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"Methods of Construction of Evacuated Glazing"

INTRODUCTION

The inventions described in this specification
concern a number of improvements to the design of
thermally insulating glass panels. These panels
typically cdmprise two spaced apart sheets of glass
enclosing a low pressure space and interconnected by an
edge seal and an array of support pillars. The panels
are used for glazing, and such thermally insulating'
windows are generally referred to as evacuated glazing.

Thermally insulating panelé 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;
bringing the sheets together or permitting them to move
together; heating the panels to melt the solder glass
around the périphery 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
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
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
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 during construction, and a panel
produced by the improved method.

The fourth 1mprovgment concerns the pump-out tube,
in particular a panelganorporétlﬁg kmmign®gbved pump-out
tube, and a method of constructlng such . panéls.
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Several conditions must be satisfied in the
construction of evacuated glazing. First, it is

‘necessary to produce an hermetic (leak-free) edge seal

around the periphery of the panel. Second, in order to
prevent the glass sheets from being forced into contact
with each other, by the large atmospheric pressure .forces
acting, it is essential to include an array of support
pillars within the glazing. Third, the space between the
glass sheets must be evacuated to a high level, and this
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

Background
Several factors have been identified which influence

the design choices for the dimensions of a pillar array,

-in particular the pillar radius and the pillar spacing or

separation. Essentially, the design of the pillar array
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
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
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?*,%ﬁe
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Summary of the Invention

According to a first aspect, the present invention
provides a method of designing the pillar radius and
separation, for the array of support pillars in a
thermally insulating glass panel. The method may
comprise the conventional steps of: '

selecting the pillar separation to ensure that
tensile stress on the outer surface of the glass sheets
is below a predetermined value;

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
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
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
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
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
point of the glass sheets themselves. The pillar
materials must maintain their low temperature strength
characteristics after such a high temperature cycle.
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Taking the temperature requirement in account,
together with the fourth criteria reduces the number of
materials from which the pillars may be selected. The
pillar material must have sufficiently high compressive
strength. Suitable materials include hardened tungsten,
tantalum, molybdenum, high strength steel alloys, ceramic
materials including high strength alumina (aluminium
oxide), zirconia (zirconium dioxide), and ceramics
containing a large proportion of these materials.

According to a second aspect, the present invention
provides a thermally insulating glass panel comprising
two spaced-apart sheets of glass enclosing a low pressure
space and interconnected by an edge seal and an array of
support pillars. The pillar separation may be selected
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
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
MPa, and advantageously greater than 1000 MPa.

Preferably the pillars are made from one of the
following suitabie materials: hardened tungsten,
tantalum, molybdenum, high strength steel alloys, ceramic
materials including high strength alumina (aluminium
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
graphical representation of the design constraints.
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Best Mode for Carrying Out the Invention

Figure 1 shows the allowable values for pillar
separation and pillar radius which satisfy four design
constraints. .

In the example shown 4 MPa is taken as a reasonable
level of tensile stress on the outer surfaces of the
glass sheets. In order that the stresses on the outer
surfaces of the glass sheets above the pillar should be
less than 4 MPa, the values of pillar separation and
pillar radius should lie in the region below the
horizontal line 1.

Similarly if conical indentor fracture on the inner
surfaces of the glass sheets, adjacent to the pillars, is
not to occur, then values of pillar separation and pillar
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
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.

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
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
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
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together with a compressive stress in the pillars of less-
than or equal to 2,000 MPa.

It should be appreciated that the allowable design
values for pillar separation and a radius may change
depending on the particular specifications chosen for the
various values of stresses and heat flow, the shape of
the pillars, and the material from which the pillaré are
constructed. Typically, and taking into account a high
temperature'manufacturing regime, suitable materials for
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
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
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
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
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
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
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to large tensile stresses in the glass sheets near their
edges when the vacuum is eventually created.

Summari of the Invention

'According to the first aspect, the invention
provides 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
interconnected by an edge seal énd an array of pillars;
the method including the steps of:

(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;

(b) depositing a strip of solder glass around
the periphery of the panel on the extending edges of the
glass sheets; ’

(c) heating the panel to melt the solder glass
such that it runs between the glass sheets; and

(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.

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.

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
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
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excellent appearance and a high mechanical strength.
Typically the width of the bonded region between the
glass sheets is between 3 and 10 mm.

According to a second aspect the invention provides
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,
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
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.

