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| Mpr ovenery of/pag¥gcuum G azi ng” | NTRODUCTI ON Thi s i nventi on pegylafsibesdesSi gn
irprovenents to vacuum gl azi ng. Vacuum gl azi ng consi sts of two sheets of
glass, 5 hernetically sealed around the edge, with a thermally insulating
internal vacuum |In order to nmmintain thelseparation of the glass sheets

~under the influence of the large forces due to atnospheric pressure, an

array of very small ZDesignpirhprovements o Macuum Glazing'of the gl ass
sheets. 10 BACKGROUND OF THE | NVENTI ON The design of vacuum gl azi ng
I nvol ves a conpl ex set of trade offs between thermal performance and

stress. In pa t'_éMsupport pillars serve to concentrate the forces
due to atnosp , leading to high levels of stress in the gl ass
inis the imediat § Ci N g : i-Hﬁ§n§ﬁg§ggég&can
| ead to | ocal fract ?’éisscio ﬁé%lcgg'gélti%%s‘eqq?'t ebgFass Sheet's gend over

the support pygldzmg. IVEtadni igiszihg dorsions optwiccsheets of iglass,on t he
external surfaces of the glass sheets i mediately above the su&[%prt
pillars. Bn abarmesicallyhsealed anoundhtive @dges withea tbaomally gasuiating of 20

ompr obsi ve SIREFRRVAREL| J1 orflr SaapaiTtal the, sEhacBritt) ot the les

th | brid : o th
glazing. Subafnefts IIRGRr 8 Mrfishcd 6F e (oY rofkesidds b trugpheasan {he
, manuf acture Oﬁreﬁuremaﬁ arayJjob very isheall sapportvpiilmrsds placedrovgrathengs up

to 1 mx 1 mhave been produced with high levels of thermal insulation. It
has been showsutfiage ot the glass sheetsn conproni ses can be achi eved between
t he conpeting constraints WO 96/ 12862
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10 BA D NVENTI
The design of vacuum glazing involves a compiex set of
trade offs between thermal performance and stress. In particular,
the support pillars serve to concentrate the forces due to
| atmospheric pressure, leading to high levels of stress in the glass in
15  the immediate vicinity of the support pillars. Such stresses can lead
to local fractures of the glass. Further, the glass sheets bend over
the support pillars giving rise to regions of tensile stress on the
external surfaces of the glass sheets im.mediatelly above the support
pillars; In addition, the pillars themselveé experience high levels of
20  stress, and must be made out of a material which has a very high
compressive strength. Finally, the support pillars theméelv_es act as
thermal bridges between the glass sheets, leading to heat flow '
through the glazing.
Substantial progress has béen made in the deSign and
25 manufacture of vacuum glazing over the last few years. Vacuum
i glazings up to 1 m x 1 m have been produced with high levels of
thermal insulation. It has been shown that reasonabie design

compromises can be échieved between the competing constraints |



associ ated with nmechanical tensile stress on the aone hand, and heat flow

t hr ougWO@RE12862zi ng on the other. 1. SHEAR STRESSES NEAR/AYSS/08#40PORT

PI LLARS The support pillars concentratg the forces due to 5 at nospheri c
pressure |eading to high stresses in the glass and in the pillars. The
nature of osistelde Witk tReeRBhddl AensAeVstress e thé Gife hahd, tirddakati ty of
fracture due to the concentrated forces can be determ ned by reference to
the |iter #iguethraughdting ajlazing oacthe etlér.gl ass. I n the design approach for
vacuum gl azi ng, dinensions of 10 the pillar array are chosen to ensure
that the formation of classical conical indentation fractures in the glass
due to the support ,pil_ Q ey 1ERPEE4-CIEE AN T he production
of vacuumJg-I azi ng ;\ Fhetl ’?— Fract ure which

‘can occur in the < oot PREYE ' uédps. These
fractures arise Jé-c%aﬁggbg?'?ﬁ@%rg?%ﬁg%ﬁmg??? tg"tér essgg etween the gl ass-
sheet $ angtiiwsphéri@ gressire I6adiIngsto ¢igh Stressess ivtheigldssiand imtheéane
nmovenent of one gl ass sheet relative to another. Such nobvenent can occur

because ofpillarsdi Theohatue of zhis stresssconeentration isy welhpngerstpod.bendi ng
nodes in which the sheets _are not, deforped sRh_eri c%lly,_ or becapse of
t enper at urkhe@obabildynef feacture due,te thegenceatrated ToreesGaN BEnce tends

to cause t interface . i ve

o1 downys. BETVGOY DY rREERER, 14 I8 lrefinitl o8 gRhfpton Heculd SEC
force betwigds! N th besfgrédbprbach! frsvaduurs ghaiing pdimenisioniefcont act i ng
surfaces omnoving relative to each other. This results in shear force
bet waen t lthespiliaprdrray ldrerchosen te ensure thatthe fotmations of classical cresce
shaped fractures in the glass sheets adjacent tottgigﬁ1£i | lars, The fact that

‘these fracanies! indentasion fragtures indhe.glass: due suppert Sby
PCTT ARSI G t?;qu-r:i)’()t.occ_:.ur. | | ' g
| Experience with the production of vacuum glazing has
shown that there is another mode of fracture which can occur in the
15 .' glass sheets near the su'pport pillars. These fractures arise because
‘of shear (sideways) streésses between the glass sheets and the
pillars. The shear stresses are associated with in-plane movement
of one glass sheet relative to another. Such movement can occur
because of bending of the glass sheets, pértiémarly compléx
20 bending modes in which the sheets are not deformed spherically, or
becaus_é of temperatu're_ non-uniformities_in' either glass sheet. |
Either influence tends to cause the interface between the pillar and
one glass sheet to m_bvé sideways relati\)e tb 'thi_'s interface on the
other sheet. The large a'xial.force between the pillars'and the glass
25 sheets prevents the contacting surfaces from moving rélative’ to
each other. This results in's_hgar' force between the support pillar
énd the glass sheets and leads to small crescent shaped fractures in
the glass sheets adjacent to the piliat_s. The fact that these
fractures are associated Wifh shear stress can be confirmed by



