VACUUM : MULTI - LAYER GLASS AND | TS MANUFACTURI NG MVETHOD

TECGHNI CAL FIELD 5 The' present invention relates to vacuumnultil ag)?a‘f’q!
glass and its . manuf acturing method. BACKGROUND ART A
conventional nethod of manufacturing vacuumnultilayer glass 10 wll be
descri bed below with reference to Figs. 6(a) and 6(b). In Fi g7/
6(a), the peripheries of two glass plates 100 and 101 are seal ed w

a seal i ng nenVACUUMt MULTItMAY¥ER TGALASS ANBs itheMANUFACTURING
melting point_is inserted into an insertion hole 103 of the glass °
pl ate 100 andMIBTHE2d to the glass plate 100 with soldering glass 15 105=
The ot her end of the glass tube 104 is connected to a vacuum punp 10
whi ch evacuates the space between the glass plates 100 and 101 and

keeps it in aTHRCHNICAYNEEELDhi s condition, the portion of the glass tube

104 which corresponds to the height h[err] is heated and nelted by a
heating 20 devi c@heapieseneinvaitem relatémeto aacuem nhdtilayer)glass and its I n

Fig. 6(b), thxena%u%ggtlfrﬂpgem%(gﬁod.s sealed at the height h[err] so as to form

BACKGROUND ART
A conventional method of manufacturing vacuum multilayer glass
10  will be described below with reference to Figs. 6(a) and 6(b).
In Fig. 6(a), the peripheries of two glass plates 100 and 101 are
sealed with a sealing member 102 therebetween. Then, a glass tube 104
having a low melting point is inserted into an insertion hole 103 of the
glass plate 100 and soldered to the glass plate 100 with soldering glass
15 105.
The other end of the glass tube 104 is connected to a vacuum pump
106 which evacuates the space between the glass plates 100 and 101 and
keeps it in a vacuum. Under this condition, the portion of the glass tube
104 which corresponds to the height h, is heated and melted by a heating
20  device (a burner, electric heater, or the like).
~ In Fig. 6(b), the glass tube 104 is sealed at the height h, so as to form
a protruding end 104a. This completes the manufacture of vacuum
multilayer glass.
On the other hand, Japanese Patent Application No. 5-
25 501896 "THERMAL INSULATING GLASS PANEL AND ITS
CONSTRUCTION METHOD” discloses another conventional method of
manufacturing vacuum multilayer glass. This manufacturing method
will be described below.
Figs. 7(a) and 7() show the manufacturing method of vacuum

30  multilayer glass.



a protruding end 104a. This conpletes the manufacture of vacuum

mul ti | ayer gl ass. ‘On the other hand, Japanese Patent - Application
No. 5- 25 501896 "THERVMAL | NSULATI NG GLASS PANEL AND I TS CONSTRUCTI ON
METHOD' di scl oses anot her conventional nethod of manuf act uri ng vacuum
mul til ayer glass. This manufacturing method wi |l be described bel ow.

Figs. 7(a) and 7(b% show t he manufacturing nethod of vacuum 30 nultilayer
gl ass. n Fig.7 (a)nthe peripheyiest ¢fetype glasseplates dl0t apd gl Hsergl at es
110 and 111 are .seal ed wth sealing . ,mterial 112 .therebget n. Then,
a short glass sealed wiflk & Soaling Butarald 12thPreBeivaonc e i Saor alass
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and an exhaustphit®@10by 4 soldétiaglebabst1 & he vacuum dr awi ng chanber 116.

A vacuumis drawn on the vacuum dI‘aWi{)llg chanmber 116 with a vacuum punp
t hrough t héd exhausthpi glass 1ghorgotuke t blexhaceveredewith a gyacyumdrawipeice
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a chamber 116. A vacuum is drawn on the vacuum-drawing chamber 116
with a vacuum pump through the exhaust pipe 117, so as to exhaust the
air in the space between the two glass plates 110 and 111 through the
10 glass short tube 114.
The top of the glass short tube 114 is heated and melted by a
localized heating device (a localized heater, infrared lamp, or the like)
which is provided inside the vacuum-drawing chamber 116.
In Fig. 7(b), the opening of the protruding end 114a of the glass
15  short tube 114 is sealed. Thus, the opening of the glass short tube 114 is
sealed and the manufacture of the vacuum multilayer glass is completed.
In Fig. 7(a), the spot facing surface 113 has a depth a, from the
thickness center of the glass plate 100.
In Figs. 6(a)-6(b), when the glass tube 104 is melted by the heating
20  device, if the melting position of the glass tube 104 is close to the glass
~— plate 100, the soldering glass 105 is heated and melted, causing a vacuum
leak. To avoid this, the height h, must be large enough. Consequently,
the glass tube 104 has a high protrusion. The high protrusion of the
glass tube 104 causes a problem that when the vacuum multilayer glass
25 is used as a house windowpane, the glass tube 104 touches the sash frame
when the window is opened or closed.
In Figs. 7(a)-7(b), the glass short tube 114 is heated and melted by
the localized heating device provided above the glass short tube 114, so as
to seal the opening of the glass short tube 114.  Therefore, it is necessary

