- 1 DESCRIPTION Infrared ray |anp, heating apparatus and net hod of
producing the infrared ray | anp TECHNI CAL FI ELD The present invention
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 source Ry _using a carbon-based substance
as a heating elenent, to a heating apparatus using the infrared ray |anp,
and to a nmethod of producing the pmcaredrmy | 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 sonme cases. This problemw || be

descri bed bel ow. As anngphtaidedafyayanp)pheanieVy a@padat wsath@sne thbaat
source, an infrared ray |lanp having a tungsten spiral filanment held at the

central pordf oprofiuzigiasshé ubrfriayedl muperlamp 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

The present invention relates to an infrared ray
lamp to be used for a heater for heating objects an'd a space
héater for heating rooms, etc. (hereinafter referred to
as a heating apparatus), more particularly to an infrared
ray lamp having good functions as a heat scurce by using
acarbon-basedsubstanceasexheatingelement,toaiheating
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 its 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
spiral filament held at the central portion of a glass tube
by a number of supports of tungsten is used. However, the

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



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 _used instead of the tungsten spiral
filanments as a heating elenment, has been proposed conventionally. As such

a conventi gyialtd nfgar @haawnéaﬁ@shaeur@tah&r ed ke didd ok F61OseAgl Hn
Japanese Publi shed Unexani ned Pat ent Application, Publication No. Hei

11- 54092 apW iredyiby thertBarmodd) 1iGanls aeddwdapy tHeupeéesanimbayestion is
avai l abl e. Since the carbon-based substance has a high infrared ray

em ssion raite Ofuﬁﬁstt‘érﬁde% %BEtbnfffoﬁH &tb I a¥ngeRiLEsi ®ingatenofsgiwainfrar ed
ray | anp al so becones high y using the carbon-based substance as a

heating el enErdmenkUsat heidttent aNCLot B oBAbBOThBAgEAsEUPEbaNCEnAaEhE
negat i ve resi stance terrper ature characteristic wherein Its resi stance

val ue | ovnerfs fsmbllg¢ WOHErBoHr ehenSems thet eashan- hasqshsubstaage has a
significant characteristic of capable of reducing its rush current at the

time of twdabhgngnthé&lfHuradd anfdgdtear epfinadl Al ramefbBewinothdegtass

conventional infrared ray |anp described in Japanese Published Unexam ned

Pat ent Appltiwiagéi bn, oPdeld dai ictdbn high ocutput was very difficult.

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 conventicnal 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 is
available. Since the carbon-based substance has a high
infrared 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 characteristic wherein
its resistance value lowers as the temperature rises, the
carbon-based substance has a significant characteristic
of capable of reducing its rush,currentrat 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 el enent 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 wire 104 of the infrared ray |anp
shown in the part (a) of FIG 20. FIG321 is a partially magnified view
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and this netal
20 is a partially magnified view showing 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 portion between the two heating elements 200a
and 200b and the lead wire 104 of the conventional infrared
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 of 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 is similar to that shown in the
part {a) of FIG. 20, except for the connection portion
'betweenthetwoheatingelemenfs200aand200bauu1thelead
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



foil sleeve 103 is secured to the end of the heating elenment 200 by
crinping. The internal lead wire 104 fornmed of a netal 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

| ead wire 104. Furthernore, an external lead wire 108 forned of a

nmol ybdenumwire is welded to the other ®nd of the nol ybdenum foil sheet
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structure er el the two heati ng el enments 200a and are sea
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coi |l -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 lead wire 108 connected in series as described
above are inserted into the glass tube 100 and disposed
therein. An inert gas, such as argon, nitrogen or 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 200b 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 elenent 200a and 200b
respectively, and netal foil sleeves 106 are fitted over the wres. The
fitted metal foil sleeves 106 are secured to the end portions of the
heati ng 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 wre
Is electrically connected to the netal foil sleeves 106. The infrared ray
| apps haV|ng the above- mentioned structures have good infrared ray
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a coil portion 105 wound in a coil-spring shape in the
middle of the wire is electrically cqnnected to the metal'
foil sleeves 106.

The infrared ray lamps having the above-
mentioned structures have good infrared ray emission rates,
since their heating elements are formed of a carbon-based
substance:; but, there are the following problems.

In the conventiconal 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 fuse and break. Mbreover, 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, whereby the tenperature rise at the
connection portion is accelerated. In addition, in the structure of the

infrared rayelcdwnbayieg bbe thiwh Beatidih q!rf‘ér%tﬂ@@épéa%mﬁ%ﬁlwf gwn in
FIG 21, the follow ng problens are caused. In the process erein both
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way, if the heating el enments 200a and 200b are heated, he two heatl ng

el ements 200gs @rcth 28R Bxpambt v g, | the ist 1§ e SbI RS atROfc18ES
reason, the inbalance of the tension or conpression force applied to the

heating elaments 20Ra &iEE208hciencimeasksrmhn e L@stonhen e cdahance in
the crinped state is inproper in particular, - 7 one of the carbon-based
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applied, may break.

: wire 102 is added, and the contact resistance becomes
higher than the value at the beginning of use, whereby the
temperature rise at the connection portion is accelerated.

In addition, in the structure of the infrared
ray lamp having the two heating elements 200a and 200b
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 ﬁccurs 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, i1f 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 |anp will
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 showi ng an exanple of the conventignal infrared ray lamp FIG- 23 is

a perspective view showing the infrared ray |anp shown in FIG 22. In

FIGS. 22 anfhe 39f the coHucd-pREEOMHtihg bhbhRieds [ a¥ol ¥t Ganthe |
understood easily from the descriptions on both side portions shown in

tkie figurasrdderedds fontdie comifiradsiBar£bPRe0f stdiepl NERArREyIBYehRTP 1S
not shown in elther of the figures. The conventional :Lnf rafed ray |anp

shown in FIGS. 22 ange28, Cemer igiesh BemsWsiantéat iy gy indrigal gl ass tube
201, netal f oil sheets 205 enbedded in both end portions of the glass

tube 20~, &dJiRAdhPoaheMEmME P4Pe CFARt 16l Wi SEah&dibisrdbdd el aws tube
201 and internal lead wires 204. The heating el enent 240 is a resistance

wire formed of nichrrmme onftrangsd efapndawpuid ivs@dcak! ashapetedheor
internal |ead wires 204 are used to connect both ends of the heating
el ement 24Gdaxihe ovtelctfidr sheeta 2paceAheatfer aroesukht il Heamkisng
el enent 240 is electrically connected to the nmetal f oil sheets 205 and
pul | ed properlysing radiant infrared rays. As this kind of the
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 shbwn in FIG. 22. In FIGS. 22 and
23, the central portion of the infrared ray lamp can be
understood easily from the descriptions on both side
peortions shbwn in the figures, therefore, the central
portion of the infréred ray lamp is not shbwn 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 sheats 205 embedded in both end portions
of the glass tube 201, a heating element 240 hermétically
sealed inside the giass tube 201 and internal lead wires
204. The heating eﬂement 240 is a resistance wire formed
of nichrome or tung;ten 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. elenent 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 appliedgacross the external |ead wres 206
taken out fromboth sides, a current flows through the heating el enent

240, and heatregener ates Heut1hg Bealnidigr et goenk 24Q% O¥EDgalayt he
resi stance of the heating el enent 240 corresponding to the current. At

this time, doffdeteddroysties meil tred 1 sdad e 20w ahianguel1ieplrofdd-1ar t
(a) of FIG 24 is a graph of the distribution curve 270 of the intensity

of the infnmaretheayatemndiedleddomittes heed | 69 bbemeiddd, okhkhevwfrared
ray lamp shown in FIG 23. Part (b) of FIG 24 is a cross-sectional view

showi ng t hedgmitéednshabilng. t e higati s ngialeenetie 240nekrt hecid ndracnad ray
| anp shown in FIG 2 3. The x and y axes shown in the parts (a) and (b) of
FIG 24 arecxil+hspapald teatdimatel axnes torz 40 [lsankl ppo peddiseulaar o Bde
axial direction of the heating elenment 240 shown in FIG 23. In the parts
(a) and (bpsuisthmtiad vt waxiglinwl tdorrlespoadser Qixio dfiethenter axi s of
the heating elenent 240. In the graph of the part (a) of FIG 24, the
val ues in wwl¥mdracal 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 the infrared ray lamp shown
in FIG. 23. Part (b)) of FIG. 24 is a cross-sectional view
showing the portion having the heating element 240 of the
infrared ray lamp shéown in FIG. 23. The x and y axes shown
in the parts (a) and (b) of FIG. 24 are orthogonal
coordinate axes on a plane perpendicular to the axial

direction of the heating element 240 shown in FIG. 23. In

the parts (a) and (b)) of FIG. 24, the origin 0 corresponds
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di rections designate the eni ssi on 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 el ement 240, the anpunt of gthe infrared rays reaching a
mnute area at a constant distance fromthe center axis (represented by

the origintd eheFténte4)apis dhehkenbang e} eMeRfendd4940aS MRAEHEEEEapher eby
the intensity distribution curve 270 was obtai ned. As indicated by the

intensity distthéupaer W Veof 2FRGI.Nn Xhe pret veaue fh Gthd4rddeainfrared
ray lanmp 240 emts infrared rays in all directions at substantially
simlar int@nsdad¢yionki daeisghatel L@ tdwidacbnt Rt ddei £ ¢r egstgact i onal
shape of the heating elenment 240 is substantially symetrical wth respect
to its axi Srahrhbhad rays r cahdrthbapalaseshown tine tdier pantentiaFl G 24.

By the equally distributed infrared rays emtted in all directions at

subst anti aldiyres¢chibas idescigrayeagangdessrwvbed akepscthetd ithet ransteit ed

fromthe heating elenment 240 to the outside and used to heat the outside

and t he sumzuimdimghe plihe Ipeitpenddoocvditn dralthenfaxdreed diayed anpn of

structured as described above, -in the case when it is desired to give
the heating element 240. These angles are designated by
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.

As indicated by the intensity distribution curve
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 symmetrical with respect to its axis and has
a circular shape as.shown in the part (b} of FIG. 24.

By the equally distributed infrared rays emitted
in all direcfions at.substantially similar intensity as
described above, heat is transmitted f£rom the heating

element 240 to the gutside and used to heat the outside

and the surroundings.



directivity to the emission 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 the infrared ray reflection plate 280.
The infrared ray reflection plate 280 hls-a seni -cylindrical shape and is
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heating elenent 240 of the infrare anp having the infrare
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(a) and (b) of FIG 26 are orthogonal coordinate axes oni a plane

per pendi cul giate tike jaxd eh11dbr ectd LIuof thbe 1heatd Aga efs?ﬁﬂ%n%%éﬁom in
FIG 25. The direction opposed to the reflection face of the infrared ray
reflection @kahp12480 is defined as the negative - 11 direction of the x

axis. In the parts (a) and (b) of FIG 26, the origin O corresponds to the
center axis of the FIG. 25 is a perspective view showing an example

wherein an infrared ray reflection plate 280 is provided
for the conventional infrared ray lamp and showing the
positional relationship bet&een 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 240 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 a 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 y
axes shown in the parts (a) and (b) of FIG. 26 are orthogonal
coordinate axes on a plane perpendicular to the axial
direction of the heating element 240 shown in FIG. 25. The
direction opposed to the reflection face of the infrared

ray reflection plate 280 is defined as the negative



heating el ement 240. In the graph of the part (a) of FIG 26, the val ues
in the radial directions represented the emssion intensity of the
infrared rays, and the values in the circunferential directions
represented angles with respect to the center axis on the pl ane

perpendi cular to the axial direction of the heating el enent 240. These
angl es are designated by angl es fronlthf}positive direction of the x axis.

In the part (a) of FIG 26, the concentricC gradations indicating the
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in the conventional infrared ray lanp, it Is indicated that the em ssion
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directions. For this reason, 1n order to give directivity to infrared ray

em ssi on, iy itheNgsessitetOnpiali derkbe i diy ratbsayteafdgibanyptate

outside the infrared ray - 12 |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. 1In 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
emitted intenselyconly onone side of the infrared ray lamp,
with the positive direction of the x axis used as the
center. | |

Asdescribedabove,:ultheconventionalinfrared
ray lamp, it is indicdated that the emission of the infrared
rays has isotropic intensity distribution in all
directions. For this reason, in order to give directivity
to infrared ray emission, it is necessary to provide the

infrared ray reflection plate outside the infrared ray
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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

I ncreases. If this kind of heating appaj gt us Is used for a long tine,

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

having the above- nentiieweddSOt{109i £neFhsSiAONdNtLOSIL LYt ity ibatEQas -in
all directions is substantially the sane in a w de range on one side in

general as bhowared £A¢ Pefleckdorbllte 126apEototdl I JWRASON bddalk e
conventional infrared ray lanp, an attenpt to increase the em ssion

intensity i¢if aagRhg land teder adpe sansh tor deehgase the 4 nE€8aiLky ithot her
ranges in order to enhance directivity is difficult. As a result, in the
case when thetensdtentdionatibaagtiong appaiat UA FirarusPdrdr elaeadlized

heating, the problemof |ow heating efficiency occurs. DI SCLOSURE OF
| NVENTI ON -bd8omé&be darfeanént nwartthi drhe sdintendec tof sbh¥eeti®&sion.
above-nenti oned probl ens and al so intended to provide a
Furthermore, as the infrared ray reflectivity lowers, the
amount of the infrared rays absorbed by the reflection
plate itself increases. 1If this kind of heating apparatus
is 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 increaée the emission
intensity in a more limited range and to decrease the
intensity in other fanges in order to enhance directivity
is difficult. 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



highly reliable infrared ray | anp wherein its power consunption does not

I ncrease during use for along tine and its heating portions are prevented

fromfusing and breaking after use for a long tinme. 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 em ssion intensity %Qf_infrared rays | ower than that of
to

the conventional infrared ray |lanp, an make the directivity of the

em ssion intensity ofThafpaeedy@yisvimbhesnt Danihhahada tdhessopyeppional
infrared ray |anp. The present invention provides an infrared ray |anp and

a heating a=AppeE ahda tieled NptHB1efisS 2nd d1EEnsht ¥naled Mo yask 1 a¥sa has
directivity without using any reflection plate, and also provides a nethod

of produci ngidiheyi pendraad ¢ aynkaalre Ard pf 1anpd whdhrd 8APik8 peR@Eance with
the present invention conprises: at |east one heating el enment having a

subst ant i aldoh phapeishaae.e haw hoineceasaddpeiniPisd Fdhea Mggntimes of
both ends thereof and forned of a carbon-based substance, heat-emtting
bl ocks haviaigt gbod aerduaid vpby tibbmsMied poeheand Ppoftbmnguefiddeahaati ng
el ement are inserted and bonded, - 14 a sintered substance of an adhesive
formed and brsgailt bngdaHhethes ender td Aonandibendi Mhd presseaft tilmerdrei ong
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 emission intensity
of infrared rays lower than that of the conventional
infrared ray lamp., and to make the directivity of the
emission intensity bf 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 ainethbd.of producing the infrared ray lamp.
An infrared ray lamp in accordance with the
present invention domprises:
at least 6ne 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,



el ement bonded to the heat-emtting blocks at the regions in the
vicinities of both end portions of the heating elenent including the
recessed portions thereof, a glass tube in which the heating elenent, the
sintered substance of the adhesive and the heat-emtting blocks are
hernetically sealed together with an inert gas, and |lead wres
electrically connected to the heat-emtting bl ocks, the end portions of
which are led out of the glass tube. 'VVﬁh'this structure, in the infrared

(ay | am,  ihe recessed ARELIARS SAS UAY U5 AR JBRC AL eR 8 aplOl

ends of the carbon-bas st ance- use he he e

areas of the CO gL, dttﬁgames%e@}f%neanate ﬂeoﬁ?#%%% 3 hon; ased

adhesi ve are I ncrease wher € resistance 8 Tontaet TH

reduced, h%%élﬁ]@ng%oﬁ ehhf"orﬂ?é %@Qfeeﬂg.ttt %'].toac%s ‘t:l'pee eesI o gt ed,
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and the tenperatures of the lead wre 1nst I"on ‘portions at

porti ons carh b o Py eKaRAd 4L OBEDERH thd S% IS Q?géeh%%[%mpead

accordlng to the present 1nvention, SSI e to

Wi re instaldaihont POLhRs: g oph & Usie &sﬁw %6?%‘.{'0%% &b the

tenperature rise at the portions. SInCE e FECéSSEd portions

i n The Vicini (i - 18 qDheBOLENdS GhidH ﬂ??@tﬂé‘gtfhﬁnﬁﬁ%n%rr?tf'{ﬂgd with

the carbon-based adhesive, the fitting or bondi ng between
sintered substance of the adhesive and the heat-emitting

blocks are hermetically sealed together with an inert gas,
and

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

With this strucfture, in the infrared ray lamp,
the recessed portions are provided in the vicinities of
both ends of the carbon-based substance used as the heating
element, and the areas of the contact with the heat-
emitting blocks wia the carbon-based adhesive are
increased, whereby the resistance of the contact can be
reduqed, heating due to the resistance of the contact can
be restricted, 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
and breaking owing to the temperature rise at the portions.

In addition, since the recessed portions in the vicinities



heating el ement and the heat-em tting bl ocks becones closer, and the
strength of the bonding is enhanced. As a result, in the infrared ray |anp
of the present invention, stress due to heat can be absorbed, and abnor mal
heating can be prevented. An infrared ray |lanp from another viewpoint in
accordance wth the present invention conprises: at |east one heating

el ement having a substantially plate shape, having recessed portions in
the wvicinities of both ends thereof and®fornmed of a carbon-based

subst ance, dieals effi L 4RO o Qs It 0o00ad fUGLLVELY ) G, A e 5011 ¢

into two pieces, ween whi ¢ portions o € heati'ng enent

0 | i g _ ef erent
The i nert 1o Bne BaR na FaRas of THE Tam 1l O e Boaaneed ThE * "

heat e L1 b P19GK8 A £681 988 ridht NenYLeild |82 8ksDBLR L PO L] ons

of the heatin enent 1 ncluding the recessed portions thereof, a glass

tube in whighdhe hegyl Eﬁggb%%’ﬂg%ﬂr@f ‘lejlé'tlﬁfyﬁﬂi%] egtsa'é‘h% cdde aghesive

and the heat-em tfi ng b s are hernetically sea together wth an
inert gas, , 2BQ41820iW £188 181BCAFE 8 dY 16988 €e (- ddent iHention,

heat-em tting bl ock$, the end portions of which are taken outside the
gl ass tube.gtress 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
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
and each split into two pieces, between 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 element, the
sintered substance of the adhesive and the heat-emitting
blocks are hermetically sealed together with an inert gas,
and

lead wires electrically connected to the



Wth this structure, in the infrared ray lanp, the heating elenent is
bonded to the heat-emtting blocks by pressure contact, then, since
accurate disposition at predeterm ned positions for fitting is not

requi red, assenbly work can be carried out easily, and the cost of
production can be reduced significantly. Method of producing an infrared
-ray lanmp in accordance with the present invention conprises: a step of
form ng recessed portlons inthe vicinl®ies of both ends of at |east one

heati ng el enen ha ubst ant..al | | at e shape ned of

car bon- basgbeiﬁbg ga gt Ca(%f t&b%l%‘ﬁé"’aﬁ’r%gd"gdﬂ&? ear%rmge&r a
car bon- based g ga %yﬁiﬁagce g the regions in the vicinities of both
ends of the hed éﬁ FntP 8|ng t he recessed portions thereof, a
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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 step 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
the recessed portions thereof,

a step of inserting and bonding both end portions
of the heating element to the end portions of heat-emitting
blocks having goocd 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 heatiog element and the
heat-emitting blocks inside the glass tube together with

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



!
Wth these steps, the infrared ray lanp has high reliability by not
raising its power consunption abnormally during use for a long tine and by
preventing its heating portions fromfusing and breaking after use for a
long tine. An infrared ray |anp from another viewpoint in accordance with
the present invention conprises: a heating elenent having a substantially
plate shape, the width of which is Iarg§r than its thickness by five

times or nore, a glass tube in which the'heating elenent is hernetically

seal ed, andwif@seéESUt‘%q.%saﬂ’?%ﬁieétteﬁoi:B end Hehe;;élr&ﬁl@é ngrgﬁlgh%%s

t ube, electrlcally connect o both ends of the

respectivel y,a8dasal stquglqsi:gggc%luldé connected to an exter naI electric
circuit. Wth this structure, the emssion intensity of the infrared ray

| anp becones a maxi rruml\eeal Hﬁe's'&s glaelpst htﬁ%ﬂ@ﬁ%:@ﬂf@é&lacg,nlainptHsshﬁétglhng
el ement and becones negligibly sma I n conparison wi th thée maxi mum val ue

in the widid) dhbaatiiten. by RB&L ifdh HPPGr BEYS Pk SECOSH3NMS tWiddh the
present invention conprises: a heating el enent having a substantially plate

. 1§m rzhapeabﬁb_emwnitw @ir Mhgclisks floar gendd@ntihs bRicCkResTdyenting times
, its heating portions from fusing and breaking after use
for a long time.

