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(54) IN SITU DEFORMATION OF SUPPORT STRUCTURES FOR VACUUM INSULATING GLASS
UNITS

(567)  The present disclosure relates to a method of
producing a vacuum insulated glass (VIG) unit (1),
wherein said method comprises distributing a plurality of
support structures (5) at a first tempered glass sheet (3)
so that the support structures supports on a first major
surface (3a) of the first tempered glass sheet (3), and so
that the minimum distance (DIS1) between adjacent sup-
port structures is at least 30 mm. A second tempered
glass sheet (4) is arranged so that the distributed support
structures (5) are placed in a gap (6) between the first
major surface (3a) and a second major surfaces (4a) of
the second tempered glass sheet (4). An edge seal is
provided around the periphery of the glass sheets. The
gap (6) is evacuated and sealed. The provided support
structures (5) arranged at the first major surface (3a)
comprises solid, spherical balls (10). The solid spherical
balls (10) are plastically deformed by means of said major
surfaces (3a, 4a) so thatthe initial height (H2) of a plurality
of the solid spherical balls (10) is reduced by at least 10%
to a reduced support structure height (H1). This flattens
and enlarges opposing contact surfaces (5a, 5b) of the
support structures (5) in contact with the first and second
major surfaces (3a, 4a) respectively.
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Description

[0001] The present disclosure relates to a method of
producing a vacuum insulated glass unit, and to a vacu-
um insulated glass unit.

Background

[0002] Vacuum insulating glass (VIG) units provides
several advantages. For example, VIG units may provide
superior heat insulation properties when compared to
weight and material use of the unit. In order to provide a
sufficiently low pressure in an evacuated gap of the VIG
unit, a pump evacuates the gap before sealing the gap.
To prevent the glass sheets enclosing the evacuated gap
from touching during and after gap evacuation, support
structures, also known as pillars or spacers, are distrib-
uted in the evacuated gap, often in a predefined pattern.
[0003] US 6, 689, 241 B1 discloses a solution where
stainless steel balls are used as support structures/spac-
ers in an evacuated gap of a VIG unit, where the balls
are rolled over a glass sheet surface and adheres to ad-
hesive dots. US 6,261,652 discloses a solution where
ceramic spacers/support structures are used in an evac-
uated gap. Other patent documents discloses different
support structures/spacers for evacuated gap of a VIG
unit, where these comprises predefined contact surfac-
es.

[0004] The present disclosure may e.g. improve cost
efficiency of VIG units with good heat insulating proper-
ties. The present disclosure may additionally provide ad-
vantages in relation to obtaining an advantageous VIG
unit manufacturing solution.

Summary

[0005] The present disclosure relates to a method of
producing a vacuum insulated glass (VIG) unit. The
method comprises:

- distributing a plurality of support structures at a first
tempered glass sheet so that the support structures
supports on a first major surface of the first tempered
glass sheet, and so that the minimum distance be-
tween adjacent support structures is atleast 30 mm,

- arranging a second tempered glass sheet so that the
distributed support structures are placed in a gap
between the first major surface and a second major
surfaces of the second tempered glass sheet,

- providing an edge seal around the periphery of the
glass sheets,

- evacuating said gap, and

- sealing the evacuated gap.

[0006] A plastic deformation of the provided support
structures is provided by means of said major surfaces
so that the initial height of a plurality of the support struc-
tures is reduced by at least 10%, such as at least 20%,
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such as at least 40% to a reduced support structure
height. The plastic deformation may provide a flattening
and enlarging of opposing contact surfaces of the support
structures in contact with the first and second major sur-
faces respectively.

[0007] Inone or more embodiments of the present dis-
closure, the provided support structures arranged at the
first major surface comprises solid, spherical balls.
[0008] Modern VIG units may be produced with a re-
duced pressure in the evacuated gap below 0.005 milli-
bar such as substantially 0.001 millibar or below. This
provides superior heat insulating capabilities. The atmos-
phere may exhibit a pressure of 10 tons per square meter
evacuated VIG. Manufacturing such VIG units often com-
prises use of support structures having predefined, plane
contact surfaces. The inventor has realized that handing
support structures having predefined, plane contact sur-
faces prior to arranging these at the glass sheet may be
complex and/or time consuming and may increase the
risk of jamming or inducing other issues at support struc-
ture placement/handling equipment. The solution of the
present disclosure provides advantages with regards to
handing of the support structures during VIG unit manu-
facturing prior to the deformation, e.g. in embodiments
where the support structures comprises spherical balls.
Spherical balls may be less likely to jam or in other ways
provide issues when handling the balls prior to arranging
and during arranging the balls at the first major surface,
when compared to support structures/spacers having
predefined, such as flat, contact surfaces.

[0009] Tempered glass sheets, such as thermally tem-
pered glass sheets, provides improved glass sheet
strength, thereby enabling providing a larger mutual dis-
tance between adjacent support structures, which may
e.g. help to reduce the visibility of the support structures
to the human eye, or reduce the risk that the human eye
will notice the support structures. This is a feature that is
often considered relevant in order to compete with the
visual impression of gas filled, conventional insulating
glass units where no support structures are used in the
gas filled gap.

[0010] The presentinventor has found that solid spher-
ical balls, for example solid spherical steel balls, already
exist on the market and may be relevant subjects as gap
spacers/support structures in VIG units. Such balls are
often even available with tight tolerances and are cost
efficient.

[0011] The presentinventor has surprisingly found that
utilization of solid, spherical balls between glass sheet
where these are arranged with a rather large mutual dis-
tance of 30 mm or above and providing the desired vac-
uum of below 0.005 millibar, may provide a plastic defor-
mation of the solid balls by means of the atmosphere so
that the balls adapt to the surface topology of the glass
sheets.

[0012] The plastic deformation provides an individual
shaping and adaption of contact surfaces of the solid
support structures, such as spherical, solid balls, at the
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individual location by means of the glass sheets com-
pressing the balls in the gap due to the atmospheric pres-
sure gradually increasing as the gap is gradually evacu-
ated. The present inventor found that deformation of
spherical, solid balls, even though the initial contact sur-
face of the balls touching the glass surfaces is small, may
not inflict critical damages to the tempered glass sheets
at the spots where the support structures was placed
when the pressure in the gap was gradually dropped by
means of the pump. The plastic deformation may help to
increase contact surface area of the support structure(s)
and also provide an advantageous adaption to surface
variations of the major glass surfaces. Hence the inventor
found that intentionally providing plastic deformation of
solid, spherical balls in situ by means of providing vacuum
during VIG unit production and gap evacuation may pro-
vide a solution that is both cost efficient and compatible
with obtaining a desired low pressure in the evacuated
gap of below 0.005 mbar or below 0.004 mbar, such as
to below 0.002 mbar without compromising the vacuum
integrity of the VIG unit.

[0013] Also, the present disclosure provides a solution
that enables providing a desirable aesthetic VIG unit ap-
pearance due to increased mutual support structure dis-
tance when using tempered glass sheets and provides
a solution that may reduce manufacturing issues prior to
arranging the support structures at the glass sheet sur-
face.

[0014] In one or more embodiments of the present dis-
closure, the solid spherical balls may comprises or con-
sist of metal such as steel, such as a monolithic steel
structure.

[0015] Theinventorhasfound that such steel balls may
both have advantageous mechanical properties and be
cost efficient since such balls may already be available
on the market or may be cost-efficient to produce.
[0016] Also, such balls may have the advantages of
being available with rather tight tolerances relating to the
deviation form a complete spherical shape.

[0017] It has come to the inventor's attention that
spherical balls, such as solid spherical balls, such as solid
steel balls are available "off the shelf which are precisely
manufactured and hence may serve as candidates for
use as support structures for VIG units. Such balls are
also known as "precision balls". Cost efficient precision
balls are available on the market with a nominal diameter
less than 1 mm, such as less than 600 um, and even
around 400 um or lower nominal diameter.

[0018] Inother embodiments of the presentdisclosure,
the solid spherical balls may comprise or consist of a
polymer.

[0019] Inone or more embodiments of the present dis-
closure, the material of the solid support structures, such
as solid, spherical balls , may have a Youngs modulus
between 170 Gpa and 280 GPA, such as between 180
GPa and 230 GPa at 20°C.

[0020] Such supportstructures, such as solid spherical
balss balls, may provide desired/acceptable properties
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that may make them suitable for use in VIG units.
[0021] Inone or more embodiments of the present dis-
closure, the mutual distance between adjacent support
structures at the glass sheet surface may be between 30
mm and 60 mm such as between 35 mm and 45 mm, for
example between 38 mm and 42 mm.

[0022] Dependenton the mutual support structure, the
load subjected at each support structure may vary. For
example, smaller mutual support structure distance may
provide a load of between 7 and 11 kg at each support
structure whereas larger mutual support structure dis-
tance may provide a load of between 23 and 28 kg at
each support structure. In embodiments of the present
disclosure, the support structure distance may be adapt-
ed so that the load acting at each support structure may
be between 7 kg and 30 kg, such as between 12 kg and
20 kg, for example between 14 kg and 18 kg

[0023] Inone or more embodiments of the present dis-
closure, wherein the material of the support structures
such as the solid, spherical balls may have a yield stress
of less than 600 MPa, such as less than 530 MPa, for
example less than 480 MPa at 20°C

[0024] Inone or more embodiments of the present dis-
closure, all solid spherical balls (10) at the major glass
sheet surface is of the same diameter * tolerances.
[0025] In embodiments of the present disclosure, said
tolerances may be within =200 um, such as within =100
um, such as within =50 um, for example within =20 um.
[0026] Inone or more embodiments of the present dis-
closure, a plurality of said plastically deformed support
structures comprises a first convex side surface and a
second opposite, convex side surface when seen in a
cross section of the plastically deformed support struc-
ture, where said convex side surfaces extends between
the major glass sheet surfaces.

[0027] The side surfaces of solid spherical balls may
adapt due to the plastic deformation so that the side sur-
face curvature of the convex sides describes smaller cir-
cles than before the deformation. When providing the
vacuum by means of the pump, it has shown that the
side surfaces changes shape from the initial shape where
each side surface was so to say part of the same circle,
i.e. the outer surface of the spherical ball. When deform-
ing the balls, the side surfaces may tend to change sur-
face curvature into substantially circular arcs that may
each have a centre between the major surface glass
sheets, and where these centres may be non-coinciding.
This may be provided in response to increasing the con-
tact area of the contact surfaces of the support structures.
[0028] The cross section may be provided in a cross
sectional plane extending through a centre portion of the
contact surfaces and extending substantially perpendic-
ular to a plane defined by the major surfaces of the glass
sheets facing the gap.

[0029] In some embodiments of the present disclo-
sure, the non-coinciding centres may have a mutual dis-
tance of at least 3% of the initial diameter of the spherical
ball, such as a mutual distance of at least 10% of the
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initial diameter of the spherical ball, such as a mutual
distance of at least 20% or at last 35 % of the initial di-
ameter of the spherical ball.

