned FIG. 24. In addition, the
method of measuring the emission intensity is the same as
that in the case shown in the part (a) of FIG. 24.

As shown in the part (a) of FIG. 26, by providing
the infrared ray reflection plate 280, infrared rays are
emittedintenselyonlycn1onesideoftheinfraredraylamp,
with thé positive direction of the x axis used as the

center.

Asdﬂscribedabove,jJ1theconventionalinfrared
raylamp,jj:isindicatedthattheemissioncﬁftheinfrared
rays has isotropic intensity distribution in all
directions. For this reason,jjlorder1x)givedirectivity
to infrared ray emission, it is necessary to provide the

infrared ray reflection plate outside the infrared ray




infrared ray reflection plate is apt to be | owered because of aging and
t he adhesion of stains. As a result, the intensity distribution of the
infrared ray em ssion becones different with the direction of the

em ssion. Furthernore, as the infrared ray reflectivity lowers, the
anount of the infrared rays absorbed by the reflection plate itself
increases. |If this kind of heating apparatus is used for a long tine,

em ssion efficiency | owers, and unexpected parts will be overheat ed. ,
Furt her noygmpt.he em ssion intensity distribution obtained by providing the
sem -cylindrical infrared ray reflection plate for the infrared ray |anp

havi ng the above- membiwaeslr i sbheoping miedi vayi Feddsteyivitst AHUERSns in
all directions is substantially the sane in a wi de range on one side in
general agpshewed krayheefdrdct {ah miaFeG s 20t For behlgweaashReqHI % fie
conventional infrared ray lanp, an attenpt to increase the em ssion
i Nt ensi t yoken ag i eahénithed adingeiand ofo sdeckease hRea inREAsFty UHE ot her
ranges in order to enhance directivity is difficult. As a result, in the
case whenjhfte neonvendi etalitheat ongodppdreatinf rargded FbreMdESLLed
heating, the problem of |ow heating efficiency occurs. DI SCLOSURE OF
| NVENTI ONbe cbhesThei pfesemt imvent toe ikiden ehgedoto S vanigs Lon -
above-nenti oned probl ens and al so i ntended to Erodee a hughlg reliable
i nfrared rFaydsapmaher. ean tmg:b@ﬂgared.ray:ref ectivity lowers, the
amount of the infrared rays absorbed by the reflection
plate itself increases. If this kind of heating apparatus
ig used for a long time, emission efficiency lowers, and
unexpected parts will be overheated.
Furthermore, the emission intensity
distribution obtained by providing the semi-cylindrical
infrared ray reflection plate for the infrared ray lamp
having the above-mentioned isotropic emission intensity
distributions in all directions is substantially the same
in a wide range on one side in general as shown in the part
(a) of FIG. 26. For this reason, in the conventional
infrared ray lamp, an attempt to increase the emission
intensity in a more limited range and to decrease the
intensity in other ranges in order to enhance directivity
is @ifficult. As a result, in the case when the

conventional heating apparatus is used for localized

heating, the problem of low heating efficiency occurs.

DISCLOSURE OF INVENTION



consunpti on does not increase during use for a long tinme and its heating
portions are prevented fromfusing and breaking after use for a long tine.
The present invention is further intended to make the effect of the
reduction of the reflectivity of an infrared ray reflection plate on the
directional distribution of the emssion intensity of infrared rays |ower
than that of the conventional infrardd ray |anp, and to make the

directivity of the emssion intensity of infrared rays hi%%ﬁ% th t hat of
% ot

the conventional inffihe aesgntakpvenid n esentn teAdast it%h ®an

infrared ray |anp and a heating apparatus wherein the em ssion, intensity
of infraratoveysenatodede@mok tgmii eRGuE LSS fg by Ires |té’cﬁrd?1‘”pﬁ58t 8, and
al so provides a nethod of producing the infrared ray,lanP. An infrared ray
| anp in aetghdanceshiahlehdnprasedt Hak edMBNVESHF el SaPA%H St one

heating el ement having a substantially plate shape, havin recegsed
portions tonshepicnniloessneft BAIrendle ERELES Y&fd TUr r?eglcbrfga ime

car bon-based substance, heat-em tting bl ocks havin ood conductivity to
whi ch bot anénd tporitéatsngf RIRLhEas 9 | RFeNeNE -m%%@&% $Bhded, -
14 a sintered substance of an adhesive fornmed _and sintered _on {an

i nserti onbardkiorliaff $BcEse FOX Re lRB& FABe el MNP IESTHEY 1 T he

heat-emtting bl ocks at the regions . .
is %urther intendedgto make the effect of the reduction

of the reflectivity of an infrared ray reflection plate
on the directional distribution of the emission intensity
of infrared rays lower than that of the conventional
infrared ray lamp, and to make the directivity of the
emission intensity of infrared rays higher than that of
the conventional infrared ray lamp. The present |
invention provides an infrared ray lamp and a heating
apparatus wherein the emission intensity of infrared rays
has directivity without using any reflection plate, and
also provides a method of producing the infrared ray lamp.

An infrared ray lamp in accordance with the
present invention comprises:

at least one heating element having a
substantially plate shape, having recessed portions in the
vicinities of both ends thereof and formed of a
carbon-based substance,

heat-emitting blocks having good conductivity
to which both end portions of the heating element are

inserted and bonded,



in the vicinities of both end portions of the heating elenent including
the recessed portions thereof, a glass tube in which the heating el enent,
the sintered substance of the adhesive and the heat-emitting blocks are
hernmetically sealed together with an inert gas , and lead wres

el ectrically connected to the heat-emtting blocks, the end portions of
which are led out of the glass. tubeggWth this structure, in the infrared
ray | anp, the recessed portions are provided in the vicinities of both

ends of the carbon-basegtswbst smts tuseceasft Ap hdhrisigre f @ABARA, 3. the
areas of the contact with the heat- emtting bl ocks via the carbon-based

adhesi ve Arf o L88'S@%Atk iWes ebyonhhendesssdangef abeshefebhedeeaddm dbe
reduced, heating due to the resistance of the contact can be restricted,

and the teﬁ@ﬁ%ﬁ%%@ﬁdeh t et heatewitreniitrsimy | i pokspatt toAsragigath end
portions can be prevented frombecomng locally high. As a result,

accor di ng; t o f BeRraseNtié Vet itanh i ¢ndsppossidhe 06 the PR tERY | ead
wire installation portions fromfusing and breaking owing to the

tenperat We.hbae aln dned ARG itties .red s addi picart; ignAc& e ecessed portions

inthe vicinities - 15 of both ends of the heating elenent are filled with
the carbon-based aghgsiawe tidtes fin twmbchr thenbiedd ed vebRmeRE - Hedti ng
el enent and the heat-emtting bl ocks becones . ’
sintered substance of the adhesive and the heat-emitting
blocksarehﬁrmeticallysealedtogetherwithen1inertgas,
and

lead wires electrically connected to the
heat-emitting blocks, the end portions of which are led
out of the glass tube.

With this structure, in the infrared ray lamp,
the recessed porﬁions are provided in the vicinities of
both ends of the carbon-based substance used as the heating
elemént, and the areas of thé contact with the heat-
emitting blocks via the carbon-based adhesive are
increased, whereby the resistance of the contact can be
reduced, heating due to the resistance of the contact can
be réstricted, and the temperatures of the lead wire
installation portions at both end portions can be
prevented from becoming locally high. As a result,
according to the present invention, it is possible to
prevent the lead wire installation portions from fusing

andbreakingowingtx)thetemperatureriseeﬂ:theportions.

Inaddition,sincetherecassedportionsjjltheVLCLnltles




?L?ES;édapgytP:n;tgfn?Lh of the bonding is enhanced. As a result, in the
e present invention stress due to h :
absor bed, and abnornal heatin ’ i g oA e
. : _ g can be prevented. An inf d
anot her viewpoint in accordance wth to e oy, Lamp T rom
_ t he present invent i :
| east one heating el enent havin i chooe Paviee &
_ : g a substantially plate sh havi
recessed portions in the vicinitie and formed.
ities 9§ both ends thereof and formed
car bon- based substance, heat-emtting bl ocks having good conductivityOfaﬁd

each splife iJpont ' : A -
of WA R @Feshdehyaeinthiedlemanh eme fickkedrdish the i
el enent are sandw ched, a sintered substance of an adhesive forn;d aggatlng

sintered on i he bRsed @hentveonehas fates :
_b! gobrihenféay hgtveedhdit®
to the heat-emtting blocks at the regions in the vicini?ies of- botﬁogﬁgd

portions ,of  § hg heatd ; : e
nea heatdidh + ehamenind net adi-equitthei ngcodoek HIREF
gl ass tube 1n mﬁlch the heating elenent, the sintered ;Ebstaﬁgfszpe{ﬁgf’ :

adhesive apd.the heat 1o/ tddrgngh e g cd
( . , 1gRhools tare bloevdren § chs | gnbaared
with an inert gas, and lead wires electrically connec?ed to théog%iger

heat - emi t§ i-ag b pck . , :

r'%% ocks, thiei gpdaperd ragsl ahpwhi theapseseRdn1n fn

gl ass tube. th this structure, in the infrared ray |la g6 the
stress due to heat can be absorbed, and abnormal heating

can be prevented.

An infrared ray lamp from another viewpoint in
accordance with the present invention comprises:

at least one heating element having a
substantiallyplateshape,havingrecessedportionsinthe
vicinities of both ends thereof and formed of a
carbon-based substance, |

heat-emitting blocks having good conductivity
and each split into two pieces. petween which both end
portions of the heating element are sandwiched,

a sintered substance of an adhesive formed and
sintered on the insertion and bonding faces of the heating
element bonded to the heat-emitting blocks at the regions
in the vicinities of both end portions of the heating
element including the recessed portions thereof,

a glass tube in which the heating elemeant, the
sintered substance of the adhesive and the heat-emitting
blocksarehermeticallysealedtogetherwithaninertgas,

and

lead wires electrically connected to the



t he heati
cont act ;
fitting i
cost of
i nfrared
step of f

| east one heating el ement

ng element is bonded to the heat-emtting bl ocks by pressure

then, since accurate disposition at ' I ti

, : predeterm ned positions for
S ngt required, assenbly work can be carried out easily, and the
production can be reduced significantly. Method of producing an

ray lanmp in accordance with the present i [ [
_ _ _ _ I nvention conpri ses:
orm ng recessed portions in f{he_ vicinities of both eggs of at

ends of F@@tQEBEiQﬂnﬁlﬁﬂggg ikRdaldi ng the recessed portions thereof,

step of i
the end p
t he adhes
heating e

Labonded 1 bmernch sobherde anm tieshep bf endaltilfg e :
el enent anggﬁﬁe heat-em tting bl ocks inside the glass tubeﬁ?zgetaifa&;?ﬁ

nserting and

L

an inert ﬁ Spr-88d udfe it t hetrad , peinicens csfuxate| 84GPOSEL LGP 8S

el ectrica
Wth thes

y  connected to the heat-emtting bl ocks outside Lhe(glass t ube.

B reu@AS cih '8 ANpoANAL s BY Famp fhdst hilghis not regquire
assembly work can be carried out easily, and the cost of
production can be reduced significantly.

Method of producing an infrared ray lamp in
accordance with the present invention comprises:

a step of forming recessed portions in the
vicinities of both ends of at least one heating element
having a substantially plate shape and formed of a

carbon-based substance,.

a steb of applying a liquid adhesive formed of
a carbon-based organic substance to the regions in the
vicinities of both ends of the heating element including
thé recessed portions thereof,

a step of inserting and bonding both end portions
oftheheatingelementtotheendportionsoftmmt—emitting
blocks having good conductivity by using the adhesive,

a step of drying and firing the heat-emitting
blocks and the heating element bonded to each other, and

a step of sealing the heatiﬁg element and the
heat-emitting blocks inside the glass tube together with

an inert gas, and of taking the end portions of the lead

having a substantially plate sh

a carbon; based SYRStANGl ok §1 ephofem@rp o Uit LN esie & e hed of
€ _ i ytbgoas pduwt igdhegievd

a carbon-baseéd organi ¢ substance to the regions inqthe vicihitiég?ﬁfdbgzh

_ ondi ng both end port-ions of the heatin I

ortions ofwggﬁttﬁmgtgﬁﬁpcbhmeksiMawhq;xnﬁmwééﬁdﬁém\ﬁ%éﬁggeﬂgiag

ive, a step of drying and firing the heat-emtting blocks and the



reliability by not raising its power consunption abnormally during use for
along tine and by preventing its heating portions fromfusing and
breaking after use for along tinme. -An infrared ray |anp from anot her
viewpoi nt in accordance with the present invention conprises: a heating

el ement having a substantially plate shape, the width of which is |arger
than its thickness by five tines or-nore, a glass tube in which the
heating elenment is hernetically sealed, and two el ectrodes enbedded at
both end perldcorI it ribaldlyass nnexted| tetitiedieyt contddiad L PekA ends
of the heating elenent respectively and also electrically connected to an
external gheGtirde €heéecuiltassNthbehis structure, the em ssion intensity of
the infrared ray | anp becones a nmaxi mum value in the thickness direction
of the heating el emanitRnchésecespsneghe gitf yased Faynl a8BRPARSSBAIi th t he
maxi rum value in the width direction. A heating apparatus in accordance
with the fpnesemtlinyenty crotonphisias it HeBPWREF FERERPPRAP™g a
substantially plate - 18 - shape, the width of which _is larger than its

t hi ckness aphoFmaelyi des iorg ose, for a long time and by preventing

its heating portions from fusing and breaking after use
for a long time.

An infrared ray lamp from another viewpoint in
accordance with the present invention comprises:

a heating element having a substantially plate
shape, the width of which is larger than its thickness by
five times or more,

| a glass tube in which the heating element is
hermetically sealed, and

two electrodes eﬁbedded at both end portions of
the glass tube, electrically‘connected13)both.ends of the
heating element respectively and also electrically
connected to‘an external electric circuit.

With this structure, the emission intensity of
the infrared ray lamp becomes a maximum value in the
thickness direction of the heating element and becomes
negligibly small in comparison with the maximum value in
the width direction.

A heating apparatus in accordance with the

present invention comprises:

a heating element having & substantially plate



a glass tube in which the heating elenent is hernetically sealed, and two
~el ectrodes enbedded at both end portions of the glass tube, electrically
connected to both ends of the heating elenment respectively and al so
el ectrically connected to an external electric circuit. Wth this
structure, the emssion intensity of the infrared ray |lanp in the heating
appar at us becones a nmaxi numvalue in_ the thickness direction of the

heat i ng

el enent and becones negligTb}? Small in conparison with the

maxi num val ue in the w

\ h direction, I eVl Orsdtheekinddy . bp et hod
of produdihfPean th?r‘é?“ag%r%g V%F‘rﬁlhf %osm&gg‘r?%er v[|i ewpoi nt of “the pr%\sent
. C a.step of formng a glass tube by form ng gl ass
“into a subistantiRPBy WyITHEFrcal shape, a step of hernetically sealing a

substantially plate heatin | enent, 1. L (L hp@fs MY §heli el g€K. st han
its thickness by fi%e9 Pﬁé%qﬂfbﬁn%g,h¥unﬁh2£g% ST

I nventi on conprom ses:

line of the heating el enent i.n the,longitudinal direction thereof is

subst ant i@ ¥YeEdSR/ Y WFE efiie ¥t er axis of the gl ass tube, and a step
of formng a reflection fil Jéﬁes
substantially sem Y¥Po® & it e

gﬁﬁéﬁ&&gﬂgakn%B%BQQnH@ﬁ%ﬂﬁE&hQ.of
heating element respectively and also electrically
connected to an external electric circuit.

With this structure, the emission intensity of
the infrared ray lamp in the heating apparatus becomes a
maximum value in the thickness direction of the heating
element and becomes negligibly small in comparison with
the maximum value in the width direction, thereby having
directivity.

A method of producing an infrared ray lamp from
énother viewpoint of the present invention compromises:

a step of forming a glass tube by forming glass
into a substantially cylindrical shape,

a step of hermetically sealing a substantially
plate heating element, the width of which is larger than
its thickness by five times or more, in the glass tube so
that the center line of the heating element in the
longitudinal direction thereof 1is substantially coaxial
with the center axis-of the glass tube, and

a stép of forming a reflection film for

reflecting infrared rays into a substantially semi-

ass tube so that the center

_ _ ape on the external face of the
cylindrical " shape of the, ol ass;tuble 5Q.d%do:aHbebans tal duasnekudaet he




:ﬁgggog)f w'?hdj”slr)gsist irlcj)(r;t 8]; th;ahheati ng element in the -axial direction
- W . e, the sem-cylindrical reflecti '
I)?rglragdﬁgishgyaﬁyi lrjlflrggezihe clyl [ nd][i cal shape of the glass 'Itagef | kmngﬁﬂoge
( _ ray lamp from still another vie int
glrzzgnti |ntn\(;e2t ISEI)BS'[ ;gg});lolmysesl: _ ads_t egé of formng a gl assmfalbgt b?ffz)Pan' ng
. . cylindric shape, a step of '
;ELLSSH ?)nI }‘l Imfor reflecting infrared rays into appredfet(:)repmngeg
SUbSt At 90 dETkar SYbMILRCSheshane L eIt e Piacky ol
_ : _ i'ndrical shape of the glass tube, and
fl:;ggfl {1 gﬂaﬁ#gg ﬁ%?nlleagssg)g?;}ﬁ dte?ts! ng shosdantinbly Hﬁﬁléﬂeﬂ?ﬁsﬁéﬁpi gf
_ _ ve times or nore, so as to be i [
the axi al_f.apge uhersl il bgosatlicnt ion Enemtien O npossemeRgiB Che |
; Sealing the heating elenent inside the glass tube. Wth this

SLructur st 0F atpecuondeheabor el cotion f11m can be formed sasily cven

20 the glass tube. y\hiy e ﬁlﬁrﬁlctftﬁau?/'ebeofs%tm’ie‘eq?c %hggé:?cagllr eShape of -
reflection film can be formed easily by using the
cylindrical shape of the glass tube.

A method of producing an infrared ray lamp from
still another viewpoint of the present invention
compromises:

a step of forming a glass tube DYy forming glass
into a substantially cylindrical shape.,

a step of forming a reflection film for
reflecting infraréd rays into a predetermined
substantiallysemi-cylindricalshapecn1theexternalface
or the internal face of the cylindrical shape of the glass
tube, and |

a step of disposing a substantially plate
heating element, the width of which is larger than its
thickness by five times or more, so as to be included in
the axial range wherein the reflection f£ilm is disposed,
and of hermetically sealing the heating element inside the
glass tube.

With this structure, the semi-cylindrical
reflection £ilm can be formed easily even on the internal

face of the glass tube by using the cylindrical shape of




set forth particularly in the a ai ' '
( _ _ ppended cl ainms, the invention
\(/)M.r?ﬁngtzﬁ;onogjr]gc;:gn;ﬁgt],ce\é\ﬁtI I bet hbett]?r under st ood and apprécibgt Qdasalt gng
ot he : _ ures ereof, fromthe foll ow i1 ec
gg,so\\(;\“u%g lglnGt alie_n in ](CIOI’IJ unction with the draw ngs. BRI (I;\IIZVI B%Sgglt gll': eO(il OF
\ is a front view showing the structure of |
teﬁtlgl gg-out portion of an infrared raydanp in accordance f/mh'?hl :a?i \rMs'[e "
ShO\(I)Vi |nment eof the present invention;, FIG 2 is a partially magnified view
em'tt'g ICBF gclonpzeckhgg_portlon of the heating elenent and the heat -
partiialnlg ock ot the infrared ray lamp shown in FIG. 1; FIG 3 is a
parti al ngagﬂlef L:g{[hvifgevm.g?tgwn@,g,ﬁlhefkeagnmw icofh poet LovedftimB RES i ng
t - i ng ock of an infrared ray la havi n
another S/l ueF Lacaacatsanty wei hibeabposiatctbion, Ghehe brcsen
_ _ ; _ I ed view show ng the connecti
Pg;t : gﬂpg&lé’t/ernﬁ%ﬂg It: Pgtg{ng%go ac?ﬂghtng,hﬂamneahﬂt cog ek Bflan b|‘f‘n:c ?gr ed :
_ ( structure in accordance with the fi "
tegt;oglt ?egeftgﬂ' an@b e Pi eggat apprentiangdrl @Lengswa Hy d?\'fh?Fe\l/erLOV\/i n |
ucture of the lead wire taking-out portion of an infrared ray la - !
objects and features thereof, from the following detal eg' P ;

description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a front view showing the structure of

the lead wire taking-out portion of an infrared ray lamp
in accordance with a first embodiment of the present
invention;

FIG. 2 is a partially magnified view showing the
connection portion of the heating element and the
heat-emitting block of the infrared ray lamp shown in FIG.
1;

FIG. 3 is a partially magnified view showing the
connection portion of the heating element and the
heat-emitting block of an infrared ray lamp having another
structure in accordance with the first embodiment of the
present invéntion;

FIG. 4 is a partiall;r magnified view showing the

connection portion of the heating element and the

heat-emitting block of an infrared ray lamp having still

another structureiJ\accordancevﬁjﬁxthe first embodiment



I n accordance with a second enbodi nent of the present invention; FIG 6 is

a partially magnified view showi ng the connection portion of the heating
el enent and the heat -emitting block of the infrared ray |lanmp shown in FIG
5; FIG 7 is a partially magnified view show ng the connection portion of
the heating elenent and the heat -emtting block of an infrared ray | anp

havi ng another structure in accordancg W th the second enbodinent; FIG 8
is a partially nmagnified view showi ng the connection portion of the heating

el ement apg %m%f5¥%sen%ﬂﬂd&é@tbbﬁqk of an infrared ray |lanmp having still
anot her stiucture I n accordance with the second enbodinent; part (a) of

FIG 9 is a plan viewghowifng aFrdmf raied shywliag tire sdovrentce «fth a
third enbodi nrent of the present invention, and part (b) of FIG- 9 is a

front vi@ﬂéﬂfg&gﬁwif%(%aﬁgnbsdhﬁxyémecbhvefvbemdaﬁmnnﬁﬂttﬁy lampar ed
ray lanmp in accordance wth the third enbodi nent of the present invention;

part () qfy Bl oddahtd B eRhasBewong thmbodaherti saf | buei @TesRVE of the

i ntensity of the Fnfrared rays emtted fromthe heating el ement of the

third embaqd] .onand part (b) of FIG 11 shows the cross section of the
iondNd P

FIG. 6 is a partially magnified view showing the
connection portion of the heating element and the
heat-emitting block of the infrared ray lamp shown in FIG.