30 to control the heat capacity of the localized heating device so that the



| ocal i zed heating device (a localized heater, infrared lanp, or the |ike)

whi ch is: provided inside the vacuum drawi ng chanber 116. In-Fig.
7(b), the opening of the protruding end 114a of the glass 15 short tube
114 is seal ed. Thus, the opening of the glass short tube 114 is seal ed

and the manufacture of the vacuumnultilayer glass is conpl et ed.
In Fig. 7(a), the spot facing surface 113 has a depth a[err] fromthe
t hi ckness centwide(ring rgdasg 446 phétﬁual@@rt of the glassl plalﬁe 0510 Gfraqind(the when
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t ube 104 causes a r obl emthat when the vacuum nmultil ayer glass 2 I's used
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heat capacity diimieber, khe akhaest feenithng HﬁVdecﬁléglatsbéhobee 114 becomes
2 larger, so that it takes time to reach a predetermined degree of vacuum.
10 Furthermore, when the space between the two glass plates 110 and
111 is in a vacuum, the glass plates 110 and 111 are warped by the
atmospheric pressure so that their centers become concave. As a result,
a tensile stress acts on the portion below half the thickness of the glass
plate 110, whereas a compressive stress acts on the portion above half the
15 thickness of the glass plate 110. Since the space facing surface 113 of the
glass plate 110 is formed at the level lower than half the glass thickness
by a,, a tensile stress acts on the stage portion of the spot facing surface.
Generally, glass plates are resistant to compression and vulnerable
to tensility, so that it is not preferable in view of the durability of glass
20 plates to provide a spot facing surface at the level on which a tensile
stress acts as in Fig. 7(a).
In Fig. 7(a), a spot facing process is needed in addition to a drilling
process, which results in a decrease in the production efficiency.
Therefore, the first object of the present invention is to provide
25 vacuum multilayer glass with excellent durability by making the
protruding end of the glass short tube be short enough to prevent the
glass short tube from being damaged while it is handled, and further to
provide the manufacturing method of the vacuum multilayer glass.
The second object of the present invention is to provide vacuum

30 multilayer glass having further excellent durability by setting the base of



sol-dering glass 115 and the part of the glass plate 110 around the
sol'dering glass 115 are not' heated and nelted while the | ocalized heating
device is being used. Consequently, it is inevitable to use the glass short
tube 114 having a small outer dianeter. However, the use of the glass 5
short tube 114 having a small outer dianeter causes a problemthat the

gl ass short tube 114 may be broken while it is being handl ed. I n
addi tion, whemht giasgltabe amhtlet levaben Whichascamprassivei stness is appliedi amdt er ,

t he exhaust resistance inside the glass short tube 1&4 becones .
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Furt her nor e, \#?en t he space between the two glass plates 110 and 111
is in a vacuu®®the gl ass plates 110 and 111 are warped by the

at nospheric pressure so that their centers becone concave. As a result,

a tensile stress acts on the portion below half the thickness of the glass
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In Fig. 7(a), a,spot .facing prqcess is needed in,addigion.to rilling
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method after the space is evacuated, and the distance between the main

surface of the glass plate and the protruding end of the glass tube is made
not longer than 3mm.

15 According to this construction, when the vacuum multilayer glass is
used as a house windowpane, the glass tube does not touch the sash
frame when the window is opened or closed. As a result, there is no fear
of the glass short tube being damaged while it is handled. Thus, it
becomes possible to provide vacuum multilayer glass with excellent

20  durability.

When the base of the glass tube is attached to the main surface of
one of the glass plate, the depth of insertion can be smaller than half the
thickness of the glass plate.

Consequently, when the hole into which the glass tube is inserted

25 has a stage, the stage is on the level not exceeding half the thickness of
the glass plate. By evacuating the spuce between the two glass plates,
the two glass plates are warped by the atmospheric pressure and their
centers become concave, so that a compressive stress acts on the stage of
the stage-provided hole. Since glass plates are generally resistant to

30 compression, they do not conveniently suffer from a decrease in



protruding end of the glass short tube be short enough to prevent the

gl ass short’ tube from bei ng ‘danaged while it is handl ed,
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provi de the manufacturing nethod of the vacuumnultil ayer gl ass.
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is evacuated through a glass tube attached to the main surface of one of

the glass plates, there is a feature that a thermal insulation member is
attached in the middle of the glass tube before the melting of the opening,
so as to prevent the heat generated while the opening is being melted
from reaching the glass plate.

The thermal insulation member attached in the middle of the glass
tube before the melting of the opening enables the radiant heat generated
during the melting of the opening to be prevented from reaching the
soldering glass or the part of the glass plate around the soldering glass.
As a result, the melting position of the glass tube can be closer to the glass
plate.

Therefore, when the opening of the glass tube is sealed by melting,
the distance from the main surface of the glass tube to the protruding end
of the glass tube can be shorter than 3mm. As a result, when the
vacuum multilayer glass is used as a house windowpane, the glass tube
does not touch the sash frame when the window is opened or closed.

Furthermore, the outer diameter of the glass tube can be made
larger because the soldering glass and the part of the glass plate around
the ~oldering glass are not melted even if the heat capacity during the
melting is increased.  As a result, the glass tube can be prevented from
being damaged while it is handled, which results in an increase in the
productivity.

The thermal insulation member is preferably made from a metal or
a fire-resistant material.