er THIS SHEET HAS BEE bposi
observi ng t ey tend to be s¢en'Y @r’% N)JpOSlte edges of the
support pi\vﬁ%ﬁ’éwﬁﬁ ei'ther ¢l ass et% C5P the |easons TAELD0640c a1

stresses occur is because, in practical-designs of vacuum gl azing, the
support pillars 5 nust be nmade of material of very high conpressive
~strength: |fobseryinglthat they tenddo be geemin gairspgir eppositesedgegtdf, t hey
deforminelastically during the establishpnent of the vacuumin the glazing,
| eadi ng to |§r@§09m!t Rillazs imeitherglassisbegtin the vicinity of the edge

seal. The fact that e ort pillars are of,high.strength 10. neans
That t hoy o not dePbenpT HiRTereBis i, Bifed shaf htiassdi bleitin - 1
SUWMMARY OF Tj ; ' ' |ﬁ{m

envi saged, t%%%gﬁgﬁbﬁggg{ Qgg&gs\?gﬁlﬁnﬁrg ai@ﬁgﬁtgdn%ﬁ gyggsﬁmhms l’gets of
15 gl ass, mustehe enady olaiatdrial ofnderyhhight gompidssive istrargth. y If the
insul ating internal vacuum and an array of support pillars placed between

the glass shRillgss asetnot af high=anough compressiverstrength, they deforme one
nmade, of, a terial of

pi ece el enents,caonsi,sting, of core, qr. central pody, .

hi gher conpr/BSlasKc Yéﬂr&l’?ﬂ tﬁﬁcﬁs&?bﬁﬁame%ejf fge ‘YW%W {’&%/ aziRgde of
sof ter -met al LG ry. er a t o L Sting of
ni ckel, i ronl-?hghﬁ%su%%go%@'ﬁbs% \*;'géed%g% y‘ézs’tggbnﬁmg{cgﬁﬁ&gpmét hese
netals, or sgdge GO Thé Factthatthe! SUSport bﬁﬁﬂQ‘hréoophiﬁh deretigthnt egr al
interface at at |east one of the ends of the central body such as to absorb
shear {10 cesmeanshthatSthey da aot defoenpsignificantlyawherh sbear Aopceés are of
this construction can have a very high conpressive strength overall,

provi ded t hRreS@dteont act | ayer of softer material on one or both ends of
the core is relatively thin. However, since the softer nmaterial contact

| ayer can deformnore readily under shear than the core, a small anount of
30 lateral i4demays T .:‘ NThis reduces the nagnitude

AVENDED SHE .
According to a first aspect, as currently envisaged, the

invention provides vacuum glazing comprising two sheets of'glass,
15 hermetically sealed around the edge, with a thermally insulating
internal vacuum, and an array of support pillars placed between the
glass sheets, wherein the pillars consist of a core, made of a
material of high compressive strength, with at least one end
covered by a layer of softer material. A pillar of this construction
20 can have a very high compressive strength overall, provided that the
layer of soft material on the end of the pillar is relatively thin.
However, under shear; the soft material can deform, permitting a
small amount of lateral sideways movement. This reducés the
ma'gnitude of the stress in the glass plates, and thus decreases the
25  chance of formation of a shear crack. |
The dimensions of the support pillars are relatively non-
critical. Typically, support pillars are 0.1 to 0.2 mm in height
overall, and approximately 0.2 to 0.3 mm in diameter. The layer of
sof_t material oﬁ one or both ends of the pillar can be up to 30 ym

30 (0.03 mm) thick without causing stfesse_s near the edge of the

ect Has Been Replaced
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- formed fromt

-4- of the stress in the glass pTHHESHEERHASHREENdEeCcr eases the chance of

f or mat | B ¥¥12862shear crack. The)]di merBERMAEEBS t hel suppor t PoTiAlUas/e06as €
relatively non- critical. TypicafTy, _sygpport p|1|ars are 0.1 to 0.2 mmin
height 5 overall, and approximately 0.2 to 0.3 nmin dianeter. The

contact | : : | e, | be up
contact | et uleh 47 B0 Thedlh THe Shetlials REMERIIAIS 44D 890, O, o
- glazing V\’flaférsaﬁﬂ.létoﬁe|éh';%leri'f3vﬂ’€ﬁ§trarﬁlﬁgqfhé hiblﬂéﬁﬁ:e%ﬁﬁu‘é‘?amﬂ
contact |ayers are capabl'e of withstanding the high tenperature 10 (about .
[err]) "whis®OPE) nwbicts is y\efoessaw rfarlfonnﬂtlamefglmzedgees@ withiouti t hout
excessive oxidation Qr annealin They ,?hg al so Q | ble w tg t he high

i nter nal PXEESHIVeRXIdatiapOR angpahnse I heygmaist alsg e compatibley th a core

o bogi n PR G b intéindl GactipR SufiBhle Phatetiale Xy 4pS A4 0 sl cngi

central '?ﬁ&f%lla'lriﬁcﬁ:éé’frhe{él!ée%u%ﬁ 88hicRel, FSri EhfdihiurCdppers’ s are then

s sheet by conVentional techniqgues e pil S can be made
mechani calsilyer bgold,aakiminium;nahd ngdloyabodthege anateralsy Imadditionsi t e

sheet. Alternatively they can be 20 chemcally or electrolytically etched
fromthe seétfilins ﬁg qarboo| cambe usetde net hods. An alternative way of

Phe hard cores: G Pagthod 4R Wrodiss, SopBart oifa S As e daver B ol yii c.
or eE%Ctr?Jn"eSZ%rp%?’cl‘t\@d&fﬁ é“g}éﬁgﬂ% H’até(]:S ﬁ‘[’efsl;\?& %‘?frha’té‘ﬁflr al'so.

coatS the sid ect the operation of

the soft lcaywisting tdfca igh- strehgei Sceﬁtrélhlasretryaﬁdcarso'ﬂ Jayée ofpene Py
plastically deformng a hard core into a flat disk. The core may be coated

wi th sof t offshath aidea t Adve pdrarsareothen fermedefrom thimsheet lycess. 30

A further advanta he corrp illar construyction descrjibed here is

that it efoMventt ’BﬂH§sof ﬁem ars gap benade mechanic
stamping, punchlng, abrading or sawing the composite sheet.

