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This invention concerns improvements to thermally
insulating evacuated glass panels; these panels may be

used for windows.

_ BACKGROUND ART
Thermally insulating glass panels 1 typically

compfise two spaced apart sheets of glass, 2 and 3,

-enclosing a low pressure space; refer to figures 1, 2 and

3 (not shown to scale). These sheets are interconnected
by a peripheral joint of fused solder glass 4 and an
array of pillars 5. |
The pillars 5 ensure sufficient structural strength

to withstand the forces imposed by atmospheric pressure,
and maintain the sheets of glass spaced-apart. The
pillars 5 comprise a preform 6 made of glass, ceramic,
metal or other materials completely coated with a layer
of solder glass 7. The preform 6 is usually made from
the same material as the glass sheets in order that the
thermal expansion coefficients of the preforms, the
sheets and the solder glass should match. The purpose of
the preform is to maintain the separation of the glass
sheets during the fuéion operation when the solder glass
has little mechanical strength.

| A pump-out tube 8 is incorporated into the panel and
is used during the construction of the panel to evacuate

the spaée between the glass sheeﬁs. The pump-out tube 8

is hermetically sealed by fused solder glass 9 to a hole

10 which passes from an interior face of glass_gﬁgét 2 to
the bottom of a recess 11 in the exterior face of glass
sheet 2. The recess 11 allows the pump-out tube 8 to be

melted and sealed leaving a stub which does not'protrude
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sol der gl ass shpuld match. The purpose of

A chemical getter 12 is often included w1th1n a
machlned recess 13 in one of the sheets of glass in the
panel to counteract any rise in pressure due to out-
gassing from the glass.

A low emittance coating may be provided on the
interior surface of one or both sheets of glass. The

emittance of the coatings is usually between 0.05 to 0.2

to ensure a thermal conductance due to radiation of

approximately 0.15 to 0.6 Wm 2Kl or less.

The internal pressure of the panel is usually below
10"2 torr and sometimes below 10°3 torr.

PILLAR DESIGN

The design of the pillar array is a trade-off between
reducing heat flow through the pillars (which imposes a
requirement to reduce the number and size of the pillars)
and reducing stresses within the panel and pillars (which
requires more, and larger pillars).

A first sight, it would appear that the use of metal
pillars would result in large heat transfer rates through
the panel. Indeed, the thermal conductance of metal
pillars is very large, due to the high thermal
conductivity of the metal.

In the published literature, it is shown that a short
circular contact between two bodies gives rise to a
finite thermal impedance, equal to 2 Ka, where K is the
thermal conductivity of the bodies and a is the radius of
the contact. The existence of this finite thermal |
impedance arises because of the‘"spfeading resistance"
for heat flow within the bodies themselves. The thermal
conductance values which apply to glass pillars of zero
height also apply to metal pillars, and it has
surprisingly been found that the actual heat flow through



the preformis tQQh Q&ﬂkﬁmg meparati on of the glass sheets during the
fusion operation glass has little mechanical strength. 25
A punmpfout tube 8 ﬂ into the panel and is used during the
construction of th cuate the space between the gl ass sheets.
The punp-out tube 8 is hernetlcally seal ed y “fused solder glass 9 to a
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bottom of a recess e ex lor face’'o ass Sheet cess 11
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does not protruge ight.
It has therefore been realised that it is possible to
5 design a pillar array using metal pillars, which has |
adequately low thermal conductance, for which external.
mechanical stresses are low, and for which internal
fracture near the pillars is unlikely to occur.
Accordingly, a first aspect of the present invention,
10 as currently envisaged, provides a thermally insulating
nglass panel comprising:
two spaced apart sheets of glass enclosing a low
pressure space and interconnected by a peripheral joint
of fused solder glass and an array of pillars, wherein at
15 least some of the pillars are made entirely of metal.
Preferably the diameter of the metal piilars is 0.2
millimetres or less, for instance 0:1 millimetres. The
stress within the panel is affected by the glass
thickness, and for 4mm thick glass sheets the pillar
20 spacing is preferably between 15 and 30 millimetres. A
smaller range of between 19 and 23 millimetres is also
advantageous. Of course for different glass thicknesses
‘different ranges are possible. The size of pillars and
- spacing of the array will give a heat flow of less than
25 0.3 Wm 2K, and ensure sufficient structural strength to
withstand the forces imposed by aﬁmospheric pressure.
| Preferably some, limited, inelastic deformation of
" the metal pillars occurs during construction of the
panel. This will accommodate planar irregularities
30 between the two glass sheets ensuring good physical
contact between the pillars and the glass sheets.
Preferably the metal pillars-are nickel, ironm,
molybdenum, tungsten, tantalum, titanium, aluminium,

steel or stainless alloys containing these metals. These



getter 12 is often included within a machi ned recess 13 !n
shéets &f glass in the 5 panel to counteract any rise |n

-*2- beyond the plane of the exterior face of the glass shaeShétHwMS irﬂ
to
out- gassing fromthe glass. A low emttance,cQating may b prOV|ded on the

metals ensure thermal performance and structural strength
for the pfeferred pillar sizing and array geometry.
An embodiment of this aspect of the invention will
now be described with reference to figures 4, 5 and 6.
5 Panel 1 comprises two spaced apart glass sheets 2 and
3. The sheets are interconnected by a peripheral joint 4
of fused solder glass, and by an array of pillars 15.
Values of pillar separation and pillar radius, which
achieve low external stresses, low probability of
10 internal fracture near the pillars, and a heat flow for
“the entire pillar array less than 0.3 Wm 2K™%, are shown
in Figure 6. Typical values for the dimensions of an
array of metal pillars are:
Pillar separation : 23 mm
15 Pillar diameter : 0.2 mm
There is considerable flexibility in the choice of
materials for the metal pillars disclosed here. The
pillars must be strong enough to resist the compressive
forces due to atmospheric forces. It is noted, however,
20 that some limited inelastic deformation of the pillars
when the vacuum is initially applied is tolerable and,
indeed, may be advantageous. Such deformation
compensates for minor variations in planarity of the
glass sheets, and results in good mechanical contact
25 between the pillar and the glasé, thus evenly
distributing the load over the pillar surface.

' The material of the pillars should be compatible
with the high temperature processing of the window
(=500°C for 1 hour) and must have a low Qapour pressure

30 in order not to degrade the vacuum. .
Suitable metals which satisfy these design
donstraints include: nickel, iron, molybdenum, tungsten,
tantalum, titanium, aluminium and alloys containing these

materials, such as steel, and stainless steel.



hnterior surface of one or both sheets of glass. The emttance of the
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conduct ance due to radiation of approximately 0.15 to 0.6 [err] or |ess.

The internal pressure of the panel is usual-ly below [err] torr and
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maintalned when the solder glass is fused.

Hybrid Pillar Array
5 According to another aspect of the present

invention, as currently envisaged, there is pfovided a
thermally insulating glass panel comprising:

two spaced apart sheets of glass enclosing a low
pressure space and interconnected by a peripheral joint

10 bf fused solder glass and an array of pillars; wherein
- the array of pillars is made up of a combination of
solder glass containing pillars and non-solder glass
containing pillars.

Advantageously the solder glass containing pillars

15 have an expansion coefficient matched to the sheets of
glass.

Preferably the non-solder glass containing pillars
contain glass, céramic or metal materials. The
non-solder glass containing pillars maintain the spacing

20 between the two glass sheets when the solder glass is
melted.

An embodiment of this aspect of the invention will
now be described with reference to figures 7 and 8.

Panel 1 comprises two spaced apart glass sheets 2

25 and 3. The sheets are interconnected by a peripheral
joint 4 of fused solder glass, and by an array of
pillars. Some pillars 16 contain solder glass, but a
small proportion of pillars 17 do not c¢contain solder
glass, and do not melt when the solder glass is fused.

30. The non-solder glass containing pillars 17
maintain the separation between the glass sheets during.
solder glass fusion. All the pillars 16 and 17 maintain
the separation between the glass sheets after solder

glass fusion when the panel has been evacuated and is
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glass containing plllars. However, metal pillars exhibit
larger heat flow than solder glass pillars of comparable
diameter, but the increase in total heat flow through the
array is relatively small if the fraction of metal
pillars is not large.
Solder Glass Pillar Arrxay

As an alternative, according to this aspect of the
present invention, as currently envisaged, there is
provided a thermally insulating glass panel comprising:

two spaced apart sheets of glass enclosing a low
pressuré'space and interconnected by a peripheral joint
of fused solder glass and an array of solder glass
containing pillars; wherein support pieces are arranged
between the glass sheets before the peripheral joint of
solder glass is fused to maintain the spacing between the
two glass sheets during solder glass fusion.

| Preferably the support pieces break up when the

low pressure space is subsequently created after the
solder glass fusion. The break up of the support pieces
prevents subsequent heat conduction through them, leading
to an overall better thermal performance of the glass
panel. '

The support pieces may be made of glass, éeramic
or metal materials.

An embodiment of this aspect of the invention will
now be described with reference to figures 9 and 10.

. Referring now to figures 9 and 10, panel 1
comprises two spaced apart glass sheets 2 and 3. The
sheets are interconnected by a peripheral joint 4 of
fused solder glass, and by an array of solder glass
containing pillars 18. 'In addition support pieces 19 are

used during the fabrication of the panel 1.