5;

FIG. 7 is a partially magnified view showing the
connection portion of the heating element and the
heat-emitting block of an infrared ray lamp having another
structure in accordance with the second embodiment;

FIG. 8 is a partially magnified view showing the
connection portion of the heating element and the
heat-emitting block of an infrared ray lamp having still
another structure in accordance with the second
embodiment;

pért (a) of FIG. 9 is a plan view showing an
infrared ray lamp in accordance with a third embodiment
of the present invention. and part (b) of FIG. Qlis a front
view thereof:

FIG. 10 is a perspective view showing the
infrared ray lamp in accordance with the third embodiment
of the present invention;

part (a) of FIG. 11 is a graph showing the



central portion of the infrared ray |lanp of the third enbodinent; part (a)

of FIG 12 is a plan view showing an infrared ray |lanp in accordance with a
fourth enbodi mrent of the present invention, and part (b) of FIG 12 is a

front viewthereof; FIG 13 is a perspective view showing the infrared

ray lanp in accordance with the fourth enbodi mrent of the present ;
invention; part (a) of FIG 14 is a_gngph showing the distribution curve !
of the intensity of the infrared rays emtted fromthe infrared ray |anp !

of the foyip-ephadigerdurvandepant fhjteafs Bt G of4tbhohs friae et ds3YSect i on
of the central portion of the infrared ray lanp of the fourth enbodi nent;

part (a) gf;FLGq £i50 She Rkan Mi@w Séwahngo Anthentharddemby disgntn
accordance wth a fifth enbodi nent  of the present invention, and part (b)

of FIG 12 jspa o) yEewridher eof snbhG tiite | sra sperspetipie of ev8how ng ;
the infrared ray lanp in accordance with the fifth enbodi ment of the

present iQgﬁEEHyrpéE%ioﬁabﬂﬁtﬁéGﬁnf%dﬁﬂ@.gaapﬂaﬂﬂw@ﬁgthﬁethQBd
distribution curve of the intensity of the infrared rays emtted fromthe
infrared gayohamef; the fifth enbodinent, and part (b) of FIG 17 shows

the cross section of the ‘

part (a) of FIG. 12 is a plan view show1§g an
infrared ray lamp in accordance with a fourth embodiment
of the present invention, and part (b) of FIG. 12 is a front
view thereof:

| FIG. 13 is a perspective view showing the

infrared ray lamp in accordance with the fourth embodiment
of the present invention;

part {(a) of FIG. 14 is a graph showing the
distribution curve of the intensity of the infrared rays
emittedfromtheinfraredraylampcﬁfthefourthembodiment,
and part (b) of FIG. 14 shows the cross section of the
central portion of the infrared ray lamp of the fourth
embodiment;

part (a) of FIG. 15 is a plan view showing an
infrared ray lamp in accordance with a fifth embodiment
of the present invention, and part (b) of FIG. 12 is a front
view thereof;

FIG. 16 is a perspective view showing the
infrared ray lamp in accordance with the fifth embodiment
of the present invention:

part (a) of FIG. 17 is a graph showing the



central portion of the infrared ray lanp of the fifth enbodinent; FIG 18
IS a perspective view showing the positional relationship between the
infrared ray lanp and the infrared ray reflection plate of a heating
apparatus in accordance with a sixth enbodi nent of the present invention;
FIG 19 is a perspective view showing the positional relationship between
the infrared ray lanp and the infrarggl ray reflection plate of a heating
apparatus in accordance with a seventh enbodi nent of the present

i nventi ony; FL.G20ibs @uldid it tievishensigyn bé sheudthATef FRES ead

w re taking-out portion of a conventional infrared ray lanp, . FIG_21 is a
partial v aw shgwi g the Shrucitee raof leme céa@wfrle‘-‘%tar@i"?%o?%?‘eﬁ&m i on of
a conventl ona infrared ray | anp wherein two heating el enents_are seal ed
ina gl asasﬁ C?g;_.tm(@, 22c i BIG .pllan shewsshbw mFes oheefiYhaPt T ar ed
ray | anp; 23 is a perspective view show ng the conventignzl I nfrared
ray | anp;.s,24aRaklo(tBlo®f ol Ghe24infrargdapte s hoaBg ofhd P eli SE5T8ut i on
curve of the Intensity of the infrared rays emtted fromthe heating

el ement of g ;gemvent i onal

FIG. 18 is a perspective view showing the
positional relationship‘between the infrared ray lamp and
the infrared ray reflection plate of a heating apparatus
in accordance with a sixth embodiment of the present
invention:

FIG. 19 is a perspective view showing the
positional relationship between the infrared ray lamp and
the infrared ray reflection plate of a heating apparatus
in accordance with a seventh embodiment of the present
invention;

FIG. 20 is a partial view showing the structure

of the lead wire taking-out portion of a conventional

infrared ray lamp:

FIG. 21 is a partial view showing the structure
of the lead wire taking-out portion of a conventional
infrared ray lamp wherein two heating elements are sealed
in a glass tube;

FIG. 22 is a plan view showing a conventional
infrared ray lamp:

FIG. 23 is a perspective view showing the

conventional infrared ray lamp;
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FIG. 25 is a perspective view showing the

positicnal relationship between the infrared ray

reflection plate and the infrared ray lamp in the

conventional infrared ray lamp; and

part (a) of FIG. 26 is a graph showing the

distribution curve of the intensity of the infrared rays

emitted from the conventional infrared ray lamp provided

with an infrared ray reflection plate shown in FIG. 25,

and

part (b) of FIG. 26 shows the cross section of the

central portion of the infrared ray lamp shown in FIG. 25.

It will be recognized that some OI all of the

Figures are schematic representations for purposes of

illustration and do not necessarily depict the actual

relative sizes oOr locations of the elements shown.

BEST MODE FOR CARRYING OUT THE INVENTION

and
pre

acc

preferred embodiments of an infrared ray lamp
an infrared heating apparatus in accordance with the

sent invention will be described below referring to the

ompanying drawings.




| ead wire taking-out portions of the infrared ray lanp. FIG 1 shows both
end portions of the infrared ray lanp of the first enbodinent. Since its
central portion has a continuous structure connecting both end portions,
the central portion is not shown. As shown in FIG 1, in the infrared ray
lanp of the first enbodinment, a heating elenent 2, heat-emtting blocks 3
and internal lead wires 4 are sealed pp a glass tube 1. The internal |ead
wire 4 is connected to an external lead wire 8 via a nol ybdenum foil sheet

7. The pl ag%f}%@%igﬂbe@mﬁtﬂ sealed in the glass tube 1 is formed of a
car bon- based substance consisting of a m xture of crystallized carbon such

as graphite, a resigtrance val sef radjtustimnts hsubisn aince aRBX BFSIYFHORE car bon.
This heating elenent 2 has a plate shape nmeasuring 6 mmin width, 0.5 nm

in thi ckgﬁsi@@gaggg FEY DaksnUh ledooraramel witTha £heat emBRALMSRY bl ock 3
I's formed of a conductive material and electrically connected to one end

of the heghipge pkamMt 2 byert IBhhodndesirdwedatsEruAtesiq Horthdn 5 is
formed at "one end of the internal lead wire 4, and a spring partion 6

having el EEEC§Hké5%$@£ﬂ§dohmIgth@pnheofc@nelygﬁq@ﬁeg_rgg %%W%homn -
FIG 1, the coil portion 5 of the internal lead wire 4 is woun tlghtly on
the outern;periphaiaks fB6eHoknithedeat ovmi pfi A§eplictkrared &% o-HB
eIectricaFFy connected thereto. The spring portion 6_of .
of the first embodiment. Since its central portion has a
continuous structure connecting both end portions, the
central portion is not shown.
| As shown in FIG. 1, in the infrared ray lamp of
the first embodiment, a heating element 2, heat-emitting
blocks 3 and internal lead wires 4 are sealed in a glass
tube 1. The intermnal lead wire 4 is connected to an
external lead wire 8 via a molybdenum foil sheet 7. The
plate heating element 2 sealed in the glass tube 1 is formed
of a carbon-based substance consisting of a mixture of
crystallized carbon such as graphite, a resistance value
adjustment substance and amorphous carbon. This heating
element 2 has a plate shape measuring 6 mm in width, 0.5
mm in thickness and 300 mm in length for example. The
heat-emitting block 3 is formed of a conductive material
and electrically connected to one end of the heating
element 2 by a method described later. A coil portion 5

is formed at one end of the internal lead wire 4, and a

spring portion 6 having elasticity is formed following the

coil portion 5.



the internal lead wire 4 is disposed away fromthe outer eri

of the heat-emtting block 3 by a predeterm ned di stance gnd Pge;;ﬂr u]::?ﬁ(raed
to expand and contract so that the dinensional change of the heating
elenment 2 due to its expansion can be canceled and absorbed. At the
sealing portion 1c of the infrared ray lanp of the first enbodinent, the
internal lead wire 4 inside the glas ube 1 is connected to one end of
the ol ybdenum foil sheet 7, and t he ‘ot her end of the nol ybdenum foi |

sheet 7 is connected tqfbe,exterad, |
n eadebr @ Bl Rb&rt2ohs 5a qparthal |
magni fi ed perspective view SEOWI ng the fitting COI’]F%I tion of tqr:]rg heat i %g

el ement 2, agﬁgnahf fﬁgg e";lhté I g, Bl eelund | 91 gaeardancer et buttleer fir st

enbodi manfn As shown in FIG "2, a slit 3a i
, s forned at the
fﬁ”{ ﬁ; Sfegﬁﬁp%%drgfr Lag gff the Hheat-emitting sk 33 € dhetotber hand,

e end portion of the heating elenent 2, a groove 2a

ext endi ng A
sri ali-t £ohi 6no6f th
heatlnge IdJZ% &E I rection |ﬁd|cated bﬁhem%r%owm FIG 2) |§

formed. F Lh h(ir Enat’?
a271ehl Wheoicing tyi Hfotba gwegye2an afhé heuheat i n
el enent g an esive 9 1s applied. Theﬂaeati ng element 2 formed in tghi S

101! BP0 A i niramde e uabek ekl 41
predetermined dlstance and is structured to expand and
contract so that the dimensional change of the heatlng
element 2 due to its expansion can be canceled and
absorbed.

At the sealing portion 1lc 6f the infrared ray
lamp of the first embodiment. the internal lead wire 4
inside the glass tube 1 is connected to one end of the
molybdenum foil sheet 7, and the other end of the
molybdenum foil sheet 7 is connected to the external lead
wire 8.

FIG.2:u;apartiallymagnifiedperspectiveview
showing the f£itting condition of the heating element 2 and
the heat-emitting block 3 in accordance with the first
embodiment shown in FIG. 1. As shown in FIG. 2, a slit
3a is formed at the center of one end portion of the
heat-emitting block 3. On the other han-d, in the vicinity
of the end portion of the heating element 2, a groové 2a
extending in a direction perpendicular to the insertion
direction of the heating element 2 (in the direction

indicatedby‘thearroij1FIG.2) is formed. Furthermore,




other. The adhesive 9 applied to the heating el enent
car bon- based substance that is converted into a mxture of crystallized
carbon such as graphite and anorphous carbon when heated to a high
tenperature. In the first enbodiment, the heat-enmtting block 3 is forned
of graphite having good conductivity. Furthernore, in the first
enbodi ment, the internal lead wire 4 is formed of a tungsten wire having a
t hermal expansi on coefficient approxi‘ately equal to that of carbon.

However,

heat-em tting block 3.is ¢lose-fllked. Vi he,adhes} ' h&i ni
o . i ni
thgpﬁﬁpﬁagfl??é%ﬁuéﬁﬁiﬁégt?%gtﬁgFeﬁgn?EZ§g§%ég§%%P%gg@;%gse.
1€ COl rtion 5 of . | ht e ] ' Wglchi gh
on 1 he hedtterit A A oo Shd Ra o TR e ra e e O
heating elenent 2 is electrically connected to the internal lead wire 4
via the a8f®&tve 9 and the - 28 heat-em tting block 3. In the internal

lead wire 4, the e or i . t P ; L :
pad e & Lhe  eHEhOOIINRL O, (1 SPILEE RO RN Koathaguaubmendi amct or

of the endfp

addi ti on,

overer S50t TSnftyShy ) A Phycm Santhait et o

resi stance in worki i e ; :
e R oty T LBy [ EEPLSea ThenRE SRRl Badaid e £ A ared o

no problem occurs “in heat

y the first enbodi nent,

of the coil portion 5, is electrically

connected to the molybdegum,taiy f¥etd’substance that is converted

into a mixture of crystallized carbon such as graphite and
amorphous carbon when heated to a high temperature. 1In
the first embodiment, the heat-emitting block 3 is formed
of graphite having good conductivity. Furthermore, in
the first embodiment, the internal lead wire 4 is formed
of a tungsten wire having a thermal expansion coefficient
approximately equal to that of carbon. However, other
metal wires, such as molybdenum wire and titanium wire,
may be used as the internal lead wire 4, if no problem occurs
in heat resistance in working environments. The external
lead wire 8 is formed of a molybdenum wire.

In the infrared ray lamp of the first embodiment,
the heat-emitting block 3 1is close-fitted via the adhesive
9 in the vicinity of the end portion of the plate heating
element 2 as described above. In addition, the coil
portion 5 of the internal lead wire 4 is wound tightly on
the heat-emitting block 3 and secured thereto. In this
way, the heating element 2 is electrically connected to

the internal lead wire 4 via the adhesive 9 and the

2 is forned of a




which is enbedded in the sealing portion 1c of the glass tube 1. The other
end of the nolybdenumtoil sheet 7 is also connected to the external |ead
wire 8 inside the sealing portion 1c. In the infrared ray |anp of the

- first enbodi nent, the heating elenent 2, the heat-emtting blocks 3 and the
internal lead wires 4 connected in series are inserted into the space

i nside the heat-resistant glass tube- 128 an inert gas, such as argon or
nitrogen, is filled inside the glass tube 1, and the end portions, (the
seal i ng paebitona)ibtihheblgicds s t ubkn |the eimberadlad®3UsEHC S0t ast PG be
sealed. A part of the internal lead wire 4, the nol ybdenumf oil sheet 7
and a par knaf polre: iaxt erfidihé eaur hgepSriiensbal EBe Wit NS ARG FSrti on
lc of the glass tube 1. The infrared ray |anp of the first enbodinent is
formed aso@esaridiediabdwe:gem theni rfihak edfr &pe St bf PPRE 1T st - emodi ment
structured as descri bed above, when the infrared ray lanp. -i.s turged on by
appl yi ng alewitageldgr csnnsetedt drnafne el Lydedin ﬁPé—&ofJbe%F goth
ends, the heating elenent 2 forned of the carbon-based substance_i s heated
to a hi ghwhenyperis lerebbddadsd roftlig ssﬁ‘t"s%igﬂaﬂfé’é.tlé\fbr}‘\"ﬂh%ﬁ TR gﬁggtsl ng
element 2 is expanded in its longitudinal -_29_ direction by thi gating,
si nce t he tsyiré nig. pdPhé omtBeat enchef rthe MaP 1Y BLG W™ %FSS%?S\H §e et ween

the heating elenent 2 and the nol ybdenum foqil sheet 7. the effect _of the
di nensi onall changenged &b thetBRp At O BE 3??@%651’?%98 ififs £44 °he

sealing portion lc.

In the infrared ray lamp of the first embodiment,
the heating element 2; the heat-emitting blocks 3 and the
internalleadwirestlconnectedinseriesareinsertedinto
the space inside the heat-resistant glass tube 1, an inert
gas, such as argon or nitrogen, is filled inside the glass
tube 1. and the end portions (the sealing portions) of the
glass tube 1 are melted and fused so as to be sealed. A
part of the internal lead wire 4., the molybdenum £0il sheet
7 and a part of the external lead wire 8 are sealed in the
sealing portion lc of the glass tube 1. The infrared ray
lamp of the first embodiment is formed as described above.

In the infrared ray lamp of the first embodiment
structured as described above, when the infrared ray lamp
is turned on by applying a voltage across the external lead
wires 8 disposed ét both ends, the heating element 2 formed
of the carbon-based substance is heated to a high
temperature because of its resistance. Even when the

heating element 2 is expanded in its longitudinal



element 2 is cancelled by the contraction of the spring portion 6. As a
result, it is possible to prevent any unnecessary bending force from
applying to the heating elenment 2. Since no unnecessary bending force
applies to the heating elenent 2 that becones brittle at high
tenperatures, the heating el enment 2 does not break even at high
tenperatures. In the infrared ray |angqof the first enbodi ment, the heat
-emitting block 3 forned of a material having good electric conductivity

i s connec e o4 G & h@httihe , eithqordionpfinbepbedtiog 6l efent 2
by usi ng %ﬁge%gﬁbon}%gsed adhesi ve havi ng good el ectric conductivity. For

this reaspp, iftkh@dnfred@dviay hamp provhaed nsttweabodheeisathadcont act
resi stancé therebet ween can be nmade small, and the tenperature at the

connect i 0p; RALLION AN e |RVEyBdeNexifol heslideti g toredieti Recbf ofhe
heat i ng e}enent 2 and the heat-emitting block 3 in the infrared ray |anp

of the fiEg% ghadistRiHa Widdabge dseridetd axpamnes icetef IthaAhiehbAgi n FI G
2, at manutacturing of an infrared ray |anp, the adhesive 9 mainly

consi sting;afehr 80is!E&dntd 1qarday besedconganriar subsedndde sSBELAGC ent | y
applied to the end portion of the heat element 2 including the groove 2a

formed in,the (Wi @it yAST at e saridk polti dis pofs ¢ Helheddl rf @VeAENt2BY And
t hen, the heating el enent |
unnecessary bending force from applying to the heating
element 2. Since no unnecessary bending force applies to
the heating element 2 that becomes brittle at high
temperatures, the heating element 2 does not break even
at high temperatures.

Intheinfraredraylampofthefirstembodiment,
theheat-emittingblock:3formedofeamaterialhavinggood
electric conductivity is connected to the vicinity of the
end portion of the heating element 2 by using the
carbon-based adhesive having good electric conductivity.
For this reason, in the infrared ray lamp of the first
embodiment, the contact resistance therebetween can be
made small, and the temperature at the connection portion
can be lowered.

Next, the fitting condition of the heating
element 2 and the heat-emitting block 3 in the infrared
ray lamp of the first embodiment will be described 1in more
detail.

As shown in FIG. 2, at manufacturing of an

infrared ray lamp, the adhesive 9 mainly consisting of a



2 applied wwth the adhesive 9 is inserted into the slit 3a
hFat-en1tt!ng bl ock 3 to nmake cl ose contact therewth. Afte?fthgeheating
glenﬁng 2 is made close contact with and fitted into the heat-emtting

gc , drying and heating (firing) are carried out, whereby a sintered
substance nainly consisting of the carbon-based substance of the adhesive
9 and having a high conductivity is fBorned. :As a result, the heating
element 2 and the heat-emtting block 3 are connected via the sintered
subst ance, pfy,§ he Rahesh veas dtavwngahi gh sadrian ¢ei L. g4 £ helemisty
enbodi ment, "by form ng the groove 2a in the heating elenent 2, the area of

the contagf,bgbyees b8 Lpeiligl)

_ D thbBeeh@apbngiereneEnth2 hedtt dbeReat enipf

increases, and the resistance of the contact can be reduced.IFur?igfﬁnfe

\s/:;;el It E;@QP?E\@J‘% gﬁngosmﬁﬂg iof tHdeviaibonybafed v gahtc POt ARce i s
_ e stuck to the heat-emtting block 3 formed of [

érgneﬁ?hgggxghghﬁﬂfﬁfhgrgagmenwezza,Aadumﬂﬁplxﬁﬂﬁr&@%éi%@éﬁléﬁé'Eggsing

e heat-emtting block 3 is carried out at thei '
gpgn{ffgzafﬁpbq%@ﬁj‘%gehegme1&&h&31@ﬂgﬁhi§fhﬂﬁ?%%%@iﬁ@tPstéﬁ%éﬁﬁégJeCted
y. In - the first enbodi ment, the el ucjdati

on such exapH ecioé BeadctemLtthag e HunbekCofaiife @%gegg’%fhaas? ?ﬁgdnﬁge

the vicinity of the end portion of the heating elenent 2 is gne, but

simlar etheglewnrnal sbfberobts neeating element 2 is fadd Slose

contact with and fitted into tﬁe heat-emitting block 3,
drying and heating (firing) are carried out, whereby a
sintered substance mainly consisting of the carbon-based
substance of the adhesive 9 and having a high conductivity
is formed. ‘As a result, the heating element 2 and the
_heat—emitting block 3 are connected via the sintered
substance of the adhesive 9 having high conductivity.

In the first embodiment, by forming the groove
2ajJ1theheatingelement2,theareacﬁfthecontactbetween
the heating element 2 and the heat-emitting block 3
increases, and the resistance of the contact can be
reduced.

Furthermore,since1ﬂuaadhesive9 consisting of
the carbon-based organic substance is very likely to be
stuck to the heat-emitting block 3 formed of graphite, the
adhesive 9 enters the groove 2a, and the bonding between
the heating element 2 and the heat-emitting block 3 is
carried(nn:attheirproject@dandrecessedfaces,whereby

thestrengﬂnofthebondimgisenhancedsignificantly. In



even if plural grooves are fornmed on one face or on both faces; and a

hi gher effect is obtained as the |arger the nunber of the grooves is. In
the first enbodi ment, even when the clearance between the heating el enent
2 and the heat-emitting block 3 is of a range of 0 to 100u m no

di fference occurs in the resistance of the contact and the strength of the
bondi ng. Next, by using the nethod of 3he-connection between the heating
el enent and the heat-emtting block of the infrared ray |anp of the

above- nenttitenéd ofs tr stmb cehiboeii hrerthe elacbhatioinohadl dLBMaAGe He MY
element and the heat-emtting block of the infrared ray |anp having

anot her stewmtple wifl Is theugiescei kddt | thannpmer cdfr 48 P PESFNFE wo
rod-like heating elenents 21a and 21b, FIG 3 is a partially magnified
per spect i vionieedy showhegva cimtiog of teanerdi B L tirn eht the BPefEMS 21a
and 21b to a heat-emtting block 31. FIG 4 is a partially magnified
perspect i wel aient 2hbsi omye anbyhes inedAsd eéff%hrfé%ftli%sf’h%eh%agﬁﬁéleéjr enent s
22a and 22b to a heat-emtting block 32, in an infrared- ray |anp having
two of theved-1ifkelhoatli gy atenemse2barnegh oM@ BhaACLnofhel Rt ed ray
| amps shown in FIGS. 3 and 4, structures other than those shown in the
figures arfacesn and ohilgber GFEfsetfissePépEdthtent SRBwhaFIeThd e

number of the grooves is.

In the £first embodiment, even when the clearance
between the heating element 2 and the heat-emitting block
3 is of a range of 0 to 1004 m, no difference occurs in
the resistance of the contact and the strength of the
bonding.

" Next, by using the method of the connection
between the heating element and the heat-emitting block
of the infrared ray lamp of the above-mentioned first
embodiment,theconnectionbetweenthehﬁatingelementand
the heat-emitting block of the infrared ray lamp having
another structure will be described.

In an infrared ray lamp having two rod-like
heating elements 2la and 21b, FIG. 3 is a partially
magnified perspective view showing a method of connecting
the heating elements 21la and 21b to a heat-emitting block
31. FIG. 4 is a partially magnified perspective view
showing another method of connecting the heating elements
22a and 22b to a heat-emitting block 32, in an infrared:

ray lamp having two of the rod-like heating elements 22a



above-nentioned FIG 1. As shown in FIG 3, the end portions of the

heating el enments 21a and 21b of this infrared ray lanp are inserted into
two hol es 31a and 31b formed in the heat-emtting block 31 respectively
and connected thereto. The plural grooves 21c fornmed in the heating

el ements 21a and 21b extend in a direction perpendicular to the insertion
direction (the direction indicated by e_arrow in FIG 3) of the heating
el enents 2l1a and 21b. The heating el enments 2la and 21b and the

heat-em tting Pbeck 31 of the infrared ray lanp shown in FIG 3 are forned
of simlar materials as those of the above-nentioned first enbodi nent, and

the adhesive 9 of thg sRe0RA e iamper mebwd Bn CRIbSN- Based
substance to beconme a m xture of crystallized carbon such as graphite and

anmor phous garpopywharheajadet otAall ghodenPesahuie, HHstf dgutast beease of
the first enbodinent. In the vicinities of the end portions of the

above- nentd gpedasykiondii€aé beatinrg il esenembdlkpiman t2Ehowd hin pkheal
grooves 21c (three grooves in the exanple shown in FIG 3) are forned. For

thi s reasof,ovEOjneaitadh med rFrecessed faces are fornmed in the vicinities of
the end 33 portions of the heating el enents 21a and 21b, and the adhesive
9 is sufficiently appki ethdwn tixe BDQ.partitans eidc|pudt ot ke ofr djitect ed and
recessed faces. And, the heating elenents 21a and 21b applied with the
adhesi ve %heating elements 21a and 21b of this infrared ray lamp are

inserted into two holes 3la and 31b formed in the

heat-emitting block 31 respectively and connected thereto.

The plural grooves 21lc formed in the heating elements 2la

and 21b extend in a direction perpendicular to the

insertion direction (the direction indicatedknrthe arrow

in FIG. 3) of the heating elements 2la and 21lb.

The heating elements 2la and 21b and the

heat-emitting block ﬁl of the infrared ray lamp shown in

FIG. 3 are formed of simil;r materialsras those of the

above-mentioned first embodiment, and the adhesive 9 of

the second embodiment is formed of a carbon-based

substance to become a mixture of crystallized carbon such

as-graphite and amorphous carbon when heated to a high.

temperature, just as in the case of the first embodiment.

In the vicinities of the end portions of the
above-mentioned cylindrical heating elements 21la and 21b,
the plural grooves 21c {three grooves in the example shown

in FIG. 3) are formed. For this reason, projected and

recessed faces are formed in the vicinities of the end



are inserted into the holes 31a and 31la of the heat- emtting block 31
respectively and nmade cl ose contact therewith. After the heating el enents
2la and 21b are nade <close contact with and fitted into the heat-emtting
bl ock 31, drying and heating (firing) steps are carried out, whereby a
sintered substance consisting of the carbon- based substance of the
adhesive 9 is fornmed. As a result, +h®3heating elenments 21la and 21b are
connected to the heat-emtting block 31 via the sintered substance of the
adhesi ve @dmaviomsho§htéendueatingy ellemenbsexkadimplandhdw® i mAAGLh®  since
the projected and recessed faces are forned in the vicinities of the end
portions @fdhdrwieyl Pndisi salf hbatend lof epppl $ed21p aflge2end tHerhie& of the
contact between the heating elenents 2la and 21b and the heat-emtting

bl ock 31 iimciwdirgssde Praheefisde anthergrosvesl Hrxcare f dnfed Fhet he
vicinities of the heating elenents 21a and 21b in a direction

per pendi cilesat tng thkeinasdst i2dm dndciloaprphded e & ke ctdBaBd VAN of
the adhesive 9 is fornmed in the rooves 21c. For this reason, the

resi stancamd imeergent datt betheehalies hdhei AglelEhened Ihe d2btb and the
heat-em tting block 31 of the infrared ray |lanp shown in 34 FIG 3 can be
reduced, @withéngt péegih B FREPESH WL EadhdathafideF SiGMRERESNtIY. In

the infrared ray |l anp shown in FIG 4, the plural gthree i.n the exanple
shown in m@rwiehoov%t?&the heating elements 21a and 21b are made

close contact with and fitted into the heat-emitting block
31, drying and heating (firing)} steps are carried out,
whereby a sintered substance consisting of the carbon-
based substance of the adhesive 9 1is formed. As a result,
the heating elements 2la and 21b are connected to the

heat-emitting block 31 via the sintered substance of the
adhesive 9 having high conductivity.