15 Alternati\iely they can be chemically or electrolytically etched from

the sheet using photolithographic methods. |
An alternative way of producing the pillars is to deposit the

soft layer after the formation of the hard cores. The layer can be

deposited using conventional electrolytic, or electrblesé plating

20 methods. In this case, the soft layer also coats the sides of the

| pillars, bu;t this does not afféct the operation of the soft layer on the .
ends. Pillars of this type can also be made by plastically deforming
a hard core into a'fiat disk. The core may be coated with soft
matenal either before or after the deformatson process.

25 s A further advantage of the composite pillar construction
described here is that it ensures that the ends of the pillars contact
the glass uniformly over the entire area of the pillar. There is some
evidence that very hard pillars do not contact the glass uniformiy
and that this increases the local stresses in the glass, thus

30 ihcreasihg the chance of fracture. The small deforma"tidn that

T
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| PEA/ AU the glass uniformy oJBIS SHEEL BASIBEEM Wt act area of the pillar.
There is sWR9642B&ence that very har RERUACEPs can| not be nanPEHAUSHeN4M t h
entirely plain flat contact surfaces and.téerefore do not contact the glass
uniformy and that this increases the local stresses in the 5 glass, thus
i ncreasing t hgcelipd ¢ tAk ééﬁ%enaﬂbﬁ B khdisf ehaiilan bbéi'c&?{’dérﬂ'usn the
soft material on the end of the pillars overcones this problem According
to an alternaprobleaspect of the invention, which is believed to al so solve
above nentioned problens related to shear 10 stresses, there is provided
a vacuum gl azi ng conpri si-ng two sheets of glass, hernetically seal ed around
the edge, wth,a thegpg . nd an array of support
pillars place et . contact therewith, wherein

the array consists Opgg datgqﬁ&hegfagﬁéc;ttﬁr%g?@ ?hﬂgc% s§Squao§_fp“.§ol ely

of 15 fused sol der gI ass a majority ppdrt pillars

of high csrrprmntiaontprevmés melufmrghzmgonompmnhgatwobshemtsioﬁtglaémt ed

bet ween the second support pillars over the entire surface of the glazing
and arranged hermetically sealedbardund theredgeawith adthermally insulating: of

t hese forces on the secqond support 20 pillars. The majority nuntier of
second pi | | ar ¥aguum.gRRd %ﬁﬁ?@égf\ﬁ@mqf&r@ﬂﬁ%ﬂlﬁ@ batween the glg

The- same pr Ec%'aéé{%a\wﬁ%& oy Totiloed, Find) rufobelt Afbad éﬁ@fﬁﬁﬁ”{ o’

peri phery Of Qiﬁsgbﬂlﬁs J6e8ted ole? Qﬁffa&baéﬁtlﬁé quilﬁg”%v@eéﬁr piltérs

nmechani cal bond to the internal surfaces of gl'ass sheets. Wen

shear isi@r eseﬁhlghen bonmprassive istrength, tswuchs @sdeeraghics er hiigh steength absor b
t he shear forces, reducing the magnitude of these forces on the majority of

the pillars. metaboikhe fysadsqlder glassmpjllars maygbe formed durmothe 0.3 30
A ATELET YR prcaSS thiP mSkBE the RbimakE soidel Gisks Uhe00H"

around the periphery of the glass sheets. The solder glass pillars

make a strong mechanical bond to the internal surfaces of both
is‘ 'Qlass sheets. When shear is present in the vacuum glazing, the
solder glass pillars can absorb the shear forces, reducing the
magnitude of these forces on the majority of the pillars.
The solder glass pillars may be larger than the 0.2 to 0.3
mm diameter typically used for support pillars, to be strong enough
20 to absorb the shear forces. Only a relatively small proportion of the
pillars will usually be made from solder glass, otherwise a |
substantial increase in the thermal conductance of the vacuum
glazing will occur due— to heat flow through these pillars. Up to
about 10% of the pillars can be made from solder glass without
25 résulting in too large an increase in the thermal conductance of the
glazing associated with heat flow through the support pillars. - -
Typical dimensions of the solder glass pillars are up to 2
mm in diameter, although generally these pillars would be smalier
than this - no more than 1 mm in dia_metef. The glass from which
30 the solder glass pillérs are made éari be highly transparent, so that

ThlS Sheet Has Been Re;ilaced




. AMVENDED SHEET | PEA/ AU -5A- to absorb the: shear forces. Only a rel ativel y
smal | pMOHB@n of the pillars will usually be made fronPEBAYsOIGHESS,

ot herwi se a substantial increase in thg thermal conductance of the vacuum
glazing wll occur due to heat flow through these pillars. Up to 5 about

10% of t hegndd ieéﬁsﬁéphﬁé‘% S tlﬁ% Bsantial aﬁé{éﬁléﬂ?ﬁﬂtof fhe! ?(‘gi&% |In too

| ar ge an |ncre con uct ance o azing assoclated with
heat fl O\Nr)i'di'p@ttﬂés blj\eth%ugmziﬁ pl | lars. Typical dinensions of the sol der
glass pillars are up to mmin dianeter, although general |y these pillars
woul d be smaller Lo than this - no nore than 1 mmin diameter. The gl ass

fromwhich the s 0 gﬁiﬁ.@n be highly transparent, so

t hat AVENBED SHHE 5
L i DR MY S

Pl LLARS Aﬁéﬁhé?ﬁbal’é&b‘p@rﬂ'pﬁllaﬁ&g- ﬁggi‘ xnﬁaeewawemyabeﬁ ofThese Mechani cal
support pillars - approxinmately 15 per [err]. These pillars nust be

pl aced onpillars snustde ptacdd ogl the rsglrtme\gfaﬂneagtanmg arsingami que. Typi cal
di rensions of the pillars are_0.2 to. 0.3 nmin |arret_ﬁ$, and 0.1 to 0.2 mm
hi gh. Sat aytemased tashniaug: aTynicaldimensions.ef the i hare0.4110 t he

SuPDOr{ Dbl 4 i T 4lhhelr Snd U%H 406 it g2 Batibfactbhy Vallih e

case, sub
‘glazing requires that the height of all the support pillars should be

10 very nearly the same. If this is not the case, substantial stresses ‘
occur in the glass sheets of the glazing near the contact of those |
pillars which are slightly higher-than -the adjacent pillars. Vacuum -
glazing has been made with pillars having round ends (cylinders) or
square ends (square or rectangular prisms).