This Sheet Has Been Reﬂlaced
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30 | npedance arises because of the "spreading resistance" for heat flow
wi thin the bodi es thenselves. The thermal conductance val ues which apply to
glass pillars of zero height also apply to netal pillars, and it has
surprisingly been found that the actual heat jfl ow through 3 a netal
pitlar is quite low, it is alnost exactly equal to the thermal conductance
of a glass pillar of zero glass sheets.

The support pieces maintain the spacing between
the two glass sheets when solder glass is fused, but may
break up under the load of forces resulting from

5 atmospheric pressure when the low pressure space is
created.

REDUCTION OF STRESS IN THE PANEL

The mechanical stresses in evacuated panels are

quite complex, and arise from several different sources.
10 _ Atmospheric preésure produces large stresses in

" the support pillars, and in the glass sheets immediately

adjacent to the pillars. The nature of these stresses is

well understood in the context of Hertzian indenter

fracture experiments. Atmospheric pressure also results
15 in tensile stresses on the outside surfaces of the glass

sheets, near the pillars.

The existence of temperature differences across
the panel gives rise to significant bending stresses and
shear stresses in the solder glass joint. Also, thermal

20 short circuiting by the peripheral solder glass joint
affects the stresses in the region of the edge.

Wind loading of the panel also produces external
tensile stresses. |

In the design of evacuated panels it is important

25 to consider the resultant stress, since it is this which
acts to cause fracture. It has been found that the
mechanical stresses due to bending are greatest near the
edges of the panel. This arises because of the complex
way in which the tensile and compressive stresses in the

30 glass sheets translate into shear stresses in the fused
soldef glass joint, and because the temperature
differences across the glass sheets near the edges are
different from those near the middle of the panel. All

these factors cause stress in the panel to be more severe

" This_Sheet Has Been Rerlaced




height. It has therefore been realised that it is possible to 5 design a
pillar array using netal pillars, which has adequately | ow thermal :
conductiance, for which external nechanical stresses are |ow, and for which
internal fracture near the pillars is unlikely to occur. Accordingly, a
firTst aspect of the present-invention, 10 as currently envisaged,

provides a thernpbhy thgUkaheBY §hasenBapBkneP8D’ tHhRIovEO thRACRELARE
sheets of glass enclosing a | ow pressure space and interconnected by a

peri pheral jointthe surface.
Three advantageous techniques for combating stress

will now be explored:
5 Pillar Density

The density of pillars may be greater throughout
some regions of the panel than others; in particuiar near
the edges. _

An embodiment will now be described with reference

10 to figures 11 and 12.

' Panel 1 comprises two spaced apart glass sheets 2
and 3. The sheets are interconnected by a peripheral
joint 4 of fused solder glass, and by an unevenly
distributed array of pillars 20.

15 The pillar array is arranged such that the density
of pillars 20 near the peripheral fused solder glass
joint of the panel 1 is greater than towards the centre
of the panel 1. This provides additional structural
support in the regions of the panel subject to greater

20 resultant stress. The tensile stresses near the edge of
the panel are reduced significantly by increasing the -
density of support pillars near the edge. This occurs
because the level of tensile stress above each support
pillar in the edge region is reduced, with a consequent

25 reduction in the total tensile stress.

Reductions in stresses near the edges can also be
achieved by incorporating into the device, near the
edges, pillars which are less compliant than the majority
of the pillars in the array. Less compliant pillars can

30 be of the same material as that of the rest of the array
and of larger area, or of a different, less compliant
material. The effect of including such pillars is to
increase the area of the window over which bending

deformation due to atmospheric pressure occurs, and to
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of fused solder glass and an array of pillars, wherein at 15 | east sone
of.-the pillars are nade entirely of netal. Preferably the dianeter of the
metal pillars is 0.2 mllinetres or less, for instance 0.1 mllimetres. The
stress within the panel is affected by the gltass thickness, and for 4mm

t hick gl ass sheets the pillar 20 spacing is preferably betmeen 15 and 30
mllinetres. A éeatéeserahgemagnbeudeeﬂf1©henue2$1h¢I$¢¥E§$Q§ asseghated

advant ageous. rse %or ?lffe gl ass thicknesses di fferent ranges
are possi bl e. Thg1 zﬁuS qe ?Em%Eéﬂ *spacing of the array will give a heat
flow of |ess than It is recognised, of course, that increased heat

transfer occurs because of the greater number, or larger
5 size, of support pillars. However, the increase is
relatively small in terms of the overall insulating
performance of the structure, and is more than outweighed
by the beneficial effecﬁs from the reduced stresses.
Pre-Stressing
10 The panel may be prestressed before the solder
*glass is fused. For instance compressive stress built
into the panel reduces the effect of external tensile
stress.
An embodiment will now be described with reference
15 to figures 13 and 14.

- Panel 1 comprises two spaced apart glass sheets 21
and 22. The sheets are interconnected by a peripheral
joint 4 of fused solder glass, and by array of pillars 5.
. Tensile stress can be reduced by establishing

"20 compressive stress, during manufacture, in that region of
the panel when tensile stress will subsequently occur.

For example, if the glass sheet 21 will ultimately

be installed on the outside of a building in a cold
climate, the panel is bent throughout the fusion

25 operation to provide a concave shape on the exterior
surface of sheet 21. The magnitude of the pretensioning
should not be such as to cause serious stresses in the
panel. For example, for stresses less than 4 MPa, the
probability of failure of the panel is negligible. When

30 a prestressed window is installed, the compressive stress
on the ocutside serves és an offset which increases the
ability of the device to withstand temperature
differences whilst maintaining external stresses below’

specified levels. R
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25 0.3 [err], and ensure sufficient structural strength to withstand the
forces i nposed by atnospheric pressure. Preferably sone, limted, inelastic
deformetion of the netal pillars occurs during construction of the panel.
This will accommobdate planar irregularities 13 - between the two gl ass
sheets ensuring good physical contact between the pillars and the gl ass
sheets. Preferabdyiffienimgathe|Edges are nickel, iron, nolybdenum

t ungst en, [ ]
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may be thlckened. The thickness of the sheets of glass

may be increased around the edges of the glass panel by
5 fixing, with adhesive, a plate to one or both sides of

the edge region of at least one of the glass sheets.

The bending stiffness of a beam is a function of
its thickness, varying inversely with the cube of the
thickness. A relatively small increase in the thickness

10 of the edges of the panel therefore results.in
' “gignificant stiffening of the structure as a whole. This
stiffening can be used to reduce the overall bending of
the device to the point where the external stresses on
the hot side are very small. In addition, the existence
15 of the bonded edge significantly reduces the tensile
stresses in the glass sheets near the edge.

An embodiment will now be described with reference
to figures 15 and 16. .

Panel 1 comprises'two spaced apart glass sheets 2

20 and 3. The sheets are interconnected by a peripheral
joint 4 of fused solder glass, and by array of pillars
23.

The thickness of the edge of the panel 1 is

.increased by bonding plates 24, with adhesive, to the

25 external faces of both glass sheets. This reduces
tensile stresses in the glass sheets near the edge, and
reduces the resultant shear stress in the peripheral
fused glaés joint 4.
PUMP-OUT TUBE

30 ' ~The design of the pump-out tube imposes particular
challénges, Ideally, the tube should“be"very_smail, and
located entirely within the nominal geometric dimensions
of the evacuated window structure. However, small glass

tubes can be extremely fragile and it is very difficult
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4 metals ensure thermal performance and structural strength for the
preferred pillar sizing and array geonetry. An enbodi nent of this aspect of
the invention will now be described with reference to figures 4, 5 and 6. 5
Panel 1 conprises two spaced apart gl ass sheebs-2 and 3. The sheets are

I nterconnected by a peripheral joint 4 of fused sol der glass, and by an
array of pillarstbbseddl weshanipiallar teeparcd itubesn duyringarevaantiati onwhi ch

without breaking them.
According to a further aspect of the present

invention, as currently envisaged, there is provided a
5 thermally insulating glass panel comprising two spaced

apart sheets of glass enclosing a low pressure space

interconnected by a peripheral joint of fused solder

glass and an array of pillars, and a pump-out tube to

provide communication between the interior and the

10 exterior of the panel during the creation of the low

' pressure space; wherein the pump-out tube extends through
a hole extending from the bottom of a recess in the
exterior face of one sheet of glass to the interior face
of that sheet of glass, and the tube is joined to that

i5 sheet of glass by a solder glass joint made between the
outside surface of the pump-out tube and the interior
face of that sheet of glass.

Thé solder glass seal between the pump-out tube
and the polished internal surface of the sheet of glass,

20 is'more effective than a seal to an abraded surface such
as in the bottom of the recess. This is because the
abraded glass surface contains many microcracks which
extend some distance into the body of the glass. The.
solder glass may not completely close all these .

25 microcracks and very slow leaks can occur due to lateral
motion of gas through the poorly connected microcrack
region. By fusing the solder glass onto the smooth
interior surface of the glass plates, this problem does
not arise.

