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DESCRIPTION

Infrared ray lamp, heating apparatus and method

of producing the infrared ray lamp

TECHNICAL FIELD

| The presént in'vention relates to_ dn infrared ray.'
lamp i:.o be used for a heater for heating objecjis and a space
heater for heating rooms, etc. (hereinafter referred_to'.
as a heating apparafus)' , more particnlar_-.ly'to an :Ln_frare-d
'ray lamp having good functions as a heat sbnrce by ﬁsin§ _
a carbon-based substancel aé éheating element_., to a heating
apparatus using the infrared ray laﬁb, and to a method of

: prdducing' the inf_rared ray lamp.-

BACKGROUND ART

A conventional'infrared ray.lamp causes a
problem wherein its”power consumption increases
abnormally after uée for a long time,-and ifs heating
portions fuse-and.brgak in some'cases. _This pioblenlwill
be described'belon.

As an infrared ray lamp connéntionally.used as
a-héat source, an infrared ray lamphhAVing a tungsten
.spiral filament held at the central portion of a glass tube
by a number of s'uppo;:ts'of tungsten is used. However, the

infrared ray emission rate of the tungsten J.S so low as,
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30 to_39%, and_the rﬁsh current at the time of turning on
is high. .Furthermdre, it is necessary tq'use a-number of
the tungsten supports for holding the tungsten spiral
filament at the centralﬁportion of the glaSs tube, and the
asseﬁbly.wérk for them was not éaSy. In particular,
sealing the‘plural.tungstén spiral filaments in the glass
'_tube in orxrder to_obtaiﬁ high output was vérj 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 eiement. has'béén proposed conventi§nally..
As such . a conventional infrared.fay lamp, an infrared ray
lamp'disclosed in Japanesé_Published Unexamined Patent
Application, Publication'No. Hei 11-54092 applied-by the
same applicant-as that of the present invention_ié
available. Since the qarbon-bésed substaﬁce.has a high
infrared ray emission rate of 78 to 84%, the infrared ray
lemission rate of ﬁhe infrared ray lémp also becomes high
by;using the cﬁrbon-based substance és a heating element.
_Furthermore, since the carbon-basedlsubstance has a
negative reéistaﬁce températuré cha:acteristic ﬁherein
its resistance value lowers as the tempefature rises, the
carbon-based substance has a sighificant characteristic
of capable of reducing its rﬁéh;curfent;at the.time of
turhing on.

FIGS. 20 and 21 are front views showing the
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conventibhal infrared ray lamp described in Japanese
Published Unexamined Pateﬁ_t_ Application, Publication No.
Hei 11-54092, wherein the darbonfbASed substance is used
as a heating element. Part (a) of FIG. 20 is a view showing
the sfructure of the lead wire taking-out portiqn of the
conventional 'infrare.d ray lamp in which a heating "e]_.em_ent
zoo,is.sealed iﬂside a glass tube 100. Part (b) of FIG._
20 is alpartially magnified view showinglthe connection
_portion between the heating elemént 200 and the lead;wire
104 of.the infrared.réy lamp shown in the part (a).of FIG.
'20. FIG. 21 is a partially magnified view showing the
qonnection portion betweenlthe two heating elements 200a
and 200b and the lead wire 104 of the conventional infrared
'ray'lamp'iﬁ which the two heating elements 200a aﬁd 200b
" are sealed inside the glass tube. The part (a) of FIG,
20 shows the structure of one 'en<_1 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 ih the
part (a) of FIG. 20, except for the connection portidn
‘between the two heating elements 200a and 200b and the lead
wire 104 shoﬁn in the figure.

As shown in the.part (ai of FIG. 20, in the
conventional infréred;ray lamp, é.metal.wire 102 wound in
a coil shape is wound aroﬁnd the end of -t.llxe_. heati_ng element

200 formed of a carbon-based substance and formed into a
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rod shape; The end portion of the coil-shéped metal wire ._
102 is covered with a metal fo.il sleeve'103 , and this metai
foil sleeve 103 is secured to the énd of fhe heating element
200 By cfimp:i_.ng. The' internal lead wite 104 formed of é.
metai wire and having a coil portion 105 wound in a
_ coii-spring shape in the middle of the wire is eléctrically
bopded to one '_end o'f.the metal foil sleeve 103. One end
of a molybdenum foil éheet 167 is spot-welded to the §ther '
| end of_ the. interﬁal :_I.ea@ wire 104. Furthermore, an
external lead wire 108 formed of a molybdenum wire is |
weided to the other end of the molybdenﬁm fpii sheet 107.
The heating. element 200, thé metal _folil sleeve 103, the
internal lead wire 104, t_:he.molybdenum foil sheet 107 and
the éxternal lead wire 108 coﬁneéted in series as desc'ribed :
abo&e are inserted into the glass tube ioo énd disposed
theﬁ:ein. An inert gas, such as argon; nitrogen or the like,
| is sealed inside the glass tube:loo, the glass tube 100
is fused and b_onded at the poi‘fiﬁn of the 'rﬁblfbdenum foil
sheet 107;'thereby cpmpleting{an-infraréd rayslamp.

FIG. Zi is. a.perslpec't'i.ve view sh.owing the inside.
of another cbnvehtion‘ai_ infrared ray lé.mp and showing th'e
‘structure of the conﬁection.pdrtion between the two
heating elements 200a and 200b and the metal lead wire 104
of i:h_e éonventional infrared ray lamp. As shown in FIG.
.21, this conventional infrared fay lamp has'a-structu;e

wherein the two heating elements 200a and 200b are sealed
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in one glass.tube (not shown). In the'infrared ray lamp
shown in FIG. 21, coil-shaped metal wires 102a and 102b
are wounc around the end portions of the heating element
2002 and 200b respectively, and metal foll sleeves 106 are
fitted over the wires. The'fitted.metal foil sleeves 106
are secured to the'end'portions of the heating elements
200a and 200b by crimping. The metal lead wire 104 having
a coll portion 105 wound in a coil-Spring shape in the
_middle of the wire is electrically'cohnected to thesmetal-
foil sleeves 106. '

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

In the conventional infrared ray lamp having the
: structure shown in FIG. 20, for the lamp of large wattage
of the 1nfrared 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 res1stance of the connection portion
'_among the'heating element 200, the c011—shaped1netal.wire
102 and the metal foil sleeve 103 increases because of the
temperature rise. The conventional infrared ray lampl:
‘therefore has the.problem of abnormal heating at the

connection portion. Furthermore, if the temperature at
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the connection port.io,n between the coil-shaped metal wire
102 and the metal foil sleeve 103 rises continuously fof'
a.long_time;.the_temperature at the bonding portion may
rise high and, in the worst case, the bonding portion may
fuse and break. Mc;reow}ez:_; the stress caused by heat cyclés
due to the difference in thermal exﬁansion coefficient
~‘betlwee-n the heating element 200 and the éoil-shaped metal
~ wire 102 is added, and thé.contact resistance becomes_
higher than.the value at the beginning of use, where‘by;the
' témperature ﬁ:ise at the connection por_tion is accelerated. |
| | In additibp, in the structure of 'the infrared
"ray lamp having the two heatihg elements 200a and 200b
- shown in FIG. 21, the following problems are éaused.
In the process wherein both ends of the_two.-
~heating elements 200a énd 206b are crimped by uSing the
metal foil sleeve 106, no problem occurs if the two heating
elements 200a and 200b are crimped by a.uniform tension
or compressioh fofce; however, crimping may occur in a
stafe of an unbalanced tension or compression force.' Iﬁ
the'conventional infrared ray lamp underéone crimping in
such a way, if the heating elements 200a and 200b are heated,.
the tWO:heating.elements 200a and 200b eXpand thermally
- in different states. For . this reason, the imbalance of
the tension or compressibn'force applied to thé'heating
élements ZOQa and 206b_increaéés.. In the case when the

balance in the crimped state is improper in particular,
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one of the carbon-based héating elements, to which the
_ iarger tension or éompression force is applied, may break.
Next: fhe probleﬁ of directivify in the

conveﬁtional infrared raf lamp will be described below{r

| The infrared ray lamp is used as alheatér for
heating-objects or for a space heater for heating rooms
by using radiant infrared.rays; As this kind of the
conventional infrared raf-lamb; an infrared ray lamp
“having the structure shown in FIG. 22 is known.  FIG. 22
is a plan view showihg an example'of.fhe conventional
infrared ray lamp. FiG. 23 is a.perspectivé view.shdwing
the infrared ray'lamp shown in FIG? 22. 'In.FIGé. 22 and
23, the central portion of the infrared ray lamp can be
understood—easily from the descriptions on both side
portions.shown iﬁ‘the figures, therefore, the central
.portion of the infrared ray iamp is not shoWn-in either
of the figures.

TheconQentioﬁalinfrared;aylampshoﬁninETGS.

22 and 23 comprisés a substantially cylindrical gla;ss tube
201, metal foil sheets 205 embedded in both end portions
of the gléés tube 201, a heating element 240 hermetically
sealed inside the glass tube 201 and internal lead wires
204. The heating element 240 is a'resiétance wire formed
of nichroﬁe or tungsten.énd wound'iﬁ a coi;.shape. The
infernal lead wires 204 are used to connect both ends of

the heating element 240 to the metal foil sheets 205. As:
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a result, fhé heating element 240 is eleétriéally
connected to the metal foil sheets 205 and pullecli'properly
by the internal lead wires 204 6n botﬁ sides, thereby'
secured sfabiy. At this time, the center axis of the
coil-sh_aped heating element 240 lS disposed so as to be
'substantially coaxial withlthe center:axis of the
cylindrical glaés tube 201. |
" As shown in FIGS. 22 and 23, the external lead

‘wires 206 are connected to thé metal foil sheets 205 én
both sides respeétively. When a voltage is applied across
the external lead wires 206.ta_ken out from blot'h shide's, a
‘current flov}s through the heating eJ.emerit 240, and heat
‘generates from the heating elemeht 240 owing to the
resisté.nce of the heating elémeht 240 cbrrééponding td the
cﬁrrent . At this time,' infrared rays are emitfed from the
‘heating element 240.

| Part (a) of FIG. 24 is a'graph of the distribution -
curve 270 of the intensify of the i_nfrared rays emitted
from thé heating element 240_ of the infrared ray lamp shown -
in-.FIG. 23.. P«lar't (b) of FIG. 24 is a cross-sectional view
showing the portion having the .heat.ing element '240 of the.
‘infrared ray lamp shown in FIG. 23. The x andjr axes shown
in the parts (a) and (b) of FIGf 24 are orthogona1 
coordinate axes on a plané berpendicular té'the éxial
direction of the heating element. 240 shown in FIG. 23. 1In

the parts (a) and (b) of FIG. 24, the origin 0 corresponds-
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to the cen.tel'._' axis of the heating element 240. In tﬁe graph
of the'part'(ai of FiGw'24, the values in the radial
directions designate the emission intensity of the.
infrared rays, and_the values in the circumferential
- directions desigaate angles with respect to the centet
axis on the plane perpendieular to'the axial direction-of
- the heating element 240. These angles are designatedfby,
angles from the positive direction ef the x axis.
| When a eoﬁstant voltage was applied to the

"heating element 246, 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 Whereby the
intensity distribution curve 270 was obtalned

| Asindicatedbythe1ntens1tyd;stribut1encurve
270 1n the part (a) of FIG. 24, the infrared ray:-lamp 240
emits infrared rays in all directions at substantially
similar'intensitf. This results from the fact that the
cross-seetidnal shape of the heating element 240 is
substantially-symmetrieal with. respect to its axis and has
a circuiar shape as showa.in theipart (b) ef FIG. 24.
| Bytheequaliyd;étributedinfraredraysemitted
.in ail directions at'substantially similar intensity as
described above,-heateis.trahsmitted from the heating
element 240 to the outside and used to heat the outside

and the'surroundings.'
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Intheconventibnalinfraredraylampstructured
as déscribed above, in the éase'when it is desiréd to give
‘directivity to the emi.ssion intenéitf of the infrared rays,
a struéture is known Wherein an’inffared.ray.réflectién
plate is installed-outside-thefinfrared ray lamp for
example. | - '
| | FIG. 25 is a pe'rspect'ivé vi_ew. -showing an example g
wherein an infrared ray reflection plate 280 is provide§
_for the_conventidnal inf:ared ray lamp and showing'the'
positionall i‘elationship between the infi:ared ray 1amp and
the infrared ray reflection platé 280. .The infrared'ray'
reflection plate'280 has a semivéylindricél'shape and is
disposed coaxially with the heating element 240 so as to
'surround the half of the héating element 246.

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 théfinfrared ray-
reflection plate 280. Part (b) of FIG. 26 is a cross-
secfidnal‘view shoﬁing the po;tibn having thg heating
element 240 of the infrared ray lanp having the infrared
ray réflection plaﬁe 280 shown in FIG. 25. The x and y
éxeé éhown ih the parts (a) and (b) of FIG. 26 are orthogonal
coordinaté axes on'a_plane'berpendicular'to the axial
dj_.fection of the heating elément 240 shown in FIG. 25 . The
direcfiqh 6p§osed tb thé reflection face of the infrared

ray reflection plate 280 is defined as the negative
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diréction of the x axis. In the parfs (a) and (b) of FIG._
26, the origin 0 corresponds to the center axis of the
heating element 240. 'In the graph of the;pari (a) of FIG.
26, the values in the fadial directions represented the.
emission intensity-of the infrared rays, énd the valueé
in the circum_ferential .direc_tions represented angles wi'th
resﬁeét to the center axis bn'the-plane-perpeﬁdicula; to
‘the éxiél dirégtion'of the heating element 240. These
angles-ére designated by angles frbm the'positiVe
direction of the x axis. In the part (a) of FIG. 26, the
concéntric gra&ations iﬁdicating the emissibn intensity
have the same vﬁlues'of fhe gradations shown in the part
(a) of the abbve-mentionéd FIG. 24. In addition, the
method.df‘measuring the emissioﬁ'intensity is the same as
thét in the case shown in the part (a) of FIG. 24.