[0030] In one or more embodiments of the present dis-
closure, the convex side surfaces may each describes
minor, circular arcs having non-coinciding centres, such
as as a result of the plastic deformation.

[0031] Itmayinembodiments of the present disclosure
be sothat atleast 80%, such as atleast 90%, for example
at least 95% of the length of each minor circular arc is
coinciding with the circle periphery of the respective cir-
cle.

[0032] In one or more embodiments of the present dis-
closure, a plurality of said plastically deformed support
structures may comprise a first convex side surface and
a second opposite, convex side surface when seen in a
cross section of the plastically deformed support struc-
ture. These convex side surfaces may extend between
the major glass sheet surfaces.

[0033] In embodiments of the present disclosure and
the radius of each of the circles comprising each their
convex side surface may be is at least 10%, such as at
least 20%, such as at least 30%, smaller than the radius
of the initial solid spherical ball before the deformation.
[0034] Itisfound thatthe curvature of the side surfaces
may change during deformation of the spherical balls and
that this may cause a reduction of the radius of a circle
comprising the respective convex side surface when
compared to the radius of the initial solid spherical ball.
This may be a result of an automatic adaption and en-
largement of the contact surfaces of the individual sup-
port structures when plastically deforming these by re-
ducing the pressure in the gap.

[0035] In one or more embodiments of the present dis-
closure, the radius of each of said circles comprising each
their convex side surface may be between 10% and 70%,
such as between 20% and 70%, such as between 30%
and 60%, smaller than the radius of the initial solid spher-
ical ball before said deformation by means of the pump.
[0036] Inone or more embodiments of the present dis-
closure, the envisages circles substantially comprising
each their convex side surface may each have a diameter
that is larger than the reduced support structure height.
[0037] Inone or more embodiments of the present dis-
closure, the maximum width of each of a plurality of the
support structures in the gap after the plastic deformation
may be larger than the initial diameter of the solid spher-
ical balls before the plastic deformation. In some embod-
iments of the present disclosure, the maximum width may
be at least 10% larger, for example 20 % larger, for ex-
ample at least 40% larger, than the initial diameter of the
solid spherical balls before the plastic deformation.
[0038] Inone or more embodiments of the present dis-
closure, the maximum width of each of a plurality of the
support structures in the gap after the plastic deformation
is at least 20% larger, such as at least 40% larger, for
example at least 60% larger than the initial diameter of
the solid spherical balls before the plastic deformation.
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[0039] Inone or more embodiments of the present dis-
closure, the maximum width of each of a plurality of the
support structures in the gap after the plastic deformation
may be between 3% and 120%, such as between 5%
and 85%, for example between 20% and 65% larger than
the initial diameter of the solid spherical balls before the
plastic deformation.

[0040] Inone or more embodiments of the present dis-
closure, the tempered glass sheets are thermally tem-
pered glass sheets.

[0041] Such glass sheets provides the advantage of
being cost efficient and very strong when compared to
annealed glass sheets. This provides advantages with
regards to providing a cost efficient VIG unit with larger
mutual support structure distances.

[0042] However, such thermally tempered glass
sheets may suffer from slightly uneven surface variations
due to so-called roller waves originating from the produc-
tion of the glass sheets and other out of flatness effects.
The surface variations may even get above 0.1 mm and
in some occasions, also more "global" surface variations
may be present when looking at the curvature of the ther-
mally tempered glass sheets.

[0043] Inoneormoreembodiments, the thermally tem-
pered glass sheets have an out of flatness deflection of
at least 0,1mm or more.

[0044] The present inventor has however found that
using spherical balls as support structures may enable
advantageous plastic adaption of the balls to the individ-
ual characteristic of the thermally tempered glass sheets
that are paired to provide a VIG unit. This May reduce
need determining surface characteristic of the glass
sheets, and may even make such determination super-
fluous.

[0045] Inone or more embodiments of the present dis-
closure, an evacuation pump provides a part of said re-
duction of the initial height during evacuation of the gap.
In some further embodiments, an evacuation pump may
provide substantially the entire reduction of the initial
height of the spherical ball, during evacuation of the gap.
[0046] Inone or more embodiments of the present dis-
closure, a plurality of the support structures are subjected
to varying plastic deformation in response to surface un-
evenness of the thermally tempered glass sheets so as
to have different reduced heights. For example, in further
embodiments of the present disclosure, a plurality of the
plastically deformed support structures may have differ-
ence in reduced height of at least 0.02 mm, such as at
least 0.05 mm, for example at least 0.08 mm.

[0047] This provides a solution where the reduced sup-
port structure heights are individually adapted, e.g. in or-
der to adapt to the surface characteristic/topology of the
major surfaces of the glass sheets, for example surface
unevenness resulting from the production of the thermal-
ly tempered glass sheets, for example roller waves re-
sulting from production of thermally tempered glass
sheets.

[0048] Inone or more embodiments of the present dis-
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closure, wherein the solid spherical balls may be are
maintained in position at the first major surface by means
of a support structure maintaining arrangement, such as
a temporary support structure maintaining arrangement.
In further embodiments of the present disclosure, the
support structure maintaining arrangement may be ar-
ranged external to the gap. In additional or alternative
embodiments, the temporary support structure maintain-
ing arrangement may comprise comprises a magnetic
maintaining arrangement, and/or a template.

[0049] This may e.g. provide a more advantageous
manufacturing solution such as a more simple and/or re-
liable manufacturing solution. Also it may reduce or re-
move the need for adhesive solutions at the support
structure positions for adhering the support structures to
the first major surface.

[0050] If the temporary support structure maintaining
arrangement is configured to maintain the spherical balls
in position at the major glass sheet surface, it is under-
stood that the solid balls may comprise a ferromagnetic
material.

[0051] In some embodiments of the present disclo-
sure, no adhesive may be placed to adhere the solid,
spherical balls to the major surface.

[0052] In one or more embodiments of the present dis-
closure, the reduced support structure height of a plurality
of the support structures in the gap may be between 15%
and 95%, such as between 20% and 85%, such as be-
tween 30% and 80% of the initial height of the respective
solid spherical balls.

[0053] In one or more embodiments of the present dis-
closure the reduced support structure height of a plurality
of the support structures is between 70% and 98%, such
as between 80% and 95% of the initial height of the re-
spective solid spherical balls.

[0054] Inone or more embodiments of the present dis-
closure the reduced support structure height is the result
of/originates from a plastic deformation of the spherical
ball. Hence, if the respective support structure was re-
moved from the VIG unit gap, e.g. by equalling the gap
pressure to atmospheric pressure, the reduced support
structure height due to plastic deformation may be main-
tained.

[0055] Inone or more embodiments of the present dis-
closure, at least 10%, such as at least 40%, for example
at least 70% of the total amount of spherical balls ar-
ranged at the first surface may be plastically deformed
to said reduced support structure height (H1).

[0056] This may provide an improved individual adap-
tion of the support structures.

[0057] Inone or more embodiments of the present dis-
closure, at least 40%, for example at least 70% of the
total amount of spherical balls arranged at the first sur-
face may be plastically deformed to said reduced support
structure height, wherein said reduced support structure
height is between 20% and 85%, such as between 30%
and 80% of the initial height of the respective solid spher-
ical balls.
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[0058] Inone or more embodiments of the present dis-
closure, at least 10%, such as at least 40%, for example
at least 70% of the total amount of spherical balls ar-
ranged at the first surface may be plastically deformed
to a reduced support structure height which is between
15% and 95%, such as between 20% and 85%, such as
between 30% and 80% of the initial height of the respec-
tive solid spherical balls.

[0059] Inone or more embodiments of the present dis-
closure, the surface area of each of the major surfaces
of the first and second sheet is larger than 1 m2, such as
larger than 1.3 m2.

[0060] Inone or more embodiments of the present dis-
closure, one or both of the tempered glass sheets have
a thickness between 2 mm and 6 mm, such as between
2 mm and 4 mm, for example between 2.5 mm and 3.5
mm including both end points

[0061] Inone or more embodiments of the present dis-
closure, the solid spherical balls at the major glass sheet
surface have a diameter between 0.1 mm and 0.8 mm,
such as between 0.2 mm and 0.6 mm, such as between
0.25 mm and 0.45 mm.

[0062] Inone or more embodiments of the present dis-
closure, the evacuation of the VIG unit gap is provided
by means of a pump to a gap pressure below 0.005 mbar,
such as below 0.003 mbar, such as to below 0.002 mbar.
[0063] Inoneor more embodiments of the present dis-
closure, the number of support structures in the evacu-
ated gap is below 1500 support structures per VIG unit
m2, such as below 900 support structures per VIG unit
m?2, for example below 700 support structures per VIG
unit m2.

[0064] Inone or more embodiments of the present dis-
closure, the number of support structures in the evacu-
ated gap is between 200 and 1800 support structures
per VIG unit m2, such as between 300 and 1300 support
structures per VIG unit m2, for example between 280 and
800 support structures per VIG unit m2.

[0065] Inone or more embodiments of the present dis-
closure, at least a part of the plastic deformation, such
as substantially the entire plastic deformation, of the sup-
port structures, such as solid spherical balls, in the gap
by means of said major surfaces may be provided by
evacuating the gap in a surrounding pressure such as
atmospheric pressure, such as by means of an evacua-
tion pump. This may e.g. provide a fast and efficient adap-
tion of the support structure height.

[0066] Inone or more embodiments of the present dis-
closure, at least a part of the plastic deformation of the
support structures, such as solid spherical balls, by
means of said major surfaces may be provided by evac-
uating the gap in a surrounding pressure such as atmos-
pheric pressure, for example by means of an evacuation
pump.

[0067] Inone or more embodiments of the present dis-
closure, at least a part of the plastic deformation of the
solid spherical balls by means of said major surfaces may
be provided by means of an external mechanical press-
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ing arrangement configured to provide a compression
force to exterior major surfaces of the glass sheets. This
may e.g. provide a good control of the support structure
deformation and/or an efficient adaption of the support
structure height.

[0068] In one or more embodiments of the present dis-
closure, at least a part of the plastic deformation, such
as substantially the entire plastic deformation, of the sup-
port structures, such as spherical balls, by means of said
major surfaces is provided by means of an external me-
chanical pressing arrangement configured to provide a
compression force to exterior major surfaces of the VIG
unit assembly such as the glass sheets.

[0069] In one or more embodiments of the present dis-
closure, the external mechanical pressing arrangement
comprises pressing bodies and one or more actuators.
In one or more embodiments of the present disclosure,
the external mechanical pressing arrangement compris-
es a hardware controller for controlling the one or more
actuators.

