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i nprovenents to the design of 5 "thermally insulating glass panels. These

panel s typically conprisé two spaced apart sheets of gl ass
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The second i h@roveheﬂ@wemrwemwgeemedmas evaquaqct@dt isdalzdnga
met hod of constructi ngrietmerRlinsulating panels are typically

constructed by depositing a strip of solder glass around

the periphery of the glass sheets; depositing an array of
support pillars onto one or other of the sheets of glass;

15 bringing the sheets together or permitting them to move
together; heating the panels to melt the solder glass
around the periphery so that the two sheets settle onto
the pillars; and then cooling the panel to solidify the
edge seal. The panel is then evacuated by pumping out

20 through a tube positioned either through one of the glass
sheets or through the edge seal, and finally the pump-out
tube is melted and sealed off. -

The first improvement concerns the support pillars,
and in particular a method of designing the pillar radius

25 and spacing, and a panel constructed in accordance with
the design constraints of the method.

The second improvement concerns the edge seal, and
in particular a method of constructing a thermally
insulating glass panel with a superior edge seal, and a

30 panel incorporating the'superior seal.

The third improvement concerns the evacuation of the
panels, and in particular a method of improving the
evacuation of the panels durlng constructlon, and a panel
produced by the improved method

35 The fourth 1mprovgment concerns the pump-out tube,
in particular a panelganorporétlﬁg kmmign®gbved pump-out
tube, and a method of constructlng such . panéls.




i_n__sut ating glass panel with a superior edge seal, and a 30 panel

i ncorporating the superior seal. The third i nprovenent concerns
t he evacuation of the panel's, and in particular a nmethod of inproving
t he evacuation of the panels during construction, and a panel
produced by the inproved nethod. 35 The fourth inprovenent concerns
t he punp-out tube, In particular a panel incorporating the - nproved
punp - out tube, and a method of constrwueti-ng such panel s.

-2- Several conditions nust be satisfied in the construction

of evacuated gl azi ng. Siewst:ali t:o'néitionsemestabg gaot iR elrartheer net i c
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l1lars within the glazing. Third, the space between the
glass sheets must be evacuated to a high level, and this
10 level of vacuum maintained over the life of the glazing.
Fourth, in order to reduce radiative heat flow through
the glass, a low emittance coating is applied to the

inner surfaces of one or both sheets of glass.

THE _SUPPORT PILLARS

15 Background
Several factors have been identified which influence

the design choices for the dimensions of a pillar array,
-in particular the piliar radius and the pillar spacing or
separation. Essentially, the design of the pillar array

20 . is a tradeoff between reducing the mechanical tensile
stress within the glass sheets (which necessitates more
and larger pillars), and reducing the heat flow through
the pillars (which requires few, and smaller pillars).

Two areas of tensile stress have previously been

25 identified. First, mechanical tensile stress exists on
the outer surfaces of the glass sheets of the evacuated
glazing in the areas above the pillars. This stress
arises from the bendings of the sheets over the pillars
due to atmospheric pressure forces. Second, stress

30 exists on the inner surface of glass sheets in the areas
immediately adjacent to the pillars. The stresses in
these areas are very similar to classical Hertzian
indenter stresses and can cause conical fractures of the
glass adJacent to the pillars?;,% ¢

K e -
€ " s‘._%-! o'i' :' PR

- TR



+

15 Background Several factors have been identified which

I'nf | uence t he design choices for the dinensions of a pillar array,

in particular the pillar radius.and the pillar spacing or separati on.
Essentially, the design of the pillar array 20 is a tradeoff between
reduci ng the nechanical tensile stress within the glass sheets (which
necessitates nore and larger pillars), and reducing the heat flow

t hr ough the pillars (which requires fel,-and smaller pillars).

Two areas of tensile stress have previously been 25 identified. First,

mechani cal t ensPVBNAXY QL the dnvention the outer surfaces of the glass
sheets of the evacua®sbrding Jz T3 dst tapeatgaghabpvesthe phieatsonThi s
stress [ I N9S<.Q S Q%S I S

due to atnnspheé?%v%éggg%pg d&gé@g J(ﬁ#} Q%% i'gég &Qﬁﬁg o%ﬁahe I nner
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present inventi p ég§f r s and
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gl ass panel. The ﬁﬁ%ﬂﬂdan653determlned value;

10 selecting the pillar separation and radius to ensure

that conical indentor fracture does not occur on the
inner surfaces of the glass sheets;
selecting the pillar separation and radius to ensure
that thermal conductance of the array is below a
15 predetermined value; and the essential step of:
selecting the pillar separation and radius to ensure
the mechanical compressive stress within each pillar is
below a predetermined value.
If the fourth criteria, namely a selection to take
20 into account the mechanical compfessive stresses within
the pillars, is not taken into account then the pillars
may deform inelastically, and the separation of the glass
sheets away from the edge seal will be less than in the
vicinity of the edge. This leads to the glass sheets
25 bending near the edge and causes large tensile stresses
on the external surfaces of the sheets of glass
increasing the probability of fracture.
An additional factor is that the pillars must be
able to withstand the manufacturing regime of the
30 evacuated glazing: In particular, in some manufacturing
processes it is necessary to heat the entire structure to
around 500°C in order to form the edge seal. The edge
seal is normally made using a material called solder
glass which has a melting point lower than the softening
35 point of the glass sheets themselves. The pillar
materials must maintain their low temperature strength
characteristics after such a high temperature cycle.