 As shown in the part (a) of FIG. .26 . by prévid:‘_.ng
the infrared raylréfiection plate.zso; infrareﬂ rays are
emittedintensel?oﬁlyoponésidéofthéinfrafedraylamp,
with'tﬁe poéitive direction of the x:axié_uéed as the
center. |

Asdescribedébove,intheconventionalinffared

ray l-amp, it is indicated that the emission o.f the infrared
rays has iéotropic intensity distribufioﬂ in all
direqtions . For this reason, in order to give directivity
to infrared ray emission, it is necéssary fo'provide the

infrared ray reflection plate outside the infrared ray
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lamp.

| Howevef, the infrared ray reflectivity of the
infrared ray reflection plate is a.pt to be 1.o-v'vered because
lof.aging and the adhesion of stains. As a result, the
intensity distribution of the infrared ray emission.-
" becomes different with the direction of the emission..
Furtherﬁbré, as the-infrared:ray'reflecfiViﬁy'1owers, thé
amount of the infrared rays absorbed by the reflection
plate itéelf increases. - If this kind of heating apparatus
is used for a-long_tiﬁe, emissioh efficiency lowers, and
unexpected parts will be overheated.

Furthermore, the emissionuintensify
distribution obtainéd_by providing the semi—cylindrical
infrared ray reflection plate for the infrared ray lamp
'havihg the_aboﬁe-mentioned iéotroﬁic emission intensity
distributions in all directions ié substantially the same
in a wide'r.ange on one side in general as. shown in the part
(a) of FIG. 26. For this reason, in the conventional .
infrared ray lamp, an attémpt'té increaée the-emission
intensity in_a_more limited range and to decrease the
intensity-in othef.rangés 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
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The present invgntion is intended to solve the
above-mentioned problems and aiso intended to .provide a
highly reliable infrﬁfed-ray 1amp'wherein its power
cpnsumption does not inqrease during use for a ldng time
and!its heating portions are pre§ented from fusing and
breaking after use for a long time. The present inventidn _
is further intended to.mAke the effect of the reduétion
of the reflectivity of an infrared ray reflectibn plate

on i;he directio_nal.distributio_n of fh_e emission intensity

lof infrared rays.lower fhan thét of the convéntional
inffared ray lamp, and to make the directivity of the
emission'intensity of infrared rays higher than that of
 the conventiona;'infrared.ray lamp. .The'presenf
dAnvention provides an infrared ray lamp and.a'heating
apparatus whe-rei.l_l the emi_ssiqn i'nténs_ity of infrare-d. rays
has directivity_withou; using any reflection plate, and
also provides a method‘ of producing the infrared ray lamp.

 An infréred ray ;amp in accordance with the'
present iﬁventioh cdmprisés:

| af least one héating element having a
substantially plate shap'e_,- having.recessed portions in the
vicinities of both ends thereof and formed of a
- carbon-based substancé,'

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

‘inserted and bonded,
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a sintered substance of an adhesive formed and -
sintered on fhe insertion and bonding faces of the heating
ielement bonded.to the'heaf-emitting blocks at the regionsl
'ihlthe vicinities of both end portions_éf-the_héating
élemént inclﬁding the recessed portidns thereof,

a glass tube in ﬁhich~the heating element,.the
.sintered substance of the adhesive and the heat-eﬁitting
blodks are hermetically sealed togethéi‘: with an inert gas,
and | |

lead wires électricaliy.coﬁnected to thg
heaﬁ-emitting blocks; tﬁe end portions.of which aré.led--
.out of the glass_tube.

' With this structure, in thé'infrared ray lamp,
the recessed portions'aré provided in thé_vicinitieé of
both ends of the _carbén-based substance uée.d' as the heaf.ing.
lelément).and the areas of the contééf wifh the heaf-’
eﬁitting”blocks via the carbon-bdsed'adhésive are 
increased, whereby the fésistance of.the:contaét can be
reduged, heating due to the resistance of the contact can
be restrictéd, and the temperatures of'the lead wire
instaliation portions at both end portions can be
prevented from becoming locally high. As.a result,
according to the-present'invention{ it is possible to
prevént the lead wire installation portions from fusing
and breakirig oWing to the temperature rise at the portions.

In addition, since the recessed portions in the vicinities
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of both ends of the heating element are filled with the
cafbon-based.adhesive, the fifting'or'bonding'between the
heating element and the heat-emitting blocks becomés
closer, and the strength of the bonding is enhanced. As
a resﬁlt . in the infrared fay lamp of the preéent invention,
stress due to heat‘can be absorbed, and abnormal heating
can be prevented. |

An infrared':éy lamp from another viéwpoint in
accordance with'the-present inﬁention comprises:

| | at least one hgéting element having a
substantiallypléteshape,havingrecessedéortiqns:hithe.
vicihities of both énds thereof and fdrmed of a
carbon-based substance,

| heat-emitting blocks having good conduétivity
and each:split into two pieces, between which both end
-porfions of the heating eleﬁent ére sandwiched,

a sintered substénce of an édhesive formed and
sinte_red on the insertion and bonding faces of the'he.ating
element bonded to the heat-emitting blocks at the regions
;n the vicinities of both eﬁd portions of the heating
element including the recessed portions thereof,

é glass tube in which the héating élement,'the
_sintered_substance of the adhesive and the heaf-emitting
-bl-ocks ére_ hermeticaily Sealed together with an 'inért gaé_,

and

lead wires electrically connected to the
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heat-emitting blocks, the end por't'io_ns of which are taken
outSide the glass tube;'

| With this structure in the infrared ray lamp,
theiheating element is bonded to the heat-emitting blocks
by pressure contact; then, Since accurate disposition at
predetermined positions for fitting is not required,
assembly work_can'be carried out easily., and tne cost.of
production can be reduced'significantly.

Method of produeing'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 substantiallf 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 elementlincluding
the recessed portions thereof,

a step of ins-erting and bonding both end portions
of the heating element to the end portions of heat- emltting '
blocks hav1ng good conductiv1ty by using the adhesive,

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

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

an inert gas. and of taking the end portions of the lead
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wires electrically connected.fo the heat-émitting blocks
outside the élass tube. , |

With these steps, the j.nfrare'd ray lamp haé high
reliébility by not raiéing_its'power consumption
abnormally during use for a ;ong timé and by preventing
-its heating portibns from fusing and breaking after usé
for a'loﬁg_time. |

-An infrared ray lamp from.anothe:_viewpoint in
accordance with the preSent iﬁventioﬁ comprisés:

_ a heating element having a sﬁbstantiallyﬂplate
shape, the width of which'is larger thah ifs thickness by
five timés or more, |

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

. two electrodes.em.bedded at both end portions of

the glass 1':ube,‘ el-ectrical.ly'connected to bqth_ends of thé
héating element respectively and also electrically
connedted to an external-eiectric circuit. 

| With this strﬁcture, the emission intensity of
the infrarednray'lamp becomes a maximum Value in the
thickness direction of the heating element énd becomes
‘negligibly Small'in'comparison with the maximum_value in'
the width direction. |

A heating apparatus in accordénce with_the
present invention comprises: |

"a heating element having a substantially plate
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shape, the width of'ﬁhich.is Iarger fhan ité thickneés by
five times or more, | |

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

ltwo electrodes embedded 'af both end p_oftions o:E
fhe glass tube, elec_trically cﬁnnected to both ends of the
heéting élement_respectively and alsb electrically
'connected tb an external elecfric circuit.
| With this structure, the emission intenéity of
the infrared ray lamp in the heating apparatus~becomes a
maximum value in.the'thickness direction of the heating
element- and Beéomeé negiigiﬁly small in comparison wifh
' the maximum value in the'widtﬁ direction, thereby having
directivity. | | '

A method of producing anlinfrared réy lamp £from
‘another Qiewpoint of the present inventibn compromisés:

a step of'forming.a glass tube by forming glass
into_a'substantially.cylindrical shape,

a step of hermétically sealing a.substantiallf
plate heatihg_elemént,.the width of which is larger than
its thickness by five times or more, in the glass tube so
that the center line of the heating element in the
longitudinal-direc;ion thereof is substantially coaxial
Wifh fhe center axis of the glass tube, and

a sfép of forming ﬁ reflection f£ilm for

reflecting infrared rays into a substantially semi-
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cylindrical shape on the external face of the cylindrical
 shape of the glass tube so as to subétantialiy'include the
range of.the disposition'of the héating element in the
axial éireﬁtion thereof. |

With.fhis structure, the;semi-cylindrical
refleqtion film can be formed easily by using fhe
cylindrical.shape of the.glass tube. |

-A.method of producihg an infrared ray 1amp_frqm
still anothér 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
refleqting infrared rays into a-predeterminéd
éubstantiéllySemi-cylindricalshaﬁecnltheexternalface:
or the intefnal.face.of the.cylindrical shape of the.glass
tube, and

.a-étep of disposing a substantially plate
~ heating element, the width of whiéh is larger than its
thickness by five times or more, so as to be included in
_ﬁhe axial raﬁge Qhefein the reflection film_is'disposed;.
‘and of he:mei:ically-séalihé the heating element inside the
glass tube. | ' .

‘With this structure, the semi-cylindrical.
reflection film;can be foimed easily even on the_internél

face of the glass tube by using the cylindrical shape of
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the giass tube. |

While the_novel features of the invention arel
set forth particularly in the appended claims, the
'invention, both as to organization and content, will be
‘better understood and appreciated, along with other |
objects and features _thereof . £rom the f.ollowing detailed

description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a front VleW show1ng 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. 2is a partial_ly magnified view showing the
connection portion of the.heating'element_and the |
heat-emitting block. of the infrared ray lamp shown in FIG.
1 i . .

FIG. 3 is a bartially magnified view showing the
connection portion of the heating eiement and the
heat-emitting block of an-infr'ared ray lamp having another
strueture in aecordance with the first embodiment of the:
nresent invention: -

FIG. 4 is a par‘tiall} magnified view showing the
connection portion of the heating element and the |
heat;emitting blook of an.infrared'ray lamp having still

another structure in accordance with the first embodiment
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of the present invention;

FIG. 5 is a front view showihg the structure of

the lead wire taking-out portibn of an infrared ray'lamp.

in accordance with a second embodiment of the present
_inventibn:
'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 elément and the
heat-emitting block of an infrared ray Iamp having anothér

structure in accordance with the second embodiment;

FIG. -'8 is a partially magnified view showing the .

cdnneCtidn portion of.the heating element and the
heat-emitting bloék df aﬁ infrared ray lémp'having still
another structure in aCcordénce with the second
' embodimenf; 

-'pa:t (a) of FIG. 9 is a plan view showiﬁg 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

infrz-ired ray lamp in a'ccordance with the thi'fd embodiment

.of the present invention;

- part (a) of FIG. 11 is a graph showing the
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distribution curve of the intensity of the infrared rays .
| emitted from the heating'element-qf'the third.embodimént,
~and part (b) of FIG. 11 shows'the'cross.section of the
central portlon of the lnfrared ray lamp of the thlrd
embodlment;

part {a) of FIG. 12 is a plan view showing an
infrared ray lamp in accordance with a fourth_embodimgnt -
of the present in_véntion, and pat‘t (b) of FIG. 1'2. is a front
view thefeof: _
| FIG. 13 is a perspective view.showiné the
infrared ray lamp in accordance with the f_durth embodiment
of the preseht invention;

| .patt (a)'of FIG. 14 is a graph showing the

distributlon curve of the 1ntens1ty of the infrared rays
emi.tted. fromthe infrared ray lamp of the fourth emquiment .
and part (b) of FIG. 14 shows the cf@ss seétion of the
central_portion of the infrared.tay lamp of the fourth
. embodiment; | |

part (a) ot FiG. 15 is é‘plan view showing an
infrared ray lamp in accordance with a fifth émbodiment'
of the present inv_ention, and part (b) of FIG._ 12 is a front
view thereof; | ' |

| | = FIG. 16 is a perspective view shbwing the

infrared.ray'iamp in_aééordance'with the £ifth embodiment
.of the preseht ihveﬁtion; :

- part (a) of FIG. 17 is a graph showing the
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distribution curve of the intensity of the infraréd rays
emitted from fhe infrared'ray lamp of the fifth.embodimeht .
and part (b) of FIG. 17 shows the cross_section of the
centrél poxrtion of the infrared~ray lamp of the fifth
‘embodiment; | o |
| FIG. 18 is a perspgdtiVé view showing the
posifional rélationship betweenﬁthe infrared ray lamp and
| the inf;ared ray refleétion plate of a heating éppaﬁatus
in accordanbe with a sixth émbodiment of the preseﬁt
ihvention} | | |
EIG. 19 is a perspective view showing the
positional relat-_ionsh:_i_.p between the i.nfra']_:'ed ray lamp and
the infrared ray réflection plate of a héating apparatus
in accordance with a seventh-embodiment'of thé present
invention; H |
| FIG. 20 is_&tpartialhview showing'thé sffucture
of.the lead wire'takipg-out portion of a conventiohal
infrared ray lamp: |
| FIG. 21 is a partial view showing the structure
of thé lead wire takihg-ouf portion of a conventional
infrared ray lamp wherein two heating_elemenfs are séaled
in a'glass'fube; | |
| | "FIG. 22 is a plan view showing a conventional
" infrared ray lamp; - |
FIG. 23 is a perspective view Showing the

conventional infrared ray iamp;
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"part_(a)'of_FIG;_24 is a graph showing the
distribution curve of the intéﬁsity.of the infrared rays
emifted froﬁ the heatiné eleﬁent of the conventional

:l.'nf'ra_red ray larhp, and ﬁart _(b) of FIG. 24 shows the cross
.section of the central portibn of.the infrared ray lamp
shown in FIG._23; | | |

.FIG. 25 is a perspective view shoWing the
positional relatidnshiﬁ betwéén 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 cﬁrve of th§ infensity éf the infrarea:rays
emitted £rom thé conventionél infrared ray lamp provided
with én inf:ared ray reflection plate shown in FIG. 25,
and part (b) of FIG. 26 shows the cross sectioﬁ_éf the
Jcéntral.porfioniof the infraréd.réy lamp éhbwn in,FIG. 25.

o It will be recoénized that some or all 6f.the
- Figures are SChematic-:epresentatiohs forﬁpurposes of
illustration and_do not necessariiy depict the actual

" relative sizes or locations of the elements shown.