[0070] It is generally to be understood that in some
embodiments of the present disclosure, the provided sol-
id support structures may have another shape than
spherical and may hence not be spherical balls. Hence,
in one or more of the above mentioned embodiments
where the support structures are mentioned as compris-
ing solid, spherical balls, it is understood that in further
embodiments of the present disclosure, the provided
supportstructures may be solid support structures having
another shape than spherical. Here, the plastic deforma-
tion of the provided solid support structures by means of
said major surfaces may hence be provided to solid, such
as monolithic, support structures of another shape than
spherical balls. In some embodiments, the solid support
structures of another shape than spherical balls may
have arectangular shape, a conical shape, e.g. the shape
of a frustum of a cone or frustum of a pyramid, the shape
of a cylinder and/or the like.

[0071] The present disclosure moreover relates to a
vacuum insulated glass (VIG) unit according to a second
aspect. The VIG unit according to the second aspect
comprises a first thermally tempered glass sheet and a
second thermally tempered glass sheet,

and a plurality of solid, plastically deformed support struc-
tures comprising a first contact surface and a second
contact surface are distributed in the evacuated gap be-
tween opposing, major surfaces of the thermally temper-
ed glass sheets. The

mutual distance between adjacent support structures in
the evacuated gap is above 30 mm. The plastically de-
formed support structures comprises a first convex side
surface and a second opposite, convex side surface
when seen in a cross section of the plastically deformed
supportstructure, and said convex side surfaces extends
between the major glass sheet surfaces, wherein the
convex side surfaces each describes minor circular arcs
having non-coinciding centres.

[0072] A VIG unit as defined above may be cost effi-
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cient and/or more easy to produce while still obtaining a
VIG unit with desired support structure distance. The sup-
port structures may be made from solid, cost efficient
spherical balls such as steel balls, such as precision balls.
Such balls may be gradually plastically deformed by the
atmosphere when a pump evacuates the gap, and hence,
the deformation may adapt to the surface topology at the
respective support structure location.

[0073] In one or more embodiments of the second as-
pect, the plastically deformed support structures have
different heights, wherein the difference in height is at
least 0.02 mm, such as at least 0.05 mm, for example at
least 0.08 mm.

[0074] Inone or more embodiments of the present dis-
closure, the vacuum insulated glass unit is made by
means of a method according to one or more of the above
mentioned embodiments.

[0075] Such height variations may be provided de-
pendent on the surface variation of the tempered, such
as thermally tempered, glass sheets.

[0076] In one or more embodiments, the plastic defor-
mation of the support structures is caused by atmospher-
ic pressure in response to evacuation of the gap.
[0077] Additionally, the present disclosure relates in a
third aspect to a method of producing a vacuum insulated
glass unit comprising a first tempered glass sheet and a
second tempered glass sheet, wherein a plurality of solid,
spherical balls are distributed and plastically deformed
in a gap by major surfaces of the tempered glass sheets
by means of a pump during evacuation of the gap, so
that the initial height of the plurality of the solid spherical
balls in the gap is reduced with at least 10%, such as at
least 20%, such as at least 30%.

[0078] Additionally, the present disclosure relates in a
fourth aspect to a method of producing a vacuum insu-
lated glass (VIG) unit, wherein said method comprises:

- distributing a plurality of solid support structures at
afirsttempered glass sheet so that the support struc-
tures supports on a first major surface of the first
tempered glass sheet, and so that the minimum dis-
tance between adjacent support structures is at least
30 mm,

- arranging a second tempered glass sheet so thatthe
distributed support structures are placed in a gap
between the first major surface and a second major
surfaces of the second tempered glass sheet,

- providing an edge seal around the periphery of the
glass sheets,

- evacuating said gap,

- sealing the evacuated gap,

[0079] wherein a plastic deformation of the support
structures is provided by means of said major surfaces
so that the initial height of a plurality of the support struc-
tures is reduced by at least 10%, such as at least 20%,
such as at least 40% to a reduced support structure
height.
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[0080] In further embodiments of the present disclo-
sure, the fourth aspect may be be combined with one or
more of the previously described embodiments.

Figures

[0081] Aspects of the present disclosure will be de-
scribed in the following with reference to the figures in
which:
figs. 1a-1c  :illustrates manufacturing of a vacuum in-
sulated glass unit according to embodi-
ments of the present disclosure,

. illustrates a cross section of a part of a
VIG unit during evacuation of a gap ac-
cording to embodiments of the present dis-
closure,

. illustrates contact surfaces extending
partly into a glass sheet surface of a VIG
unit, according to embodiments of the
present dislcosure,

s illustrates a support structure having a
maximum width according to embodi-
ments of the present disclosure,

. illustrates a VIG unit with support struc-
tures having different heights, according
to embodiments of the present disclosure,
:illustrates microscopic images of VIG unit
support structures according to various
embodiments of the present disclosure,
tillustrates a spherical, solid ball deformed
by different loads, according to embodi-
ments of the present disclosure,

. illustrates support structures on a glass
sheet surface according to embodiments
of the present disclosure,

s illustrates a VIG unit manufacturing line
according to embodiments of the present
disclosure, and

s illustrates manufacturing of a vacuum in-
sulated glass unit according to embodi-
ments of the present disclosure, where
supportstructures are deformed by means
of a mechanical pressing arrangement.

fig. 2

fig. 3

fig. 4

fig. 5

figs. 6a-8

figs. 9a-9e

fig. 10

fig. 11

fig.. 12

Detailed description

[0082] Inrelationto the figures described below, where
the present disclosure may be described with reference
to various embodiments, without limiting the same, it is
to be understood that the disclosed embodiments are
merely illustrative of the present disclosure that may be
embodied in various and alternative forms. The figures
are not to scale; some features may be exaggerated or
minimized to show details of particular components.
Therefore, specific structural and functional details dis-
closed herein are not to be interpreted as limiting, but
merely as a representative basis for e.g. teaching one
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skilled in the art to variously employ the present disclo-
sure.

[0083] Figs. 1a-1c illustrates schematically embodi-
ments of the present disclosure relating to manufacturing
a vacuum insulated glass unit.

[0084] Infig. 1a, a plurality of support structures 5 are
distributed at a major surface first tempered glass sheet
3 so thatthe support structures 5 supports on a first major
surface 3a of the tempered glass sheet 3. The support
structures 5, may also be called spacers or pillars.
[0085] The support structures 5 are placed with a mu-
tual distance DIS1 at the surface 3a. This distance DIS1
may in embodiments of the present disclosure be at least
30 mm, for example it may be between 30 mm and 60
mm.

[0086] The support structures are solid spherical balls
5. In embodiments of the present disclosure, the solid
spherical balls 10 may comprise or consist of metal such
as steel, such as a monolithic steel structure. The balls
may or may not be ferromagnetic. In other embodiments
of the present disclosure, the solid spherical balls 10 may
comprise or consist of a polymer.

[0087] In some embodiments of the present disclo-
sure, the material of the solid, spherical balls may have
a'Youngs modulus between 170 Gpa and 280 GPA, such
as between 180 GPa and 230 GPa at 20°C. In embodi-
ments of the present disclosure, the material of the solid,
spherical balls may have a yield stress of less than 600
MPa, such as less than 530 MPa, for example less than
480 MPa at 20°C.

[0088] The balls 10 may in embodiments of the present
disclosure have a diameter D1 of less than 0.6 mm, such
as less than 0.5 mm, for example less than 0.4 mm. In
embodiments of the present disclosure, the diameter D1
may be between 0.25 mm and 1.5 mm, such as between
0.25 mm and 1 mm, such as between 0.28 mm and 0.42
mm. In some embodiments, the balls used may be balls
having a diameter of 0.30 mm or 0.40 mm.

[0089] The balls 10 may in embodiments of the present
disclosure have a diameter H2 between 0.1 mm and 0.8
mm, such as between 0.2 mm and 0.6 mm, such as be-
tween 0.25 mm and 0.45 mm.

[0090] In embodiments of the present disclosure, at
least 80%, such as at least 95% such as substantially all
solid spherical balls 10 at the major glass sheet surface
3a may be of the same diameter = tolerances. In em-
bodiments of the presentdisclosure, said tolerances may
be within =200 um, such as within =100 um, such as
within =50 um, for example within =20 um.

[0091] Cost efficient precision balls are available on
the market with a nominal diameter less than 1 mm, such
as less than 600 um, and even around 400 um or lower
nominal diameter. At the same time, such precision balls
may have good/tight tolerances, for example defined by
ISO 3290 relating to features of finished steel balls for
roller bearings, and defining different grades of ball bear-
ings.

[0092] In embodiments of the present disclosure, tol-
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erances such as ball diameter variations lower than 1
um, (According to some manufacturers corresponding to
"Grade G40") such as lower than 0.4 um, (According to
some manufacturers corresponding to "Grade G16") may
be used as the balls for support structures.

[0093] The solid spherical balls 10 are maintained in
position at the first major surface 3a by means of a tem-
porary support structure maintaining arrangement 80. In
the figs 1a-1c, this support structure maintaining arrange-
ment 80 comprises magnets 81 placed with a mutual
distance to provide the mutual support structure 5 dis-
tance DIS1 of adjacent support structures 5. Hence, the
balls are metal balls and magnetic, and the magnets 81
maintain the balls in the desired place with the desired
distance DIS1 through the glass sheet 3.

[0094] In other embodiments of the present disclosure
(not illustrated), the support structure maintaining ar-
rangement 80 may comprise a template. The template
may e.g. comprise predefined, distributed openings for
receiving said solid spherical balls and temporarily main-
tain these at the desired respective location. For example
until a magnetic 81 arrangement takes over the position
maintenance and/or the spherical balls until the gap
evacuation has started.

[0095] In still further embodiments, the support struc-
ture maintaining arrangement 80 may comprise a liquid
or the like that may be placed at the desired position(s)
of the surface 3a, and may maintain the balls in place
thereby.

[0096] Itis generally understood that the support struc-
ture maintaining arrangement 80 may be considered a
temporary support structure maintaining arrangement.
[0097] Infigs 1a-1b,anarray 100 comprising a plurality
of outlets 110 is provided. In this embodiments, the out-
lets 110 are arranged side by side, transverse to a move-
ment direction of the glass sheet 3 (or the array 500) in
a direction along the glass sheet surface 3. The outlets
510 are hence arranged e.qg. side by side in a dispenser
distribution direction DIR1 that may be transverse to the
movement direction with which a motor or the like pro-
vides a relative displacement between the array and the
glass sheet 3 along the glass sheet surface 3a.

[0098] The outlets 110 of the array 100 are placed with
a mutual distance and may dispense a row of support
structures 5 at a time, for example simultaneously, onto
the glass sheet surface 3a. The mutual outlet 510 dis-
tance may substantially correspond to the distance DIS1
to provide that the support structures are placed with the
desired distance.