30 In addition the solder glass forms a smooth
-surface on ﬁhe vacuum side, and is easily evacuated.

It will be appreciated that if the fused seal
between the solder glass and the glass sheet is made on

the inside of the glass plate, then the end of the pump-
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achieve | ow external stresses, |ow probability of 10 I nternal fracture

near the pillars,

and a heat flom/for the entire pillar array less than 0.3

[err] ,*are shown in Figure 6. Typical values for the di mensions of an
array of netal pillars are: Pillar separatidd :- 23 nn115 Pillar

di anet er : 0.2 nm There | consi derabl e, fl exi bi 4he ph0| of
materials for tH*etipe p?'rl1 drke %’ée%l"’f'%sl’ e FUFSS mifLe %tgraé?'ug
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not ed, however,

small, there is a danger that the protrusion will contact

.onto the surface of the other glass sheet. 1In order to

5 avoid this, a second recess may be machined onto the

interior face of the other glass sheet in registration

with the hole, to permit the extension of the pump-out

tube to remain out of contact.

Preferably there is a fused solder glass joint

10 between the two glass sheets extending partly around the

~hole. This provides local structural reinforcement

‘around the pump-out hole and the recess.

An embodiment of this aspect of the invention will

now be described with reference to figures 17 and 18.

15

Panel 1 comprises two spaced apart glass sheets 2

and 3. The sheets are interconnected by a peripheral

joint 4 of fused solder glass, and by array of pillars 5.

The pump-out tube 8 is positioned in a hole 25

drilled from the bottom of a machined recess 26 in the

20 exterior face of one sheet of glass 2 to the interior

face of that sheet of glass 2. The pump-out tube 8 is

joined to that sheet of glass by an hermetic solder glass

joint 27 made between the outside surface of the pump-out

tube 8 and the interior face of sheet 2. A machined

25 recess 28 in glass sheet 3, in registration with the

pump-out tube hole, 25 provides clearance between the

pump-out tube 8 and glass sheet 3.

The hole for the pump-out tube and the recesses

give rise to stress magnification. In particular, under

30 temperature differentials, or due to the effects of

atmospheric pressure, the tensile stresses that are

inevitably present in the glass are larger in the

immediate vicinity of these features. In order to reduce

" the effect of this stress concentration the solder glass
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20 that sone limted inelastic deformation of the pillars when the vacuum
is-initially applied is tolerable and, indeed, nmay be advant ageous. Such
deformati on conpensates for minor variations in planarity of the glass
sheets, and results in good nechanical comtaé 25 between the pillar and

the glass, thus evenly distributing {he | oad over the pillar_surface The
material of the PEPPELESSHOHI BhBcPEEHRRRTYI @F FR $$é§£i%ﬁ??%ﬁpé?%}€?e

rpos ook £ SgEhrENe FSRehoRBLset) sl 1yo00c iyt dmsenaedons
to partly surround the pump-out tube 8 and the recess 28.
A small gap 30 is left in the solder glass seal to permit
5 the evacuation to take place. After fusion, solder glass
29 provides structural support around the pump-out tube
8. The existence of this solder glass around the pump-
out tube results in almost complete elimination of
mechanical tensile stresses due to bending or atmospheric
10 pressure and has a highly advantageous effect in the
. reduction of the probability of failure due to stress
magnification by the pump-out tube recess.
After the space in the interior of the panel has
been evacuated, the part of the tube 8 inside recess 26
15 is heated until it melts and is then sealed (tipped-off).
It can be seen, in Figure 17, that the tube 8 when tipped
off does not protrude beyond the surface of glass sheet
2. The reason for this is so that when the panel is
framed tube 8 will not be damaged by the frame, and is
20 protected by the frame. The stub of the pump-out tube
may be encapsulated or otherwiée protected prior to
mounting in the frame, in order to facilitate handling
without damage. |
A variant of the technique for sealing the pump-
25 out tube, is to polish the inside of the recess ih which
the end of the pump-out tube is located. The polished
surface 31 of the recess is suitable for the solder glass
sealing operation, being smooth. 1In this case, a
satisfactbry seal can be made 6n the exterior surface of

30 the glass, as shown in figure 19.
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Sui tabl e netal s which satisfy these design constraints include: nickel,
i ron, nmol ybdenum tungsten, tantalum titanium al um nium and allogs

containing these materials, such as steel, and stain mmm‘ \!ﬁ

CONTROL OF SEPARATI ON OF GLASS SHEETS The sepgrati on\ﬂi\“\W ' et s

must be mai'ntai ned when the solder glass is fused. »oc b WS
CLAIMS

1. A thermally insulating glass panel

comprising:

two spaced apart sheets of glass enclosing a low

5 pressure space and interconnected by a peripheral joint
of fused solder glass and an array of pillars;

wherein at least some of the pillars are made
entirely of metal.

2. A panel according to claim 1 wherein for 4

10 millimetre thick glass sheets the pillar diameters range

“from 0.1 to 0.2 millimetres, and the pillar spacings
range from 15 to 30 millimetres.

3. A panel according to claim 1 or 2, wherein
some inelastic deformation of the metal pillars occurs

15 during construction of the panel.

4, A panel according to any preceding claim,
wherein the metal is nickel, iron, molybdenum, tungsten,
tantalum, titanium, aluminium, steel or a stainless alloy.
containing these metals.

20 _ 5. A thermally insulating glass panel
comprising:

two spaced apart sheets of glass enclosing a low
pressure space and interconnected by.a peripheral joint
of fused solder glass and an array of pillars;

25 . wherein the array of pillars is made up of a
combination of solder glass containing pillars and
non-solder glass containing pillars.

6. A panel according to claim 5, wherein the
solder glass containing pillars contain glass, ceramic or

30 ° metal materials.

7.—— A thermally insulating glass panel
comprising: .

two spaced apart sheets of glass enclosing a low

pressure space and interconnected by a peripheral joint
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Hybrid Pillar Array 5 Accordi ng to anot her sent
I nvention, as currently envisaged, there is provi ded ﬂjﬂ@im 'i atl ng
gl dss panel conprising: two spaced apart sheets of gl

pressure space and interconnected by a periphkat joint 10 of fused

sol der glass and an array of pillars; wherein the array of pillars is nade

up of a conbinati®f H8Se@| 8eldg¥ag5a88nRBA ARPAFFRY P SPOeHEL¥Fer gl ass
cont ai ni ng p||Iaréonggyﬁgﬁagﬁgy§£¥sghe sol der glass containing pillars

wherein support pieces are arranged between the

glass sheets before the peripheral joint of solder glass
5 is fused.

8. - A panel according to claim 7, wherein the
support pieces maintain the spacing between the glass
sheets when the solder glass is fused, but break up when
the low pressure is subsequently created.

10 S. A panel according to claim 8, wherein the
© support pieces are made from glass, ceramic, or metal
materials.

10. A method of comstructing a thermally
insulating glass panel comprising two spaced apart sheets

15 of glass enclosing a low pressure space interconnected by
a peripheral joint of fused solder glass and an array of
pillars, the method including the steps of:

(a) depositing a strip of solder glass around

the periphery of the glass sheets;
20 (b) depositing an array of pillars onto one of
the sheets of glass;

(c) arranging support pieces between the sheets

of glass; then

(d) bringing the glass sheets together, or

25 permitting them to move until the sheets.

come into contact with the support pieces;

(e) 'heating the panel to melt the solder glass;
and
{£) creating a low pressure space between the

30 glass sheets.
11. A method according to Claim 10, wherein the
support pieces maintain the spacing between the two
sheets of glass when the solder glass is fused but break

up when the low pressure space is created.
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15 have an expansi on coefficient matched to the sheets of glass

Pr ef erably the non-sol der glass containing pillars coqt umm lmlﬂ “Ln
or ‘'metal materials. The non-sol der gl ass containing p|ll|ﬂm

spaci ng 20 between the two gl ass sheets when the solder gl &ss®is® ne ted.
An"enbodi ment of this aspect of the invention will now be described wth

reference to figures 7 ammdl 8. Ramslthbdc amporsdng wo snadadmpawmegiea'ss the
sheets 2 25 and 3. The sheets are 5% connﬁpted b eri pher

support pieces are ma rom glass, i¢ or me
materials.
13. A panel according to any one of claims 1 to

5 9, wherein the density of pillars is greater throughout
some regions of the panel than others.

14. A panel according to any one of claims 1 to
9, wherein the pillars are less compliant in some regions
of'the.panel than others.

10 ' 15. A panel according to any one of claims 1 to
9, wherein the panel is prestressed before the solder
glass is fused.

16. A panel according to any one of claims 1 to
.9, wherein edge regions of at least one glass sheet are

15 thickened.

17. A panel according to claim 16, wherein a
plate is fixed by adhesive to one or both sides of the
edge region of at least one of the glass sheets to
thicken it.