conprise the conventional steps of: selecting the pillar

- separation to ensure that tensile stress on the outer surface of the
gl ass sheets is below a predeterm ned val ue; 10 selecting the
pillar separation and radius to ensure t hat conical indentor fracture
- does not occur on the I nner surfaces of the glass sheets;

sel ecting the pillar separation and radius to ensure that thermal
conductance of the array is below a 15 predeterm ned val ue; and the
essential step of: sel ecting the pillar separation and radius to
ensure the mech&akdag theptespevatyrpesSqWL FERenatA FEFIURES S

bel ow a predet ergod@cherlwich the fourth fcrtlla@rfiaua:tabu@ést £hé anutee®! of a

sel ection to take 20 1r“é?aCC?#n % ganlca npr.e S|veENr§§ses
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| eads to the glass sheets 25 _bendi ng near the e and_causes
tensile stressestaatalypy Rl ybdenqury| Q%ﬂpf§5€§n8F t fEeshedt L0¥F- g?%%%m
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t he 30 evacuate glazin
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500[ err] C ipgorder tq;éd&faltrtge t%dﬁes%%@hd Iageee ethe préséhtlfnmmﬂy
made using a materi al caIIe %ﬁi i 3 w§ a meltinp g130|n
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pillar natetwalspamﬁd aparueaheeusaqf lbdasseepelating at tewgbhessure
characteristics ghiel SuehifdY HhdeRIT HWhe ShGeCseal and an array of
support pillars. The pillar separation may be selected
15 to ensure that tensile stress on the outer surface of the
glass sheets is below a predetermined value; and the
pillar separation and radius may be selected to ensure
that conical indentor factor does not occur on the inner
surface of the glass sheets, that thermal conductance of
20 the array is below a predetermined value, and
essentially, to ensure the mechanical compressive stress
within each pillar is below a predetermined value.

Preferably the pillars are made from a material with

a mechanical compressive strength of greater than 750
25 MPa, and advantageously greater than 1000 MPa.

Preferably the pillars are made from one of the
following suitable materials: hardened tungsten,
tantalum, molybdenum, high strength steel alloys, ceramic
materials including high strength alumina (aluminium

30 oxide), zirconia (zirconium dioxide), and ceramics
containing a large proportion of these materials.

Brief Description of the Drawings
This invention will now be described, by way of

example only, with reference to Figure 1 which is
35 graphical representation of the design constraints.



-4- Taki ng the tenperature requirenent in account, t oget her

-wWth the fourth criteria reduces the nunber of materials fromwhich the
pillars may be sel ected. The pillar material nust have sufficiently

hi gh conpressive 5 strength. Suitable materials include hardened

tungst en, tantal um mnol ybdenum high strength steel alloys, ceram c

mat eri al s i ncluding high strength al um na (& um ni um oxi de), zirconia
(zirconium di oxide), and ceranics contai"ning a | arge proportion of
these material s.g ) Mod H 9 P RS ERRNYnGSREELL t he present
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not to occur, then values of pillar separation and pillar
15 radius should be to the right of line 2.

The thermal conductance of the pillar array can be
calculated by considering the heat flow through
individual pillars. If the value of 0.3 Wm™2K™! is
considered to be a maximum acceptable value then values

20 of pillar separation and radius should lie above and to
the left of curve 3. This curve has been calculated for
glass pillars which have height equal to radius. The
curve for metal pillars is higher than the one shown in
figure 1 by a factor of approximately 1.3.

25 Fourth, the mechanical compressive stresses within
the pillars themselves need to be taken into account.

The stresses within the pillars can be calculated quite
simply; for a square array of pillars with separation A,
the force on each pillar in the array is g\?, where q is

30 the magnitude of the atmospheric pressure. The cross- '
sectional area of a cylindrical pillar of radius a is
ma?. Thus, the compressive stress within a single pillar
due to atmospheric forces is gA?/wa?. 1In order for the
mechanical compressive stress within the pillar to be

35 less than a specified value it must be to the right and
below the appropriate lines marked 4, 4', 4'' and 4''"'.

The hatched area designated 5 indicates the design
region which satisfies the first three constraints



Brief Description of the Draw ngs This invention will now be

descri bed, by way of exanple only, with reference to Figure 1 which is
35 graphical representation of the design constraints.

- 5- Best Mbde for Carrying Qut the Invention Figure 1 shows
the all owabl e values for pillar separation and pillar radius which

satisfy four design constraints. 5 In the exanpl e shown 4 MPa is
taken as a reasonabl e | evel of tensile stress on the outer surfaces of

the gl ass She@BéeBﬁQroﬁf%ﬁ é'Eﬂmpkggsﬁbée§§§§sé”hﬁfEhénﬂfﬂlars ofunkases

of the glass sheets above th plllar shoul d be | ess than 4 MPa, the
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temperature manufacturing regime, suitable materials for

10 the pillars should have a mechanical compressive strength
of more than 750 MPa, and ideally more than 1000 MPa.
Such materials include hardened tungsten, tantalum and
molybdenum, and high strength steel alloys. Ceramic
materials may also be useful provided they have

15 sufficiently high strength, and appropriate ceramic
materials include high strength alumina (aluminium
oxide), zirconia (zirconium dioxide), and ceramics
containing large proportions of these materials.

THE EDGE SEAL
20 Background

One of the methods of forming the edge seal around
the periphery of evacuated glazing is to use a low
melting point glass (solder gléss). In order to
manufacture such an edge seal, solder glass is deposited

25 as a liquid slurry onto the surface of one or both of the
glass sheets, around the edges. The glass sheets are
brought together and the entire assembly is heated to a
temperature at which the solder glass melts, wets the
surface of the glass sheets, and flows to produce a

30 hermetic seal between the sheets.

One of the difficulties is that even at the high
temperatures used the solder glass possesses a relatively
high viscosity, and it does not flow readily between the
glass sheets. If there is too much solder glass in the

35 gap between the sheets, it may not flow out of the gaps

" sufficiently to allow the upper sheet to settle down onto
the pillars during the edge sealiny process. This leads



the left of curve 3. This curve has been cal cul ated for glass pillars
whi ch have hei ght equal to radius. The curve for netal pillars is

hi gher than the one shown in. figure 1 by a factor of approximtely
1.3. 25 Fourth, the mechanical conpressive stresses within t he
pillars thensel ves need to be taken into account. The stresses within
the pillars can be calculated quite sinply; for a square array of
pillars with separation X, the force on edch piIIar in the array S
[err], where g is 30 he magni tude of the at C_pressure :
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at nospheric forces is [err]. In order for the mechani cal conpressive
stress within the pillar to be 35 | ess, than a specified value it nust be
to the right and SUIBBE¥.RERENGIAVERLIAN, |jnes marked 4, 4', 4'' and

4' The hat chedoatizsy desitdpeatféctsb aapecale@hermnukﬁnumn

region whi oh sal sf besviRgs" L AbeAd O GAASHEY BhE edge ceal for 2
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mat eri al fron1mh|chtpﬁemGFPPﬂrén%&Qﬂlng Rﬂﬁmﬁﬂﬁ@ét@é Typlcally, and t aki ng

I nto account a v gh (a) preparing first and second sheets of glass
such that when they are brought together their edges are
not in registration, and at any point around the
periphery of the panel the edge of one of the sheets of
glass extends beyond the edge of the other;

15 (b) depositing a strip of solder glass around

the periphery of the panel on the extendlng edges of the
glass sheets;

(c) heating the panel to melt the solder glass
such that it runs between the glass sheets; and
20 (a) cooling the panel to solidify the solder
glass.