An infrared ray lamp from ancther 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 electfodes eﬁbedded at both end portions of
the glass tube, electrically connected to both ends of the
heating element respectively and also electricaily
connected to an external electric circuit.

With this structure, the emission intensity of
the infrared ray lqmp becomes a maximum value in the
thickness directiod 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 gqomprises:

a heating element having a 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 atus becones a nmaxi numvalue in the thickness direction of the
heating el enent and becomes negligibiy&mll in conparison with the

maxi mum val ye in the wdth dipection,.thereby having, directivity. met hod
of " br oducr AFaRE 1 rersie PayoF St ERohe EheRker EhrBoddnt Tk hed s, Bont

I nvention éﬁqprogises: a step of formng a glass tube by form ng gl ass
into a substanti TTﬁsc?ﬁlﬂﬁﬁ al shape, a step of hernetically sealing a

substantially plate heatin |l enent, the w dth qf l.ch is |arger .than
Its thickness by fi vet t9 s o?u 5t ej,‘ﬂi‘ﬁﬁf‘ﬁgl &L“e?sg‘?%/gé“@o eslt?\%?gghé‘scenter

line of th q§€é{£gaﬁ&en%p%tindthgnhpngitudinaI direction thereof is
subst anti al Coaxrar -t the céifer axis of the gl ass tube, and a step
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substantially sem - rical “"shape on Xt er nal® Tace o
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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
another 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 elemeht, the width of which is larger than
its thickness by fiﬁe times or more, in the glass tube so
that the center line of the heating element in the
longitudinal direction thereof is substantially coaxial
with the center axis.of the glass tube, and

a step of forming a reflection f£ilm for

reflecting infrared rays into a substantially semi-



range of the disposition of the heating element in the axial direction
thereof. Wth this structure, the sem-cylindrical reflection filmcan be
formed easily by using the cylindrical shape of the glass tube. A nethod
of producing an infrared ray lanmp from still another viewpoint of the
present invention conpromses: a step of formng a glass tube by formng
glass into a substantially cylindrical_ shape, a step of formng a
reflection filn1for reflecting infra?ehgréys into a predeterm ned

substanti aI y? i CBﬁ.: s ﬂ%gecgln F@pgx%%rtn% Q)ag tfl'l%cgérllcﬁé he b ternal

face of the e of I"ass ube ©and as sing a

substant i algty%péagf: tl{'@%tlﬂgs e atshﬁo%gﬁgt?ifn&\'%lf{# ]?Ihéiilrlggr jhan its

t hi ckness by ve times or nore, so as to be axra ?ange

wher ei n therar&gées@ B i dﬂ%ﬁgiﬂ"ti g.b%if v&ﬁﬁdth as ggﬁé%&am sealLpg the

heating el e I nsi e t he Ss t ctare

sem -cylingrd £y gheklactdPnehtlBLEan be formed easily even on the i nt ernal
face of the glass tube by using the cylindrical shape of | - 20 the glass

t ube. With this structure, the semi-cylindrical
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 by forming glass
into a substantially cylindrical shape,

a step of forming a reflection film for
reflecting infrared rays into a predetermined
substantially semi-cylindrical shape on the external face
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 film is disposed,
and of hermetically sealing the heating element inside the
glass tube,

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

face of the glass tube by using the cylindrical shape of



VWhil e the novel features of the invention are set forth particularly in

t he appended clains, the invention, both as to organi zati on and content,
will be better understood and appreciated, along with other objects and
features thereof, fromthe follow ng detailed description taken in
conjunction wth the draw ngs. BRI EF DESCRI PTION OF DRAWNGS FIG 1 is a
front view showing the structure of t | ead wire taking-out portion of an
infrared ray lanp in accordance with a tirst enbodi ment of the present

i nvention; thldGqgRaks &uprtially magnified view showi ng the connection
portion of thes%eating el ement and the heat -emitting block of the infrared

ray lamp shown in Fl Ghile the ndel afPathirald Yofragme f i gdenitebsh@neng t he
connection portion of the heating elenent and the heat -emtting bl ock of

an infraredeatayrbéatn bavitig @i Der i nStHHICt b BehB e COT 206 WH the first
enbodi nent of the present invention; FIG- 4 is a partially magnified view

showi ng t henwennbhechi, 0BoRr @0t Ofort dignheattiing ede@esbnaedtt herill be
heat-em tting block of an infrared ray | anp having still another structure
i n accor damee: ¢t huhlerfstrrid eahddappite ci@fed, ol lidisg pr£sRNb BNt | ON;
FIG 5is a front view show ng the structure of

objects and features thereof, £from the following detailed

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
ceonnection 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 invention;

FIG. 4 is a partiall;r magnified view showing the
connection portion ¢f the heating element and the
heat-emitting block of an infrared ray lamp having still

another structure in accordance with the first embodiment



the lead wire taking-out portion of an infrared ray lanp in accordance
with a second enbodi nent of the present invention; FIG 6 is a partially
magni fi ed view showi ng the connection portion of the heating el enrent and
the heat-emtting block of the infrared ray lanp shown in FIG 5; FIG 7
Is a partially magnified view showi ng the connection portion of the
heating el enent and the heat-emtting ﬁléock of an infrared ray |anp having

anot her structure in accordance with't Ssecond enbodinent; FIG 8 is a

partial ly nggniti.e f/égg\hghgwgﬂﬁn, connection portion of the heating
c

el ement and the "héat-emtting block of an infrared ray | anp having still

anot her structure in @q@rga@geavxf%gptthgi eFQl wﬁ@gﬂ{m]g%gg[&e( hO;

FIG 9 is a plan view showi ng an nfrared ray lanp in accor CE W

third embodi FBNE o alf wiilh® RIASAY - 6 Y CPbEN.0 AN RA i dfba PlaH &y Fahd 2

front viewthereof; FIG 10 is a perspective view show ng the

ray |anp iniﬁc‘&%rc%@@né\éthittﬂeat@é&ﬁ@%ﬁ%mﬂ?ﬁ bPe tRleSHL sk pyenti on;

part (a) of FIG 11 is a graph show ng the I stribution curve of the
intensity ofp{Batiiffared rays emtted fromthe heating el ement of the
third enbodi nent,

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;

part (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. 9_is 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



and part (b) of FIG 11 shows the cross section of the <central portion of
the infrared ray |lanp of the third enbodinent; part (a) of FIG 12 is a
pl an view showing an infrared ray lanp in accordance with a fourth

enbodi nent 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 |anp
I n accordance with the fourth enbodi ne of the present invention; part
(a) of FIG 14 is a graph show ng the s'tribution curve of the intensity

of the i nfrarad | @uﬁmg%h&% OB AN AERG B3V chATR ¥ d el LHLLD

enbodi rrent art (b) of FI e Cross section o
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(a) of FI G n view s rare l'anp 1 n accordance

with a fift] P8y oF E1E, PiSSAHoudIVeRk e&vosaslnds@@ﬂoﬁbb@ftﬁw 12

s a front VI ewthereof FIG 16 is a perspective view show ng the

infrared rayd@np, | ao%%arrpacr@et%t e fdht Bagmhodigreat b tiieipgesent

i nvention; part (a) 17 is a graph showng the . - 23 distribution
curve of t%ﬂdﬁﬁﬂéhﬁ:y of the infrared rays emtted fromthe infrared ray
| anp of the fifth enbodi nent,

part (a) of FIG. 12 is a plan view showing 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
emitted £from the infrared ray lamp of the fourth embodiment,
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



and part (b) of FIG 17 shows the cross section of the <central portion of

the infrared ray lanp of the fifth enbodinent; FIG 18 is a perspective

vi ew showi ng the positional relationship between the infrared ray |anp and

the infrared ray reflection plate of a heating apparatus in accordance

with a sixth enbodi nrent of the present invention; FIG 19 is a perspective

vi ew show ng the positional reIationsh%g between the infrared ray | anp and
a

the infrared ray reflection plate of a fing apparatus in accordance

wth a SGV%%‘%PE‘BBQ' %%ntCLﬂ:fv% 'lﬁ]p{rf ei;ﬁtehgl‘%gib%” thie! S?nf?rﬂafédgxfggét al

vi ew show ng e structure wre t I Ng- out ortion
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structure W re taki ng- out ortron a conventio

ray |anp V\’%ﬁ{&" gﬁk\eo (Bgatd A9y pEEMRL 551?:5@ Sﬁﬁlee(é:rdgﬁ as&é@i%nt e tﬂeG 22
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of the infrafgdqiakst ;

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;



emtted fromthe heating elenent of the conventional infrared ray |anp,
and part (b) of FIG 24 shows the cross section of the central portion of
the infrared ray lanp shown in FIG 23; FIG 25 is a perspective view
showi ng the positional relationship between the infrared ray reflection
plate and the infrared ray lanp in the conventional infrared ray |anp; and
part (a) of FIG 26 is a graph showng the distribution curve of the
intensity of the infrared rays em tted*fromthe conventional infrared ray

| anp provided wth %}:gf {(ﬁgeq’fr v kef ?iCtj_isO”a p#g&ghs@%vg;fig%ﬁtge 25, and

part (b) of FIG 26 WS cross Section of t centr portion of the
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of the Figures are schematic representations pur poses tion
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accordance wt present invention wll be described belowreferring to

the accompanyd NgndbeWkRES cenPal (HbikSloredOR NN A FrE@a Ird$ Bahpont
view showi ng the structure of an infrared ray lanmp in accordance with a

first enmbodjy®pt in FIG. 23;

FIG. 25 is a perspective view showing the
positional 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 iﬁ 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 or all of the
Figures are schematic representations for‘purposes of
illustration and do not necessarily depict the actual

relative sizes or locations of the elements shown.

BEST MODE FOR CARRYING OUT THE INVENTION

Preferred embodiments of an infrared ray lamp
and an infrared heating apparatus in accordance with the
present invention will be described below referring to the

accompanying drawings.



of the present invention, and shows the structure of the lead wre

t aki ng-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

| anp of the first enbodi nent, a heating el emrent 2, heat-emtting blocks 3
and internal lead wires 4 are sealed 1n°a glass tube 1. The internal |ead

wire 4 is con ted t : al lead wire 8 via a nol ybdenum foil sheet
7. The plateaﬁgatlngggﬁéﬁéﬁékgmgealed in the glass tube 1 is forned of a

carbon-based substancgrgonsgi $Li N 28nf ﬂé&“éﬁo@ﬁn&éﬁ%%‘ﬂg‘ﬁ%ﬁé@?n such

as graphite, a resistance value adjustnment substanc ous carbon.

This heating, i9lSFRREA2% @S Anpia] B cRARFaABESH E NG € P8 Bt {21; >
i n thickness and 300 mmin length for exanple. The heat-emtting % ock 3

is formed off aONGHELENE TRLRTMHEIon 2Ngh 8l 86bLECRhkY seenneaicd ¢p eRe end
of the heating elenent 2 by a nmethod described later. A coil portion 5 is

formed at onea@ndiek fhail 5615*@'pb@@‘io\ﬂgQ))‘."rgtt?é‘diﬁ_frﬁﬁ'éid‘&a%miérﬁ’ﬁ.6
having elasticity is formed following the coil portion 5. - 26 As shown

in FIG 1, ghe. coi khpist ibytih exidtpertidiney v de@di MEraréd Tawulsmpi ghtly
on the outer peripheral face of the heat-emtting block 3 so as to be
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 internal 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

colil portion 5.



el ectrically connected thereto. The spring portion 6 of the internal |ead
wre 4 is disposed away fromthe outer peripheral face of the

heat-em tting block 3 by a predeterm ned distance and is structured to
expand and contract so that the dinensional change of the heating el enent
2 due to its expansion can be canceled and absorbed. At the sealing
portion Ic of the infrared ray |lanp of the first enbodi nent, the internal
lead wire 4 inside the glass tube 1 rs2Bofinected to one end of the

mol ybdenum foi | sheet 5Z, S%% he, of-hgr &nd t%fﬁ té]gaf?b%g&gia%fﬂ %F‘%’%/ ,rs_rg%et 7

is connected to 'the external |l'ead "wré'8. ni fied

per Spect | Ve i e¢naSNAMAY diiieel ol Lidg,sond! Lhoh Ofy LOR REA! G £k ement 2

and the heat-emtting i n accordance he first odi nent

shown i n Flifyr donesSheutd bl G 2ne dr ki £ sp{ ERRY gb Lhe:gepher of

one end portion of the heat-emtting block 3 e ot hand, in

vicinity of)iBererd PO tdfith of tbRerhedtd g e'ﬂ{@fgqﬁna g&efe&%.nz% of

extending in a direction perpendicular to the insertion Irection

heating el eypeait: Rt birRaling &lid 6fi+ON 1 H0i£8h64 Y By A F QW Ex?etﬁﬁgt ﬁ%) i s

formed. Furthernmore, - 27 "in the vicinity of the groove 2a o eating
el ement Zp@ﬂiﬁﬂ@%&!weﬁ@céSoﬁpﬁlﬂee%egf‘eelﬂ@%ttliﬁgg eh EHBRL 32 fyorgred in this

way is structured so that it is inserted into the
predetermined distance and is structured to expand and

contract so that the dimensional change of the héating
element 2 due to its expansion can be canceled and
absorbed.

At the sealing portion 1lc df 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:H;apartiallymagnifiedperspeétiveview
showing the fitting 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 hand, in the vicinity
of the end porticon 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

indicated by the arrow in FIG. 2) is formed. Furthermore,



slit 3a of the heat-emitting block 3 and secured to each other. The
adhesive 9 applied to the heating elenment 2 is fornmed of a carbon-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-emitting block 3 is forned of graphite having

- good conductivity. Furthernmore, in the first enbodi nent, the internal |ead
wire 4 is formed of a tungsten wire ha¥/ng a thermal expansion coefficient
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secured the In this way, the heating elenent 2 is electrically

connect ed t%ﬁhgﬁé internal lead wire 4 via the adhesive 9 and the - 28
of the
t

B e hor 190”6 neThEn AR NE Pokab A IS ool B0, LLRERTT {1
coil portiop H5 fSrmed of a carbon-based 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 . 1f 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 is 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. 1In this
way., the heating element 2 is electrically connected to

the internal lead wire 4 wvia the adhesive 9 and the



el ectrically connected to the nol ybdenumfoil sheet 7 which is enbedded in
the sealing portion 1c of the glass tube 1. The other end of the
nol ybdenum foil sheet 7 is also connected to the external lead wire 8
inside the sealing portion 1c. In the infrared ray |lanp of the first
enbodi nent, the heating element 2, the heat-emitting blocks 3 and the
internal |ead wires 4 connected in serigg are inserted into the space

n

i nside the heat-resistant glass tube I, “inert gas, such as argon or

nitrogen, igehtlbid deigl®iHEKIASSTA HhE 1;.@3&%%3@9& RRLL! QNS thlhe

sealing portions) of the glass tube I are nel used so as to be

sealed. A @@(ﬁt%@ftiﬁﬁ bRt ehBakpkeagy gio&ecfon WPHHHM@?&‘%f?Qa}ae%Q%BF 7

and a part of the external lead wire are sealed in the sealing portion

lc of the glasghtivhe ils 1TRegbRf najaf fRYt baMud &He1T bt f4podi nent is f
ormed as described above. In the infrared ray lanp of the first enbodi nent

structured @gedesgidded, abouge el tHerhBf mANSbdéNuha®B il SshéEpeg on by
applying a voltage across the external lead wTres 8 disposed at both ends,

the heatingyeienent dmbeamiy i the §ahhengbasad Sewsianse thehgahed to a
hi gh tenperature because of its resistance. Even when the heating el enent
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the spring portion 6 of the internal lead wire 4 is provided between the

heating el®Deot c2nmrettde ool thdenwtéonk lsheaid Ayitbe sefifiecidef the
sealing portion lc. -

In the infrared ray lamp of the first embodiment,
the heating element 2, the heat-emitting blocks 3 and the
internal lead wires 4 connected in series are inserted into
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 s0o as to be sealed. A
part of the internal lead wire 4, the molybdenum £o0il sheet
7 and a part of the external lead wire 8 are sealed in the
sealing portion 1lc 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 at 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



t he di nensional change due to the expansion of the heating elenent 2 is
cancel l ed by the contraction of the spring portion 6. As aresult, it is
possi ble to prevent any unnecessary bending force fromapplying to the
heating elenent 2. Since no unnecessary bending force applies to the
heating el enent 2 that becones brittle at high tenperatures, the heating
el ement 2 does not break even at high tenperatures. In the infrared ray
| amp of the first enbodiment, the heat?2emitting block 3 formed of a
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the end porgjop;igh the hgaty el epgitk 2 1 4dhddsiHAe HOO¥LF-LfOrIRY i n
the vicinity of the end portion
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.

In the infrared ray lamp of the first embodiment,
the heat-emitting block 3 formed of a material having good
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 conductivityn
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 in more
detail.

As shown in FIG. 2, at manufacturing of an

infrared ray lamp, the adhesive 9 mainly consisting of a



of the heating elenent 2. And then, the heating element 2 applied with the
adhesive 9 is inserted into the slit 3a of the heat-emtting block 3 to
make cl ose contact therewith. After the heating elenment 2 is nade cl ose
contact with and fitted into the 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 forned. ?As a results Yhe heating el ement 2 and the
heat-em tting bl ock 3 _are connected via the sintered _sub %ance of . the
adhesi ve 9 AT ARGRCAGRARE R PEYRNE (PP FALE Sorttb ot WERLC P Fh¥ mi ng
the groove 2a jn.the heating el enent he.area qf the ntagf et ween
Lhe heat! nGEd ehEftS Sl e BRa L ehiat (NG Beduk 3 ST eaade LuPi Ehe
resi stance of the contact can qi .reggced“ Eurlherngrgh si_n theta Hesive
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structure that the nunmber of the grooves 2a forned in the vicinity of the

end portio'l:l?éré@fthe.at .h%g:er the heating element 2 is made close
contact with and £itted into tr;e 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
2a in the heating element 2, the area of the contact between
the heating element 2 and the heat-emitting block 3
increases, and the resistance of the contact can be
reduced.

Furthermore, since the adhesive 9 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 1is
carried out at their projected and recessed faces, whereby

the strength of the bonding is enhanced significantly. 1In



element 2 is one, but simlar effect can al so be obtained even if plural
grooves are fornmed on one face or on both faces; and a higher effect is
obtained as the larger the nunber of the grooves is. In the first

enbodi nent, even when the cl earance between the heating elenent 2 and the
heat-emtting block 3 is of a range of 0 to 1009m no difference occurs in
the resistance of the contact and the strength of the bonding. Next, by
usi ng the nmethod of the connection bet¥een t he heati ng el enent and the

heat - e igyg, gk, offaddiind it Aed chae d 401 86 4 08 DY S TRI1LODGE ! 1 1St

enbodi nent, € connection g el'enmen
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be descri be an infrared ray |anp havi WO ro heati ng el enents
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nmet hod of connecting the heating enents 2la and : to a heat-em fting
block 31. H Lhefttl § fsPSRb! bhY £RENNEed rRRISPRG] 8 &/ &Y% M Rda

anot her nethod of connecting the heating elenents 22a and 22b to a _
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heating el enments 22a - 32 "and 22b. In the infrared ray | anps shown in FIGS
3 and 4, £8tEHGt HhBSaOhhghdhaF Adwsei ShowbaiRed@ d itHE eSaP§Er the
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 1004m, no difference coccurs in
the resistance of the contact and the strength cof the
boending.