In the example shown in FIG. 3, since the
projected and recessed faces are formed.in the vicinities
of the end portions of the cylindrical heating elements
21a and 21lb, the area of the contact between the heating
elements 2la and 21b and the heat-emitting block 31 is
increased. Furthermore, the grooves 21c are formed in the
vicinities of the heating elements 21la and 21b in a
direction perpendicular to the insertion direction, and
the sintered substance of the adhesive 9 is formed in the
grooves 2lc. For this reason, the resistance of the
contact between the heating elements 2la and 21b and the

heat-emitting block 31 of the infrared ray lamp shown in



are formed on the external faces in the vicinities of the end portions of

the two heating el enents 22a and 22b. The plural grooves 22c forned in the
heati ng el enents 22a and 22b are provided in a direction perpendicular to

the insertion direction (the direction indicated by the arrow in FIG 4)

of each of the heating elenents 22a and 22b, thereby form ng projected and
recessed faces. In addition, the adh lvg 9 is sufficiently applied to the
end portions of the heating element 22a and 22b including the projected

and recesgq¢ faceanl Bel PRAVICE WHiRS tﬂé@_&eﬂén?@ dhec e ynhangd, chwo hol es
32a and 32a are formed in the heat-emtting bl ock 32, and grooves 32b are

f or med in&gughﬂgnégeig%gﬂ{@&cEﬁQq%;ﬁ these holes 32a and 32a. These
grooves 32b extend in a direction perpendicular to the insertion direction

(the direction indigatedebynifhe@ddorainilElds Howh eackief. the Beating
el ements 22a and 22b. The adhesive 9 is applied to the heating el enents

22a and 220 ,st{1ct U £HeasndeREr L REAPAROYG oWAIG 4 er dhealy Rpro &b 8BERLE 222

and 22b are |nser§ed into the holes 32a and 32a of the heat-emtting bl ock

32 respectiNeles @iy ddlerhe 30zt £LASE earlaCti d herewildin A1 65 bletheat i ng.
elenents 22a and 22b are nmade cl ose contact with and fitted into the

heat - eni t teigg plracko 82,0 Aot G vand eatn 3 Y dhehhg) 23k epsd 228 . carhieed out,

whereby a sintered substance consisting
plural grooves 22¢c formed in the heating elements 22a and
22b are provided in a direction perpendicular to the
insertion direction (the direction indicated by the arrow
in FIG. 4) of each of the heating elements 22a and 22b,
thereby forming projected and recessed faces. In
addition, the adhesive 9 is sufficiently applied to the
end portions of the heating element 22a and 22b including
the projected and recessed faces in the vicinities
thereof.

On the other hand, two holes 32a and 32a are
formed in the heat-emitting block 32, and grooves 32b are
formed in eaéh of the internal faces of these holes 32a
and 32a. These grooves 32b extend in a direction
perpendicular to the insertion direction (the direction
indicated by the Arrow in FIG. 4) of each of the heating
elements 22a and 2Z20b.

The adhesive 9 is applied to the heating elements
22a and 22b structured as described above, and the heating

alements 22a and 22b are inserted into the holes 32a and

37a of the heat-emitting block 32 respectively and made



of the carbon-based substance of the adhesive 9 is fornmed. As a result,
the heating el enents 22a and 22b are connected to the heat-enitting bl ock
32 via the sintered substance of the adhesive 9 of high conductivity. In
the infrared ray lanp shown in FIG 4, the projected and recessed faces
are formed in the vicinities of the end portions of the cylindrical
heating elements 22a and 22b, and theygrooves 32b are forned in the
internal faces of the holes 32a and 32b. As a result, the area of the
cont act between ddie: deat thgrelwentnt s XZPeeantdh22heand ng el drean £en2l&E ng

bl ock 32 is increased. Furthernore, the grooves 32b are forned in the

vi ciniti egnaf 2he £ mpaet icdnss ©f cdhe akaaty ingh ehpdefitis t220 samdo22heand i n
the internal faces of the holes 32a and 32a in a direction perpendicular
to the i ngeati-Gnit t ealg Bhockhe2si drgrieny asubateatcien @f( iieiadhesteesd is
formed in these grooves 32b . For this reason, in the infrared ray |anp
shown in GG catrid@® ¢€si skvarzebyf a ke ncontadtsbbbteacd orhebsthgy

el ements 22a and 22b and the heat-emtting block 32 can be reduced, and

t he strengihtht t¢hebbond age herebeanweenofi shenhdhesdvs gnisitannpd. In the
infrared ray |lanp shown in FIG 4, both - 36 end portions of the plural
heati ng elkenentss22a,atbe22batang ddroed to 2t2A%eand 28biare MomRactedi tting
bl ock 32 by wusing the carbon-based adhesive 9. In the stage when the

pl ural heati tipeeherantem224 iavml 2xclard2 insarted sanserpd substance

of the adhesive 9 of high conductivity.

In the infrared ray lamp shown in FIG. 4, the
projected and recessed faces are formed in the vicinities
of the end portions of the cylindrical heating elements
22a and 22b, and the grooves 32b are formed in the internal
faces of the holes 32a and 32b. As a result, the area of
the contact between the heating elements 22a and 22b and
the heat-emitting block 32 is increased. Furthermore,
the grooves 32b are formed in the vicinities of the end
portions of the heating elamenfs 22a and 22b and in the
internal faces of the holes 32a and 32a in a direction
perpéndicular to the insertion direction. The sintered
substance of the adhesive 9 is formed in these grooves 32b.
For this reason, in the infrared ray lamp shown in FIG.
4, the resistance of the contact between the heating
elements 22a and 22b and the heat-emitting block 32 can
be reduced, and the strength of the bonding therebetween
is enhanced significantly.

In the infrared ray lamp shown in FIG. 4, both



heat-em tting bl ock 32, the carbon-based adhesive 9 is still soft;
therefore, even when bal ance of the tension or conpression force between
the heating elenents is distorted, the distortion is relieved until a heat
treatment for curing the adhesive 9 is conducted. Then, after bal ance of
the tension or conpression force between the plural heating elenents is
made nearly uniform the adhesive 9-i86cdred and carbonized. As a result,
even when the heating elenents 22a and 22b are heated to a high

t enper at ureid ther §EeNsy tQfont e PRETEnIGH bRIcOAFIEi DR 22 07 RE BAtance
bet ween the heating el ements does not increase to such extent that the
heating elaiferR@n®od &Rd thE2( k%S btdkEne By Hr6Mlict hyn g helefkr dled®¥ ay

| anp as described above, ossible to easily create a long-life
infrared rE8it@nfhesH@REOP- Wecﬁéﬁhﬁﬁlﬁﬁeﬁenﬁ“ bhg ahageoBngdatd® i n one
glass tube. In the infrared ray |anps shown in FIGS - 3 and 4, simlar
effects cantwedbrarhiddd EJaTHRES H22 il Rt aFR HosestadaiRit® 32€ f or med
in the heat- emttlngE bl ocks 31 and 32 are through hqgles_ or stop haql es

(hol es wi thea2boeTdiy-1ing REBFY Sfoodi MenERFD °“3’7ba¥\%53t adhe 513t¢ aPed Sr ay

| anp in accordance with_ a second enbodi nent of the present |nvent|on wil |

be descritet!tefREfi ngtb(eof?ﬂgrQCCSﬁ’ﬁéhﬁW dra \Haﬁé’se of ghe st¢’sdon an

vi ew showing the infrared ra of the, sec
og compresgaon %o%ce @%tween tﬁ %eatlng elements is

distorted, the distortion is relieved until a heat
treatment for curing the adhesive 9 is conducted. Then,
after balance of the tension or compression force between
the plural heating elements is made nearly uniform, the
adhesive 9 is cured and carbonized. As a result, even when
the heating elements 22a and 22b are heated to a high
temperature, the distortion of the tension or compression
force balance between the heating elements does not
increase to such extent that the heating elements 22a and
22b are broken. By producing the infrared ray lamp as
described above, 1t 1is possible to easily create a
long-1life infrared ray lamp having plural heating elements
22a and 22b sealed in one glass tube.

In the infrared ray lamps shown in FIGS. 3 and
4, similar effects can be obtained regardlesé of whether
the holes 3la and 32a formed in the heat—eﬁitting blocks
31 and 32 are through holes or stop holes (holes with
bottom}.

{second embodiment)



enbodi ment in accordance with the present invention. FIG 5 shows both end
portions of the infrared ray |lanp of the second enbodinent. Since its
central portion has a continuous structure connecting both end portions,
the central portion is not shown in FIG 5. FIG 6 is a partially

magni fi ed perspective view showi ng the connection condition between a
heating el enment and heat-emtting blocks 1+ n accordance with the second
enbodi ment shown in FIG 5. FIGS. 7 and 8 show other structures of the
infrared ray | anp of Naiet se@Bnd D IgioRd nBaY, lanp ae pacerdiangaraghthi ed
perspective views _showi ng the nethods of the connection between the
heating eRef@stohdePReHERD enPft the MERKBIETRA VAT khpRdWidy Itb?rp of the
second enbodi nent in accordance with the present invention has | at e
heati ng el @RBFAT IR AnEeERETIMNT tt hebb AP COMPRBY bedsd334 1 ng- 3 LGSince
the other structures of the second enbodinent are simlar to those of the
above- ment Poh®d PANSY 1&#pdbPHdMtg tﬁlﬁewféﬁm%aﬁmém@r@fo@ﬁ%tSeencoM t he
infrared ray_ | anp of the second enbodi ment, the heating el enent t he
heat - eni ttﬁf‘i&"ddi”b%‘kg lé%?c"&ﬁd: %%eéﬁdtki FF@‘-? HF@ISﬁeﬂt FEAE W R 4 %F@ -seal ed
in the glass - l%r <3Z shown in just as in %he case of
t he above- ﬁeﬁPPHﬁeHOfti &M% MRt hBRE. ofhEhF‘nf‘Blfﬁé'irEF%d{:PYv&ar%pf the

gﬁg?gc}]ggt%%gt E)ledeextergémenetad vgl Ce \J[_It% tckéentrrrgﬁybgerr}%ngr{ 0|I sgeet 7. The

continuous structure connecting both end portions, the
central portion is not shown in FIG. 5. FIG. 6 is a
partially magnified perspective view showing the
connection condition between a heating element and
heat-emitting blocks in accordance with the second
embodiment shown in FIG. 5. FIGS. 7 and 8 show other
structures of the infrared ray lamp of the second
embodiment, and are partially magnified perspective views
showing the methods of the connection between the heating
element and the heat-emitting blocks.

The infrared ray lamp of the second embodiment
in éccordance with the present invention has a plate
heating element 23 and two-split heat-emitting blocks 33a
and 33b. Since the other structures of the second
embodiment are similar to those of the above-mentioned
first embodiment, their explanations are omitted.

Infheinfraredraylampcﬁfthesecondembodiment.
the heating element 23, the heat-emitting blocks 33a and

33b and the internal lead wires 4 are sealed in the glass



sealed in the glass tube 1 is fornmed of a carbon-based substance
consisting of a mxture of crystallized carbon such as graphite, a

resi stance val ue adjustnment substance and anorphous carbon. This heating
el enent 23 has a plate shape neasuring 6 mmin width, 0.5 mmin thickness
and 300 mmin length for exanple. The heat-emtting bl ocks 33a and 33b
are fornmed of a conductive material and8etectrically connected to one end
~of the heating elenent 23 by a nethod described |later, A coil portion 5 is
formed attwie En@Sofhord iift &iifaf - | adnfi fe VSIS Whrihg F65E & 6
having elasticity is formed following the coil portion 5. As shown in FIG
6, in the Ghf raeyer BN tERN oF f’tﬁ%tf%ﬂPPﬁlé}ﬁibﬁi merte oetealodsathd 23b
are formed in the top and bottom faces of the_end portion of the plate
heating elwient 4235 ESPRRG VellytoThE &y igohesn23al87¢ ¥re &t Bhg ith&
direction perpendicular to the longitudinal _ di r%%jon of &he heat | ng

el enent 23ohRedganasikRid pheedyif; ciltht | HLaps &Pt R Ine ﬁ"t%fhh? of the

end portion of the heating elenent 23 including. these groqves 23a and

23b. In tk%e%ﬁdpéﬂi'ﬁheoggf‘ﬁﬁstﬁg%ﬁiiglél éﬁeﬁﬂeg‘kﬁgaa é’i‘irr%‘%)‘?“gasea‘i{q

heat-em tting bl ocks 33a and, 33b gre bonded vi% -39, the a hESiff;\??g

havi ng hi gHRDAGHEE FAVS LD 589t B ot tBEH T V&L rFEé’IStr?o]r#]eE? ofi 2 TR

adhesive 9 is fornmed o ar bon: based sub tancec:l t ha{t i s, .converted into a
a

. f‘% ¢ j 11 DL, substance
mxture ofYERVAT HT7RBY Ear Bt IHER2RSE G EpiiT 8N E

! r phous
and amorphous carbon. This heating element 23 has a plate

shape measuring 6 mm in width, 0.5 mm in thickness and 300
mm in length for example. The heat-emitting blocks 33a
and 33b are formed of a conductive material and
electrically connected to one end of the heating element
23 by a method described later. A coil portion 5 is formed
at one end of the internal lead wire 4, and a spring poertion
6 having elasticity is formed following the coil portion
5.

As shown in FIG. 6, in the infrared ray lamp of
the fourth embodiment, grooves 23a and 23b are formed in
the top and bottom faces of the end portion of the plate
heating element 23 respectively. The grooves 23a and 23b
extend in a direction perpendicular to the longitudinal
direction of the heating element 23. The adhesive 9 is
sufficiently applied to the vicinity of the end portion
of the heating element 23 including t':hese grooves 23a and
23b. In the end portion of this heating element 23, a

pair of heat-emitting blocks 33a and 33b are bondad via



carbon when heated to a high tenperature. The heat- emtting bl ocks 33a and
33b are two bl ocks having simlar shape, i.e. , a nearly semcircular
shape in cross section, and forned of graphite having good conductivity.
In the second enbodinment, the internal lead wire 4 is formed of a tungsten
wire having a thernmal expansion coefficient close to that of carbon.
However, other netal wres , such as n®ybdenumand titaniumw res, nay be
used as the internal lead wire 4, if no problemoccurs in heat resistance
i n wor ki ngtBAvaddihehre. 2 Thevdneihkdh| €98 dustis’ Bty sSPoffed o tfain

nol ybdenum wire. As descri bed above, in the infrared ray |anp of the
second enb®dPFEMRLCRheCRBBEEM 2R ngTBPo&ES eHV and 1831 i B8R the
vicinity of the end portion of the Elate_ heati ng el enent 23 via the
adhesi ve 9°38P2d 1RA8EEaFHDSEGRFRgEDRYr Life CPOTEERE EBEP BofliXdiiBeof the
internal lead wire 4 is wound tightly around the heat-emttin bl ocks 33a
and 33b anffs&cetrthérefo CATPRRI §UiEY, 28 hraRBAtNen P Y eABAC PP Y S

el ectrically connected to the, internal lead wires 4 via the adhesive 9 and
the heat- EAFPAMJ'BEBcREIRL ahe 33819t THBPPREEMTR - | d4F irFBL 4, the
end portion of the spring portion 6 he wi nding. - 40 _digneter, of. which is
| arger t hafMEhdi by = Bi?3%o??90%3£5?rpstﬁPé@%?FE&IP?V&Gﬁhéﬁ¥%Hl?5 t he
nol ybdenum foil sheet 7 enbegded in the s aliqugontion of the gl ass tube
1 The ot h&P2&fd & %hi & WORYLAeRERTF i TUSRES AP T S hCES SSomTéct e -

and formed of graphite having good conductivity.

In the second embodiment, the internal lead wire
4 is formed of a tungsten wire having a thermal expansion
coefficient close to that of carbon. However, othermetal
wires, such as molybdenum and titanium wires, may be used
as the internal lead wire 4, if no problem occurs in heat
resistance in working environments. The external lead
wire 8 is formed of a molybdenum wire;

As described above, in the infrared ray lLamp of
the second embodiment, .the heat-emitting blocks 33a and
33b sandwich the vicinity of the end portion of the plate
heating element 23 via the adhesive 9 so as to attain
bonding. Furthermore, the coil portion 5 of the internal
lead wire 4 is wound tightly around the heat-emitting
blocks 33a and 33b and secured thereto. In this way, the
heating element 23 is electrically connected to the
internal lead wires 4 via the adhesive 9 and the heat-
emitting blocks 33a and 33b. In the internal lead wire

4, the end portion of the spring portion 6, the winding



to the external lead wire 8 inside the sealing portion. In the infrared ray
| anp of the second enbodi nent, the heating elenent 23, the heat-enmitting
bl ocks 33a and 33b and the internal lead wire 4 connected in series are
inserted into the space inside the heat-resistant glass tube. After
filling an inert gas, such as argon or nitrogen in the space inside the
glass tube 1, the end portions (the-sd&li-ng portions) of the glass tube,
are nelted and fused so as to be sealed. A part of the internal _lead wire
4, the nolgbaertmrf ofi Whilrdetl s7 lafder p‘é?%no€h@ttﬂ§ LRy ‘éPﬂrj'l PR e 8

are sealed in the sealing portion of the glass tube 1. Th% Lquq%edtray
| anp of the, sesekkcbrbodilishcon gt addt ast Hedee 1 BRACANGY & CYh Th8®

infrared ray |amp of the second enbodi nent structured as qgsg{ibeﬂ above,
when the i nferreddedyindie SeatiR@RPHELIBY bpINF 253 di12Ge acr 08§ the
external lead wres 8 (FIG 5) disposed at both ends, the heating eh?"ent
23 formed ofhehreendrddritblas a@ eRRBEEPELrERe 8l T R 2htghCOrapEFafur e
because of its resistance. Even when the heating element 23 is Exg%nded in
its |ongittdi hale dixteerioh bpadhiddfed itRSIE€endda EIPtMHgPFor t18A "6 of
the internal lead wire 4 is provided between t ﬁhheatingdf 4l hﬁgﬁ@t 23
and t he nDIybdenun1fd¥1tgﬁeb%fV?rFﬁerﬂYhﬁﬂE?éﬁg Schange “due s the™ - -
expansi on of the heating elenent 23 |s _absorbed the,contragtiog of the
spring por thenbgatdng £1-apt, 2Pt Fer&ﬁéﬁﬂ%@TBQ%ngg%f"%ny Unnecessary
bending 33b and the internal lead wire 4 connected in series are
inserted into the space inside the heat-resistant glass
tube. After filling an inert gas, such as argon oOr
‘nitrogen in the space inside the glass tube 1, the end
portions (the sealing portions) of the glass tube 1 are
melted and fused so as to be sealed. A part of the internal
lead wire 4, the molybdenum foil sheet 7 and a part of the
external lead wire 8 are sealed in the sealing portion of

the glass tube 1. The infrared ray lamp of the second
embodiment is formed as described above.

Intheinfraredraylampcﬁfthesecondembodiment

structured as described above, when the infrared ray lamp

is turned on by applying a voltage across the external lead
wires 8 (FIG. 5) disposed at both ends, the heating element

23 formed of the carbon-based substance is heated to a high
temperature because of its resistance. Even when the
heating element 23 is expanded in 1its longitudinal

direction by this heating., since the spring portion 6 of

the internal lead wire 4 is provided between the heating



force fromapplying to the heating elenent 23. For this reason, no
unnecessary bending force is applied to the heating elenent 23 that is
brittle at high tenperatures, and the heating el enment 23 does not break
even at high tenperatures. In the infrared ray |anp of the second

enbodi mrent, the heat-emtting bl ocks 33a and 33b formed of a materi al

havi ng good el ectric conductivity are cbhnected to the vicinity of the end
portion of the heating elenment 23 via the carbon- bas&;jhreg hesi ve. havi ng

good el ect pilemssnedck ARAtYyhe mplyhasnpaasehl $heehel i ¢PSE P8 of
t he second enbodi nent, the contact resistance can be de reaseﬁ, gnd t he
t enper at ur ha@ngh el ednhecERBneBBANTP? dh bRe | bGetrddq9 mepfe2Bohdi ng

condition of the heating element 23 and the heat-enmitting bl oc%s 33a and
33b in theabisfre@de¥ alhpaffndir atel QR ORIt BALSBE IR R/ﬁl?‘FlBB destri bed
in nmore detail. As shown in FIG 6, inthe infrared ray |la f the second
enbodi nent 2 TA8UGtootEst DB HHEL b3 APE G Hed " anﬁé'yﬁ%spggﬁ}%%%f'f}% faces
3 formod < <z deiah anpaveltha tHved O lRR LB Enel) ke il
oAt i ng of GRAROZE 18 SR EREATBORAIN 50 PAFEor T teEREZE et TS
bl ocks 33aﬂ§§¥f§g g?gmggqg%% that is brittle at high temperatures,
and the heating element 23 does not break even at high
temperatures.
Intheinfraredraylampofthesecondembodiment,
the heat-emitting blocks 33a and 33b formed of alnatérial
having good electric conductivity are connected to the
vicinity of the end portion of the heating element 23 via
the carbon-based adhesive having good electric
conductivity. For this reason, in the infrared ray lamp
of the second embodiment, the contact resistance can be
decreased, and the temperature at the connection portion
can be iowered.
Next, the bonding condition of the heating
element 23 and the heat-emitting blocks 33a and 33b in the
infraréd ray lamp of the second embodiment will be
described in hore detail.
As shown in FIG. 6, in the infrared ray lamp of
the second embodiment, the grooves 23a and 23b are formed

in the top and bottom faces of the vicinity of the end

portion of the heating element 23. The adhesive 9 formed



thereto. After this bonding, the heating elenent 23 and the heat-emtting
bl ocks 33a and 33b are dried and heated (fired), thereby securely
connected by the sintered substance formed of the carbon-based substance
of the adhesive 9 and having high conductivity. In the second enbodi nent,
by form ng the grooves 23a and 23b in the heating el ement 23, the area of
the contact between the heating el enerd223 and the heat- emtting bl ocks
33a and 33b increases, whereby the resistance of the contact can gg
reduced. b &Herqwi @ catiher-bhs edt REgiArs © SEOSFA 6 Jt%é“%é’r%bﬁ-“& Jed
organi c substance is very likely to be stuck to the heat-eni%éingjg%ocks
33a and 33pgoreRdtof tyeaphit POT N ddhesideng &S E RESFr 60Ve a and
23b, and the bondi ng between the heating el enent 23 an t$ hegat - qutting
bl ocks 332 3nd 838 thecheritdhduelameniteidl proj TREEY L 2%%§¥&§ aces.
whereby the strength of the bonding. is enhanced sigg#fican&lﬁgddg he

g

second emgodt nefit thehdesttat bt 8 1RGePdiarkhed AanBBA or 1 1" oves for med
in the vicinity of the end portion of the heating el enment Z%ii%(ggais
expl ai ned @ase patexanpEser Koy &ondhngrf 88 L&D He 864 fed even i f

plural - 43 grooves are forned on one face or. on both.faces . hi gher
effect is i dieet-anithdnmfIIChE 338 JPRARALR FherBhi& anldnh'?%gceg%cond

T3a and: gg&’afngdqe.atéhnegreetlzx?nggtcuzrsell? Donded dy thg e -SrlEhiag blocks

substance formed of the carbon-based substance of the
adhesive 9 and having high conductivity.

In the second embodiment, by forming the grooves
23a and 23b in the heating element 23, the area of the
contact between the heating element 23 and the heat-
emitting blocks 33a and 33b increases, whereby the
resistance of the confact can be reduced.

Furthermore, since the adhesive 9 formed of the
carbon-based organic substance is very likely to be stuck
to the heat-emitting blocks 33a and 33b formed of graphite,
the adhesive 9 enters the grooves 23a and 23b, and the
bonding between the heating element 23 and the heat-
emittinj blocks 33a and 33b is carried out at their
projected and recessed faces, whereby the strength of the
bonding. is enhanced significantly. In the second
embodiment, the structure wherein the number of the
grooves formed in the vicinity of the end portion of the
heating element 23 1s one is explained as an example;

however, an effect can also be obtained even if plural




: g;ezs?{stfggtgfgéeéz a_;esult, unli ke the case of an assenbly process such
, It is not necessary to accuratel I h i
el enent and the heat-emtting bl ocks i R e ona thert ! e
at predeterm ned positions; th
assenbly work can thus be carried out i b e otu
n tt easily, and the cost of d i

can be reduced significantly. FIG 7 i rti i fi P apocti ve

_ _ : s a partially magnified per [
vi ews showi ng another structure of théd nfrared ra§ Iagp of tﬁe :ggg;hve

enmbodi nent, and shows an exanpl e of the i
Chepl ot caheatiamagieRaRTS Hah e CAT SRR T Aot Sat ha & e e

34b. As shown in FIG 7, grooves,23a and I
bot t om { a68¢ 4t difeotaTaS A H T Dot FBE 3FOPRe homi e of ahent. 23.