'BEST'MODE'FOR'CARRYING OUT THE INVENTION

Preferred embbdiments of.an infrared ray lamp
and an inf;ared heating apparatus ih acéordance with the
present ihvention will be described ;nelow re_ferring to the

accompanying drawings.
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(First embodiment) |
FIG. 1 is a front view showing the structure of
an infrared ray lamp in accordance with a first embodiment
of the present invention, and shows the structure of the
lead Wire'taking-out portions of the infrared ray lamp.-
FIG. 1 shows both end portions of the infrared ray lamp
of'the first embodiment. Since its central'portion has a‘
‘continuous structure connecting both end portiomns, the'd
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.B 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 hav:.ng elasticity is formed follow:.ng the

c01l portion 5.
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| - As shown in FIG;‘l, the coil portion 5 of the
internal lead wire 4 is wound tightly on the oﬁter
peripheral'fade of the heat-emitting block 3 so as to be.
electrically connected thereto. The spring_portion 6 of
the inte:ﬁal lead wire 4 is disposed away'from the outer
peripheral face of the heat-emitting.block 3 by a
predetermined_distancé'and is sfructured to ekpand and
contract so-that.the'dimensionallchange of the heating
-element-2 due to ifs éxpansion can be canceled and.
. absorbed. |
At the Sealing portion lc of the infraréd réy
lamp of thé first.embodiment;'the interhal lead wire 4
inside the giass tube 1 is connected to one end of the
molybdenum foil sheet 7, and the other end pf ﬁhe.
molybdenum foil sﬁeet 7 is conhécted to the external leéd
wire 8. |
. FIG. 2 is a partially magnified perspe;:tive view
showing the fitting condition of thé heating element 2 and
the heat-emitfing.block 3 in accordance with the firét
embodiment shown in FIG. 1. As sﬁoWn ih FIG. 2, a slit
. 3a 1is formed-at the cénferldf 6ne end portion of the
he’at_—eniitting block 3. On the other hana, in the v:i-.cinitjr |
of thé end porfion of the heating element 2._a'groové 2a
extending in a directioﬁ pefpendidular to the insertibn'
direcfion of the heating element 2 (in the directibn

indicated by the arrow in FIG. 2) is formed. Furthermdre,
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in the vicinity”of the groove 2a of the heating.element
2, an adhesive 9 is appliéd.. The heating éiement 2 f-ormed
in this way is structured so that it is insertéd.info the
slit 3a of the heat-emitting block 3 and securéd to each
_othér; | |

.'The adhesive 9 applied to thehhéating elemeﬁt
2 is_formed 6f a carbon-based substance that is“convefted
into a mixture of grystal_lized carbon such as.graphite and |
amorphous carbon when héated to a high temperature; In
the first embodiment, the heat-emitting'block:3 is formed
of'gfaphite héving godd conductivity, Furthermoré, iﬁ
the first embodiment, the internal lead wire 4 is forﬁed
of a tungsten wire having a thermal éxpansioh coefficient |
'dpproximately equal to that of carbon. However, other
metal wires} such as molybdenum wife and'titanium wire,
may be used as the internal lead wire 4, if no problem occurs
in heat resistance in working environm_eni:s . .The external ”
lead wire 8 is formed of a molybdenum wire.

. In the infrared ray .la,mp of the fiﬁst embodimenf ‘
the heat-emitting block 3 is close-fitted via the adhesive
9 in the vicinity of the enduportion of the plate'heéting
elément 2 as described-above. In'additioh, the coil
portion 5 of the internal lead wire 4 is wound fightly on
thg heat-emitting block 3 and secured thereto. In this

way, the heating element 2 is‘eléctriéally coﬁnected ﬁo

the internal.léad wire 4 via the adhesive 9 and the
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- heat-emitting block 3. In the internal lead wire 4, the-
- end portion of the spring portion 6, the winding diameter |
‘of which is 1afger-than’tha£ of .the coil bortion 5, is
electrically connected to the molybdenum foil sheet 7
~which is embedded in the sealing portion 1c of the glasé |
tube 1. The other end of the molybdenﬁm foil sheet 7 is
. also connected to the exterﬁal lead wire 8 inside the
sealing portion 1c. | |

In the 1nfrared ray 1amp of the first embodiment,
the heating element 2, the heat emlttlng blocks 3 and the
internal ledd wires 4 connected in series are inserted into
the sba'ce inside the heat-resistant glass tu_b‘e_ 1, an inert
gas, such as argon or nitrogen-, is £illed inside "the glass
tube i,_ and the end portibné (the seal.ing portidn.s) of the
glass tube 1 are melted and fﬁsed S0 as.tolbe sealed. A
part of the internal lead wii:‘e .4., the molybdenum £foil sheet
7 and.a part of the éxtérnal lead wire 8 are sealed in the
seaiing portioﬁ 1clof'the glass tube 1. The infrared ray
lamp of the first-e.mbodiment is fortﬁed as descri‘_z_:ed above.'

‘In thé infrared ray la;rlp of the 'first' embodimeﬁt _
structured as desc;ibed.above, when the_infraréd ray_lamp
is turned. on by apply_ing a voltagé across the external lead’
wires 8 disposed at both ends, the heating element 2 fbrmed
ofuthe carbon-based substance is heated to é\high
teﬁperature becaﬁée of its resistance. Even when the

heating'element'z is expanded in.its longitﬁdinal
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diréction bj this heating., since the spring portion 6 of
.the internal 1éad wire 4 is provided between the heating
'-eleﬁent 2 and the molybdenum foil sheet 7, the effect of
the dimensional change due to the éxpans_i'on of the heating
.}element 2_i§'cancelled by the éontréction of the SPring
portion_G. "As a result, it is possible to prevént ény
'unneceSSary_bending force from applying £o the heating
element 2. Since no unnecessary bending force applies to
_ the héating element 2 thaf becomes brittle at high
- temperatures, the héating element 2 does not break even -
at.high temperatures. |

| In the infrared ray iam§ of the first embodiment,
the heat-emitfing block 3 formed of a material havin'g good
electric cOnductivity is conpected.to'the vicinitf'of the
end portion 6f the heating element 2 by using the
carbon-based adhesive having good electric conductivify.
For this reason, in the infiéred ray lamp of fhe firsf
embodiment, the contact resistance therébetweén can be
@ade small,faﬁd the témperatqre at the connecfion.portion_
can be lowered. | | _ |

| Next, the fitting condition of the heating
_elemeﬁt 2 and the ﬁeaf;emitting'biock 3 in the infrared
ray lé.mp of i:he first embodiment ﬁill be described in more
detail.- | |
As shoWﬁ in - FIG. 2, at manufacfuring of an.

infrared ray lamp, the adhesive 9 mainly cohsisting of a
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1iquid_carbon-based'organic substance is sufficiently
appiied to the end porticn of thc heat element 2 including
the groove 2a formed in the vicinity of the end portion
of the heating elemerit 2. And then, the heating element
2 applied with the adhecive 9 is inserted into the slit
3a'ot the heat-emittinglblock.3-tc make close contact
therewith. After the heating elément 2 is made close
contact with and fitted into the heat-emitting block 3,
drying and heating (firing) are'carricd out, whereby a
sintered substance mainly consisting of the carbon-baced
_substance of the adhesive 9 and having a high conductivity
is formed. 'As a result, thé_heating element 2 and tne
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 ai:‘ca of thc contact between
the heating-element 2 and:the heat;emitting block 3
' increases, and the resistance of the contact can be-
reduced. |

Filr.ther.more,-since the adhesive 9 consisting of

the carbon-based organic substance is very likely tc be
st_uck to the heat-emitting block 3 formed of graphite, the
adhesive 9.enters the groove:Za; and the bcnding between
the heating element 2 and the'heat-cmitting'block 3 is
catried out at their projected and recessed faces ; wnereby

tne strength of the bonding is enhanced significantly. In
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the first embodiment, the elucidation has been made on such
example of structure that the number of"the grooves 2a
formed in the vicinity of the end portion_of_the heating
element 2 is one, but simiiar effecf can also be obtained
eéen if plural Qrpoves'are formed'on one face or on both
faces; and a higher effect is obtainéd as the larger'the:
numbér of the grooves 1is.

In the first emquimenf, even when the clearance
between ﬁhg.heating element z'and.tpe heat-emitting bidck
3 is of a range,bf 0 to 100;Lm, no difference odcurs in
~ the resistance of the contact and the strength of the
bonding. . _ | _

" Next, by using the method of_thefconnectioﬁ-_:'
betweén the heating element and the heat-emitting block
of the infrared ray lamp of the'above-mentioned first
embodiment, the connection between the he'atinglelement and
the heat-emitting block of the infrared ray lamp having
another structure will be described. .

_ In an.infrared'fay lamp having two rdd—like
heating elements 21a_and 21b, FIG. 3 is a partially
ﬁagnified perspédtive v'i.ew showing a méthod,of connecting
the heating el.ements 2la and 21b to a heét-e-mitting block
31. FIG. 4 is a partially magﬁified perspective ﬁiew
showing ax;.other method of connecting the heating eléments :
22a and 22b to a heat-emitting'block 32, in an infraréd

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

In the infrared'ray lamps shown iﬁ FIGS. 3 and
4,.étructures other than tﬁose sho&n in the figures are
simi;ar to those of the first-embodihent shoﬁn in ﬁhe
'above-mentioned.FIG. 1. | _ |

As shown in FIG. 3, the'ena portions of the
heating eleménts éla and 21b of thié infrared ray iamp are
-inserted into two hsles'3la and 31b formed in the
heat-emittihgblodkBlrespectivelyandconnectedtheretq.
The'plural‘grbbﬁes 21c formed in the heating eleménts721a
énd 21b extend in.a directién perpeﬁdiculax to the
insertion dir'ection (the direction'indicaféd by the afrow
in FIG. 3) of the heating elements 21a and 21b.

The heating elements 2la and 21b and the
heat-emittiné 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'embddimenf is formed of a carBon—b#éed |
suﬁstance-to_begome a mixture of crystallized cérbon such
as graphite and amorphous carbon when heated tg a high
.temperature, Just as in the case of the first embodimentf

In fhe vicinities-of the end portions 6f the
abbve-mentioned_ cylindrical heating elements 21a and 21b,
the plural gréoves 21lc (three grooves in the example shown
in FIG. 3) are formed. for this.feason, projected and

recessed faces are formed in the vicinities of the end’
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portions of the.heafing elements 2la and 21b, and the
- adhesi&e 9 is sufficiently applied to the end portions
~including the projected and recessed faces. And, the
| heat;ng elements 21la and 21b applied with the-adheéive_S
.are'insertéd into fhe.holes 31& and 3la of the heat-
“emitting block 31:respecfively and made close contact
therewith. After the heatingelements Zia and 21b aQre ma_.de |
| i;lose contacf with and £fitted into the heat-emitting b:!.ock |
31, @rying_and-heating (firing) steps are_darried out,.
whereby a sintered substance consisting of the carbon-_'
~ based su_bstance of the a.dhesive 9 is formed. As a result,
fhe heating elements 21la and-21b'are'connected to the
heat-emitting block 31 via the sintered'substance of the
adhesive 9 having high conductivity.