" 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, the connection between the heating element and
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 2la 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



simlar to those of the first enbodi nent shown in the above-nentioned FIG
1. As shown in FIG 3, the end portions of the heating elenents 2la and
21b of this infrared ray lanp are inserted into two holes 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 qﬁgrtion direction (the direction

t

indicated by the arrow in FIG 3) of” heating el ements 21a and 21b. The
heati ng elqﬂ§§t§2gla and 21b and the heat-emtting block 31 of the
infrared ray lanmp shown in FIG 3 are forned of simlar materials as those

of the above-nentiongd £hesineraeddeidy PAdpkhenadhesinveb9!f 3tdggsecond

enbodi nent is forned of a carbon-based substance to become a m xture of

crystallized cafpeBravel AthdlF 2PahetABEAHHPRQUENCRRBOR iYW degied to a
hi gh tenperature just as in the case of the first enbodinent. In the

vicinities ffmihgrend RAddONS£Ooknkhe i ddOVemBBRLinted sibivadricaindeating
el enents 2l1a and 21b, the plural grooves 21c (three grooves in the exanple

shown in RHyzv8)mahe ifcarg@drIEor 1t.his reason, projected and recessed
faces are formed in the vicinities of the end - 33 portions of the heating

el ements 2la and 21b,A@nghbhe iadleBtve39 ithesudhidcpentdipmppbfedneo the
end portions including the projected and recessed faces. And, the

heating elements 21la and 21b of this infrared ray lamp are
inserted into two holes 31la and 31ib formed in the
heat-emitting block 31 respectively and connected thereto.
The plural grooves 21c formed in the heating elements 2Zla
and 21b extend in a direction perpendicular to the
insertion direction (the direction indicated by the arrow
in FIG. 3) of the heating elements 21la and 21b.

The heating elements 2la and 21b and the
heat-emitting block 31 of the infrared ray lamp shown in
FIG. 3 are formed of similaf materials as 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 wvicinities of the end portions of the
above-mentioned cylindrical heating elements 21a 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



heating el enents 2l1a and 21b applied with the adhesive 9 are inserted into
the holes 31a and 3l1a of the heat- emtting block 31 respectively and nade
cl ose contact therewith. After the heating elenents 21a and 21b are nade
close contact with and fitted into the heat-emtting block 31, drying and
heating (firing) steps are carried out, whereby a sintered substance

consi sting of the carbon- based substance of the adhesive 9 is fornmed. As a
result, the heating elenments 2la and 2 B are connected to the
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insertion direction, and the sintered substance of adhesi

fornmed in thee gne@tae@lfntbOkhehitoT€8S90a Wi rﬁasb%n%é)fhé%ﬁ cont act
bet ween the heating elenents 21a and 21b and the heat-emtting ock 31 of

the infraregmigyindnpiderniinresprctield aan Meadedeaede ashthet
strength of the bonding can be enhanced significantly. In the infrared ray
| anp shown theFkGith. tfter 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 is 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
2la and 21b, the area of the contact between the heating
elements 2la and 21b and the heat-emitting block 31 is
increased. Furthermore, the grooves 21lc are formed in the
vicinities of the heating elements 2la 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



plural (three in the exanple shown in FIG 4) grooves 22c are fornmed on
the external faces in the vicinities of the end portions of the two
heati ng el enents 22a and 22b. The plural grooves 22c forned in the heating
el ements 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 el enents 22a and 22b, thereby form ng projected and
recessed faces. In addition, the adhestbe 9 is suff|C|entIy applied to the

d ti f h I t 22b th t ed
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heat-em tting block 32, drying and heating (firing) steps

plural grooves 22c 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 eleﬁents 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 each 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 22b.

The adhesive 9 is applied to the heating elemants

22a and 22b structured as described above, and the heating
elements 22a and 22b are inserted into the holes 32a and

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



are carried out, whereby a sintered substance consisting of the

car bon- based substance of the adhesive 9 is forned. As a result, the
heati ng el enents 22a and 22b are connected to the heat-emtting bl ock 32
via the sintered substance of the adhesive 9 of high conductivity. In the
infrared ray lanmp shown in FIG 4, the projected and recessed faces are
formed in the vicinities of the end portions of the cylindrical heating
el enent s 22a and 22b, and the grooves Qib are fornmed in the |nternal
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and 22b are bonded to the holes in the heat-emtting bloc usi ng
the carbon-basek athesl ¥ait tidy theoskage WgnthBesintered 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 héating elements 22a and 22b and in the
internal faces of the holes 32a and 32a in a direction
perpendicular fto 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



plural heating el enents 22a and 22b are inserted into the heat-emtting
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 el enents
is distorted, the distortion is relieved until a heat treatnent for
curing the adhesive 9 is conducted. Then, after bal ance of the tension or
conpression force between the plural h %tlng el enents is made nearly
uniform the adhesive 9 is cured and carboni zed. As a result, even when

t he heati ngegleperits e @ﬂdtﬁabpim:éh.eq{é%ﬂtiﬂgaeﬁ'egrfénﬁfn?féaéliﬁea Ahe

di stortion of the tension or conpression forcé bal an etween the heating

el enents dogBenbbndeTRAIHE M SLES extent hbat fé&ﬁ@@ﬁﬁb”ﬂl%ﬁ@'}t 3223
and 22b are broken. By producing the infrared ray lanmp as describ

above, it isspagstheechabedsidysesecadRedivkong-| irf Ehb”éfﬁbﬁdwﬁ%% kﬁ@p
having plural heating elements 22a and 22b sealed in one glass tub

the infrareploagll heps ishpwldme it 6223 and 2 fo ét@ix%e?%faaciﬁt%aﬁh'%e
obt ai ned regardl ess of whether the holes 31a and 32a fornmed in the

heat - eni ttimgabl-eakis t Bigahdodk @, ttheughribdes05eat QAR 185 (Hokgs Wwith
bottonm). ((Second enbodi ment~~ - 37 Next, an infrared ray lanp in
accordance skihl sogdcorthembbdireentevain tiiee Prieagan denantim véhs ibea
described referring to the acconpanyi ng drawi ngs. FIG
or compression force between the heating 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, it is 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 31la and 32a formed in the heat-emitting blocks
31 and 32 are through holes or stop holes (holes with

bottom).

{second embodiment)



5is a plan view showing the infrared ray | anp of the second enbodinent in
accordance with the present invention. FIG 5 shows both end portions of
the infrared ray | anp 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 magnified
perspective view showi ng the connect i_097c9ndi tion between a heating

el enent and heat-emtting blocks in actordance with the second enbodi nent

shown in FIG 5. FlGSyektanthB S0OMakRCHaStTAMeDH ULRS aRl: ol rgiesd ray

| anp of the second enbodinent, and are partially magnified perspective

views  shova NgetBa dTRINBMIS1 RENENS FCHHECHLRB PR WEPPe hRE oREJi MY pE! ement
and the heat-emtting blocks. The infrared ray |anp of the second

enbodi nent défcasbeidaemiihgt Be RHeS¥cImYSALIaYy RBSwiRyat e Fhigating
el ement 23 and two-split heat-emtting blocks 33a and 33b. Since the other

structures ofid hep 5&RoNtew R HEEh @116 Bt dF barrd P 1415 Ot hkh®econd
above-nmentioned first enbodinment, their explanations are omtted. In the

infrared r aambadpmeh tt ha secondaarieodi FBNthe dries deatimege et esaNt 23:G.t he

heat-em tting, blocks 33a and 33b and the internal lead wires 4 are seal ed

in the gl as® sh@8s babk dndspshadmnn ol Bhe Sraftabed] Hay dampnofhehease of

t he above-nentioned first enbodiment. The internal lead wre 4 is

connect ed txechadesmdrgttiméntd wblec@ itss thentral portion has a
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-mentionesd
first embodiment, their explanations are omitted.

In the infrared ray lamp of the second embodiment,

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

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



nol ybdenum foil sheet 7. The plate heating el enent 23 sealed in the gl ass
tube 1 is formed of a carbon-based substance consisting of a m xture of
crystallized carbon such as graphite, a resistance val ue adjustnment
substance and anor phous carbon. This heating el enent 23 has a plate shape
measuring 6 nmmin width, 0.5 mmin thickness and 300 mmin |length for
exanple. The heat-em tting bl ocks 33a_ d_33b are forned of a conductive
material and electrically connected to one end of the heating el ement 23

by a methodcgiescii Bgdshaker icAFOQGS . POrih@ned lashoEd n athdNeagadoef the
internal lead wire 4. and a spring portion 6 aving elasticity is forned

foll owi ng tiree CObdvROMEnA L dhedE SHO¥emBoBlifent . | MH A dtFREed £ | anp
of the fourth enbodi nent, grooves 23a and 23b are forned in the top and

bottom facesipé theseadnmsdion b the pRhalernhealbnd e 28a the
respectively. The grooves 23a and 23b extend in a direction perpendicul ar

to the |ongidlgbaahumif®rli sheelt the Mend ipgaeckemenit 33y dhemedhesive 9 is
sufficiently applied to the vicinity of the end portion of the heating
el ement 23 sewladi dg ttteseghasevent23al ahg £33med moff he eadbpariboweaf this
heating el enent 23, a pair of heat-emtting bl ocks 33a and 33b are bonded
via - 39 tswbstbasieveod szt g hoHha omixtuctevofycspsaaltld zdd atarbon
el ectrical connection. The adhesive 9 is formed of a carbon-based
subst ance t$athias garaehitd. iatesistangeevalue adjustment substance
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 portion
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 these grooves 23a and

23b. In the end portion of this heating element 23, a

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



of crystallized carbon such as graphite and anor phous 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 sem circular shape in cross section,
and formed of graphite having good conductivity. In the second enbodi nent,
the internal lead wire 4 is forned of a tungsten wire having a thernmal
expansion coefficient close to that of rbon. However, other netal

wi res, such as nol ybdenum and titanium wres, may be used as the internal

|ead wire 4 f e i Ln
thif &Y 0Ph e REGYRY m&?a&onaﬁagﬁr}{f ybg dttai

environnents. The external lead wire 8 is for enumwlre As

descri bed a@@&@tﬁﬂbébecbﬁﬁé%&gﬂn{ay'fﬁgpaﬁhe§ﬂVéS§CQQdf§@%§H , the
heat-em tting bl ocks 33a and 33b sandwi ch the vicinity of the end portlon

of the pl atearbeal-ibws hesepbtahdd andie adheshve k&P @étéoaaﬁi%t%re
bondi ng. Furthernore, the coil portion 5 of the internal l|ead wre 4 is

wound tightéy erguwithihezbaata@Bdd i 88chbladCker 8981 880 330 ARGrgREUEd
thereto. In this way, the heating element 23 is electrically connected to

the internabhrbead whié¢wshdavied tthe &dhgghve chpadatieeheatrneemddsng bl ocks
33a and 33b. In the internal lead wire 4, the end portion of the spring

portion 6, émétwimdj hdockd 33H ared e3310favditho itFld K gHat DAl &hat 16fr t he
coil portion 5, is electrically connected to the nol ybdenumfoil sheet 7
enbedded i nshhpesedl- eng paré¢anhycfembeiglcadsar shapke ifh€ross section,

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, other metal
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 lamp 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



ot her end of this nolybdenumfoil sheet 7 is also connected to the

external lead wire 8 inside the sealing portion. In the infrared ray |anp
of the second enbodi ment, the heating elenment 23, the heat-emtting 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 bhg space inside the glass tube 1,
the end portions (the sealing portionsf of the glass tube | are nelted

and fused S?lgﬁlett(él:b%iseﬁlll% iR R%.rrt%éif' Hen | £ £F NGE tﬁsa@omrgoéu&}?

nol ybdenum sheet and a part the external lead wire B8 are seal ed

in the seal 5nglmiéear%altﬂ}ecg.lnax%%ﬁé@ecé tHded B BERAN 2% i1a8R LIt t he
second enbodinent is formed as described above. In the infrared ray |anp

of the second.pwbadboeih tisd rstecatlthtreg P €E861d Padh 2awes s Wade ihe ipHd ared
ray lamp is turned on by applying a voltage across the external |ead

wires 8 (Fl&th2k dhapssathiad mdQlybEeism Adel haadd Yy ekeaesb c@snbevatl of

t he carbon-based substance is heated to a high tenperature because of its

resi stance. +5veneMeat ddeal heahingigleeenin2Bae StA¥PaREAG g pbStion.
| ongi tudi nal direction by this heating, since the spring portion 6 of the

internal lead wire 4 iIs previmesabevween lidig beathagecdidd emiev@ninend and
the nol ybdenum foil sheet 7, the dinmensional change due to the expansion
of the heat thg Beansntg Bl.am;en’abm)rb’ehleblyealueeamrmrmgllmhookst BS ss@ridg
portion 6. As
33b and the internal lead wire 4 connected in series are
inserted into the space inside the heat-resistant glass
tube. After f£illing an inert gas, such as argon or
‘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.

In the infrared ray lamp of the second embodiment
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 its longitudinal

direction by this heating, since the spring portion 6 of

the internal lead wire 4 is provided between the heating



aresult, it is possible to prevent any unnecessary bending force from
applying to the heating elenent 23. For this reason, no unnecessary
bending force is applied to the heating elenment 23 that is brittle at high
tenperatures, and the heating el enent 23 does not break even at high
tenperatures. In the infrared ray |l anp of the second enbodi nent, the
heat-em tting bl ocks 33a. and 33b forned of a material having good

el ectric conductivity are connected to t4te - vicinity of the end portion of
the heating el ement 23 via the carbon-based adhesive having good electric
conduct i vi t glemang Ridsarddshn malykdennmf i bEhegt I Tanfheod inpa sdedunt
enbodi ment, the contact resjistance can be decreased, and the tenperature
at the conn€BENGE pbie ibm tharesRapsioe®t N&I@ heablpangileqedthd ibh of
the heating _element 23 and the heat-emtting blocks 33a and 33b In the
infrared rafPSRREPIT RhictRecHAR L&A Mt vile BRI 18Es POHEP D rb morks
detail. As shown in FIG_ 6, in the infrared ray lanp of the second

enbodi ment , atHeSYldoves lﬁBRoéﬁd-bz]S%%Erﬁaﬁ%anﬁ’nu?ﬁécﬁwadﬁﬂb@é‘tdﬂd}ﬂfaces
of the VICInIt of t he end gortlon of the heatlngﬁelenent 23._ The adhesive

9 formed - St I I RRRLEAPGoN 0 ESEd PR e 2LB%eRMce s S itdehtly

applied to the end portion including the grooves 23a and 23b, and the

heating el ef@RS % | RO HARRGARRA bét REOF g force 1s applied to the
heating element 23 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 a material
having geocod electric conductivity are cconnected to the
vicinity of the end porticon 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 lowered.

Next, the bonding conditicen 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 more 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



pair of the heat-emtting bl ocks 33a and 33b and bonded 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 fornmed of the carbon-based substance of the adhesive 9
and having high conductivity. In the second enbodi nent, by formng the
grooves 23a and 23b in the heating el enppt_ 23, the area of the contact
bet ween the heating elenment 23 and the heat- emtting blocks 33a and 33b

i ncreases, wirebyquhé caebont bagePbrihe icoOBhdet Lide RS 588¥GR%ent 1y
Furt hernore, since the adhesive 9 fornmed of the carbon-based organic
subst ance i apetyedi kel yheoehd pobuek ol drddrudieny- ekt Girdbhl Hcksa 33agand
33b forned of graphite, the adhesive 9 enters the grooves 23a and 23b, and
the bondi n@ itet werd the heattiing of Pémeh 23 3ane tdwn dgatheampldtd e Rl 8CKS
33a and 33b is carried out at their projected and recessed faces, whereby
the strengtlpairtdf thentead -iesnicnhanged 1sicysi f3iTandhg. 38D bl IRsONda
enbodi ment, the structure wherein the nunber of the grooves fornmed in the
vicinity of therend.pokhftem bShitshdonhbiatg notled doeat 12y ied canen t S28xphai ned

as an exanple; however, an effect can also be obtained even if plural - 43
grooves ar e thy mehbreovhétingcklocksn 33a lanfd 368ds arendmidd ghet hedtedt is
obtai ned as the nunber of the grooves increases. In the second enbodi nent,

the heating (f¥pe@dd - thereby securely connected by the sintered
substance formed of the carbon-based éubstance 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-
emitting 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 is one is explained as an example;

however, an effect can alsc be obtained even if plural



23 is bonded to the heat-emtting bl ocks 33a and 33b by pressure contact.
As a result, unlike the case of an assenbly process such as a fitting
process, it is not necessary to accurately place the heating el enent and
the heat-emtting blocks at predeterm ned positions; the assenbly work
can thus be carried out easily, and the cost of production can be reduced
significantly. FIG 7 is a partially magni fied perspective views show ng
anot her structure of the infrared ray lanp of the second enbodi nent, and

shows an exgmplo&ref atrieef o fRkAOSh @nd aceoppent bernbehveen dhe HPhagadieating
el ement 23 and two-split heat-emtting bl ocks 34a and 34b. As shown in

FIG 7, groef€ack 3z abdaidedne thenedmbesr bhethomrosvistivsrtages.in the
vicinity of the end portion of the heating el ement 23. The grooves 23a and
23b extend in a directlmortiperpeadnduleanddimdet| ongiet tiawdngi e eemeart of
t he heating elenent 23. The adhesive 9 forned of a |iquid carbon-based
organi ¢ sub3t aschamsdasdf foctbat hpadppEmettiogt bé cetkk pb3ai and Brel bdi ng
t hese grooves 23a and 23b. On the other hand, a hollowed step portion 34d
is fornmed opressund ¢hpthedt.- cdist ta mye bhdtks udda lemdtBébcazte aofHosnti on
for sandw ching the heating elenent 23. In - 44 addition, a projected
portion 34capsemirkipdebaceliss sstdp aport ifdt 34y Thpsepsoj et etls poptti on 34c¢
is formed at a position wherein it fits in each of the grooves 23a and
necessary to accurately place the heating element and the
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 magnified perspective
views showing another structure of the infrared ray lamp
of the secqnd embodiment, and shows an example of the
method of the connection between the plate heating element
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 greooves 23a and
23b extend in a direction perpendicular to the
longitudinal direction of the heating element 23. The
adhesive 9 formed of a liguid 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 344

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

at a position for sandwiching the heating element 23. In



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

el ement 23 and the heat-emtting blogk4 4a and 34b are dried and heat ed
(fired), thereby securely connected by the sintered substance fornmed of

the carbonafased onubs pieejitéicpaghasn s and fvvihed Bhdbhis step
conductivity. Since the second enbodi ment shown in FIG 7 is structured so

that the prppeeties Pord) orchBdcpob jelta e dhgsdr enbht i3ag: bl ®cksrdda and a34b
fit in the grooves 23a and 23b in the heating el enent 23,. the area of the
contact bepupeenihe Wieatés g ekeffents 2% andechhefheale eiddvag 2Bkoelks 34a
and 34b increases, whereby the resistance of the contact can be reduced.
I n addi ti on23bi foentd® juofket athgpos tmensissed fhdat hnghe lpmenves233a and
23b, the bonding condition between the heating el enent 23 and the
heat-em tting bl ocksTB4aheard i34p edaméhe adhesirue ibedonesdsscoiped
whereby the strength of the.bonding is enhanced. - 45 The structure
wherei n t heagpuevés pieckst et Wweent hizehbudi hgadl-emsint t 2@gahdochks Prig ect ed
portions are formed on the heat-emtting bl ocks 34a and 34b is expl ai ned
and 34b and bonded thereto. At this time, the projected
portions 34c of the heat-emitting blocks 34a and 34b fit
in the grooves 23a and 23b in the heating element 23. After
this fitting, the heating element 23 and the heat-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
blocks 34a and 34b increases, whereby the resistance of
the contact can be reduced.