The grooves 23a and _23b extend in a i nafPendheylndy &0e
- - - - n |
| ongi tudi nal directiddh BRet ﬁ@cﬁé‘é{]ien“érg&é gﬁr%lﬁ‘% '23. €I"?’heg!agélihesief/e rggfﬁgr med of

a liquid carbon-based_o i i Y ;
portilon  AcIAR e RGSE St d 2550 g A e Ehe orter hand. a-bol | oved

step portion 34d is faqrnmed on, each_qof  t Ity b 3Hia
- - . [« i t
at a posi DTHE FOF s ERMITHY hgnl?%eghé:%tsiunl&e'er‘gﬁ%ﬁtﬁgzﬁﬂ?%ciblsgz addi t?gﬁ Sgb

Port i on_ 385§ 0FbYmEFORe S PSR on her i Hi e n each of {he gr oo
23a and 23b formed in §he,ahouer et onacthdentd fong emanenddand the o
heat-emitting blocks at predetermined positions; the
assembly work can thus be carried out easily. and the cost
of production can be reduced significantly.
FIG. 7 is a partially mégnified perspective
views.showing another structure of the infrared ray lamp
of the secqnd embodiment, and shows an example of the
methodcﬁftheconnectionbetweentheplateheatingelement
23 and two-split heat-emitting blocks 34a and 34b.
As shown in FIG. 7, grooves 23a and 23b are formed
in the top and bottom faces in the vicinity of the end
portion of the heating element 23. The grooves 23a and
23b extend in a direction ﬁerpendicular to the
longitudinal direction of the heating element 23. The
adhesive 9 formed of a liquid carbon-based organic
substance is sufficiently applied to the end portion
including these grooves 23a and 23b.
On the other hand, a hollowed step portion.34d

is formed on each of the heat-emitting blocks 34a and 34b

at a position for sandwiching the heating element 23. In




The heating el ement 23 structured as described above is placed between the
two heat-emtting blocks 34a and 34b and bonded thereto. At this time, the
projected portions 34c of the heat-emtting blocks 34a and 34b fit in the
grooves 23a and 23b in the heating el enent 23. After this fitting, the

heating element 2 3 and the heat -emttifg_ bl ock 34a and 34b are dried and
c

heated (fired), thereby securely connected by the sintered substance

f ormed of . - i ; ;
med o %@ﬁlgﬁa&rppﬁg?écg@%ﬁggzﬂ ngaofb‘d:?c ointhecagdhesibench and tavk ngtBpgh

conducti vi ince ment shown in FIG 7 is structured so

that the ppgiggtaed :Pzgati 09131;%4 Fjdbeeahpaitaditsng Blsodermda anda34b

fit in the*grooves 23a and 230 in the heating elenent 23,. the area of the

contact b B\eﬁ%fléxbmfe&%mg 1§ &Eps 23 B her hems - gFobividy 2 bhoaka 34a

and 34b increases, ereby the resistance of the contact can be reduced.

| addi U 0apSidpand e B Breb!ado PAL kiedftS: Hea bilad g helgheames223a and
23b, the bonding condition between the heating el enent 23 and the

heat-em tting bl ocks3da, 806i 34beViemddte Afhesivetl Rerenrasddonged
whereby the strength of the bonding is enhanced. - 45 The structure

wher ei n t hghgLoues Arf-d@ryBdwbn the head imoa el ementt iddy awbé ke praj ect ed

portions are fornmed on the heat -emtting blocks 3 4a and 3 4b is

expl ai ned 3% anExHPIvohdeihenseeayl. enbodiwest + ihevetdrs prdwjected
portions 34c of the heat-emitting blocks 34a and 345 fit
inthegrooves23aand23b:h1theheatingelement23. After
thisfitting,theheatingelement23&nﬁ1theheat-emitting
block 34a and 34b are dried and heated (fired), thereby
securely connected by the sintered substance formed of the
carbon-based substance of the adhesive 9 and having high
conductivity.

Since the second embodiment shown in FIG. 7 is
structured so that the projected portions 34c of the
heat-emitting blocks 34a and 34b fit in the grooves 23a
and 23b in the heating element 23, the area of the contact
between the heating’' element 23 and the heat-emitting
5locks 34a and 34b increases, whereby the resistance of
the contact can be reduced.

In addition, since the projected portions 34cC
fit in the grooves 23a and 23b, the bonding condition
between the heating element 23 and the heat-emitting
blocks 34a and 34b via the adhesive 9 becomes strong,

whereby the strength of the bonding is enhanced.



present invention is not limted to this kind of structure;

and the projected portions may be formed opposite to each1otL2$ g;gSVSﬁe
nunber of each is not Ilimted to one. FIG 8 is a, partially naénified
perspective views showing still another structure of the infrared ray

| anp of the second enbodi nent, and shows the nethod of the connection
between a plate heating el enent 24 and *wo- split heat-emtting blocks 35a

and 35b. As shown ingﬁkﬁétﬁggﬁitpégﬁg%£%g5e5§éa%kgdf 4B ifd deeaVigi nity

of the end portion o g e adhesive 9 forned of a

of the end port _ nt " 24 _
ortion | HEPuBFRT AT CCLRPSIN Tol B84 tod The GLReY and. Ca hol T owed

portion a. ot her "hand, a hol | owed

step portion 35 is formed o t —em 5t ;
2t 5 posi tFORMRGr OB SRR Ho TG HEM P H o ny 18 22 SR e and 5P

projected portion 35c |s farned o ' k-Qn S '
: : hde ect ed
portion 3585 P§1Qﬁqﬁﬂigtl§ q§3%| ?%ghahZ%gﬁ%d?@éPffs in t%gbfhfgﬁgL hol e

24a formed L the, above ntioned heplhliaa barens i@rhd Beshealdmg: €} ement

24 struct uPEESES above i s sandw ched between the two

heat-em tti bl ocks, 333 5214, a8hd honfegs + ' iRy
_ : b@lsO. b8i Folri
proj ect ed tggtﬁgﬁgﬂ%%% g?dtheiﬁe % 3emttiﬁgobF%cks §g§¢and EE§5b fittPﬁ t he

through hoL%p%%ﬁé@ theheat idghekemanid 24e number of each is not
limited to one.
| FIG. 8 is a partially magnified perspective
views showing still another structure of the infrared ray
lamp of the second embodiment, and shows the method of the
connection between a plate hea;ing element 24 and two-
split heat-emitting blocks 35a and 35b.

As shown in FIG. 8, a through hole 24a is formed
in the vicinity of the end portion of the heating element
24 . TheadhesiveE?formedcﬁfaliquidcarbon—basedorganic
substance is sufficiently applied to the end portion
including this through hole 24a.

Oon the other hand, a hollowed step pertion 354
is formed on each of the heat-emitting blocks 35a and 35b
at a position for sandwiching the heating element 24. 1In
addition, a projected portion 35¢c is formed on this step
portion 35d. This projected portion 35cC is formed at a
position wherein it fits in the through hole 24a formed
in the above-mentioned heating element 24.

The heating element 24 structured as described



After this bonding, the heating elenment 24 and the heat-emttin

and 35b are dried and heated (fired), thereby securely connecteg g;o$ﬁe35a
sintered substance fornmed of the carbon-based substance of the adhesive 9
and havi ng high conductivity. Since the enbodi nent showmn in FIG 8 is
structured so that the projected portions 34c of the heat-emtting bl ocks
35a and 35b fit in the through hole -248 n the heating el enent 24, the

: :
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Pﬁgehgj?:;E??t?ﬁﬁdﬁgrggls 3EEB%§§Ldth i?éggmgéhppﬁgﬁﬁgg%ﬁﬁé g?gigﬁttgzoggg
shercby {61 T\gggﬁfﬁg e b A R R e T A
one i $3¥xdi%af Ael ¢ re?("é%ﬁggyﬁogtlgrfnc& EAlghe2ng bhgnutmbar of each

is hé enbodi nent shown in FIG 8;

however, the present invention i o kLo ted { O I $ 4&Kidydd
- t !
if an ovalAhbPE ﬁﬁ&saﬁ”gvg?n9'4fﬁlproféggeéppd%ti%%@a?% usedog?%igugfﬂ:gi

hol es and plural .projections,ar S a i f e i i
ot her for ek%Frf)Pg‘,l%sti ?a{?ggf%#ecfsyasggﬁapgg‘ E#hg Mggg\?e%e%?gﬁgfmto cach

enbodi e i
'“(E%Qe%%,oqﬁ%ngy securely connected by the sintered

substance formed of the carbon-based substance of the
adhesive 9 and having high conductivity.

Since the embodiment shown in FIG. 8 is
structured so that the projected portions 34c of the
heat-emitting blocks 35a and 35b fit in the through hole
74a in the heating element 24, the area of the contact
between the heating element 24 and the heat-emitting
blocks 35a and 35b increases, whereby the resistance of
the contact can be reduced. 7

In addition., since the projected portions 35cC
fit in the through hole 24a, the conditioﬁ of the bonding
between the heating element 24 and the heat-emitting
blocks 35a and 35b wvia the adhesive 9 becomes strong,
whereby the strength of the bonding is enhanced.

The structure wherein tne through hole and the
projected portion are circular and the number of each is
one is explained as an example in the embodiment shown in
FIG. 8: however, the present invention is not limited to

this kind of structure; if an oval hole and an oval



Furthernore, it may be possible to use the structure wherein only the
projected portion 35¢c shown in FIG 8 is fornmed into a rod shape as a
separate piece, and a through hole is formed in the step portion 35d of
each of the heat-emtting bl ocks 35a and 35b so that the rod-Ilike
projected portion is inserted into the through holes in the heat-emtting
bl ocks 35a and 35b and the thorough hot® 24a in the heating el ement 24.
Wth this structure, the heat-emtting blgﬁks 35a a 35b can fﬁfural

processed aagljlqpt%@aop@ﬁélé’é’sta‘%ﬁ '-’p?r%%lu%ﬁ RERT Bé é‘&f‘ceadl

heat-em tting bl ock fornmed of gr haV|n co du t| a

el ectrode peomiartienfctrénysed e’ﬁb‘ia’r%eﬁl%% RVED Ile é/ ar[‘é}’?l(,ﬁr_‘%? and
second enbodi nents; however; the nateria éfof the qhat egi bl ock is

not |im tedtheryréphi &ampks ous iatery of ﬁﬁ&lﬁ@ re3|§%ance up to

1200r, , good electrical conductivity and g & {E% conductivity are
appl|cableaH9Wﬁxﬂe©FaBﬁq43?Teepﬂﬂg?q(ﬁﬁ? ﬁar Tese 8 strength f or

exanple, various imaterials enhanced_in_hardne tr as a
mat-eri al obt ai ned by:%Q&FHSIE“ﬁ%ﬁblﬁE MAYN %% | gggl%bﬁﬁggaggtgwﬁanth
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a through hole is formed in the step portion 354 of each
of the heat-emitting bloéks 35a and 35b so that the
rod-like projected portion is inserted into the through
holes in the heat-emitting blocks 35a and 35b and the
thorough hole 24a in the heating element 24. With this
structure, the heat-emitting b;ocks 35a and 35b can be
processed easily, and the cost of production can be
reduced.

The heat-emitting block formed of graphite
having conductivity and an electrode terminal function is
explained as an example in the first and second
embodiments; however; the material of the heat-emitting
blockji;notlimitedxhagraphité;variousmaterialshaving
heatxesistancetu:to1200T1,gdodelectricalconductivity
and good thermal conductivity are applicable. Since
graphiteitselfis]Jnvinhardnessandstrengﬂnforexample,
various materials enhanced in hardness and strength, such
as a material obtained by mixing a carbide, a nitride, a

boride, etc. with graphite and by firing the mixture, a



of the first and second enbodi nents. In accordance with the pre

i nvention, the heating portions can be prevented fronlfusing ang Lreaking
during use for a long time, whereby it is possible to obtain an infrared
ray lamp having high reliability and long life . The infrared ray |anp of
t he present invention uses a heating egﬁnent fornmed of a carbon-based

substance and forned into a rod-like ape i '
. . pe instead of the conventional
tungsten spiral  fil nt i:nf r ¥3
_ , . I t f
rod-1 ke f@%ﬁ;a&;ﬁ?eaﬁa&a‘%&g@dﬁ# B e R o the
_ ay. em ssion rate of. L nf e ay ihka& 4 ' i :
since the %%%-W 15?1?@0%-&15%%&3&25%% a%gg gﬁgsxé négziﬁgal?%]r};grﬁg%?gr e

characteristic vvherejgget he . J&ol S{APER Qe ha sAS & d EIPRLAQUBE fld SBS, it

. . ¢ e Jipt
IS possible to redu t Ré ru?ﬁ current at the tinme when the infrared ray

| anp of the present inv t'QQ 'ﬁ furped : ;
. L R84 1A n didetei 1068, e 6 DA althio n af
ray |amp of® eﬁﬁ‘gsaern 9I %ven on isgstrucrf ured such theatp?ﬁeaﬁeatn-lg rared

emtting bl ocks having 9oad eQnducdi ¥inbbdahtedesaded to the end portions of
Fbon-base

the rod-1i% eating elenent, the resistance of the contact

bet ween the heating ¢le = et -
. ; 'E'%!(}:tordégceaﬂ:q_ttlhetﬁl@a regieliti Ngnvéntiomt the
of heating can be rehﬂce , and tenperature i%crease can be | owered, e
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during use.for a long time, whereby it is possible to obtain
an infrared ray lamp having high reliability and long life.

The infrared ray lamp of the present invention
uses a heating element formed of a carbon-based substance
and formed into a rod-like shape instead of the
conventional tungsten spiral filament, and the infrared
ray emission rate of the rod-like carbon-based substance
is high, 78 to 84%; for this reason, the infrared.ray
emissioﬁ rate of the infrared ray lamp 1is high.
Furthermore, since the rod-like carbon-based substance
has a negafive temperature characteristic wherein the
resistance lowers as the temperature rises, it is possible
to reduce the rush current at the time when the infrared
ray lamp of the present invention is turﬁed OrIl.

Furthermore, since the infrared ray lamp of the
present invention is structured such that the heat-
emittingblockshavinggoodconductivityarebondedtotﬁm
endportionsoftherod—likecarbon—basedheatingelement,

the resistance of the contact between the heating element



Furthernore, the infrared ray |lanp of the present invention has the
structure wherein the projected and recessed portions are forned between
the rod-1i ke carbon-based heating el ement and the heat-emtting bl ocks
and then bonded and fired via the carbon-based adhesive. Because of this
structure, the strength of the bonding‘ugqytions of the infrared ray | anp,

of the present invention becones high. Furthernore, since the rod-Iike

car bon- bagﬁﬁ e irg}@?@'.s it a0 $h6cReha% wad of ihei BENdelhe nfeahn

-emtting ocks ar ormed of simlar material, their thermal expansion

coefficients 9 .8@L0BSt asidMd Sipe PSR idciéapesydll evéolpwrigie, a highly
reliable 1nfrared ray lanp not™ causing any accidents, such as breakage,
during on-gff sWschingsopridivnel @6 &1HN0f i bR 1FWEilighger eehsi nce the
structure 9 gﬁ%%%}tﬂe Fo%ﬁ{ike car bon- based heating el enment and the heat -

emitting bk:%glﬁ.sd@ifii??”@%d tye t DEaf Wiy Ohiethollhe oengageenis of the
proj ected and recessed portions and by using the carbon-based adhesive is

used in the present gyweRtirRBrd! tkepoafirdired orephares wof kahiel i ty and
to raise quality at the time of the bonding. In accordance with the method
of produci ?;Q‘e@%t afrehbfibar gdsr ayel fatpuot urhe whieaseint thevento pactied i s
possi bl e 0 obtain a highly reliable infrared ray lanp characterized in
that its pawel £OHsYBRU YPoEloEsSnBORrec EIeedbbetvaddly thenrafdekikee for a

|l ong tine, and that
carbon-based heating element and the heat-emitting blocks
and then bonded and fired via the carbon-based adhesive.
Because of this structure., the strength of the bonding
portions of the infrared ray lamp of the present invention
becomes high. Furthermore, since the rod-like carbon-
based heating element and the adhesive for joining the
heat—emittingblocksareformedofsimilarmaterial,their
thermal expansion éoefficients are almost similar,
whereby it is possible to provide a highly reliable
infrared ray lamp not causing any accidents, such as
breakage, during on-off switching operation for a long
time. Furthermore, since the structure wherein the
rod-like carbon-based heating element and the heat-
emitting blocks are bonded by the fitting due to the
engagement of the projected and recessed portions and by
using the carbon-based adhesive is used in the present
invention, it is possible to enhance workability and to
raise quality at the time of the bonding.

In accordance with the method of producing the



~the heating portions are prevented fromfusing and breaking during use for
along tine; furthernore, it is possible to enhance workability and to
raise quality at the tine of the assenbly and bonding. ((Third
enbodi ment)) Next, a third enbodi ment of the present invention will be
described referring to the acconpanyingsgdraw ngs. However, the materials,
sizes, production nethods and the |ike of the enbodi nent descri bed bel ow
are only Q.Xﬁﬂﬁ@édﬁf&%r@lfﬂbﬂ)&)ﬁ @heaapredads Mnte vt ibhe ptesenioss dvaat i on.
o}

The applicabl e range the present invention is therefore not limted by
these exanplessbPalh @ahiofh By Gred iiad e pladraired show bgmagn infrared ray
lanp in accordance with the third enbodi ment of the present invention, and
part (b) igrmfdenerizew imetrat. ilus asieékorondmpdohs dagserspective
view showing the infrared ray lamp of FIG 9. However, since the central
portion of dhngefdmietmaayy amercat ther used€ost aotlohgonihet, haaddehpdr ti ons
shown in the figures, the central portion of the infrared ray lamp is not
shown in ejideaieatinhe fdguteas Bre ipfeweadeday t@mpfobinige arhdrd
enbodi ment - 51 conprises a substantially cylindrical glass tube 301,
netal foil tafestsng0fuenivarideske i iobokhlemy pormte onfudbbermaxdet his disass
tube 301, a- heating elenent 302 hernetically sealed inside the glass tube
301, heat - grd¢infebkoclesi308ce workability and to raise quality at

the time of the assembly and bonding.

{Third embodiment}

Next, a third embodiment of the present

invention will be described referring to the accompanying

drawings. However, the materials, sizes, production

methods and the like of the embodiment described below are

only examples preferable for an embodiment of the present

invention. The applicable range of the present invention

is therefore not limited by these examples.

Part (a) of FIG. 9 is a plan view showing an

infrared ray lamp in accordance with the third embodiment

of the present invention, and part (b) is a front view

thereof. In addition, FIG. 10 is a perspective view

showing the infrared ray lamp of FIG. 9. However, since

the central portion of the infrared ray lamp can be

understood from both side portions shown in the figures,

the central portion of the infrared ray lamp is not shown

in either of the figures.

The infrared ray lamp of the third embodiment



secured to both end portions of the heating el enent 302, internal |ead
wires 304 for connecting the heat-emtting blocks 303 to the netal foi
sheets 305, and external |lead wres 306 for connecting the netal foi
sheets 305 to an external electric circuit. The glass tube 301 is forned
of quartz glass. The cylindrical portion of the glass tube 301 is about 10
mmin outside dianmeter, about | nmin B6Ri ckness and about 360 mmin

| engt h. The sealing portions 301c at both ends of the cylindrigal portion
-are each ¢ompedsie® ca aspbatentckabby sHd iM% gah Qg(ésl%\ﬁ%eag%s’pheri c

pressure is filled inside the cylindrical portion. The heﬁti ng ?{Ioelrrgnt 302
is formed métal Eeridomheaes 20bseaReddeshditsATY: P4 RYXELPE S
crystallized carbon such as graphite, a resistance, v adj ust

subst ance sficthhs alassrogef T¥hpdiRd B9 eﬁ%?%ﬁﬂﬁsg‘égﬁb%ﬂméﬁﬁggﬁqust ance
val ue adj ustnent substance is m xed to_adj ust hewéﬁ:tsg .stag)[c]g q{st:n%
heating ebemded 308idEnt&er gdnstahibevif e DRSS THSANEe® 15  used

to make the resistance value of the heatin | ement . higher t t of a
heating el epemrefdrifed VL odt§ PRELHEARS -Ofgé’%erﬂgeﬁﬁé?ﬁnﬁfsfngﬁe@ntf 2 in
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and a | eng%go%fksag%u:; t% (1):1'1% rTentalib\Q%\Jlﬁ.r lsl'mteré&s 305, and external lead
wires 306 for connecting the metal foil sheets 305 to an
external electric circuit.

The glass tube 301 is formed of guartz glass.
The éylindrical portion of the glass tube 301 is about 10
mm in outside diameter, about 1 mm in thickness and about
360 mm in length. The sealing portions 301lc at both ends
of the cylindrical portion-are each formed into a plate
shape. and an argon gas haviné atmospheric pressure is
filled inside the cylindrical portion.

The heating element 302 is formed of a
carbon-based substance consisting of a mixture of
crystallized carbon such as graphite, a resistance value
adjustment substance such as a nitrogen compound and
amorphous carbon. The resistance value adjustment
substance is mixed to adjust the resistance of the heating
element 302. This resistance value adjustment substance
is used to make the resistance value c_:f the heating element

highér than that of a heating element formed of only

carbon.



pl ate heating el enment 302 having a wwdth T of 6.0 mm 12t) is shown in
FIGS. 9 and 10. The heat-emtting bl ocks 303 secured to both end portions
of the heating elenment 302 are forned of a carbon-based substance sinm|lar
to that of the heating elenment 302. The shape of the heat-emtting bl ock
303 has a substantially cylindrical shape having about 6 nmin dianeter
and about 20 mmin length. A slit 303a%2in which the |ongitudinal end

portion of the heating element 2 is inserted, is forr%d in th% er;h_q1 ace
af &

303b of the heat- enfhé¢imngablidek eSogneppodld L8 AREARLTTRG B 02 so
as to pass through its center. The heating elenent 2 is fitt?geisr%o this
slit 303a tanckaeenbedimen hehnsat- BHALE fhaBE oRRVIGY i IFRFESSAT T ead

wire 304 is wound tightly around the central portiqgn of the heat\-em.tting
bl ock 303,0f theseln.f ar nidirdta €l @§e—10c9nt“5‘t‘:t(T)ogFi)on%?Oszér.'mTﬁé sty <t

cross-sectional area of the heat-emtting_  block 803 S uLf iv%ir_entélyel ar ger
than the of osam slectlizinalandred efidtheehetehny 2P BAe 302YEd56ut ni ne

times or nmore in the third enbodi nent). The resi_s(%%Pc,F val ye jof h{sz heat
-enitting platk Bedtiimg hekerend sifHE iRFEHEFy3siE tPan tfe resl st ance

-val ue of the heating el ement 302. As 53 3resu|t, when a current flows
through t hez heatiisngretemehn FIES and 8RE Héating el ement 302 gener at es

Ut ci ontl'y small or ThahoPRaC t  ABSHOLET G €7 rtre ags Lo ¥ tnidna
portions of the heating element 302 are formed of a
carbon-based substance similar to that of the heating
element 302. The shape of the heat-emitting block 303 has
a substantially cylindrical shape having about 6 mm in
diamefer and about 20 mm in length. A slit 303a, in which
the longitudinal end portion of the heating element 2 is
inserted, is formed in the end face 303b of the heat-
emitting block 303 opposed to the heating element 302 so
as to pass through its center. The heating element 2 1s
fittedintothisslit303aandsecured1x)theheat-emittipg
.block 303. The internal lead wire 304 1is wound tightly
around the central portion of the heat-emitting block 303,
thereby forming a close-contact portion 304a.