In tﬂe'example shown in FIG. 3,.éince the
projected and[recessed.faces are formed.in the vicinities
of the end poftions of the cylindriCal heating elements
. 21la and 21b,fthé area of the contact between the heating
eléments 21a and 21b and the heat-emitting block 31 is
inc_reased._ Furthermore, the grooves 21lc are formed in the
"vicinities of thexheafing elements 2la and 21b in a
direction perpen&icular to the'insertion directiOn, and
the sintered substance of the adhesive 9 is formed ithhe
grobves 210._.For this reason, the resistance of-the
contact between the heating elements 2la and 21b and the

heat-emitting block 31 of the infrared fay lamp sden in
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FIG 3 can be reduced and the strength of the bonding can
be enhanced Significantly. _

| In the_infrared ray lamp shown in_FIG. 4, the
plural (three in the example shown in FIG. 4) grooves 22C
are formed on the external faces in the Vicinities of the
-end portions of the two heating elements 22a and 22b The
plural grooves 22c formed.in the heating elements 22a and
22b are prov1ded in a direction perpendicular to the
insertion direction ('the' directio,n indicated by thle arrow
in.FIG. 4)'of eaCh.of the heating elements 22a and 22b,

thereby forming projected and recessed faces." In'

addition, the adhesive 9 is sufficiently applied to the-'

end portions of the heating element 22a and 22b including
the projected and recessed faces in the'vicinities
thereof. |

.- On the other hand, two holes 32a and 32a are.
formed in the heat-emitting block 32, and grooves.32b are
formed in 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 9is applied to the heating elements

_,22a and 2_2b structured as_described.above, ‘and the heating
_elements'ZZa and 22b are,inserted into the_hOles 32a and

32a of theiheat-emitting block 32 respectively and made
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'close contact therewith. After the heating elements 22a

and 22b are made close contact with and fitted into the
~heat-emitting block 32‘-, drying and heating (firing) steps
are carried out, whereby a sintered substance consiSting-
of the carbon-based substénce 6f the adhesive 9 is formed.
_ 'As a -re'qu,t; the heating é.lenients §2a_and 22b are connected
ltquthe.héat-emitting block 32 via the sintered substance
of.the adhesive 9 of high condﬁctivity.

In the infrared ray 1amprshOWﬁ in FIG. 4, the

: prbjected an@ﬁreceSsed.faces are formed in the vicinities

‘of the end-pqrtidns of the cylindrical heating elements
'-.22a.and 22b, énd the grooves 32b are formed-iﬁ the internal
faces of the holes 32a and 32b. As a result, the area of
.rhe contéct between the héafing elements 22a and 22b and
the heaf-emitting block 32 ié increased. Furthermore,
the grooves 32b are formed in the vicinities of the'end_
“portiéns"of the-hearing elements 22a and 22b and in the
internal faces of the holes 32a and 32a in a direction -
perpendicular to the inéertion directior. The sintered
sulbstance.of the édheé_ive 9 is formed in these grooves 32b.
For this redson,'in the infrared ray lamp shoﬁn'in FIG.
'4.-the.resis£ance_of the éontact betweeﬁ the heating |
elements 22a and 22b and the heat—emittihg block 32 can
be reducéd, and thé étrength_of_the bqnding fherebetween'
- is enhanced significantly.

In the infrared ray lamp shown in FIG. 4, both
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end portions of the plural'heating elements 22a and 22b
are -bonded to the noles in the-neat-emitting biock 32 by
~using the carbon-based adhesive 9. In the stage when the
plural heating elemenrs 22a and 22b are inserted into the
~heat-emitting block 32, the carbon-based adhesive 9 is
still soft;: therefore, even when balance of rhe tension
. or’compression force between the heating elementstiS'
distorted, the distortion is relieved until e heat
treatment'for curing the adhesive 9 is conducted. Then,
after balance of tne tension or compression force between~
the plural heating elements is made nearly uniform; the:
: adhesi\ie 9 is cured and carbonized'.. As a .result, even when
the heating elemenfs'ZZa 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 e;ements 22a and
22b are broken. By prodncing_tne-infrered ray lamp as
| described above;.it is possible to eesily.create a
long-lifeinfraredray1amphavingplura1heafingelements_
22a and 22b sealed in one glass tube. |
In the'infrared_ray lamps shown in FIGS. 3 and
4, similarleffects can be obtained regardless of whether
the holes 31a and 32a formed.in the neat-enitting blocks.
31 and 32 are throngh holes or stop holes (holes with
boftom).' |

{second embodiment)
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Next, an infrared ray lamp in accordance With_
a second embodiment of the present invention will be
described referring to the accompanying drawings. FIG.
51is a plan view shofﬂing the infra_red ray lamp of the second
: embo_diment in'accordance with the p-resent linvention . FIG.
5 sﬁoﬁs both end_portibﬁs.of the infrared ray lamp of the
secdnd embodiment. lSince its éentral portion has'a
éontinuous structure connecting bbth end portions, the
'gentrél portion is'not'shqwn in FIG.,S._ FIG. 6 1s a
partially magnified perspective view showing the
.connection condition between a heaFing_element.andn
-heat-emitfing 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
.embodime'nt', and are partially magnified pérspective views
showing the methods of the connection between the heating '
element and fhe heat-emitting blocks, _ o

| . The infrared ray lamp of the second embodiment

in accordance with the'presen£ invention'has a plate
heating elément 23 and twd-split heaf-emitfing blocks 33a
and 33b. Siﬁce.the other structures of the second
embodiment aré similar to those of the above-mentioned
first.embodiment, their explénations are Qmitted.

IntheinfraredraylampoftheSecondembodiment,
.the heating elemenf 23, the heat-emitting;blocks 33a and

33b and the internal lead wires 4 are sealed in thé glass
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tﬁbe 1 as.shown in FIGS. 5 and 6, juét as_in the case of
the &boveFmentioned first embodiment. The intérna; lead
wire 4 is-cohnécted to the external lead wire 8 via the
' ﬁolybdepum.foil sheet 7. The plate heating'element 23 .
sealed in the glass tube 1 is formed of a_carbon-based
substahce consisting of a mixture of crystallized carbon
suéh.as.graphite, a:resistancejvalue adjustment sdbstancé
and amorpho_ué carbon.. ‘This heating element 23 has a plate .-
‘shape mea-suring 6 mm in width, 0.5 mm in thickness and 300
mm in lengfh'for example. The heat-emitting blbcks 33a
and_335 are formed of a conductive material and
electrically conﬁectéd'to oné 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 1amp of
the fourth embodiment, grooves 23a and 23b are formed in
the top and:bottOm faces of the end portion of the plate
.heating eleméﬁt.23 reépectifély. The grooves 23; and 23b
extend ih a direction perpendicﬁla: to'the 1ongitudinal
direction of fhe heating element 23. The adhesive 9 is
.sufficiently applied to the'vicipity of the end portion
of the heating element 23 inclﬁding.these gfooves 23a and
23b. In the end portion of this.heating.element 23, a

pair of heat-emitting blocks ‘33a and 33b are bonded via
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the_édhesive 9 having high conductivity so as to attain:
. electrical connection. The adhesive 9 is formed of a
carbon;based substance that is convertéd into a mixture
of crystaliized'carboh such as graphite and amorphoﬁs
__carbon when heated to-a_high temperéture. "The heat-

_ emitting blocks 33a and 33b are two blocks haviﬂg similar
shape, i.e., a;. nea;iy sem'ici'rcu.lar shape in cross Se'étion,
and formed of graphite having good conductivity.'

In the sécond embodiment , the internal lead wire
4 is formed ofna.tungsten wire haviné a thermél_expansioh“
' _igoefficiént close to that of carbon. However, other metél .
wires,_éuch.as molybdenum.and titaniumnwi;es, may be used
as the internal lead wi:e_4, if no problém'ocgurs in heat
:résistance in working envifonments. ' The external lead
wire 8 is fprmed of a molybdenum wire.

As described ébové, in the infrared rayllamp of
the second émbédiment, the heat—emitting.blocks_33a énd
'33b sandwich the vicinity of the end portion of the plate
hedtigg elemenf 25 via the adhesive_Q so as tolatfain
bohding. Furthermore; the coil portion 5 of theNinternal
lead wire:4.is.wound tightly'arbund-the héat-emitting
blocks 33a and 33b and sécﬁred thereto. In this waj. the
heaﬁing-element 23 is electrically connected to the
"internal lead Wires.4 via the adhesive 9 and the heat-.
emitfing blocks 335 and 33b. aIn_the internal lead wire

4, the end portion of the spring portion 6, the winding
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diameter of which is larger than that of the coil portion
5, is electrically'conneC£ed to’theinoiybdenum foil sheet
7 embedded in the sealing portion of Ithe glass tube 1. The
other_ end of this molybdenum floil sheet 7 is also connected
to the external lead wire 8 inside the sealing portion.
Intheinfraredraylampofthesecohdembodimeqtt 
the heating'element 23, the heét-emitting blocks 33a and
- 33b and the internal.legd wire 4 connected in series are
inserted into the-épéée inside the heat-resistant glass
"tube. After filling'an ihert gas; such as argon.or.
‘nitrogen in the space inside the Qlass‘tube'l,.the-epd
_portions (the'sealing'poftions) of the glas§ tubé'l are
melted and fused so as to be sealed. A part of the inte:fnal
'_lead.ﬁife'4} the molybdenum foil sheef,? and a part of the
éxternal lead wire 8 are sealed in the sealing'pOrtion~of
the glaésltube 1. The infraréd réy lamp of the second
embodiment is formed as descriﬁed above. |
In the infrared rayl-lamp of the second embodiment
structured as described aﬁove, when the infrared ray lamp
is turned on by applying a voltage across the exterhal lead
wires 8. (FIG. 5) disp'osed_'at both erids, thé heating'element
23 formed of thé carbon-based sﬁbstanc'e is heated toa high
temperaturé becauée.of its resiétancé. Even when the
heating element 23 is e#panded in]its longitudinal
- direction by‘this heating, sihce the spring portion 6 of

the internal lead wire"'4 is provided between the heating
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element 23 and the molybdenum foil sheet 7, the dimensional
-éhaﬁge due.to the expansion of the heating element 23 is’
absdrbed by the contraction of the spring portion 6. As
a resﬁlt, it is po.ssib'le.to prevent any Iunnecessar'y bem_iing
force_frbm applying to the heatihg élement_zé. For this
reason, no unnecessary bending force is-applied to the
.heating element 23 that is brittlé'ét high témperatures;_'
and the heatihg eiément 23 does not,bfeak even.at high
'temperatures..

| In the infréred ray iélmp of.thé sécond embo’_di'_t.nent',
" the heat-emittihg:blocks 33a and 33b foiméd of a.material
ihéving good electric-dbnductivity are éonnected to the
.vicinity of the end portion of the heating element 23 via
the.ca;bOn-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 teméerature at the COnnection'portion
can be lowered.

Next, the ‘bonding cqndition o.f fhe heating .
element 23 and the hea_t-e:ﬁitting blocks 33a and 33b in the
infrafed ray lamp of the second embodiment will be
described in ﬁore detail.

| As shown in FIG. 6,:in the'infraréd ray lamp of
the second.embodiﬁent, the grooves 23a and 23b'aré formed
'in the top and bottom faces of the vicinity of the end

portion of.the heating element 23. The adhesive 9 formed
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of a liquid carbon-based-organ.ic subs:tance is sufficiently
applied to the end portibn.inclﬁding the grooves - -23a and
23b, and tﬁe heating element 23 is saﬁdwiched_between a
'pair of the heat-emitting blocks '33a and 33b and bonded
thefetb.. After this bonding, the heating element 23'and
the heat-emitting blocks 33a and 33b are dried and.heéted
(fired), thereby secureleconnected.by the sintéred
substance formed of the cérbon-based.substance of the:
adhgsive 9 apd having high cohductivity.

“ _ | In the second embodimenf., by fo'rming the grooves
23a and 23b in the heating element 23, the area of the
cqntact between the heating element 23 and the heat-
emitting blocks 33a and 33b-increa§es, whereby the
resistance of the contéct can be;féduced.'

| Furthermore, since the adhesive 9:formed of the
carbon-based organic substance is very likely to be stuck
to the heat-e'mitti-ng blocks 33a and 33b formed of graphite,
the adhesive 9 enters the grooves 23a and 23b, and the
' boﬁding bétween the heatihg element 23 and the heat-
emitting blocks 33a and'33b is carried out at'théir
projectéd.and.recessed.faces, whefeby'the strength of the
~ bonding is ephanced significantly.' In the second
embodiment, the structure wherein -the number of the
grooves formed in the vicinity.of'thé'end portion of the
heating element 23 is one is explained as'an exémple{

however, an effect can also be obtained even if plural
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grooves are formed on one f-aee or on both faces, and a higher
effect is obtained as the num;:)er of the grooves 'increases .
- In the second embodiment,.the;heeting element -
23 is bonded to the heat-emitting blocks 33a and 33b by
pressure contact. As a result, unlike the case of an
assemblj'process such es a fitting_process, it is not
necessarf'td accurately place the heating element and_the
heatfemitting blocks at predetermined positions; the
assembly work can thus be carried out easily, and the cost'
of producfion cen_be reduced significantlyQ
fIG._7 is a partially megsified perspective
views-showing another strecture of the infrared ray lamp
of the second embodiment,  and shows an example of the
.m'et'hod of the connection between the plate heating element.
23 and tWo-sp;it heatkemitting.blocks 34a and 34b..
| As shown in FIG. 7, grooves 23a and 23b are formed
in_the top and bottom faces infthe.vicinity'of the end
portion of the heeting element 23m The grodves'23a and
_235 extend in a direction.ﬁerpendicﬁlar to the
longitudina; direction of.the heating eiement 23. The
adhesive 9 formed of a liquid earbon-based organic
substance is.sufficiently.applied to the end portion
including-these grobves 23a and 23b.
On the other hand, a hollowedlstep portion.34d
is formed on each of the heat-emitting bldcks-34a and 34b

"at a position for sandwiching the heating element 23. In .
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.addition a projected portion 34c is formed on this step
portion 34d. This projected portion 34c is formed at a
position wherein it fits in each of the grooves'23a and
.23b formed in the above-mentioned heating element 23.
 The heating element 23 ‘structured as described

above is placed between the two heat-emitting blocks 34a

_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
-condnctivity. | |

Since the Second'embodiment shown in FIG. 7 is
structured so'thatlthe"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 contadt: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 thelheat-emitting
.blocks 34a .and 34b via the adheSive 9 becomes strong,

whereby the strength of the bonding is enhanced
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The structure wherein the grooves are formed in
the heating element 23 and the projecfed portions are-
fo;:'med on the heat-emitting blocks 34a and 34b is explained
as an example‘in the.seoond embodiment; however, the
present.i-ov-enf;ion is not limited to this kind of structure;
the grooves and .the projected portions may be formed
' opposite to each other, and the number of each is not
limited'to_one. |

FIG. 8 is a partially magnified perepective
views showing still another structure of the infraredhfay B
lamp of the second embodimenli_:, 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 viclnity of the end portion of the heating element
24. The adhesive 9 formed of e liquid carb'on-based organic.
substence is-sufficiently applied to the end'portion
including this through hole 24a.