In this way solder glass does not intrude between
the sheets before it is melted, thereby overcoming the
problem identified in the prior art.

25 The first and second glass sheets are conveniently
prepared by making one slightly smaller than the other.
For instance the upper glass sheet may be 5 mm less than
the lower on all sides; in other words 10mm less in each
orthogonal direction.

30 The solder glass strip may be deposited on the
extending edges such that it bridges the gap between the
‘sheets and contacts the end edge of the other sheet.

Another advantage of the method is that the solder
glass flows into the gap between the two glass sheets a

35 uniform distance all around the periphery of the panel.
The edge seals are therefore formed with a relatively
‘constant width which gives the finished panels an



tenperature manufacturing regine, suitable materials for 10 the pillars

‘shoul d have a nechani cal conpressive strength of nore than 750 MPa,
and ideally nore than 1000 MPa. Such material s include hardened
tungsten, tantal um and nmol ybdenum and high strength steel alloys.
Ceram c materials may al so be useful provided they have 15
sufficiently high strength, and appropriate ceramc mat eri al s i nclude
hi gh strength alum na (al um ni um oxi de)g zirconia (zirconium dioxide),
and ceram cs containing |large proportions of these materials. :
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t enper at ures useqﬂ}q%i%glder gl ass possesses a relatively hi gh
viscosity, and it does Tot flow readily between the gl ass sheets. If
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of the sheets extends beyond the edge of the other.
Preferably one of the sheets is slightly smaller

than the other. For example, by 5 mm on all sides.

15 Brief Description of the Drawings

The invention will now be described, by way of
example only, with reference to the accompanying
drawings, in which:

figure 2a shows a detail of the edge of a panel

20 under construction before the solder glass is melted; and
figure 2b shows the same detail after the solder
glass has been melted.

Best Mode for Carrying'Out the Invention
The lower glass sheet 10 is slightly larger than the

25 upper glass sheet 11 which rests on an array of support
pillars 12 at a predetermined spacing above lower sheet
10. A strip of solder glass 13 is laid on the extending
edge 14 by which the edge of lower sheet 10 extends
beyond the edge of upper sheet 11. The solder glass is

30 deposited either as a liquid slurry, a powder, or a rod.
The strip of solder glass 13 bridges the gap 15 between
the glass sheets and contacts the end edge 16 of upper
glass sheet 10.

When the construction is heated and the solder glass

35 melts, it flows between the two glass sheets 10 and 11 by

the action of capillary forces. The distance the solder



. 7- to large tensile stresses in the glass sheets near their edges

when the vacuumis eventually created. Summary of the Invention
According to the first aspect, the invention 5 provi des a nmethod of

form ng the edge seal for a thermal Iy insulating glass panel,
conprising tw spaced apart sheets of gl ass enclosing a | ow pressure
space’ i nterconnected by an edge seal and®an array ‘of pillars; t he

met hod i ncluding t ste 1 fi.rst _and
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(d) cooling the In

to soli ol de
this way sol der gl §§§m5€%slE&eq%t%?ebéﬂ%éﬁd £o thake %ﬂ%&’é“%’é‘f -or 8%t s
mel ted, thereby overamplag déme glass phekltenmeedendt fhed | il idhe Ly iddiE fetrbnt 25

The first and secogggl E‘ésuﬁ kﬁexara%dc%‘éﬁnbﬁé&é/ could %eepa{ee%anféagmng

one slightly snaller than_t I nst ance
sheet may be 59 nnlpéggl?ﬁ%nthey wﬁ?ﬁaqqﬁﬁ@ﬂaﬁﬁdaPVts?%e%?g%ﬁFRﬁQ%Qn Wet8s
10mm | ess in each each othéongondotd rathiogbnalOdirectidiee. sol der gl ass
strip may be deposited on the
.THE EVACUATION PROCESS
Introduction
One of the essential steps in the manufacture of
15 evacuated glazing is the creation of the low pressure
space between the glass sheets; commonly referred to as
the evacuation process.

Background of the Invention
The space between the glass sheets is generally
20 evacuated through a small tube located at or near a
corner of the panel. Conventional pumping techniques are
used to reduce the pressure, and the panel is heated to
remove dissolved gases from the surface of the glass.
Subsequently the structure is cooled and the tube through
25 which evacuation takes place,sthe pump-out tube, is
melted and sealed to complete the cavity. In some
designs, reactive materials, called "getters", are
incorporated into the cavity in order to absorb gases
which are emitted from the internal surfaces during the
30 lifetime of the panel.
One of the problems is the comparati&ely long period
.of time necessary to evacuate the panel. The time
necessary for evacuation depends on many factors
including the dimensions of the pump-out tube, the area
35 of the panel, and the size of the gap between the sheets.



extendi ng edges such that it bridges the gap between the sheet s  and

contacts the end -edge of the other sheet. Anot her advantage of
the nethod is that the sol der glass flows into the gap between the two
gl ass sheets a 35 wuniformdistance all around the periphery of the panel.
The edge seals are therefore forned with a-rebatively constant w dth
whi ch gives the flnlshed panels an

- 8- excel | engLEABALY mechani cal strength. Typi cal ly

the width of the boneﬁcé@mg{g t@t \uee:ala_easpecgl asite gheedent snvenwgen 3
and 10 mm ccor second t,t [ |

a thermally |nsulgf|ng8§Fass coﬁﬁ?£ug%&gg @ﬁe dfﬂ}:ﬂgﬁg?ﬁﬁgﬂﬁets
of gl ass encI05|nglasﬁomﬁpﬁbngmmixﬂkngaCWO Spﬁﬁéﬂcéﬁﬁé%t%kﬁ%ﬁﬁ &d§ESseal
and an array f pbhh§6§1n M@ﬁrﬁ&ébsure space i hce gt asseshadtisy aire esigaed

or configured, or suc ei.r e S o] tratlon
or Nt gured.” ot hgu, i SHER et ST RS Bt fodOlnt g 60l s

of the sheets extenepsbefond the edge of the other. Preferably one
of the sheets is sllghf(a srrallefsosulod at pLBEE - chi9é £XPIdad)Enz M

on all sides. scCri t|o The
i nvention will noﬁPﬂ@°68§c? BR4, one 3" BHS glass sheetH: and
10 (b) evacuatlng the space within the panel by

pumping out through the pump-out tube.