The thermal 1nsulation member can improve its oxidation resistance

and extend the life by being made from a metal (a noble metal such as



to evacuate the space, the opening of the glass tube is sealed by a nelting
met hod after the space is evacuated, and the di stance between the nmain
surface of the glass plate and the protruding end of the glass tube is made
not |onger than 3mm 15 According to this construction, when the
vacuum nul til ayer glass is used as a house w ndowpane, the gl ass tube
does not touch the sash frame when the wi ndow is opened or closed. As
a result, thergatiaunoof elddium, stainlédse ngllplsderniny tadtahemper nipbdamoec whil e
it is handl ed. Thus, it beconmes possible_to_ provi de vacuum mul ti | ayer
glass with exduetiesistant matesisl |(Fuch as a mica lammatiqhelagser glurpaus)l ass
tube is attached,t,o the main surface of one of the glass plate, the
dept h of |nser°txi%(ﬂ can be smaller than half the thi ckness of the glass

pl ate. Gens 9FERPAbNS. thalt €Re trhelthn) Sftmat Qpé/meh)fttlﬂ@ dhastudipe 1s

inserted 25 has a stage, the stage is on the |evel not exceeding half the
t hi ckness of condutérbingh agssuwinat e. By evacuating the space between the two
gl ass pl ates, t he two gl ass pl war ped by, the atnospheric
pressure and thei rBY Condt‘%trﬂ?%rfileb@@ g@g gpenige; Hathe, glasspiudies iy &
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suffer from ahdaci€asein Bhe air when heated to a high temperature, thereby 4
lengthening its life to a large extent.

10 In addition, in a vacuum, the heat of the heat insulation member is
not directly conducted to the soldering glass, which is made not to be in
contact with the heat insulation member, so that the soldering glass is

prevented from being easily melted.

15 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view of the vacuum multilayer glass of the
present invention.
Fig. 2 is a cross section taken along the line 2-2 of Fig. 1.
Figs. 3(a)-3(c) show the first manufacturing process of the vacuum
20  multilayer glass of the present invention.
Figs. 4(a)-4(c) show the second manufacturing process of the
vacuum multilayer glass of the present invention.
Figs. 5(a)-5(b) show the elastic deformation of the vacuum
multilayer glass of the present invention.
25 Figs. 6(a)-6(b) show the manufacturing method of a conventional
vacuum multilayer glass.
Figs. 7(a)-7(b) show the manufacturing method of another

conventional vacuum multilayer glass.

30 BEST MODE FOR CARRYING OUT THE INVENTION



durability. In the nmethod of manufacturing vacuum multil ayer

gl ass of the present invention where the peripheries of tw gl ass

pl ates are seal ed wi th a spacer therebetween, then the space between
the two glass plates 5 i s evacuated through a gl ass tube attached to the
mai n surface of one of the glass plates, there is a feature that a
thermal insulation nmenber is attached in the mddle of the glass tube
before the meltingThe meO@MﬂMQf the vawnasmultﬂpyeveglhasst :oé thea1|:>re§ent%rl gt ed
whi |l e t he openi |.S mel,t ed fromreachin ass p e
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during the nmelting ning to be prevente m r eac |ngt

sol dering gl astief@fericbelmbérsof the gl ass plate around the sol deri ng gl ass.
As a result, the nelting position of the gl ass tube can be closer to the
glass 15 Plate. Fig. 11s a purepeqiviceyvienhohthtwaowemi mylilayenelgsmot thabe is
seal ed by nelt] o he di stance fromthe main surface of the glass
tube to the pr%{}?%uﬂfﬂbve of the glass tube can be shorter than 3mm
As a result, when ffe vacuumvﬁ‘ﬁﬂﬂfﬂ'\@r”gtléésal/%m f‘?sééa'iﬁsﬁﬁfﬂ 3%1 %ﬂ

w ndowpane, the glass tube does not touc the sas ra en t

wi ndow i s opensmtond glamxdme 3 which are cﬁslpdisiedr\mnh? ﬁkétliagmﬁeetrheddlaladmte@thI ]
the gl ass tube can _be ma | ar ger because the sol dering glass an e
partgof the gl &ssgabnatréem%@ﬁrf’d for sealing the glegiphienigs fathe Gres and seeonded

ft h t s, hcreased. As
(ra\e/esﬂj ![ t @ gF u%g{dc%nqbd’ %ébgﬁ? ﬁmftrgo%t?%he% @eﬂﬁ’gm&é‘ﬁﬁ Hacanf ?1%'9’ it is
handl ed, whi Chﬁf'étfplé&zs‘? for @ﬂchﬂﬁﬁ@@ﬁ@ shiled Bftween the first and second plates 2
and 3.

Fig. 2 is a cross section taken along the line 2-2 of Fig. 1.
The exhaust unit 5 comprises a stage-provided hole 6 which has a
15 stage 6a on the level higher than half the thickness t of the first glass
plate 2 (in other words, higher than the center line c), a glass short tube 7
which is inserted into the stage-provided hole 6 and whose protruding end
7a 1s sealed by melting, and soldering glass 8 for soldering the glass short
tube 7 to the first glass plate 2. The protruding end 7a of the glass short
20  tube 7 has a height h which is not larger than 3mm.
el The stage-provided hole 6 consists of a larger diameter portion 6b
and a smaller diameter portion 6¢c. The specific sizes of these diameters
will be described later. The hole diameter of the larger diameter portion
6b is made slightly larger than the outer diameter of the glass short tube
25 7. The hole diameter of the smaller diameter portion 6¢ is made smaller
than the outer diameter of the glass short tube 7 so as to prevent the glass
short tube 7 from coming off from the smaller diameter portion 6¢c, and
also made to have an appropriate size so that it does not take too much
time to draw the vacuum.