15 - During the manufacture of vacuum glazing, it is extremely
important that all pillars should lie on the suffac_e of the glass in the
same orientation. For example, for cylihdrical pillars, the flat end
facés of the pillars must contact the glass with the axis of the pillar
perpendicuiar to _the glass. If a pillar should lie on the glass on its

20 edge, the height of this pillar will be different than its neighbours,
and large stresses will develop in the glass sheets.w'he'n the vacuum
is applied. !t is therefore very important that all of the pillars should
lie on the surface of the glass sheet in the ori'e,ntati.o'n for which

they are designed.

25 2. SUMMARY OF THE INVENTION- _

According to another aspect, as currently envisaged, the
invention provides a support pillar f_br_ vacuum glazing, comprising
two flat parallel ends shaped to provide s_table_' equilibrium, and sides
shaped to provide unstable equilibrium, to ensure that the pillars



c')occur in the glass sheets of the glazing near the contact of those pillars
whi ch ar e wbisgiigey hi gher than the adjacent pillars. VacuumpgTaguosgoéuns
heen nmade with pillars having round ends (cylinders) or square ends (square
or rectangul ar pri sms) During the manufatture of vacuumglazing, it is

Tn e same BHeRAlaced rglélrglé‘gﬁlré{%ts‘;]‘g 8|4t Pk St Bk T retes’ BigY' 255
faces of they er-njéa?F] %n ‘Eﬂﬁ ‘l‘&épl lhﬂ'\ 8s ‘@ﬁbé%%&o@imﬁa@ﬂs Rhl4 ar

per pendi cul ar ass le on the glass on its 20

edge, the- hecgbpoafaltéhapep, of tapeted . ohtvﬂ!rﬂkeﬂ?hte ¢uspodiat oreiageredr s, and
| arge stresses will develop in the glass sheets when the vacuumis appl I ed.

It is therefshapestan bepsymmetricwithi nesaecftrt@ both alde% mm pillarsnof he

surface of the glass shee in the orientation for are deS|gned
55 5°° 8 oRnSEiS T Rath ana TR ot th m'ﬁ‘g laEbeh ShA thecyiér

currently envisage vl ym

gl azi ng, conpri si nng\/\gﬁP?F%/ YQﬁ‘}qe ﬁr ped ?%ﬁgirqo\%lt?méﬁgg QHE

teﬂwt ! It Er I urr} Fmails $heg mguégigemﬁei%ragswé&nmtﬁbéwesemlumg wyudresgnsur e
a e pillars

PCT/ AU95/ 006rectanglesicpoptgansi osrirreggilassshapest will fall onto one of the

flat faces and ther_(gﬁ]‘ter lie ?n t hat face. The, sides can be curved
outwards in a cuspodini§ aspaet of dhe; iyantion @lse IRcOrParates MATHUM or

or 5 Silyﬁné‘pﬁwa%? QiR o rde€ M Gassy KRR shated Rrfunds

billlars may {igy@ode AL aCtHuHAIRE IridUilatiNg! RitBAAINPAYUGRE ditd lat Brréigy have

ot her cross-secti pes |nc |ng squar es, rectan es, pol ygons "or
irregular s hcf)eapp“ﬁrt pillareplactd beewerrethe cg1a9$ sheenspvmemastheacuum i 0.

gl azing conprising two sheets of glass, hernetically seal ed around
support pillars each comprise two flat parallel ends shaped to
_ provide stable equilibrium, and sides shaped to provide unstable
15  equilibrium, to ensure that the pillars when placed on a glass sheet

will fall onto one of the flat faces and thereafter lie on that face.

3. VACUUM GLAZ!NG STRUCTURE

The manufacture of vacuum glazing requires that the

temperature of the glass sheets forming the glazing be held at a

~ 20 high value whilst the solder glass edge seal is formed. This process
essentially prevents the use of heat tenipered glass for the
manufacture of glazing, because the high temperature edge forming
process removes most of the temper from the glass. It is also not
po#sible to use conventional laminated glass for the glazing because

25 .the temperatures required for formation of the edge seal_ cause the

plastic adhesive in laminated glass to deteriorate.

3 E THE INVENTIO
| According to another aspect, as currently envisaged, the

invention provides vacuum glazing comprising two sheets of glass,



the edge, with a thermally insulating internal vacuum and an array of
suppor tWEi%/12862 pl aced bet ween the gl ass sheets, wherei n REEAEUNI6A0
pillars each conprise two flat parallelgends shaped to provide stable
equi librium and sides shaped to provide unstable 15 equilibrium to:

ensure t hohelrhBtidally AedalbcAraUrRF eHe @ige, owits astirstmatly indulitingni o one. of
the flat faces-and thereafter lie on that face. 3. - VACUUM GLAZI NG

STRUCTURE ifftermainvdcuuny, cand amatnay of suppgrt @illanscplacest betweeanths at ur e
of the glass sheets formng, the gl az hi gh val ue whi | st

ing be helg aga 2

the sol dergl@sgssheetse whereinsat igasiqong pisthe sheets of QASSAEI'y prevents the
use of heat tenpere I f e : f LIRS, cause the high
t enper at uﬁ@'@'ﬁepo%ﬁgﬁér‘é‘[&%@n} g%é%ésjpsgﬁ ?ﬁﬂgﬁg‘éﬁ ‘rom t he gl ass.
It is @lso not pOARLBIGINg e SRGRALE Hepelt! abaslimehtly eéhwsagkd, thee gl azing
because 25 the tenperatures required for formation of the edge seal cause
t he pl ast i ipvetition providésaai methddodfasanufabtusingovacuuns giazingUVVARY OF
THE | NVENTI ON According to another aspect, as currently envisaged, the