The cross-sectional area of the heat-emitting
block 303 isrsufficiently'larger than the cross-sectional'
area of the heating element 302 (about nine times or more
in the third embodiment). The resistance value of the
heat-emitting block 303 1is therefore sufficiently smaller

than tﬁe resistance value of the heating element 302. As



and negligible as described later. In addition, although heat is
transmtted fromthe heating elenent 302 to the heat-emtting block 303,
part of the heat is emtted from the surface of the heat-emtting bl ock
303. As a result, the amount of the heat transmtted fromthe

heat-em tting block 303 to the internal lead wire 304 is very scarce, and
the internal lead wire 304 is therefor® not overheated. The internal |ead

wire 304 is forned of nolybdenum qr tungsten, .and j : ' i f
About - 0. a7remiit i 8rSOTRENEAIR TPEay Al PooRs Y Yl gent "€ 0

spiral - coil

portion 30 4b followng the clo - Cco t_port i n ound
the heat 36 @mdhd e Jtk2B8HRY ?ﬁr@"ﬁﬂ‘f §@€§$HEBSF%%O%%§§§b ?@glg?gg:r t han

the cl ose-contact portion 304a by about.0. 5 to ! laejer, and is
provi ded gereratbope atodital NGATH e ‘éje‘ﬁgepigﬁjks%o@ %gS%elat -enitting

bl ock 303. Th i ral il ti 304b is di ‘ i d
ace of i Hok Lentdsn AG B0k G By 3 B G BFR ae & L BRes S0 ha

stance so that it
can expand and contract |ike a coil L in daad i r ' t he
heat - eni tanh@asilotkiB48 2F r{fea%i‘aﬁ‘ilo&‘?,sggtg Tl G ofl; TECERBAL

ne end of the 1 nternal | ead wire

304 is secured to the netal foil_sheet 305 by. gcrLiRiddht Aobheot it of
assenbl y, hawt i hEeFRF S t%\ﬁgrlﬁ‘go-m %&Le gbef%hngo#ggsi des are pulled so
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secur ed. the surface of the heat-emitting block 303. As a rresult,
the amount of the heat transmitted from the heat-emitting
block 303 to the internal lead wire 104 is very scarce,
and the internal lead wire 304 is therefore not overheated.

The internal lead wire 304 is formed of

molybdenum or tungsten, and is a conductive wire of about
0.7 mm in diameter. The internal lead wire 304 has a spiral
coil portion 304Db following the close-contact portion 304a
wound around the heat-emitting block 303. The spiral coil
portion 304b is larger than the close-contact porltion 304a
by about 0.5 to 1.0 mm in diameter, and is provided so as
to be coaxial with the center axis of the heat-emitting
block 303. The spiral coil portion 304b is disposed away
from the side face of the heat-emitting block 303 by a
predetermined distance so that it can expand and contract
like a coil spring in the axial direction of the heat-
emitting block 303. In addition, one end of the internal

lead wire 304 is secured to the metal foil sheet 305 by

crimping. At the time of assembly, the internal lead wires



As described above, in the third enbodinment, the heating element 302 is
electrically connected to the nmetal foil sheets 305, and pulled
appropriately to both sides thereof by the internal |ead wires 304,

t hereby secured stably. At this tinme, the heating elenment 302 is secured
so that the center line of the heating.glement 302 in the Iongitudinal
direction thereof is aligned with the genfer axis of the glass tube 301.

| n addition, W) $PLEA 1AL aPer bl P4, And A% abAteE NBheheBd clirlds S04

has a function descri be | ow. cribed |ater, when a current flows

through the nﬁ%%irag?alrﬁ' § t%é%ai\aﬁyi he, hgat i Bg galtaIet a 8021 gerariad®s

heat, the es of the heating el enent 302 and the glass tube 301

are rai sedcgf n b feshﬁ%&m%ie]dlénghqnw&oewetﬁal he®HANG| ODembintt G2t i e,

a thermal r'ess occurs tween the heating elenment 302 and the glass tub
_ e

301 becaugﬁso; E@gq?‘fference bet ween .t heir thermal expansion )

coefficients. TRr'S thermal stress is absorbed by the elasticity of the

spiral coil portion 3Q4p.sBeGaesradbvd hiih sheUEhila, ehBolitmdrt | tkhe
enbodi ment, the connection between the heat-emtting block 303 and the

metal foi lheéPfﬁ%} 395meina: Blae L Bterdat rliead W o rict sdns tipaicteall- 55
by the thermal sfress. The netal foil sheet 305 is a nol ybdenumfoil sheet

measuri ng @hpyt B R HY3 &'s Makit ?ulQZadTT’&}_ﬁPthlfﬁﬁﬂse )y . toThe tinmerdé sad
wire 304 is secured to one end of the netal ,
thereof by the internal lead wires 304, thereby secured
stably. At this time, the heating element 302 is secured
so that the center line of the heating element 302 in the
longitudinal direction thefeof is aligned with the center
axis of the glass tube 301.

In addition, the spiral coil portion 304b of the
internal lead wire 304 has a function described below. As
described later, when a curfent flows through the heating
elemént 302 and the heating element 302 generates heat.,
the temperatures of the heating element 302 and the glass
tube 301 are raised by the heat, and they undergo thermal
expansion. At this time, a thermal stress occurs between
the heating element 302 and the glass tube 301 because of
the difference between their thermal expansion
coefficieﬁts. This thermal stress is absorbed by the
elasticity of the spiral coil portion 304b. Because of
this structure, in the third embodiment, the connection
between the heat-emitting block 303 and the metal foil

sheet 305 via the internal lead wire 304 is not impaired



foil sheet 305, and the external lead wire 306 is secured to the other end
thereof. The external lead wire 306 is fornmed of nolybdenum and wel ded to
the netal foil sheet 305. Wien a voltage is applied to the heating el ement
302 via the external lead wires 306, a current flows through the heating
el ement 302. Since the heating elenment_302 has a resistance, heat

gener at es fronlthe heati ng el enent 302° At this time, the heating el enent

302 enmts |nf P of FIG 11 is a graph show ng the
di strlbutll?)‘lﬁ g:hoefly’?%]é gi&%ee%%%ty of the infrared rays emtted fromthe

heating el errent 302 gg?ﬁe %r@lo fn‘gﬁg EMgg P 5t a(g)) ;{/ (Férguml pws t he

cross section of th por |on of 1 He |n rare anp o e third

enbodi ment hav%ﬂ?eéggﬁq%ﬁ}fqgﬁﬁé ort gona ﬁ)Q?QrMn(Q§§§cﬁB%@% n the

parts (a) ha® ordi hat e ‘axes on a pl ane

per pend c%ﬁr $9n800 84kl 8681 LN 0F e B R0Rbia0 BN, KA ASTONN | 1

FIG 10 S (a the origin O corresponds

to the cenistaxhaed! sbe Q%fattt SLeBH o g%aanwibs §b@plhs gbdepart

(a) of FI € valués in t e r directions designate the

em ssi on 'ﬁ Pﬁétx 8k Mg J!}Ié@ésé " ofie and e val agd Arkh&os is

circunfer ial drrections designate angles with respect to the center

axi s on th?oPk@B?o&eHﬂﬁﬂfﬁﬁghﬁh hod e pxéal 8 tad it Hf foil sheet
305.

When a voltage is applied to the heating element
302 via the external lead wires 306, a current flows
through the heating element 302. Since the heating
element 302 has a resistance, heat generates from the
heating element 302. At this time, the heating element
302 emits infrared rays.

Part (a) of FIG. 11 is a graph showing the.
distribution curve of the intensity of the infrared rays
emitted from the heating element 302 of the third
embodiment. Part (b) of FIG. 11 shows the cross section
ofthecentralportionoftheinfraredraylampcﬁfthethird
embodiment having the heating element 302. The x and ¥
axes shown in the parts (a) and (b} of FIG. 11 are orthogonal
coordinate axes on a plane perpendicular to the axial
direction of the heating element 302 shown in FIG. 10. In
the parts (a) and (b) of FIG. 11, the origin 0 corresponds
to the center axis of the heating element 302. 1In the graph

of the part (a) of FIG. 1l, the values in the radial



the heating el enent 302. These angles are designated by angles fromthe
positive direction of the x axis. The thick solid line 307a, the thin solid
line 307b and the broken Iine 307c in the part (a) of FIG 11 designate
the intensity distribution curves in the case when the width T of the
heating elenent 302 is 6.0 mMmm 2.5 mmand 1.0 mm respectively. Since the
t hi ckness (t) of the heating el enent Is 0.5 mm the intensity

di stributi g eWe, 3078 eisS 3Pd 86 nedlel Rotiies £aae iwradn é ey wiedithe (6.0 M)
of the heating elenent 302 1s 12t, the intensity distribution curve 307b

i s_obt ai nedpien £eq Cf‘ﬁ?s Whetg t bReWrdliinels (2n5tM8 of réheebeabitga el ement
302 is 5t, and the infensity distribution curve 307c is obtained in the

case when pheMWidnd GLsidhavd ahqliees Rhepthng et i@nt to308el céditekn the
third enbodinent, the intensity distribution curves 307a, 307b and 307c

ver e neasupgd A%n ¢ascHibkek kel gyen&icala@ teonsanlx bl dge dsiappbited to
a 600W infrared ray lanp, and infrared rays are emtted fromthe infrared

ray |anp. 'tﬂeah%(H\ﬂiﬂ%Oélléﬁéhﬁti nanf r anack & aysglalse agn dead Junatethby

infrared ray |lanmp stably, the amobunt - 57 of the infrared rays is neasured

at a posit harilesat edma t NS &bt idestda@ncec { abauto 80fhamk awdy from t he

center line (the origin O of FIG 11) of the heating elenent 302 in a

di rection perpendi culAiettriekosoAtid Niimd i h@7athéhe thin solid line
307b and the broken line 307c¢ in the part (a) of FIG. 11
designate the intensity distribution curves in the case
when the width T of the heating element 302 is 6.0 mm, 2.5
mm and 1.0 mm, respectively. Since the thickness (t) of
the heating element 302 is 0.5 mm, the intensity
distribution curve 307a is obtained in the case when the
width T (6.0 mm) of the heating element 302 is 12t, the
intensity distribution curve 307b is obtained in the case
when the width T (2.5 mm) of the heating element 302 is
5t, and the intensity distribution curve 307c is obtained
in the case when the width T (1.0 mm) of the heating element
302 is 2¢t.

In the third embodiment, the intensity
distribution curves 307a, 307b and 307c were measured as
described below.

First, a constant voltage is applied to a 600W
infrared ray lamp, and infrared rays are emitted from the

infrared ray lamp. In a condition wherein infrared rays

are emitted from the infrared ray lamp stably, the amount



anount of infrared rays reaching a predetermined mnute area at a
predeterm ned position is neasured. This neasurenent is repeated while the
angle with respect to the heating elenent 302 is changed, with the

di stance from the origin O being nmaintained constant. As the result of
this nmeasurenent, the intensity distribution curves 307a, 307b and 307c
shown in the part (a) of FIG 11 were %btained. As indicated by the
intensity distribution curves 307a, 307b and 307c shown in thetpa t_(a) of
FIG 11, dseih rectracey ohyshdd merstEodoftt BePOFYHH 2D +878 ee(in'ft‘ted

fromthe heating el enent 302 becones hi gher as the r%b%P of %g$\M&gh Tto
the thi cknessstaat dhsthestd hgbostteF@h TP )barevet TIRTHREE CHRGT T B1"F n

particular, that 1is, when the ratio of the width T to the t@i%%ﬂFant S
five or nofenet beigiinsg @f iMt@nsidy iof the yheaRfdnd et ToRb s

significantly lower than that in the x axis directiogu Vﬁgn the i afrared
rays are eqi dieectuiequaléypasdigasedt bbaegBSfe, o EREMpI*e™Swheri only a

predetermined region is desired to be heated, the region.shaqu | aced
on the X axihsun®nofhd ndoraradyrayfie SGMBL R Hed pP EGESE '%ééeﬁeﬁiﬁﬁ?g not

desired to be heated, the - 58 region should be @Iacequgg t thaXiS- As a
result, inartheathia drededemevimned ROEH IO T nPEASITY can have

Convent | onabaswremest 155 FARBGTGMITHLE nphe andTs WEEH cEepdde to
the heating element 302ji;changed,‘with the distance from
the origin 0 being maintained constant. As the result of
this measurement, the intensity distribution curves 307a,
307band307cshowninthepart(a)ofEﬂIL 11 were obtained.

As indicated by the intensity distribution
curves 307a, 307b and 307c shown in the part fa) of FIG.
11, the directivity of the intensity of the infrared rays
emitted from the heating element 302 becomes higher as the
ratio of the width T to the thickness t of the heating
element 2 becomes higher. WhenT = 5t in particular, that
is, when the ratio of the width T to the thickness t is
five or more, the emission intensity in the y axis
direction is significantly lower than that in the x axis
directibn.

When the infrared rays are emitted unegually as
described above, for example, when only a predetermined
region is desired to be heated, the region should be placed
on the x axis. On the contrary, when only the

rpredetermined region is not desired to be heated,.the



above-nentioned FIGS. 25 and 26 is not provided. The heating el enent 302 of
the third enbodinment 1is fornmed of a carbon-based substance consisting of a
m xture of crystallized carbon such as graphite, a resistance val ue

adj ust mrent substance such as a nitrogen conpound and anor phous carbon. As
descri bed above, the carbon-based substance used as the material of the
heating elenent 302 has an infrared r2¥ em ssion rate higher than those
of the conventional nichrome and tungsten. For this reasaon, d\qr‘ugn tlr;}e

_car bon- basedisubsshouddi deugdpragd; R theatY riiFtfeneft S0F GBI thHe iMfrared
ray lanp, the efficiency of the em ssion fromthe heat ch,g {alne 0t, 302 is
hi gher t hamet hoserfr embosi kRt entilth M heStPRg TR ERRACY. Fut ther ror e,

since the resistance value of the heating elepent 302 of _t hi,r.
embodi nentdiirse dit et yt.hawen fds&ush tahé'eégﬁfei?ﬂ?'&n%faﬁga?lsngﬁg}tekg%%, even

if the surface area of the heating el ement _having th ape ofy.a rod, a s
plate or tiver | the iconyiedltepnthadtHode® frtaﬁ’e\iac“g%v ﬁ ?ngna% hgg'?i ng |

el enents, the heating elenent can _emnmt .infrared ray L suf ficient

i nt ensi t y.atksva-meagdioned; %E@Sth@%u‘?"?gcgﬁarl@a %?étﬁgg%\éadt%g el enent 302
- 59 is smaller than those of the convenjion eat I Ok merdieat

enmi ssion fromthe heBRPngefeREht ?Bn:{(%g Ogéasﬁegﬁeg{}g%&t ﬁe el er,r?eent is
S e e Y o G Vb e L e U ubd 1iRle LAY YL 1/ §Mokhe heat i ng

mixture of crystallized carbon.such as graphite, a
resistance value adjustment substancé such as a nitrogen
compound and amorphous carbon. As described above, the
carbon-based substance used as the material of the heating
element 302 has an infréred ray emission rate higher than
thomaoftheconventionalnichromeandtungsten. For this
reason, when the carbon-based substance is used as the
heating element 302 of the infrared ray lamp. the
efficiency of the emission from the heating element 302
is higher than those from the conventional heating
elements. |

Furthermore, since the resistance value of the
heating element 302 of the third embodiment is higher than
those of the conventional heating elements, even if the
surface area of the heating element having the shape of
a rod, a plate or the like is smaller than those of the
conventional heating elements, the heating element can
emit infrared rays having sufficient intensity. As &

result, since the surface area of the heating element 302



restricted. Because of the above-nentioned reasons, when a constant
voltage is applied to the -infrared ray lanp, the emssion intensity of
the third enbodi nent shown in the part (a) of FIG 11 is about 20 to 30%
hi gher than the em ssion intensity, shown in the part (a) of the
above-nentioned FIG 24, of the conventional infrared ray |anp having the
heating el ement 240 formed of nichrone sy -tungsten. In the part (a) of
FIG 11 and the part (a) of FIG 24, the concentric gradations for the
em ssion iistemaililyn tdacatirosemf dhea nbernsintyionalldeatespgeziemenyts,
However, the fact that the heating elenent 302 is fornmed of the
car bon- bastadatubst assdons fimaim esBenthicating ¢hempmdsei®2i heertheongakven i f
the heating elenent 302 is formed of the conventional nichrone or
tungst en, whemrndéhw dibmEndf ishecheati, ghereivane £ 802 liendargaiuchannits
thickness t by five tinmes or nore, it is possible to obtain em ssion
intensity daei ngp shiehtr elmdtssdety Airgh tdia eeedting aslemess i39H chsed by
the intensity direction curves 307a and 307b shown in the part (a) of FIG
11. - 60 AesHoughtetle heating el enment 302 of the third enbodi nent forned
integrally into the shape of a rod or plate is explained as an exanpl e,
the heating el enent decahwsepefsthe mheystimantioned KeAIERS t oWhENs &k nd
of shape;

P constant voltage is applied to the infrared ray lamp, the

emission intensity of the third embodiment shown in the
part {a) of FIG. 11 is about 20 to 30% higher than the
emission intensity, shown in the part (a) of the
above-mentioned FIG. 24, of the conventional infrared ray
lamp having the heating element 240 formed of nichrome or
tungsten;

In the part (a) of FIG. 11 and the part (a) of
FIG. 24, the concentric gradations for the emission
intensity indicate similar intensity wvalues
respeétively.

However, the fact that the heating element 302
is formed of the carbon-based substance is not essential
in the present invention. Even if the heating element 302
is formed of the conventional nichrome or tungsten, when
the width T of the heating element 302 is larger than its
thickness t by five times or more, it is possible to obtain
emission intensity having such relatively high
directivit?’asthose indicated by the intensity direction

curves 307a and 307b shown in the part (a) of FIG. 11.



a bundl e obtained by binding plural rod-like nenbers for exanple may be
used as a whole to forma heating nenber. Furthernore, although the
infrared ray |lanp of the third enbodi ment having the em ssion bl ocks 303
is explained as an exanple, the present inventionis not |imted to this
ki nd of structure. In the case when the anount of the heat transmtted
fromthe heating elenent to the interm& dead wires is scarce to the
extent that the internal lead wires are not overheated for exanple in

accordance with the dpethéught itdres hdabhngned@mant ajOLanp, thhetBirdGeture
wherein the enission blocks are omtted is also applicable. ((Fourth
enmbodi ment kbkekitme mt f Harme derbotie geal 1of irtHeo pregefbhapenwdhtd ofedi PE be
described referring to the acconpanying draw ngs.. However, the materials,
si zes, progilattieon.s retthbainedd ashan ierendle het BAHBERATEMT FkPEBEICBel ow
are only exanples preferable for an enbodi ment of the ﬁ(esent I nventi on.
The appl i cabkepresga tofiniven ok eBerd Nol dAMidiedite thésekbnd AG(SRRRPFed by
these exanples. Part (a) of FIG 12 is a plan view showing an infrared ray
| anp in aceobdadde witaineds byr PANGHgileiFal B2d-dilikehdgRReERt For

i nvention, and part (b) is a front view_thereof. In addition, FIG 13 is a
per spect i vexvinaie Jhawi R BRES & & ks tanhobl f Beati i dNRURAT “si nce
the central portion of the infrared ray |anp can‘b%

Furthermore, although the infrared ray lamp of
the third embodiment having the emission blocks 303 1is
explained as an example, the present invention is not
limited to this kind of structure. In the case when the
amount of the heat transmitted from the heating element
to the internal lead wires is scarce to the extent that
the internal lead wires are not overheated for example in
accordance with the specifications of an infrared ray lamp,
the structure wherein the emission blocks are omitted is
also applicable.

{Fourth embodiment)

Next, a fourth embodiment of the present
invention will be described referring to the accompanying
drawings. However, the materials, sizes, production
methods and the like of the embodiment described below are
only examples preferable for an embodiment of the present
invention. The applicable range of the present invention
is therefore not limited by these examples.

Part (a) of FIG. 12 is a plan view showing an

infrared ray lamp in accordance with the fourth embodiment



understood from both side portions showm in the figures, the central
portion of the infrared ray lanp is not shown in either of the figures.
Furthernore, in the fourth enbodi nent, simlar conponents as those of the
third enbodi mrent shown in FIGS. 9 and 10 are designated by the sane
nunerals, and their explanations are omtted. The infrared ray |anp of the
fourth enbodinment has a reflection f4l6h 301la f or infrared rays in a
constant range on the external face of the glass tube 301 as shown in
FIGS. 12 ané Ide ipregenti davanthenst aidt Rarbf (Ple 1 A rEreffodi @t . The
reflection f 1Im30 la is a_%qld thin filmevaporated on the external face
of the gl atbergsE 30N sadditi®@maRIa-t ABckifests BETERGHRT 5% VFRis
reflection film 301a reflects about 70% of the infrared r%ys emtted from
t he heati ngheWdmehtthgodinfmasedwhay nt e L 1DIGndl 213, HPWE VS| LR OR film
301a is disposed between the heat-emtting bl ocks 303 provided on both
sides, in theecenkras, pairdgcTedeht thepdd F%eépﬁé‘é?edl%ﬁljtﬁénl i%ht -
emtting portion of the heati ntlg1 element 302 in the |oqngi ii‘IUdi nal direction
t her eof . Thndems1ed | BROM| PAtN3g1den RO T 1QRF SROWPNAR £ SHEES8nd the
internal face - 62 of the reflection film301la is disposed so ashto be
opposed t heheewtdarl §1€drét%aee‘i’ﬁo‘?%eo%“-ffﬁé‘%&ﬁi’ng Rich"S0ZR0%8rt (a)

of FIG 14 is a ggaph showi ngfjthe di stribution curve 307d of the intensity
of the inffifr&dther of the Tigures.

Furthermore, in the fourth embodiment, similar
components as those of the third embodiment shown in FIGS.
9 and 10 are designated by the same numerals, and their
explanations are omitted.

The infrared ray lamp of the fourth embodiment
has a reflection £ilm 30la for infrared rays in a constant
range on the external face of the glass tube 301 as shown
in FIGS. 12 and 13, in addition to the structure of the
third embodiment. The reflection £ilm 30la is a golc?. thin
film evaporated on the external face of the glass tube 301
so as to have a thickness of about 54m. This reflection
£ilm 30la reflects about 70% of the infrared rays emitted
from the heating element 302. As shown in FIGS. 12 and
13, the reflection f£ilm 30la is disposed between the
heat-emitting blocks 303 provided on both sides, in other
words, disposed at a position opposed to the light-
emitting portion of the heating element 302 in the
longitudinal direction the;eof. This reflection film

30la has a semi-cylindrical shape, and the internal face



rays emtted fromthe heating el enent 302 of the fourth enbodinent. Part
(b) of FIG 14 shows the cross section of the central portion of the
infrared ray |anp of the fourth enbodi nent having the heating el enent 302.
The x and y axes shown in the parts (a) and (b) of FIG 14 are orthogonal
coordi nate axes on a plane perpendicular to the axial direction of the
heating el ement 302 shown in FIG 13 gm-the parts (a) and (b) of FIG 14,
the origin O corresponds to the center axis of the heating el enent 302.