Using this method the time required to evacuate the
space between the glass sheets can be reduced
substantially, by up to half in comparison with the

15 earlier technique where the pump-out tube was positioned
at a corner of the panel.

In a further aspect the invention provides a
thermally insulating glass panel comprising two spaced
apart sheets of glass enclosing a low pressure space and

20 interconnected by an edge seal and an array of support
pillars, wherein the panel further incorporates a pump-
out tube positioned at or near the midpoint along one of
the sides of the panel. Such a panel has the advantage
of being manufactured in a shorter time than earlier

25 panels as a result of the pump-out tube being positioned
away from a corner of the panel, near to the midpoint of

" one of the sides rather than at a corner.

Brief Description of the Drawings
The invention will now be described, by way of
30 example only, in which: .
figure 3a is a graph showing the time constant for
-pressure reduction in panels of various lateral
dimensions, as a- function of the gap between the glass
sheets; and
35 figure 3b is a graph of the time constant for
pressure reduction within evacuated panels of different
sizes with a very small gap (0.01 mm) as a function of
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pressure reduction within the panel, and is used because
the pressure reduction is exponentially reiated to the
time required. Typically about 15 time constants are
required to reduce the pressure from atmospheric pressure
to an adequately low level when the pump-out tube is
located at or near a corner of the panel. The data of
figure 3a are calculated for a pump-out tube of 0.5 mm in
diameter x 4 mm long, located near the corner of the
glazing and distant by 25 mm from the two adjacent edges.

The inventors have theorised that for small gaps,
the dominant factor in determining the time constant for
pressure reduction is the low conductance for gas flow in
the space between the two sheets of glass. The area of
the panel can be roughly divided into two regions where -
the spatial patterns of gas flow are qualitatively
different. When a pump-oup'tube is located near the
corner of the panel, then the flow closer the pump-out
tube is radially inwards towards the tube over a full 27
radians. At some distance away from the pump-out tube
the gas flow in_the space between the glass sheeté is
also directed radially towards the corner, but only over
approximately w/2 radians. In the intermediate region a
complex of flow pattern exists.

The inventors have found that for many designs of
glazing with small gaps, the gas flow in the regioné
slightly removed from the pump-out tube over n/2 radians
is the dominant factor which determines the time constant
for pressure reduction. The inventors have further found
that a decrease in the time required to evacuate the
panel can be achieved by felocating the pump-out tube



5 It should be appreciated that although this I nventi on has been
described with reference to a specific . exanple it need not be |imted
to that enbodi ment. For exanpl e, one gl ass sheet need not be a
slightly different size to the other and both sheets could be the sane
size 10 provided they were translated out of registration with each
other in both orthogonal direttions. 12 . THE EVACUATI ON
PROCESS I nt roducti on One of the essenti al steps in the

manuf acture of 15 aw&yaprM e;maylc@zmag t6 ahposieidn wlamfert he tbhw pidpsime
space between the ass_s nnDnI refe : evacuati on
process. Bagtg?%%ngte%et e ﬁ\'/en%ﬁd SL £é<§91£ecli$ﬁr asegggrglaggt ween t he
gl ass sheets is gepersddsratpionsegdogsat &6 Fh?oﬁaﬁaa smal | tube | ocated at or

near a corner of tiaPIMRI mi Byﬁﬂtbﬂn@herhﬁnhnaggma@hnlqheSgaseflow
used to reduce_t he_pressur and t he J &
di ssol ved gaseé frBﬁY {h?aﬁﬂgpoPuF gugﬁas Xr%HB¥Eaced

structure is cooIedramdtmémpumnmpumhm@bghOgsursvaQﬁlQﬁRﬁﬁﬁ%ﬂﬂﬁ@ ﬂaﬁes pl ace,
;he punp-out tube, raélansl ”Bf«ﬂeedzo%oialﬂc%%b%dfbe §@<E\Pp|gﬁ£ ey Gaveint ¥3e| BuB@ne
esigns, reactive materials ed "getter ar e, or ated into
the cavity in ordetSt5La82drd %’e@s&'dp ln\RhP?hbﬂ S8 t1% gﬁ? rrge%’orﬁe i nt er nal
surfaces during thepfoximateity npuble hbapawbich was "foundyyhesf thige pump-

problens is thy cogpargibyely A9 i ickdner, akd Ehérecﬂ\%:%%%rt)énttofor
evacuate the panel. The tinme . = necess%gﬁsfor e acuq%lon de

ends n
factors i ncl UBFRESHRe TRMMGTEPhSS LBEfpt o XﬂﬁLCQ4%?S§P@§1§§

of the panel, and fheterze .of the gap between the sheets.
Figure 3b shows the values of time constants as a

y

function of the position of the pump-out tube along the
15 edge of the glass sheets. The data shown are for a

sample with a very small gap of only 0.01 mm, and for a

pump-out tube which is located 25 mm from one edge. A

reduction of the time constant by a factor of

approximately 2 is achieved, as expected by the above
20 analysis.

As a result of the reduction in time constant the’
time necessary to evacuate the panel can be cut by
approximately half. This time reduction translates into
lower_manufacturing costs because of the reduced

25 processing time necessary.

For a 1 m? sample, with an intermal gap of 0.2 mm,
evacuated through a pump-out tube 1 mm in diameter and
4 mm long, the time required to evacuate the panel is
reduced from about 8 minutes to about 4 minutes, when the

30 pump-out tube is relocated from a region near the corner
of the panel to a region near the midpoint of a side.