30 The soldering glass 8 is formed either by pressing and burning



productivity. The thermal insulation nmenber is preferably nmade
froma netal or a fire-resistant material . The t her mal

i nsul ati on nenber can inprove its oxidation resistance 30 and extend the
life by being made froma nmetal (a noble nmetal such as

pl ati num or rhodi um stainless, nolybdenum tantalum or niobium or a
fire-resistant material (such as a mca |lamnation plate or alum num

oxi de). powerland forprieg érinpd @ vihaor bpkneadingpowder ido apeasteg of t he
glass tube is 5 nduced jn a.vacuu

By copducting the lting
of the opening of mandactuynRg F‘Ff*tg](’d of th‘?a‘ﬁ%ﬁhﬂﬁmtméﬂglﬁgﬂ‘r& aﬁsn%fuﬂg% i on
menber is lersr}r%.xﬁiiﬁ%g{lﬁgl?éﬂﬁ.@rﬁeoéie%gfibedtaﬁtfﬂﬁ&néf is in the air when heated

to a high tenperature, engthenrng its life to a large extent.
10 I n addi tFigs. 3{al)-3tc) shomti bhe st Beaiufaéturiify peiiest 86 thataedunenber
S not directly conducted to the soldering glass, which is nade not to
be in Scormubiilaypr relase ofiethte ipresdrdt imventimmber In sBigt hd(a).t hhe sghgder i ng
glass is ppxros"lv egt ﬁgleféolgn orme i%aﬁlle! ¥irst lgtla%%' plate 2. Since the larger

diameter portion 6b and the smaller diameter portion 6¢ of the stage-
provided hole 6 can be processed at the same time in a single drilling
process with a stage-provided drill, the process of the conventional spot

10 facing (refer to Fig. 7(a)) becomes unnecessary, and the production
efficiency is improved.

Then, the first glass plate 2 and the second glass plate 3 are
disposed with a fixed space therebetween, and the peripheries of these
glass plates 2 and 3 are sealed with the sealing material 4 (refer to Fig 1)

15  therebetween.

In Fig. 3(b), the glass short tube 7 is inserted into the stage-provided
hole 6 of the first glass plate 2, and the ring-shaped soldering glass 8 is
provided around the glass tube. The soldering glass 8 may be applied in
the state of a paste.

20 In Fig. 3(c), the soldering glass 8 is burned in a kiln and used to
~— solder the glass short tube 7 to the first glass plate 2.

Figs. 4(a)-4(c) show the second manufacturing process of the
vacuum multilayer glass of the present invention. In Fig. 4(a), a thermal
insulation board (thermal insulation member) 10 with a hole is inserted

25 1into the glass short tube 7.

The thermal insulation board 10 can be round. rectangular. or
polygonal as long as it is a plate having a hole in the center. However.
the outer diameter of the hole of the thermal insulation board 10 must be

larger than the spot diameter d of the infrared radiant heater 11 shown in

30 Fig. 4(b).



15 BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a perspective view
of the vacuum nultil ayer glass of the - present invention.

Fig. 2 is a cross section taken along the line 2-2 of Fig. 1.

Figs. 3(a)-3(c) show the first manufacturing process of the vacuum 20

mul tilaver glass of the present invention. Figs. 4(a)-4(c) show

t he second manufacturing process of t he vacuum mul ti |l ayer gl ass of the

present inventi on. The hole amqiiegg thy therma)) insulatiambeoandakd l&:mﬂ@BcﬁOrhet i on
i gs. 6(2) - 6( B EhSHOERE ReRtmasE enEAsSr B 3105 COHVBrETBHIFE o the/acuum
of another — %‘ié%‘ﬁbé‘h%‘?‘%%‘an BolR L0 P BN 08 ERD A6 S WA "o ew
CARRYI NG OUT THPropiENET$i@Nso as to prevent the infrared ravs from gomg through thet
5  hole of the thermal insulation board 10 and melting the soldering glass 8
below the thermal insulation board 10. The thermal insulation board 10
is preferably made from either a metallic material (a noble metal such as
platinum or rhodium, iron, molybdenum. tantalum, niobium, or an alloy
such as stainless) or a fire-resistant material (such as a mica lamination
10 plate or aluminum oxide). This is because stainless, platinum, and a
mica lamination plate have excellent high-temperature and oxidation
resistance. When the thermal insulation board 10 made from a metal is
used, it is necessary to prevent the thermal insulation board 10 from
being in contact with the soldering glass 8. This is because their contact
15  might cause the heat of the thermal insulation board 10 to be directly
conducted to the soldering glass 8 and to melt it.
In Fig. 4(b), a vacuum-drawing chamber 13 is fixed on the first glass
plate 2 with an O-ring 12 therebetween in the vicinity of the exhaust unit
5. The exhaust unit 5 is covered with the vacuum-drawing chamber 13.
20 The vacuum-drawing chamber 13 is provided with an infrared-permeable
— glass 14 (quartz glass or the like) on its upper window.

The vacuum-drawing chamber 13 is evacuated through the exhaust
pipe 15, so as to exhaust the air in the space between the first and second
glass plates 2 and 3 in the direction indicated by the arrow. As the

25  result, the space between the first and second glass plates 2 and 3 is
under vacuum.