[0099] The array 50 may in embodiments of the
present disclosure comprise between 4 outlets 110 and
80 outlets 110, such as between 4 outlets 110 and 50
outlets 110, such as between 6 outlets 110 and 30 outlets
110. Each outlet 110 may be part of/comprised in an in-
dividual support structure 5 dispensing system or be pro-
vided at a single dispensing system. One or more guiding
pipes or the like may guide the balls 10 from a ball storage
10a containing/storing a plurality of balls 10 to the outlet
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110.

[0100] A movable support structure retainer 120 re-
tains the respective ball 110 until it is desired to be dis-
pensed/dropped towards the surface 3a. The movable
retainer 120 may be controlled by means of an actuator
such as a linear actuator or a motor (not illustrated). In
some embodiments, the retainer 120 may comprise a
magnetizing unit or the like if the support structure 5 is
magnetic, and then the retainer 120 may or may not be
movable.

[0101] The balls 10 are dropped or laid onto the surface
3a and maintained in the desired position by means of
the maintaining arrangement 80. Then a second temper-
ed glass sheet 4 is arranged so that the distributed sup-
port structures 5 are placed in a gap 6 between the first
major surface 3a and a second major surfaces 4a of the
second tempered glass sheet 4.

[0102] Anedgeseal7isprovided around the periphery
of the glass sheets 3, 4, and the glass sheets are sealed
together. The sealing together of the first and second
glass sheets 3, 4 may comprise use of an edge seal ma-
terial 7 such as a solder glass material, e.g. a glass frit
material, a solder metal material or the like placed at the
glass sheet periphery. In other embodiments, dependent
on the edge sealing solution for the VIG unit, the edge
sealing material 7 may be omitted. The glass sheets 3,
4 may e.g. be fused together. In some embodiments, the
sealing together of the glass sheets may comprise locally
heating at least at the edge seal location, or heating the
entire VIG unitassembly including the support structures
to a desired temperature in e.g. a furnace. If the glass
sheets are thermally tempered glass sheets, this furnace
temperature may be set to be below a temperature where
the glass sheets de-tempers. The sealing together of the
glass sheet 3, 4 edges may provide a fused, rigid edge
seal. Other airtight edge seal solutions may alternatively
be provided.

[0103] The glass sheets 3, 4 may be thermally temper-
ed glass sheets. One or both glass sheets 3,4 may have
a thickness between 2 mm and 6 mm, such as between
2 mm and 4 mm, for example between 2.5 mm and 3.5
mm including both end points. The glass sheets 3, 4 may
be of the same or different thickness.

[0104] In some embodiments of the present disclo-
sure, the surface area of each of the major surfaces 3a,
4a of the first and second sheet 3, 4 may be larger than
1 m2, such as larger than 1.3 m2.

[0105] Thermally tempered glass may have a glass
sheet surface 3a with an unevenness of atleast 0.1 mm,
such as at least 0.2 mm, for example at least 0.3 mm.
this may occur due to one or more of glass sheet bowing,
glass sheet warp, glass sheet edge lift, roller waves
and/or the like that may e.g. occur during tempering of
the glass sheet to obtain a thermally tempered glass
sheet.

[0106] Insome embodiments, the glass sheet 3, 4 sur-
face 3a, 4a unevenness for each glass may even be
equal to or larger than the support structure 5 height.
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[0107] Insomeembodiments,the glass sheetsurfaces
3a, 4a may comprise one or more low-e coatings and/or
the like to e.g. provide advantageous/desired heat reg-
ulation and/or other functionalities. It is understood that
one or both contact surface(s) 5a, 5b may abut such coat-
ings of the glass sheet. In other embodiments, the glass
sheet surface(s) abutting the contact surface of the sup-
port structure may be uncoated.

[0108] In fig. 1b, a suction cup 9 is in fluid communi-
cation with the evacuation pump 11, and the suction cup
9is placed to cover an evacuation hole in the glass sheet
4, see also fig. 2. The pump 11 evacuates the gap 6
through the evacuation hole 6a by means of the suction
cup 9. In other embodiments, a vacuum chamber, such
as a vacuum chamber with flexible walls, for containing
the entire VIG unit during evacuation may be used in-
stead of the suction cup. During evacuation of the gap
6, the atmosphere hence gradually increased the load
on the glass sheets and hence compresses the spherical
balls.

[0109] After the evacuation, the evacuation out-
let/opening 6a is sealed by a sealing 6b, such as at least
partly by means of a solder material. In fig. 1b, the sealing
6b comprises a tube and a solder material arranged
round the tube, and when these are heated, these parts
soften/melt and seals the gap 6.

[0110] The evacuation hole 6a in a glass sheet of the
VIG unit assembly may in embodiments be omitted, and
instead, gap 6 evacuation may be provided through an
opening between the glass sheets 3, 4 at the glass sheet
edges (not illustrated).

[0111] Fig. 1c illustrates a cross sectional view of a
VIG unit 1 according to embodiments of the present dis-
closure. The gap 5 has been evacuated to a reduced
pressure by the pump 11, see fig. 1b. In embodiments
of the present disclosure, the pressure in the gap 6 may
be below 0.05 mbar, such as below 0.005 mbar, such as
0.003 or 0.001 mbar or below after the evacuation of the
gap and sealing of the gap 6.

[0112] The support structures 2 maintains a distance
between the glass sheet surfaces 3a, 4a across the evac-
uated gap 6 by means of their height when the gap has
been evacuated. The distance between the glass sheet
surfaces 3a, 4a after gap 6 evacuation may in embodi-
ments of the presentdisclosure be 0.5 mm orbelow, such
as 0.3 mm or below, for example 0.2mm or below.
[0113] One square meter VIG unit may often contain
more than 500 such as more than 500 or more than 3000,
such as between 500-3000 discretely distributed support
structures. In embodiments of the present disclosure, the
number of support structures in the evacuated gap 6 may
be below 1500 support structures per VIG unit m2, such
as below 900 support structures per VIG unit m2, for ex-
ample below 700 support structures per VIG unit m2.
[0114] In embodiments of the present disclosure, the
number of support structures 5 in the evacuated gap is
between 200 and 1800 support structures per VIG unit
m2, such as between 300 and 1300 support structures
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per VIG unit m2, for example between 280 and 800 sup-
port structures per VIG unit m2.

[0115] The glass sheets 3, 4 each comprises major
surfaces 3b, 4b facing away from the evacuated gap 6.
[0116] Fig. 2 illustrates schematically a cross section
of a part of a VIG unit assembly during evacuation of the
gap 6 by an evacuation pump 11 according to embodi-
ments of the present disclosure. The evacuation of the
gap 6 may be provided in a surrounding pressure such
as atmospheric pressure. This provides a plastic defor-
mation of the solid spherical balls 10 by means of the
major surfaces 3a, 4a of the glass sheets. The initial
shape of the spherical ball is illustrated by the dash-dot-
ted circle 91.

[0117] The evacuation of the gap 6 provides that the
initial height H2 of a plurality of the solid spherical balls
10 in the gap is reduced by at least 10%. For example,
the initial height H2, which corresponds to the ball diam-
eter, may in embodiments of the present disclosure be
reduced by at least 20%, such as at least 40% to a re-
duced support structure height HI. This flattens and en-
larges opposing contact surfaces 5a, 5b of the support
structures 5 in contact with the first and second major
surfaces 3a, 4a respectively. Initially, the ball had sub-
stantially no predefined, pre-shaped contact surfaces.
Hence, initially, the part of the ball(s) 10 in contact with
the surface(s) 3a, 4a may be small due to the curvature
of the ball surface. However, as the gap 6 is gradually
evacuated, the balls are thereby plastically deformed by
the surfaces 3a, 4a, and the contact surface area 5a, 5b
of the support structures 5 gradually increases as the
support structure height decreases from the initial height
H2 being the ball diameter to the reduced height HI.
[0118] The evacuation pump 11 may provide at least
a part of the reduction /plastic deformation of the initial
height H2 due to the gap evacuation. In some embodi-
ments, the pump 11 may provide substantially the entire
reduction /plastic deformation of the initial height H2 due
to the evacuation of the gap 6.

[0119] In some embodiments of the present disclo-
sure, the reduced support structure height Hl of a plurality
of the support structures 5 in the gap 6 may be between
15% and 95%, such as between 20% and 85%, such as
between 30% and 80% of the initial height H2 of the re-
spective solid spherical balls 10. It is understood that this
height H1 may be provided by plastic deformation.
[0120] In some embodiments of the present disclo-
sure, at least 10%, such as at least 40%, for example at
least 70% or at least 90% of the total amount of spherical
balls 10 arranged at the first surface 3a may be plastically
deformed to the reduced support structure height HI.
[0121] For example in some embodiments, at least
40%, for example atleast 70% or at least 90% of the total
amount of spherical balls 10 arranged at the first surface
3a are plastically deformed to said reduced support struc-
ture height H1, where said reduced support structure
height H1 is between 20% and 85%, such as between
30% and 80% of the initial height H2 of the respective
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solid spherical balls 10.

[0122] In embodiments of the present disclosure
where the glass sheets 3, 4 are thermally tempered glass
sheets, the major glass sheet surfaces 3a, 4a may have
a surface variation caused due to the tempering process,
such as caused by roller waves, warp and/or the like as
e.g. previously described. In one or more embodiments
of the present disclosure, a plurality of the support struc-
tures 5 are hence subjected to varying plastic deforma-
tion in response to surface 3a, 4a unevenness of the
thermally tempered glass sheets so as to have different
reduced heights HI. This may e.g. in embodiments of the
present disclosure provide that the plastically deformed
support structures 5 in the gap have a difference in re-
duced height Hl of atleast 0.02 mm, such as atleast 0.05
mm, for example at least 0.08 mm or even 0.01 mm or
more. This provides that the ball height H2 is changed
to automatically fit to the individual surface variations of
the selected pair of tempered glass sheets 3, 4. In one
or more embodiments the thermally tempered glass
sheets have an out of flatness deflection of atleast 0.1mm
or more.

[0123] When the glass sheets 3, 4 compress the ball
10, the side surface 5c extending between the glass
sheet surfaces 3a, 4a changes shape. This is also illus-
trated in fig. 2 according to embodiments of the present
disclosure, where a cross sectional view of the initial ball
10 and the final support structure shape is illustrated
schematically. Before deformation of the ball 10, it was
spherical, and the side surfaces 5c, 5d at opposing sides
of the cross section described a circular arcs that sub-
stantially had a coinciding centre (despite, possibly, a
minor deformation of the ball 10 due to the weight of the
glass sheet 4) and each had substantially the same ra-
dius r3.