THE PUMP-QUT TUBE
Introduction

In order to evacuate and seal evacuated glazings, it

35 is necessary to incorporate into their structure a small
pump-out tube through which evacuation occurs. The tube
is necessary because, after the evacuation and bakeout of



- 10 - Sunmmary of the Invention According to a first aspect,
the present invention provi des a nethod of evacuating a thermally
i nsul ati ng gl ass panel conprising two spaced apart sheets of glass 5

enclosing a | ow pressure space interconnected by an edge
array of pillars; the method including the steps of:

seal and an

(a)

positioning a punp-out tube at or near the_ ,5 mdpoint along one side of
one of the glass sheets; and 10 (b) evacuating the space

e

wi thin the panel bMe str@@@@f@Q EHE HdT%OQ%Qohgﬁ QHﬂ@nOMﬁetéﬁgbuatlon

Using this nmethod, t vacua
gl ass sheets can Be ?ﬁdﬂgE Sﬁh

en the

b
b§ %be%FQé%ftq Et §rison

with the 15 earlﬁérechhn¢QLEhQWEunfad$eoﬁunbeoglasﬂbsheﬁnsrhﬂnausene@e
at a corner of th@eaﬁﬂﬁ process invdl¥ed %thhEémﬁéPEG&ré$ﬂmtﬂﬁPQ%h%%

provi des a

apart sheets oOf gFEE%Sﬁﬁ

r mal lnSﬁ at| Iass panel r1sing

ﬁh§§§§re 'gb‘éc AL 2‘@ Small SRbe

aced

i nt erconnect ed bycan bdgmeSEEd &ndissahaﬁrayowévenppoithout tHH|ﬂéﬁé§Sltg
wherei n the panel fu r r t ed at
panel fupthe tﬁ@cwcgp G The? pBUER" whic bé;&g?g SR ee

or near the nidp0|nt al ong one sides o a ‘pane
has t he advant age of being nanufactured in a shorter time than earlier
25 panels as a rBaukgrofnd he punp-out tube being positloned away from

a corner of the panel, T§5¥¥af%&'%h%nﬁhquigssoé??e ; cggaf%

than at a CO&%EF Descr i

fH%osidﬁglrather

which passes through one of the glass sheets using low

melting point glass (solder glass). It has been found
that using solder glass to seal an abraded glass surface
results in joints which have a high probability of
leakage, due to gas flow 'in the abraded region of the

15 glass beneath the solder glass. It is therefore common
practice to seal the tube onto the smooth unmachined
inner surface of the glass sheet in order to make a leak-
free joint. However, one of the problems with this, is

that 'cracks occasionally occur in the relatively exposed
20 solder glass seal between the pump-out tube and the glass
sheet. The cracks arise because the thermal expansion of
the solder glass does not exactly match that of the glass
sheet. Tensile stresses therefore build up in the solder
glass at the seal which may result in the formation of

25 cracks.

Summary of the Invention

According to the first aspect, the invention

provides a thermally insulating glass panel,

comprising

two spaced apart sheets of glass enclosing a low pressure
30 space and interconnected by an edge seal and an array of
support pillars; and further comprising a pump-out tube
which penetrates one of the glass sheets and has a radial
flange which is cemented to the inner surface of that

glass sheet.

35 The flange may be cemented to the interior surface
of the glass sheet by the use of solder glass. Also, the



The invention will now be described, by way of 30 exanple only, in which:
figure 3a is a graph showing the tine constant for pressure reduction
in panel s of various |ateral di rensi ons, as a-function of the gap
between the gl ass sheets; and 35 figure 3b is a graph of the tine
constant for pressure reduction wi thin evacuated panels of different
sizes with a very small gap (0.01-nm as "a function of t he
position of the punp-out tube along the edgelﬁf'the - panel . Best

Mode for Carryi ”gpﬁ%-gﬂﬁf‘ H}%S”&Af”ex'te d from EhEYUifc3RiSPOYE (e fagld10ds
of time necessary to reduce t he |r?ternaf“ pressure I n the space between
the two gl as§hspughsony af fhe arlags Shegbsr bR AufefssD. d)thepquter

period of tine issuefkaceedrt ehas dhwet' ! idihcehatashé tobe does prdssxtend

reduction within .the n nd_is d. be t essure reduction
I s exponentially ?)é;‘ gggdgb% ?’ﬁféeﬁosyrs G e °&2§§?‘r 85?53%‘?% | y about 15
time constant$ are The epreyEiam afequddange PReBReYrBUFR PRt pheri ¢

Fressure to predeguaieby tHav imvaliomhend,heopstpadis thbesolier
R
| ocat ed near the oeryesteobnghgoint which does not suffer from the fracture
problems of the prior art.
10 In a further aspect, the invention concerns a method
of constructing a thermally insulating glass panel
comprising two spaced apart sheets of glass enclosing a
low pressure space interconnected by an edge seal and an
array of pillars, the method including the step of
15 installing a pump-out tube through one of the glass
- sheets, whereby the pump-out tube has a radial flange
which is sealed to the interior surface of the glass
sheet.

Brief Description of the Drawings
20 Figure 4a is a sectional view through the edge of a
thermally insulated glass panel showing a known pump-out
tube arrangement; and ‘
figure 4b is a sectional view through the edge of a
thermally insulating glass panel showing a pump-out tube
25 arrangement embodying the present invention.
The same referénce numerals have been used in both
drawings to refer to corresponding elements.

Best Mode for Carrying Out the Invention
Referring now to figure 4a, thermally insulating
30 glass panel 1 comprises two spaced apart sheets of glass
2 and 3 enclosing a low pressure space 4. Glass sheets 2
and 3 are interconnected by an array of support pillars.
(not shown) and an edge seal 5. A pump-out tube 6
extends through glass sheet 2 from the interior space 4
35 to the bottom of a well 7 in the exterior surface of



glazing and distant by 25 mmfromthe two adjacent edges. The

inventors have theorised that for small gaps, the dom nant factor in
determ ning the tine constant for pressure reduction is the | ow
conductance for gas flowin 20 the space between the two sheets of gl ass.
The area of t he panel can be roughly divided into two regions where
the spatial patterns of gas flow are qualitatively different. \Wen a
punp-out tube is |ocated near the corngg of the panel, then the flow
cl oser the punp-out 25 tube is radially inwards towards the tube over a
full 2[err] gladéaﬂbeeﬁuzsummmb@ st dsceecaley fo orhd hievgmmiprosnrfabe