.. On the other hand, a hollowed step portion 35d

‘is formed on each of the heat- emltting blocks 35a and 35b
at a position for sandw1ching the heating element 24 In
addition, a progected portlon 35c is formed on this step
:portion 35d. This projected port1on_35c_1s formed at a
position wherein it fits ln the through hole 24a formed
in the above-mentioned heafing elemenf 24.

The heating element 24 structured as described



. - 46 - .

above is sandwiched between the two heat-emitting blocks
35a and 35b and bonded thereto. At this time, the
projecte'd portions 35c¢ of't_h'e heat-emi_tting blocks' 35a and |
35b £it in the through hole 24a in the heating.element 24.
After this bonding, the'heating element 24 and the
heat—emitting'block'35a and 35b 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-conductiv1ty.

Since the embodiment shown in FIG. 8 is
estructured_so'that the projected_portions 54c of the
heat-emitting blocks 35a and 35b fit 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. | | N

'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 via the adhe51ve 9 becomes strong,
whereby the strength of the bonding is enhanced.

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

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



.47 -

projected-portién are used or if plural holes and plural
projections are used and if they can be fitted into each
othef for example, similar effect as that of the
aﬁng-mehtioned embodiment can be obtained.

Furthermore, it may be possible to use the
structure wherein oh;y the projected portion 35¢ shown in
FIG. 8 is férmed into afrod‘shape as a separate piece, and
a through hole is formed in the stép portion 35dﬁof_each
of the heat-emitting blocks 35a and‘35b so that the
rod—liké pféjected pdrtion is inserted into the through
holes in the heat-emitting biocks-35a and 35b and the
. thorough hole 24a in the heating element 24. Wifh this
structure, the heat-emitting blocks 35a and 35b can be
processed easilj, and_the cost of production can be
reduced. | | | .

The heat-emitting block formed of graphite .
ha_xving conductivity and an electrode termina_‘llf.unctiOn 1s
explained as an example in the first and second
embodiments; however, the-material of the heat-emitting
‘ block is not li_mit’ed to graph_ite} varj_.oﬁs matei‘ials héving
heat resistancé up to 1200TC, gbod électrical c‘onductivify
And gdod:thermal conductivity are applicable..'Since_
gr_aphite itse]_.f is low in hardness and strength for example,
various materials enhaﬁced in hardness and strength, such
as a matgfia; obfaiﬂed by mixing a carbide, a nitride, a -

boride, etc. with graphite and by firing the mixture, a
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méterial obtained by a.dding glass-like carbon 'to'graphite
and by firing the mixture,.and the like, are applicable.
The present invention has the following effecf
as made clear by thé above-mentioned défailed explanations
of the fifst_and secbnd'eﬁbodiments.
| ,Iﬁ acéOrdance with the present invention, the
- heating portions can be prévénted froﬁ fusing and breaking |
during uselfor a ']_.ong time, whereby it :L__s possible to obtain
-aninfrarédraylamphavinghighreiiabilityandlonglife.
. The infrared.ray_lamp of the present invention
uses a heating element formed of a carbon-based substénce
and formed into a rod-like shape instead of the
'conventionél tungsten spiral filament, énd the infrared-
.ray-emission rate of the rod-like carbon-based substance
is high, 78 to 84?; fof this'reéson, the inffared-ray
.emissibﬁ rate of the infrared ray lamp.is high.
Fdrthermore, since the rod-like carbon4baséd substance
has a negative température-chafacteriétic wherein the
resistance l-owérs as the température rises, it is possible
to feduce thé.rush current at the time when thé“infrared-
ray lamp of the'present invention is turned on.
| | Furthérmore, since fhe inf:ared.ray lamp of the
presént invention is structured such that the heat-
emitting blocks having good conductivity are bonded to the
endportionsbftherod-likeqarﬁon-basedheatingelement,

the. resistance of the contact between the heatihg element
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and the heat-emitting blocks at the time of heating can
be reduced, ahd témperature increase éan be“lbwered,.
whereby it is péssible to significantly_enhaﬁce the
. reliability-of.the lead wire installation portions.u

Fur;hefmore, the infrared ray lamp of the
present invention. has the structure wherein the pi‘ojected._
and recessed portiohé.are forﬁed betwegn the rod-1like
car.b.on-base'd heéting element and the heat.-erhitting blocks
and then bonded and fired via the carbon-based adhesive.
'ﬁecause of this structure,lthe Strength of the bonding '
port:i_.ons of the infrared ray lamp of the pres_eht invention
becomes ﬁigh. Furthermore, since the'rod;liké qarbonf~
.based heating element and the adhesive for joining.the
heat;emitting blbcks are formed of similar material, tl.'_lei'r
thermai expansion coefficients are almost similar,
whereby it is possible tb'provide a highly reliéble'
infrared ray lémp not.causing any accidénté,'suéh.as
breakage, during on-qff‘switchihg operatioh for a long
itime. Furthermore, since.the structure wherein the
rod-like carbon-baéed heating elementiand the heat-
emiﬁfing blocks are.bonded by the fitting due to the
engégement df the projected aﬁd reqessed portioﬁs and by
_using the éérboh-based'adhesive'is used in_the_present
inventioﬁ, it is possible to enhance workabilify and to
raise quaiity at the time of the bonding.

In accordance with the hethod of producing the
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infrared ray lamp o_f the present inveni_::l.o‘n, it is possible
to obtain a highlf reliable infrared ray lamp
-characterized in that its power consumption does not
change abriOrmally evén after use for a long time, and that
the heating.portiohs aie prevented from fusing and
 breaking during use for a long tiﬁe; furthermore, it is
posSiblé to enhance workability'énd to raise quality.ét
the tiﬁe of the assembly éﬁd bbhding.
{Third embodiment) |
o Next, a third embodimenf of-the present
inv_ention will be déscribed referring to the acéompanying
drawings; _However,,the materiaisa sizgs, prﬁduction'l
‘methods and the like of the embodiment.described below are
only examples preferable fbf'én embodihent of the presgnt
invehtion. The applicable range of the pr.eser.lt invention.
is thefefore not limited by_these_examples.

Part (a) of FIG. 9 is a plén view showing an
infrared.ray lamp in accordance'with-the third.embodiﬁent .
"of the bresent 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,-siﬁce
fhe central portion of the infrared ray lamp can be
understood from both side portions shown in the fighres,
the centrallportion'of the infrared ray lamp is not shdwn
in.éither of the figufes;

The infrared ray lamp of the third embodiment
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comprises a substantially cylindricaljglass tube 301,
metal foil Sheets 305 embedded in both end portions 30lc ;
of this glass tube 301, a h.eating' element 302 hermetically_
sealed inside the glass tube 301, he.at-lemitting blocks 3'63
secured to both end portions of the heating element_302,
internal lead wires 304 for conneoting the heat-emitting
blocks 503 to the metal foil sheets 305, and.externalilead
wires 366 for connecting the metal foil sheets 305.t° an
external electric circuit. | ‘

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

- '_Tne heating element 392 is.rormed of a
carbon-based substance consisting of a mixture of
crystallized carbon such as graphite, a resistance velue
adjustment'substance such as a nitrogen compoﬁnd'and
amorphous carbon. The reSistance value'adjdstment |
" substance is mixed to adjust the resistanoe of the heating
:element 302. This'resistance value adjﬁstment substance .
is used to make the resistance value of the hea.ting element
higher than that of a.heating element formed of only

carbon.
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The heating element 302\in accordance with the
thifd embodiment has a plate shﬁpe having a thickness t
of 0.5 mm, a width T of 1.0 mm (= 2t), 2.5 mm (= St)'or
6.0 ﬁm (= 12t) and a length of about 300 mm.  However, the
platé heating element 302 having a width T of 6.0 mm (=
'12t) is shown in FIGS. 9 and 10. o

'i;he heat-eﬁitting blocks 303 seéui‘ed to bot_h 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 sﬁbstantially_cylindrical.shape having about 6 mm in _

diaﬁeter and about zo:mh in lengfh.' A slit 303a, in which
the loﬁgitudinal end'portion of the heating element 2 is
inserted, is formed in the end face 303b of the heat-

emitting block 303.op§05ed to the heating element 302 so

as to pass through its center. The heafing element 2 is

fittedintothisslit303aandsecuredﬁx>theheat-emitting
blobk.303. The internal lead wire 304 is wound tightly

around the central portion of the heat-emitting block 303, '

thereby formihg_é close-contact portion 304a.

The cross-sectional area of the,heat-emitting'

block 303 is sufficiently larger than the cross-sectional

~

area of the'heéting element 302 (abqut nine times or more
in the third embodiment). The resistance value of the
heat—emittihg block 303 is therefore sufficiently smaller

than the resistance value of the heating element 302. As
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aresult, w_he'ri a current flows through the heating eLemént
| 302 and-the heating element 302 gener'at'es.heat, the heat
generation at-the.heat-emitfing biock 303 itself is
suff:'i.'cient'ly smaller than that at the heating element 302
and ne;gli'gibl_e as described latér. In addition, althoﬁgh
" heat is transmitted fi‘om fhe heating ele‘ment 302 1;0 the 
heat-emitting block 303, part of the héat is emitted £from
the surface of the heat—e_mitting 'blo_ck 303. As a J.:'e'sult,
the amount of the heat transmitted from the heat;emitting
block 303 to the internal lead wire 304 is very scérce,
and thé internal lea& wire 304_is therefore not overheated.
The internal lead wire 304 is formed of |
mdlybdenum or 'tungs.ten', and is a condﬁcfive wire of abo’ut_
'0.7mm in diameter. The internal lead wire 304 has a spiral
.coil portion 304b folloWing the close-contact portion 304a
wound around the heat-em.i'tting block 303. The spiral coil
portion 304b is larger than the él-ose-contact pbrtion 304a
| by about 0.5_ to 1.0 ﬁlm,in diamete'r',. and is p.rov'ided so aé
to be coaxial w.ith tlfl"e center axis of the heat.-emitting
block 303. The spiral coil porlti.on 304D is dispoée_d away
from the side face of the heat-emitting block 303 by a
_ .pr’edeterim'ined dist_anlc'e so that it .can expahd and contract
like a coil spring in the a#ial direction 6f‘the heat-
emitting Sl_ock 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 assémbly, the internal lead wires
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304 on both sides are bulled so that each of them becomes
1onger about 3 mm outwardly in the 1on§itudina1;direction
'than,its normal length, whereby the heating element 302
is secured. | -

o As described above, in the third embodiment, the .
heati-ng element 302 is electrically connected to th_e metal
'foil Sheets 305, and puiled appropriately-to both'sides.
thereof by the internal iead'wires 304, thereby secured
- Stably. At this time, thesheating element 302 is secured
sO that-the center line of the heating element 302 in the
' 1ongitudinal direction thereof is aligned with the- center
aXlS of the glass tube 301. |

In addition, the spiral coil portion 304b of thel

internal lead wire 304 has' a function described below. As
described 'later_, when a c_urrent flows through the heating
element.302 and the heating element 302 generates heat,
the'temperatures of the heating element 302 and the glass
tnbe 301 are raised.by the heat}.and'thef'undergo thermai.
' expansion. .At this tin'ie a therrnal 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.spirai coil.portion 304Db. 'Because of_
this structure,:in the third embodiment, the connection i
between the heatfemitting.block 303 and the metal foil

sheet 305 via.the internal lead wire 304 is not impaired



- 55
by the thermal stress.

The metal foil sheet 305 is a molyﬁdenum foil
sheet rﬁeasuring about 3 mm by 7 mm by O. 02 mm (thickness).
The ipner leéd.Wire 304 is secured_to one end of the metai.
foil sheet 305, and the external lead wire 306 is secured.
to the other end thereof. The externai lead wire 306 is
formed of molybdenﬁm and welded_to.thé metal foil sheet
305. |
| Wheri a voltage is aéplied to the-h.eating element
. 302 Via the e#terhal lead wires 306, a éurrent flows
_thrdﬁgh:the heating element 302.. Since the heating

element 302 has a resistance,-heai generates from the

heating element 302. At this time, the heating element

302 emits infrared rays.