In addition, since the projected portions 34c
£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.



as an exanple in the second enbodi nent; however, the present invention is
not limted to this kind of structure; the grooves and the projected
portions nmay be formed opposite to each other, and the nunber of each is
not limted to one. FIG 8 is a partially magnified perspective views
showi ng 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 ement 24 and two- split heat-enitting4dl ocks 35a and 35b. As shown in

FIG 8, a through hole 24a.is forned_ in the vicinity of the_end portion of
the heating el ement %EF'?ﬁéuéﬂﬁﬁg?J@h%eranHeo$r8°IF&UPJGCQPEHWEB&de

organi ¢ substance is sufficiently. appli to the epd _portion including
and Chlehen 11 PaAd R ¢
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| opposite to each other, and the 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 heating 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, Theadhesive!?formedofealiquidcarbon-basedorganic
substance is sufficiently applied to the end portion
including this through hole 24a.

On the other hand, a hollowed step portion 354
is formed on each of the heat-emitting blocks 35a and 35b
at a position for sandwiching the heating element 24. In
addition, a projected portion 35c is formed on this step
portion 35d. This projected portion 35c 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



35b fit in the through hole 24a in the heating el enent 24. After this
bondi ng, the heating elenent 24 and the heat-emtting block 35a and 35b
are dried and heated (fired), thereby securely connected by the sintered
substance forned of the carbon-based substance of the adhesive 9 and
havi ng hi gh conductivity. Since the enbodi nent showmm 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 2446in the heating elenent 24, the
area of the conta t between t heating el ement 24 and the heat-enm tting
bl ocks 353 3HRV 391 e? HeEhed e Gig S PrERP LTt BAGE MLt FENGORLBEK T an be

reduced. dditi.o since he proj cted ort| ns .35c . fit in.the through
hol e 24a, %g H&lgﬁﬂ1QR 'ﬁb WEeﬁ Iﬁ?*ﬁ%ﬁ?ﬂﬁ eléﬁﬁnt 24 and
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I f an oval g8 an an oV pr o] eCcte por 'on ar € use I'f plural

hol es and phut gl o) 8 1 8IS & dipethANd sl dihevafaBaPecld egebato each

ot her for exanpl €, ect” ‘as at o
(fired), thereby 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 £it in the through hole
24a 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.

In addition, since the projected portions 35c
fit in the through hole 24a, the condition 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 the 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; 1f an oval hole and an oval



above- nenti oned enbodi nent can be obtai ned. Furthernbre, It may be possible
to use the structure wherein only the projected portion 35¢c shown in FIG
ais forned 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-like projected portion is inserted into the through
holes in the heat-emtting blocks 35a and 35b and the thorough hole 24a in
the heating elenent 24. Wth this structlre, the heat-em tting bl ocks 35a
and 35b can : S | qyl cpst o] 1.0

reduced. Th oeja%éggngtﬁs%éﬂ%%ocir? orrre%h(g igfa%ﬁ‘.f‘?gi g\ﬁl'}er?gg&c?ﬁ ulcerﬁlllty
and an el ec - piRal, fu | #NLAS 3 | ag.ap; lie 4 first
and second tﬂé%@%%ﬁ%ﬁ?s; aﬁgmer&\(;ée% : rht‘lflelﬁa eﬁgﬁgggfﬁtehglﬁg%{a?é%%dtqie%&l bl ock
is not limt P PLaPRLLE L VAl | QYS 1 BLErd A SchauisNG hd¥ead £ kSt ance up to
1200r _ , goéﬁqg%ectr?cal c&%duét?v??y andﬁgo%g tﬁerna conductivity are

applicable.  )d¢e-m@htR¥da iénﬁﬁbﬁigx%irltovl’:&r? Bar dpessi i, strength for

exanpl e, various materials enhance n hardness and strength, such as a
material obtained by niXiBHenafc¥d] det ﬁag' e Gfosfibharic@e.uhd Cepai th
graphite and by firing the mxture, a - 48 material obtained by adding
gl ass-1ike caPodttiPedwABREli® odNd RV biroRGdda Podtien $9@ Jhwwhike, are
applicable. The present invention has the follow ng effect

FIG. 8 is formed into a rod shape as a separate piece, and

a through hole is formed in the step portion 35d of each
of the heat—emitting bloeks 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 blocks 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
block is not limited to graphité: various materials having
heat resistance up to 1200TC, good electrical conductivity
and good thermal conductivity are applicable. Since
graphite itself is low in hardness and strength for example,
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



as made clear by the above-nentioned detail ed explanations of the first
and second enbodi nents. I n accordance with the present invention, the
heati ng portions can be prevented from fusing and breaking during use for
along time, whereby it is possible to obtain an infrared ray |anp having
high reliability and long Iife. The infrared ray |anp of the present

I nvention wuses a heating elenent fornmed_of a carbon-based substance and
formed into a rod-like shape instead of *thé conventional tungsten spiral

filament, aﬂgttaﬁéln%a{agd@% <fH 154 L &L €1 0ol DR kkgrapHY based

substance 1s hig or t reason, the in ay em ssi on

rate of theghaf Bgrf.d;rri%x;nltqmo M PhgB. aRW ther Mh& %ﬁgeaé?fi&a%-'é.ke.
car bon- base subst ance as a negat lve terrper ature c'har acte stic ereln

the resistance |overgn@s s d @EPLEGEHRS I 385 tHe £ PPSHiRGCe FiFR Ji€duce
the rush current at the tine when the infrared ray |anp of the present

invention i gstydd€¢1¥hr by LABTADE Ge - RleMA8 dh\ea Idd ¢ &1 edar&ypt AR tQodde
present invention is struCtured such that the heat- emtting bl ocks having

good conduchkvichy arerdendad seddea endoRAmdrs. of the rod-like
carbon- based heating elenent, the resistance of the contact between the

heating el ement - 49 1anGdderaeateemiity r!Ql@%ﬁléﬁe@tt tihevdhBRoaf, haading

can be reduced, and tenperature increase can be |owered, whereby it is

possi bl e t oheigning parttiprenlaic®et peevented from fusing and breaking
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 carhon-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 is high.
Furthermore, since the rod-like carbon-based substance
has a negative 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 turned on.
Furthermore, since the infrared ray lamp of the

present invention is structured such that the heat-
emitting blocks having good conductivity are bonded to the
end portions of the rod-like carbon-based heating element,

the resistance of the contact between the heating element



reliability of the lead wire installation portions. Furthernore, the
infrared ray lanp of the present invention has the structure wherein the
projected and recessed portions are forned between the rod-1ike

car bon- based heating el enent and the heat-emtting blocks and then bonded
and fired via the carbon-based adhesi ve. Because of this structure, the
strength of the bonding portions of thegs nfrared ray |anp of the present
i nvention becones high. Furthernore, since the rod-like carbon- based

heating el egRAt td Her 2dhesiad Y1dokdi 89 the ther! ¥MHdapankl eGs are
formed of simlar material, their thermal expansion coefficients are

al most sim bar rapEedy hhdl T ehfst Ht8reo iR Lee acAhgbley rSkéabhE

infrared ray | anp not causing any accidents, such as breakage, during

on-of f swi tgheR@wperat ienpb@isibldngo biFnifitdhelfoeahasidwethbe
structure wherein the rod-Ilike carbon-based heating el enent and the heat-

emtting bl eeks a1 bORdeE bhe Needdtving due tl18eiocangageneshsof the
proj ected and recessed portions and by using the carbon-based adhesive is

used in the present imMetHéoRoret, ithepobistbheeto ranhanaepwortkalid ity and
to raise quality at the time of the bonding. In accordance with the method
of produci npriekent Shvemfianddas ehhe atrwitihe yhiesehn theemtodnctidd i s
possible to obtain a highly reliable infrared ray |lanp characterized in
that its poaead cmwsespeédopodddmmtare formed between the rod-1like
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-emitting blocks are formed of similar material, their
thermal expansion doefficients 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-
emiﬁting 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



change abnormally even after use for a long tine, and that the heating
portions are prevented fromfusing and breaking during use for a |long

‘time; furthernore, it is possible to enhance workability and to raise

quality at the time of the assenbly and bonding. ((Third enbodi nment))

Next, a third enbodi nent of the present invention will be described

referrlng to the acconpanyi ng dramﬁngs5okbmever the materials, sizes,
production nethods and the |like of the~enbodi nent descri bed bel ow ar e

only exanpl eg epiagfe] 3le 10qip 8% EAROSE 88Bh+0{ ntBR RSNl lb“ﬁ{SEE'l .o The
appl i cabl e range of the present Invention is therefore not ITmted by

these exampkgs onarin (@) neGnfiGrdl i soaePlidE2deuasbay Naugn infrared ray
| anp in accordance with thé third enbodi nent of the present invention, and

part (b) iscRallatevi 284 Eﬁe%ﬁﬁt iﬂs E@Wéﬂ”boEEth%Qdﬁ5éb@@rﬁg%Ct'Ve
view showing the infrared ray |lanp of FIG 9. Howevéer, since the central

portion of Ehanigd adnEmay1 ekt B8 Wl eF  Q0d il h atiddenea ti ons
shown in the figures, the central portion of the infrared ray |lanp is not

shown in etheehedtihg bogieths Tdeei preatartd@ytkanp ffsidyy 4hard
enbodi mrent - 51 conprises a substantially cylindrical glass tube 301,

metal foil bheakinSderbraddade & diotd il pOLinegnFuXicerbrehi 9 tgliass
tube 301, a-heating el enent 302 hernetically .
possible to enhance 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



external lead wres 306 for connecting the netal foil sheets 305 to an
external electric circuit. The glass tube 301 is fornmed of quartz gl ass.
The cylindrical portion of the glass tube 301 is about 10 nmmin outside

di aneter, about 1 mmin thickness and about 360 mmin |length. The sealing
portions 301c at both ends of the cylindrical portion are each fornmed into
a plate shape, and an argon gas having atnospheric pressure is filled
inside the cylindrical portion. The heating elenent 302 is formed of a

car bon- based substance consi sting of a mxture of crystallized carbon such

compound ang BEFRRSLA” St En L RENAY LIPS ERTC SR FRRP Jelibetance

rasi st ance ST 45 o FERE A0 Are ST W o F B R P EOne ARAC val ue

o e 1 RSB 1 YR b0 00 DAL B SR LOEIEADT

o0 ent i fh 8l # D3R UAUJW AL E6 Rk - B bt B R YL T Of
secured to both end portions of the heating element 302,
internal lead wires 304 for connecting the heat-emitting
blocks 303 to the metal foil sheets 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 intoc a plate
shape, and an argbn gas having 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 Qf the heating element

higher than that of a heating element formed of only

carbon.



6.0 nm 12t) and a | ength of about 300 mm However, the plate heating

el ement 302 having a width 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
el ement 302 are fornmed of a carbon-based substance simlar to that of the
heating elenent 302. The shape of the heat-emtting block 303 has a
substantially cylindrical shape having about 6 nmin dianmeter and about 20
mmin length. Aslit 303a, in which thé&2 ongitudinal end portion of the

heating element 2 is _jnserted, is forned in.the end face 303b of the heat-
em tting bl ock 303 opgdedtddting ﬂi&??ﬁ& et aRPPEPange wathdde

and seour cdtBath SR LERREL PG 3 BT RS SPRSDThDTALY | EREEARSS S04 | s
Uher eby Por Rind - e cs CERASEL otk fbrd 08al - #0 cross-WBClFordl) Aa o
(he heat e {LiRg, 095K 9930l PULLLE! SPLNOLRIUSE Ao KiSever the oy
303 15t her BRGRE ARTT LM EnETS et 1102 ERKAnEnE et SR ahcBrvar Qerl the
noat i ng_ ol oRERY o RRan 2 HE{Fha P8Rt 302 gener ates heat . the heat
generation at the heat'f"heerr.htetaitp-%rﬁ):].Qggngog’l(i)%ﬁgl éoi.%ssecured to both end
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
di_ame.ter 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 is
fitted into this slit 303a and secured to the heat-emitting
block 303. The internal lead wire 304 is wound tightly
around the central porticn of the heat-emitting block 303,
thereby forming a close-contact portion 304a.

.The cross-sectional area of the heat-emitting
block 303 is sufficiently 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 is therefore sufficiently smaller

than the resistance value of the heating element 302. As



sufficiently smaller than that at the heating element 302 and negligible
as described later, In addition, although heat is transmtted fromthe
heating el enent 302 to the heat-emtting block 303, part of the heat is
emtted from the surface of the heat-emtting block 303. As a result, the
amount of the heat transmtted fromthe heat-emtting block 303 to the
internal lead wire 304 is very scarce, and the internal lead wire 30 4 is
therefore not overheated. The internal lLgad wire 304 is formed of

nol ybdenum or tungsten, and is a conductive wire of about 0.7 mmin

di amet er. TheréBhetNahnhbgad cvﬁfﬁeé%f@ésam»pa gh t58 d& %Qihgoé‘léﬁ’élﬁt

follow ng the close-contact portion 304a mnun aroun at-emtting

bl ock 303. 3Be spid %'hec?ﬂéatﬂ?étéj?@még‘&bmz géh%%faﬁ@ dhe, CEH%%%% act

portion 304a by about O. . nmin nmet er |s provi ded so as

to be coaxi gbnWirddtide 8Nkl %étoémah%mgagbn%%%tgpgeltﬂsq@ff 3p3. The

spiral coil “portion 304b is di sposed away face of the

heat-enitti egf%%keéx@ﬁybym@ne&eéﬁaﬁr{rha%d élﬁ&éf}?@aéﬁnghéi e nGaR g pand

and contract I|ike a coll spring in the axial direction e hea -

emtting bl ggly 38 1J.Igr1rﬂdéilat§ QBs i &N et he mta%fmmhea&l gip4 is
secured to the nefal foil sheet 305 by ‘crinping. At the time o assenbly

the internahelh@ad Nid@sn smDfted04 Uk bHd &é@@in%r%l@ﬂé@@ $621 B3t cgach of

t hem becones | onger about 3 mmoutwardly in the |longitudinal direction

than its nongalt lanotbinghereby 8bhe ,hgatkitngret g8t a802s emitted from
the surface of the heat-emitting block 303. As a result,
the amount of the heat transmitted from the heat-emitting
block 303 to the internal lead wire 304 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
0.7mm in diameter. The internal lead wire 304 has a spiral
colil portion 304b following the close-contact portion 304a
wound around the heat-emitting block 303. The spiral coil
portion 304b is larger than the close-contact portion 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
bleock 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



~is secured. As described above, in the third enbodi nent, the heating
element 302 is electrically connected to the netal foil sheets 305, and
pul |l ed appropriately to both sides thereof by the internal |ead wres 304,
t hereby secured stably. At this tinme, the heating elenment 302 is secured
so that the center line of the heating element 302 in the |ongitudinal
direction thereof is aligned with the ¢ qter axis of the glass tube 301.
In addition, the spiral coil portion 304b of the internal |lead wire 304

has a functygy gRSEbiRed 1RR)OW ADu 0ESE 4 Hoh A ALE Ehen e Ao fUbbERndd oV

t hrough the heating elenent 302 and the heating enment gener at es

heat, the %@H@%&awoe& af phhubeatidg, Ei'ne%'ét l%@n%laﬂlpdiﬂﬁl%§§éct iwhe 301

are rai sed he heat, and they undergo thermal T“expansion. At thls tinme,

a thermal Sthgss Q@%&@&iw@eﬂg&he WAL BY g @Wﬁ%ta&%a@ﬂefnaw'saﬁf tube
301 because of the difference between theirt ermal expansion
coefficientsg LhRicg Adgrnmal stress is absorbed by the - elasticity of the
spiral coil portion 304b. Because of this structure, in the third

enbodi ment, the conneqld gescisiyaeadRe haal tal thi P &he6kidth@ndHde

nmetal foil sheet 305 via the internal lead wire 304 is not inpaired - 55
by the therpgehtStigelemdliet Wzahsf&éc%meaaﬁﬂﬁ dohrfe ¢PL HbEe AR heida1 sheet
measuring about 3 nmmby 7 mmby 0. 02 nm (thickness) .

foil sheets 305, and pulled appropriately to both sides
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
lengitudinal direction the:.;eof 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, wheniacurfent 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, & thermal stress occurs between
the heating element 302 and the glass tube 301 because of
the difference between their thermal expansion
coefficients. 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



The inner lead wire 304 is secured to one end of the metal foil sheet 305,
and the external lead wire 306 is secured to the other end thereof The
external lead wire 306 is forned of nol ybdenum and wel ded to the netal
foil sheet 305. Wen a voltage is applied to the heating elenent 302 via
the external lead wires 306, a current flows through the heating el enent
302. Since the heating elenent 302 has a resistance, heat generates from
the heating elenment 302. At this time,55he heating elenent 302 emts
infrared rays. Part (a) of FIG 11 is a graph showing the distribution
curve of tHeyikhendihermaltfEreaprared rays enmitted fromthe heating

el ement 302 of the third enbodinment. Part (bg of FIG 11 shows the cross
section of the centr&hepdetiah 31l hehpaitr ¥ya | aapybdamant ipid
enbodi nent having the heating el ement 302. The x and y axes shown in the
parts (a) addeeb)mepsprdng ¢ dr PR nAImM B30 PdidFaier dkbddmasglane
perpendicular to the axial direction of the heating elenment 302 shown in
FIG 10. |nThehknpartsepd)Wang $9} bf :epred tehengrepfnod Ehermefadds to
the center axis of the_heating elenment 302. In the graph of the part (a)
of FIG 11,fehé $RraEs3PA ¢ ﬁé%rBHPanieG@a]diW ivorise 2% ghateeeREed

em ssion intensity of the infrared_ rays, and the values_in the

ci rcunf erentPabhedpEber a8 FEGTHRE e ahyf e@XhRER e difctd WHEEhdClehter

formed of molybdenum and welded to the metal 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) cf 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
of the central portion of the infrared ray lamp of the third
embodiment having the heating element 302. The x and y
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. 11, the values in the radial



axis on the plane perpendicular to the axial direction of the heating

el ement 302. These angles are designated by angles fromthe positive
direction of the x axis. The thick solid |ine 307a, the thin solid |Iine
307b and the broken line 307c in the part (a) of FIG 11 designate the
intensity distribution curves in the case when the wwdth T of the heating
element 302 is 6.0 nmm 2.5 nmmand 1.0 respectively. Since the

t hickness (t) of the heating elenment 302°is 0.5 mm the intensity

di stributionycHEnei3Qsa dés PHhALBEE N dllfs 6388 WHHFe A HELyWod ftnle (6.0 MM
of the heating elenent 302 is 12t, the intensity distribution curve 307b

i s obtained ifrfApeaas@aysneantnend Gidideé 218 FHe &1t EEmRRHIAG £1 €Nt
302 is 5t, and the intéensity distribution curve 307c is obtained in the

case when thg wWedthohs( Bedighhtef ahfg dieafing it 882the Zentlrt he
third enbodinent, the intensity distribution curves 307a, 307b and 307c

wer e nmeasur egk 88 oxﬂ&&@é@%@?@ﬁ?eﬁh&%ﬁl@r a4l 1 aterd st @pal bed to
a 600W infrared ray lanp, and infrared rays are emtted fromthe infrared

ray |anp. | nide apegdtinanenaaierith 301 r armte §8yanqgaes efd ided fdwateleny
infrared ray |lanmp stably, the amobunt 57 of the infrared rays is neasured
at a positi aghdDeat €dom toespanhtdivad alicee ¢aheowt cIO0t@) xaaxyi sfrom t he
center line (the origin O of FIG 11) of the heating elenent 302 in

The thick solid line 307a., the thin solid line
307b and the breken line 307c¢c 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
distributicn 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 2t.