the gas flow in ghgespaces hat %¥§3 Sgha§§ ébgggscéﬁént g. also dlrected

radially towards the Torner, over rOX|nat err

radi ans. In the interfiSHER ébr'edl'“oﬁo&tgés"—' c%th?}'f% - Aod Bé?t 8?‘3 x?-sts
The inventors haie #bich 4 haimd-@utneopedesi bas afradial oilazigeg 19i bh snal |
gaps, the gag f'gi‘i’néP Lhs. reﬂlﬂ?an%' is 3§5h88t ty Eﬁén)llﬂ%] TM,¢,BHMR- Out

tube over [err]/2 radians’ om nant factor etermnes the

time constant 35°f ﬁb?sﬁr%ﬁﬁﬂﬁw¥|h§d§8@ﬁ85 glgsg ?nV%ﬁRQﬁ%FqQaPétVSPPher

f ound that gldageeaseand idiert iswefaequsl edThe svhbsmig asieis panel
can be achleved ocat t t .
RV R ECUOLE A, | AGpRERUas [ UBSared during the L

of one of the S|éé§r1§ﬁﬁl%3 Eﬁﬁﬁﬁﬁsedaﬂﬁ &dSvReinko the GARifPEMEL ons cl ose
to the edgeio betweehefladdi® 10 dp@d Ahtekionesefride sitdeForiha gagyfl ow

strong joint. Because solder glass 9' is constrained by
flange 10 and inner surface 8, it is not so prone to the
formation of cracks due to the differential thermal
expansion between the solder glass and the glass of

15 sheets in the pump-out tube. '

Although the invention has been described with
reference to a particular embodiment it should be
appreciated that they may be embodied in other ways, for
instance flange 10 need not be positioned at the extreme

20 end of pump-out tube 6'.



5 towards the punp-out tube in regions slightly displaced fromthe
punp-out tube occurs over approximately [err] radi ans. The conduct ance
for such gas fl ow when the tube is close to the mdpoint of one side
is therefore approxi mately doubl e that which was found when t he punp-
10 out tube is near the corner, and the tine constant for pressure
reduction is therefore less by a correspdn&ﬁng ~factor.

Figure 3b shows fhe yalyes of time constants as a function of the
position of the punmp-out tube along the 15 edge of the glass sheets. The
data shown are for a sanmple with a very small gap of only 0.01 mm and
fo;I a Puwrﬁ-ou? tiubeavhé€hod Sot Qfeﬁi@dxi&@ el pon aneradipes atiucal2 _
reduction of the ti const ant a_factor.o ely is
achi eved, as expﬁ? %g%ﬁianhggﬁbgég %ﬁraya%%J%%ﬁggrt %R?&$§Bn§§s£a result of
the reduction i rthem@ldansnsniatheg glass | pandloc @eTWrySipJeRBURERP t Bif:

panel can bescut by selec@PREOKhEBHE] VaPaidparkitiiont biB raducsi 06 énansd ates

into | ower nuf act ur,i nq costs because of the reduced. 25. rocessi ng
time necessary. € mechar 83 SOTPRBSERYDI B51S %lyﬁi?anFgfﬁaPléé%ro%so.2

mm evacuatlesl avhreoggtedeteampnedt valbe. 1 mmin di aneter and -4 mm
|l ong, the tine required to evacuate the panel is reduced from about 8

m nutes to about 4 rrinutest when %Pe,SO tﬁ&gP-gut tube is relocated froma
regi on near the cornér » TheFmehyy Snfitly ZedtonPRBET FTABPH AP nt of a
si de. two spaced-apart sheEctPUNP-@lAsSBElosingl at Rodupressure

I'n order to,gvacyal& afih Si‘?&'er%\ﬁﬁﬁléé‘:@ﬁlﬂizaéﬁ Ndfye ideadd aind aﬁcsﬁagywﬁp

i ncorporate 1 nto elr structure a sm . ggggﬁout t ube throug gch
evacuati on occurSUPEME (Riddars: whergépeBihl3~ fgdeyfrom AREREGELA4t i on

and bakeout of having a mechanical compressive strength above a
predetermined value.

3. A panel according to claim 2, wherein the
15 pillars are made from a material with a mechanical
compressive strength greater than 750 MPa.

4. A panel according to claim 3, wherein the
pillars are made from a material with a mechanical
compressive strength greater than 1000 MPa.

20 5. A panel according to any one of claims 2 to 4,
wherein the pillars are made from one of the following
materials: hardened tungsten, tantalum, molybdenum, high

- strength steel alloys, ceramic materials including high
strength alumina (aluminium oxide), zirconia (zirconium

25 dioxide), and ceramics containing a large proportion of
these materials.

6. A method of forming the edge seal for a
thermally insulating glass panel, comprising two spaced
apart sheets of glass enclosing a low pressure space

30 interconnected by an edge seal and array of pillars, the
method including the steps of:

* c L M S *



- 13 - : the structure, the hole through which the evacuation :
takes place nust be sealed. It is difficult to do this directly on th
surface of the glass sheets because the- seal i ng process involves high
tenperatures which cause 5 stresses in the glass sheets. The end of a
small tube - . can be nelted and seal ed, -hewever, w thout the necessity
to heat the body of the panel which is being evacuated. Backgr ound
Typically a small gl a$s)tube i spssmmrichg ftiorsé hntlesé@onghshde e glassough

one of the glass  3ReethatSLAGn! Oy are BrldugRd PBEBENGL aSKe{ S UdiRSs @ass) .
It has been found ., that using soaI ofer l ass to)seal an ‘?braded gl ass
surface - r esOLs 1Pn TRELREE I AR &Ca BRYgROPPBLAFPYRE yE 1%

| eakage, due to gesiphewyi oft tive aiurmeledieegidge of the 46 tly asiedimnexft h t he
sol der gl ass.g l::‘ci’illr?%gt Qﬁ%@ﬁ&é%&féﬁ@%hé edfggr %gt Sflg Lensgal the tube onto

t he snmoot h unma -1 nner” surface of the ass sheet jn order to
make a | eak- fredPfoint. HERRRHItIngh@ SLriReOpr BBIERE FHIFH (FHWNG s
that cracks occasinenglelipheeurof ntlideparadlatonyehyg expesdéiingOedgeolalerthgl ass
seal between ther%%ré%- ggge;:gbe and the gl ass sheet. The cracks arise
because the ther expansi oh of . the solder glass does not exactly
match that of the glads) = sheeatingdis Pagele§scBelhekBe oFlMRA IHaFS i n

the solder 10 @uass calatt he seas whiwdedmhe @3ukk bRetbe; formation of 25
cracks. ' (d) cooling the panel to solidify the soldex

glass.