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
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
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
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
melts, it flows between the two glass sheets 10 and 11 by
the action of capillary forces. The distance the solder



10

15

20

25

30

35

-9 -

glass flows can be controlled by varying the time and
temperature of the process. In this way it is not _
necessary for solder glass between the two glass sheets
to be expelled by the weight of the upper glaés sheet.

It shbuld be appreciated that although this
invention has been described with reference to a specific
example it need not be limited to that embodiment. .For
example, one glass sheet need not be a slightly different
size to the other and both sheets could be the same size
provided they were translated out of registration with
each other in both orthogonal directions.

.THE EVACUATION PROCESS
Introduction
One of the essential steps in the manufacture of
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
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
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
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
of the panel, and the size of the gap between the sheets.
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Summary of the Invention

According to a first aspect, thé present invention
provides a method of evacuating 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
steps of: '

(a) positioning a pump-out tube at or near the
midpoint 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.

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
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
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
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
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

figure 3b is a graph of the time constant for
pressure reduction within evacuated panels of different
gizes with a very small gap (0.01 mm) as a function of
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the position of the pump-out tube along the edge of the
panel.

Best Mode for Carrying out the Invention
Figure 3a shows the periods of time necessary to

reduce the internal pressure in the space between the two
glass sheets by a factor of e (approximately 2.72). This
period of time is referred to as the "time constant" for
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
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away from the corner to a position closer to the midpoint
of one of the sides, and as required by aesthetic
considerations close to the edge.

Near the midpoint of one of the sides, the gas flow
towards the pump-out tube in regions slightly displaced
from the pump-out tube occurs over approximately wm
radians. The conductance for such gas flow when the tube
is close to the midpoint of one side is therefore
approximately double that which was 'found when the pump-
out tube is near the corner, and the time constant for
pressure reduction is therefore less by a corresponding
factor. '

Figure 3b shows the values of time constants as a
function of the position of the pump-out tube along the
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
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
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
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
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
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the structure, the hole through which the evacuation
takes place must be sealed. It is difficult to do this
directly on the surface of the glass sheets because the
sealing process involves high temperatures which cause
stresses in the glass sheets. The end of a small tube
can be melted and sealed, however, without the necessity
to heat the body of the panel which is being evacuated. -

Background

Typically a small glass tube is sealed into a hole
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
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
solder glass seal between the pump-out tube and the glass ' j
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
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
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.

The flange may be cemented to the interior surface
of the glass sheet by the use of solder glass. Also, the
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pump-out tube may exﬁend from the interior of the panel
through one of the glass 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.

The provision of a flange on the pump-out tube,
preferably at the interior end, constrains the solder
glass cement. In this way it is possible to achieve a
very strong joint which does not suffer from the fracture
problems of the prior art.

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
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

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
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
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
to the bottom of a well 7 in the exterior surface-of
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glass sheet 2. Tube 6 is sealed to the interior surface
8 of glass sheet 2 by solder glass cement 9.

Figure 4b, in contrast, shows part of glass panel 1'
in which a pump-out tube 6' has a radial flange 10 on its
inner end. Tube 6' is sealed to the interior surface 8
of glass sheet 2 by solder glass 9' deposited between
flange 10 and inner surface 8. The solder glass is
melted at high temperatures, created during the
fabrication process, and flows into the gap formed
between flange 10 and interior surface 8 to form a very
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
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
end of pump-out tube 6'.
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THE CLAIMS

1. A method of designing the pillar radius and
separation, for the array of support pillars in a
thermally insulating glass panel; comprising the step of:

selecting the pillar separation and radius to ensure
the mechanical compressive stress within each pillar is
below a predetermined value. '

2. A thermaliy insulating glass panel comprising
two spaced-apart sheets of glass enclosing a low pressure
space and interconnected by an edge seal and an array of
support pillars; wherein pillars are made from a material
having a mechanical compressive strength above a
predetermined value.

3. A panel according to claim 2, wherein the
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.

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
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

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

* c L M S *
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(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;

(b) | depositing a strip of solder glass around
the periphery of the panel on the extending edges of the
glass sheets; .

(c) heating the panel to melt the solder glass
such that it runs between the glass sheets;

(d) cooling the panel to solidify the solderx
glass.

7. A method according to claim 6, wherein the first
and second glass sheets are prepared by making one
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,
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
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
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 *
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12. A panel according to claim 11, wherein the
one sheet is 2 to 20 mm smaller than the other in the
lateral dimension around the periphery of the glazing.

13. A method of evacuating 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 steps of: '

(a) positioning a pump-out tube at or near the
midpoint alohg 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
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,
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
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,
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
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18. 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

5 including the step of 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.
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