i nventi on pemRrigiBgvtheusters &fi ng conprising two sheets of gl ass, - WO

96/ 12862 . . 0 8-

hernetical |y seal Iéﬂldé?gm glr?éseﬁla%?tﬁl\mﬁ 'a'%ggﬂ%ﬁﬂﬁs%% ﬁg I nt ernal
vacuum ang j 4 aced between the gl ass sheets,
wherein atg?@aégtaél(%%% éﬁg?%&ﬁ@ﬁ%gggﬁ\% 'argdss is lam nated after the vacuum
gl azif)yg has been guisdqeéntigdantinating at Idestooreraf the glass sheetsispect, as
currently envisaged, the invention provides a nethod of- manufacturing
vacuum gl awitly a funther shegttdfeglasgps of : hol di ng the gl ass sheets at a hi d

tenperature while_a, sol der ,gl ass edge seal ,is fornmed; and.1 .
subsequent | y | ani hBis REPGeduEe; May, consist Ak pzﬁ‘é'é‘g §ﬂ§¥?§ ofaastlc

material on one surface _Qf the glazing, and then locating the further
glaés sheet above this material. The entiré ags_emb_l_y _is forced
15 togethef, and then heated to a temperature at which the plastic
material softens and bonds to both she'et_s. ~The _Iaminatibn may be
performed on one side of the glazing only, or on both sides, as
desired. This method of.. ma_nufacture overcomes the _p'roblems |
associated with the inability of the laminated glass to Withstand the
20 high temperatu_ré edge sealing process. The vacuum glazi_ng__i_t_self
is, however, quite capable of withstanding the relatively low
tempera_tﬁres ass.o.(:iate_d-wifh the forma__tion'of the bonding between .

the glass sheets during the laminating process.

BRIEF DESCRIPTION OF DRAWINGS | o
25  The invention will now be described, by way of example
only, with reference to.the accompanying.d_rawings, in which_:_ |
figure 1ais a perspective view of conventional vacuum
gIazing, and figure-1b is a c,ross-sectional. view of the_.- glazing of

figure 1a;



v&th a further sheet of glass. This procedure may consist of placing a

| ayer of pivesdsiesezat eri al on one surface of the glazing, anded¢tiavesd/mesti ng
the further glass sheet above this material. The entire assenbly is forced
15 together, and then heated to a tenpetafute at which the plastic

mat eri al softens and_bonds, {0 bot h sheets, | am.nati,on_nmay he pejforned
“on one side of the ¢fig¥re mpy?craﬁcgwq%zqn g‘ﬁ!ﬁ:’éat'ﬁg ﬁ&f?'@éag?ﬁﬁg net hod

i of manufact ur 0 ar .ated with the inability of the
"l ani nated gl aggé)%/c'eér\f/?‘ﬁ ?ﬁ%%gu?h@%ﬁgﬁr Eﬁﬁg% ‘enper ature edge sealing
process. The vacuum fhafé r3id faS@érfateﬁ-séweﬁkustﬂatuh? ﬁngblagpebt of the

- wthstanding the relalively | ow tenperatures associated with the formation
-of the bondi nprésgnteimverition ass sheets during the | am nating process.

BRI EF DESCRI PTI ON OF DRAW NGS 2 The invention will now he

descri bed5 by way offlgldémﬁ dlltﬁimtesmﬁtmem@dr@nWK‘BQt%é%RBﬁ%ﬁrﬂl"%bfm

dr awi ngs,

ol azi ng, and Hi st AspAcE of fe BuBelft FVEMUS, YN €infdGn SRARt argL "

| a; WO 96/ PCT/ AU95/ 00640 9-
figure 2 is a @’?%tr%n%tgcmaotgnﬁlla&dt rsg tt erial; formati on of crescent

cracks due to shear figueeb ilfustrates3al memédr@ﬁ makingta @0mbbsﬁermtlan@oﬁ
. first aspect of the present invention; 5 figure 4 illustrates a

method of nakarfirst aspectsof theipresent dnvention, fsomaapdndividuahdighesent
. |nvent|on froma Iﬁm nat ed sheet of high strength material and soft
| material 101 g8HENGN €Oy at es a nethod of making a conposite pillar for a

i ;tngtaﬁpggg 2 the ApGPEHa, BYEUAGR iUSHRRR éREEISH Yt HeBedfln of

support pillars embodying a further aspect of the present invention;

and ) | |
figure 7a, b and c illustrates steps in the manufacture of a

15 laminated vacuum glazing.

BEST MODE FOR CARRYING OUT THE INVENTION

Refernng now to figure 1 vacuum glazing 1 comprises two
sheets of glass 2 and 3, hermetically sealed around the edge with a -
.solder glass seal 4 to enclose a vacuum. An array of support pillars

20 5 placed between the glass sheets maintains their separation
against the large forces due to atmospheric pressure. Internal
transparer;t low emittance coatings on one, or both of the glass
sheets, may be used to reduce radiative héat-transport to low
le_Qels. '

25 The vacuum will often be estéblished after formation of the
structure by pumping atmosphere from between the sheets out
through a pump-out tube 6. Pump-out tube 6-will be sealed into a
holé in glass sheet 2 by the use of a solder glass seal 7. A cavity 8
is machined into the other glass sheet 3 in registration with the end |

30  of the pump-out tube in order to accommodate it in a small place



figure 6a, b, ¢ and d illustrates exanples of the design of support pillars
enbodyi W %6/12862t her aspect of the present invention; and PCTyAUes/Ous40 b and c
illustrates steps in the manufacture of 15 | am nated vacuum gl azi ng.
BEST MODE FOR CARRYI NG OQUT THE | NVENTI Referring now to figure 1 vacuum

he coge witVIAES eiiesRibbiuiled BT bidednh SoclR RRVAR, & IraRfirih = o
suppor t P lihg$ théGbutet RACH BF tHE! 1R lalS SHARC2 PAAMNBURIEE Bhe [ el 1 -
separ ati on agal nst "t‘ e large forces e to atnospheric pressure. Internal

t ranspar entexternainsturnpcef thetpurap-oat etabe Grafter it luds beergtippedsoffet s, nmay
- be used to reduce radiative heat transport to low levels. 25 The
vacuum wi | lanst closeadh following litsdusetter evaeuate the anele structure by

- o tube’ 6. SiPWAYSAF Shef sterss: bohiresn. gt o $HBafE Bn vee o
| " - © ' “gla use of
| d I oy AsCavi : . ) f
" reg st rALPRNars Vil driSd ihgrthre B Irpfand bolameritaChr Gnepglassec
accommodat gheet! relativeaol the ather. Thé¥e pedvadfents occur during bendin