Part (a) of FIG. 11 is a graph showing.the.
distribution curve of the_infensity of the infrared rays.
- emitted from the heating element 302 of the third
- émquiment. Part (b)_of FIG. 11 shows the crbss'sectidﬂ
. of the central portion of the infi:'ared 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 ére orthogbnal
coordinate axes on aipiane perpendiculér to the akial
 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. In the graph

of the part (a) of FIG. 11, the values in the radial
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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 thick solid line 307a the thin solid line
307b and the broken line 307c¢c . in the part (a)'of FIG. 11
designate the intensity distrihution'eurves in the case
when the width T of the heating element 302 is 6. 0 mm, 2.5
mm and 1.0 mm, respectively.- Since the thickness (t) of
the heating element 302 is 0.5 mm, the intensity
distribution curve 307a is obtained in the case when the
width T (6.0 mm) of the heating element 302 is 12t, the
intensity‘distribution curve 30lb'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 wi'dth ‘I‘I (1.0 mm) of the heating element
302 is 2t. o | |

ln the third embodiment, the intensity
distribution curmes 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
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" of the infrared rays is meesured at a position located a
_lconstant distance (about 300 mm) awair from the center line

(the origin 0 of FIG. 1l1) of the heating element 302 in

a ditection perpendicular_thereto. At this time, the
.amount of infrared rays reaching a predetermined minute
area at a predetermined position is measured. This
measutementiis repeated while the'angle with respect to
the heeting element_ 302 is changed, with the distance from
.the origin.o'being'maintained'eonstant.. As.the result of
this measui'ement ‘ the inten_sityl distijibutioh curires‘ 3.0__7a,;
307b and 307¢ shown in the part ( a) of FIG. 11 were obtained.

As indicatediby the intensity distribution
curves 307a, 307b and 307c shown ih the part (a) of FIG. "
11, the directivity of the intensity of the infrared.rays
emitted from the heating element302 becomes higher as the '
ratio of the:width T to the thickness t of the heating
elemen_t 2.becomes higher. WhenT= 5t in particular,' that
is, when the ratio of the ﬁidth T to .the thickness t is
five or more,. the emissien ihtensity in the ¥y axis.
direction is significantly lower than thet in the x axis
direction;' |
'~ When the infrared.rafs are-emitted'unequally as

described above,; for example, when‘only a predetetmined
region is desired to be heated,. the region should be placed
" on the x axis. On the contrary; when'ohly the

predetermined regien is ndt'desired tofhe heated, the
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region should be placed on the y axis. As a result, in
the third embodiﬁent, the_emissioh_intensity'can have
directivity; even if such a feflecfion plate as that used
for the conventional infrared réy lamp shown in the
ébove-mentioned.FIGs. 25 and 26 is not'providéd;

The heating'element 502 of thegthird.embodimént
is formed of a carbon-based substahce consisting of a
m;xturé of crystaliized carbon such as graphite,'a
resistance value adjusfment substancé such as a nitrogen
'compoﬁnd'aﬁd amorphous carbon.- As described above, the
: carbon.-bas;ed.substance used as the material of the heating .
élément 302 has an infrared ray emission fate higher than -
those of the conventional nich_rome and tungsten. For this -
reaSpn, when the carbén—baéed substance is used és.the
heatihg element 302 of the infrafed ray lamp,lthe
efficiencf.of the emission from the heating element 302
is higher than those from thé conventional heating
elements.
_ Furthermoie, since the resistance valué of the
‘heating element~ 302 of the th;i.rd'embodi-ment :Ls higher than
~ those 6f the cohventional heafing elements, even if.the
:surface aréa of fhe heating element having the shape of

a rod, a plate or the like is smaller than those bf the

conventional heating elements, the heating element dan ,

emit infrarédlrayé having Sufficignt‘intensity. As a

”reSuit,'since the surface area of the heating element 302
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is smaller than those of the,con\ientional heating ele'melits;
heat emiSsion_from the heating élement 302 to thé gas
around the element is scarce, whereby effiéiency réduction
due to heat emission from the ﬁeéting'element 302 is
restricted. | |

Becéuse of_the above—menfioned reasdns, wben a
constant voltagé is'appiied to the infrared ray.lamp, the
emisSiqnlintensity of the third:embodimeﬁt'shown in the
‘part (a) of FIG. 11 is about 20 to 30% higher than the
émission'intensity, shown in the part (a) of the
" above-mentioned FIG. 24; of the convehtionél infrared ray
flamp'héving the heating element 240 formed of nrchrbme or
tungsten. i | |

Inithe part (a) of FIG. 11 and the part (a) of
FIG. 24, the concentric gradatiohs fot the emiésion
-ihténsity indicate siﬁilar intensity values
'respectively. | | | |

| However, the faét'that the heating element 362:

is formed of the'cafbon-baséd sgbstance is not essential
in the preSent inv'enti-oﬁ. .Eveﬁ if the heating elemént 302
is forﬁed of fhe-conventional nichfome or tungsten,'when.
the width T of the heating element 302 is larger than its
thickness t by five times '_o_r more, it is pbssible to obtain
‘emission intensitj.having'such :elativeiy high
directivit§5as thosé indicated.by'the intensity direction

curves 307a and 307b shown in the part (a) of FIG. 11.
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Although the heating element 302 of the third
embodiment formed integraLLy into the shape of_a rod or
.plate is explained as an example, the heating element of
the present invention is not limited to _this kind of shape;
a.bundle obtained by binding plural rod-like-membérs for
example may be used as a whole to form a heéting.member.

| Furthermore, although the infrared réy Lamp.of
.'the'third embodiment having the emission blocks 303.is
éxpiained as an éxample,-thé present invention is not
1imitéd to this kind of strudtu:e. in the caée When the
amount of the_héat-trapsmitted from the héating elemént
to tﬁe.internal lead wires is scarce to the extent that |
the internal leadﬂwirés'are‘not overheated for example in
accordancewiththespecificationéofaninfraredraylamp,
the strucfure wherein the emission blocks are omitted is
alsb abplicéble. |
{Fourth embodiment)
 fNext, a fourth embodimenf of the present
invention will be described referring to the accompanying
drawiﬁgs. However, the materiais, sizes, pfbduction
methods and the like 6f the embodiment desc:ibed below are
only example5~preferable for an embodiment of the preseht
invention.’ The applicable range of the preseﬁt invention
is therefore not limited by these examples. “
| | Part (a) of FIG. 12 is a plan view showing_an

" infrared ray lamp in accordancé with the fourth _embodiment
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of the presegt invention, and_part_(b) is a front view
thereof. In addition, FIG. 13 is a perspective view

| 'showihg the infrared ray lamp of FIG. 12. However, since
the qeﬁfral'portion of the infrared ray lamp can be
unde#stood from both side portioﬁs shown in the figures,
the central portion of the infrared ray lamp is not shown
in either of the figures. o |

Furthermore, in the fourth embodiment, simiiar
componéni_:s as t.hose of the third embodiment shown in.FIGS'.
9 and 10 are dgsignated by the same‘ﬁumerals; and their
exﬁlanations are omitted.

The infrared ray lamp of the fourth embodiment
~has a reflec,;t-ic;n film 301a f_or.'infrared rays in a donstant
range .on the externél fade.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
fi;h\evaporated on the external face of the glass tube 301
" so as to have a thickness of about 5.m. This reflection
£ilm 301a réflects about. 70% of thé infrared rays emitted
from the heating element 302. As shown'in'FfGS. 12 and
13, the :eflection fiim-301a is disposed betWeen the
heat—emitting'blbcks 303 providéd-on'bofh sides, in other
words, disposed at a position opposed.to_the light-,
emitting poftion of the'heating element 302 in the
: lopgitﬁdiﬁal diréctipn the;eof. -Thisireflection film

301la has a semi-cylindrical shapé, and the internal face
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of the reflection £ilm 301a is disposed so as to be opposed.
to-the'wider.side face 302a of the:heating elemeht 302.
‘Part (a) of FIG. 14iis.a graph showing the

diSt#ibution durve 3074 of the intensity of the infrared
rays emitted from thé heating element 302 of the_fourth
embodiment. Part (b) of fiG. 14.éhows the cross section
of theicehtral pdrtion of the infraredlray 1amp of the
fourth embodiment having the heating element 302. The x
and y axes shown in the parts (é) and. (b) of FIG. 14 are
orthogonal c_oo;‘dinate axes . on a plane perpendicular to the
axial direction of thé.heating element 302 shown in FIG.
13. . In the parts (a) and (b) of.FIG. 14, the origin 0
. corresponds to the cénter axis of the heating element 302.
In the parts (a) of FIG.-14,'the-valueé in the radial
'directions dés;gnéte the émission intensity éf the
infrared rays,_and the valﬁés in the ¢ircumferential"
di:ections designate angles with_respect to thé'center
axis on fhe plane perpendicular f§ tﬁe axial direction of
: the ﬁeating element 302. These angles are dé_sigriated by
_angles from the ﬁositive direction of the_x axis. The
éoncentric gradations for the emission intensity in the
part (a) of FIG. 14:indicafe thé éame_vélues of the'.
'gradétions'in the part (a) of FIG. 1l.

| ' 'In'ad,di'tion, a constant power of 600 Wis .applied
to the infrared ray lamp. Sinqe the méasurement:method

is the same as that of the third embodiment, its
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explanetion_ is omitted. |
As indicated by the intensity distribution curve
'307d in the part .(a) -of F'I.G.' 14, the infrared rays’ from.
tlie h._eating'.element 302 are emitted most intensely in the
positive.direction of the x axi’s',.that is, in a direCtion
' opposite to .t_he reflection plate '301a with respect to the |
heating element 302 (the right'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." |
Oon 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 30la
(in the left ditection in the part (b) of FIG. 14).
. When the intensity distribution curve 3074 in
the part (a) of FIG. 14 is compared witn-the conventional
_1ntensity 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 emiss:.on 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
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example, and the range wherein the intensity becomes a
maximum value in the fourth embodiment is narrower than
that in the conventional example. |
The infrared raf lamp of the fourth embodiment
"is thus suited[to a case wherein an object-disposed,in.the
' positive direction of the x axis is locally heated for
examplel o | .
| 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 361 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 301h
'_is hermetically_sealed. (Step 2)
(3) Gold is evaporated on.the external face of,
: the. glass tube .30,1 tlhereby to form the,refleotion £ilm 30la.
(Step 3) | ' B
' By forming the reflection film 301a as described
' above the reflection £film 301a can be formed by using the
external shape of the glass tube 301. As a result, the
reflection f£ilm 30l1la having an aCGurate semifoylindrical
'shape can be formed easily.
In the'aboue-mentioned process.for forming the
reflection film 301a, step 3 may be carried out before step

2.
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_ Fﬁrthermore, the reflection film 30la may be

forﬁed byftransfer or the like,_iastead of evaporation.

In this case, transfer is carried out as described below.

(1) ‘A mixture of resin, gold and glass is formed

into a fllm and bonded to the surface of the glass tube
30l. '

(2) The £1lm bonded to the surface of the glass. '_
tube 301 is baked thereby to vaporize the resin ineluded
in the.film.

Transfer is carried out as described above, and
a 'Qold film is formed on the surface of t.he glass tube _:;01.

Since the internal face of the reflectien £ilm
301a'ia the fourth embodiment, used as a reflection face,
is made close-contact.with'the external face of the glass-
- tube 301;7the internal.face does not make contact with the .
"air. 1In the eenventional_infrared ray lamp_shown in the
above-mentioned FIG. 25, the reflection plate 280 is
disposed with a predetermined space.provided from.the
glass tube 201; for this reason, the reflection face of
the reflection plate 280 is sta'i'ned 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 iﬁte the shape of the external face.of the
glass tube 301, that is, a semi-ejlindrical'shape, aad is

maintained in the shape. The reflection film can be
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maintained at substantially similar shape for a longer
time than the reflectién plate 280 used for the
.conventional infrared ray lamp. |

As described above, in the fourth.embodimeqt,
the fefledtidn fiim 301la is maintained for a long time,
.and fhe reflecfivity of itsreflection face does npt lower.
' The infrared ray'lamp of the'foﬁrth.embodiment therefore
maintains its good characteristics for a longer time in-
- cdmparison iwith the structure wherein the réfléction plate
 280 is installed in the ébnventional infrared ray lamp.

| ~ In the fourfh embodiment, the _struéture wherein.

the reflection £ilm 30la is formed on the external face
of the glass tube 301 is déscribed.as an exampie; however,
the present invenfion is hot limited to this structure:;
the structure wherein a reflection £ilm formed on thé
internal face.of fhe-glass tube may be uéed; However, in
_thé case of such a structure, step 3 must be carried out
'before Step 2 in the above-mentioned process for formihg
the reflection 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'ifs reflection face
is not stained with adherents and the like. For this
reason, just &s'in the case when the'reflection £ilm is
formed on fch'e exte_rnal face of .the glass tube 301, the good

characteristics of the reflection film are'maintained for
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a2 longer time without causing any changes with time in
comparison with the'case'ﬁhen_the reflection plate 2&0 is
used for the éonvéﬂtional infrared ray laﬁp. Howevér,
.since the reflection fiim fo:med on the internai facé of
the giass tube makes contact with_ the hig'h-temperat-ure,.gas
inside th_e-glla;ss' tube, the thickness of the reflection lf'ilm
may'be reduced by evaporafion,_dispersion_and the.like,
and its réflecfivity maynlower. Fbr'this reasbn,_in'tﬁe
case when the reflection film is formed on the internal
face of the glass tube, the distance betweeﬁ f:he reflectioh_
film and thé heating element is required tp-ﬁe set at a
'sufficientlﬁ large value.
| Although'goid uséd as the material of the
reflection film 30la is described as an éxaﬁple in the
fduffh'embodiment, metals other than gold, such as
titanium nitride, _s:l'..lver and aluminum, can be used; metals
havinglhigh réflectivity for infrared rays and being
stable at high temperafures are applicable. |

' The reflection f£ilm 30la having a semi-

cylindrical shape is d_escr_ib_ed as an éxample in the fo_urth
'~ embodiment; however, the present invention is not limited
to this shape; various shapes are applicabie in |
‘consideration of the refleéti'on direction of infrared rays.
Iﬁstead of the Semi--cylindricél shape, the shape of a part_
of a circle, a parabola or an eilipse 11‘1. -cross.section for

example may be used as the shape of the reflection film.
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'Furthermore, it is possible to use a shape formed'of a
combination of plural straight lines,lsuch as a part of
.a polygon (the'shape of the letter ad for example (or the

1.Shape_of a bathtub)) or a shape formed of a combination
of etraight and cﬁrved lines (the shape of thehletter'U
for example) or a.flat shape in cross seotion. The shape
of the reflection £ilm 301a should only be'a-shape snited |
for obtaining _the desired directional distribution of the

-emiSSion inten51ty of infrared rays. To form the
reflection £ilm 301la hav:.ng this kind’ of shape the portion |
of - the glass tube wherein the reflection film 30la is
formed by eVaooration 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 301a described
before. .