In the pargs (e i FeEtidbs filem Balleedsidisheseaddsal asdie &g o@Pe $€i gnat e
the em ssion intensity of the infrared rays, and the values in the

ci rcunf erepgi ahe diircet i 9n&edEsicgnai®2angf eshei hie atebpeceledetiie T@At er
axis on the plane perpendicular to the axial direction of the heating

el ement 302. These amgiras gap OESIEHIGL etl4bis angmaphr smorH poshei ve
direction of the x axis. The concentric gradations for the em ssion

intensity gnsthabperon(aprok BOGA DE it datkenhdtyand ileuds fgraxad
gradations in the part (a) of FIG 11. In addition, a constantﬁggwer of 600
Wis appliedyst @nietéaf faved ttey henbingi ademaret n2@3upénéRe FAWSED is
the sane as that of the third enbodinent, its - 63 explanation is omtted.
As i ndi cat egibloyd tren t nt ePaicty (#i)stof FUEG ol £ {Vews3bRg FEOSHe SRFELPR) of
FIG 14, the infrared rays from the heating el ement 302 are em tted nost
i ntensely bif tiee central portion of the infrared ray lamp of the
fourth embodiment having the heating element 302. The x
and v axes shown in the parts (a) and (b} of FIG. 14 are
orthogohalcoordinateaxescniaplaneperpendicular1x)the
axial direction of the heating element 302 shown in FIG.
13. In the parts (a) and (b) of FIG. 14, the origin 0
corresponds to the center axis of the heating element 302.
In the parts (a) of FIG. 14, the values in the radial
directions designate the emission intensity of the
infrared rays, and the values in the circumferential
directions designate angles with respect to the center
axis on the plane perpendicular to the axial direction of
the heating element 302. These angles are designated by
angles from the positive direction of the x axis. The
concentric gradations for the emission intensity in the
part (a) of FIG. 14 indicate the same values of the
gradations in the part (a) of FIG. 11.
In addition, a constant power of 600 W is applied

to the infrared ray lamp. Since the measurement method

is the same as that of the third embodiment, its



positive direction of the x. axis, that is, in a direction opposite to the
reflection plate 301a with respect to the heating elenent 302 (the right
direction in the part (b) of FIG 14) . The nmaxi numem ssion intensity is
about 1. 5 tinmes as high as that of the infrared ray |lanp of the third
enbodi nent. On the other hand, the infrared rays fromthe heating el enment
302 are hardly emtted in the negativegadi.rection of the x axis, that is,
in the direction wherein the infrared rays are shielded by the reflection
film30la ofhnaheilaf tigismctitedin the part (b) of FIG 14). Wen the
intensity distribution curve 307d in the part (a) of FIG 14 is conpared
with the conventionahs imdeoaitieyd Hiysthe buttieoms copvil 271 Lbndiican €d1gveE t he
part (a) of FIG 26, the emission intensity in the conventional intensity
di stributipm7aunve tdél gerisupalantti #TG. ubdfothe iimfrawed zAYISe f=eM@e near
an area in the positive direction of the x axis. On the other hand, in the
case of thenkoyshhingThadimeant 30 hemeiessi bhednnensi L tgmackiy | in |ThHRrs as
the distance fromthe x axis in the positive direction thereof increases.
As a resul postita venidasieant iohensi titei n akes.fbbathienbéd Aefd Ko ke fer
than that of the conventional - 64 exanple, and the range wherein the
intensity §gporEs e tomanienmefiaaeion pheteodfill wisddiresRect st adkRever
than that 1n the conventional exanple. The infrared ray | anp oftthg fourth

enbodi mentheating element 302 (the right direction .in the par
of FIG. 14). The maximum emission intensity is about 1.5
times as high as that of the infrared ray lamp of the third
embodiment.
on the other hand, the infrared rays from the
heating element 302 are hardly emitted in the negative
direction of the x axis, that is, in the direction wherein
the infrared rays are shielded by the reflection film 301la
(in the left direction in the part (b) of FIG. 14).
| When tﬁe intensity distribution curve 307d in
the part (a) of FIG. 14 is compared with the conventional
intensity distribution curve 271 indicated in the part {a)
of FIG. 26, the emission intensity in the conventional
intensity distribution curve 271 is substantially uniform
in a wide angle range near an area in the positive direction
of the x axis. On the other hand, in the case of the fourth
embodiment, the emission infensity gradually lowers as the
distance from the x axis in the positive direction thereof
increases. As a result, the emission intensity in the

fourth embodiment is larger than that of the conventional



Is thus suited to a case wherein an object disposed in the positive
direction of the x axis is locally heated for exanple. In the infrared ray
| anp of the fourth enbodinment , the reflection film30la is produced in
accordance with the follow ng form ng process. (1) The glass tube 301 is
formed into a cylindrical shape. (Step 1) (2) The heating el emrent 302 and
the like are disposed inside the gl ass4 ube 301, and the glass tube 301
is hernmetically sealed. (Step 2) (3) Gold is evaporated on the external
face of tbgagipdss, tahd 30k tthengbywhefeikm the defiesciitn Peceretlaa
(Step 3) By formng the reflection film 301la as described above, the
refl ecti onmhiklimBOlsatas he toerdgbbythsengodicenikt s naprshags dihane
gl ass tube 301. As a result, the reflection film 301a having an accurate
sem --cyl i nelmitcaln shapeoccarereiéopdedxasply. In the above-nenti oned
process for formng the reflection film 301a, step 3 may be carried out
before step 2. - 65 Thetirfrered whay refmMenf dmdé ifensbhaemkp Banensr med
by transfer or the like, instead of evaporation. 1In this case, transfer is
carri ed oufisagshdessuiilied bel ancag®) wherisdnuea ob jeast iigpededntingtass is
f or med

positive direction of the x axis is locally heated for

example.

| In the infrared ray lamp of the fourth embodiment,
the reflection film 301la is produced in accordance with
the following forming process.

(1) The glass tube 301 is formed into a
cylindrical shape. (Step 1)

{2) The heating element 302 and the like are
disposed inside the glass tube 301, and the glass tube 301
is hermetically sealed. (Step 2)

(3) Gold is evaporatéd on the external face of
theglasstube301therebytoformthereflectionfilm301a.
{Step 3)

By forming the reflection film 301a as described‘
above, the reflection film 30la can.be.formed by using the
eﬁternal shape of the glass tube 301. As a result, the
raflection £ilm 30la having an accurate semi-cylindrical
shape can be formed easily.

In the above-mentioned process for forming the

reflection £ilm 30la, step 3 may be carried out before step

2.



into a filmand bonded to the surface of the glass tube 301. (2) The film
bonded to the surface of the glass tube 301 is baked thereby to vaporize
the resin included in the film Transfer is carried out as descri bed
above, and a gold filmis formed on the surface of the glass tube 301.
Since the internal face of the reflection film30la in the fourth

enbodi nent, used as a reflection face, gg s- nade cl ose contact with the

external face of the glass tube 301 , the internal face does not nake
contact with the ai Fuldthéhmocenyeniheonelf liedfrondfidy [Hhbasheyn be t he
above-nentioned FIG .25, the reflection plate 280 is disposed with a
predet er m gednsEhcey ptoahdded f raam the ljkess insdee201¢£f evapiatieason, the
reflection face of the reflection plate 280 is stained with adherents and
the |ike frobhtlkecautsi desarhofieveis ¢arsikidndudf apr dblsemitasd thedbawsol ved
in the fourth enbodinent. In the fourth enbodinent, the reflection film
301a is forned into t{He) shajixtofre hef edasimalgébdcant ghassglaskormbe 301,
that is, a sem-cylindrical shape, and is nmintained in the shape. The
refl ecti onihidomacaii re an@6boraled at aetihat ssuifsteat P&l thesigdidag Shlge for
a longer tine than the reflection plate 280 used for the conventional
infrared rapl.anp. As descri bed above, in the fourth enbodi nent,

(2) The £ilm bonded to the surface of the glass
tube 301 is baked thereby to vaporize the resin included
in the film.

Transfer is carried out as described above, and
a gold £ilm is formed on the surface of the glass tube 301.

Since the internal face of the reflection film
301a in the fourth embodiment, used as a reflection face,
is made close contact with the external face of the glass
tube 301, the internal face does not make contact with the
air. In the conventional infrared ray lamp shown in the
above-mentioned FIG. 25, the reflection plate 280 is
disposed with a predetermined ;pace provided from the
glass tube 201; for this reason, the reflection face of
the reflection plate 280 is stained with adherents and the
like from the outside; however, this kind of problem ﬁas
been solved in the fourth embodiment.

In-the fourth embodiment, the reflection film
30la is formed into the shape of the external face of the
glass tube 301, that is, a semi-cylindrical shape, and ié

maintained in the shape. The reflection film can be



the reflection film30la is maintained for a long tine, and the
reflectivity of its reflection face does not lower. The infrared ray |anp
of the fourth embodiment therefore naintains its good characteristics for
a longer time in conparison with the structure wherein the reflection
plate 280 is installed in the conventignal infrared ray lanmp. In the
fourth enbodi nent, the structure V\herels%n the reflection film30la is

formed on the g.j,aternﬁe fgragsglenféaabsaqll 355 dithpa 201 1iap dlogsti hed oty

e>r<]arrple; hB e inventidn is not Iimted to this structure;
the Str“CtLt”e g_{el ntéﬁe fféé{?ﬂoﬁ' TJt‘H negloonste rdntenpal face of the

gl ass tube Fbmever he case of such a structure, step 3

][n(;?';n 23 c?rﬁélnregeﬂotut ngffﬁ_ eflsg“?e (Lir} tihgnfbove- menti oned process for

e on ecase when the reflection filmis

formed on the interngl, f@&gceabterae 258t uhe 13l ek ekheokioentl i mis

not exposed to the air, i'ts reflection face 'is not stained with

adherent's and the{ikes o5O% i1 S30 1 £289Nmaliila B6e & NEbReacam@eime he
reflection ?”%I mis sto?'r?ed oln t he externgl facae o? t he glaass t ube 302 t he

good char %%tdeEhatf(Q?th:ttlhﬁfffo'feﬂ:ls%flémtar@ FaicRt AbBeth§OrLowdr . a
longer tine w thout causing any changes with time in conparison wth the

case when the riefdecthanrakal@mdBot itse Eved florembedtapnentinenat £oner ar ed
ray | anp. wever, since the reflection filmforned on the internal face
of maintains its good characteristics for a longer time in
comparisonwiththestructurewhereinthereflectionplate
280 is installed in the conventional infrared ray lamp.
In the fourth embodiment, the struéture wherein
the reflection film 30la is formed on the external face
of the glass tube 301 is described as an example; however,
the present invention is not limited to this structure:
the structure wherein a reflection film formed on the
internal face of the glass tube may be used. However, in
the case of such a structure, step 3 must be carried out
before step 2 in the above-mentioned process for forming
the reflection film.
In the case when the reflection film is formed
on the internal face of the glass tube 301, the reflection
£ilm is not exposed to the air, and its raflection face
is not stained with adherents and the like. For this
reason, just as in the case when the reflection film is
formed on the external face of the glass tube 301, the good

characteristics of the reflection film are maintained for




the gl ass tube nakes contact with the high-tenperature gas in

gl ass tube, the thickness of the reflect?on fan1 may bg redchhdgythe
evaporation, dispersion and the like, and its reflectivity may |ower. For
this reason, in the case when the reflection filmis formed on the

internal face of the glass tube, the distance between the reflection film
and the heating elenent is required roGBe'set at a sufficiently |arge
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and its reflectivity may lower. For this reason, in the
case when the reflection film is formed on the internal
face of the glass tube, the distance between the reflection
£ilm and the heating element is required to be set at a
sufficiently large wvalue.

Although gold used as the material of the
réflection film 30la is described as an example in the
fourth embodiment, metals other than gold, such as
titaniumnitride,silverandaluminum,cxulbeused;metals
having high reflectivity for infrared rays and being
stable at high temperaﬁures are applicable.

The reflection film 30la having a semi-
cylindrical shape is described as an example in the fourth
embodiment; however, the present invention is not limited
to this shape; various shapes are applicable in
consideration of the reflectiondirection of infrared ravs.
Instead of the semi-cylindrical shape, the shape of a part_
of a circle, a parabola or an ellipse in Cross section for

example may be used as the shape of the reflection £ilm.



of straight and curved |lines (the shape of the letter U for ex

flat shape in cross section. The shape of the reflection filn1gg?;elthlg
only be a shape suited for obtaining the desired directional distribution
of the emnmission intensity of infrared rays. To formthe reflection film
301a having this kind of shape, the portion of the glass tube wherein the
reflection film30la is fornmed by eVaBﬁration or the like should only be

T e
e St e
ans"the 1| Wi Sboithats bbb tOEr it =88 1o
range of tPB2BPeSENE %ﬁ/ﬁ?ﬁ%ﬁﬁ foget :asﬁiefg%ef%g%ﬁ%{ait ﬁé%-rggmtgﬁgllsdeﬁgggﬁpl es.

mccor Gancefi B RS (RS cRRBdreA o bol (AP oo oot e e U

gg??r?g?cF RN ) n - of the present invention, and
Vi ew shovﬁﬂﬁ ?ﬁgmip&fer)a\rgérdtar ggﬁocfaﬁéﬁcﬁ@%ﬂ{etd%%%%%@m ':i ?gg#rﬁﬁﬁ%;x'?r al
portion Ofo%h%hEnLQ%&ggﬂf%hlfﬁ@h@?@lgeshould only be a,shape suited
for obtaining the desired directional distribution of the
emission intensity of infrared rays. To form the
reflection £film 30la having this kind of shape, the portion

of fhe glass tube wherein the reflection £film 30la 1is
formed by evaporation or the like should only be formed
into a shape corresponding to the desired shape of the
reflection film; this can be attained easily by taken the
method of forming the reflection film 30la described

hefore.

(Fifth embodiment)

Next, a fifth-embodiment of the present
invention will be described referring to the accompanying
drawings. However, the materials, sizes, production
methods and the like of the embodiment described below are
only examples preferable for an embodiment of the present
invention. The applicable range of the present invention
is therefore not limited by these examples.

part {(a) of FIG. 15 is a plan view showing an

infrared ray lamp in accordance with the fifth embodiment



understood from both side portions shown in the figures the cen

portion of the -infrared ray lanp is not shown ingeithér of thg g{gtres
Furthernore, in the fifth enbodi ment, the same conponents as those of t he
third embodi ment shown in FIGS. 9 and 10 are designated by the same
nunerals, and their explanations are gnitted. The infrared ray lanp of the
fifth enbodiment has a reflection fi'l %?301b for infrared rays in addition

abovo: mont FbrbRer AtFTE BhuGHCAI o Powaysy P b TRY St rh SRS el

Wever, infrared ray |anmp of

SRR UL AL L L8 e o v

a position ere romthat in the

above- nenti oned fourth,.emhodi u ref | ecgi fo Gl@e
fourth embdaPHeRd i%i‘edilél%saefcié@g)a%gi%lgsbggo%%%'seggfocﬁllﬁgav\\r/ié&le'?] % de of the

portion 2a of the heating.clgmecy 302 GHGS-dd 209 kmp sha waflection

ento I's di sposed so aS to be opposed to the

narrower i de_Dortion 20,Rfybbe DEAL B0.l SRS R0%n THetHR! ehigilzes,

ggangEthquiftﬁ [v;gy, shape” a mng method of the reflection film
2010 06186y bl gl aRdh Rl oA s ke Koyt loae le e rtfdant) o
t he distrgguggyhéyrgg %Q@afggﬁQ@SLntensity of the infrared Jraph -Show ng
Furthermore, in the fifth embodiment, the same
components as those of the third embodiment shown in FIGS.
9 and 10 are designated by the same numerals, and thelr
explanations are omitted.
The infrared ray lamp of the fifth embodiment
has a reflection film 301b for infrared rays in addition
to the structure of the third embodiment, just as in the
case of the above-mentioned fourth embodiment. However,
in the infrared ray lamp of the fifth embodiment, the
reflection film 301b is formed on the external face of the
glass tube 301 at a position different from that 'in the
above-mentioned fourth embodiment. Although the
reflection £ilm 30la of the fourth embodiment is disposed
so as to be opposed to the wider side portion 2a of the
heating element 302 (FIGS. 12 and 13), the reflection £ilm
"301b of the fifth embodiment is disposed so as to be opposed
UJthenarrowersideportioantﬁftheheatingelement302.

The material, thickness, reflectivity, shape

and forming method of the reflection £ilm 301b of the fifth



rays emtted fromthe heating el enent 302 of the fifth [

(b) of FIG 17 shows the cross section of the central pgp‘??glnrrgptihgart
infrared ray lanp of the fifth enbodi nent having the heating el enent 302
The x and y axes shown in the parts (a) and (b) of FIG 17 are orthogonai
coordi nate axes on a pl ane perpendi cul ?r to the axial direction of the

heating el ement 302 shown in FIG 167 Re™ x axis corresponds to the

t hi ckness direction,of _the. k ' ' i
Lo the. i SRACHPERY B e rarLSay P9 hETEN: T roRI Jn dn Pt S L&oPONCS

origin O cor Lfﬁ;go%%ﬁll{ﬁ%t%ﬁ}?%@"@“@ﬂ s of the heating element 302. In the

-part (a) of 'ues I n the radial directions designate the

e_m'ssionint_ensity 8 tth d f.5 regdgqrays; apdat UEB ot nt
circunferential di re% ioﬁ(s Ees?gnatGe' anglgs \?vi ltaﬁ:%/[gipﬁc? tggitqﬁteh%ent er

axi s on th@gk%@%&%{f&%fvéaﬁo%@ Bget@gi §|ntcl:j[{§£{;'¥06f0{het he fhient ¢ ag

el emrent 30 esSe angles are designated by angles fromthe positive

direction of h%“?g.L 'é B ' ; g
: ; 1?'8(% £ FBE G At Sng adedhons Bor tde enesgiionth
i ntensity T‘%Y%he par (a% of FIG 17 |Rg|r cate the same val ues of the

gradations_if et (Baref (BhGelizd.n iHd
; SemBo : rof (BhGoelt1g.n13ddHdwe, t Re CONsbants epoveonof 600
Wis applle'lcri E{}T“ to the infrared ray | anp. Since the neasurenent rr:t hod

i f] :Eg ?ﬁp?g?tzaé :Z%tn@fai%ﬁ@iéﬂ SIThod NBftnartdd raax phapat forhe < iofitht ed.
y lamp of the fifth enbodi nent,
embodiment having the heating element 302. The x and vy
axes shown in the parts (a) and (b) of FIG. 17 are orthogonal
coordinate axes on a plane perﬁendicular to the axial
direction of the heating element 302 shown in FIG. 16. The
x axis corresponds to the thickness direction of the
heating element 302, and the ¥y axis corresponds to the
.width direction thereof. In the parts (a) and (b)) of FIG.
17, the origin 0 co:_:responds to the center axis of the
heating element 302. In the part (a) of FIG. 17, the values
in the radial directions designate the emission intensity
of the infrared rays, and the values in the circumferential
directions designate angles with respect to the center
axis on the plane perpendicular to the axial direction of
the heating element 302. These angles are designated by
angles from the positive airection of the x axis. The
concentric gradations for the emission intensity in the
part (a) of FIG. 17 indicate the same values of the
gradations in the part (a) of FIG. 1l1l.

In addition, a constant power of 600 W is applied



the positive direction of the y axis (the direction of the arrow of the vy
axis in FIGS. 16 and 17) is the direction of the internal face of the
reflection film301b. As shown in the intensity distribution curve 307e of
the infrared ray' emission in the part (a) of FIG .17, the emi ssion
intensity of the infrared rays fromthe,  heating el ement 302 in the
vicinity of the y axis |n the p05|t|v5 direction thereof is |ower than

t hat th di " n
negat : ve dia e\)';/llP‘gloﬂl % @treeo r%?n SSI o rsg%dé)nth%ﬁhg%%%ﬁt Shetrdy the

isrestric the reflection film
301b as a ymtter of course, n ylgbégihgﬂklonlgyrve 271 of
the convertibRgl SEAS a?%d ray Iarrp S%O\%\Aﬁg?ﬁf the part (a) of the
above-nenti oned FI. G 26, ool &ﬁﬁ&fd with that of the fifth enbodinent, the
angl e rang&Fhd Pﬁélﬁn}e%?lon fein the enmission intensity is high in the
fifth enbodi nent is WI t t Q,qngggtfgﬁah evRiges, a
result, the |nfrared ray %a ?ﬁéré?ﬁfﬂﬁbenbodlnent Is suited, for

exanpl e, i1} e, ¢ase. gh ngftaeiagtdl&mfru@ 7202k ¢ehd aibedwenseth stiphaced

on the vy ray lanp in the positive direction thereof
and in the case wheq,t| th? ise;flpighkace sofardda opj estthe 7@1i ree theoheat ed,
o

whi ch is p2th&Hdicular ey axis, is heated uniformy. ((Sixth
embodi ment ) ) Next ’ir&éﬁ?ﬁ‘ﬁhn&ﬁ&)a&ﬁt B eUSiaTa dbeibaf rEred 3ayb .

As shown in the intensity distribution curve
307e of the infrared ray emission in the part (a) of FIG.
17, the emission intensity of the infrared rays from the
heating element 302 in the vicinity of the y axis in the
positive direction thereof is lower than that in the
vicinity of the x-axis direction. On the y axis side in
the negative direction thereof, emission is restricted by
the reflection film 301b as a matter of course.

When the intensity distribution curve 271 of the
conventional infrared ray lamp shown in the part (a) of
the above-mentioned FIG. 26 is compared with that of the
fifthembodiment,theanglerange:ulthedirectionwherein
the emission intensity is high in the fifth embodiment is
wider than that in the conventional example.

As a result, the infrared ray lamp of the £ifth
embodiment is suited, for example, in the case when the
center of an object to be heated 1is placed on the y axis
of the infrared ray lamp in the positive direction thereof

and in the case when the entire flat face of the object



lanp in accordance with the present invention will be described as a sixth
enbodi ment. The infrared ray lanp described in the above-mentioned third
enbodi ment is used as the infrared ray lanp f or the heating apparatus of
the sixth enbodi ment, and the reflection plate 280 shown in FIG 25 is
provided for this |nfrared ray lanmp. Al of the above-nentioned infrared
ray lanps in accordance with the abové’zrrentloned first to fifth

enbodi nment agﬁ:v}nruct reg, rar%srggg e%ié‘m&iﬁrs'{glﬂe gx%ex\rlrgal ﬁgape as

t hat oI t he® 3 or this reas In a
appar at us aV|n t he, tional |nfrared ray lanmp, it is easy for
ordi nary E unlﬁgfqﬁl\i?l n the related art to replace the infrared ray

eating

eers S

lanmp with o t he | rare ray lanps in accordance with the first to
fifth errbod(l{]ﬁl?’ﬁgr'gl Jn'B 5%3ar atuses each having the conventional

infrared ray lanp th re
present i nvent i on as%tc?esgrl ngctqbq%%p?re t eg%éﬂﬁéaéﬁg il AER ngt he

foll ow ng appar at uses, "for

exarpl e ( thpeald ngcéeeaa)%@emtﬁuce&xea%@egsarterm@en@aat 4102 Japanese

traditiona t'i ng devi ce an alr - conditioner, an infrared

t r eat ment agg%rraf egg a Jatikogmubestiiin®r yi ng apparatuses, such as a

clothing drier, ing drier, a food t reat ment appar atus, a garbage
The infrared ray lamp described in the

above-mentioned third embodiment is used as the infrared
ray lamp for the heating apparatus of the sixth embodiment,
and the reflection plate 280 shown in FIG. 25 is provided
for this infrared ray lamp.

All of the above-mentioned infrared ray lamps
in accordance with the above-mentioned first to £ifth
embodiments are structured to have substantially similar
external shape as that of the conventional infrared ray
lamp. For this reason, in a heating apparatus having the
conventional infrared ray lamp, it is easy for crdinary
engineers skilled in the related art to replace the
infrared ray lamp with one of the infrared ray lamps in
accordance with the first té fifth embodiments.

Heating apparatuses each having the
conventional infrared ray lamp that is replaceable with
theinfraredraylampofthepmesentinventionasdescribed
above are the following apparatuses, for example.

(1) Heating apparatuses, such as a heater, a

kotatsu (a Japanese traditional heating device)}, an air



treatment apparatus, a heating-type deodorizing apparatus and a bat hroom
drier , (3) Heating-type sterilizing apparatuses (4) Cooking apparat uses,
such as an oven, an oven range, an oven toaster, a toaster, a roaster, a
warm ng apparatus, a yakitori cooker (skewered chicken cooker) a cooking
stove, a defroster and a brewer (5) Hairdressing apparatuses, such as a
drier and a pernmanent wave heater (6)73pparatuses for fixing letters,

i mages, etc. on sheets (a) Apparatuses for carrying out display by using
toner, sucioredibhonBR .(|axeinfsamesti Wreafmes tbEPPRBPENS Sfkre copier) and
a facsimle (b) Apparatuses for thermal transfer of an original filmto an
obj ect by tee@dtragm( Neadxtderi ng heaters (8) Driers for sen conductor

wafers, etc. (9) Apparatuses for heating pure water when_ cleaning wafers,
etc. in sem conduct of 2privelitR BGHPD PF BEESSEs, SHFE €3 Craddisttd 4T 105t i ng
driers - 74 In other words, an apparatus for heating objects by using an
infrared rayp¢adpnags drivat 3of carepimgh t é’pﬁ)%?’égﬁél (?seg‘—i‘ﬁgﬁgreed ray

| anp can be replaced with as described above. ..
treatment apparatus, a heating-type decdorizing

apparatus and a bathroom drier

(3) Heating-type sterilizing apparatuses

(4) Cooking apparatuses, such_ as an oven, an oven
range, an oven toaster, a toaster, a roaster, a warming
apparatus, a yakitori cooker {skewered chicken cooker),
a cooking stove, a defroster and a brewer

(5)-Hairdressing apparatuses, such as a drier
and a permanent wave heater

(6)Apparatusesforfixingletters,images,etc.
on sheets

(a) Apparatuses for carrying out display by
using toner, such as an LBP (laser beam printer), a PPC
(plain paper copier) apd a facsimile

(b) Apparatuses for thermal transfer of an
original film to an object by heating

(7) Soldering heaters

(B) Driers'for semiconductor wafers, etc.