Then, infrared ravs 1lla are emutted from the infrared radiant
heater 11 which is placed above the infrarcd-permeable glass 14.

In Fig. 4(c), the protruding end 7a f the glass short tube 7 is melted

30 by the infrared rays 11a s0 as to seal the tup end of the glass short tube 7.



The. enbodi nent of the vacuumnultilayer glass of the present i nvention
wil'l be detailed with reference-to the drawi ngs. These drawi ngs are
supposed to be seen in the direction indicated by the ref erence
nunbers. 5 : Fig. 1 is a perspective view of the vacuummultil ayer

gl ass of the present invention. The vacuum nul til ayer gl ass
1 conprises a first glass plate 2 and a second gl ass plate 3 which are

di sposed Wi t hipagHib ¥&¢k, $hatleerinialriabelati@rboard 10 efleel thegnframberays 1 ha
sealing the peripheries of the first and second_ 10 plates 2 and 3, and an
exhaust unit Shioht gelstehight areundhihe gladsashorbitubael so as to pravept dhese f or

ti th b t he f,i. | gt 2 d 3.
Blo 5 1o a CRSSEeagers Sl trpen fCatting thR e RRo ks Frg” 1
The exhaust unit ’f’h&omdxﬁﬁ%rﬁ“ﬁﬁggéha%ﬁéﬁdﬁﬁ mvﬁlqnwig.h 4185 i@ #Ren St age

6a on the level higher than half The thickness t of the Tirst glass

plate 2 (i otdmovadofirds, thei figse iglddsaplatd2, amdthe themealcnsulatiimbearshb® t t ube
7 which is inserted intg the stage-provided hole 6 and whgse
protruding end removed fromsethesBlpgs n@}qrr ntubeant $beredyi sgmpleldng sthey

sol dering the gl ass _ shor tube 7. to0 thg first glass plate 2. The
pr ot rudi ng en'&“g”?éi'%%cftu ?18*81%"5 C“é‘ﬁmul -‘%rtﬁgss?i‘has a height h which is not

| arger than 3Mm g 5(a)-5(b) Néhow 28ike PeRVtEEdeltthfatiort 0BS5S tHeS wicudn ar ger
di anmeter portion 6b and a smaller dianmeter portion 6¢c. The specific

si zes of thesmuliilayer glass of the prédenténvastion.bed | ater. The hol e di aneter of

the larger dianeter _portion. 6b_is de s]ightly larger than the outer
diapeter ¥ the gfraigg.S%?,tsm%éhqglaSSﬁ Whéu%%ésdpé%? asqleapnas hey | er

di ameter portjon IS d l.Ler.. Out i t.er. Qf the
gl ass short til& 81 s&s%xcéaga f'gg %gg&iégythf%élea% gggh ¢ lﬁ%t glﬁlgé P ij%t%g% @efsﬁgﬁé com ng
of f fromthe gqef s s@igalProfidedHdlb isfositdditbd hig}}:eiikﬁé)n fRERehrayEc an
appropriate size so that it does not take too mnuc
of the first glass plate 2 by the distance a.
In Fig. 5(b), when the space between the first and second glass
15 plates 2 and 3 is evacuated, the first and second glass plates 2 and 3 are
warped by the atmospheric pressure and their centers become concave.
As a result, the tensile stress o 1 is generated below the center line ¢ of
the first glass plate 2 whereas the compressive stress o 2 is generated
above the center line ¢. On the stage unit 6a of the first glass plate 2, the
20  compressive stress o 2 is applied.
Since glass plates are generally resistant to compression, the first
glass plate 2 does not suffer from a decrease in durability.

In the above embodiment, the protruding end 7a of the glass short

tube 7 i1s melted by using the infrared radiant heater 11: however, the

-

25 heater 11 can be replaced by a hot blast generator, an infrared laser, or

the like.
EXAMPLE

An example of the present invention will be described with reference

30 to Table 1 below.

10



time to.draw the vacuum 30 The soldering glass 8 is forned either

by pressing and burning . 7

power and formng it into a ring or by kneadi ng powder into a paste.

The manufacturi-ng nethod of the vacuumnultilayer glass of the pr esent
I nvention wll be described as foll ows. Figs. 3(a)-3(c) show the
first manufacturing process of the vacuum 5 mul tilayer glass of the
present inventTABLE Ln Fig. 3(a), the stage- provided hole 6 is forned
in the first glass_plate 2. Since the |arger di aneter portion 6b and
the smal |l er difrasgtassdbiickaessdc of the stage- prdPMed hole 6 can be

processed at the s ti in a.single drilling rocess with a

st age- provi dedseﬁ??‘?gaﬁsl@%ﬁkg%sé%s of the conventi onal B'soro?g?l 10 facing
(refer to Fig.g4g@protide@Mfe UNnecessary, and the production

efficiency is iInproved. Then, the first glass plate 2 and the
second gl ass pl at largendmmeter porspogkaediameter) i x@dmspacdepthel Sbataveen, and

t he peripheries of these. glass plates 2 and 3 are_sealed with the
seal ing materi al ﬁm@ﬂé’f‘ diameterportipn (LO e diameter) 1.5mm

glass short tube outer diameter 2.0mm
inner diameter 1.5mm
length 4.0mm

10 thermal insulation board (hole diameter) 2.5mm

protruding end of glass short tube (height) 2.8mm

The first and second glass plates 2 and 3 which compose the vacuum

multilayer glass 1 both have a thickness of 3.0mm. The stage-provided

15  hole 6 formed in the first glass plate 2 has a larger diameter portion 6b

whose hole diameter and depth are 2.2mm and 1.5mm, respectively, and

a smaller diameter portion 6¢ whose hole diameter is 1.5mm. The glass

short tube 7 to be inserted in the stage-provided hole 6 has an ocuter

diameter of 2.0mm, an inner diameter of 1.5mm. and a length of 4.0mm.