(Fifth embodiment) '

| Next, a fifth embodiment of the present
invention will be desc.rib'ed referring to the ac_cc:mpanjing
drawings. However,'the materials, sizes, oroduction
methods and the like of the embodiment described below are
only examples preferable for an embodiment of the present"
invention. The applicable range of thejpresent invention
is therefofe"not_iimited_by these examples.
| Pa:t'(a) of FIG. 15 is'a plan view showing an

'infr_ared ray lamp in accordance with the £ifth embodiment
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of the present invention, and~parf (b) is a front view
théreof. In addition, FIG. 16 is a perspective view
showing the infréred,ray lamp of FIG. 15. However, éince
" the central-portioﬁ of the infrared ray'lamp-can be
undefstood'from_both'side portions shown in the figures,
the centrai portibn 6£-the infrared ray lamp is not shown

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 désignated by the same numefals, and théif
explanations are omitted. | _ | _.
| The infrared ray i;mp of the fifth embodiment
‘has a refléction film 301b for infrared fays in addition
"to the structure of the third émbodiment, just as in fhe .
case 6f the above-mentiqned f&urth embodiment. However,.
in thé infféred ray lamp 6f the fifth embodiment, the
'reflectipn_fiim 301b-is:ﬁormed.on the external face of the
glaés fube 301 at a position different from that 'in the
~above-mentioned fourth emﬁodiment.' Although the _
_reflection £11m 301a of the fourth embodiﬁent is disposed
so as to:be'opposed'to the wider'side portion 2a of the
"heating element 362_(FI_GS. 12 and 13), the reflection £ilm
301b of t;he f-ifth. embo_dimént is disposed so as to be opposed
to the nar:OWer s'ide portion 2b of the heating element 302.
The material, thi¢kness, reflectivity; shape_

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



- 70 =
embodiment are similar to those of the reflection £ilm 30la"
of the fourth embodiment . ..

Part (a) of FIG. 17 is a graph showing the
distribution curve 307e of the intensity of" the 1nfrared
rays emitted-from the heating element 302 of the fifth
embodiment. Part (b) of FIG. 17 shows the cross section
of the central portion of the infrared ray lamp of the fifth
_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.
k axis correspondseto 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 eleme_nt 302. In the part (a) of FIG. 17, the \.ralules
in the:radial directions designate the emission.intensity.
- of the infrared rays, and the vallues 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 em15510n intenSity 1n the
part (a) of FIG. 17-1nd1cate the same values of the
gradations in the part (a) of FIG 11. |

- In addition a constant power of 600 W .'.I.S applied
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to the infrared ray lamp. Since the'measnrement method
is the same as that of the third embodiment, its
explanation is omitted.

" In the infrared ray lamp of the £ifth embodiment
the positive direction of the Y ax1s (the direction of the
arrow of the y axis in 'FIGS. 16 and 17) is the direction
of the internal face of the reflection £ilm 301b.

As shown in the 1ntensity distribution curve
'_ 307e of the infrared ray emiSSion in the part (a) of FIG
17, the emission intenSity of the infrared rays Erom the
heating_element.302 in the vicinity'of the y-a#is in:the..
positive direction thereof is lower than that in the
 vicinity of the x-axis direction. On the y axis side in
' the negative direction thereof, emission is res.tricted by
the reflection £ilm 301b as a matterrof course.

" When the intensity distribution curve 271 of the
conventional infrared ray lamp shown in the part (a) of
the above- mentioned FIG 26 is compared with that of the
fifth embodiment, the angle range in the direction wherein
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 f£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 infrare.d ray lamp in the positive direction thereof

and in the case when the entire flat face of the'object-'
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to be heated, which is perpendicular to the y axis, is -
,heated uniformly. |

(Sixth embodiment) |

Next, a heating apparatus using the infrared ray
1amp in accordance with ‘the present invention Wlll be
described as a sixth embodiment.

The infrared ray lamp described in the |
above mentioned third embodiment is used as the infrared
ray lamp for the heating apparatus of the s:.xth 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'
inhaccordance with the above-mentioned first to fifth
embodiments are structured'to'have substantially similaf _
external shape_as that of the conventional infrared ray
lamp.: For this reason, in a heating.apparatus having the
conventional inf:ared ray lamp, it is easy for ofdinary
'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 1amp of the present inven’tion as described
above are the following anpatatnses, for example.

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

kotatsu (a Japanese traditional heating device), an air
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conditionér, an infrared treatment apparatus ahd-a
bathroom heater | _ |

(2) Drying apparatuses, suchas a'clothin-g d:i:_ier .
a.bedding drier} a food treatment apparatus, é-garbage
treatment apparatus, a heating;type deodorizing,_
._appératus aﬁd a bathrooﬁ'drier ;

(3) Heatinthype stefilizing apparatuses

| - (4) Cooking apparatuses, such as an oven, an oven

range, an oﬁen.toastér, a téaQter; a roaster, a warming
apparafus, a.yakitori cooker_(ékewered chicken cooker),
a cookiné stove, a défroéter and a brewer
| (5) Haird;essing apparatuseé, such as a drier_

- and a;permanent wave heater. |

(61Apparatusesforfixingletters,images,etc.-
6n sheets ' .

(é) Apparatuses for carrying dut displéy by
using toner, sucﬁ as an LBP (laser beam printer)} a PPC
(plaih papér copier) and a facéimile  |

(b) Apparatuses foi thermal'transfer of an
original filﬁ to an objec; by heating

(7)'Soldering heaters

(8) Driers fpplsemiconductor wafers, etc. 

(9) Apparatuses for heating pure-water when
cleaninQIWafers, etc. in semicdndugtor productioh
processes, and o

(10) Industrial coating driers
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In othér words, an apparatus for heating objects
by using an infrared raY' lamp as a heat source can be an _'
: apparatus whose .j..nfra'.red ray lamp can be repiaced ﬁith as .
désc;ibed_above, | |

FIG; 18 is a persp'éctive v_iew showing _the
posifidnal relationship ‘between the infrared ray lamp and
the infrared ray reflectioh plate 30§a'of the.heating.
apparatus of the sixth embodiment. 1In FIG. 18; the central
'portio_n of the inf;:'aré'd ra& lamp is nIOtlsh'own . Furthermore, -
since .the infréfed ray larhp used herein is the inffared
ray lamp deScribed in the.above-mentioned.third'embo,d..iment .
its explanation is,Omitted.l

The réfleCtiQn plate 308a of the sixth
embbdim'ent is formed of_"aluminun.l, has a sémi-éylindric’al
: shépe measuring about 0.4 to 0.5 mm in thickness, and has
.a mirrorffiniéh‘ed-reflectioﬁ face on its internal face.
.The infrared ray .'ref]_.ectivity of the refiec.i':ion plate 308a
~is about 80 to 90%. The reflection plate 308a.is dispoSed
iﬁ parallel with.the-center lipe of the heating element
302, with'a. predet'ermined spacé provided from the extefnal

.face' of the glass tube 301. | The reflection piate 308a is
installed by using the cénter 1ihe of the heating element
302 as its ceﬁter. As shown in FIG. -.:|.8, the reflécfion
face, that is, the internal féce of the refle'c'tio.n.plate
3(_)8a,. is disboséd so as to be opposed to the wider side

 portion 302a of the heating element 302.
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- The reflection plate 308a formed of aluminum'is
explained as an exdmple in the sixth embodiment; however,
insfead of'aiuminum,-materials hévihg high inf:ared ray
' reflgctivity and beiﬁg Stable at high tempgratﬁres, such
asgdld,titaniumrﬁjridé,silverandstainlesssteei,are
applicaﬁlé. |

The reflection plate.308a ha&ing é semi-
cylindrical shape is exPlAined in the sixth embodiment;
however, its Crbés section can also také, other shapes, for

example, a shape having a part of a circle, a parabbla or

an'ellipse; or a shape formed_of a combination of plural

Straight lines, such as a-part'df a polygon (the shape of
the Japanéée-letter_“?'.for éxample), a shape férmed of
a combination of them (fhe shape of the English letter “U"
fdf example) or a fiat shapé; fhe-shape should only be a
_shape suited for obtaining the desired directional
" distribution of the emission intensity of infrared rays.
-BY'instailinQ the reflection plate 308a as
described above, the directiona;-distributidn of thé
emission ihtehsity of the infrared rays has substantially
similar éhape as that of the intensity distribution curve
307& in the fourth embodiment éhown_in the part (a)qu the

above-mentioned FIG. 14. With the above-mentioned

“structure, it is possible to obtain infrared_rays havingt

similar directional distribution of the emission.

intensity as that of the infrared ray lamp of the fourth
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embodiment. Asja result, the heating apparatus of the
sixth embodiment is suited for a.use:wherein an object
disposed at a position opposed to the reflection face of
the reflection plate 308a ‘is heated'locally for.example;

: The emission intensity of the infrared:ray;lamp_'
"of.the_third emhodiment has directivity in the x-axis
direction as shown in FIG. 11. For thislreason,'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
refiection plate 3d8a is reduced considerahly because of
~ changes mith'time; the adherence of stains, etc., the
effeCt on the directiOnalfdistribution of the'emission
intenSity'in the sixth embodiment is less than that in the-
case when the conventi.ona,l infrared ray lamp shown in F]fG.
22 is used for example.

«Seventh embodiment)

Next a heating apparatus us:Lng the infrared ray
lamplin 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
: s:thh embodiment is disposed 90 degrees rotated around the

center line of the 1nfrared .ray lamp.
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-FIG; 19 is a perspective view showing.the
positional.relationship'between'the infrared.ray'lamp and
'the infrared ray reflection plate 308b of the heating
apparatu's of the seventh embodiment. Howe.ver in FIG. 19, .
the central.portion of the 1nfrared.ray'1amp is not shown.
Furthermore, since the 1nfrared ray lamp used herein is
thelihfrared ray lamp @escribed in the third embodiment,
its explanation is omltted. | |

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 disp051ng the reflectlon plate 308b as
_described above, the directlonal distribution of the
emission intensity of infrared rays is substantially equal
to that of the f£ifth embodiment shown in the part (a) of
the.above-mentioned'FIG.“17. In other worqe, similar
- directional distribution of the emission intensity as that
of the fifth embodiment_can'be'obtained by'ﬁsing'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 ahd oppoeed to the
reflection plate 308b is heated substantially uniformly
- for example.

Furthermore the infrared.ray lamp of the third
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embodimeht shown in FIG. 10 has directivity in emission
intensity as shown in FIG. 11 by'ltself For this reason,
.1n the heating apparatus o_f the seventh embodimeht, in the
case when the reflectivity of the-reflectien plate'308b'
is reduced.considerably'because of changes w1th time, the
~adherence of_stains, etc., the effect on the directlonal
distribution.of the emiseion intensity is less than that
_in the case'wheh the'conventional infrared ray lamp shown
in FIG. 22 is ﬁsed for example.

o | In the infrared ray lamp of the present invention,
the intensity of the infrared rays emitted _:Erom'the heating
: "element has directivity described below. In other werds .
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
_heatihg element has a small value thet is substantially
negligible in_comparison with the ﬁaximum value.._The
-_cohventional reflection plate is not required to be used
for such a use whereih an ihfrared raf lamp having‘such
' directivity'is suited, whereby the 1amp can be etructured
'simply The 1nfrared.ray lamp>hav1ng this structure does_
not cause reductlon in the reflectiv1ty'of the reflection
'plate, thereby preventlng reduction in eff101ency.