PCT/ AR5/ 00640 - 10 - Erovi ded between the sheets of glass. A second cavity
9 nmachi ned afrtthe glassosheets arasa nesult of temparatuesh difference®nmodat es t he

external stunp of the punp-out tupe 6 after it_has been ti, d-of f and

cl osed, folth%WW. itF'§ wﬁ% -@Qﬁaﬁgﬂi’?@‘ t"ﬂef'%ﬁeg.&!!s results ih 1Rays, or
shear _stre t A ' ' I i ise when
thor e 15t o TRIGISAS FENGHAG P Bptuieifiehe BUbAd MIate = e féssy e

These mvemspawt&végmdoemga tehsilacstbas 3| FheSiraloerexrent esul t offf
tenperature differences between the sheets. As shown in figure 2 this

resul ts inshiaped cracks 12 can arise and be observed in pairs on opposite

edges of the support pillars in either glass sheet.

COMPOSITE PILLARS S ,

15 Referring now to figure 3, the support pillar 5 is of a
composite design having a high compressive strength core 13, and
soft ends 14. This pillar has a very high cpmpress-ive_strength
overall, provided that the layers of soft maierial on either end are
relatively thin. However, under shear the soft material can deform

20 permitting a small amount of lateral sideways m-.ovement_, and
reducing the magnitude of the stress in the glass sheets and
decreasing the chance of formation of shear crécks.-' |

The support pillars aré usually 0.1 to 0.2 mm in height.
overall, and approximately 0.2 to 0.3 mm in diameter. Layers of

25 éoft material 14 can be up to 30 ym thick without c_au_sing stresses .

" near the edge of the glazing which are__tod large. The materials of
the. pillars'and the soft l'ayers are capable of withstand_ing about
500°C which is experienced during the formation of the edge seal,
without excess of oxidation or annealing. The materials must also

30 be compatible with high internal vacuum, and metals such as nickel,



10 forces 10 building up between the support pillars and the gl ass sheets,
and to reg™@86/t36hi gh tensile stress 11. Small crescent shapetaussobsio 12
.can arise and be observed in pairs on oppos{iie.edges of the support pillars
in either glass sheet. COWOCSI TE PI LLARS 15 Referring now to
figure 3, the 0, | ' fai 0 i ' [ '

conpr essi ve st ?ﬁg’t?}ﬁ?&ry%,&aﬁrﬂ?go @eghgg@qﬁ%mfﬁﬁghgﬂl ?geri Eﬂgj aB\If/gb?sﬁi gh
conpressive st imetdls, avnel il bddition istfd filiws of lrarbanerayobeapddd fot eheadofen
‘either end are relatively thin. However, under shear the soft material can
.deform 20 pemnatenialgi4.snal | anount of |ateral sjdeways novenent, and

‘reducing th i tude, of the st in.the gl heet d decr.easing th
chance of Tor mati on oC@RBASIS aURBO RUIaIS sAav: be Rioglce, B CIHIFREDI (o
0. 2 . : . . 0, il

i Laye;n;n IOP gl gqi%ﬁtée%gtf tqm?%ﬂﬂ@é%ﬁ%%%é{g?ﬁafé&r@] g?'ﬁ%%bp‘\%d ?ﬂgﬁ% hausi ng
stresses near %'ﬁﬁbr?gﬂ?]géhtﬁd?qwéﬂzl@ﬂnﬂhéCdbf@'léy;é@@ﬁ dhdgne Orcb o Sided.s of

the pillars and the soft |ayers are capable of w thstandi hg about [err]

whi ch i s exper iTde pillarsr b raret theerf formedofroat thissshdgt byestamping,out excess
of oxidation or annealing. The materials nust also 30 _ be conpatible with
“hi gh internal P&ﬂﬁrhwga rading or8awing, ar etber mecW'GGFIQ% S.

of heee. et at AERHRNERAI pfSLHE coblrikEly db@srubalY RechR oL

soft mateppal %Re Mﬁgmﬁhwgﬁfh&¢5@§ ABYh&8spr oduced, as indicated

inb5 figure 4, froma c osite sh mat erial consisting of a high

strength central |ayeAralterdativeoivay of protidicimg pilkarsr isbto depiositsthd iseft
'pillars 5 are then formed fromthis sheet by stanping, punchi ng, abr adi ng
~or sawing, or layes 1deaftenithe formaation pt &lnaahardecqrqswég.rr&)ss owfeifcal | y

or el eC_t rolyti ?%lulrg 5'¢ r¢]:elcaj:n,lf<-;rrOcn%n be deposited using conventional electrolytic or

electrolysis plating methods. In this case, the soft layer also coats
15  the sides of the pillars, but this does not affect the operation of
both layers on the ends. Pillars of this type can also be made by
plastically deforming a hard core into a flat disk. The core may be
coated with soft material either before or after the deformation

process.
20 FUSED SOLDER GLASS PILLARS

Some of the pillars 5 may be made of fused solder glass;
while the maj-ority of the pillars may be'made of a material having a
high compressive strength, such as ceramic or high strength metal.
_The fused solder glass pillars may be formed during the same
25 'process that makes the hermetic solder glass edge seal around the
periphery of the glaés sheets. |
The solder glass pillars make a strong mechanical bond to

the internal surfaces of both glass sheets. When shear is present in
the vacuum glazing, the solder glass pillars can absorb the shear |



10 the sheet using photolithographic methods. An alternative way of

produciwgopittdéars is to deposit the soft |ayer 14 after tREI/AUISMG400n of
the hard cores 13. As shown in figure 5 the |ayer can be deposited using
conventional electrolytic or elect roI'y's',"izs “pl ati ng nethods. In this case,

the soft layer also cpats 15 the sideg of th i1l ar but_.t hi oes not
af f ect thef@'ﬁ@%trﬁéh'cwg Bbﬁhmaﬂfm‘éd%r?%tﬁ@sgngg%eﬁi ?'I"}h? B}a’?ﬁ#i O[qype can
al so be magg: 3%“]@] astically deforming a hard core into a flat disk. The
core may b ? ®-with soft materi al ei t her before or after the

def ormati on proceyvhe gélder JIES pHthid-BréAfigerthan’fite @et@0.8mmi | l ars 5
- may be made of fused solder glass, while the majority of the pillars may be