20 The thermal insulation board 10 to be attached to the glass short tube 7
has a hole diameter of 2.5mm.

When the top end of the glass short tube 7 was melted under these

conditions, the protruding end 7a of the glas~ short tube 7 had a height of

2.8mm. This value is much smaller than the target value: Smm.

11



15 t her ebet ween. In Fig. 3(b), the glass short tube 7 is

i nserted into the stage-provided hole 6 of the first glass plate 2,
and the ring-shaped soldering glass 8 is provi ded around the gl ass
tube. The soldering glass 8 may be applied in the state of a paste. 20
In Fig. 3(c), the soldering glass 8 is burned in a kiln and used to

sol der the glass short tube 7 to the first glass plate 2. Fi gs.
4(a)-4(c) showWhéeissdaionsd izanuf act uri ng process of the vacuum
multilayer glass of the present invention. In Fig. 4(a), a therm

i nsul ation board (thermal insulation nmenber) 10 with a hole is inserted 25
into the glas thermal insulation board 10 can

be round. rec anggrlaﬁ}“um g\uYulayebg}aVG&ﬂg}présgngOng as it is a plate having a

hole in the cent ertwo"@"i@é’? ates (2 3} Qﬂlo@b’t;ﬁrnﬂi&f&tﬂe ﬁal&@‘%wbﬂ'aesﬁécélhe
thermal insulation board nmust | arger than the spot dianeter d of

the infrar®d thelichotwémat eridliws t'giass iphat3® having. a4{pgace therebetween on
8 which a vacuum is drawn; and

a glass tube (7) which is provided on a main surface of said glass

plate (2) in order to evacuate said space and which includes an opening

sealed by a melting method after said space is evacuated, a distance

10 between the main surface of said glass plate (2) and a protruding end of

said glass tube (7) being not longer than 3mm.

2. The vacuum multilayer glass of claim 1, wherein
when a base of said glass tube (7) is attached to the main surface of
15  said glass plate (2), a depth of insertion is smaller than half a thickness of

said glass plate (2).

3. The vacuum multilayer glass of claim 2, wherein
said glass plate (2) comprises a stage-provided hole (6) having a
20 stage (6a) on a level higher than half a thickness (t) of said glass plate (2),
and
said stage-provided hole (6) comprises a larger diameter portion (6b)
which ix slightly larger than an outer diameter of said glass tube (7) and a
smaller diameter portion (6¢) which is smaller than the outer diameter of
25  said glass tube (7) and which has an appropriate size so that it does not

take too much time in drawing a vacuum.

4.  The vacuum multilayer glass of claim 3, wherein
a soldering glass (8) for soldering said glass tube (7) inserted into

30  said stage-provided hole (6) to said glass plate (2) is formed on said glass

& \\\\\\l\\\\\\\\\\\\ \\\\\ \\ \\\\



The hol e dianeter of the thermal insulation board 10 is nade to be

| arge eniough to prevent the glass short tube 7 fromadhering to the

thermal insulation board 10 when it is nmelted, and al so made to have an
appropriate size so as to prevent the infrared rays from going through the
5 hole of the thermal insulation board 10 and nelting the soldering glass 8
bel ow the thermal insulation board 10. The thermal insulation board 10

i s preferably platte(2) somsediotdeal agpairt sthere sanl glaisaltuba (Talslia cvatadt witkh as

pl ati num or rhodju i ton, nolybdenum tantalum niobium or an alloy

such as st ai nis8ikglags platei(@h- resi stant naterial (such as a nica |anination
10 pl ate or alum numoxide). This is because stainless, platinum and a
m ca | am nation plate have excellent high-tenperature and oxidation

resi stance. Wien ah@ethed 6Bmant$adtatingvaeaand mhtlRee d54edn By dhs.
used, it is necessary to prevent the thermal insulation board 10 from
being in cBnt stepswift h the sol dering glass ‘8. This is because their contact

15 m ght cause the .heat of the herr’r?l ilgréu' at j ﬁn board 10 to be directly
conducted to the SG6RHBEPRYIPYLESS oftwpglass plates with a spacer therepgtween: 4(b) ,