In the third embediment, 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



a direction perpendicular thereto. At this tinme, the anount of infrared
rays reaching a predetermned mnute area at a predeterm ned position is
measured. This nmeasurenent is repeated while the angle with respect to
the heating el ement 302 is changed, with the distance from the' origin O
bei ng mai ntai ned constant. As the result of this neasurenent, the
intensity distribution curves 307a, 30%2 and 307c shown in the part (a) of
FIG 11 were obtained. As indicated by he intensity distribution curves

307a, 307b ampd 7 i El . di A f
?5 gﬁgt %g%!}%bd T }Eﬁ Parhebdhrela BltGa pblitendibeaited ta/ O

t he intensi are ys emtted fromthe heating el ement 302

b hi . 9 qf ' ; | i
econes hi 93855@%2@33%5*% gﬁeﬁr&?t Wl Bmh) b@alyhe oM ekeeesntt Of 1t

heati ng el enen Wen T L 5t i'n particular, that is,

when the rafige0f A1 4V §ltde Trig .t he )t ickipsShbakind ide@éntOBe2 tite
em ssion intensity 1T the y axis direction is significantly |ower than that

in the x axhsaﬂié@&iwnpe%%@xdi%wi—re&eéeﬁﬁy.s e enikt eduineqrnkl y as
descri bed above, for exanple, when only a predetermned region is desired

to be heatednoihft 'F0i A SAPEHArag sPiratrshi R Ahpréd@tdermiNehpicadq ary,
when only the predetermned region is not desired to be heated, the - 58

regi on shoulhdehe P agegrofettBemi fed Spohs ta JreSik tmebB urtdie. t Pl s

enbodi ment, the em ssion intensity can have directivity, even if such a

reflecti on plalfi@sméhat iySedpeated while the angle with respect to
the heating element 302 is changed, with the distance from
the origin 0 being maintained constant. As the result of
this measurement, the intensity distribution curves 307a,
307b and 307c shown in the part (a) ¢£ FIG. 11 were obtained.

As indicated by the intensity distribution
curves 307a, 307b and 307c shown in the part (a) 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. When T 2 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

predetermined region is not desired to be heated, the



for the conventional infrared ray |anp shown in the above-nentioned FIGS.
25 and 26 is not provided. The heating el enment 302 of the third enbodi nent
is formed of a carbon-based substance consisting of a m xture of
crystallized carbon such as graphite, a resistance val ue adjustnent
substance such as a nitrogen conpound and anorphous carbon. As descri bed
above, the carbon-based substance used as the material of the heating

el ement 302 has an infrared ray eni ssroR8rate higher than those of the

car bon- bascHEELBS! SHER 14 R oRTAE Sth @™ HERE | RoRBRBmond Sads RASEhE | i ar ed
i gher ©hartERoS e FEb ARYRELBRDEnt Tel SMASERRS ot CRORtEY AR roRkare,
arbodi mont SLERFGRGR Srait v hode SO o “AAAST T 0ok TAERL R AT BRENEAES, even
ol at o or L HESF | KBS, SOHEHH £ OFdn THASION FAC COMORRPURaR helfng
i ongi Ly, S60RE RSth 1074 nEECeite 2hrtAH028, dF dIoY B REALIH ol eront 302
e ssi on from the hoaf PRGRERGAT SO0 CbL (TLe s Chid AOH & ROV SHEAT S
scarce, mhe{§b¥0%%gdﬂ§@cg ESQW@H!Hhsed substance consisting of a

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 infrared ray emission rate higher than
those of the conventional-nichrome and tungsten. 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 resisténce 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 a

result, since the surface area of the heating element 302



due to heat em ssion fromthe heating elenent 302 is 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 %pe heating elenment 2 4 0 fornmed of

ni chrome or tungsten. In the part (a) _ F!G. 11 and the part (a) of FIG
24, the congendyd £y gFadald %l%s.fe%ftbﬁe%aﬁéeﬂgiohat eﬂéhttiﬂgﬂgh_%%e%@fm | ar

intensity values respectively. However, act that the“heating elenent

302 is forpedoferdiNes £ PRPoRASHL SRt RAGS 10 £ €89 ntecﬁljt%%n?hfe&e

present invention. Even if the heating eleiment 302 is forne

convent i onahrpixel OHE RS LBcaAMED, Wil MLl £ & hBG PeahibRg o elﬁent

302 is larger than its thickness t by five tines or nore, it iIs possible

to obtain gRABSHOMdE eARLEY 10ViNSRUsHe" Bledld MEY Ve Dbl rf@%i yisty as
those indicated by the intensity direction curves 307a and 307b shown in
the part (aye@krRldesedl. - 60 Although the heating el enment 302 of the
third enbodinment fornmed integrally into the shape of a rod or plate is

expl ai ned as an exanpbecau: ERHHY £ 6PEheftioned reasons, when a
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 conventionai 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
respedtively.

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
directivity as those indicated by the intensity direction

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



the present invention is not Iimted to this kind of shape; a bundle
obt ai ned by binding plural rod-like nmenbers for exanple may be used as a
whole to forma heating nenber. Furthernore, although the infrared ray |anp
of the third enbodi nent having the em ssion blocks 303 is explained as an
exanple, the present inventionis not |imted to this kind of structure.
In the case when the anount of the heat.fransmtted fromthe heating
element to the internal lead wires is scarce to the extent that the

internal lead wires ang fdughetheatRt f Of g XaERkGt B0 ACERT fRACE WiL{ the
specifications of an infrared ray |lanp, the structure wherein the em ssion

bl ocks are gifbbldthd st AbeReAPAIN CEPF 81 1¢( Fawd Rt radrhodi prN@eNaX o Jourth
enbodi ment of the present invention will be described referring to the

acconpanyi ngladleaWid @kp HOVRY AN ast BA BRLADIA S t1d 265at PhEJEEbin@h ¢ M hods
and the |like of the enbodi nent described below are only exanpl es

preferabl e tae pheeehadiAvahn taford A& ABESENRI teAVEstiRDs Kied AIFPkhapel e
range of the present invention is therefore not limted by these exanples.

Part (a) ofaFbGndl2 icbtaphied by ewishawgng laral Ho@ Edkbayehd®Rd For
accordance with the fourth enbodinent - 61 of the present invention, and

part (b) isezapdd magewe tlhee@ohs Anwhddiet iton fdinca ik d 6iAgpREmPRGL. Ve
view showing the infrared ray lanp of FIG 12. However, since

Furthermore, although the infrared ray lamp of
the third embodiment having the emission blocks 303 is
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 tﬁe 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



the central portion of the infrared ray |anp can be understood from both
side portions shown in the figures, the central portion of the infrared
ray lanmp is not showmn in either of the figures. Furthernore, in the fourth
enbodi ment, simlar conponents as those of the third enbodi nent shown in
FIGS. 9 and 10 are designated by the sane nunerals, and their

expl anations are omtted. The infrared gqy_lanp of the fourth enmbodi ment
has a reflection f 11m 30 la for infrared rays in a constant range on the

external fasg ohel redent Lubentiloms shawparth FbESisla aneod 8, viikw
addition to the structure of the third enbodiment. The ref lectionf ilm3

0 la is a gohdrelifl fIn lad@vapenat sL®N Lheiexterp@tspaee idfe thegl ass
tube 3 01 so as to have a thickness of about 59m This reflection film

301a refl ecssoahiay thedd ndfrdied irdy dramp rafy FBm t12d Hoewavehe Beaideg
el ement 302. As shown in FIGS. 12 and 13, the reflection film30la is
di sposed betheereintarahepbrediont ioR) theckafi@Gxedoragedamp bodh bedes, in
ot her words, disposed at a position opposed to the light- emtting portion
of the heatundeelsdroent £30@miothesiflengbirddiorsd showentionthbaeféglirekh s
reflection film 301la has a sem -cylindrical shape, and the internal face
- 62 of ththeefksdriadn ploidin B0 lef ittheliigpbsadedoray flampe isppodeghawn t he
wi der side face 302a of the heating elenent 302. Part (a) of FIG 14 is a
gr aph shomﬁhg eAdher of the figures.
Furthermore, in the fourth embediment, 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 301a 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 301a is a gold thin
film evaporated on the external face of the glass tube 301
so as to have a thickness of about 54m. This reflection
film 301la reflects about 70% of the infrared rays emitted
from the heating element 302. As shown in FIGS. 12 and
13, the reflection f£ilm 301la 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 thereof. This reflection film

301la has a semi-cylindrical shape, and the internal face



di stribution curve 307d of the intensity of the infrared rays emtted from
the 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 ment 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 gdirection of the heating element 302
shown in FIG 13. In the parts (a) an b) of FIG 14, the origin O

correspondg 4 ?thtehﬁe%q%tcﬁfi@%'ﬁm ddes Neali BY A LAWY 23080 bd DPgEs@arts

(a) of FIG 1 e values Iin the radial directions designate the em ssion

|ntensity C]:fJJ f6e i plaared iy sad@dzbha val o iHedhengi etemeai ol
di rections e5|gnate angles with respect to the center axis on the plane

perpendicular to the gxi-al (diy ept i PpGof 14t he heagtaghelserning0eheThese
angl es are designated by angles fromthe positive direction of the x axis.

The concendyd€rgbadaldmrurdws 3ded e Sshenih beABSityY of thie infardred) of
FIG 14 indicate the sane values of the gradations in the part (a) of FIG

11. In addifaiﬂ@,em%%at FHomwores REaBAMWelsmepti 8d2 bd ttime ifduatbd ray
| anp. Since the neasurenent nethod is the same as that of the third

enbodi ment ,ehbSdimeat X Plaaratiwn ¢5 PIGt t Bd. sWewisndheated sty tetianensity
distribution curve 307d in the part (a) of FIG 14, the infrared rays from

of the central portion of the infrared ray lamp of the
fourth embodiment having the heating element 302. The x
and y axes shown in the parts (a) and {b) of FIG. 14 are
orthogonal coordinate axes on a plane perpendicular to 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 joz2.
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. 1l.

In addition, a constant power of 600 Wis applied

to the infrared ray lamp. Since the measurement method

is the same as that of the third embodiment, its



the heating elenent 302 are emitted nost intensely in the positive
direction of the x axis, that is, in a direction opposite to the
reflection plate 30la. with respect to the heating elenment 302 (the right
direction in the part (b) of FIG 14). The maxi mum em 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 infrgred rays fromthe heating el enent
302 are hardly emtted in the negative YiTection of the x axis, that is,

in the dir ' [ t he: | ared rays are shielded by the reflection
film 30la %%ﬁnfﬁ%@?éﬁt r1(:'71 recjf#{cg)rra\ai'n the part (b) of FIG 14). Wen the

intensity distributi (Y2 ' f 4.1 d
P A L8 0 el eplat (8 o B hohicorae

with the conventi onal e 271 indicated in the

part (a) ofod Gn2Bne! BE-MI(EH ! PEENSILY, ithd NenERHYRA | £1-8kensity

di stribution curve s substantially uniform in a w de angl e range near

an area in érpeg lﬁ)ﬁéiﬁg%ﬂé&sﬁ%i 882 Qfel BRI X (H Srod® ﬂd\?e@é@?l&l eﬁlnﬁlhei n the

case of the ehbodi ment, the em ssion intensity graduall owers as

the distanges{toPut Berdc®iioh 0k i ROSIKiIe/e tdHd€Gtd Oni f heldafect Deheases.
As a result, the emssion intensity in the fourth enbodinent is |arger

than that ofpgdeicenvenihensdrie4 i X Pmite Fa etk argepsber ebnthihe

intensity beconmes a maxi mumvalue in the fourth enbodi nent is narrower

than t hat Hdwt hggconspRhitOna2 q4a®| €ight direction in the part (b)
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 £ilm 301a
(in the left direction in the part (b) of FIG. 14).

| When the 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 emissicn intensity 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



The infrared ray |lanp of the fourth enbodinment 1is thus suited to a case
wherein an object disposed in the positive direction of the x axis is

|l ocally heated for exanple. In the infrared ray lanp of the fourth
enbodi ment, the reflection film30la is produced in accordance with the
following formng process. (1) The glass tube 301 is formed into a
cylindrical shape. (Step 1) (2) The hegéing el enrent 302 and the like are

di sposed inside the glass tube 301, an the gl ass tube 301 is hernetically

sol ed, (SSPuRbiED o ks FRBY WAk ofy | BRAOAAR 1 L7 Begomddiendl ac:

tube 301 thel e reffection Step”3) By formng the
reflection Jé;‘:%ﬁﬁé@ae%[ed%?rﬂgﬁdfo&@ %e enlddfa fred 4 £C1 5O akidoWel0 lign gan be

formed by using Xt ernal ape of the glass tube 301. As a result, the

reflectiongﬁég]}gl%ﬂgmgggbgﬂtggggfﬂékgﬂﬁléqyIindrical shape can be
iTy:

formed eas n the above-nmentioned process for formng the reflection
film30la, step 3 mayppg %g:'fﬁ:#a%cp%aybef&ﬁﬁ Stepné- foubeh Ewbldwern@ne, the

reflection film 30la may ormed by transfer or the |like, instead of

evaporati on ¢ Jdyi, & i $i €886k o td IF EH Sr£0 AL bW c8sa tes65kaednbehaw.
positive direction of the x axis is locally heated for
example.

In the infrared ray lamp of the fourth embodiment,
the reflection film 30la 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 evaporated on the external face of
theglasstubeBOltherebytoformthereflectionfilm301a.
(Step 3)

By forming the reflection £ilm 30la as described
above, the reflection film 30la can be formed by using the
eiternal shape of the glass tube 301. As a result, the
reflection film 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.



(1) A mxture of resin, gold and glass is formed into a filmand bonded to
the surface of the glass tube 301. (2) The filmbonded 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 filmis
formed on the surface of the glass tube 301. Since the internal face of
the reflection film301la in the fourth enbodi nent, used as a reflection
face, is made close contact with the exférnal face of the glass tube 301,

the int | f does ke cont air. In the conventiona
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and is maintgiged Eﬁlhh%n%% LBe £l téd’f‘f%' i m%a”c N 51285 thpe

mai nt ai ned at substantially sim ar shape ong
reflection pd@ie 280 used for the conventional |nfrared ray | anp.

(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 described above, and
a gold £film is formed on the surface of the glass tube 301.

Since the internal face of the reflection £ilm
301la 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 épace 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 has
been solved in the fourth embodiment.

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

maintained in the shape. The reflection film can be



As described above, in the fourth enbodinment, the reflection film30la is
mai ntained for a long tine, and the reflectivity of its reflection face
does not lower. The infrared ray lanp of the fourth embodi ment therefore
mai ntains its good characteristics for a longer time in conparison with
the structure wherein the reflection plate 280 is installed in the
conventional infrared ray lanp. In the_fpurth enbodi nent, the structure
wherein the reflection film30la is forned on the external face of the

gl ass tube 3fdihsades iHEdsadsRAnBAMIE; s DAVEUET shd HE Eaﬁsﬁntlw%&}?tio”
isnot limted to this structure; the structure wherein a reflection film

formed on theimenttamltiaceeefletha dil aspatabe s ey USEH. tHawever, in
the case of such a structure, step 3 nust be carried out before step 2 in

‘the above- nemdhoanat ipimerkessnfourkar Hayg Limg.reflection film In the case
when the reflection filmis fornmed on the internal face of the glass tube

301, the reflection fAkmiescmibexpasedet0ihheral rso@Rthi banicrfiRst £ on
face is not stained with adherents and the like. For this reason, just as
in the case vhenrefidecefiocts bhmf30mai 35 frerimmach Dile heoexkenalg faGRe of the
gl ass tube 301 , the good characteristics of the reflection filmare
mai nt ai ned fawd-thg7red llesnyevitynef wittshoef leatsiorgfagy ebasgestWidwedi e in
conparison with the case when the reflection plate 28.0 is used for the
convent i onal Thef¥xf saredy rleang amfowdvéhe fourth embodiment therefore

maintains its good characteristics for a longer time in

comparison with the structure wherein the reflection plate

280 is installed in the conventional infrared ray lamp.

In the fourth embodiment, the structure 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 f£film.

In the case when the reflection film is formed

on the internal face of the glass tube 301, the reflection

film is not exposed to the air, and its reflection 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



since the reflection filmformed on the internal f ace of the glass tube
makes contact with the high- tenperature gas inside the glass tube, the

t hi ckness of the reflection film nay be reduced by evaporation, dispersion
and the like, and its reflectivity may |lower. For this reason, in the

case when the reflection filmis forned on the internal face of the glass
tube, the distance between the reflection filmand the heating elenent is
required to be set at a sufficiently'l%}gé val ue. Al though gold used as

e e b PhnblE i5ld G AR | BN AngoRRld RGEs 2R SARR £ul 1 LD

fourth enbodi en t han a: as rtaniumnitride,

silver and @g%gg%\&nﬁg& 30 iRe a&%@'@ £ I U 9B b ggaft%fab far

i nfrared rays tenperatures are pli cabl'e. The

reflection J%%g gg}atﬁﬁg;%@eﬁ%%n V! REEheala shape) hapdesabivesdas an

exanple -in our di ment; however, the priesent invention IS not

limted tosm&gi %Hapséﬂ%ﬁn@rﬁ@f GSraFReAPBh ¢ & [t FRAS fakat ben of

the reflection rection of I ared rays. Instead of the sem -

cylindricalishapes st tasdarak o Rt Waft 12 thld 8igh 2 dapabakard gas
ellipse in cross section for exanple nmay be used as the shape of the

reflection.;fkkfe thE8 1 L8k thasdDite thikknRess ol ehboraiseeatshapeifiar med

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

(the shape piytBe kediRied b osvepamplta oy diepersion and the like,
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
film and the heating element is required to be set at a
sufficiently large value.

Although gold used as the material of the
reflection film 30la is described as an example in the
fourth embodiment, metals other than gold, such as
titaniumnitride,si;verandaluminum,canluaused;metals
having high reflectivity for infrared rays and being
stable at high temperafures 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 rays.
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 film.



shape of a bathtub)) or a shape fornmed of a conmbination of straight and
curved lines (the shape of the letter U for exanple) or a flat shape in
cross section. The shape of the reflection film 301la should only be a
shape suited for obtaining the desired directional distribution of the
em ssion intensity of infrared rays. To formthe reflection f ilm 301la
havi ng this kind of shape, the portion of the gl ass tube wherein the
reflection film30la is f ormed by evapdration or the like should only be

i thi s CoF BeaRTaBned tad 180 By BaRorrd L nft FORR s%ﬁ? rcf%LaeC“O”
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of the reflection £film 301a should only be a shape suited
for obtaining the desired directional distribution of the
emission intensity of infrared rays. To form the
reflection £ilm 30la having this kind of shape, the portion
of fhe glass tube wherein the reflection film 30la is
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
before.

(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



showing the infrared ray |lanp of FIG 15. However, since the central
portion of the infrared ray | anp can be understood from both side portions
shown in the figures, the central portion of the infrared ray |lanp is not
shown in either of the figures. Furthernore, in the f if th enbodi nent,
the sane conponents as those of the third enbodi rent shown in FIGS. 9 and
10 are designated by the same nunerals, .and their explanations are
omtted. The infrared ray lanp of the fifth enbodiment has a reflection

film301b fer ihler PrasksRYS inRredtdidh ONanko gdie: siwcagr% Frdde Lhikd

enbodi ment, just as in the case of the above-nentloned fourth enbodi nent.

However, i#hbhedmframead@ythann ofrd helbi ith senhodi pBAt 1 vidhg i df | ection
f iIIm301b is f ormed on the external f ace of the glass tube 301 at a

posi tion di §hewanlg theminFatared they Bhey efantd onesl, f atgwdverbodi geat .
Al t hough the reflection film 301a of the fourth enbodi nent is disposed so

as to be oppneedenaddle mbeios def poréi eAfZaraid thgy haalp eael wgent 302
(FIGS. 12 and 13) , the reflection film 3 0 |b of t%e f if th enbodi ment

i s di spo sedn@ewsadd fhmompposkedsifie pbetiamD\wiowh dien Peié i Ongebeef, the
heati ng el enent 302. The material, thickness, reflectivity, shape and
form ng nethbbd céntiralr phirdctommff itthe 3Gilir afetiheafyi 1akp- i €0noenbndivaent
are simlar to those of the ref lectionf ilm3 0 la of the fourth
enbodi nent.in either of the figures.

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 their
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 ¢f the £ifth embodiment, the
reflection £ilm 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 £film 301la of the fourth embodiment is disposed
50 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
to the narrower side portion 2b of the heating element 302.