20 18. A thermally insulating glass panel,
comprising: _ |

two spaced apart sheets of glass enclosing a low
pressure space and interconnected by a peripheral joint
of fused solder glass an array of pillars, and é pump-out

25 tube to provide communication between the interior and
the exterior of the panel during the creation of the low
pressure space;

wherein a pump-out tube extends through a hole
extending from the bottom of a recess in the exterior

30 face of one sheet of glass to the interior face of that
sheet of glass, and the tube is joined to that sheet of ——
glass by a solder glass joint made between the outside
surface of the pump-out tube and the interior face of
that sheet of glass. . -

TR ﬁi‘i\fﬁﬁ’ ||m”“°"



joint 4 of fused solder glass, and by an array of pi I | ar s
contain sol der glass, but a small proportion of. pill Isll ﬁ w‘ tal n
sol der gI ass, and do not nelt when the sol der gl ass

The non- sol der gl ass containing pillars 17 -mai8nt-ai n t he separ atlon bet iween
t he gl ass sheets during solder glass fusion. All the pillars 16 and 17
mai ntai n the separati on1¥st wee® Haaedl ascoyitdars tof tHaigw|ifer Wiersin &i on

when the panel hazsec%eseén i%vﬂv%@ie&g—ch"%% it:she interior face of the other

sheet of glass in registration with the hole.
20. A panel according to claim 18, wherein
5 there is a fused solder glass joint between the two glass

sheets, which extends partly around the hole.
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;6- subject to atnospheric pressures. Metal is a preferred material for the
nen-sol der glass containing pillars. However, netal pillars exhibit |arger
héat fPow than sol der glass pillars of conparable 5 dianeter, but the
increase in total heat flow through the arrawis réelatively small if the

fraction of netal pillars is not large. Solder Gass Pillar Array As an
alternative, according to this aspect of the

* IMPROVED TO THERMALLY INSULATING GLASS PANELS"™

ABSTRACT

This invention concerns a thermally insulating
glass panel comprising two spaced apart sheets of glass
(2, 3) enclosing a low pressure space, and interconpected

5 by a peripheral joint of fused solder glass (4) and an
array of pillars (5). The pillars (5) may be made
“entirely of metal. Alternatively the array may be made
up of a combination of solder glass containing pillars
and non-soldef glass containing pillars. Additional

10 support pieces may be arranged between the glass sheets
(2, 3) before.the peripheral joint of solder glass is
fused. A method of constructing such panels is also

disclosed, as well as other variants.

(Figure 2)

— .
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of fused sol der glass and an

' lon, as currently envisaged, there is provi 0040
géﬂéﬁg%g gl ass panel conprising: two spaced apart ﬁgé?gg%?
closing a | ow pressure space and i nterconnected by a peripheral

array of sol der glass 15 cont ai ni ng

rs; wherein support pieces are ar{Afided between the gl ass sheets
ore the peripheral joint of solder glass is fused to maintain the
paci ng between the two gl ass sheets during solder glass fusion. Preferably

t he support pieces break up when the 20 | ow pressure space is

subsequently created after the
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é#lﬁ%ﬁ{k The break up of the support pieces prevents subsequent
ough them leading to an overall better therRGI/AU93/00040
ce of the glass panel. 25 The support pieces nay be nade
S, ceramic or nmetal materials. An enbodi nent of this aspect of the
ion will now be described with refeffehce to figures 9 and 10.

rring nowto figures 9 and 10, panel 1 30 conprises two spaced apart
ass sheets 2 and 3. The sheets are interconnected by a peripheral joint 4

of
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- The support pieces 19 are made from gl ass,

es, rods, or hollow tubes. 3/11

0
T T TV T 7T 777 72T 777 77777 77T 7777

% ]
7 4
5 /]
4 o o o o o) %
g %
¢ %
¢ L/
. g %
T 4 o o o o o %
¢ s
] /]
¢ L]
/ %
Q\ ¢ O O O O @) %
Ny’ 7
# o o 0 o) o j

14
4 2
j . /]
/////7//[//L///7//H////////////1

This Slliiet |Illiai|i3een|I|Tlactsd

, and by an array of solder glass containing,Ri).l
%ﬂ%%%ﬁﬁ'pieces 19 are used during the fabricationqgﬁbkﬂgk%gﬁgp
ceram c or
als. They may have one or nore of several geonetric forns,

nmet al
I ncl udi ng
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hg/g32090rts nust be sufficiently strong to support PCFeAUdIB6040
n the solder glass is inits nelted state. However, they do not
be strong enough to support the |load due to the vacuum as this my
ally borne by the normal support pib}aﬁs. In the 10 case the

orts break when the vacuumis appliéﬂ.’ he pieces wll then fall to
bottom of the panel and play no further part. A METHOD OF CONSTRUCTI NG

THERVALLY | NSULATI NG GLASS PANEL 15 Al so according to this
aspect of the present

501

40 |-

30

20

| EXTERNAL TENSIL
\\ﬁ\ STRESS< 4 MPa

DESIGN VALUES

PILLAR SEPARATION Almm)

10

o.1 0.2 03
PILLAR RADIUS a (mwn1)

FIG. 6
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rently envisaged, there is provided a nethod
|ﬂgﬁgﬁ#ﬁgrnally I nsul ating gl ass panel conprising tmgqég é@&”% art
of glass enclosing a | ow pressure space interconnected by a
eral joint 20 of fused solder glass and an array of pillars, the
od including the steps of: (a) Jébbsiting a strip of solder glass
ound the periphery of the sheets; (b) depositing an array of pillars
onto one of 25 t he sheets of glass; (c) arrangi ng
support pieces between the sheets
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93115396 her until the 30

A hen (d) bringi ng the gl ass sheets together,

or permttin
sheet s conPETHMAIIEY

e support pieces; (e) heating the panel to nelt the sol der ¢l ass

creating a | ow pressure space between the

6/11
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gs206he support pieces maintain the spacing betwggr/il
ets when solder glass is fused, but may break up under theQPb

esulting from5 atnospheric pressure when the | ow pressure space |s
ed. REDUCTI ON OF STRESS I N THE PANI;_ The mechani cal stresses in
cuat ed panels are quite conplex, and A 1&e fromseveral different
urces. 10 At nospheric pressure produces |large stresses in
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% %hI{ rs, and in the glass sheets i mediately adjac E@vk@m&hﬁmgo
Q934 of these stresses is well understood in th onteéxt o

i ndenter fracture experinents. Atnospheric pressure also results

in tensile stresses on the outside surfaces of the glass sheets, near

e“pillars. The existence of tenperaturg3diflif erences across the panel

I'ves rise to significant bending stresses and shear stresses in the sol der

glass joint. Also, thermal 20 short circuiting by the peripheral solder

glass joint affects the stresses in the region of the edge.
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in the fused sol der

panel al so produces external tensile stres
§ panels it is inportant 25
57 since it is this which acts to cause fracture.
”-the mechani cal stresses due to bending are greatest near the edges of
e panel . This arises because of the cdhp
onpressive stresses in the 30

gl ass joint,

across the gl ass sheets near the edges are
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f¢x way in which the tensile and
gl ass sheets translate into shear stresses
and because the tenperature differences
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7Yom those near the niddl e of the panel . Al these f r
QA3 t o0 be nore severe -9- near the edges, a%ﬁﬁi}ﬁ?ﬂm
>/ than over the rest of the surface. Three advantageous techniques
onbating stress will now be explored: 5 Pillar Density
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rs may be greater throughout sone regions of the
I cul ar near the edges. An enbodi nent wll

d mnth reference 10 to figures 11 and 12. Panel
apart ‘gl ass sheets 2 and 3. The sheets are interconnected by a

heral joint 4 of fused sol der gl ask]/&fAd by an unevenly distributed

ay of pillars 20. 15 The pillar array is arranged such that the

1 conprlses t wo

density of pillars 20 near the peripheral fused sol der gl ass
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- WE7023-3 ! 2oL ACEMENT SHEETS  SG
J-oint of the panel 1 is greater than towardssthe cenmrgmgﬁmmb .o paged .4
This provides additional structural support in the W@gtﬂﬂ§¢gf t gygaﬁeh paged 8.
subj ect to greater 20 resul tant stress. The tensj h@u%;{«ﬁ. &FS phfp . Wit hem. c2d
edge of the panel’ are reduced significantly by |ncre IARgitdae degek{w ?§p4md
support pillars near the edge. This occurslbecause he evel of “ténsi’]

stress above each su ort illar in the edge regionis
consequent 25 ré&& Bh &0t THERMALRY| LNS Wﬁﬁw-%ﬂm -------

stresses near the edges can al so be achieved by incorporating into the
devi ce, near the

.....

TECHNICAL FIELD
‘This invention concerns improvements to thermally
insulating evacuated glass panels; these panels may be

5 used for windows.

_ .BACKGROUND ART
Thermally insulating glass panels 1 typically
comprise two spaced apart sheets of glass, 2 and 3,
enclosing a low pressure space; refer to figures 1, 2 and
10 3 (noﬁ shown to scale). These sheets are interconnected
by a peripheral joint of fysed solder glass 4 and an
array of pillars 5. |
The pillars 5 ensure sufficient structural strength
to withstand.the forces imposed by atmospheric pressure,
15 and maintain the sheets of glass spaced-apart. The
pillars 5 comprise a preform 6 made of glass, ceramic,
metal or other materials completely coated with a layer
of solder'gless 7. The prefofm 6 is usually made from
the same material as the glass sheets in order that the
20 thermal expansion coefficients of the preforms, the
sheets and the solder glaes should match. The purpose of
the preform is to maintain the separation of the glass
. sheets during the fusion operation when the solder glass
has little mechanical strength. '
25 A pump-out tube 8 is incorporated into the panel and
is used during the construction of the panel to evacuate
the space between the glass sheets. The pump-out tube 8
is hermetically sealed by fused solder glass 9 to a hole
10 which passes from an 1q§erlof'feceﬁpf"g aSquﬁeet 2 to
30 the bottom of a recess 11%dn thé‘extéYlor face of glass
sheet 2. The recess 11 allows the pump-out tube 8 to be

melted and sealed leaving a stub which does not protrude
This is the replacement shest
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edges, pillars which are |ess conpliant than the majority of the pillars in
the array. Less conpliant pillars can 30 be of the sane material as that
of the rest of the array and of larger area, or of a different, |ess
compliant material. The effect of including such pillars is to increase the
area of the wi ndow over whi ch bendi ng defordrati on due to atnospheric

pressure occurs, and to - 10 - )
beyond the plane of the exterior face of the glass sheet
2. '

A chemical getter 12 is often included within a

machined récess 13 in one of the sheets of glass in the
5 panel to counteract any rise in pressure due to out-
gassing from the glass.