Ln_adﬁ oI a d%ahraet?t lt?ﬁm'_r'r?ﬂyfﬂsaﬂég‘brmmnml lmiﬂar&tt@hgtstroagcﬂnwgbépam c or
i gh strength netal. e fused s er ss pillars may be for durin
E Ee safe ﬁébs"b? GBGS%hﬂfafmrFﬁ&sa'ﬂX ?ig?%él‘ﬂﬁy'_ﬁﬂ‘ﬂ@rpr&)bé)ﬁoé‘dﬁg%gﬁar :atr gund
e perip : l.asS £ - ' irinli make a st
nmechani cal Sgﬁg \fvilpﬁlﬁg'a;ﬂﬁtgé Rﬁ?aéufrrgﬁggs%?%&g%s?yg?g%ﬁ%?t s. Wen ngQ?
IS present suBs}éﬁtiHﬁm&rEhgéﬁh'.% théenabtentuetanée of the yacaumbsorb the
shear WD 96/ 12862 _ _ PCT/ AU95/ 00640
, h12 T }‘or ghz_li_ﬂgadnilltigc@wlrmentgrheamﬂow thresghftivesespilars hedUpdicority of
he pillars. e solder glass pillars are larger, than the,0.2.to 0.3
dlbarrell;)er ht 99?&'&”?%1@0!1%9“@5@1’& made from ﬁ@dﬁé 'é??%ﬁ’&'tgﬁb’ﬁgh to Smn
absorb the s orces., Only a.rel atively spall i : il
Wit 80ua 1 EneL L 18P Jards Pt incfedse R shel MipunbLeBRblicRnes o the . 2" !
e er ma T@,gl i W + ohi 0 heat flow
through th é@ﬁﬂﬁ%&f&ﬁﬁﬁ%& t\&éﬂg‘bﬁg{fy % ﬁ?ﬂgh\éﬁ% ggsﬁﬁg?te%%' from sol der
gl ass without ' The solder glass pillars are up to 2 mm in diameter,
although generally these pillars would be smaller than this - no more
than 1 mm in d_i_amete’r. The glass from which the solder glass
15 pillars are made can be highly transparent, so that these pillars do
not result in a substantial degradation of the optical properties of

the glazing.

DESIGN OF SUPPORT PILLARS
Referring now to figure 6, the support pillars 5 comprising

20 two flat parallel ends 15 and 16 shaped to provide stable

equilibrium, and sides 17 shaped to provide unstable equilibrium, to

ensure that the pillars when placed on a glass sheet will fall onto

one of the flat faces and thereafter lie on that face. |

The sides 17 are tapered outwards in figures 6(a) with one
25 end larger than the other. In figure 6(b) the sides  taper from both

ends'in a cuspodial shape. In figure 6{c) the sides are curved and in

figure 6(d) the sides are curved from both ends in a cuspoidal

shape.



] .

10 resulting in too large an increase in the thermal conductance of the
gl azi ng asWx9a2862 Wi t h heat flow through the support pill arpcr/Alvesossssier
gkass pillars are up to 2 mmin dianeter, t hough generally these pillars
woul d be snmaller than this - no nore than mmin diameter. The glass from

whi ch the sol M e can be highly transparent, so
that these pilT< ) sfj\y-‘sr@ﬁd'ﬁgdantial degradation of the

-optical properties ofinf figugé F thé stbhs!it™h ProebSeGflpfdduciig &eainatey now
to figure 6, the support pillars 5 conprising 20" two flat parallel ends 15

‘and 16 shaped evaguatedipanishidre itustratédi uRirstitive svéeuat@dspaneldist o pr ovi de
runstable equilibrium to ensure that the pillars when placed on a gl ass
'sheet will falPrasHeed@s showrin figurealld). ahbennalayer of plastieodaminate ace.

N EAPAITE R e
: di al sh ' ' : irh i 4 | 6 th

Sides are curvar et 2 Bldbated abode i indtdidl 4e Ehod intigdBoTRgeThel
14 - THE CLAI Ngntire asseivitsiylis toreednwgettier] andotHer heaeed tooad gl ass,

rhernetically seal ed around the ed%e,_ wth a thernally insulating internal
~vacuum and artemperatsiresatophichthe plastic materiali2@ softers and gpads theet's

consisti ng of B0t #Bests ahalass Sanyl ZoBe sHownm Babee HEin ther
veral 1o 3 cdPRRatind Brapbss K3k M RerRIHD orf Sl RN YigBa it i

interface betvgaBirgj tbfrodute® adanifatéd Bvatuated pakekentral body and the
. adj acent gl ass sheet, the contact layer _

Although this invention has been described with reference

to specific embodiments it should be appreciated that it could be
embodied in other forms. A glazing structure may incorporate one
15 or more of the improvements according to the aspects of the

invention.



nmin di aneter. lifmglazmg according to claim1 or
2, wherein the |nt Iayer of " soft rraterlal on one or both ends"

of t he cor?F@#Amgp to 30 [err] (0.03 mm). thick. 4. . Vacuum gl azi ng

I n accorda m1,-2 or 3, wherein the tayer of softer netallic

material is selected f ro%bhﬁnﬂ%lazﬁ@d@nwi&ngttwo stieetiscoIglags,on,
chrom um copper, silver, gold, alumnium alloys of these netals. 5.