(9) Apparatuses for heating pure water when
cleaning wafers, etc. in semiconductor production
procasses, and

(10) Industrial coating driers



FIG 18 is a perspective view showing the positional relationship between
the infrared ray lanp and the infrared ray reflection plate 308a of the
heati ng apparatus of the sixth enbodinent. In FIG 18, the central

portion of the infrared ray lanp is not shown. Furthernore,

since the

infrared ray |anp used herein is the 'énfrared ray | anp described in the

above-nenti oned third enmbodi ment, it 4

sem -cylindrical shBRUMELIPT

ou

expl anation is onmtted. The
reflection plate 308a of the si tsh £ L PRRL ¢ Boon &Rl iafg abydatien has a

g'é% .4to 0. 5 mmin thickness, and
has a mrror-finished reflection f on dts Hdd eryahirtacean e anfrared
ray refId@YiW$%990P“tHQﬁﬁﬁq%étF%X %%EP 25 '

e 308a is about 80 to 90% The

reflection plate 308a is disposed
heati ng eippaARtuwWOYNA{E H-

0P | el Wolhrbpa e evithnasof the
5?588t%?¥i%é§b§pggé prov?ded fromthe externa

face of the glass tube 301. The reflection plate 308a is installed by

usi ng t hedeerrdqd RPB¥®rhe heating el enent 302 as its center.

in FIG 18, the reflectiopn, face, %gg bscibhe +dRr sabwiiace bhet he
3@§§%'i£8d%g 8 é; sopas %o be opposed to the wi der side

reflection plate Spos

As shown

portion 302a of the heea]ééggogls hedbeed Xhd i fehLediTay pampeaddsa
a

formed of pasdiiRRRT &

I'ned as an exanple in the sixth enbodi nent;

however, instead of alum K Sohavengoizgho £ nther &ceabing
refl ecti vichy? bRfh §¥éﬂqp&fﬂEE%l > '

I'e"at hi gh tenperatures, such

apparatusofthesixthembodiment. In FIG. 18, the central

portionoftheinfraredraylampjj;notshown. Furthermore,

since the infrared ray lamp used herein is the infrared

raylampdescribedjjxtheabove-mentioﬁedthirdembodiment,

its explanation is omitted.

The reflection plate 308a of the sixth

. . ; ical
embodiment is formed of aluminum, has & seml cylindric

shape measuring about 0.4 to 0.

5 mm in thickness, and has

. . \ ce.
a mirror-finished reflection face on its internal fa

The infrared ray reflectivity of the reflection plate 308a

is about 80 to 90%. The reflection plate 308a is disposed

| in parallel with the center line of the heating element

302, with a predetermined space provided £rom the external

face of the glass tube 301. The reflection plate 308a 1s

installed by‘using the center line of the heating element

, . on
302 as its center. As shown in FIG. 18, the reflecti

face, that is, the internal face of the reflection plate

308a, is disposed soO as to be opposed to the wider side

portion 302a of the heating element 302.




as gold, titaniumnitride, silver and stainless steel, are applicable. The

reflection plate 308a having a sem - cylindrical shape is explained in the
si xt h enbodi nent; however, its cross section can al so take other shapes,
for exanple, a shape having a part of a circle, a parabola or an ellipse;
or a shape fornmed of a conbination of glural straight lines, such as a
part of a polygon (the shape of thé J panese letter " : " for exanple) , a
shape forned of a conbination of t t h o breakEoglislmiester " U
for exanple) or a fFRE ER& @ﬁh*ﬁ? a%%gs gg dégﬁws be a shape suited for

obtaining the desired directional . distri-hutdpRfod BB SRbGR et £NSity
of infrarexpiajsaedes Al §FAMRS G RS rtzjféI’ g?"tklt on plate 308a as described

above, the directional_ distributj eh aSInts ioing h N €8 %lalne dfrape
“infrared ia§§eﬁ6%‘%%5%%%%%P3WPyma%?ﬁfigégsﬂgpergi tﬂ%t of the intensity

distribution curve 307d in_ the fourt ) srmote sPakoride, much(a) of
t he abovgeﬁémq%‘éﬁtﬁﬁldb'elaﬁ %lﬁtahﬂleg@co RNt SRS

e above-nentioned structure, it is
possible to obtain infrared t Vight) v Hd @k tdiitecd s orateellstarbut i on
of the eni§s¥dh i htEAGHA! Sé%%ﬁa of the

the infrared ray lanp of the fourth -
76 enbodinment. As.a result, the heating apparatus of the sixth enbodi nent
i s suited2P®LiFR_EEwherein an obj ect disposed at a position opposed to

the reflection face gf . 1heLefdist i gnaplatys B08ravsnigeat exehbeal |y for
exanpl e.

cylindrical shape is explained in the sixth embodiment;
however, its Ccross section can also take other shapes, for
example, a shape having a part of a circle, a parabola or
an ellipse: or a shape formed of a combination of plural
straight lines, such as a part of a polygon {the shape of
the Japanese letter ~1" for example), a shape formed of
a combination of them (the shape of the English letter “u-
for example) or a flat shape: theIShape should only be a
shape suited for obtaining the desired directional
distribution of the emission inﬁensity of infrared rays.
By installing the reflection plate 308a as
described above, the directional distribution of the
emission intensity of the infrared rays has substantially
similar shape as that of the intensity distribution curve
307d in the fourth embodiment shown in the pa:t (a) of the
above-mentioned FIG. 14. With the above-mentioned
structure, it is possible to obtain infrared rays having
similar directional distribution of the emission

intensity as that of the infrared ray lamp of the fourth



The emi ssion intensity of the infrared ray |a [ [

has directivity in the x-axis direction gs smwno}c nt E?Gt hllrld Eg‘lr)o;jlr]irr\:nt
reason, in the heating apparatus of the sixth enbodi ment the emi ssion
intensity of the infrared rays by the reflection plate 30’8a becones hi gher
than that of the conventional exanple.,In addition, in the case when t%e
reflectivity of the reflection plate 308a is reduced consi derably because

of changes{n\gné}dgtré%%g, tRg ?dr}%ﬁpfﬁ,ofth%t St i8GCappditat @éf et taret he

di recti onf uation of the emssion intensity in the sixth enbodi nent

is less than,that in.t 4 n i ' '

shown I e B B e o e et cmbock ronty) Next, &
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present i Ionh wll b escri bed as a seventh enbodi nent. The infrared
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such that ction plate 308a described in the above-nenti oned

sixth enbodi ment is fli SPOReds 9B ndeaneassieyal i '
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the infrared ray lanp. - 77 FIG 19 is a perspective view show ng tplhlene °

Dol cot o AT B3 oy o r et ue of T he seventn enbod ment -

Fbmever’idlfﬂé%iégias shown in FIG. fﬁi For Shis iéﬁ?ﬁﬁ?hiﬁng%%inent'
heating apparatus of the sixth embodiment, the emission
intensityoftheinfraredraysbythereflectionplate308a
becomes higher than that of the conventional example. In
addition, in the case when the reflectivity of the
reflection plate 308a is reduced considerably because of
changés with time, the adherence of stains, etc., the
effect on the directional distribution of the emission
intensity in the sixth embodiment is less than that in the
case when the conventional infrared ray lamp shown in FIG.

22 is used for example.

{seventh embodiment»

Next ., a heating apparatus using the infrared ray
lamp in accordance with the present invention will be
described as a seventh embodiment.

The infrared ray lamp of the heating apparatus
of the seventh embodiment 1s structured such that the
reflection plate 308a described iﬁ the above-mentioned
sixthembodimemtisdisposmiQOdegreesrotatedaioundthe

center line of the infrared ray lamp.



the central portion of the infrared ra [
_ _ y lanp is not shown. Furth
?hnfﬁetPﬁiLgféﬁng'raytlanp used hereinis the infrared ray Ianpeégggsibed
( iment, its explanation is omtted. As sh [
the reflection face, that 1is, the inter - o oction plate”
_ _ : , nal face of the reflection plate
308b, is disposed so as to be opposeqﬁgo t he narrower side portionp 302b
[

of the heating elenent 302. By di spos 1 -
: : : pos the reflection plate 308b
descri bed above, th i ot BULi plate 308b as
ggféégteﬁg' qnal %15}5?%%% of 1 Lhe shey 8§ OBnient ensi ty of

infrared rays is su | 'y eq at of the fifth enbodi nent shown

inthe part (a) of . the. abqve-mentioned 7 %0 i
. . .- 3 i e
glmr)gg}t :Tgﬂflocﬁi‘ran%t‘?ilﬁgﬁsaia%gfhe g 'tgm o%gh%%%sli?flﬂggb{ahg? %]:d&fhgnﬁ :‘ﬂ]
) 0 i ne [ ; ' ay 1123 [
: h . Ye Sl {4¢ phRtearkms
enbodi mentt. el'h’enﬁgﬁﬁe r%f)pa?at s of 't he gevent h Henbgd?rren?f?ihfﬁggl ;SI ted

for a use mhere%1th§ &N IS & 448t | '

. A& Ph .ob ]

we;PeéhguES?Raiﬁ?*;ffgﬁentiL%ég anf(; opé;)ose%gt galtﬂhe fgﬁegﬁ?ggmprgfepggglbl ?ls
-y A0 X ; i [

o of e Rt E A L Y e B e S Fact vty in

enissionlﬁégggéék%?ﬁf shpyRei Rukl @nidapyai £8¢l Lanfporuded sheeasan1sin the

heating a he sevent h enbodi ne '
4] \ nt, in the case when the
refleCtIVléﬁeoinkggﬂ§g|f¥¥'thﬁ”@é@cﬁ@%Ed in the third embodiment,

its explanation is omitted.

As shown in FIG. 19, the reflection face, that
is, the internal face of the reflection plate 308b, is
disposed so as to be opposed to the narrower side portion
302b of the heating element 302.

By disposing the reflection plate 308b as
described above, the directional distribution of the
emissionintensitywxfinfraredrays-issubstantiallyequal
to that of the fifth embodiment shown in the part (a) of
the above-mentioned FIG. 17. In other words, similar
directional distribution of the emission intensity as that
of the fifth embodiment cén be obtained by using the
infrared ray lamp of the third embodiment. The heating
apparatus of the seventh embodiment is thus suited for a
use wherein the entire flat face of an object placed in
parallel with the heating element 302 and opposed to the
reflection plate 308b is heated substantially uniformly

for example.:

Furthermore, the infrared ray lamp of the third



I's reduced consi derably because of changes with tinme, the adherence of
stains, etc. , the effect on the directional distribution of the em ssion
intensity is less than that in the case when the conventional infrared ray
lanp showmn in FIG 22 is used for exanple. In the infrared ray |anp of the
present invention, the intensity of the infrared rays emtted fromthe
heating elenent has directivity des'c.r7|80e'd below. In other words, the

em ssion intensity of the infr rays. hec ) ; Lot h
t hi cknesseBPPEAT to?hf’ﬁ’él H..éla%f]ﬁ:g. g?f nQ&caTe% tJh@E]E&mi'iﬁ' \ed U€s i Bnt he
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unnecessa tirons can be restricted, whereby the infrared ray

in the case when the conventional infrared ray lamp shown
in FIG. 22 is used for example.

Intheinfraredraylampofthepfesentinvention,
the intensity of the infrared rays emitted from the heating
element has directivity described below. In other words,
the emission intensity of the infrared rays becomes a
maximum value in the thickness direction of‘the heating
element, and the intensity in the width direction of the
heating element has a small value that is substantially
negligible in comparison with the maximum value. The
conventional reflection plate is not required to be used
for such a use wherein an infrared ray lamp having such
directivity is suited, whereby the lamp can be structured
simply. The infrared raf lamp having this structure does
not cause reduction in the reflectivity of the reflection
plate, thereby preventing reduction in efficiency.

In addition. in the case when the infrared ray
lamp of the present invention has a reflection , the

intensity distribution curve of the emission of the




Lﬁthgf the present invention exhibits good em ssion efficiency
reflec[rg;e%irglzzengPe [eflegtign plate, the reflection face of t he
st ai ne y external adherent [
Mor eover, changes wth tine in o T eatlon il e
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by external adherents and the like. Moreover. changes
with time in the shape of the reflection £ilm and the like
are less significant than those of the reflection plate.
As a result, the high reflectivity of the reflection £ilm
is maintained for a longer period than that of the
reflection plgte. The infrared ray lamp of the present
invention therefore maintains its good characteristics
for a long time.
Intheinfraredraylampofthepresentinvention,
by providing the reflection f£film at a position desirable
fortheheatingelement,theintensityoftheinfraredrays
reflected by and emitted from the reflection £ilm can be
increased in a specific direction, and the range of the
high emission intensity can be narrowed. As aresult, the
infraredraylampofthepresentinventionhavingthiskind
of reflection film becomes a device suited for a use
whereintheareainthedirectionopposmitothereflection
film is heated locally, for1example,_suited.for fixing and

the like in a copiler.




fromthe reflection filmcan be nade substanti al

range of the em ssion intensity can be w dened. Xstgerzggfi rﬂgr$g¥rgrgd
Lay lanp of the present invention having this kind of reflection film
econes a device suited for a use wherein the entire flat face of an
obj ect placed in parallel with the heating el ement and opposed to the
reflection filmis heated uniformy, f exanple, suited for a toaster

t he net hod of produ
present invention,
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ahtonar - i nfrared ray lanp; for this reason,
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heating a

f or heating objects or roons. |In the

heat i ng ap;g?araat ggu fe %Eg@gﬁ%ﬂrémw}t ilgrm,p by thstmtésngtt heveardiion

-cylindric

I
reflecti

havingthiskindofreflectionfilmbecomese1deviqesuited
for a use wherein the entire flat face of an object placed
in parallel with the heating element and opposed to the
reflection film is. heated uniformly, for example, suited
for a toaster.

In the method of producing the infrared ray lamp
in accordance with the present invention, the reflection
f£ilm is formed by using the shape of the glass tube. This
facilitates the formation of the semi-cylindrical
reflection film.

In the heating_apparatus in accordance with the
present invention, the infrared ray lamp of the present
invention has similar shape as that of the conventional
infrared ray lamp; for this reason, the infrared ray lamp
QEtheconventionalheatingapparatuscantnareplacedwith
the infrared ray lamp of the present invention. As a
result, by providing the conventional heating apparatus
with the infrared ray lamp having directivity in the.

emission intensity of infrared rays, a heating apparatus

I n the infr d A ' r ]
i b PRt L R S Par oR A R o e "ot he

apparatus in accordance wth the present

em ssion intensity of infrared rays, a heating
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plate instead of the reflection film the direction curve of the intensity

of the em ssion of the infrared rays can be adjusted to have a

predet erm ned shape. Wth this structure of the infrared ray |anp of the
heati ng apparatus of the present invention, the intensity of the infrared ,
rays emtted in unnecessary directions can be restricted. |In addition, '
even if the reflectivity of the reflecBlon plate lowers, the directivity

of the infrared ray lanp is not so affected ,as i.n_the _case
convent i ored v Ep@agards ChaFRet eRd St eals &7 Ioa%aﬁgg(adi raerg i %lgt%y For

this reason, the heating efficiency:-of_ the heati.n par ' or dance
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structure of the infrared ray lamp of the heating apparatus
of the present invention, the intensity of the infrared
rays emitted in unnecessary directions can be restricted.
In addition, even if the reflectivity of the reflection
plate lowers, the directivity of the infrared ray lamp is
not so affected as 1in the case of the conventional
apparatus, since the infrared ray lamp has‘directivity.
For this reason, the heating efficiency of the heating
apparatus in accordance with the present invention is
superior to that of the conventional apparatus.
In the heating apparatus in accordance with the
present invention. by providing the reflection film at a
position desirable for the heating element, the intensity
of the infrared rays reflected by and em;tted from the
reflection £ilm can be increased in a specific direction,
and the range of the high emission intensity can be
narrowed. As a result, the heating apparatus of the
present invention having this kind of reflection £ilm

becomes a device suited for a use wherein the area in the



anot her position desirable for the heatin [ i

_ : g elenment, the intensity of
|n5rared rays reflected by and emtted fromthe reflection filnlgan b;he
ga ebsubstantlally the sane, whereby the range of the em ssion intensity
an be widened. As a result, the heating apparatus of the present

invention having this kind of reflection filmbecones a device suited for

a use wherein the entire flat face of &h Object placed in parallel wth

the heating el ement and opppsed the ' | | 3 pRd
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whereby the range of the emission intensity can be widened.
m;aresult,theheatingapparaﬂnsofthepresentinventionr
havingthiskindofreflectionfilmbecomes21devicesqited
for a use wherein the entire flat face of an object placed
in parallel with the heating element and opposed to the
reflection f£ilm is heated uniformly.
Although the present invention has been
described‘in terms of the presently preferred embodiments,
it is to be understood that such disclosure is not to be
interpreted as limiting, but various alterations and
modifications will no doubt become apparent to those
skilled in the art to which the present invention pertains,
after having read the above disclosure; accordingly. it
is intenaed that the appended claims be interpreted as
covering all altérations andxnodiﬁications as fall within
the true spirit and scope of the invention.
INDUSTRIAL APPLICABILITY

The present invention, relating to a heating

apparatus for heating objects, rooms, etc., can provide




ray em ssion can be sel ected depending on an object to be heated. 84 Wat
is clained is: 1. A heating apparatus conprising: an infrared ray |anp
including a heating elenment which has a substantially plate shape, which
is formed of a |linier-shaped carbon-based substance of which
cross-section is a rectangul ar shape, and which is hernetically sealed in
a glass tube, and a reflection platé'ﬂh?ch is disposed so as to keep a

predet erm ned di stance from outside of sajd. u f Skl infrared
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face of said reflection plate is opposed
heated.



to one of the narrower side portions of said heating elenment. 4. A heating
apparatus in accordance with any one of clains 1 to 3, wherein said
reflection plate provided in said heating apparatus is disposed
substantially in parallel with the |ongitudinal direction of said heating
el ement disposed in front of said refI%ﬁtion pl ate, and such that the end
portions in the longitudinal direction®'of said heating el enent are
arranged in a substantially straight Iine with said heating el ement or
said glass tube interposed. 5. A heating apparatus in accordance w th any
one of clainms 1 to 3 wherein a cross-section of said reflection plate has
a shape fomrmeg: of sacqemma@tion of plural straight |ines, such as a part
of a polygon. 6. A heating apparatus in accordance with any one of clains

1 to 3 wherein said refll et iwBapliaige dgpacanibguoadsos asgto diffuse a
radi ant heat of said infrared ray lanp to the front. 7. A heating
apparatus having an iafrit®taray tap adg dacdonpia§eshedd i elleasin one
heati ng el enent having a substantially plate shape or rod shape, having
recessed paridlonsaisna ety canktiiadd yofpbotdé ehdpet,hertenéh and forowedd of a
car bon-based substance, heat-enmtting blocks having good conductivity to
whi ch bot h cghda pbihiiens sHapaddchedtdmgp & edentibantence of which
cross-section is a rectangular shape, and which 1is
hermetically sealed in a glass tube, and
a reflection plate which is disposed so as to
keep a predetermined distance from outside of said glass
tube of said infrared ray lamp,
wherein saidreflectionplate is disposed so that
an inner reflection face of saidreflectionplate is opposed
to an arbitrary portion of said heating element., and is
structured such that an object to be heated is disposed

in the front position opposing said reflection face of

said reflection plate.

2. A heating apparatus in accordance with claim
1 wherein said reflection plate is disposed so that an
inner reflection face of said reflection plate is opposed

to one of the wider side portions of said heating element.

3. A heating apparatus in accordance with claim



i nserted and bonded, a sintered substance of an adhesive forned and
sintered on the bonding faces of said heating el enent bonded to said
heat-em tting blocks at the regions in the vicinities of both end portions
. including the recessed portions of said heating elenent, a glass tube in
whi ch said heating element , said sintered substance of said adhesive and
said heat-emtting blocks are herneti&ally seal ed together with an inert
gas, and lead wires electrically connected to said heat-emtting bl ocks,

the end poytjREsegh Wiih REelkedicutpbitsaid gliagmsabesodthatheming
‘apparatus 1n accordance with claim 7 wherein said heat-emtting bl ocks are

each di vi dggh i Pt P £ 1 ¥R tRIRL E2c dheipneat dwhi Eh eloatipremd. 3ooe ti o R s &di d
heating elenent are sandwi ched. 9. A drying apparatus conprising: 87 at

| east one heahidWr ehereat rbaeirngi @e poubist ams iof] $ 31 glhetat shapd egren®d shape,
havi ng recessed portions in the vicinities of both ends thereof and forned
of a carbon-based substance, heat-emtting bl ocks having good conductivity
to which both end portions of said heating elenent are inserted and
bonded, a sintered sybshameatin@napdhesitve fior meccandance with any
oneofclaimsltx)3,whereinsaidreflectionplateprovided
in said heating apparatus 1is disposed substantially in
parallel with the longitudinal direction of said heating
element disposed in front of said reflection plate, and
such that the end portions in the longitudinal direction
of said heating element are arranged in a substantially

straight line with said heating element or said glass tube

interposed.

5. A heating apparatus in accordance with any
one of claims 1 to 3 wherein a cross-section of said
reflection plate has a shape formed of a combination of

plural straight lines, such as a part of a polygon.

6. A heating apparatus 1in accordance with any
one of claims 1 to 3 wherein said reflection plate is
configured so as to diffuse a radiant heat of said infrared

ray lamp to the front.

7. A heating apparatus having an infrared ray

lamp which comprises:



sintered on the bonding faces of sai dheating el enent bonded to said
heat-emtting bl ocks at the regions in the vicinities of both end portions
i ncluding the recessed portions of said heating elenment, a glass tube in
. which said heating element, said sintered substance of said adhesive and
said heat-emtting blocks are hernetically sealed together with an inert
gas, and lead wires electrically connegged to said heat-emtting bl ocks,
the end portions of which are led out of said glass tube. 10. A drying

apparatus in accordapce y\W CLabMeR tWheS &l Nedahnd MRakredi &ting bl ocks are
‘each divided into tag 6%%%2%, @etmgen whi ch both end portions of said

heati ng %&&E{E%ﬁla%igafffgéﬁs_ﬁ'ﬂgdﬁh% e A dG Rppar ahey ifay img-@gskeaf rar ed

ray 88 la np eat’ing el enent having a substantially plate

shape, the wi %ti%glg! i‘g{”t\ﬁgci§ckﬁggﬁre§ Banpbif dhasknesseollyahdlViEotingds or
i |

nore, a g|88§ tu sald heating elenent is hernetically sealed,

an el ectrod %m%ggﬁghgﬁagghhgﬂggfgﬁéggns.of sai d gl ass tube, .
electrlcaIPg connected to both ends of said heating el enent respectively
and al so el ectrically,Goneetednli0naRcd ei\plngl gobd comiauitivity
to which both end portions of said heating element are
inserted and bonded.

a sintered substance of an adhesive formed and
sinteredonthebondingfacesofsaidheatingelementbonded
to said heat-emitting blocks at the regions in the
vicinities of both end portions including the recessed
portions of said heating element,

a glass tube in which said heating element, said
sinteredsubstanceofsaidadhesiveandsaidheat-emitting
blocksarehermeticallysealedtogetherwithznlinertgas,
and

lead wires ‘electrically connected to said

heat-emitting blocks, the end portions of which are led

out of said glass tube.

8. A heating apparatus in accordance with claim
7 wherein said heat-emitting blocks are each divided into
twopieces,betweenwhichbcthendportionsofsaidheating

element are sandwiched.

9. A drying apparatus comprising:



a connection device secured to both end portions of said heating el enent
respectively and electrically connected to said heating elenent, and | ead
Wi res secured to said connection devices and said electrodes so as to pul

- both ends of said heating elenent at a predeterm ned tension and used to
electrically connect said connection devices to said el ectrodes, wherein
.sai d connection device has a heat-enig?ing bl ock, the cross-sectional area
of which is larger than the cross-sectional area of said heating elenent

on a plane perpendi cgtanetagt hhdi neatioy afldhen tchaventgfaowi ng through
said heating elenment, in order to prevent said |lead wres from being

over heat eds by s eHitttiiand v hEpd ¢ & sRapet bed roomisai¢l, heatiing elemensedl2. A
dryi ng apparatus conprising: 89 an infrared ray |anp including a heating

el ement whighhassai aubss antd et yiplkas £ sdrp@nddiutte fsof camedt o ofied
| i ni er-shaped carbon-based substance of which cross-sectionis a

rect angul agsshaparvi-whé €A kabsteanméjcal ly sealed in a glass tube, and a
reflection plate which is disposed so as to keep a predeterm ned di stance
from out si de of sai dhghasemitthengf biaicttsi hfavairreg gaydl appdusheiei hysai d
reflection plate is disposed so that an inner reflection face of said
reflectiongpl ahe ors Wpfwsedd poraiandiof aspigomdaning ediehdrett ang
element, and is

inserted and bonded,

a sintered substance of an adhesive formed and
sinteredonthebondingfacesofsaidheatingelementbonded
to said heat-emitting blocks at the regions in the
vicinities of both end portions including the recessed
portions of said heating element,

a glass tube in which said heating element, said
sintered substance of said adhesive and said heat-emitting
blocks are hermetically sealed together with an inert gas,
and

lead wires electrically connected to said
heat-emitting blocks, the end portions of which are led

out of said glass tube.

10. A drying apparatus in accordance with claim
9 wherein said heat-emitting blocks are each divided into
twopieces,betweenwhichbdthendportionschsaidheating

element are sandwiched.