The material, thickness, reflectivity, shape

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



Part (a) of FIG 17 is a graph showing the distribution curve 307e of the
intensity of the infrared rays emtted fromthe heating el ement 302 of the
fifth enbodinment. Part (b) of FIG 17 shows the cross section of the
central portion of the infrared ray lanp of the f if th enbodi ment having
the heating el enent 302. The x and y axes shown in the parts (a) and (b)
of FIG 17 are orthogonal coordinate s on a plane perpendicular to the
axial direction of the heating el ement’ 302 shown in FIG 16. The x axis

corresponds Lo 1§ bi €S5S 4 £Hd PR e ; j nd th
y axis correesbpoon%kge{’o t é(; v%]gjf%ledi regltoi gnathhe?gg?%fﬁcflﬁgﬁggtr&tlgoj(zg)laand ©

(b) of FIG t Ll ;
¢ of th Surd é}n%ggﬁéggponds to the center axis of the
heating el emag %Og ?n the part (a) of FIG 17, the values in the radial

directions designate g hprephgsigy prgensizt s of §hapl
. _ : J ¢ hnfshawethgayke and t he
val ues in the circunferent :(ngl di rections desi gn%t epangl es w ?hyrespect to

the center ;axis;iBRAtERe RLER PRIPENSE Ctharihehla tixiod tdia daifvared the
heati ng el enent 302. These angl es are designated by angles fromthe

positive direction;@kdderomxthie hR&tLOGCENbme tgraoiat b6ntHeorf 1Hkh

em ssion intensity in the part (a) of FIG 17 indicate the sane val ues of
the gradatdhsdinehte pP@airt a)b PlofEEG 11171 shaddi then cro sorstahiopover
of 600 Wis applied - 71 to the infrared ray |anp. Since the neasurement
nethod is ¢persaBRnAS d1Npbrafidhe £t thediefbadiedenay lJdmep of the £ifth

embodiment having the heating element 302. The X and y

axes shown in the parts (a) and (b} of FIG. 17 are orthogonal

coordinate axes on a plane perpendicular 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 corresponds 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 direction 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. 1l.

In addition, a constant power of 600 W is applied




R

explanation is omtted. In the infrared ray |lanp of the fifth enbodi nent,
the positive direction of the y axis (the direction of the arrow of the y
axis in FIGS. 16 and 17) is the direction of the internal face of the
reflection film301lb. As shown in the intensity distribution curve 307e of
the infrared ray emssion in the part (a) of FIG 17, the em ssion
intensity of the infrared rays fromthe ﬁpegting el emrent 302 in the
vicinity of the y axis in the positive direction thereof is |ower than

that in theto theimfyazed tayx-Bamg . di seateorheOmddu¥eddnt Hdtenba the
negative direction thereof, emssionis restricted by the reflection film
301b as a ndtst erhef semer s et blfe tivet ensi+§ dindblodimdn e gUsve 271 of
the conventional infrared ray |amp shown in the part (a) of the
above- ment | exgpdl 4186 iis compated.with that of the fifth enbodinent, the
angle range in the direction wherein the emssion intensity is high in the
fifth embodinent is vindhe haf riahstd rayt hampond anid onlt hexabplddmeist A
result, the infrared ray lanp of the f if th enbodinent is suited, for
exanpl e, i ntheeposdd herdihectiont ef Ulfie gn achjeditHe dadeatied o5 tHaced
on the y axis of the infrared ray lanp in the positive direction thereof
and in the éxyewwh tihe gnakie finaF Iigce 16f 4@ bb) ets thZ2diredisidweat ed,
which is perpendicular to the y axis, is heated uniformy.
of the internal face of the reflection film 301b.
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 thamn 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 301lb as a matter of course.
When the intensity'disfribution.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:U1thedirectionwherein
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 fifth
embodiment is suited, for example, in the case when the
center of an object to be heated is 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



((Si xth enbodi nent))~ Next, a heating apparatus using the infrared ray

| anp in accordance with the present invention will be described as a sixth
enbodi ment. The infrared ray | anp described in the above-nentioned third
enbodi nent is used as the infrared ray lanp f or the heating apparatus of
t he sixth enbodi ment, and the reflection plate 280 shown in FIG 25 is
provided for this infrared ray |anp. _A4, of the above-nentioned infrared
ray lanps in accordance with the above-nentioned first to fifth

embodi ment star eestidt et ¢dwha dHaves SpeghanididdhVasi Fol ahe 64t 403!, shape as
that of the conventional infrared ray anp. For this reason, in a heating

appar at us hagamgd heitopment.ional infrared ray lanp, it is easy for
ordinary engineers skilled in the related art to replace the infrared ray

| anp with onésokthhernbddanedtihay | anps in accordance with the first to
fifth enbodi nents. Heating apparatuses each having the conventional

infrared ray | anp thateixt r ephaaedhbloeappaira ive usinqrerk Lay¥ dared afay he
present invention as described above are the follow ng apparatuses, for
exanpl e. (1)lahlpatimpappadateeesyishichhas prdwmsther inrenkolad swifa bapanese
traditional heating device), an air - 73 conditioner, an infrared

treat nent agpacatilbedndsaa lsdtiloosmbedieent .

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

Heating apparatuses each having the
conventional infrared ray lamp that is replaceable with
the infrared ray lamp of the present invention as described
above are the following apparatuses, for example.

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

kotatsu (a Japanese traditional heating device), an air



(2) Drying apparatuses, such as a clothing drier, a bedding drier, a food
treat ment apparatus, a garbage treatnment apparatus, a heating-type
deodori zi ng apparatus and a bathroomdrier , (3) Heating-type sterilizing
appar atuses (4) Cooki ng apparatuses, such as an oven, an oven range, an
oven toaster, a toaster, a roaster, a warm ng apparatus, a yakitori cooker
(skewered chi cken cooker) , a cooking_éiqye, a defroster and a brewer (5)

Hai r dr essi ng appar at uses, such as a dri and a permanent wave heater (6)

Appar at uses frbcﬁ{t%?éé:rgg %ngtfﬁffargﬁa%a@lﬁgntogpﬁﬁeéﬁlé aan@pgar at uses

for carryif usrng toner, such as an LBP (laser beam

printer), P | gian fRaper copier) and a facsimle (b) Apparatuses for
t her nmal trgﬁgﬁé#oéﬁ gﬁ% original filmto an object by heating (7) Sol dering

heaters (8) Driers foy,;$eyieon 4BHEES, Hh6h ad Y)cPPPRLAGUSESeTQr
heati ng pure water mhg%§ C eangﬁghagﬁerg, etc. in sem conductor production

processes, aaf@?]&&g}l Indusirial ¢8ald NrdHiREat- apbarat@éNes wartagan
apparatus for hea |ﬁg objects by using an infrared ray |anp as a heat
source Can%%%@@ment apparatus, a heating-type deodorizing
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) and a facsimile
(b) Apparatuses for thermal transfer of. an
original film to an object by heating
(7) Soldering heaters
{8) Driers for semiconductor wafers, etc.
(9) Apparatuses for heating pure water when
cleaning wafers, etc. in semiconductor production
processes, and

(10) Industrial coating driers



apparatus whose infrared ray | anp can be replaced with as described above.
FIG 18 is a perspective view show ng the positional relationship between
the infrared ray lanp and the infrared ray reflection plate 308a of the
heating apparatus of the sixth enbodiment. In FIG 18, the central

portion of the infrared ray lanp is not shown. Furthernore, since the
infrared ray |lanp used herein is the infiﬁred ray |l anp described in the

above-nmentioned third enbodinpent, its explanation is omitted. The
reflection plate 308a g ot Siwtidls EERPALFRNa 185 frY R A1 24 WB Wit shas a
sem -cylindrical shape neasuring asb'out 0.b 4 tao 0? 5 min lt‘?\écknj;és]s, Sand

has a mrref fidisdesh rehkeatrle@n face i 4s hnhearakolacs cdhepknhhared
ray reflectivity of "the reflection plate 308a is about 80 to 90% The

reflection plL-3083 WRodeSPRERArdd RAF Aldrfd M bd ReFPEAEEA Likg Ak the

heating el enent . 302, with a predeterm ned space provided fromthe external
face of theagdlassibaheaddle The reflection plate 308a is installed by
using the center line of the heating elenent 302 as its center. As shown

in FIG 18, the refl eqti@n 18a6e 4 hpérkpecitierd Ny eewakhliodtam ®f thke
reflection plate 308a, is disposed so as to be opposed to the wi der side

portion 302gcafithenheatébDgtaloenminip Itwden the iefleaetidonapl namp3Qfia
formed of alum num-is explained as an exanple in the sixth enbodi nent;
however , the infrared ray reflection plate 308a of the heating
apparatus of the sixth embodiment. InFIG. 18, the central
portion of the infrared ray lamp is not shown. Furthermore,
since the infrared ray lamp used herein is the infrared
ray lamp described in the above-mentioned third embodiment,
its explanation is omitted.

The reflection plate 308a of the sixth
embodiment is formed of aluminum, has a semi-cylindrical
shape measuring about 0.4 to 0.5 mm in thickness, and has
a mirror-finished reflection face on its internal face.
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 from the external
face of the glass tube 301. The reflection plate 308a is
installed by using the center line of the heating element
302 as its center. As shown in FIG. 18, the reflection
face, that is, the internal face of the reflection plate

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

portion 302a of the heating element 302.



i nstead of alum num materials having high infrared ray reflectivity and
being stable at high tenperatures, such as gold, titaniumnitride, silver
and stainless steel, are applicable. The reflection plate 308a having a
sem - cylindrical shape is explained in the sixth enbodi nent; however, its
cross section can also take other shapes, for exanple, a shape having a
part of a circle, a parabola or an ellipse; or a shape forned of a

conbi nati on of plural straight lines; ddch as a part of a pol ygon (the

shape of the Japanes ett y f
1(‘:|Omt)i nﬁt i on of them (? E %&gcoi%%é’ﬁ\g% ?ﬁ@%’p%c?}megﬁgfhf &mEeL?arrp g
at shape;

h f
deS|reg dlr%%PF?ﬁﬁ %x?&éﬁ ntﬁggeﬁgggﬁg%hﬁgﬁé%ﬁé%n ?rafed
rays i nstall t I d
dlrectlgnalf tr| uf&%%féﬁifﬁé'Oﬁﬁﬁggﬁ%ﬁﬁ?ﬁ?gﬁép ﬁ§'%rh!he I'n rareggggys

h bst
1 SRS S e o Rt SO e
above- rrentlgg bﬂf faGt,flé }g\gmt}es aRovE: ARRll 9RAGs + ST AYELW SteldlL | 8ire

possible to obtain’in rays aV|ng simlar directional distribution
of the entsghpﬁlﬁgngf@5|ty as that of the infrared ray lanp of the fourth -
76 enbodi e result, the heating apparatus of the sixth enbodi nent

is suited for a use W@ﬁé”fbﬁib@@h%ﬁtplate 308a having a semi-
cylindrical shape is explained in the sixth embodiment;:
however, its cross 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 "2 " for example), a shape formed of
a combination of them (the shape of the English letter "U”
for example) or a flat shape; the shape should only be a
shape suited for obtaining the desired directional
distribution of the emission intensity of infrared rays.

By installing the reflection plate 308Ba 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 part (a) of the
above-mentioned FIG. 1l4. 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



di sposed at a position opposed to the reflection face of the reflection
plate 308a is heated locally for exanple. The em ssion intensity of the
infrared ray lanp of the third enbodi mnent has directivity in the x-axis
direction as shown in FIG 11. For this reason, in the heating apparatus
of the sixth enbodinment, the emssion intensity of the infrared rays by
the reflection plate 308a becones high r. than that of the conventi onal
exanple. In addition, in the case when Phe reflectivity of the reflection

pl ate 308a0¢;§baa§m@& congey der abbyhecaise ALa AN IELRLE By e

adher ence stains, etc. effect on t irectional distribution of
the em ssi Oﬂleﬁt %’Pr?daa/uhanfth&ss'éﬁﬁt@&b%'ﬂr%tuéé vRaselibamd hab kBt he

case when the conventional infrared ray lanp shown in FIG 22 is used for

exarrpl e. (3evepblermadiaeiydit Next oppolleat ithd t@a%o%reﬁit}@ctlibﬂgfh@% o rared
ray lanp in accordance with the presént invention will be described as a

seventh enbpgdinegtietha dmfgpied 5a%al %phaatrelaﬁﬂae.aémﬁ fppasRhMp1e0f the
sevent h enmbodi nent is structured such that the reflection plate 308a

described in the aboveneewi®ielbn Sindéneniegds Fefhei Snftapesedallldegy ees
rotated around the center.line of the infrared ray lanp. - 77 FIG 19 is

a perspectiye yhew tHiomd ngmble@ imrast t hasald el ot i ensi pnbaieen- ke s

infrared ray | anp and
direction as shown in FIG. 11. For this reason, in the
heating apparatus of the sixth embodiment, the emission
intensity of the infrared rays by the reflection plate 308a
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
changes 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 is structured such that the
reflection plate 308a described in the above-mentioned
sixthembodimemtisdisposmiQOdegreesrotatedafoundthe

center line of the infrared ray lamp.



the infrared ray reflection plate 308b of the heating apparatus of the
sevent h enbodi nent. However, in FIG 19, the central portion of the
infrared ray lanp is not shown. Furthernore, since the infrared ray |anp
used herein is the infrared ray |anp described in the third enbodi nent,
Its explanation is omtted. As showmn in FIG 19, the reflection face, that
is, the internal face of the reflection ate 308b, is disposed so as to
be opposed to the narrower side portion 302b of the heating el enrent 302.

By disposing the refl getgonipl alse 3G @ecdeser vaady aPRYRinighectth r ect i onal
di stribution of the emssion intensity of infrared rays is substantially

equal to thalsidfidhelfréliathoasimnid mivedwwhd AntHieaped trd¥)laip doe
above-nentioned FIG 17. In other words, simlar directional distribution
of the em s%ine ik easety rasy tief 1eot ible flidtid BoBodioFerth« anehe iaki ai ned
by using the Infrared ray |lanp of the third enbodi nent. The heating-
appar at us ofappwr seuerdfh tevebsdivermtth eabbldimenit  edldwover, LseF Iherld n the
entire flat face of an object placed in parallel with the heating el enent
302 and oppased clem tirtwel poaft 2ehiof ijlatio £308he d scdrediasup Sivh stoanshalwy.
uniformy for exanple. Furthernore, the infrared ray lanp of the third -
78 enbodi menirtsthemmoice ,FisGnded tas tnfratried ryy rlanp sessed hemedmsity as
shown in FIG 11 by itself. For this reason,

the infrared ray lamp described 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 directioconal distribution of the
emission intensity of infrared rays is substantially equal
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 can 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



in the heating apparatus of the seventh enbodinment, in the case when the
reflectivity of the reflection plate 308b is reduced considerably because
of changes with tinme, the adherence of stains, etc. , the effect on the
directional distribution of the emssion intensity is less than that in
t he case when the conventional infrared ray lanp shown in FIG 22 is used
for exanple. In the infrared ray |lanp of _f{he present invention, the
intensity of the infrared rays emtted ffOnithe heati ng el enment has

directivity dessakRed o | fnOF PR YR & s ﬁihl%ggh%iit. iix{“e%ﬂ&;(o f the

infrared rays becones a maximumvalue int ness direction 0O he

heating el elfppénsaRe lhgesﬁaﬁﬁn;?ﬁtlyﬂ;[‘ if%ﬂi@tﬁﬂ%5ecl'ﬁg+gr‘tﬂistp§asgﬁéti ng

el ement has a small value that is substantitally negli | e 1 n conmpari son

With the maximene Heut L psARIe0s OFAlnL Ald R0t ARk men Ol o equi ed

to be used for such a use wherein an infrared ray |anp having suc

directivity déssuihied, tRerly1dbeilany 630 dife SEHELEREG L SITPLY- 3388

infrared ray |anp having this structure does not cause reduction in the

reflectivityioirddecealtestbiarral i} deddes &yr RIEVEHEENG1 ERIHEREONLHE
efficiency. In addition, in the case when the infrared ray |anp of the

present inveidhenehas afr eftladaid oredd | MthbeerEaL@NSnt ¥ he Stifdduit { §RagUr Ve

of the emssion of the - 79 infrared rays emtted fromthe heating el enent

can be adjustetirtbultdwn »fpridetentis HeenshapensAc @ ILNdés ¢H&n that
in the case when the conventional infrared ray lamp shown
in FIG. 22 is used for example.

Intheinfraredraylampcﬁfthepfesentinvention,
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 wvalue. The
conventional reflection plate is not required toc 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 reductiecn 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 £ilm, the

intensity distribution curve of the emission of the



intensity of the infrared rays emtted in unnecessary directions can be
restricted, whereby the infrared ray Ilanp of the present invention

exhi bits good em ssion efficiency. Furthernore, unlike the reflection
plate, the reflection face of the reflection filmis not stained by
external adherents and the |ike. Mreover, changes wth tinme in the shape
of the reflection filmand the |ike are Iess significant than those of the
reflection plate. As a result, the hlgﬂ reflectivity of the reflection

film i ' ' I

The | n:;] fa?aes’?gﬁ%”% Aed ARUEL S then nsatEy phEment cEh B8 Pte
od characteris

gresen'ltDI i nv% }“8%3%36)9 g%g\% éoﬁge{iﬁe ren* (jtill on %?L]egtsray%%gg?'ltgilth@e

esirabl e {éﬁt herﬁh 2t "en 8' § 'Par%@ Ee'%?ru.lttyté)& iE unHd & 84akqys

reflected b§ e re ect m can Increased’in a

speci fic di egg'cggmay #?ebéa %%@Edlébéa hh%reéﬂ;ﬁ%ﬁa niensiiy cag be

nar r owed. rare ray [anmp of t'he present invention

having this, kind ofOf rg}é?fﬂafgkb% fiid4R PESOHES 3@ 135V §€g0id @nf 95 i8nuse

; lam
wherei n the &reaSn Irection opposed to the reflection f ilmis

lont <. b tagh e pie Pl enstheas | b anpidbe g Lona.

i nvention, by pra¥hdidigdded&S et dddia@tion film is not stained
by external adherents and the like. Moreover, changes
with time in the shape of the reflection film and the like
are less significant than those of the reflection plate.
As a result, the high reflectivity of the reflection film
is maintained for a longer period than that of the
reflection pl;te. The infrared ray lamp of the present
invention therefore maintains its good characteristics
for a long time.