A low emittance coating may be provided on the
interior surface of one or both sheets of glass. The
emittance of the coatings is usually between 0.05 to 0.2

10 to ensure a thermal conductance due to radiation of
approximately 0.15 to 0.6 Wm 2K'! or less.

The internal pressure of the panel is usually below
10"2 torr and sometimes below 103 torr.

PILLAR DESIGN

15 The design of the pillar array is a trade-off between
reducing heat flow through the pillars (which imposes a
requirement to reduce the number and size of the pillars)
and reducing stresses within the panel and pillars (which
requires more, and larger pillars). '

20 A first sight, it would appear.that the.use of metal
pillars would result in large heat transfer rates through
the panel. Indeed, the thermal conductance of metal
pillars is very large, due to the high thermal
conductivity of the metal.

25 In the published literature, it is shown that a short
circular contact between two bodies gives rise to a
finite thermal impedance, equal to 2 Ka, where K is the
thermal conductivity of the bodies and a is the radius of
the contact. The existence of this finite thermal

30 impedance arises because of the "spreading resistance"
for heat flow within the bodies themselves. The thermal
conductance values which épply to glass pillars of zero
height also apply to metal pillars, and it has
éurprisingly been found that the actual heat flow through

This i5 o ieplacement sheet
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decrease the magnitude of the tensile stresses associated with such
deformation. It is recognised, of course, that increased heat transfer
occurs because of the greater nunber, or larger 5 si ze, of support

pillars. However, the increase is relatively small in terns of the overal
I nsul ating performance of. the structure, -add-is nore than outwei ghed by the
beneficial effects fromthe reduced stresses. Pre-Stressing 10 ' The

panel may be paeme¢taispilbafoie ghiteolder ftats atmbgteexacblyi aguahce
conpfessive Stégsghguéﬂérmal conductance of a glass pillar of zero
height.
It has therefore been realised that it is possible to
5 design a pillar array usiﬁg metal pillars, which has
adequately low thermal conductance, for which external
mechanical stresses are low, and for which internal
fracture near the pillars is unlikely to occur.
Accordingly, a first aspect of the present invention,
10 as currently envisaged, provides a thermally insulating
glass panel comprising:
two spaced apart sheets of glass enclosing a low
pressure space and interconnected by a peripheral joint
of fused solder glass and an array of pillars, wherein at
15 least some of the pillars are made entirely of metal.
Preferably the diameter of the metal pillars is 0.2
millimetres or less, for instance 0.1 millimetres. The
stréss within the panel is affected by the glass
thickness, and for 4mm thick glass sheets the pillar
20 spacing is preferably between 15 and 30 millimetres. A
smaller range of between 19 and 23 millimetres is also
advantageous. Of course for different glass thicknesses
different ranges are possible. The size of pillars and
spacing of the array will give a heat flow of less than
25 0.3 Wm 2k, and ensure sufficient structural stréngth to
withstand the forces imposed by atmospheric pressure.
Preferably some, limited, inelastic deformation of
the metal pillars occurs during construction of the
panel. This will accommodate planar irregularities
30 between the two glass sheets ensuring good physical
contact between the pillars and the glass sheets.
Preferably the metal pillars are nickel, iron,
molybdenum, tungsten, tantalum, titanium, aluminium,

steel or stainless alloys containing these metals. These
This is the replacement shest
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into the panel reduces the effect of external tensile stress. An enbodi nment
wll now be described with reference 15 - to figures 13 and 14. Panel 1
conprises two spaced apart glass sheets 21 and 22. The sheets are

i nterconnected by a peripheral joint 4 of fused solder glass, and by array
of pillars 5. Tensile stress can be reduceds by establishing 20

conpressive stress, during manufacture, in that region of the panel when

t ensi | e stressmeithl ssehsageethleymadc per feammascaping, stirudtaimglast remeth 21

wil | uItlnateI¥or the £ , . . _
preferred pillar sizing and array geometry.
An embodiment of this aspect of the invention will
now be described with reference to figures 4, 5 and 6.
_ S Panel 1 comprises two spaced apart glass sheets 2 and
3. The sheets are interconnected by a peripheral joint 4
of fused solder.glass, and by an arfay of pillars 15.
Values of pillar separation and pillar radius, which
achieve low external stresses, low probability of
10 internal fracture near ;he pillars, and a heat flow for
the entire pillar array less than 0.3 Wm 2K™1, are shown
in Figure 6. Typical values for the dimensions of an
array of metal pillars are:

Pillar separation : 23 mm

15 Pillar diameter : 0.2 mm

There is considerable flexibility in the choice of
materials for the metal pillars disclosed here. The
pillars must be strong enough to resist the compressive
forces due to atmospheric forces. It is noted, however,

20 that some limited inelastic deformation of the pillars
when the vacuum is initially applied is tolerable and,
indeed, may be advantageous. Such deformation '
compensates for minor variations in planarity of the
glass sheets, and results in good mechanical contact

25 between the pillar and the glaés, thus evenly
distributing the load over the pillar surface.

The material of the pillars should be compatible
with the high temperature processing of the window
(=500°C for 1 hour) and must have a low vapour pressure

30 in order not to degrade the vacuum.

Suitable metals which satisfy these design
constraints include: nickel, iron, molybdenum, tungsten,
tantalum, titanium, aluminium and alloys containing these

materials, such as steel, and stainless steel.

This it raplacement shest
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be installed on the outside of a building in a cold climte, the panel is
bent throughout the fusion 25 operation to provide a concave shape on the
exterior surface of sheet 21. The nmagnitude of the pretensioning should not
be such as to cause serious stresses in the panel. For exanple, for
stresses less than 4 MPa, the probability &f -failure of the panel is
negligi bl e. When 30 a prestressed w ndow is installed, the conpressive
stress on the GUNERQEL QE; GEPARATIQGNP ASHI SHEEESr eases t he ability of
the device to withstanf! GERRLALYER Ok’ LAEEESs"EhbataRLEEALAI N exter nal
stresses bel ow

maintained when the solder glass is fused.

Hybrid Pillar Array
5 According to another aspect of the present

invention, as currently envisaged, there is provided a
thermally insulating glass panel comprising:

two spaced apart sheets of glass enclosing a low
pressure space and interconnected by a peripheral joint

10 of fused solder glass and an array of pillars; wherein
the array of pillars is made up of a combination of
solder glass containing pillars and non-solder glass
containing pillars.

Advantageously the solder glass containing pillars

15 have an expansion coefficient matched to the sheets of
glass.

éreferably the non-solder glass containing pillars
contain glass, ceramic or metal materials. The
non-solder glass containing pillars maintain the spacing

20 between the two glass sheets when the solder glass is
'melted.

An embodiment of this aspect of the invention will
now be described with reference'to figures 7 and 8.
Panel 1 comprises two spaced apart glass sheets 2

25 and 3. The sheets are interconnected by a peripheral
joint 4 of fused solder glass, and by an array of
pillars. Some pillars 16 contain solder glass, but a
small proportion of pillars 17 do not contain solder
glass, and do not melt when the solder glass is fused.

30 The non-solder glass containing pillars 17 '
maintain the separation between the glass sheets during
solder glass fusion. All the pillars 16 and 17 maintain
the separation between the glass shéets after solder
glass fusion when the panel has been evacuated and is

This is the replacement shest
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specified | evels. Stiffening the Edges The edge regions of at |east one
Sheet of glass may be thickened. The thickness of the sheets of glass may
be i ncreased around the edges of the glass panel by 5 fixing, with
adhesive, a plate to one or both sides of the edge region of at |east one
of the glass sheets. The bending stiffnesseof- a beamis a function of

subject to atmospheric pressures.

Metal is a preferred material for the non-solder
glass containing pillars. However, metal pillars exhibit
larger heat flow than solder glass pillars of comparable

5 diameter, but the increase in total heat flow through the
array is relativély small if the fraction of metal
pillars is not large.

Solder Glags Pillar Array
As an altefnative, according to this aspect of the
10 present invention, as Currently envisaged, there is
provided a thermally insulating glass panel comprising:
two spaced apart sheets of glass enclosing a low
pressure space and interconnected by a peripheral joint
of fused solder glass and an array of solder glass
15 _cOntaining pillars; wherein support pieces are arranged
between the glass sheets before the peripheral joint of
solder glass is fused to maintain the spacing between the
two glass sheets during solder glass fusion.

Preferably the support pieces break'up when the .

20 low pressure space is subsequently created after the
gsolder glass fusion. The break up of the support pieces
prevents subsequent heat conduction through them,. leading
to an overall better thermal performance of the gléss
panel.