11. A drying apparatus having an infrared ray



structured such that an object to be heated is disposed in the front
position opposing said reflection face of said reflection plate. 13. A
dryi ng apparatus in accordance with claim 12 wherein said reflection plate
"is disposed so that an inner reflection face of said reflection plate is
opposed to one of the wider side portions of said heating elenment. 14. A
-dryi ng apparatus in accordance wth cl8 m 12 wherein said reflection pl at e
is disposed so that an inner reflection face of said reflection plate is
opposed tbampewdfidinecomprdwers side portions of said heating el enent. 15.
A cooki ng apparatus conprising: 90 at |east one heating el enment_ having a
substantial ly pl ate shapetdng ed erhept, haaknagareebssad tifhky dhsata t he
vicinities of both ends thereof and forned of a carbon-based substance,
heat - emi t t shgplel ,octktse hatidng gdodvicomiutsi vRr@eR tRwe chtHottRIHIP HBFt i ons

of said heating elenent are inserted and bonded, a sintered substance of
an adhesi veyf drinved abmessiont @éraate on t he bonding f aces of said heating

el ement bonded to said heat-emtting blocks at _the regions in the,
vicinities of both erd glors$ ohebendhudbigh 2+ @ce8a&dn &Rt ot Ssai d
heating el ement, a glass tube in which said heating elenent, said sintered
subst ance bergeitieahdyi veadtlsaid heat-enitting

an electrode embedded at both end portions of
said glass tube, electrically connected to both ends of
said heating element respectively and also electrically
connected to an external electric circuit,

a connection device secured to both end portions
of said heating element respectively and electrically
connected to said heating element, and

lead wires secured to said connection devices
and said electrodes so as to pull both ends of said heating
elementatzapredeterminedtensionandusedtoelectrically
connect said connection devices to said electrodes,

wherein said connection device has a
heat-emitting block, the cross-sectional area of which
is larger than the cross-sectional area of said heating
element on a plane perpendicular to the direction of the
current flowing through said heating element, in order
topreventsaidleadwiresfrombeingoverheatedbyemitting

heat transmitted from said heating element.

12. A drying apparatus comprising:



bl ocks are hernetically sealed together with an inert gas, and |lead wres
electrically connected to said heat-emtting blocks, the end portions of
which are led out of said glass tube. 16. A cooking apparatus in
.accordance with claim 15 wherein said heat -emtting blocks are each
divided into two pieces, between which both end portions of said heating
el ement are sandwi ched. 17. A cooking &paratus having an infrared ray 91
| anp which conprises: a heating el enent having a substantially plate
shape, the width of whithrirsrled@ gay 1dmp idclidinknessathyngielenents or
‘nore, a glass tube in which said heating elenent is hernetically seal ed,

an el ect roggienpbedded asubethnanchpoy tpbaseokhagsd d ghash tisheformed
el ectrically connected to both ends of said heating el enent respectively

and al so ehgchriiGalier - spapect ethiwo@nbaxsedr ralb=st@otei ofciwicigh, a
connection device secured to both end portions of said heating el enent

respectivelyoard l@cishcalsl v monnesgedatro stk heatidngheladnehs, and | ead
Wi res secured to said connection devices and said electrodes so as to pul

both ends b rgaitd iRt ¥ Ngeadleaeit at gaapsedettez ni aed tension and used to
electrically
a reflection plate which is disposed so as to
keep a predetermined distance from outside of said glass
tube of said infrared ray lamp,
.whereinsaidreflectionplateisdisposedsothat
aninnerreflectionfaceofsaidreflectionplateisopposed
to an arbitrarf portion of said heating element, and is
structured such that an object to be heated is disposed

in the front position opposing said reflection face of

said reflection plate.

13. A drying apparatus in accordance with claim
12 wherein said reflection plate is disposed so that an
inner reflection face of said reflection plate is opposed

to one of the wider side portions of said heating element.

14. A drying apparatus in accordance with claim
12 wherein said reflection plate is disposed so that an
inner reflection face of said reflection plate is opposed

tooneofthenarrowersideportionsofsaidheatingelement.

15. A cooking apparatus comprising:



connect said connection devices to said el ectrodes, wherein said connection
device has a heat-emtting block, the cross-sectional area of which is

| arger than the cross-sectional area of said heating elenent on a plane

. perpendicular to the direction of the current flow ng through said heating
element, in order to prevent said |lead wires from bei ng overheated by
emtting heat transmitted fromsaid hBating el enent. 18. A cooking
apparatus conprising: 92 an infrared ray |lanp including a heating el enent

whi ch has a substantigl | ye pkat 8nshafes £ Wy CB Lemdof nedvinl & | ini er-shaped
car bon-based substance of which cross-section is a rectangul ar shape, and

which is %%M@E&&@Uﬂl?e%'l%%é ragh ass foBeshapé absfiegtieseplsaie whi ch
is disposed so as to keep a predeterm ned distance from outside of said

gl ass tubegaft S & i itha 0dcria f %® .0 Mberel 8ndai dhegklofhndnt phrates i s
di sposed sO that an inner reflection face of said reflection plate is

opposed tQamn, atbibbALY U4 | SMbotafakd heating el enent, and is
structured such that an object to be heated is disposed in the front

position opposing saigh4elibpeticand ace@ts Bsardngekozel imphatevity A
cooki ng apparatus in accordance with claim 18 wherein said reflection

plate is dispoaefcgonbhat eai panefonefl lactdond f neatdhnga demehiteatrien
plate i s opposed
inserted and bonded,

a sintered substance of an adhesive formed and
sinteredonthebondingfacesofsaidheatingelementbonded
to said heat-emitting blocks at the regions in the
vicinities of both end poftions including the recessed
portions of said heating element,

a glass tube in which said heating element, said
sintered substance of said adhesive and said heat-emitting
blocks are hermetically sealed together with an inert gas,
and

lead wires electrically connected to said

heat-emitting blocks, the end portions of which are led

out of said glass tube.

16.IacookingapparatusjJ1accordancewithclaim
15 wherein said heat-emitting blocks are each divided into
two pieces, between which both end portions of said heating

element are sandwiched.

17. A cooking apparatus having an infrared ray



to one of the wder side portions of said heating element. 20. A cooking

apparatus in accordance with claim 18 wherein said reflection plate is

di sposed so that an inner reflection face of said reflection plate is

~ opposed to one of the narrower side portions of said heating elenment. 21.
A copier conprising: 93 at | east one heating el enent having a

substantially plate shape or rod shape9l having recessed portions in the
vicinities of both ends thereof and formed of a carbon-based substance,

heat -em ttj ng_b] Vi ng. d conductivity to which both end portions
of said he%?ﬁ%gwgﬁgﬁégﬁnggglgggéerted and bonded, a sintered substance of

an adhesive forned a ' d QA e, PepdEng $ @688 aft il Oy hepatag
el enent bonded to sgﬁae%ggkﬁg%if%ing bIocksgat the regions in the

vicinities_of Bot n | 9BS N Hd] §01 ERgerecassedi tRORH it @k ssai d
heat i ng el%%éﬁgﬁ ghgiggggﬁhbgﬁin whi ch said ﬁeating el ement, said sintered

subst ance 0f §§b% qgﬁ§évgra&gr%gid heat-emtting blocks are hernetically
seal ed tog%¥her wWith an inert gas, and lead wires electrically connected to

said heat -enitting Bl gaigs,s Lf1g,entn PRLEENS fa Whiah 1ake ditshenyt 1af sai d
gl ass tube. 22. A copi & 1n accordance with claim 21 wherein
hermetically sealed,

an electrode embedded at both end portions of
said glass tube, electrically connected to both ends of
said heating element respectively and also electrically
connected to an external electric circuit,

a connection device secured to both end portions
of said heating element respectively and electrically
connected to said heating element, and

lead wires secured to said connection devices
and said electrodes so as to pull both ends of said heating
elementatapredetefminedtensionandusedtoelectrically
connect said connection devices to said electrodes,

wherein said connection device has a
heat-emitting block, the cross-sectional area of which
is larger than the cross-sectional area of said heating
element on a plane perpendicular to the direction of the
current flowing through said heating element, in order
topreventsaidleadwiresfrombeingoverheatedbyemitting

heat transmitted from said heating element.

18. A cooking apparatus comprising:



said heat-emtting blocks are divided into two pieces, between which both
end portions of said heating elenent are sandw ched. 23. A copier having
an infrared ray | anp which 94 conprises: a heating el enent having a

- substantially plate shape, the width of which is larger than its thickness
by five tinmes or nore, a glass tube in which said heating elenent is
hernmetically seal ed, an el ectrode embe3led at both end portions of said

gl ass tube, electrically connected to both ends of said heating el ement

respectively and al s@pel getrhireal kxy Conpeatelu&onana deer e el @nénitc
circuit, a connection device secured to both end portions of said heating

el ement regpecH Wy @ndusdlseGint el ly prlaneestarbd 0 shidhhdat ifgreednent,
and |l ead wires secured to said connection devices and said el ectrodes so

as to pull ootz 18ryise P s Baipd desd 1 hgn - PherEnts e s Bapeedetfertinell t ensi on
and used to electrically connect said connection devices to said

el ectrodes ey eidc68b GeNneciéeOvanguilae lasawe , heatl- emitdh ngs bl ock, the
cross-sectional area of which is larger than the cross-sectional area of

sai d heatiﬁgxﬁagxﬁﬁdlgnsédiéﬁmi@eapgmdbsMﬂﬂpéo &hd direction of the
current flow ng through said heating elenment, in order
a reflection plate which is disposed so as to
keep a predetermined distance from outside of said glass
tube of said infrared ray lamp,
wherein said reflectionplate is disposed so that
an inner reflection face of saidreflectionplate is opposed
to an arbitrary portion of said heating element, and is
structured such that an object to be heated is disposed

in the front position opposing said reflection face of

said reflection plate.

19. A cooking apparatus in accordance with claim
18 wherein said reflection plate 1is disposed sc that an
inner reflection face of said reflection plate is opposed

to one of the wider side portions of said heating element.

20. A cooking apparatus in accordance with claim
18 wherein said reflection plate is disposed so that an
inner reflection face of said reflection plate is opposed

tooneofthenarrowersideportionsofsaidheatingelement.

21. A copier comprising:



to prevent said | eadw res from being overheated by emtting heat
transmtted fromsaid heating elenent. 24. A copier conprising: 95 an
infrared ray lanp including a heating el ement which has a substantially

pl ate shape, which is forned of a |inier-shaped carbon-based substance of
which cross-section is a rectangul ar shape, and which is hernetically
sealed in a glass tube, and a reflecti®h plate which is disposed so as to
"keep a predeterm ned di stance from outside of said glass tube of said

infrared ray lam, wher gL saighy ofLgetion ol dent sndvapesed so that an

i nner reflection fac® said reflection™plate is oppose to an arbitrary

portion of said heatl t ' r £d paehnghaecdsobfiect to
be heat ed E’r‘éb%ngBg&él&q'%f ?f%ggfsr%%ngggi Ei%tgnlég{)dg)si ng said reflection face
of said reflectian.pl wer 125, copi | e RGGR S G o £ artd @dermddwher ein
said refl &??Bﬁoﬁ‘lsaf‘g @gsgd’ilgéplo%e Egg (tgﬁaﬂt&an inner reflection face of said

reflection plate_is Q tap¥e et he wider side portions of said
heating el® fit S22 F”%H%%%?gr ’n accordance with claim 24 wherein said

reflection pate is di.gposer: 501hob18RKNBeIviME doodl oontara piisgid
reflection plate is opposed to one of the narrower side portions of said
heating el ement . 27 p AR EARCHGAMVAS| HF: said heating element are
inserted and bonded,
a sintered substance of an adhesive formed and
sinteredonthebondingfacesofsaidheatingelementbonded
to said heat-emitting blocks at the regions in the
vicinities of both end portions including the recessed
portions of said heating element,
aglasstube:Ulwhichsaidheatingelement,said
sinteredsubstanceofsaidadhesiveandsaidheat-emitting
blocksarehermeticallysealedtogetherwithan1inertgas,
and
lead wires electrically connected to said

heat-emitting blocks, the end portions of which are led

out of said glass tube.

22. A copier in accordance with claim 21 wherein
said heat-emitting blocks are divided into two pieces,
between which both end portions of said heating element

are sandwiched.

23. A copier having an infrared ray lamp which



96 at |east one heating el enent having a substantially plate shape or rod
shape, having recessed portions in the vicinities of both ends thereof and
formed of a carbon-based substance, heat-enmtting bl ocks having good
- conductivity to which both end portions of said heating el ement are

i nserted and bonded, a sintered substance of an adhesive forned and
sintered on the bonding f aces of sai d%eating el enent bonded to said
heat-em tting blocks at the regions in the vicinities of both end portions

including éﬁﬁ recessed portions of said heating element, a glass tube in
whi ch said egting el ement, said sintered substance of said adhesive and

said heat-emtting Bl Qeks idre ehemmmit asdvyngeal edbtogettherl ly tilanei nert
gas, and lead wires electrically connected to said heat-emtting bl ocks,

the end pnglg?@% afp avhi citar e £l &thicutiof 1aaige gl Esant whe. t28.cknessnter in
accordance with claim27 wherein said heat-emtting bl ocks are each

di vi ded ing9 gwgephggﬁ§s obehw&en.mhich bo;h end portions of said hea;ing

el enent are sandwi ched. 29. A printer having an infrared ray |anp which 97

I a glass tube in which said heating element is
hermetically sealed,

an electrode embedded at both end portions of
said glass tube, electrically connected to both ends of
said heating element respectively and also electrically
connected to an external electric circuit,

a connection device secured to both end portions
of said heating element respectively and electrically
connected to said heating element, and

lead wires secured to said connection devices
and said electrodes so as to pull both ends of said heating
elementatapredeterminedtensionandusedtoelectrically
connect said connection devices to said electrodes,

wherein said connection device has a
heat-emitting block, the cross-sectional area of which
is larger than the cross-sectional area of said heating
element on a plane perpendicular to the direction of the
current flowing through said heating element, in order
topreventsaidleadwiresfrombeingoverheatedbyemitting

heat transmitted from said heating element.

24. A copier comprising:



conprises: a heating elenment having a substantially plate shape, the width
of which is larger than its thickness by five tines or nore, a glass tube
in which said heating elenent is hernetically seal ed, an el ectrode
- enbedded at both end portions of said glass tube, electrically connected
to both ends of said heating el enent spectively and also electrically
.connected to an external electric circtft, a connection device secured to
both end portions of said heating el enent respectively and electrically
.connected to sai d heahihgfehermdntayalainp cdacidésgsadhigaing sskement
connection. devices and said electrodes so as to pull both ends of said
heating ekeDeAt hals a pedstentivzdd ¥ epbate @hRpsedvhdchl é& rfeampy
connect sai d connection devices to said el ectrodes, wherein said connection
devi ce hasof ah@dinierm {shagebl calgbamebasess-testange &fed'wiChhich is
| arger than the cross-sectional area of said heating elenent on a plane
per pendi cut Ao s&o stehtet Whm ed & @n mofc targuéarr aitaPe owrRE Mirisiyhl8ai d heating
el ement, in order to prevent said lead wires from being overheated by
emtting heanettriarsiiytedaflesmisni @ adasisndWenedld 30. A printer
conprising: 98 an infrared ray lanp including a heating el enent
a reflection plate which is disposed so as to
keep a predetermined distance from outside of said glass
tube of said infrared ray lamp,
wherein said reflectionplate isdisposed so that

an inner reflection face of saidreflectionplate is opposed

to an arbitrary portion of said heating element, and is

structured such that an object to be heated is disposed

in the front position opposing said reflection face of

said reflection plate.

25. A copier in accordance with claim 24 wherein
said reflection plate is disposed so that an inner
reflection face of said reflection plate is opposed to

one of the wider side portions of said heating element.

26 . A copier in accordance with claim 24 wherein
said reflection plate is disposed so that an inner
reflection face of said reflection plate is opposed to

one of the narrower side portions of said heating element.

27. A printer comprising:



whi ch has a substantially plate shape, which is formed of a |inier-shaped
car bon- based substance of which cross-section is a rectangular shape, and
which is hernetically sealed in a glass tube, and a reflection plate which
- is disposed so as to keep a predeterm ned distance from outside of said

glass tube of said infrared ray | anp, éherein said reflection plate is
.di sposed so that an inner reflection Poce of said reflection plate is
opposed to an arbitrary portion of said heating elenent, and is
structured such thataanleljecton® beaheatedignenspbseydnd n2the front
position opposing said reflection face of said reflection plate. 31. A
printer ingagseaaance W thlatai shapenker siod swRE r i eéndor esiat gels

di sposed so that an inner reflection face of said reflection plate_is
opposed t 0po@8&odfs fLhetMedercsnileipsr o onstbfends dhrrrehgd ed32. A
printer in accordance wth claim30 wherein said reflection plate is

di sposed sgft hatcadmdmrieasedefludcttiaornc¢ ace of said reflection plate is
opposed to one of the narrower side portions of said heating el epnent. 33.
An industrial coati ntedrt-ezmtobpnasbhgckso haifingageodneoRAMS v EF&ment
having a substantially plate shape or rod shape, having recessed ortions
in the vickbi Whasnfbbohheeddparticiens afdshdidhdirabin eéﬁﬁtﬁﬂba%‘g&
subst ance,

inserted and bonded,

a sintered substance of an adhesive formed and
sinteredonthebéndingfacesofsaidheatingelementbonded
to said heat-emitting blocks at the regions in the
vicinities of both end portions including the recessed
portions of said heating element,

a glass tube in which said heating element, said
sinteredsubstanceofsaidadhesiveandsaidheat—emitting
blocks are hermetically sealed together with an inert gas,
and

lead wires electrically connected to said
heat-emitting blocks, the end portions of which are led

out of said glass tube.

28 . Aprinter in accordance with claim 27 wherein
said heat-emitting blocks are each dividedinto two pieces,

between which both end portions of said heating element

are sandwiched.

29. A printer having an infrared ray lamp which



heat-em tti ng bl ocks having good conductivit to which both [

of said heating element are inserted and bo%ded, a sintergd gﬂgsfgﬁiéogf

an adhesive formed and sintered on the bonding f aces of said heating

- elenent bonded to said heat-emtting blocks at the regions in the
vicinities of both end portions including the recessed portions of said

heating el enent, a glass tube in whi ch%9%ai d heating el enment, said sintered

substance of said adhesive and said heat-emtting blocks are hernetically

seal ed togef her;Welh an inert gas, and lead wires ele
( h , ctrically connected
to said heat-emtting blocks, the end portions of which are Ieé out of

sai d glass tube. 34. A0chRdus] eildimer0atH N Gy i ' ' '
. : e bR gi ®rsums aaodriddice phaté cl
33 wherein said heat-emtting bl ocks are each divided into twg)pieceg,alm

bet ween whigh,Rot kend, peehi efs wifctsaid haayie ' i :
_ Ro _ { ng ttHament satd isdg ehed.
35. An |ﬁg%stP|al coating drier having an 100 infrared ray |anp mhicﬁd

819”%' ses @ Peald NG kb eMBRt oad Ng a substantially plate shape, the width

: ich is’larger than its thickness by five tinmes or nore, a glass tube

in which said heating giemnttibe in which said heating element is
hermetically sealed,

an electrode embedded at both end portions of
said glass tube, eléctrically connected to both ends of
said heating element respectively and also electrically
connected to an external electric circuit,

a connection device secured to both end portions
of said heating element respectively and electrically
connected to said heating element, and

lead wires secured to said connection devices
and said electrodes so as to pull both ends of said heating
elementatéapredeterminedtensionandusedtoelectrically
connect said connection devices to said electrodes,

wherein said connection device has a
heat-emitting block, the cross-sectional area of which
is larger than the cross-sectional area of said heating
element on a plane perpendicular to the direction of the
current flowing through said heating element, 1in order
topreventsaidleadwiresfrombeingoverheatédbyemitting

heat transmitted from said heating element.

30. A printer comprising:



hernetically seal ed, an el ectrode enbedded at both end portions of said
gl ass tube, electrically connected to both ends of said heating el enent
respectively and also electrically connected to an external electric
circuit, a connection device secured to both end portions of said heating
el ement respectively and electrically connected to said heating el enent,
and | ead wires secured to said connect?®n devices and said el ectrodes so
as to pull both ends of said heating elenent at a predeterm ned tension

and used to el ectri cahlihfE£9PBACEa¢didhE dmrdolid dmg detieadsi nd edampnt
el ectrodes, wherein said connection device has a heat-emtting block, the

cross-sectjppah RE8a Ofsubé€lntiialiar getat banhilpe crosscBedsi draimedea of
said heating elenent on a plane perpendicular to the direction of the

current flomi 291t hneuolssapddhealrbun €besedt subs ttanee ofowbhdeent said
| ead wires from bei ng overheated by emtting heat transmtted from said
heating el gp®at- 536t A i Dduat realt oz iag dhiagre coppdi ¥hagh 04 an
infrared ray lanmp including a heating el ement which has a substantially
pl ate shapgerMbirGleais ¥ ossrledofima 4 i glesssiiaped caBon- based substance of
which cross-section is a rectangular shape, and which is hernetically
sealed in a glass tubheredicat teh| ptaiten wiliale Wwhi @hspesdiSpssedssblas to
keep a predetermined distance from outside of said glass
tube of said infrared ray lamp,
wherein said reflectionplate is disposed so that
aninnerreflectionfaceofsaidreflectionplateisopposed
to an arbitrary portion of said heating element, and is
structured such that an object to be heated is disposed

in the front position opposing said reflection face of

said reflection plate.

31. Aprinter in accerdance with claim 30 wherein
said reflection plate is disposed soO that an inner
reflection face of said reflection plate is opposed to

one of the wider side portions of said heating element.

32. Aprinter in accordance with claim 30 wherein
said reflection plate is disposed so that an inner
reflection face of said reflection plate is opposed to

one of the narrower side portions of said heating element.

33. An industrial coating drier comprising:




keep a predeterm ned di stance from outside of said glass [
infrared ray |anp, wherein said reflection plate isgdisposggbgoOIhZ?ldan
inner reflection face of said reflection plate is opposed to an arbitrary
portion of said heating elenent, and is structured such that an object to
be heated is disposed in the front position opposing said reflection face
of sald.reflectlon.plate. 37. An indus$rial coating drier in accordance
with claim36 wherein said reflection plate is disposed so that an inner

reflection face of sa reflecég hggﬁt§§§H§lgﬂgg§egagqiggeaof the w der

si de portions of saiﬂkm&%q enment An I ndustrial coating drier in

That an | FEPS EBRAT B PAREeor EbPh P et o ol o e TS appoced o o

l'ection p ate i S opposed to one

of the narprgmgg.o%lsd?.npgﬁgiVoféigg.ti%'s of@@%h%&é &t eof and formed

of a carbon-based substance,

heat-emitting blocks having good conductivity
to which both end portions of said heating element are
inserted and bonded,

a sintered substance of an adhesive formed and
sinteredonthebondingfacesofsaidheatingelementbonded
to said heat-emitting blocks at the regions in the
vicinities of both end portions including the recessed
portions of said heating element,

a glass tube in which said heating element, said
sinteredsubstanceofsaidadhesiveandsaidheat-emitting
blocksareharmeticallysealedtogetherwithaulinertgas,
and

jead wires electrically connected to said
heat-emitting blocks, the end portions of which are led

out of said glass tube.

34. An industrial coating drier in accordance
with claim 33 wherein said heat-emitting blocks are each
divided into two pieces, between which both end portions

of said heating element are sandwiched.

35. An industrial coating drier having an



100

infrared ray lamp which comprises:

a heating element having a substantially plate
shape, the width of which is larger than its thickness
by five times or more,

a glass tube in which said heating element is
hermetically sealed,

an electrode embedded at both end portions of
said glass tube, electrically connected to both ends of
said heating element respectively and also electrically
connected to an external electric circuit,

a connection device secured to both end portions
of said heating element respectively and electrically
connected to said heating element, and

lead wires secured to said connection devices
and said electrodes so as to pull both ends of said heating
elementataipredeterminedtensionandusedtoelectrically
connect said connection devices to said electrodes,

wherein said connection device has a
heat-emitting block, the cross-sectional area of which
is larger than the cross-sectional area of said heating
element on a plane perpendicular to the direction of the
current flowing through said heating element, in order
topreventsaidleadwiresfrombeingoverheatedbyemitting

heat transmitted from salid heating element.

36. An industrial coating drier comprising:



101

aninfraredraylampincludinga1heatingelement
which has a substantially plate shape, which i1s formed
of a linier-shaped carbon-based subsfance of which
cross-section is a rectangular shape, and which 1is
hermetically sealed in a glass tube, and

a reflection plate which is disposed so as to
keep a predetermined distance from outside of said glass
tube of said infrared ray lamp,

wherein said reflectionplate is disposedso that
aninnerreflectionfaceofsaidreflectionplateisopposed
to an arbitrary portion of said heating element, and is
structured such that an object to be heated is disposed
in the front position oppesing said reflection face of

said reflection plate.

37. An industrial coating drier in accordance
with claim 36 wherein said reflection plate is disposed
so that an inner reflection face of said reflection plate
is opposed to one of the wider side portions of said heating

element.

38. An industrial coating drier in accordance
with claim 36 wherein said reflection plate is disposed
so that an inner reflection face of said reflection plate
is opposed to one of the narrower side portions of said

heating element.