[0124] After the gap evacuation a plurality of the balls
are plastically deformed into support structures compris-
ing a first convex side surface 5¢ and a second opposite,
convex side surface 5d when seen in a cross section (as
in e.g. fig. 2) of the plastically deformed support structure
5. These convex side surfaces 5a, 5b extends between
the major glass sheet surfaces 3a, 4a. The convex side
surfaces 5c, 5d now each describes a minor, curved,
such as circular 92, arc having non-coinciding centres
C1, C2 as a result of the plastic deformation.

[0125] It may be so that at least 80%, such as at least
90%, for example at least 95% of the length of each minor
circular arc 5c¢, 5d is substantially coinciding with the cir-
cle CI1, CI2 periphery of the respective circle.

[0126] In some embodiments of the present disclo-
sure, the non-coinciding centres C1, C2 may have a mu-
tual distance DIS2 of at least 3% of the initial diameter
of the spherical ball, such as a mutual distance of atleast
10% of the initial diameter of the spherical ball, such as
a mutual distance of at least 20% or at last 35 % of the
initial diameter of the spherical ball.

[0127] Inone or more embodiments of the present dis-
closure, the weight and/or volume of the respective sup-
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port structure 5 placed at the first glass sheet substan-
tially corresponds to the weightand/or volume ofthe initial
ball 10 used for the support structure 5 before the defor-
mation.

[0128] In some embodiments of the present disclo-
sure, the radius r1, r2 of each of the circles 92 comprising
each their convex side surface 5c, 5d is at least 10%,
such as at least 20%, such as at least 30%, smaller than
the radius r3 of the initial solid spherical ball (10) before
the deformation. This may occur to at least 40%, such
as at last 70% or at least 90% of all support structures in
the evacuated gap 6 of the VIG unit.

[0129] Inone or more embodiments of the present dis-
closure, the radius r1, r2 of each of said circles Cl1, CI2
comprising each their convex side surface may be be-
tween 10% and 70%, such as between 20% and 70%,
such as between 30% and 60%, smaller than the radius
(r3) of the initial solid spherical ball before the ball defor-
mation provided by means of evacuating the gap 6.
[0130] Infig. 2, the envisaged circles CI1, CI2 substan-
tially comprising each their convex side surface 5c, 5d
may each have a diameter that is larger than the reduced
support structure height HI.

[0131] Fig. 3illustrates schematically a cross sectional
view of an embodiment of the present disclosure, where
it is indicated that the contact surfaces 5a, 5b of the sup-
port structure 5 that have been provided and shaped by
the glass sheets 3, 4, extends partly into the respective
glass sheetsurface 3a, 4a. The initial glass sheet surface
before gap 6 evacuation is illustrated by the dashed lines
GSL.

[0132] The glass sheets 3, 4 may be tempered, such
as thermally tempered. Thermally tempered glass sheets
comprises exterior compressive zones CZ and aninterior
tensile stress zone TZ. In fig. 3, the contact surfaces 5a,
5b of the support structure 5 has been forced into the
compressive stress zone CZ of the glass sheet 3, 4, caus-
ing a recess in the respective major surface 4a, 3a into
the compressive stress zone CZ proximate the gap 6.
This the inventor has found that this may be acceptable
for a VIG unit 1 with a gap 6 pressure of below 0.005
mbar or below 0.002 mbar, for example substantially
0.001 mbar without compromising the vacuum integrity
of the VIG unit. As can be seen, the maximum height H1
of the support structure 5 may in some embodiments be
slightly larger than the actual gap distance DIS3 proxi-
mate the side surface 5c, 5d of the support structure 5
due to that at least a part of the contact surface 5a, 5b
extends into the glass sheet surface as a result of the
evacuation of the gap 6.

[0133] Fig. 4illustrates schematically a cross sectional
view of a support structure 5, according to embodiments
of the present disclosure, where the support structure 5
has a maximum width W1. The contour of the initial ball
10 that was used for the support structure is also illus-
trated by the dash-dotted circle 91. The glass sheets of
the VIG unit, the evacuated gap and the like are not il-
lustrated infig. 4 in order to improve figure understanding.
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[0134] Ascanbe seen, the maximum support structure
width W1 increases when compared to the initial width,
i.e. the ball diameter corresponding to the height H2,
when the ball is plastically deformed in the gap 6.
[0135] In embodiments of the present disclosure, the
maximum width W1 of each of a plurality of the support
structures 5 in the gap 6 after the plastic deformation is
atleast 10% larger, for example 20 % larger, for example
at least 40% larger, than the initial ball diameter H2 of
the respective, solid spherical ball 10 before the plastic
deformation.

[0136] In some embodiments of the present disclo-
sure, the maximum width W1 of each of a plurality of the
support structures 5 in the gap 6 after the plastic defor-
mation may be at least 20% larger, such as at least 40%
larger, for example at least 60% larger than the initial
diameter H2 of the solid spherical balls 10 before the
plastic deformation.

[0137] In certain embodiments of the present disclo-
sure, the maximum width W1 of each of a plurality of the
support structures 5 in the gap 6 after the plastic defor-
mation may be between 3% and 120%, such as between
5% and 85%, for example between 20% and 65% larger
than the initial height H2 of the solid spherical balls 10
before the plastic deformation.

[0138] Fig. 5 illustrates schematically an embodiment
of the present disclosure wherein the support structures
5 in the evacuated gap 6 of a VIG unit 1 have different
heights due to different magnitudes of plastic support
structure deformation provided during the gap 6 evacu-
ation. The support structures are placed with the mutual
distance DIS1.

[0139] Due to the difference in surface variations/sur-
face topology at the glass sheet surfaces, the magnitude
of the plastic deformation of the spherical balls 10 may
vary. In some embodiments of the present disclosure,
the plastically deformed support structures 56 of a VIG
unit 1 may have difference in reduced height HI of at least
0.02 mm, such as at least 0.05 mm, for example at least
0.08 mm. This may occur to a plurality of the support
structures at the VIG unit. This may be caused by one or
more of glass sheet bowing, glass sheet warp, glass
sheet edge lift, roller waves and/or the like. Thermally
tempered glass sheets may suffer for one or more of such
surface unevenness. In fig. 5, the plastic deformation
subjected to the spherical ball used for providing the sup-
port structure 5 to the right is larger than the plastic de-
formation subjected to the spherical ball used for provid-
ing the support structure 5 to the left. This is due to the
surface unevenness of the glass sheets 3a, 3b.

[0140] Thisprovidesthatthe reduced support structure
heights Hl are individually adapted, e.g. in order to adapt
to the surface characteristic/topology of the major sur-
faces of the glass sheets,

[0141] As an example, if one ball 10 that had an initial
diameter of 0.4 mm is reduced to 0.23 mm in support
structure height H1 whereas another ball of the same
diameter is reduced to a support structure height H 0.18
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mm, the resulting difference in reduced height HI 0.05
mm.

[0142] Infig. 5, the varying support structure deforma-
tion is indicated as occurring to adjacent support struc-
tures in the gap 6, but it is understood that the difference
in reduced support structure height HI within the above
mentioned ranges may not necessarily be occurring to
neighbouring/adjacent support structures. For example,
in some embodiments, the difference in reduced height
H1 within the above mentioned range may occur between
the support structure a of the final VIG unit that has been
subjected to the largest plastic deformation due to the
gap evacuation, and the support structure of the final VIG
unit that has been subjected to the smallest plastic de-
formation due to the gap 6 evacuation.

[0143] Figs. 6a-6¢ illustrates microscopic images of a
support structure 5 according to various embodiments of
the present disclosure where a spherical, solid steel ball
has been deformed into a support structure having a
height HI. The initial steel ball was here a precision steel
ball having a diameter of 0.4 mm, but other ball diameters
may be used in other embodiments of the present dis-
closure, as e.g. described previously in this document.
The compression/deformation of the steel ball was pro-
vided by means of coining the solid steel ball, to provide
the contact surfaces 5a, 5b. The microscope used for the
image may be a stereo microscope or a dyno light mi-
croscope.

[0144] The solid spherical balls 10 may be metal pre-
cision balls such as steel precision balls. Such precision
balls may have good/tight tolerances, for example de-
fined by ISO 3290 relating to features of finished steel
balls for roller bearings, and defining different grades of
ball bearings. In embodiments of the present disclosure,
tolerances such as ball diameter variations lower than 1
um, (According to some manufacturers corresponding to
"Grade G40") such as lower than 0.4 um, (According to
some manufacturers corresponding to "Grade G16") may
be used as the support structure workpieces. In other
embodiments of the present disclosure, balls with larger
overall diameter variations/lower tolerance than men-
tioned above may be used.

[0145] The inventor found that some cracks CR may
occur in the side surface 5c of the support structure 5
when the ball was deformed, but such cracks was gen-
erally not found to reduce the desired structural perform-
ance of the support structure/spacer 5. The side surface
9c extends between the opposing contact surfaces 5a,
5b, and extends in the present example convexly, such
as bulging, between the surfaces 5a, 5b.

[0146] The side surface 5c is bulging, and in a cross
sectional view (see e.g. fig. 4), the side surface 5c de-
scribes an arc, such as substantially a circular arc, be-
tween the surfaces 5a, 5b at both sides of a support struc-
ture cross section. See fig. 6¢ where the cross section
can be imagined as the silhouette of the support structure
5 seen from the side towards the side surface 9c. The
side surface 9c arc described by the surface 5c between
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the contact surfaces 5a, 5b may substantially be an arc
of/comprised in a circle Cl1, CI2, and these circles have
non-coinciding centres C1, C2, see also fig. 4. A similar
situation may be caused by the plastic deformation during
gap evacuation by as pump.

[0147] The side surface 5c¢ arc extending between the
contact surfaces 5a, 5b may have a length that is larger
than the height HI (or H2), such as at least 1.1 or at least
1.3 times the height HI.

[0148] As can be seen from fig. 9c, the support struc-
ture 5 has a width W1. As the support structure 5 in em-
bodiments of the present disclosure as illustrated in figs.
6a-6¢c may have an outer circular side periphery de-
scribed by the side surface/side edge surface 9c extend-
ing between the contact surfaces 5a, 5b, the width W1
may be a maximum diameter.

[0149] In embodiments of the present disclosure, the
maximum width W1, such as the maximum diameter, of
the support structure 5 may be larger than the height H1
provided after the deformation of the spacer/support
structure 5, such as at least 1.3, times, such as at least
1.5 times or at least 1.8 times larger than the height Hl
of the support structure 5.

[0150] In embodiments of the present disclosure, the
maximum width W1, such as the maximum diameter, of
the support structure 5 may be between 1.3 and 6 times,
such as between 1.5 and 6 times, for example between
2times and 4 times larger than the height Hl of the spacer
2.

[0151] In embodiments of the present disclosure, the
maximum width W1, such as the maximum diameter, of
the support structure 5 may be at least 2 times, such as
at least 2.4 times or at least 2.8 times larger than the
heightH1 of the support structure 5. This may be provided
for a plurality of the support structures in the evacuated
gap, naturally accounting for potentially present glass
sheet surface variations.