_ PESS Bl thereb ()
an O ring 12 1 hor SRanges e Al LR HBHLEbehERsaig glp Mble o 1yl

exhaust unit Sphuse bowedertsavdt twd BRasegslutys kiapicve cedRab@irodsh safd gladhe
vacuum dr awi ng chanber 13 is provided with an infrared-perneabl e gl ass
14 (quartz gl ybeior the |i ke) on its upper w ndow. The

dr ayi h 13 i ted th h, t t i pe 15, so
ha Lo exnilst “t he Hrpmesnd S ECeR pBeuinpons! Fives PG kkcond | | ol ass
pates 2 and 3 i n Jifignihé SCthndINicelitith WehBe: 3 Whiaf bPSakP gidgsul U
nd gl a and 3'1s under

t he space between the titst and seco Ss plates

vacuum tube pFiogo thabteprafinsleig didsalihgetfcldppaing ofdilglatf tudked

radi ant heater 11 which is placed above the infrared-perneabl e glass
14. sprasFigpraven) heah zepesateddivhije ghe opendfg fisalyl ghassstubetist ube 7
is nmelted

melted from reaching said glass plate.
15
6. The method of manufacturing vacuum multilayer glass of claim 5,
wherein
the step of melting and sealing the opening of said glass tube is
carried out so as to make a distance between the main surface of said
20 glass plate and a protruding end of said glass tube not longer than 3mm.
and when a base of said glass tube is inserted into the main surface
of one of said two glass plates, a depth of insertion is made smaller than
half a thickness of said one of said two glass plates; and
the step of attaching said glass tube on the main surface of said one
25  of said two glass plates includes providing soldering glass around =:id

glass tube and burning said soldering glass.
7. The method of manufacturing vacuum multilayer glass of claim v

wherein

30 a hole diameter of said thermal insulation member is large enough

o I



30- by the infrared rays lla so as to seal the top end of the glass short
tube 7. 9 In this
case, the ther mal |nsulat|on board 10 reflects the infrared rays 1lla

whi ch go straight around the glass short tube 7 so as to prevent these
infrared rays 1la fromreaching the soldering glass 8 The
vacuum drawi ng chanber 13 shown in Fig. 4(b) .is then rennved fromthe
first glass pitatereyenpigid r@la%érahm frPWs@Fibﬂ"@S Bba;laul thermal 1pguladion ed

fromthe gl hort .t th fact f th
vacoum mutt 11 Spenogt i URE step S LR ARTReELbEInt Aening of P ARtk 17

def or mat i on Ofarfchﬁay%ummpmmuw Juayﬁrveak 3t %r Eﬂtﬁtlﬂges%@&ltgléékvﬁiﬁd on.
10 In Fig. 5(a), since the glass short tube 7 is Inserted as deep as

t he I evelﬁmutgoaxg:ela@mgg abol of Reid therkrad ssswhatiohenéinbst agdaneltipigat e 2,
t he stage _ Ci t.he ta e-provi ded hol e 6 S. posi ti.oned hi gher than
the center?®li rﬁ*:i1 80 de““&f ‘??Ys‘t“‘gﬂé‘érén%ll‘&fsé agign membed; st ance a.

In Fig. 5(b), when the space between the first and second gl ass 15 pl at es
2 and 3 is evacuated, the first and second glass plates 2 and 3 are

8. The method of manufacturing vacuum multilayer glass of claim 35,
wherein
said thermal insulation member is made from a metal and more

10  preferably made from a noble metal or a fire-resistant material.

9. The method of manufiacturing vacuum multilayer glass of claim 3,
wherein
the step of melting and scaling the opening of said glass tube is

15 carried out in a vacuum.

10. The method of manufacturing vacuum multilayer glass of claim 9,
wherein
the step of melting and sealing the opening of said glass tube in a
20  vacuum is carried out by using a vacuum-drawing chamber provided with
~ an infrared-permeable glass on a top surface thereof and an infrared rays

UL

14



war-ped by the atnospheric pressure and their centers becone concave.
As ‘a result, the tensile stress [err] 1 is generated below the center line

c of the first glass plate 2 whereas the conpressive stress o0 2 is
gener at ed -above the center line c. On the stage unit 6a of the first
glass plate 2, the 20 conpressive stress a 2 is applied. Si nce
glass plates are generally resistant to conpression, the first gl ass
pl ate 2 does nABSERACT OFAHE RDECEQSYRE durability. In the
above enbodi nent, e protruding end 7a of the glass short ... tube 7 is
mel ted by using thé‘?‘Pnfﬁrﬁﬁ"e‘& r‘éﬁie&ﬁlpnhe‘&?%ﬁeslﬂ) HaREvE | ytilayer hélﬁf%r 11

b I d Q. I . . o : h
[Tk, © P 2 ot etals PRV Rtk rBRoREHESAL SRR il 2 spaset e

dSSCri bed wit hiki@bbswrsen 8Rd a wvacdall & drdieh @i the space between these two
1

5 glass plates, and also to a method of manufacturing such vacuum
multilayer glass. Because of an inappropriate structure of the exhaust
unit after a vacuum is drawn. vacuum multilayer glass with excellent
durability has not been realized so far. To realize such vacuum
multilayer glass, the glass tube (7) which composes an exhaust unit for

10 evacuating the space is provided on the main surface of a glass plate (2) of

the two glass plates (2, 3) and the opening of the glass tube (7) is sealed by
a melting method. Furthermore, the distance between the main surface
of the glass plate (2) and the protruding end of the glass tube (7) is made
to be not longer than 3mm. As a result, it becomes possible to provide
15 vacuum multilayer glass with excellent durability, causing no damage to

the glass tube, and also provide its manufacturing method.