25 The support pieces may be made of glass, ceramic
or metal materials.

An embodiment of this aspect of the invention will
now be described with reference to figures 9 and 10.

Referring now to figures 9 and 10, panel 1

30 comprises two spaced apart glass sheets 2 and 3. The
sheets are interconnected by a peripheral joint 4 of
fused solder glass,_and by an array of solder glass
containing pillars 18. In addition support pieces 19 are

used during the fabrication of the panel 1.
This is the replacement sheet
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Its thickness, varying inversely with the cube of the thickness. A
‘relatively small increase in the thickness 10 of the edges of the panel
therefore results in significant stiffening of the structure as a whol e.
This stiffening can be used to reduce the overall bending of the device to
t he point where the external stresses on-the-hot side are very small. In
addition, the existence 15 of the bonded edge significantly reduces the

tensile stresses in (e @Wﬂhﬁ!ﬂi@%dﬁ e adge fmomgiadseengnic now

be descri bed mnth referen
r metal maég%fa S.qﬁ{es 15i%avélone or more of several

geometric forms, including spheres, rods, or hollow
tubes.

5 : The supports must be sufficiently strong to
support the glass sheets when the solder glass is in its
melted state. However, they do not need to be strong
enough to support the load due to the vacuum as this may
be totally borne by the normal support pillars. In the

10 case the supports break when the vacuum is applied. The
pieces will then fall to the bottom of the panel and play
no furthér part.

A METHOD OF CONSTRUCTING A THERMALLY INSULATING
GLASS PANEL |

15 Also according to this aspect of the present
invention, as currently envisaged, there is provided a
method of constructing a thermally insulating glass panel
comprising two spaced apart sheets of glass enclosing a
low pressure space interéonnected by a peripheral joint

20 of fused solder glass and an array of pillars, the method
including the steps of:

(a) depositing a strip of solder glass around

the periphery of the sheets;

(b) depositing an array of pillars onto one of
25 the sheets of glass;
{c) arranging support pieces between the sheets

of glass; then
(d)  bringing the glass sheets together, or

permitting them to move together until the

30 sheets come into contact with the support
| pieces;
(e) heating the panel to melt the solder glass;
and
(£) creating a low pressure space between the
This is the replacement shest
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Panel 1 conprises two spaced apart glass sheets 2 20 and 3. The sheets
are interconnected by a peripheral joint 4 of fused sol der glass, and by
array of pillars 23. The thickness of the edge of the panel 1 is increased
by bonding plates 24, with adhesive, to the 25 external faces of both

gl ass sheets.

edge, and reduces the resultant shear stress in the peripheral

This reduces tensile stressgs-in the glass sheets near the
fused gl ass

joint 4. PUMP-QUT TUBE glass sheets.

10

15

20

25

30

The support pieces maintain the spacing between
the two glass sheets when solder glass is fused, but may
break up under the load of forces resulting from
atmdspheric pressure when the low pressure space is
created.

REDUCTION OF STRESS IN THE PANEL

"The mechanical stresses in evacuated panels are
quite complex, and arise from several different sources.

Atmospheric pressure produces large stresses in
the support pillars, and in the glass sheets immediately
adjacent to the pillars. The nature of these stresses is
well understood in the context of Hertzian indenter
fracture experiments. Atmospheric pressure also results
in tensile stresses on the outside surfaces of the glass
sheets, near the pillars.

The existence of temperature differences across
the panel gives rise to significant bending stresses and
shear stresses in the solder glass joint. Also, thermal
short circuiting by the peripheral solder glass joint
affects the stresses in the region of the edge.

Wind loading of the panel also produces external
ténsile stresses.

In the design of evacuated panels it is important
to consider the resultant stress, since it is this which
acts to cause fracture. It has been found that the
mechanical stresses due to bending are greatest near the
edges of the panel. This arises because of the complex
way in which the tensile and. compressive stresses in the
glass sheets translate into shear stresses in the fused
solder glass joint, and because the temperature
differences across the glass sheeté near the edges are
different from those near the middle of the panel. All

these factors cause stress in the panel to be more severe
" This is the replacement sheet
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The design of the punp-out tube inposes particular challeng
he tube should be very small, and |located entirely wthin the

geonetric di nensions of the evacuated w ndow structure. However

gl ass tubes can be extrenely fragile and it is very difficult
- to seal

10

15

20

25

30

mechanically to such tubes durti g evacuati on w thout breaking

near the edges, and the corners, than over the rest of
the surface.

Three advantageous techniques for combating stress
will now be explored:

Pillar Density _

The density of pillars may be greater throughout
some regions of the panel than others; in particular near
the edges.

~ An embodiment will now be described with reference
to figures 11 and 12. _

Panel 1 comprises two spaced apart glass sheets 2
and 3. The_sheets are interconnected by a peripheral
joint 4 of fused solder glass, and by an unevenly
distributed array of pillars 20.

The pillar array is arranged such that the density
of pillars 20 near the peripheral fused solder glass
joint of the panel 1 is greater than towards the centre
of the panel 1. This provides additional structural
support in the regions of the panel subject to greater
resultant stress. The tensile stresses near the edge of
the panel are reduced significantly by increasing the
density of support pillars near the edge. This occurs
‘because the level of tensile stress above each support
pillar in the edge region is reduced, with a consequent
reduction in the total tensile stress.

Reductions in stresses near the edges can also be

~achieved by incorporating into the device, near the
edges, pillars which are less compliant than the majority
of the pillars in the array. Less compliant pillars can
be of the same material as that of the rest of the érray
and of larger area, or of a different, less compliant
material. The effect of including such pillars is to
increase the area of the window over which bending

deformation due to atmospheric pressure occurs, and to

es.

- 12
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According to a further aspect of the present invention, as currently

“envi saged, there is provided a 5 thermally insul ating gl ass panel
conprising two spaced apart sheets of glass enclosing a | ow pressure space
i nterconnected by a peripheral joint of fused solder glass and an array of
pillars, and a punp-out tube to provi de-cdfmmuni cati on between the interior
and the 10 exterior of the panel during the creation.of the | ow pressure
space; wher ei decheapenpheumagnisuder Ofd&hentesH 18 BHres8a% ARIRFASH t he

Pg%éfrggffgcggg %§Shght%%f%ékg&kga.face of one sheet of glass to the

It is recognised, of course, that increased heat

transfer occurs because of the greater number, or larger

5 size, of support pillars. However, the increase is
relatively small in terms of the overall insulating
performance of the structure, and is more than outweighed
by the beneficial effects from the reduced stresses. '
Pre-Stressing _

10 The panel may be prestressed before the solder
.glass is fused. For instance compressive stress built
into the panel reduces the effect of external tensile
stress.

An embodiment will now be described with reference

15 to figures 13 and 14.

Panel 1 compriSes two spaced apart glass sheets 21
and 22. The sheets are interconnected by a peripheral
joint 4 of fused solder glass, and by array of pillars 5.

Tensile stress can be reduced by establishing

20 compressive stress, during manufacture, in that region of
the panel when tensile stress will subsequently occur.

For example, if the glass sheet 21 will ultimately
be installed on the outside of a building in a.coid
climate, the panel is bent throughout the fusion

25 = operation to provide a concave shape on the exterior
surface of sheet 21. The magnitude of the pretensioning
should not be such as to cause serious stresses in the
panel. For example, for stresses less than 4 MPa, the
probability of failure of the panel is negligible. When

30 a prestressed window is installed, the compressive stress
on the outside serves as an offset which increases the
ability of the device to withstand temperature
differences whilst méintaining external stresses below

specified levels. This is the replacement shest



of that sheet of glass, and the tube is joined to that 15 sheet of gl ass
by a solder glass joint nade between the outside surface of the punp-out
tube and the interior face of that sheet of glass. The sol der gl ass seal _
bet ween the punp-out tube and the polished internal surface of the sheet of
gl ass, 20 Is nore effective than a seal- 4@ an abraded surface such as in
the bottom of the recess. This is because the abraded gl ass surface

contains many BtAfFmcKs tid |oeg end sone distance into the body of the
glass. The sol der gl as’i'shen%)(ignemrecgoircr)%lsetoefl )éttC|l%Sé.esstalc)|n(et hsel'lseeet of glass
may be thickened. The thickness of the sheets of glass
may be increased arcund the edges of the glass panel by
5 fixing, with adhesive, a plate to one or both sides of
the edge region of at least one of the glass sheets.

The bendiﬁg stiffness of a beam is a function of
its thickness, varying invefsely with the cube of the
thickness. A relatively small increase in the thickness

10 of the edges of the panel therefore results in
significant stiffening of the structure as a whole. This
stiffening can be ﬁsed to reduce the overall bending of
the device to the point where the éxternal gtresses on
the hot side are very small. In addition, the existence

15 of the bonded edge significantly reduces the tensile
stresses in the glass sheets near the edge.

An embodiment will now be described with reference
to figures 15 and 16.

| Panel 1 comprises two spaced apart glass sheets 2

20 and 3. The sheets are interconnected by a peripheral
joint 4 of fused solder glass, and by array of pillars
23.

The thickness of the edge of the panel 1 is
increased by bonding plates 24, with adhesive, to the

25 external faces of both glass sheets. This reduces
tensile stresses in the glass sheets near the edge, and
reduces the resultant shear stress in the peripheral
fused glass joint 4.