In additlon in the case when the infrared ray
lamp of the present invention has a reflection film the

intensity dlstrlbution_curve of the emission of ;he
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infrared'rayslemitted from the heating element can be
adjusted to have a predetermined shape. | As a result, the
intensity of the infrared rays emitted in unnecessary
directions can be restricted whereby the infrared ray
lamp of the present invention exhibits good emission
efficiency. Furthermore unlike the reflection plate,
the refleqtion-face of the reflection film is not stained
by external adherents and the like. Moreover, changes
with time in the shape of the.reflectien £ilm and the like
are-less'significant than those of the reflection plater
As a resuit,-the high reflectivity of the reflectiqn film
is maintained for a longer period than that of the
-_reflection plate. The infrared ray lamp of the.bresent
invention therefdre-maintains its good characteristics
for a long time.

| In the infrared ray lamp of the present invention,
by nrpviding_the reflection £film at a_position desirable
fnr the heating element, | the intensity of the infrared'rays
reflected by and emitted from the reflection film can be
increased in:a specific direction, and the range of the
high emission inten_sity can be narrowed. As a result . the
infrared ray lamp of the present invention having this kind
of reflection film,beeomes a device suited for a use
wherein the area lin the direetion opposed to the reflection

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

the like in a copier.
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Furtherlﬁore, in the infrared'_-ray lamp. of the
present invéhtion, by providing the refledtion film at
another position desirable fqr.the heéti_.ng element, the
| infensity of the infrared rays refléc.ted by and emitted
fror_n"i.:he reflectioh filxh can be made substantialiy the same P
' whe:eby the range of the emission intensity can be w'idenéd.
As a result, the infrared ray lafnp lof thé pr'eseﬁt invention
having this kind of reflection £ilm becom.es. a dev.icle suited
. for a use wherein thé_ entire flat face of an object placed
in parallel with the heating element and opposed to the
} feflection f_ilm is.heéted uniformly, for exémple;- s'uited
fof a toéster. |

I:ﬂ _fhe mét_hod of produciné the infrared ray lamp
:I,ﬁ acc_ordahce witﬁ 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 acqordance w:_i.th the
lpresel;:_t i‘n\'rentién, the infrared ray lamp of the present '
invention has similar shape as that of the conventional- '
‘infrared ray lamp:; for this reé.son, the infrared ray lamp
of the conventional heating apparatus can be replaéed with_
. the infrai:ed ray lamp of the present igventioﬁ. As a
result, by providing the conventional heating apparatus
with the infrared ray lamb having directivity in the

emission intensity of infrared rays, a heating apparatus
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having good characteristics can be obtained, and the
heating apparatus can be u'se.d for heating'ob'j ects or rooms.

In the:heating apparatus_of the present
invention;_by'installing'the_semi-cylindrical reflection.
plate instead.of_the reflection.film; the direction curve
of the_intensity of the emission:of the infrared_rays can
be adjnsted-to have a predetermined shape. With this
structnre of the infrared ray lamp of_ the heating ‘apparat.us
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 _ |
fapparatus, since the infrared ray lamp has.directivity.
For this reason,ithe heating efficiency of the heatingg
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 f£ilm at a
position desirable for the heating element, the intensity_
of the infrared rays reflected by and emitted from the
reflection filnlcan be 1ncreased.1n.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
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direction opposed to the reflection film is heated
locally. ' |

Furthermore, in the heafing apparétﬁs of the
present invention; by prdviding the refleétion £ilm ét
,anotﬁer position.deéirable for the héating element, the
infensity of the infrared rays refledted by'and emifteﬁ
from the reflection £film can be made 'subst.antially the same,
wher'eby the range of the emissibn intensity can be widened. ‘
As aresult, the heating apparatus of the preseﬁt invention
having this k.ir..'n_d.of ref_léction film becomes a device suited
for a use wherein the entire flat face of an object.placed
in patallel-with the heating element and opposed fo-the
~ 'reflection film is heafed uniformly.
| Although'the preseht inventioh has been
describedintermsofthepresentlypreferredembodiments,
it is to be understood that such disclosure is not to be |
inferpreted as.limiting. but #arious altefatiohs and
modifications-Will hO'doubt'become apparent to those
s_killéd in the art to which the present i.nvention'pe_.rtains .
after having réad'the abo&e_disclosure: accordiﬁgly, it
- is intehded thét the appended claims'be interpreted as
covering all alteratioﬁslandlnodifications as fall within-
the true épirit and scope of the inventiqh.

- INDUSTRIAL APPLICABILITY
The.present-invention, relating fo.a;heating

apparatﬁs for heating objects, rooms, etc., can provide
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a heating apparatus that emifs infrared rays highly
.e_ffic':iently énd has a long life 'by_ using an infrared ray
lamp widely used as a heaf‘.. source, and can also provide
a ve.r_satile apparétus wh,erein _the directivity ofl'infrared
ray emission can be's'elec'ted-ldepending on an object to be

- heated.
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- CLAIMS

1. An_infrared'ray lamp comprising:

at least one heating elemént having a -
subst_aﬁtially plate shape, hévin.g fecéssed pqrtions in the
vicihities.of'both ends thereof and formed of a
carbon;bésed substance,

| fheat-émitting blocks having good cbnductivity

“to whichlboth,énd portions of said heét;ng element are
_inserted and bonded,

_ a'sintered substance of an adhesive.formed.and”
sintered on the bbnding faces of said heating element
. bonded to,said.heat-emitting blocks at the regions in-the
vicinities'of both end portions including the recesséd.
'portions of said.heating'element,
| a glass f.ube in which said heatirig element, sa.id
sintered_substance of éaid adhesive and said heat-emitting
blocks are hermeticallj sealed together with an inert gas,
and - _ _ -

| . lead wires electrically connected to said
heat—emitting Slocks, the end portioné Qf-whidh are led
out of said glass'tubé.
2. An infrared ray lamp in accordance with claim
1, wherein a groove is formed in the facésof said
'-heat-emitting block bonded to said heafing element.
3.'Aq infrared'ray-lamp comprising:

at least one heating element having a
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éubstantiai-ljr’ plate shape, having recessed portions in the
vicinities of both endS'thereof,'aﬁd formed of a
carbon-based substance,

heét-emitting blocks having good conductivity
and.éach split into two pieces, between which both end
I_poftipns’df said heating element are saﬁdwiched,

a sintered'subsfande of an adhesive f6rmed and
sinte:ed-dn the.boﬁding faces of said heating element'_.
bonded to said heat-emitting blocks at the rééions_in fhe
vicinities of both end portions inclﬁding the'recesséd -
.portions of said heatihg element, |

a glass tube in which said heating element, said
sinteréd substance of said adhesive and said heat-emitting

blocks a:r."e h_efmetically sealed together with an inert gas,

. and.

lead wires electrically connected to. said
: heat-éﬁitting blocks,; the ehd.pbrtions of which.are taken
-outside Said glass tube. |

. 4 An inffare’d ray lamp in accdrdémce with claim
3, wherein a projectéd portion is fbrmed‘on at least ohe
of éaid.heat?emitting blocks éb as to be fittedlinto.séid
.recessed portion of-said heatiﬁg element. |

.5 . An il;;frared ray lamp in accordance with é:laim._

1, 2, 3 or 4, wherein said heat—emitfing blocks afe formed
of a carbon—baéed sintered substanée,

6. An infrared ray lamp in accordance with claim
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1, 2, 3 or 4, wherein sald adhesive is formed of a liquid
.:carbonebased'substance that becomes a carbon-based
'sintered substance when neated.

| 7. A method of prodncing'an infrared ray'lamp
oomprising: | ' ' |

.a step of forming.reoessed 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 adheéije formed of
a'carbon-based organiC'substance to-the regions in the'
vicinities of both ends-including the receesed'portions
of said heating element, |

asteoofinsertingandbondingbothendportions
of said heating element to the end.portione-of heat-
emitting blocks having good conductivity by using said
adhe51ve,

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

a step of sealing said.heating element and said.
heat-emitting blocks inside said.giass tube together‘with
an inert gas,'and of taking the end portions of the lead.
wires electrically connected t'o .said heat-emitting'blocks -
outside said glaSS'tube.

8. An 1nfrared ray lamp compr151ng

a heating element haVing a substantially plate'
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shape, the width of which is larger than its thickness by
five times or more, |
.a glass tube in which said'heatihg element is
'hermetically sealed, and
B two electrodes embedded at both end.porfions of
said glass tﬁbe,.electrically connected to both ends of -
said heating element respectively and also electrically
cennected to an external electric circult.
9.. An infrared ray lamp in accordance with claim
8, further comprising: |
two'COnnection_deviceslseCured to Both end
-lportions of-said heating element respectively and
electrically coﬂnected to seid-heating element,'and
| lead wires secured to said connection devices
: .an'd- said elecfrodes so as to puJ.l both ends of said heating
_element at a'predetermined tension and used,to. :
electrically coenect said connection devices to said
- electrodes. | |
10. An infrared ray lamp.in accordance with claim
9,-wherein said'cohnection device has'a'heat-emitting
block, the cross-sectional area of which is lerger than
the cfoss-sectional' area of se:l,d hea.tin‘g elemeht ona pla'ne
pefpendicular tO'theidirectien-Of the curreef fiowing
through said heating element, in o:der to. prevent said 1ead
.wi;es=ffom being overheated by emitting heat transmitted

from said heating element.
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11. An infrared ray lamp in accordance with claim
8, wherein a reflection £ilm for reflecting infrared"-rays
is ﬁrbVided.On the internal or external face of said glass .
.tﬁbe so that the emission intensity of said infrared'rays
"emitfed from said heating elemenf'has a predétermined
‘distribution. |

12. An infrared ray lamp in éccordance with claim
11, wherein said reflection film having a semi-cylir;dricai
éhape'being Subsﬁantially'coaxial.wifh.the center line of.
.saidheatingeleﬁentiﬁthelongitudinaldiredtiontheréof'
is provided along substantially similar length.és that'of-
the. in'frlared fay emitting portion of said heating element.

13. An infrared ray lamp in accor.dance with claim
11; wherein the cross section.of saidprefleétidn filmihas
a shape forﬁéd.of a part of a parabola having ifé_focus 
substantially{bn the center line of said heating.eiement
in the longitudinél direction-thereof, along
-'subétanfially similar iéngth'as that of the infrared ray
.emitting portion of said heating element.

14. An infrared faiy lé.mp in accordance with claim
11, wherein thé'dross section of said reflection £ilm has
a shape formed Qf a bart of an ellipse having one of its
-focﬁseé substantially on the center line of said.hgating
" element in the longitudinal direction thereof, along
subsfantially'similar length as that of the infrared ray

‘emitting portion of said heating element.
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15. An infrared ray lamp in accordance with claim
12; wherein the central portionjof the cross section of
eaid'reflection film is disposed so as ro be opposed to
the wider side portion of said heating element.

'16. An infrared ray lamp in accordance wii:h claim
12, wherein the central portion of the cross section_of
said reflection:film is disposed so as to be opposed ro
fhe narrower side portion of . said heating element.

| '17. A heating apparatus provided with an
1nfrared ray lamp compr151ng. _

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

a glass tube in which said heating-element is
hhermetically eeaied, and | | |
| - two electrodes 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. _

| 18. A heating apparatus in accordande with claim
17, wherein said infrared ray lamp further comprises-
two connection deVices secured to both end
portions of said heating element_respectively and
eieetrically connected te said heating element, and
 lead wires secured to said connection devices

and said -eléctrodes se as to pull both ends of said heating
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element at a predetermined tension and used to
'electrically'connect said connection devices to-said
electrodes.

19. A heating app'aratus'in accordance with claim
17 or 18, further comprising a reflection plate for
reflecting infrared rays so that the 1nten51ty of said
infrared rays emitted from said heating element has a
predetermined directional distribution.

20. A heating apparatus in accordance with cl.ai-m. '
- 18, wherein said reflection plate has a semi-cylindrical_
shape'being substantially coaxial with the center axis of
.saidiinfrared ray lamp.

| 21. A heatlng apparatus in accordance with claim

18, wherein the cross section of said reflection plate has
a_shape formed of a_part of a parabola having its focus
substantially on the center axis of said infrared ray lamp.

22. A heating apparatus in accordance w:.th claim
18, wherein the cross section of said reflection plate has
a shape formed of a part of an ellipse having one of its
focuses substantially{on'thelcenter axis of said infrared
ray lamp. | |

| 23. A he.ating apparatus in accordance with claim

19, wherein the central portion of the-cross section of
said reflection plateris disposed so as to be opposed to
‘the wider side portion of said heating element.

24. A heating apparatus in accordance with claim
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19, wherein the central portion of the. cross sectioh.of
| said_reflectibn plate is disposed so as to.be opposéd.to
the narrower Side pdrtion of said heating element. |

25. A method of producing an infrared ray lémp,
'_comprising:

a sfep of fo;miﬁg a_giass tube by forming glaés-
into a substantially cylindrical shape,

a step of hermetically sealing a substantially
plate heating element, the width of which isllarger:than:
its thickness by five timés or more, inside said glass tube
soithat the center line of Saiddheating elemehf id'the.
1ongitudina1"directiod thereo: is substantiaily‘coaxial
with thé cenfer éxis of said glass tubé, and

 a step.of forming a reflection £ilm for

'. reflécting infraied rays into a substantially semi-
cylindrical s.hape on the exj:erndl face of the cyliﬁd;_:ical
shape of said.glass'tube so-as.tb éubstantially include
the range of the dispoéition ofusaid heating element_in
the axial direction thereof. | .

.26: A method of ﬁroducing an infrared ray lgmp,.
comprising: |

" a step of forming a glas; tube by formingfglass
' into a substantially cylindrical shape,

a step of forming a reflection film for
reflecting ihfraréd rays_into.a'predetermihed

' substantially semi-.cy_lindrical shape on the ez&,ternal face
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or the internal face of the cylindrical shape of said glass
_tube, and | . .

a.step of disposing a substantially plate
heating_elemént, the wiﬁth of which is-larger.than.its
thickness by five times or more, SO as to be included'i#
the-axial range wherein said reflection £ilm is disposed,
and of hermetically sealing said heating element.inside-

said glasé tube.