[0152] In fig. 6¢, the maximum width W1, such as the
maximum diameter, of the support structure 5 is about
W1/H1 = 0.655 mm /0.202 mm = 3.2 times larger than
the height HI of the support structure 5.

[0153] The increased maximum width W1 when com-
pared to the support structure height H1 obtained by
means of the deformation of the spherical ball is provided
due to the deformation of the ball during VIG gap evac-
uation so that the plastic deformation of the ball due to
the deformation provides a "flow" of the ball material that
result in a support structure width W1 that is larger than
the initial ball width/diameter.

[0154] In fig. 9c, the width W2 (such as diameter) of
the contact surfaces 5a, 5b is less than the maximum
width W1 (such as diameter) of the support structure ,
as the maximum width W1 is determined between the
bulging side surfaces.

[0155] In some embodiments, the width W2 (such as
diameter) of the contact surfaces 5a, 5b may be between
0.6 and 0.96 times the maximum width W1 (such as di-
ameter) of the support structure, such as between 0.7

10

15

20

25

30

35

40

45

50

55

12

and 0.9 times the maximum width W1 (such as diameter)
of the support structure.

[0156] For example, the width (such as diameter) W2
of the contact surfaces 5a, 5b may be less than 0.95
times, such as less than 0.8 times, for example less than
0.6 times the maximum width W1 (such as diameter) of
the support structure 5.

[0157] In some embodiments, the width W2 (such as
diameter) of the contact surfaces 5a, 5b may be larger
than 0.4 times, such as largerthan 0.5times , forexample
larger than 0.6 times the maximum width W1 (such as
diameter) of the support structure 5.

[0158] In some embodiments of the present disclo-
sure, as can be seen from e.g. fig. 6b and other of the
figures described above and/or below, the contact sur-
face 5a, 5b area after ball deformation may make up 50%
or more of the support structure 5 silhouette when seen
perpendicular to the respective contact surface 5a, 5b.
[0159] Itis generally understood that in embodiments
of the present disclosure, the support structures 5 may
have a support structure height HI after the deformation
by the deformation unit of less than 0.6 mm, such as less
than 0.5 mm such as less than 0.3 mm, such as less than
0.25 mm. For example, the support structure/spacer
height HI may be 0.2 mm or less.

[0160] The compressive load on each of at least 50%,
such as at least 70% of the support structures 5 in an
evacuated VIG unit (see fig. 2c) gap, for a cylindrical sup-
port structure or a support structure 5 with curved outer
side edge surface 5c and plane contact surface 5a, 5b
as illustrated in several of the figures described above,
in a "square support structure grid" of 40x40 mm2 (i.e.
distance of substantially 40mm between neighbour-
ing/adjacent support structures 5), may amountto atleast
0.5 GPa, such as at least 0.8 GPa, such as substantially
1 GPa. In some embodiments, the compressive load on
at least 80% or 90%, such as substantially all support
structures of the VIG unit may be between 0.5 GPa and
2 GPa, such as between 0.6 and 1.3 GPa.

[0161] Outgassing from the support structure 5 should
be minimized. Particularly outgassing of non-getterable
species should be avoided for example argon.

[0162] Inone or more embodiments of the present dis-
closure, the maximum width W1 of the support structure
5 after the deformation of the balls in the evacuated gap
is larger, such as at least 3% larger, for example 20 %
larger, such as at least 35% larger or at least 100% larger
than the initial width D1 of the ball before the ball defor-
mation. This may be the case for a plurality of the support
structures in the VIG unit, for example for at least 50%,
such as at least 80%, such as at least 95% of the support
structures in the evacuated gap.

[0163] Inone or more embodiments of the present dis-
closure, the maximum width W1 of the support structure
5 after the ball deformation due to the gap evacuation is
atleast 40% larger, for example at least 50% larger, such
as at least 80% larger than the initial width D1 of the ball
before the ball deformation.
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[0164] In one or more embodiments of the present dis-
closure, the maximum width W1 of the support structure
5 after the ball deformation due to the VIG gap evacuation
is between 10% and 85% larger, for example between
20% and 70% larger than the initial width D1 of the ball
before the ball deformation.

[0165] Fig. 7 illustrates an image of a support structure
5 according to embodiments of the present disclosure,
where the support structure 5 was made from a spherical,
solid metal ball of a diameter of 0.4 mm. After deformation
by means of a deformation unit such as a press or stamp,
the support structures has a height of 298 microns, i.e.
approximately 0.3 mm. the maximum support structure
width W1 is here 555 microns, corresponding to about
0.6 mm. The contact surface area 5a, 5b width W2, such
as the diameter of the contact surfaces is about 391 and
392 microns respectively, corresponding to about 0.4
mm.

[0166] Fig. 8illustrates animage of a support structure
5 according to embodiments of the present disclosure,
where the support structure 5 is made from a spherical,
solid metal ball of a diameter of 0.4 mm. After deformation
by means of a deformation unit, the support structure 5
has a height of 204 microns, i.e. approximately 0.2 mm.
the maximum width W1 is here 668 microns, correspond-
ing to about 0.7 mm. The contact surface width W2, such
as the diameter of the contact surfaces 5a, 5b is about
578 and 561 microns respectively, corresponding to 0.6
mm. The deformations illustrated in figs. 6a-8 indicates
the behaviour of a solid steel ball when the steel ball is
deformed during VIG unit evacuation. If a part of the sur-
face of the steel balls initially abutting the glass sheet
surfaces 3a, 4a is/are forced into the glass sheets 3, 4,
such as into a compressive zone, the resulting contact
surfaces 5a, 5b after plastic deformation of the steel ball
during VIG evacuation may be less plane than indicated
in the images.

[0167] Fig. 9a illustrates an initial special, massive
steel ball for use as a VIG unit support structure work-
piece 10 according to embodiments of the present dis-
closure. The spherical ball 10 has a diameter D1 of for
example 0.4 mm.

[0168] Figs. 9b-9e illustrates the silhouette/contour of
the ball of the type of fig. 9a, and are the contour silhou-
ette/contour of the ball which are drawn up based on
microscopic images of spherical, solid steel balls that
have been plastically deformed by different loads. As can
be seen, as the deformation load/force provided by e.g.
the deformation unit 20 increases from 5 kg to 20 kg, the
contact surface 5a, 5b area increases, the support struc-
ture height HI decreases, and also the maximum support
structure width W1 increases.

[0169] Fig. 10 illustrates a square support structure
grid arranged at a major surface 3a according to embod-
iments of the present disclosure. The support structures
5 are arranged with a mutual distance DIS1. The distance
DIS1 may as previously described be at least 30 mm, for
example it may be between 30 mm and 60 mm. For ex-
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ample, the distance DIS1 may be between 30 mm and
60 mm, such as between 35 mm and 45 mm, for example
between 38 mm and 42 mm.

[0170] Inone or more embodiments of the present dis-
closure, the mutual distance DIS1 between at last 80%,
of adjacent support structures, such as at least 90% of
adjacenet support structures of the final VIG unit, may
be at least 30 mm such as between 30 mm and 60 mm
such as between 35 mm and 45 mm, for example be-
tween 38 mm and 42 mm.

[0171] In some embodiments, the mutual distance
DIS1 between substantially all adjacent support struc-
tures of the final VIG unit may be at least 30 mm such
as between 30 mm and 60 mm such as between 35 mm
and 45 mm, for example between 38 mm and 42 mm.
[0172] Fig. 11 illustrates schematically a manufactur-
ing line 200 for a VIG unit according to various embodi-
ments of the present disclosure. The first glass sheet 3
first enters a first station 200 where edge seal material 7
such as solder glass edge seal material or metal solder
edge seal material is provided to the upwardly facing ma-
jor glass sheet surface 3a.

[0173] Then the glass sheet 3a is moved to a support
structure placement station 240 where one or more sup-
port structure dispensers, such as a dispenser system
array 100 as previously described, dispenses solid
spherical balls onto the major surface 3a. This is provided
so that the support structures 5 are placed at the surface
3a with a mutual, desired distance DIS1 (see fig. 10) in
e.g. rows and/or columns on the glass sheet surface 3a,
orinanother desired pattern. A relative movement MOV 1
may be provided by means of a motor to provide arelative
movement between the one or more support structure
dispensers and the glass sheet in a direction along the
glass sheet surface 3a. The movement MOV1 and the
direction DIR1 (see fig. 1a) may be perpendicular to each
other.

[0174] At glass pairing station 250, the glass sheets 4
and 3 are paired by placing the second glass sheet 4 on
top of the first glass sheet 3 to cover the support struc-
tures 5. The glass sheet 4 may e.g. rest on the edge seal
material 7. The glass pairing station 250 may comprise
automation systems such as one or more of a robotic
arm, one or more linear displacement members, one or
more rails and/or the like for transporting the glass sheet
4 to the position opposite the surface 3a and lowering
the glass sheet towards the surface 3a.

[0175] After this, the edge seal material 7 of the VIG
unit assembly 150 may be heated and the gap is evac-
uated to a reduced pressure as e.g. previously described
(notillustrated in fig. 13 in order to deform the spherical
balls placed at the station 240. It is understood that the
edge seal material 7, if even needed, may be placed/ap-
plied subsequent to placing the support structures at sta-
tion 240 instead. It may even in some embodiments be
omitted if the glass sheets 3, 4 are fused directly together
by a glass sheet 3, 4 edge melting operation.

[0176] The solid spherical balls at the major glass
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sheet surface 3a may be maintained in position at the
first major surface 3a by means of a temporary support
structure maintaining arrangement 80 (not illustrated in
fig. 11) as previously described. In some embodiments,
the support structure placement station 240 and the glass
pairing station 250 may be placed at the same physical
location so that moving of the glass sheet 3a with the
balls thereon is reduced. In other embodiments, the sup-
port structure placement station 240 and the glass pairing
station 250 may be placed at different locations at the
manufacturing line as illustrated. In some embodiments,
the support structure maintaining arrangement 80 may
be movable together with the glass sheetin order to main-
tain the ball position(s) at the surface 3a.

[0177] Fig. 12 illustrates a support structure 5 defor-
mation according to embodiments of the present disclo-
sure. Infig. 2, the support structure deformation to obtain
the support structure height Hl is provided by means of
the evacuation pump which evacuates the gap. In the
embodiment of fig. 12, an external mechanical pressing
arrangement 300 comprising pressing bodies 310, 320
such as pressing plates, and actuators 330 instead pro-
vides the second support structure deformation to obtain
the support structure height HI. The bodies 310, 320 may
e.g. comprise metal bodies or bodies of another material.
[0178] Two actuators 330 are illustrated in fig. 12, but
it is understood that in further embodiments, only one
actuator 330, or more than two actuators 330, may be
provided in further embodiments. The pressing bodies
310, 320 comprises pressing surfaces 310a, 320a, and
one or both pressing bodies is/are configured to move
towards and away from the other body so as to increase
or reduce the distance between the pressing surfaces
310a, 320a. This movement is provided by means of the
one or more actuators 330.