In the infrared ray lamp of the present invention,
by providing the reflection film at a position desirable
fortheheatingelement,theintensityoftheinfraredrays
reflected by and emitted from the reflection film can be
increased in a specific direction, and the range of the
high emission intensity can be narrowed. As aresult, the
infrared ray lamp of the present invention having this kind
of reflection film becomes a device suited for a use
wherein the area in the direction opposed to the reflection

film is heated locally, for example, suited for fixing and

the like in a copiler.



anot her position desirable for the heating elenent, the intensity of the
infrared rays reflected by and emtted fromthe reflection filmcan be
made substantially the same, whereby the range of the emi ssion intensity
can be widened. As a result, the infrared ray |anp of the present
invention having this kind of reflection filmbecones a device suited for
a use wherein the entire flat face of _aggohject placed in parallel wth
the heating el enent and opposed to the reflection filmis heated
uni-formy, f or exanmurtisedhede,f dn ali®ash€rared they meahpd of the
producing. the infrared ray lanp in accordance with the present invention,
the refl ectporsefit ninsehtdomed Hy psonddtiney sttapereof Lieke idmssitmbent Thi s
facilitates the formation of the sem -cylindrical reflection film In the
heati ng appanattiier rp@sitbidandesiirtdbIdef opr esenheiartiang i @hemehe ,i Aftrear ed
ray |lanp of the present invention has simlar shape as that of the
convent i onaintemfsiatedef ayheahpfriaored sy s enebhectted i ranédemay tleshp  of
t he conventional heating apparatus can be replaced with the infrared ray

| anp of thefppasthe Hef/bectdnn fElm cardg nmadbysphstaditig e tbensenei,onal
heating apparatus wth the infrared ray |lanp having directivity in the

em ssi on | n¥BaFeDy §he nardecf tpsensd siidaan ag tagpst by @an blwifenedy good
characteristics can be obtained, and the heating apparatus can be used f
or heating ng@é:tegs%trd:_w_nfrared ray lamp of the present invention

having this kind of reflection film hecomes a devicre suited
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
£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
of the conventional heating apparatus can be replaced with
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



In the heating apparatus of the present invention, by installing the sem
-cylindrical reflection 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 predeterm ned shape. Wth this structure of the
infrared ray lanp of the heating apparatus of the present invention, the
intensity of the infrared rays emtted_.,n unnecessary directions can be
restricted. 1In addition, even if the r@ﬁlect|V|ty of the reflection plate

lowers, then@diyigfd igbdd QBdHH%ﬂéﬁié%Egsr%%d bEtFTHe§O ghhegted as in

the case of the conventional apparatus, since the infrared ray | anp” has
directivityheatdnd Bb® J:Qa@p@catrhseh?@éa%ﬁhféap&fﬁ§sbﬁ>jeé‘eséle \ Jﬂﬁ ¢ of
o that o

apparatus in accordance with the present invention superi or

the conventional apparmaf Ushe | Rehb@nieald e aRRA" a)thStm@ peeddance with the
present invention, by providing the reflection filmat a position

desirabl e fanvidie: fem] ity ﬁ@tmmlngheher&@:ﬂil-t:x;nq{dibeann{—éﬂ%@t&ad&
reflected by and emtted fromthe reflection filmcan be increased in a

speci fic di peeiiedins tarell tdfe thange fafed fieohi Sh1AN 66601 +BERAYT ¥uGdFe be
narrowed. As a result, the heating apparatus of the present invention

havi ng t hi solfi ntieofinteflseicty @t fiHenenhiccol®n 6f deNeCen Suiared oy & dise

wherein the area in the - 82 direction opposed to the reflection filmis

heated |ocdlel wdjusted to have a predetermined shape. With this
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 in 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 emitted from the
reflection £1ilm 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 f£ilm

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



Furthernore, in the heating apparatus of the present invention, by
providing the reflection filmat another position desirable for the
heating el enent, the intensity of the infrared rays reflected by and
emtted fromthe reflection filmcan be nade substantially the sane,
whereby the range of the em ssion intensity can be wdened. As a result,
the heating apparatus of the present Ln%ﬁp[ion havi ng this kind of
reflection filmbeconmes a device suited for a use wherein the entire flat

face of an ghjrecit RCEHpoish PG tRE Weld) ddei bgakiing &l ereastand opposed
to the reflection filmis heated uniformy. Although the present invention

has been degeilbed in terns of the presently preferred enbodi nents, it is
to be understood that such disclosure is not to be interpreted as

limting, but various miteieihnene anth fRE headliingsapbhrafesdabttpecone
apparent to those skilled in the art to which the present invention

pertains, ailegfedtivifngentadn hebpbprevdigitiPstie; racadctiighyrill &ts
i ntended that the appended clains be interpreted as covering al
al terati onsaartHexligoscations das fvablwi £brnthehddatienspéLeineand stape of

the invention. | NDUSTRI AL APPLI CABI LI TY The present invention, relating to
a heating apparadissyfof hRat ind rayedtsaysoonsleeitted wpnapdoemdetedB3 a
heati ng apparatus that emts infrared rays highly efficiently and has a
long |ife bfrusi hjearef hécédecn fa)m can be made substantially the same,
whereby the range of the emission intensity can be widened.
As a result, the heating apparatus of the present invention
having this kind of reflection £film becomes a device suited
for a use wherein the entire flat face of an cbject placed
in parallel with the heating element and opposed to the
reflection f£ilm is heated uniformly.

Although the present invention has been
describedintermsdfthepresentlypreferredembodiments,
it is to be understood that such disclesure 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 intenéed that the appended claims be interpreted as
covering all alterations and modifications 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



| anp wi dely used as a heat source, and can also provide a versatile
apparatus wherein the directivity of infrared ray em ssion can be sel ected
depending on an object to be heated. 84 What is clainmed is : 1. An
infrared ray |lanp conprising: a heating elenent which is formed of a
carbon based substance including a resistance val ue adjustnent substance
and which has a substantially plate shape, the wdth of which is |arger
than its thickness by five times or o83 -a glass tube in which said
heating el enent, is..he [ ed, .qnd an_electyode enpedded at both
end porti onsqleo eé%&?% éggés{:%[qul%%,&ggécgm%é |lyn€§ﬁﬁ&§ & YD 69gﬁgnds of
said heatin . S tvel I el.ectrli I ected to _an
ext er nal eIggﬁ#ﬁgﬁ%éF%gi€$82hg§ngi%P%&fégg?%f) é%%fﬁh é%c%gggﬁgéa iTHY cl ai m
1, further %Qqﬂ'i | 07 n i.0 [ ur 0. bot d_poriions of
sai d heati ng' e err‘ijlh@g%}ézgggtal \%e ;? gin %I %g‘tl??%él %‘3‘& c%%?\egg'gg lpgcosf}ailcgg

e 0ot SRl AN P i 2P SRANE £ 1 hOr 881 41 £ORRICH OF) HOA GG r 2R

said electrodes so as to of h ends of sai eating enent

predet erm ned, J eisi AN AN Asask (e PLEELE §8bkhding on an object to be

heated.



connect said connection devices to said electrodes. 85 3. An infrared ray
| anp in accordance with claiml1, wherein a reflection filmfor reflecting
infrared rays is provided on the internal or external face of said glass
tube so that the em ssion intensity of said infrared rays emtted from
said heating elenment has a predetermned distribution. 4. An infrared ray
| anp i n accordance with claim3, wher 8t n said reflection filmbhaving a
sem - cylindrical shape being substantially coaxial with the center |ine
~of said hed(hatés ddigedns: in the |ongitudinal direction thereof is provided
al ong substantially simlar Ilength as that of the infrared ray emtting
portion of said heating elenent. 5. An infrared ray |lanp in accordance
with claim3,. wherein the cross gacthopapéd seay lraai eotpaisihigkm has a
shape formed of a sem-circle having its focus substantially on the center
line of said heating glgs@ning R1lehBat! QROLH UE NEJ @i edt iaorattbeneof , al ong
substantially simlar length as that of the infrared ray emtting portion

of said healddh &\ #RAhceSindudid af eddiatahaspviuacaofuanemi th clai m
3, wherein the cross section of sald reflection filmhas a shape forned of

a_semi - ci r cl g, Nani g aRewhlichtRas fOMARR sithat apt pehty amapde wenter |ine
of said heating

width of which is larger than its thickness by five times
or more,

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

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.

2. An infrared ray lamp in accordance
with claim !. further comprising:

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
element at a predetermined tension and used to electrically

connect said connection devices to said electrodes.



86 elenent in the longitudinal direction thereof, along substantially
simlar length as that of the infrared ray emtting portion of said
heating elenent. 7. A heating.apparatus provided with an infrared ray |anp
conprising: a heating elenent which is formed of a carbon- based substance
i ncluding a resistance val ue adjustnen§? subst ance, and which has a

substantially plate shape, the wdth which is larger than its thickness
by five times or nore, a glass tube in which said heating elenent is
hermetically seal ed, and an el ectrode enbedded at both end portions of

sai d gl ass tube, el ect¥.icanl yntomrettmy tlempotih endsrddncsarikiheati ng

el ement respectively and also electrically connected to an external

el ectric cictait.l,8 vhehmdn g rafpacaios filmadror dafdecing chéravedwherein
said infrared ray lanp further conprises: a connection device secured to
bot h end porayenss mfowialed b@atthagiskeneal omespaeitnedl yaando€l eatdical |y
connected to said heating elenent, and lead wires secured to said
connecti on geassesubarngd IMat ehectmnodesos oimtedsd tRuldf batil enflsapédsai d

heating 87 elenment at a predeterm ned tension and used to electrically
rays emitted from said heating element has a predetermined
distribution.

4, An infrared ray lamp in accordance with
claimr3; wherein said reflection film having a semi-
cylindrical shape being substantially coaxial with the
center line of said heating element in the longitudinal
direction thereof is provided along substantially similar
length as that of the infrared ray emitting portion of said
heating element.

5. An infrared ray lamp in accordance
with claim 3, wherein the cross section of said reflection
film has a shape formed of a semi-circle having its focus
substantially on the center line of said heating element in
the longitudinal direction thereof, along substantially
similar length as tﬁat of the infrared ray emitting portion
of said heating element.

6. An infrared ray lamp in accordance
with claim 3, wherein the cross section of said reflection
film has a shape formed of a semi-circle having one of its

focuses substantially on the center 1line of said heating



connect said connection devices to said electrodes. 9. A heating apparatus

I n accordance with claim 7 or 8, further conprising a reflection plate for

reflecting infrared rays so that the intensity of said infrared rays

emtted fromsaid heating el enent has a predeternined directional

di stribution. 10. A heating apparatus g$ accordance wth claim 8, wherein
[

said reflection plate has a sem -cylin cal shape being substantially
coaxial with the center axis of said infrared ray lanp. 11. A heating
apparatus in accordance wth claim8, wherein the cross section of said
reflection plate has a shape forned of a semi-circle having its focus
subst ant i al¢hemmmtt He ¢cont épnakiedbiakaliggaffioar eberagfl adhond2. A heating
apparatus in accordance wth claim8, wherein the cross section of said
refl ection syistamttiad ly shapéafolemgtivfas therti ofi tbeeihfvangd oy of its
focuses substantially on the center axis of said infrared ray lanp. 13. A
nmet hod of pmichtciingg partinhr afedaid ayed@iny «dempnitsi ng: a step of formng a
gl ass tube by formng glass into a substantially cylindrical shape, 88 a
step of hernetically sealing a heat elenent having a substantially plate
shape, the wdth of which is Jlarger than its thickness by five tines or
nore, inside 7. A heating apparatus provided with
an infrared ray lamp comprising:
a heating element which is formed of a carbon-
based substance including a resistance value adjustment
substance, and which has 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, and
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.
8. ' A heating apparatus in accordance
with claim 7 . wherein said infrared ray lamp further
comprises:
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



said glass tube so that the center line of said heating elenment in the
| ongitudinal direction thereof is substantially coaxial with the center
axis of said glass tube, and a step of formng a reflection filmfor

reflecting infrared rays into a substantially sem - cylindrical shape on
the external face of the cylindrical gj?ape of said glass tube so as to

substantially include the range of thé’disposition of said heating el enent
in the axial direction thereof. 14. A method of producing an infrared ray
| anp, conprising: a step of formng a glass tube by formng glass into a
substanti al Iﬁ/ﬁcyl I ndrical shape, a step of formng a reflection filmfor
reflecting $¥imetitedt é’y?rPH?Beﬁmb‘F%‘aeﬁﬁ}%%&“@uH§F§nF‘Paﬂ-?Ct‘"l‘*al Y
sem -cylindrical shape on the external face or the internal face of the
cylindri calCyHAsE sRidarcanprasion BRVicaid '@ sedp 6LeaFspe3Fng a heat
el ement having a substantially plate shape, the width of which is |arger
than its thickness by%five he afed % APPIEE LUS 01 B sAEEP TN G o ifde ¢ Lo ™t he
axial range wherein said reflection filmis 89 disposed, and of
her meti cal | y7 s&al i%ag fagitieneaenpyl ol rerentrafdgicddonapdaeatart ube. 15. An
infrared ray |anp conpri sing:
reflecting infrared rays so that the intensity of said
infrared rays emitted from said heating element has a
predetermined directional distribution.
10. A heating apparatus in accordance with claim
8, wherein said reflection plate has a semi-cylindrical
shape being substantially coaxial with the center axis of
said infrared ray lamp.
11. A heating apparatus in accordance
with claim 8, wherein the cross section of said reflection
plate has a shape formed of a semi-circle having its focus
substantially on the center axis of said infrared ray lamp.
12. A heating apparatus in accordance
with claim 8, wherein the cross section of said reflection
plate has a shape formed of a semi-circle having one of its

focuses substantially on the center axis of said infrared

ray lamp.

13, A method of producing an infrared
ray lamp., comprising:
a step of forming a glass tube by forming glass

into a substantially cylindrical shape,



a heating elenent having a substantially plate shape, the width of which
Is larger than its thickness by five tines or nore, a heat-emtting bl ock
which is formed of a conductive material and electrically connected to one
end of said heating elenent, a glass tube in which said heating elenent is
hermetically seal ed, and an el ectrode gﬁpedded at both end portions of
said glass tube, electrically connected to both ends of said heating
el enent respectively and also electrically connected to an external
electric circuit. 16. A heating apparatus provided with an infrared ray
| anp conprising: a heating el enment having a substantially plate shape, the
w dth of which is | argestépaof iHerndliiclaidyssbylifigve heatesslamemdre, a
heat-em tting bl ock which is formed of a conductive nmaterial and
el ectri cal | yaelmnectetsttantialeépdplate sshapdeathengiditenefit vhackhyl &ss tube in
whi ch said heating element is hernetically sealed, and 90 an el ectrode
enbedded at1&ogdr eftthrpanttsi @hs.crhessaby Hles s imeke oreleetr i tasidge connect ed
to both ends of said heating elenment respectively and also electrically
connected t9addd XdHY NAlbeelseCtthhe €hé&Ctéditer line of said heating
element in the longitudinal direction thereof is
substantially coaxial with the center axis of said glass
tube, and
a step of forming a reflection film for
reflecting infrared rays into a substantially semi-
cylindrical shape on the external face of the cylindrical
shape of said glass tube so as to substantially include the
range of the disposition of said heating element in the
axial direction thereof.
14. A method of producing an infrared
ray lamp, comprising:
a step of forming a glass tube by forming glass
into a substantially cylindrical shape,
a step of forming a reflection film for
reflecting infrared rays into a predetermined substantially
semi-cylindrical shape on the external face or the internal
face of the cylindrical shape of said glass tube, and
a step of disposing a heat element having a
substantially plate shape, the width of which 1s larger

than its thickness by five times or more, so as to be

included in the axial range wherein said reflection film is



17. A heating apparatus conprising: an infrared ray |lanp including a
heating el ement which has a substantially plate shape, which is forned 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 plate which is disposed so ) to keep a predeterm ned di stance

fromoutside of said glass tube of sai'd infrared ray |anp, wherein said
reflection plate is disposed so that an inner reflection face of said
reflection plate is opposed to an arbitrary portion of said heating

el ement, angd dpdsedt I Hed Us£thotiRdt 1Al yaR-abji gt shodbredepi £k ismatisposed
in the front position opposing said reflection face of sald reflection
plate. 18. iAdeat kRgqappasattispd N accordance with claim 7wherein said
reflection plate is disposed so that an inner reflection face of said

reflection plate is opqgsed t QnORG rRhréder AV OBdmP i HngRQlstiingns of said
heating elenent. 91 19.7°A heating apparatus 1 n accordance with claim 11

wherein said refl ect i phdlale kofEARORESISS 4 NlbAthndilNgY peklection face

of said reflection plate Is oppose to one of the narrower Side portions

of said he%}l#%,egﬁgmidtﬁoof%ﬁf@&i%g 13PBakaLHS | D dCER %@d&%"% h any one
of cl ains 019, erein sald reflection pl'ate provide I'n said heating
apparat us is; i §Hg§§d0§q9§£@ptially in

a heat-emitting block which is formed of a
conductive material and electrically connected to one end
of said heating element,

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

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.

lé. A heating apparatus provided with an
infrared ray lamp comprising:

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

a heat-emitting block which is formed of a
conductive material and electrically connected to one end
of said heating element,

a glass tube in which said heating element is

hermetically sealed, and



parallel with the |ongitudinal direction of said heating elenent disposed
in front of said reflection plate, and such that the end portions in the
| ongi tudi nal direction of said heating elenent are arranged in a
substantially straight line with said heating elenent or said glass tube
I nterposed. 21. A heating apparatus in accordance with any one of clains
17 to 19 wherein a cross-section of sdild reflection plate has a shape
formed of a combination of plural straight |lines, such as a part of a

pol ygon. 22. A heating apparatus in accordance with any one of clains 17
to 19, wherein said reflection plate is configured so as to diffuse a

radi ant heat of said infrared ay la t.0 r ont A_heati ng
appar at us havi ng an iﬁ?r%jéﬁF?%éfl%ﬂﬁ? PcﬁE2§%%9i%&%xﬁ§%f%%ﬂgl%ést one
heating el ement having a substantia | at e .shape or, rod shape, having
recessed poitd cﬂﬁlsaqsn%PFf&'vre Fﬁ?F?‘é%Hc#/ "g‘iﬂ”ﬁ’céff s Phg?géfe%(%% tgrm&*d of a
car bon- based subst ance, heat-enitting blockﬁgﬁfving ggod con tivity to
whi ch bot h & JWatings edergatTRERET Yy he alpR CIRSEFIEH Bhd bonded, a
sintered substance of an adhesive_fornmed and  sintered on the bonding faces
of said heatPmeediashd PoRFEEINRS SLPCF TeatGd G iti-ng bl ocks at the regions

in the

17. A heating apparatus comprising:

an infrared ray lamp including a heating element
which has a substantially plate Shape, which is formed
of a linier-shaped carbon-based substance of which
cross-section is a rectangular shape, and which is
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 isdisposedso that
an innerreflection face of saidreflectionplate isopposed
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.

18. A heating apparatus in accordance with claim
7wherein 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.



vicinities of both end portions including the recessed portions of said
heating el enment, a glass tube in whichgisaid heating elenent, said sintered
substance of said adhesive and said heat-emtting blocks are hernetically
seal ed together with an inert gas, and lead wires electrically connected to
said heat-emtting bl ocks, the end portions of which are led out of said

gl ass (ube, 24. A Meqbing APPALALUS,LO-866Qr ANEEML AL 23 uhier ol 1

Egig QﬁgtbgpiféhggoPlgng ﬁég eﬁg .%Ienq_thgre sggg '%Qg;?i?S ééfgfgiﬁgiCh
appr Bl 8o FeabP s R ST Mg b
ngi?gﬁiffiﬁgnﬁFgﬁe%ﬁEg 78 &8f ah ?%%%g%¥fggcg§%§rEgnﬁﬁgggdbggggfgkpe,

of said hea’fgﬁﬁee‘?’g%ﬁ?y%}? o%g%gsef{?é;g‘d%;t'"be%é’ncag%%i?g%%ttél?%%egg.Se{ﬁ;&:é;og?

an adhesive forned and sintered on the bonding faces of said heating
el enent bonded to said heat-emtting blocks at the regions in the

vicinities of both eng parii.ons jdclpglngchle ;heaessithaRee! 12R% ahsai d
heati ng el enent,
one of claimsl7 to 19, whereinsaid reflection plate provided
in said heating apparatus is 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.

21. A heating apparatus in accordance with any
one of claims 17 to 19 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 peolygon.

22, A heating apparatus in accordance with any
one of claims 17 to 19, wherein said reflection plate is
configured so as to diffuse a radiant heat of said infrared

ray lamp to the front.

23 A heating apparatus having an infrared ray

lamp which comprises:



a glass tube in which said heating el enent, said sintered substance of
sai d adhesive and said heat-emtting blocks are hernetically seal ed
together with an inert gas, and lead wires electrically connected to said
heat-em tting bl ocks, the end portions of which are led out of said glass
"tube . 26. A drying apparatus in accéd2dance with claim 25 wherein said
heat-emtting bl ocks are each divided into two pieces, between which both
end portions of said heating elenent are sandw ched. 27. A drying

apparatus having an inpfrar ray. .9 i ' : heat i I t

Pﬁyiﬂg a sugst?ntiall@hpﬁgggt gﬁﬁbé?é$ﬂ£n§?8§%n%$ﬂagééﬁ§PgaﬁafgeLn?hgnerfg
i ckness ve, ti r e | ass be..in _whi i d [

e}enenpdis|s¢éﬁh%?F%3ﬁF§'ggé?@%,sgﬁpglgit$%§eggh gadg%ngﬁé%ofﬁsgﬁﬁ%%%rtions

o] said glass,t s ctri.call . t ' ti
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el ectric cirgult n L on ' d to both d ti f
. eloly] virge secured to both end portions of said
heat i ng eléﬁgn ?ggpegtﬁ%%%%gaﬁ 8elecfc%ically connected to said heating

elenent, and | ead W rgs, $eeyi8a {0y SH S £ONASELNAN R GSSnductivity

to which both end portions of said heating element are
inserted and bonded,

a sintered substance of an adhesive formed and
sinteredon the bonding faces of saidheatingelement bonded
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, saiad
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.