7. A method according to claim 6, wherein the first
and second glass sheets are prepared by making one
15 slightly smaller than the other.

8. A method according to claim 7, wherein one glass
sheet -overlaps the other by between 1 and 10 mm,
preferably by about 5 mm on all sides.

9. A method according to ahy one of claims 5 to 7,
20 - wherein the solder glass strip is deposited on the
extending edges such that it bridges the gap between the
sheets and contacts the end edge of the other sheet.

10. A thermally insulating glass panel

comprising two spaced apart sheets of glass enclosing a
25 low pressure space interconnected by an edge seal and an

array of pillars, wherein: :

~ the glass sheets are sized or configured, or both,

such that their edges are not in registration, and at any

point around the periphery of the panel the edge of one
30 of the sheets extends beyond the edge of the other.

11, A panel according to claim 10, wherein one
of the sheets is slightly smaller than the other.

* C L M S *



Summary of the Invention According to the first aspect, the

I nvention provides a thermally insulating glass panel, conprising

two spaced apart sheets of glass enclosing a | ow pressure 30 space and
interconnected by an edge seal and an array of support pillars; and
further conprising a punp-out tube whi ch-péBetrates one of the glass
sheets and has a radi al flange which is cenented to the inner surface
of that gl ass sheet.135 ipanglg FGEORAINBet @ cFbhtB L} 0 WheFein the
interior surface ofit bheegl 8ss2 stheedo yn tshRlUEEe Ohasotierotheassin Ao,

t he

. . - 14 - unp- y
extend fromthe int _erllaglrar%% ? %erf)séln%rf arour’tdhrtgégﬁegﬁ‘%h%)fptﬁg %Jfga%l%}ggs

to a recess-in the outer surface of that sheet, such that the tube does
not extend beyond theiguter surfagenya idre eghatar $hged . chermally The
provision of a flange_on,the punp-out tube, preferably at the interior
end, constrains the §8F8é?plng %?%%% Qﬁﬁé;u9°ﬂ3¥1$ﬁFg éﬁ@ %???%é[ﬁ%ﬁﬁ sRegss
achi eve a very stfogdapsi ancis trg dodown@resghier spaoen ineefcoanted by

probl ems of the priogpakligel@eal andlihfhffaﬁlb%rFQ§P§§§ tRE heMedd | on
concerns a net hod I f

, f .constructing a thernmally insulating glass panel
conpri sing two spacednggﬁgfnghgéfssEﬁé%ﬂ%és encl osing a | ow pressure
space interconnected by akakbdge seapomiticiing a pumpagubftphbé|alr Rr thear the
net hod i ncluding ¢ hep3lgBiAt along one side of one of the glass sheets; and

(b) evacuating the space within the panel by

pumping out through the pump-out tube.

14. A thermally insulating glass panel,
comprising two spaced apart sheets of glass enclosing a
15 low pressure space and interconnected by an edge seal and
an array of support pillars, wherein the panel further
intcorporates a pump-out tube positioned at or near the
midpoint along one of the sides of the panel.

15. A thermally insulating glass panel,
20 comprising two spaced apart sheets of glass enclosing a
low pressure space and interconnected by an edge seal and
an array of support pillars, and further comprising a
pump-out tube which penetrates one of the glass sheets
and has a radial flange which is cemented to the inner
25 surface of that glass sheet.

16. A panel according to claim 15, wherein the
flange is cemented to the interior surface of the glass
sheet by the use of solder glass.

17. A pénel according to claim 15 or 16,

30 wherein the pump-out tube extends from the interior of
the panel through one of the glagss sheets to a recess in
the outer surface of that sheet such that the tube does
not extend beyond the outer surface of the glass sheet.

AR O A0 o



15 installing a punp-out tube through one of the glass sheet s,

‘wher eby the punp-out tube has a radial flange which is sealed to the
interior surface of the glass sheet . Brief Description of the
Drawi ngs 20 . Figure 4a is a sectional view through the edge of a

thermal |y insul ated gl ass panel show ng a known punp-out t ube _
arrangenent; and figure 4b is a sectional view through the edge
of a thermal ly insulating glass panel ghow ng a punp-out tube 25 _
arrangenment enbodyi ng the present invention. The sane reference

nuneral s have been used i n bot A methodr af egsstxuateiirey at aheamaddpondi ng

el enent s. %e;g_ M}%F n : )Y |

Referring now to ure gft Cﬁéf’#‘ ?ﬁ@% h‘ggg r%a%g agart fheets
conprises two sp‘é affrancliesdng éf graBEessure ?%ﬂf 3W8§Pﬁ§t§dlbw
pressure space 4an(éd?§§ sdigetand?an arrapdoB pLEldrYd ertenmeched by an array

of support pill a gqum e 6
ext ends thro%gha{'; %J'S%dlsrf?g:re}t% %?ggn Qgs er?’g‘-f «;PA?@SQE gy%ouggttom
of a well 7 in t?Re Xk diteoglagst §é§e§$: WherEbY the pump-out tUbe has a
- 15 - radial flange which is sealed to the interior surface of

the glass sheet.
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gl ass sheet 2. Tube 6 is sealed to the interior surface 8 of gl ass
sheet 2 by sol der glass cenent 9. Figure 4b, in contrast, shows
part of glass panel 1' in which a punp-out tube 6' has a radial flange
10 on its 5 inner end. Tube 6" is sealed to the interior surface 8