[0179] A VIG unit assembly 50 comprising the glass
sheets 3, 4 (that may e.g. be annealed glass sheets or
thermally tempered glass sheets) and the support struc-
tures 5 distributed between the glass sheets is placed
between the pressing plate 310, 320 surface 310a, 320a.
The support structures 5 of the VIG unit assembly 50
when the assembly is placed in the gap, has the initial
support structure height HI.

[0180] One or more actuators 330 are controlled by a
hardware controller (340) so that the distance between
pressing surfaces 310a, 320a of the pressing bodies 310,
320 is reduced. This provides a compression force F to-
wards the major exterior surfaces of the glass sheets of
the VIG unit assembly 50 that faces away from the gap
6. This compression force F provides thatthe major glass
sheet surfaces 3a, 4a facing the gap 6 provides a plastic
deformation of the support structures 5 in the gap 6 so
that the height H2 of the support structures (in this case
spherical balls) is reduced to a second, reduced height
HI. This provides an individual adaption of the spacer
height to the surface 3a, 4a topography of the glass
sheets 3a, 4a.

[0181] The magnitude of the plastic deformation from
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the height H2 into the height H1 may in embodiments of
the present disclosure be as described in relation to one
or more embodiments described above, e.g. in relation
to fig. 7 and/or 7a.

[0182] In fig. 12, the actuator(s) 330 is/are controlled
so that the top press plate 210 moves towards the lower
plate 320. In other embodiments of the present disclo-
sure, the actuator(s) 330 may be directly orindirectly con-
nected to the lower pressing plate 320 instead, and the
lower plate 320 may hence be moved, together with the
VIG unit assembly 50 supporting thereon, towards the
upper pressing plate 310. In further embodiments of the
present disclosure, one or more actuators 330 may be
provided and configured to move one or both bodies 310,
320, and both pressing bodies 310, 320 may be movable
towards and/or away from each other.

[0183] In some embodiments of the present disclo-
sure, the external mechanical pressing arrangement 300
may provide some of the plastic deformation to obtain
the height H1, or most, such as substantially all of the
deformation to obtain the height HI. In some embodi-
ments, the deformation, such as plastic deformation, may
be provided partly by means of an evacuation pump evac-
uating the gap (e.g. as described above in relation to the
description of fig. 2) and partly by the external mechanical
pressing arrangement 300.

[0184] The actuator(s) 330 may in embodiments of the
present disclosure be or comprise a pneumatic actuator,
a hydraulic actuator, an electric actuator, e.g. comprising
an electric motor and/or the like. It may or may not com-
prise a gearing.

[0185] Infig. 12, it is illustrated that the support struc-
ture to be deformed by the surfaced 3a, 4a is a spherical
ball. It is understood that in other embodiments, the sup-
port structure may have a different shape than spherical,
e.g. as described further below.

[0186] In figs. 12, a hardware controller 340 controls
the actuator(s) 330, e.g. based on a software program
code stored in a data storage (not illustrated).

[0187] Inone or more embodiments of the present dis-
closure, one or more load sensors (not illustrated) may
be configured to directly or indirectly detect the amount
of force F provided to the assembly 50. For example, in
some embodiments, the one or more load sensors may
comprise a processing unit receiving/retrieving electric
current consumption information obtained from the actu-
ator(s), it may comprise one or more strain gauges and/or
the like. In some embodiments, such load sensor(s) may
provide feedback to a closed control loop system of a
controller 340 controlling the actuator(s) 330. The com-
pression force F, such as a maximum compression force,
applied by means of the actuator(s) 330 may in embod-
iments of the present disclosure be a predetermined
compression force. The predetermined compression
force may be based on one or more parameters stored
in a data storage such as the above mentioned data stor-
age. The one or more parameters may e.g. be related to
the distance between adjacent spacers/support struc-
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tures 5 in the gap, the support structure material, support
structure size and/or the like.

[0188] In some embodiments, the hardware controller
may control the actuator(s) to gradually increase the
force F to the predetermined compression force such as
a predetermined maximum compression force. This may
e.g. be provided by ramping up the force applied from an
initial lower force.

[0189] In one or more embodiments of the present dis-
closure, a resilient sheet (not illustrated) may be placed
between the respective pressing surface 310a, 320a and
the respective major exterior glass sheet 3, 4, surface
facing away from the gap 6. This my e.g. help to distribute
forces and/or protect glass sheet surfaces.

[0190] The embodiments described above in relation
to one or more of the figures 1-12 are generally illustrated
and described in relation to using solid, spherical balls
such as metal balls as the support structures to be de-
formed in the gap 6 by means of, the major surfaces 3a,
4a of the glass sheets. In other embodiments of the
present disclosure, the provided solid support structures
may have another shape than spherical. Here, the plastic
deformation of the provided solid support structures by
means of said major surfaces 3a, 4a may hence be pro-
vided to solid, such as monolithic, support structures of
another shape than spherical balls. Forexample, in some
embodiments, such solid support structures of another
shape than spherical balls may comprise or consist of
solid metal support structures. In some embodiments,
the solid support structures of another shape than spher-
ical balls may have arectangular shape, a conical shape,
e.g. the shape of a frustum of a cone or frustum of a
pyramid, the shape of a cylinder and/or the like. In some
embodiments, the solid support structures of another
shape than spherical balls may be support structures cut
from a wire, e.g. at the manufacturing line for manufac-
turing VIG unit assemblies.

[0191] Itis generally to be understood that the VIG unit
may e.g. be transparent to at least visible light.

[0192] In embodiments of the present disclosure, the
manufactured VIG unit may be for use in a building win-
dow. In some embodiments, the building window may be
a roof window. In other embodiments, the building win-
dow may be a vertical window such as a fagade window.
In some embodiments, the VIG unit when used in a build-
ing window may be laminated at one or both sides of the
VIG unit by means of an interlayer and a further glass
sheet. In other embodiments of the present disclosure,
the VIG unit may be used for e.g. cooling furniture such
as in a door of a refrigerator or freezer and/or for heating
furniture such as in a door of an oven. The VIG unit to
enable a view through the VIG unit towards the goods
stored in the interior of the cooling or heating furniture.

Items

[0193] The present disclosure is moreover described
in the following items
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1. Method of producing a vacuum insulated glass
(VIG) unit (1), wherein said method comprises:

- distributing a plurality of support structures (5)
at a first tempered glass sheet (3) so that the
support structures supports on a first major sur-
face (3a) of the first tempered glass sheet (3),
and so that the minimum distance (DIS1) be-
tween adjacent support structures is at least 30
mm,

- arranging a second tempered glass sheet (4) so
that the distributed support structures (5) are
placed in a gap (6) between the first major sur-
face (3a) and a second major surfaces (4a) of
the second tempered glass sheet (4),

- providing an edge seal around the periphery of
the glass sheets (3, 4),

- evacuating said gap (6),

- sealing the evacuated gap (6),

wherein the provided support structures (5) arranged
at the first major surface (3a) comprises solid, spher-
ical balls (10), and

wherein the evacuation of the gap (6) is provided in
an surrounding pressure such as an atmosphere and
provides a plastic deformation of the solid spherical
balls (10) by means of said major surfaces (3a, 4a)
so that the initial height (H2) of a plurality of the solid
spherical balls (10) is reduced by at least 10%, such
as at least 20%, such as at least 40% to a reduced
support structure height (HI), thereby flattening and
enlarging opposing contact surfaces (5a, 5b) of the
support structures (5) in contact with the first and
second major surfaces (3a, 4a) respectively.

2. Method of producing a vacuum insulated glass
(VIG) unit (1), wherein said method comprises:

- distributing a plurality of solid support structures
(5) at a first tempered glass sheet (3) so that the
support structures supports on a first major sur-
face (3a) of the first tempered glass sheet (3),
and so that the minimum distance (DIS1) be-
tween adjacent support structures is at least 30
mm,

- arranging a second tempered glass sheet (4) so
that the distributed support structures (5) are
placed in a gap (6) between the first major sur-
face (3a) and a second major surfaces (4a) of
the second tempered glass sheet (4),

- providing an edge seal around the periphery of
the glass sheets (3, 4),

- evacuating said gap (6),

- sealing the evacuated gap (6),

wherein a plastic deformation of the solid support
structures is provided by means of said major sur-
faces (3a, 4a) so that the initial height (H2) of a plu-
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rality of the support structures is reduced by at least
10%, such as at least 20%, such as at least 40% to
a reduced support structure height (H1).

3. Method according to item 2, wherein the distrib-
uted plurality of solid support structures (5) arranged
at the first major surface (3a) comprises solid, spher-
ical balls (10),

or

wherein the distributed plurality of solid support
structures (5) arranged at the first major surface (3a)
comprises solid support structures of a shape differ-
ent from the shape of spherical balls, such as a rec-
tangular shape, a conical shape, the shape of a cyl-
inder.

4. Method according to item 1 or 3, wherein the solid
spherical balls (10) comprises or consist of metal
such as steel, such as a monolithic steel structure.

5. Method according to any of the preceding items,
wherein the material of the support structures (5),
such as solid, spherical balls (10), has a Youngs
modulus between 170 Gpa and 280 GPA, such as
between 180 GPa and 230 GPa at 20°C.

6. Method according to any of the preceding items,
wherein the mutual distance (DIS1) between adja-
cent support structures (5) at the glass sheet surface
(3a) is between 30 mm and 60 mm such as between
35 mm and 45 mm, for example between 38 mm and
42 mm.

7. Method according to any of the preceding items ,
wherein the material of the support structures (5),
such as solid, spherical balls (10), has yield stress
of less than 600 MPa, such as less than 530 MPa,
for example less than 480 MPa at 20°C

8. Method according to any of items 1 and/or 3-7,
wherein all solid spherical balls (10) at the major
glass sheet surface (3a) is of the same diameter =
tolerances.

9. Method according to any of the preceding items,
wherein a plurality of said plastically deformed sup-
port structures (5) comprises a first convex side sur-
face (5¢) and a second opposite, convex side surface
(5d) when seen in a cross section of the plastically
deformed support structure (5), where said convex
side surfaces (5a, 5b) extends between the major
glass sheet surfaces (3a, 4a).

10. Method according to item 9, wherein the convex
side surfaces (5c¢, 5d) each describes minor, circular
(92) arcs having non-coinciding centres (C1, C2),
such as as a result of the plastic deformation.
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11. Method according to any of the preceding items,
wherein a plurality of said plastically deformed sup-
port structures (5) comprises a first convex side sur-
face (5c)and a second opposite, convex side surface
(5d) when seen in a cross section of the plastically
deformed support structure (5), where said convex
side surfaces (5a, 5b) extends between the major
glass sheet surfaces (3a, 4a), wherein the radius (r1,
r2) of each of the circles (92) comprising each their
convex side surface (5c¢, 5d) is at least 10%, such
as at least 20%, such as at least 30%, smaller than
the radius (r3) of the initial solid spherical ball (10)
before the deformation.