PUMP-OUT TUBE

30 The design of the pump-out tube imposes particular
challenges. Ideally, the tube should be very small, and
located entirely within the nominal geometric dimensions
of the evacuated window structure. However, small glass

tubes can be extremely fragile and it is very difficult
This is the replacement shest
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25 m crocracks and very slow | eaks can occur due to lateral notion of gas
t hrough the poorly connected m crocrack region. By fusing the sol der gl ass
onto the snooth interior surface of the glass plates, this probl em does not
-arise. 30 In addition the solder glass fornms a snooth surface on
the vacuum side, and is easily evacuated- h2 w ||l be appreciated that if
the fused seal between the solder glass and the gl ass sheet is nmade on the
i nsi de of the gloaseagl asechamicalilye tenduwh tthibgsuuring evacuation

without breaking them. .
According to a further aspect of the present
invention, as currently envisaged, there is provided a
5 thermally insulating glass panel comprising two spaced
apart sheets of glass enclosing a low pressure space
interconnected by a peripheral joint of fused solder
glass and an array of pillars, and a pump-out tube to
provide communication between the interior and the
10 exterior of the panel during the creation of the low
pressure space; wherein the pump-out tube extends through
a hole extending from the bottom of a recess in the
exterior face of one sheet of glass to the interior face
of that sheet of glass, and the tube is joined to that
15 sheet of glass by a solder glass joint made between the
outside surface of the pump-out tube and the interior
face of that sheet of glass.
The solder glass seal between the pump-out tube
and the polished internal surface of the sheet of glass,
20 is more effective than a seal to an abraded surface such
as in the bottom of the recess. This is because the
abraded glass surface contains many microcracks which
extend some distance into the body of the glass. The
solder glass may not completely close all these
25 microcracks and very slow leaks can occur due to lateral
motion of gas through the poorly connected microcrack
region. By fusing the solder glass onto the smooth
interior surface of the glass plates, this problem does
not arise.
30 In addition the solder glass forms a smooth
surface on the vacuum side, and is easily evacuated.
It will be appreciated that if the fused seal
between the solder glass and the glass sheet is made on

the inside of the glass plate, then the end of the pump-
This is the replacement shoet
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- 13 - out tube and the solder glass seal protrudes into the gap of the
evacuated wi ndow. Since this gap is normally very small, there is a danger
that the protrusion will contact onto the surface of the other glass sheet.
In order to 5 avoid this, a second recess may be machi ned onto the
interior face of the other glass sheet in d8grstration with the hole, to

permt the extension of the punp-out tube to remain out of contact.
out tube and the solder glass seal protrudes into the gap

of the evacuated window. Since this gap is normally very
small, there is a danger that the protrusion will contact
onto the surface of the other glass sheet. In order to
5 avoid this, a second recess may be machined onto the

interior face of the other glass sheet in registration
with the hole, to permit the extension of the pump-out
tube to remain out of contact.

Preferably there is a fused solder glass joint

10 between the two glass sheets extending partly around the
hole. This provides local structural reinforcement
around the pump-out hole and the recess.

An embodiment of this aspect of the invention will
now be described with reference to figures 17 and 18.

15 Panel 1'comprises two spaced apart glass sheets 2
and 3. The sheets are interconnected by a peripheral |
joint 4 of fused solder glass, and by array of pillars 5.

The pump-out tube 8 is positioned in a hole 25
drilled from the bottom of a machined recess 26 in the

20 exterior face of one sheet of glass 2 to the interior
face of that sheet of glass 2. The pump-out tube 8 is
joined to that sheet 6f glass by an hermetic solder glass

- joint 27 made between the outside surface of the pump-out
tube 8 and the interior face of sheet 2. A machined

25 recess 28 in glass sheet 3, in registration with the
pump-out tube hole, 25 provides clearance between the
pump-out tube 8 and glass sheet 3.

The hole for the pump-out tube and the recesses
give rise to stress magnification. In particular, under
3Q temperature differentials, or due to the effects of
atmosphericlpressuré, the tensile stresses that are
inevitably present in the glass are larger in the
immediate vicinity of these features. In order to reduce

the effect of this stress concentration the solder glass

This is the replacement sheet
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Preferably there is a fused solder glass joint 10 between the two gl ass
sheets extending partly around the hole. This provides |ocal structural
rei nforcenent around the punp-out hole and the recess. An enbodi nent of
this aspect of the invention will now be described with reference to
figures 17 and 18. 15 Panel 1 cenpri ses two spaced apart gl ass
sheets 2 and 3. The sheets are interconnected by a peripheral joint 4 of
fused sol der gHepeositrd bp &heapesfipbieryaicf SheTlgd amsmshaats,ulvwhissh s

positioned in g fighe 33 ddtRl P8R0 ANOT 2 R U Sk ShRP AP 11
to partly surround the pump-out tube 8 and the recess 28.
A small gap 30 is left in the solder gléss seal to permit
-5 the evacuation to take place. After fusion, solder glass
29 provides structural support around the pump-out tube
8. The existence of this solder glass around the pump-
out tube results in almost complete elimination of \
mechanical tensile stresses due to bending or atmospheric
10 pressure and has a highly advantageous effect in the
 reduction of the probability of failure due to stress
magnification by the pump-dut tube recess.
- After the space in the interior of the panel has |
been evacuated, the part of the tube 8 inside recess 26
15 is heated until it melts and is then sealed (tipped-off).
It can be seen, in Figure 17, that the tube shwhen tipped
off does not protrude beyond the surface of gléss sheet
2. The reason for this is so that wheﬁ the panel is
framed tube 8 will not be damaged by the frame, and is
20 protected by the frame. The stub of the pump-out tube
may be encapsulated or otherwise protected prior to
mounting in the frame, in order to facilitate handling
without damage.
A variant of the technique for sealing the pump-
25 out tube, is to polish the inside of the recess in which
the end of the pump-out tube is located. The polished
surface 31 of the recess is suitable for the solder glass
sealing operation, being smooth. In this case, a
satisfactory seal can be made on the exterior surfacg of

30 the glass, as shown in figure 19.

This is the replacement sheet
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20 exterior face of one sheet of glass 2 to the interior..face of.that
sheet of glass 2. The punp-out tube 8 is joined to that sheet of glass by

an hernetic solder glass joint 27 made between the o fwmmlﬂnﬂmmm the
punp-out tube 8 and the interior face of sheet 2. cess
28 in glass sheet 3, in registration w t-hishe punp- out fube nol €,

provi des cl earance between the punp-out tube 8 and gl ass sheet 3. The hol e
for the punp-o@LAIME and the recesses give rise to stress-magnification.

I'n particular, under 30 te@P%ﬁ%hWHﬁfyTﬁ&a&%&éfﬂg%gfagéﬂﬁa&étthe effects

of
comprising:

two-spaced apart sheets of glass enclosing a low
5 pressure space and interconnected by a peripheral joint
of fused solder glass and an array of pillars;
wherein_at least some of the pillars are made
entirely of metal.

2.7 A panel according to claim 1 wherein for 4

10 millimetre thick glass sheets the pillar diameters range
from 0.1 to 0.2 millimetres, and the pillar spacings
range from 15 to 30 millimetres.

3. A panel according to claim 1 or 2, wherein
some inelastic deformation of the metal pillars occurs

15 during construction of the panel.

4. A panel accerding to any preceding claim,
wherein the metal is nickel, iron, molybdenum, tungsten,
tantalum, titanium, aluminium, steel or a stainless alloy
containing these metals. _

20 5. A thermally ineulating glass panel
comprising:

tho spaced apart sheets of glass enclosing a low
pfessure space and interconnected by a peripheral joint
of fused solder glass and an array of pillars;

25 wherein the array of pillars is made up of a
combination of solder glass containing pillars and
non-solder glass containing pillars.

6. A panel according to claim 5, wherein the
solder glass containing.pillars contain glass, ceramic or

30 metal materials.

7. A thermally insulating glass panel
comprising: |

two spaced apart sheets of glass enclosing a low
pressure space and interconnected by a peripheral joint

| This is the replacement sheet
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at mospheric pressure, the tensile stresses that -are inevitably present in

the glass are larger in the imediate vicinity of n order
to reduce the effect of this stress concentration mm @mg@
- deposited on the periphery of the glass sheets,. e used

sol der glass joint 4, may be extended 29-taeartly surround the punp-out
tube 8 and the recess 28.
of fused solder glass and an array of solder glass

containing pillars;

wherein support pieces are arranged between the

glass sheets before the peripheral joint of solder glass
5 is fused. _

8. A panel according to ciaim 7, wherein the
support pieces maintain the spacing between the glass
sheets when the solder glass is fused, but break up when
the.low pressure is subsequently created.

10 9. A panel according to claim 8, wherein the
support pieces are'made from-glass, ceramic, or metal
materials.

10. A method of constructing a thermally
insulating glass panel comprising two spaced apart sheets

15 of glass enclosing a low pressure space interconnected by
a peripheral joint of fused solder glass and an array of
pillars, the method including the steps of:

(a) depositing a strip of solder glass around

the periphery of the glass:sheets;

20 (b) depositing an array of pillars onto one of

‘ the sheets of glass;

(c) arranging support pieces between the sheets

of glass; then

(4) bringing the glass sheets together, or

25 permitting them to move until the sheets

come into contact with the support pieces;

(e) heating the panel to melt the solder glass;
and
(£) creating a low pressure space between the

30 glass sheets.