-of glass sheet 2 by solder glass 9' deposited between fl ange 10 and

i nner surface 8. The solder glass is 1/8el ted at high tenperatures,
created during the fabrication process, and flows into the gap forned
10 between flange 10 and interior surb@gﬁﬁg%to forma very strong
joint. Because solder glass 9" is cons by fl ange 10 and i nner
surface 8, it is notf so prone to the formati on of cracks due to the
differential thermal expansi on between the sol fer _gfags_and the gl ass
of 15 sheets in tHe punp-out tube. Al t hough t h&anwenti on has
been described with reference to a particular enbogh j
appreci at ed thatéigqy may be enbodied in other ways, fg@
flange 10 need n pe positioned at the extrene 20
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1. A nethod of designing the pillar radius and yon, for the
array of support piflars in a i ' gl Ass panel ;
conpri si ng thé?step of :
| S 4ot
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5 selecting the pillar separation and radius to ensure t he

nmechani cal conpressive stress within each pillar is - bel ow a

pr edet er mi ned val ue. 2. Athermally insulating glass pane
conpri sing - two spaced-apart sheets of glass enclosing a | ow pressure
10 space and interconnected by an edge seal and an array of suppor t
pillars; wherein pillars are nmade froma materi al havi ng a nechani ca
conpressi ve strength above a pred y%rnined val ue. 3. A
panel according to claim2, wherein th 5 pillars are made from a
material with a nechani cal conpressive strength greater than 750 MPa.
4. A panel according to claim3, wherein the pillars are made from a
material with a nechani cal conpressive strength greater than 1000 MPa.
20 5. A panel according to any one of clainms 2 to 4, wherein
the pillars are made fromone of the follow ng mat eri al s: hardened
tungsten, tantalum nolybdenum high strengt? steel alloys, ceramc
mat eri al s i ncludi ng high strength al um ng m ni um oxi,ge),  zirconi a
(zirconium 25  di oxige CFBH Siate-yits uqfae/aré rtion of
these materials. for a

thermal ly insul ating
of glass enclosing a
and array of pillars,

apart sheets
*,
o by an -edge seal




-17- (a) preparing first and second sheets of gl ass

such that when they are brought together their edges are not in

regi stration, and at any point around the peri phery of the panel the
edge of one of the sheets of 5 gl ass extends beyond the edge of the

ot her; (b) depositing a strip of solder glass around

the periphery of the panel on the extendi ng edges of the gl ass sheets;
(c) heating the panel to nmelt the é9EQer gl ass 10 such that it runs
bet ween the gl ass sheets; (d) cooling the panel to solidify
t he sol der gl ass. 7. A method according to claim®6,

wherein the first and secgnd gl ass sheets are prepared by maki ng one
15 slightly smaller than ﬂﬁhg - -8—Aethod—pgeqording to
claim?7, wherein one glass _she overlaps the other by bgtfwegn 1 and
10 nm preferably by about {5 nmm v 9.1 A nethod
according to any one of claims § to 7, wherein the sepf'der gl dss strip
is deposited on the ext endifng edges s OVhdﬁ?Cbn i dges thejgap

bet ween t he sheets and congacts the end he ot her s Fet.
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10. Athermally in
apart sheets of glass en
an edge seal and an
sheets are sized or conf
in registration, and at
t he edge of one 30
11. A panel accord
slightly smaller than th

according to claim11l, wherein the

the other in the | at

13.

conprising two spaced apart sheets

space interconnected by
met hod
punp-out tube at or
gl ass sheets; and

by

104-

102

TIME CONSTANT (SECONDS)

10!

A met hod of evacuating a thernmaldlAF 5

i ncludi ng the steps of:
near the 10 midpoint along one side of one of the
evacuating the space within the pane

sul ati ng gl ass panel
closing a 25
array of pillars,
i gured, or both,

any

wher ei n:

ing to claim 10, wherein one
e ot her. 12.
one sheet

er al

and an array of pillars,

(a)

an edge sea

(b)

conprising tw spaced
| ow pressure space interconnected by
t he gl ass
such that their edges are not
poi nt around the periphery of the panel
of the sheets extends beyond the edge of the other.
of the sheets is
A panel
is 2to 20 mmsnaller than
di nensi on around the periphery of the glazing.
i nsul ati ng gl ass panel
of glass enclosing a | ow pressure
t he
positioning a
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" punping out through the punp-out tube. 14. A thermally

l.nsul ati ng gl ass panel, conprising two spaced apart sheets of gl ass
encl osing a 15 | ow pressure space and interconnected by an edge seal and
an array of support pillars, wherein the panel further i ncorporates a
"~ punp-out tube positioned at or near the m dpoi nt al ong one of the sides
. of- t he panel. 15. A thermally insulating glass panel, 20
conmprising two spaced apart sheets of g{&8s enclosing a | ow pressure
space and interconnected by an edge seal and an array of support
pillars, and flurther conprising a = punp-out tube which penetrates one
of the gl ass SESE;? and hag, a radial flange mhhﬁh S ggented to the
i nner 25 surface of that g sheet . 6. A pane
according to claim.15, mhepé%ﬁ t he flange iA ce ' | or
surface of the gt > he Py tke bdse g0l der gf as N 17.

A panel accordi efein t unp, ut\{u Eyte1ds
fromthe interijor. o of [Jtipe sdsheets t O\ h
recess in C
not extend be
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;-;19 - 18. - A nmet hod of constructing a thermally

i nsul ating gl ass panel conprising two spaced apart sheets of gl ass-
enclosing a | ow pressure space interconnected by an edge seal and an
rarray of pillars, the method 5 including the step of installing a
. punp-out tube through one of the glass sheets, whereby the punp-out
‘tube has a radial flange which is sealed to the interior surface of
t he gl ass sheet. '
- 20 -
B ABSTRACT

10

"Methods of Construction of Evacuated Glazing"

The inventions described in this specification
concern a .number of improvements to the design of
thermally insulating glass panels (10, 11). The first
improvement concerns the support pillars (12), and in
particular a method of designing the pillar radius and
spacing, | and a panel (10, 11) constructed in accordance
with the design constraints of the method. The second
improvement concerns the edge seal (13), and in
particular a method of constructing a thermally
insulating glass panel (10, 11) with a superior edge seal
(13), and a panel (10, 11) incorporating the superior
seal (13). The third improvement concerns the evacuation

~of the panels (10, 11), and in particular a method of

15

20

improving the evacuation of the panels (10, 11) during
construction, - and a panel (10, 11) produced by the
improved method. The fourth improvement concerns the
pump-out tube, in particular a panel (10, 11)
incorporating the improved pump-out tube, and a method of
constructing such panels (10, 11). —

Figure 2b should accompany the publication of the abstract.