24. A heating apparatus in accordance with claim
23 wherein said heat-emitting blocks are each divided into
twopieces,betweenwhichbdthendportions<ﬁfsaidheating

element are sandwiched.

25. A drving apparatus comprising:



and said electrodes so as to pull both ends of said heating elenment at a
predeterm ned tension and used to electrically connect said connection
devices to said el ectrodes, wherein said connection device has a

heat-em tting bl ock, the cross-sectional area of which is larger than the
cross-sectional area of said heating gLenent on a plane perpendicular to

the direction of the current flow ng tHrough said heating el enent, in
order to prevent said | ead wires fron1being overheated by emtting heat

transmtted fromsaid heating el ement. drylng appar atus conpri si ng:
95 an infrared ray | Ludi ?ﬁ@{ 9.8 whigh has a
substantlally plate s ap%ggmhlgﬁglgl orneg a |H}er- %aped car bon- based

substance Qfy M &0 €699y g%w L2 &ec&@ag {qa@tshmlﬁ@w\@be@e@

hernetlcally sea l'ass tu and a re ion plate which is

di sposed sg, )%gnsklg’ﬁ%n% pL eqe; %JEQ%% dbethanae f FRm-eushda ehraaid gl ass

t ube of sal rared ray | anp, erein said reflection plate is disposed

so that a%frgm%afgggeggéghf@@@sggn%ald reflection plate is opposed to
an arbitrary poriion of sald heating element, and is structured such that

an object to be heatgg.ds-dh3Re38¢ dibdibe ﬁaomhgp@%lotd FbPREsi g tsai d

reflection face of said reflection plate. 29. A drying apparatus in

accordance wj t{h cL8i Bbth end portions of said heating element are
inserted and bonded,

a sintered substance of an adhesive formed and
sinteredon the bonding faces of saidheatingelement bonded
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.

26. A drying apparatus in accordance with claim
.25wherein said heat-emitting blocks are each divided into
two pieces, between which both end portions of said heating

element are sandwiched.

27. B drying apparatus having an infrared ray



28, wherein said reflection plate is disposed so that an inner reflection
face of said reflection plate is opposed to one of the wi der side portions
of said heating element . 30. A drying apparatus in accordance with claim
28 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 el ement. 31. B%cooking apparatus conprising: 96 at
| east one heating elenment having a substantially plate shape or rod shape,
havi ng recessed portions in the vicinities of both ends thereof and forned

of a carbon e Istalee-ibeat.-em tting bl ocks having good conductivity
to which bo%%ﬁgngh%g$fions§6% s%id heating el enent are inserted and

bonded, a sintered subs{ange Qf .anadhesime fordred; dddan 8iReked1an 4 he
bondi ng faces of said heating el ement bonded "to said heat-emt{ing bl ocks

at the regi ons,kN tehe W ChPLT beS «@fi 2Pt endrpart itens, i Ned udhRaxhhe s
recessed portions of said heating elenent, a glass tube in which said

heating el eggnk,;.8aidinsi nber gd-gubstance of said adhesive and said
heat-em tting blocks are hernetically sealed together with an inert gas,

and lead wires electricghlasconnested 4Risal daieaieLim iy 89ehkacks,s t he
end portions of which are |ed
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
element at apredetermined tensionandused toelectrically
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
toprevent said Lead wires frombeingoverheatedbyemitting

heat transmitted from said heating element.

28. A drying apparatus comprising:



out of said glass tube. 32. A cooking apparatus in accordance with claim
31 wherein said heat-emtting blocks are each divided into two pieces,

bet ween which both end portions of said heating elenent are sandw ched.

33. A cooking apparatus having an infr8fed ray 97 |lanp which conprises: a
heati ng el enent having a substantially plate shape, the width of which is
| arger than its thickness by five tinmes or nore, a glass tube in which
said heating elenent is hernetically sealed, an el ectrode enbedded at both

end portions of said,gliassribbe r & edid eakhcoipect edrtiaghet brends of
said heating el enent respectively and also electrically connected to an

external elgel £ Crais’ QUidub St §08NRANILOMR 1devs CEn8geUr athf¢h bos hr erchebr ti ons
of said heating elenent respectively and electrically connected to said

heating el eyeng, 1aRd Jreath M £8S caepwredhdHe sakdveaying i ©n deYcees and
said electrodes so as to pull both ends of said heating elenment at a

predet er m nedoEgnsi=en i@yl Used tecelecfyig£al bapeonnacd wiai dhcamnection
devices to said el ectrodes, wherein said connection device has a

heat-em ttingrRkeslkaitine segssdseact ionglasseaunfe W is larger than the
cross-sectional area of said heating
a raflection plate which is disposed so as to
keep a predetermined distance from outside of said glass
tube of said infrared ray lamp,
whereinsaidreflecticonplate is disposed so that
an inner reflection faceof saidreflectionplate isopposed
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.

29. A drying apparatus in accordance with claim
728, 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.

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

tooneof thenarrower side portions of saidheatingelement.

31. A cooking apparatus comprising:



el ement on a plane perpendicular to the direction of the current flow ng
through said heating elenent, in order to prevent said lead wires from
bei ng overheated by emitting heat transmtted fromsaid heating el ement.
34. A cooking apparatus conprising: 98 an infrared ray |anp including a
heati ng el enent which has a substantiglly plate shape, which is forned of
a linier-shaped carbon-based substanc f which cross-section is a
rectangul ar shape, and which is hermetically sealed in a glass tube, and a

reflection plate which posed so_as 1o erm ned di stance
fromoutside of said g Tagg uﬁﬁ“%fh%%fg %nf%ﬁ%& €a§£?g§% “wherei n said

reflect!on %latgaPildgé- 3%9 9 égg k@ﬁesha flegﬁ%ggé Sgﬁcggsgﬁld

reflection o 3h rb| rary por

el ement frgggo}bg%.oﬁyg%téﬁee%ﬁccl£g@ 20 hleCh A0 R AeAl add e?ghua_&osed

opposI ng sal ection face o ectlon

pl at e. cookln D S ance with claim 34 wherein said
reflectlon %?a?ecar éﬁ%%%%gsghgﬁagggﬁg i nner reflection face of said

reflection plate 5 opRE3edn {06 OfoLRE WhSl il PUL @RS 2 133 d

heating el enent. 34 3 COOK I Ng apparatus i n accordance wth claim

wherein said refleat hanplahg b3 rdiSRAsesk Saihahedting 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
sintered substance of said adhesive and said heat-emitting
blocksarehermeticallysealedtogetherwithaulinertgas,
and

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

out of said glass tube.

32. A cooking apparatus in accordance with claim
3] wherein said heajc-emitting blocks are each divided into
twopieces,betweenwhichbothendportionsofsaidheating

element are sandwiched.

33. A cooking apparatus having an infrared ray



inner reflection face of said reflection plate is opposed to one of the
narrower side portions of said heating elenent. 37. A copier conprising: 99
at | east one heating elenent having a substantially plate shape or rod
shape, having recessed portions in the7vicinities of both ends thereof and
formed of a carbon-based substance, heat-emtting bl ocks having good
conductivity to which both end portions of said heating el enent are
inserted and bonded, a sintered substance of an adhesive forned and

sintered onlgmg @%?yﬂmbgﬁﬁg§sgg:saiq heating el enent bonded to said
heat-em tting blocks at the regions in the vicinities of both end portions

i ncl uding the recesseqd ppaktingNs 1Qfnadl hAeAts g £leSERh13101A%8 dibe i
whi ch said heating elenent, said sintered substance of said adhesive and

sai d heat - eghhblend + Y QgkarAr 8 sheEdd cad | Yaseahed Haget her t Witk ik 4 nert
gas, and lead wires electrically connected to said heat-emtting bl ocks,

the end porgiors Qf Wh&Eh arerlsd , out of said glass tube. 38. A copier in
accordance with claim 37 wherein said heat-enmtting bl ocks are divided

into two pieces, betwegnadi chubet hnendipor tdaons wéasahg beakens: el ement
are sandw ched.
hermetically sealed,

an electrode embedded at both end pertions of
said glass tube, electrically connected to both ends of
said heating element respectively and also electrically
connected to an extermnal 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
element at a predetermined tensionandused toelectrically
connect salid 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
topreventsaidleadwiresfrombeihgoverheatedbyemitting

heat transmitted from said heating element.

34 A cooking apparatus comprising:



39. A copier having an infrared ray |anp which 100 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 said
heating elenment is hernetically sealed, an el ectrode enbedded at both end
portions of said glass tube, electrically connected to both ends of said
heating el ement respectively and al so ejgectrically 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 ement, and | ead _wires $e%yrf9mg sgﬂgdgg gﬁét%ﬁé””?nd

sai d el ectrodes so asaPOlBGIIJh nds" of- Sa&i d

predetern1n§§ &Sb§8%$r%3%g%s(%g§a§iegtéhgallg qpna&ﬂlgglg c%@uygdcm

devices to erern’'s connec I“on” device has

heat-emttin Ca]lf %]Peg ra%seﬁ fgﬂagga}?ag%%a SQID%AIIQQG b% %rl%,g{ than the

cross- sect i 8hal® ing el ement on a pl ane perpendicular to

the(hrfgtbgg§%%}ggzt£$ ?E JI g&ggngglguggégg% hg@g ngiehenent, in

or der Sai d W T es €1’ ng "over heat e by emtting heat

transm tted,from.s é919$atsler£glee& epEnL.- gigssAtQﬁ:pé er£QMprising:

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 innerreflection 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.

35. A cooking apparatus in accordance with claim
34 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.

36. A cooking apparatus in accordance with claim
34 wherein said reflection plate is disposed so that an
inner reflection face of said reflection plate is opposéd

tooneof the narrower sideportionsof saidheatingelement.

37. A copier comprising:



101 an infrared ray lanp including a heating element is formed a u,l 1vl
-1Gs a substantially plate aute shape, which IC-. WI of a l|inier-shaped
car bon- based substance of which cross-section is a rectangul ar shape, and
which is hernetically sealed in a glass tube, and a reflection plate which
I s disposed so as to keep a predeterm ned di stance from outside of said
glass tube of said infrared ray |anp, 9%herein said reflection plate is

di sposed so that an 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
posi ti on opposi ng sai #tetPEEL ST et bt 9s5iE t tRYon%late. 41. A
copier in accqordance wi.ith claim40 wherein said reflection plate is

di sposed so SHA “&RTEAMY HATe TN fAETBF SAP@ - eIt Dt pFEFE %
opposed to one of the wider side portions of said heating elenent. 42 A
copi er in adrghPRe W R VdiGh e Whe ks RO ard et PEEEIOn2pIdat 8XMe d

di sposed so that an hnner reflection face of said reflection plate is
opposed to %ne® of 2FREIN&AT e rS8PEEABG i ons of said heating el enent. 43.

A printer conprising: heat-emitting blocks having good conductivity
to which both end portions of said heating element are
inserted and bonded,

a4 sinter=d substance of an adhesive formed and
sinteredon the bonding faces of said heatingelement bonded
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
heét-emitting blocks, the end portions of which are led

out of said glass tube.

38. A copiler in accordance with claim 37 wherein
said heat-emitting blocks are divided into two pieces,
between which both end portions of said heating element

are sandwiched.

39. A copier having an infrared ray iamp which



102 at | east one heating el enment 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-enitting blocks having good
conductivity to which both end portions of said heating elenent are
inserted and bonded, a sintered substance of an adhesive formed and
sintered on the bonding faces of said hgati ng el ement bonded to said
heat-em tting blocks at the regions in the vicinities of both end portions
i ncluding the recessed portions of said heating elenment, a glass tube in

whi ch said ggﬁﬁhﬂgsg%enent, said sintered substance of said adhesive and
said heat-emtting [ocks are hernetically seal ed together with an inert

gas, and |ead wires elLplydicald ko cansieeifdyiagsal dunBeairan Ly ng1bkecks,
the end portions of which are 1ed out of salg gl ass tube. 44. A printer in

accordance wirth £l aim 43 Wher ej: skl heat-8d+i neahl 9eks W acwaehs
divided into two pieces, between which both end portions of said heating

el ement arﬁguygwgcpgges4gf Ad¥rd nter having an infrared ray |anp which
103 conpri ses:

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
topreventsaidléadwiresfrombeingoverheatedbyemitting

heat transmitted from said heating element.

40. A copier comprising:



a heating elenent 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 hernetically sealed, an el ectrode enbedded at both
end portions of said glass tube, electrically connected to both ends of
said heating el enent respectively and also electrically connected to an
external electric circuit, a connectiomypevice secured to both end portions
of said heating elenent respectively and electrically connected to said
heating el ement, and | ead wires secured to said connection devices and

said electrodes so as to _pull h ends of . sai eat i
predet er ni ned t ensi on aa'h&wet% T e cAfiRc Ay 1 ‘J‘;D nl?eg g’ c%ﬁr‘mg‘ct ion

devices to said el ectrodes, erein said connecglon device has a, ...
heat - eni t t i g BibckaSt Re SE°6s V@ SELELORalP i ea of “RAicch 1S | Af gof “THan the

Cross- sectlo al ea.of said h atin elenen Rl ane per cular to
t he dlrect|8 @t theiegas I%ﬁrﬂ@nthfgﬁgﬁ sgPé hé%f%ﬁg eﬁggght in

d t t | ead, f b t t heat
{ransri e P SSPEUAER Iy &1 DR HoI A BECRCer Tt Sl Ao 104 an

I nfrared ray qg 1ncH#d|ng alhgaghn% %h%ﬂ??ttuﬂQ'CQuﬂ?s a substantially

pl at e shape

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 isdisposedsothat
an innerreflection faceof 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.

4]. A copilier in accordance with claim 40 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.

42. A copier in accordance with claim 40 wherein
said reflection plate 1is disposed so that an inner
reflection face of said reflection plate is opposed to

one of the narrower side portions of said heating element.

41 A printer comprising:



of a linier-shaped carbon-based substance of which cross-section is a

rect angul ar shape, and which is hernetically sealed in a glass tube, and a
reflection plate which is disposed so as to keep a predeterm ned di stance
fromoutside of said glass tube of said infrared ray |anp, wherein said
reflection plate is disposed so that an inner reflection face of said
reflection plate is opposed to an arbigxyary portion of said heating

el enent, and is structured such that an object to be heated is di sposed

in the front position opposing said reflection face of said reflection
plate. 47. A printer in accordance with claim46 wherein said reflection
plate is disposed so tdatlaasinfge hedflieedi vhengad dfashid Refl ection
plate is opposed to one of the wi der side portions of said heating

el ement. 48.sWprimterliy adedrdancesith €I @i yaBewhBRETT S EEFeffection
plate is disposed so that an inner reflection face of said ref|ectiogn
plate is opposediens ohdhsf vikd nddrirasved BPES pBREi BRTBPIsard Hehlffg

el enment . 49, An industrial coating drier conprising: 105 at |east one
heating el emehta ha@FhgnabasifsSteit ¥ biR¢epl ate shape or rod shape, having
recessed portions in the vicinities of both ends thereof and formed of a
car bon- based subst ancéedbatnitEHNG P P ckdV hadi A§CFoEPBHILEY it y

to which both end portions of said heating element are
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
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.

44, A printer in accordance with claim 43 wherein
said heat-emitting blocks are each divided into two pieces,
between which both end portions of said heating element

are sandwiched.

45. A printer having an infrared ray lamp which



to which both end portions of said heating elenment are inserted and
bonded, a sintered substance of an adhesive forned and sintered on the
bondi ng faces of said heating el enent bonded to said heat-emtting bl ocks
at the regions in the vicinities of both end portions including the
recessed portions of said heating elenent, a glass tube in which said
heating el enment, said sintered subst alfde of said adhesive and said
heat-em tting blocks are hernetically sealed together with an inert gas,
and lead wires electrically connected to said heat-emtting bl ocks, the
end portions of which are led out of said glass tube. 50. An industri al
coating dri@rgrofg€ordance with claim49 wherein said heat-emtting
bl ocks are each divided into two pieces, between which both end portions
of said heating el enent nar£: seqdvi shed: BidviAg hneubbitiaalt icoat ¥ Nyl atder
having an 106 infrared ray |anp which conprises: a heating el enent having a
subst anti al lsph et echshap@tH hee Wegi Bhofi swhiaclydzs trasget tishamiidisnd fisckness
by five times or nore, a glass tube in which said heating elenent is
hermeti cal | wysemied, t aneel eat mastee enbedded at both end portions of
a glass tube in which said heating element is
hermetically sealed,
an electrode embedded at both snd 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
element at a predetermined tension and used to electrically
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

topreventsaidleadwiresfrombeingoverheatédbyemitting

heat transmitted from said heating element.

46. A printer comprising:



said glass tube, electrically connected to both ends of said heating

el ement respectively and also electrically connected to an external
electric circuit, a connection device secured to both end portions of said
heating el enent respectively and electrically connected to said heating

el ement, and |ead wires secured to sald connection devices and said
electrodes so as to pull both ends of & d heating elenent at a
predeterm ned tension and used to electrically connect said connection
devices to said el ectrodes, wherein said connection device has a

heat-em tting bl ock, the cross-sectional area of which is Iarger t han t he

cross-sectional area 6f sBfgagest Fag LeneneHtleAlasyt &f et péndi “?Er to
the direction of the current flowng through said heating ele i.n
order to pMe¥ER N P | 2RRSHAAdS F Bé?ﬁg(iﬂﬁm%alﬁﬁlﬁ e t ?F@Fdheat
transmtted from.said heatln% el enent . %n dustri al oat| drier
conpri si ng: °f07 A 1HEY afBEP g&q%ﬁﬁp?nEPﬁﬁ ?ﬁ%ﬁ?ﬁg mhich has

a substantially plates shape a li |er-

| ap
car bon- base&F8FFstice! OF aﬁléhQﬁ?B%ngﬁgFFoﬁq%P%.r%B aﬁ&ﬁih thape, and
which is hernetlcall seale a glas tub and a_reflection plate which
i s dlsposednﬁfqﬁsﬁ?ﬁ kEeped qﬁ?ﬂd@?e?n? dist3hee®Pfom out si de of said

glass tube of Saldl'ﬁréuéfkéEXon gHate 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 innerreflection faceof 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.

47. A printer in accordance with claim 46 wherein
said reflection plate is disposed so that an inner
reflection face of said reflection plate is opposed to

one of the wider éide portions of said heating element.

48. A printer in accordance with claim 46 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.

49, An industrial coating drier comprising:



wherein said reflection plate is disposed so that an inner reflection face
of said reflection plate is opposed to an arbitrary portion of said
heating el ement, and is structured such that an object to be heated is
di sposed in the front position opposing said reflection face of said
reflection plate. 53. An industrial cqgting drier in accordance with claim
52 wherein said reflection plate is disposed so that an inner reflection
face of said reflection plate is opposed to one of the w der side portions
of said heating elenent. 54. An industrial coating drier in accordance
with claimb52 wherei nasailkaet!| eoti orgplaie ededesposadyisg that an inner
reflection face of said reflection plate is opposed to one of the narrower
si de porti onsbeftasaidal hgaplagelstrmgrd .or rod shape, having racessed

portions in the vicinities of both ends thereof and formad

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
sinteredon the bonding faces of saidheatingelement bonded
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.

50. An industrial ceoating drier in accordance
with claim 49 wherein said heat-emitting blocks are each
divided into two pieces, between which both end portions

of said heating element are sandwiched.

51. An industrial coating drier having an



infrared ray lamp which comprises:

a heating eliement having a subsianitially 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
element at apredetermined tension and used toelectrically
connect said connection devices to said electrodes,

wherein said conﬂection 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.

52. An industrial coating drier comprising:



an infrared ray lamp including a heating element

el 3~k hn e o
VW id L Aedd dlea o i

substantially plate shape, which is formed
of a linier-shaped carbon-based subsfance of which
cross-section is a rectangular shape, and which is
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,

whereinsaidreflectionplate is dispesed so that
an innerreflection faceof saidreflectionplateis 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.

53. An industrial coating drier in accordance
with claim 52 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.

54. An industrial cecating drier in accordance
with claim 52 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.