Vﬁcuu(rjn gl ahenﬁlectmqri]lm seabd aroumd ¢he edge, xeth awﬂnamatlwmyuamgad around,
the edge, wit t her mal | nsulatln d
pi 11 are. pl SN BEVABUHTEn| SR artay O SHRRATt DIBES PIAGESHDItWEILRER: « h

arranged to absorfyidiefiss S ace SHEE'K/MUBIEE& zing according to claim
1, vxherwomsﬂtaszsup “mﬁm 0 F.{EFtld\CﬁDZ mm { n hei gRCT/Aves/064 to 0.3

b o Bt "B BB it e Mbtn, BUFRRG 6 alder) ugRcef an o5 e

pillars of mptefiat GTPhiRiErCompressive. sfréﬁﬁihr Sith tdleaist oné ehd bei ng
di stributed between the second support pillars over the entire surface of

the 30 gtevered dyladayengfosofter material. absorb shear forces and reduce

t he magni t ude of hese forces on the second,sup OH Pnl | ar AVENDED SHEET
IL - 15 - 6. acuum YPEUMAY glazingiARgording| ajm \}h ovEN e&rh Qo der

dceording SUBPE nﬂ?%’eae% %t@”%gﬂ@ P RGE. 80 -2 he QBN 5L

first,8uppgidmBter.ars- A support pillar for vacuum
gl azi ng, having two flat paral | el stand f aces ‘shaped to provi de stable

equi | i brium to thg. pil | avacauen gidzingracsordingetd claim dvod 2, wvhieneire q
equilibrium the
the layer of soft material on one or both ends of the plllars is up to
30 ym (0.03 mm) thick. | |
4, Vacuum glazing accordlng to any precedmg claim,
15 wherein the soft material is metal, such as nickel, iron, chromium,
copper, silver, gold, aluminium, and alloys of these materials, or a
soft film of carbon. |
B. Vacuum glazing comprising two sheets of glase,
hermetically sealed around the edge, with a thermally insulating
20 vacuum, and an array of support pillars placed betWeen the glass
sheets, wherein the array includes a small nurh_ber of fused solder
glass pillars located over the surface of the glazing, between pillars
of higher compressive strength. ' |
6. Vacuum glazing according to claim 5, wherein the |
25 solder glass pillars are between 0.2 and 2 mm in diameter.
7. Vacuum glazmg according to claim b or claim 6,
wherein up to 10% of the pillars are made from solder glass.
8. A support pillar for vacuum glazing,i _cbmprising two
flat parallel ends shaped to provide_ stable equilibrium, and sides
30 shaped to provide unstable equilibrium, to ensure that the pillars

A W

%



arrangerrent and shapﬁlghgtmsﬁégg Lol rﬁé EM"A{ShBEEN e pillars, in use and

upon bei ngW 2£x28620N wi [TRERACEDD stably |ie pOT/AvSsIOmsRE Of
Ml\ rt p|| r according to claima8, wherein

t.he flat stand faces
"the side faces are cur nac od| al shape, or tapered

Cuspott ai or  Yeef EHERd dn L6l S56EK Wl et ol oe ot $HBiffar 196HS 2Be. o

' the pillar. lereaffedHBRSH khat fhde, according to any one of claims 8 to 1

0, wherein the pillars are circular in cross-section. 12. Vacuum gl azi ng
conprising two sheet8.of gl Assuppért pillarraeidording tecclaiteh 8/ ovingreifahedge,
with a thermal ]|y insulatin cuum and an array of support pillars placed

. between the gbt grﬁamvegjrmutwards]majppspodmllsrtape,ametmpdj in

~accordance with _any one of claims 8 to 11. 1 3. Vacuum gl azi ng
conpri si ng t WYL ['1 §: of gl ass, 25 hernmetically seal ed around the edge,

(with a thermal Iy insybati noal dissael piEF WiBordlith 38 Qa0 Oty th

pillars placed between the glass” sheets erelrn one o e sheets of gl ass

is | aninat ed, cabpodidlher tapered shape'is sypanistieic Withfrespetedo Hoth sides
met hod of manufacturi ng vacuum gl azing, 30 conprising the steps of: -

16 - holding ofighgl pillersheet s at a high tenperature while a sol der gI ass

edge seal is forned; gnd subsequently, |am nating at | east on f | ass
' sheets with a furthel ?sheet ofu %@sz'ugr accordlr%lg 19 any Q&‘%?Wgﬂ P&?@h ng

to claimda, rﬁh&réi}ﬁeg?é ﬁlﬁéjﬂér Sref QIRUMSiIn Erody-86LH8n2 | @yer of plastic

mat eri al~on oneé’surtace
12. Vacuum glazing comprising two sheets of glass,

hermetically sealed around the edge, with a thermally insulating
vacuum, and an array of support pillars placed between the glass
sheets, wherein the support pillars each comprise two flat parallel

15 ends shaped to provide stable equilibrium, and sides shaped to
provide unstable equilibrium, to ensure that the pillars when placed

~ on a glass sheet will fall onto one of the flat faces and thereafter lie
on that face.
13. Vacuum glazing comprising two sheets of glass,

20 hermetically sealed around the edge, with a thermally insulating
internal vacuum, and an array of support pillars placed between the
glass sheets, wherein one of the sheets of glass is laminated, after
the vacuum glazing has been manufactured. |

14, ‘A method of manufacturing vacuum glazing,

25 cdmprising the steps of:

| B holding the glass' sheets at a high temperature while a
solder glass edge seal is formed; and

subsequently laminating at least one of the glass sheets
with a further sheet of glass.

30 - 16. A method according to claim 14, wherein the

procedure consists of:

TN RV



gl azing, and then |ocating the ﬂJH!fh‘é Eﬁd\g& BEEMY above this material; 10
forci ngMhW/2R€2 r e assenbly toget her; CEBen hehting t hECHaT0sSN60t 0 a

tenperature at which the plasti cC Wateriqg softens and bonds to both sheets.
1 6. A method according to claim1 5, wherein the |amnating process is-

performed on bot hy l‘#di'ﬁ§ a)ia\&éleof/w% ghatéridl- od bne suMRit€BT ¢hazi ng

according to any one of claims 1to 4, wherein the support pillars are

shaped in gtazingaand them locatingeths fuithemglass sheet abouel thisl 111111 11111

111211 11 1111 WD 96/ 12862 PCT/ AU95/ 00640 - 16 - placing
a |l ayer' of matgstalc material on one surface of the gl azi ng, and then '

ocating he ! Reidh 58, B56R BN e 'aa'a i 79, e i e
tenpergiure at vhhgBeipBod B3I & blerigbidiife BfiSrecohat: sheet's.

16. . A method accordfng to c erern t m nati ng rocess is
performed nvateeldd softens eind bendscwbmmshms
16. A method according to claim 15, whe_rein the

laminating process is performed on both sides of the vacuum

glazing. .
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