11. A method according to Claim 10, wherein the
support pieces maintain the spacing between the two
sheets of glass when the solder glass is fused but break
up when the low pressure space is created.

This is the replacement sheet
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A small gap 30 is left in the solder glass seal to pernit 5 the

evacuation to take place. After fusion, solder gl

structural support around the punp-out tube 8. TheTﬂﬂIEﬂ“ﬁ"ﬂ"“ﬁfﬁ“"s sol der
gl ass around the punp- out tube results in alnost cdnpFet'e élirfinati on of
mechani cal tensile stresses due to bendi Agl@r -at nospheric 10 pressure and -

has a hi ghly advantageous effect in the reduction of the probability of

failure due to stress 1|2&gn| f iPe AEtHPd Racer ding touCladhe Yo ahereim d&he he
space in the i r&; |O(}rt (EJ t(;é% %%elmat&%s fl}%ﬁ{‘g’i\é%%'{atc%‘i‘aﬂl@ Jidetd; the tube

8 inside recess
materialsﬁ

i3. A panel according to any one of claims 1 to
5 9, wherein the density. of pillars is greater throughout
some regions of the panel than others..

14. A panel according to any one of claims 1 to
9, wherein the pillars are less compliant in some regions
of the panel than others. |

10 _ 15. A panel according to any one of claims 1 to
9, wherein the panel is prestressed before fhe solder
glass is fused.

16. A panel according to any one of claims 1 to
9, wherein edge regions of at least one glass sheet are

15 thickened.

17. A panel according to claim 16, wherein a
plate is fixed by adhesive tb one or both sides of the
edge region of at least one of the glass sheets to
thicken it. _

20 18. A thermally insulating glass panel,
compriging:

two spaced apart sheets of glass enclosing a low
pressure space and interconnected by a'peripheral joint
of fused solder glass an array of pillars, and a pump-out

25 tube to provide communication betﬁeen the interior and
the exterior of the panél during the creation of the low
pressure space;

wherein a pump-out tube extends through a hole
extending from the bottom of a recess in the exterior

30 face of one sheet of glass to the interior face of that
sheet of glass, and the tube is joined to ﬁhat sheet of
glass by a solder glass joint made between the outside
surface of the pump-out tube and the interior face of

s the replacement shest
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15 is heated until it nelts and is then sealed (tipped-off). It can be
seen, in Figure 17, that the tube 8 when tipped off do

beyond the surface of glass sheet 2. The reason for thﬁﬂl"ﬂ"l‘ﬂmﬂummllm
the panel is franed tube 8 will not be damaged by the ffan®e, "and i § 20

protected by the franme. The stub of the -pdfp-out tube may be encapsul ated

or othermﬁse.protectedsﬁéior to nounting in the frame, in order to
facilitate handling wikhout daRRREl RGGITHRT di° iR ickhi FReFSIN sRal i ng

the pump- 25 Qiedd G diotfud!ds tide A0S HaddGof GOES Sol el Ch
sheet of glass in registration with the hole.
20. A panel according to claim 18, wherein
5 there is a fused solder glass joint between the two glass

sheets, which extends partly around the hole.
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the end of the punp-out tube is |ocated. The polished surface 31 of the
Tecess is suitable for the solder glass sealing operation, being snooth. In
this case, a satisfactory seal can be made on the exterior surface of 30
the glass, as shown in figure 19. -15 - CLAI M5 1. "Athermally

I nsul ating gl ass panel . - 19 - :

" IMPROVEMENTS TO THERMALLY INSULATING GLASS PANELS

ABS CT

This invention concerns a thermally insulating

glass panel comprising two spaced apart sheets of glass
(2, 3) enclosing a low pressure space, and interconnected

5 by a peripheral jdint of fused solder glass (4) and an
array of pillars (5). The pillars (5) may be made
entirely of metal. Alternatively the array may be made
up of a combination of solder glass containing pillars
and non-solder glass containing pillars. Additional

10 support pieces may be arranged between the glass sheets:
(2, 3) before the peripheral joint of solder glass is
fused. A method of construéting such panels is also

disclosed, as well as other variants.

(Figure 2)

e replacement sheet
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conprising: two spaced apart sheets of glass enclosing a |ow 5 pressure
-space and interconnected by a peripheral joint of fused solder glass and an
array of pillars; wherein at |east sonme of the pillars are made entirely of

metal . 2. A panel according to claim1l wherein for 4 10 mllinetre
t hi ck ‘gl ass sheets the pillar dianmeters range fromO0.1 to 0.2 mllinetres,
and the pillar spacings range from15 to 30 mllinetres. 3. A panel

according to claiml1 or 2, wherein
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some inelastic deformation of the metal pillars occurs 15  during

constructi-on of the panel. 4. A panel according to any preceding claim
wherein the nmetal is nickel, iron, nolybdenum tungsten, tantalum

titanium alum nium steel or a stainless alloy containing these netals. 20
5. A thermally insulating glass panel conprising: two spaced apart

sheets of glass enclosing a | ow pressure space and interconnected by a
peri pheral joint of fused solder glass and an array of pillars;

©2/11
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FIG.3

This is the replacement sheet

Date: 2{3 AUG 9%



25 wherein the array of pillars is made up of a conbination of
sol.der gl ass containing pillars and non-sol der glass containing pillars. 6.
A panel according to claimb5, wherein the solder glass containing pillars
contain glass, ceramc or 30 nmetal materials. 7. A thermally

I nsul att.ng gl ass panel conpri.sing: two spaced apart sheets of gl ass
enclosing a | ow pressure space and interconnected by a peripheral joint

3/11

7T T7T 777 7T {7 T 77777 777777 77T 7T T T 7T
: /
[ L/
/) /
% o o 0 0 0 %
¢ 7!
5 4
| D 710
¢ o o o o 0 %
¢ /|
[/ .V
/]
4 - g
w1 [ o o 0 o o Z
NUZE /] L[)
% /|
N % .
4 o o o o) o 7 @
4 7 <
/ 1l W
7 4
ﬁ/]///////////////////////////'/z

VAR
X

Nz I
IS,

\N

7

\QQQQ
NN

-+ FIG. 4

—F

This is the raplacarmaent shaet
Date: 2 3 AUG '_ 1996



of fused sol der glass and an array of solder glass containing pillars;
“wherein support pieces are arranged between the gl ass sheets before the
peri pheral joint of solder glass 5 is fysed. 8. A panel according to
claim7, wherein the support pieces nmaintain the spacing between the gl ass

sheets when the solder glass is fused, but break up when the | ow pressure
I S subsequently created. '
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10. 9. A panel according to claim8, wherein the support pieces
are.-made fromglass, ceramc, or netal materials. 10. A net hod of
constructing a thermally insulating glass panel conprising two spaced apart
sheets 15 of glass enclosing a | ow pressure space interconnected by a
peri pheral " joint of fused solder glass and an array of pillars, the method
I ncl udi ng the steps of: (a) depositing a strip of solder glass around

t he periphery of the glass sheets; 20 (b) depositing an array
of pillars onto one of
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“the sheets of gl ass; (c) arrangi ng support pieces between the sheets of

gl ass; then (d) bringing the glass sheets together, or 25

permtting themto nove until the sheets cone into contact with the support
pi eces; (e) heating the panel to nelt the solder glass; and (f)

creating a | ow pressure space between the 30 gl ass sheets. 11. A

nmet hod according to Caim 10, wherein the
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support pieces maintain the spacing between-the two sheets of glass when
the solder glass is fused but break up when the | ow pressure space is
creat ed. - 17 - 12. A met hod according to Claim 10, wherein the
support  pi-eces are made from gl ass, ceramc or netal materials. 13. A
panel according to any one of claims 1 to
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5 ‘9, wherein the density of pillars is greater throughout sone regions of

t-he panel than others. 14, A panel according to any one of clains 1 to
9,1wherein the pillars are |l ess conpliant in sone regions of the panel than
ot hers. 10, - 15. A panel according to any one of clainms 1 to 9,
wherein the panel is prestressed before the solder glass is fused. 16. = A

panel according to any one of clainms 1 to 9, wherein edge regions of at
| east one gl ass sheet are 15 t hi ckened.
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17. A panel according to claim 16, wherein a plate is fixed by adhesive
to one or both sides of the edge region of at |east one of the glass sheets
to thicken it.. 20 18. A thermally insulating glass panel
conprising: two spaced apart sheets of glass enclosing a | ow pressure space
and interconnected by a peripheral joint of fused solder glass an array of
pillars, and a punp-out 25 tube to provide comuni cati on between the
interior and the exterior of the panel during the creation of the | ow
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pressure space; wherein a punp-out tube extends through a hol e extending
fromthe bottomof a recess in the exterior 30 face of one sheet of glass
to the interior face of that sheet of glass, and the tube is joined to that
sheet of glass by a solder glass joint made between the outside surface of
t he ‘punp-out tube and the interior face of that sheet of gl ass.
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- 18 - 19. A panel according to claim 18, wherein a recess is provided
.on the interior face of the other sheet of glass in registration with the
hol e. 20. A panel according to claim 18, wherein 5 there is a fused
sol der glass joint between the two gl ass sheets, which extends partly
dround the hole.
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