15



TABLE 1 first glass (thickness) 3. 0mm

'second- gl ass (thickness) . 3. 0mMm st age- provi ded
hole 5 | ar ger di ameter portlon (hol e dianeter) 2.2nm depth: 1. 5mm
smal | er dianeter portion (hole dianeter) 1.5nmm gl ass short tube

out er di aneter 2. 0mm i nner dianeter

1.5mMm | ength 4. 0mm 10

thermal insulation board (holen#? er 2.5mm protrudi ng end of

gl ass short tube (height) TnEé The first and second glass
pl ates 2 and 3 which conpose the vacuum mul tilayer glass 1 both have a
t hi ckness of 3.0mm The stage-provided 15 hole 6 fornmed in_-the first gl ass
plate 2 has a | arger dianmeter portion 6b whose hol ezl ameter and depth
are 2.2mm and 1.5mm respectively, and a smaller diameter portion 6¢
whose hole dianmeter is 1.5nm The gl ass short tube 7 to be inserted in
t he stage-provided hole 6 has an outer di ameter of22.0nmm an inner

20 The thermal insul ati on board
Yas a hol e di aneter of
sfiort tube 7 was nelted

e protrtdlng end 7a okt he gl ass shhort tube
This value is nuqh smal | e hii/yﬁé t ar get

/3

diameter of 1.5mm and a | ength of 4. 0m

2.5mnm When the top e
under these condi ti ons,
7 had a hei ght of P
val ue: 3mm

7///A// ¥,
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Wiat ‘is clainmed is: 1. Vacuum nmul til ayer glass conprising:
two gl ass plates (2, 3) whose peripheries are sealed with a spacer 5
t her ebetween, said two glass plates having a space therebetween on

whi ch a vacuum:is drawn; and a glass tube (7) which is provided
on a main surface of sald gl ass plate (2) in order to evacuate said
space and whi ch includes an opening sealed by a nelting nethod after

said space is evacuated, a dista etween the main surface of said
glass plate (2) and a protrudlng d f Ef said glass tube (7) being not

| onger than 3mm 2. The vacuun1nu|tllayer glass of claim1l1, wherein
when a base of said glass tube (7) is attached to the nain surface of 15
said glass plate (2), a depth of ingertigzn is smaller than half a thickness

of said glass plate (2)2 6b3. ~ The Gacuum nul tilayer gl ass of
claim2, wherein aid gla pllate/(2) conprises a stage-provided
hol e (6) having a 20 stageC(Ga) on I hi gher than half a thickness
(t) of said glass plate (2},
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and - said stage-provided hole (6) conprises a |arger dianeter

portion: (6b) which is slightly larger than an outer dianeter of said
gl ass tube (7) and a smal | er diameter portion (6¢) which is snaller
than the outer -dianeter of 25 said glass tube (7) and which has an
appropriate size so that it does not take too nmuch tinme in drawing a
vacuum 4. The vacuu yer glass of claim3, wherein

a soldering glass (8) for soF%Eut; |d glass tube (7) inserted into 30

sai d stage-provided hole (6) to sald glass plate (2) is fornmed on said

gl ass plate (2) so as to seal oi nt MBere said gl ass tube
(7) is in contact with sai d gl ag 5. A nethod of
manuf act uri ng vacuum rnul S steps of:

seal ing peripheries of tWw girass pla'ps m@tn a—spacer—t her ebet ween:
attaching a glass tube on a naln S ace &ajd glass plates. a
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space between said two gl ass pl ates being evacuated through said gl ass

t ube; 10 nmelting and sealing an openi ng of said glass tube; and
attaching a thermal insulation nmenber in a mddle of said glass t ube
prior to the step of nelting and sealing the opening of said glass tube
so as to prevent heat generated while the opening of said glass tube is
nelted fromreaching said glass plate. 15 6. The net hod of
manuf act uri ng vacuum nul til ayer gl ass of claimb5, wherein

the step of nelting and sealing the opening of said glass tube is

carried out so as to make a di stance between the main surface of said 20
glass plate and a protrudi ng end Qf said glass tube not |onger than 3mm

and when a base of said sgqtube is inserted into the main surface
of one of said two glass plates, a depth of insertion is nmade smaller than
hal f a thickness of said one of said two glass plates; and t he

step of attaching said glass tubggon the main_surface of said one 25 of
said two glass plates includes providing so grihg gl ass around said
gl ass tube and burning saf-d sol der | ass. 7. The met hod of

manuf act uri ng vacuum nul t il ayer gl as$ ofr—cl ai m whefein 30 a
hol e di aneter of said thefjmal insutgfiopmehber is | arge enough
13 \ ‘/
; ) = - ’
a
6
(a)




~to prevent said glass tube fromadhering to said thermal insulation
menber «in the step of nmelting and sealing the opening of said glass tube
and has an appropriate size to prevent heat for nelting said glass tube
fromgoing through a hole of said thermal insulation nmenber and nelting 5

said soldering glass below said thermal insulation nenber. 8. The
nmet hod of manufacturing vacuum nul til ayer glass of claimb, wher ei n
said thermal insulation nmenber is nade froma nmetal and nore 10 preferably
made froma noble netal or a fire-resistant material . 9. The net hod
of manufacturing vacuumnultilayer glass of claimb5, wherein

the step of nelting and sealing the opening of said glass tube is 15
carried out in a vacuum 0. The met hod of manufacturing vacuum

mul tilayer glass of claifg (5.0 wherein
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t he step of nelting and sealing the opening of said glass tube in a 20
vacuimis carried out by using a vacuum draw ng chanber provided with

an i nfrared- perneable glass on a top surface thereof and an infrared rays
heat er . 14

FIG.7
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