12. Method according to any of the preceding items,
wherein the maximum width (W1) of each of a plu-
rality of the support structures (5) in the gap (6) after
the plasticdeformation is larger, such as atleast 10%
larger, for example 20 % larger, for example at least
40% larger, than the initial diameter (H2) of the solid
spherical balls (10) before the plastic deformation.

13. Method according to any of the preceding items,
wherein the maximum width (W1) of each of a plu-
rality of the support structures (5) in the gap (6) after
the plastic deformation is at least 20% larger, such
as atleast40% larger, forexample atleast 60% larg-
er than the initial height (H2) of the support struc-
tures, such as the diameter of the solid spherical
balls (10), before the plastic deformation.

14. Method according to any of the preceding items,
wherein the maximum width (W1) of each of a plu-
rality of the support structures (5) in the gap (6) after
the plastic deformation is between 3% and 120%,
such as between 5% and 85%, for example between
20% and 65% larger than the initial width, such as
diameter (H2), of the support structures, such as the
solid spherical balls (10), before the plastic deforma-
tion.

15. Method according to any of the preceding items,
wherein the tempered glass sheets (3, 4) are ther-
mally tempered glass sheets.

16. Method according to item 15, wherein a plurality
of the support structures (5) are subjected to varying
magnitudes of plastic deformationin response to sur-
face (3a, 4a) unevenness of the thermally tempered
glass sheets so as to have different reduced heights
(H1).

17. Method according to item 16, wherein a plurality
of the plastically deformed support structures have
difference in reduced height (H1) of atleast0.02 mm,
such as at least 0.05 mm, for example at least 0.08
mm.
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18. Method according to any of the preceding items,
wherein an evacuation pump (11) provides a part of
said reduction of the initial height (H2), such as sub-
stantially the entire reduction of the initial height (H2),
during evacuation of the gap (6).

19. Method according to any of the preceding items,
wherein the solid spherical balls (10) are maintained
in position at the first major surface (3a) by means
of a support structure maintaining arrangement (80),
such as a temporary support structure maintaining
arrangement (80), wherein the support structure
maintaining arrangement (80) is arranged external
to the gap (6) and/or wherein the temporary support
structure maintaining arrangement comprises a
magnetic maintaining arrangement, and/or a tem-
plate.

20. Method according to any of the preceding items,
wherein the reduced support structure height (H1)
of a plurality of the support structures (5) in the gap
(6) is between 15% and 95%, such as between 20%
and 85%, such as between 30% and 80% of the initial
height (H2) of the respective support structure, (5)
such as of the initial height (H2) of the respective
solid spherical ball (10).

21. Method according to any of the preceding items,
wherein at least 10%, such as at least 40%, for ex-
ample at least 70% of the total amount of support
structures (5), arranged at the first surface (3a) are
plastically deformed to said reduced support struc-
ture height (H1).

22. Method according to any of the preceding items,
wherein at least 40%, for example at least 70% of
the total amount of support structures (5), such as
spherical balls (10), arranged at the first surface (3a)
are plastically deformed to said reduced support
structure height (HI), wherein said reduced support
structure height (H1) is between 20% and 85%, such
as between 30% and 80% of the initial height (H2)
of the respective support structure (5).

23. Method according to any of the preceding items,
wherein the surface area of each of the major sur-
faces (3a, 4a) of the first and second sheet (3, 4) is
larger than 1 m2, such as larger than 1.3 m2.

24. Method according to any of the preceding items,
wherein one or both of the tempered glass sheets
(3, 4) have a thickness between 2 mm and 6 mm,
such as between 2 mm and 4 mm, for example be-
tween 2.5 mm and 3.5 mm including both end points.

25. Method according to any of the preceding items,
wherein the solid spherical balls (10) at the major
glass sheet surface (3a) have a diameter (H2) be-

10

15

20

25

30

35

40

45

50

55

17

tween 0.1 mm and 0.8 mm, such as between 0.2 mm
and 0.6 mm, such as between 0.25mmand 0.45mm.

26. Method according to any of the preceding items,
wherein the evacuation of the gap (6) is provided by
means of a pump to a gap pressure below 0.005
mbar, such as below 0.003 mbar, such as to below
0.002 mbar.

27. Method according to any of the preceding items,
wherein the number of support structures in the
evacuated gap is below 1500 support structures per
VIG unit m2, such as below 900 support structures
per VIG unit m2, for example below 700 support
structures per VIG unit m2.

28. Method according to any of the preceding items,
wherein the number of support structures in the
evacuated gap is between 200 and 1800 support
structures per VIG unitm2, such as between 300 and
1300 support structures per VIG unit m2,
forexample between 280 and 800 support structures
per VIG unit m2,

29. Method according to any of the preceding items,
wherein at least a part of the plastic deformation,
such as substantially the entire plastic deformation,
of the support structures (5), such as solid spherical
balls (10), by means of said major surfaces (3a, 4a)
is provided by evacuating the gap (6) in a surround-
ing pressure such as atmospheric pressure, such as
by means of an evacuation pump.

30. Method according to any of the preceding items,
wherein at least a part of the plastic deformation,
such as substantially the entire plastic deformation,
of the support structures (5), such as spherical balls
(10), by means of said major surfaces (3a, 4a) is
provided by means of an external mechanical press-
ing arrangement (300) configured to provide a com-
pression force (F) to exterior major surfaces of the
VIG unit assembly such as the glass sheets (3,4).

31. Method according to item 30, wherein the exter-
nal mechanical pressing arrangement (300) com-
prises pressing bodies (310, 320) and one or more
actuators (330), and/or wherein the external me-
chanical pressing arrangement (300) comprises a
hardware controller (340) for controlling the one or
more actuators (330).

32. A vacuum insulated glass unit (1) comprising a
firstthermally tempered glass sheet (3) and a second
thermally tempered glass sheet (4),

wherein a plurality of solid, plastically deformed sup-
port structures (5) comprising a first contact surface
(5a) and a second contact surface (5b) are distrib-
uted in an evacuated gap (6) between opposing, ma-
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jor surfaces (3a, 4a) of the thermally tempered glass
sheets (3, 4), wherein the mutual distance between
adjacent support structures (5) is above 30 mm,
wherein the plastically deformed support structures
(5) comprises a first convex side surface (5¢) and a
second opposite, convex side surface (5d) when
seen in a cross section (Fig. 4) of the plastically de-
formed support structure (5), where said convex side
surfaces (5a, 5b) extends between the major glass
sheetsurfaces (3a, 4a), wherein the convex side sur-
faces (5¢, 5d) each describes minor circular (92) arcs
having non-coinciding centres (C1, C2).

33. A vacuum insulated glass unit (1) according to
item 32, wherein the plastically deformed support
structures (5) have different heights (HI), wherein
the difference in height (H1)is atleast0.02 mm, such
as at least 0.05 mm, for example at least 0.08 mm.

34. A vacuum insulated glass unit (1) according to
item 32 or 33, wherein the vacuum insulated glass
unit (1) is made by means of a method according to
any of the preceding items.

35. Method of producing a vacuum insulated glass
(VIG) unit (1) comprising a first tempered glass sheet
(3) and a second tempered glass sheet (4), wherein
a plurality of solid, spherical balls (10) are distributed
and plastically deformed in a gap by means of major
surfaces (3a, 4a) of the tempered glass sheets so
that the initial height of the plurality of the solid spher-
ical balls in the gap is reduced with at least 10%,
such as at least 20%, such as at least 30%.

36. Method of producing a vacuum insulated glass
(VIG) unit (1) comprising a first tempered glass sheet
(3) and a second tempered glass sheet (4), wherein
a plurality of solid, support structures (5) are distrib-
uted and plastically deformed in a gap by means of
major surfaces (3a, 4a) of the tempered glass sheets
(3, 4) so that the initial height (H2) of a plurality of
the support structures (5) in the gap (6) is reduced
with at least 10%, such as at least 20%, such as at
least 30%.

37. Method according to item 35 or 36, wherein at
least a part of the plastic deformation, such as sub-
stantially the entire plastic deformation, of the sup-
port structures (5), such as solid spherical balls (10),
by means of said major surfaces (3a, 4a) is provided
by evacuating the gap (6) in a surrounding pressure
such as atmospheric pressure, such as by means of
an evacuation pump.

38. Method according to any of items 35-37, wherein
at least a part of the plastic deformation, such as
substantially the entire plastic deformation, of the
support structures (5), such as spherical balls (10),
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by means of said major surfaces (3a, 4a) is provided
by means of an external mechanical pressing ar-
rangement (300) configured to provide a compres-
sion force (F) to exterior major surfaces of the VIG
unit assembly such as the glass sheets (3,4).

39. Method according to any of items 35-38, wherein
the method is a method according to any of items
1-31.

[0194] Ingeneral,itistobeunderstood thatthe present
disclosure is not limited to the particular examples de-
scribed above but may be adapted in a multitude of va-
rieties within the scope of the invention as specified in
e.g. the claims and/or items. Accordingly, for example,
one or more of the described and/or illustrated embodi-
ments above may be combined to provide further em-
bodiments of the disclosure.

Claims

1. Method of producing a vacuum insulated glass (VIG)
unit (1), wherein said method comprises:

- distributing a plurality of support structures (5)
at a first tempered glass sheet (3) so that the
support structures supports on a first major sur-
face (3a) of the first tempered glass sheet (3),
and so that the minimum distance (DIS1) be-
tween adjacent support structures is at least 30
mm,

- arranging a second tempered glass sheet (4)
so that the distributed support structures (5) are
placed in a gap (6) between the first major sur-
face (3a) and a second major surfaces (4a) of
the second tempered glass sheet (4),

- providing an edge seal around the periphery
of the glass sheets (3, 4),

- evacuating said gap (6),

- sealing the evacuated gap (6),

wherein the provided support structures (5) arranged
at the first major surface (3a) comprises solid, spher-
ical balls (10), and

wherein a plastic deformation of the solid spherical
balls (10) is provided by means of said major surfac-
es (3a, 4a) so that the initial height (H2) of a plurality
of the solid spherical balls (10) is reduced by at least
10%, such as at least 20%, such as at least 40% to
areduced support structure height (HI), thereby flat-
tening and enlarging opposing contact surfaces (5a,
5b) of the support structures (5) in contact with the
firstand second major surfaces (3a, 4a) respectively.

2. Method according to claim 1, wherein the solid
spherical balls (10) comprises or consist of metal
such as steel, such as a monolithic steel structure.
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Method according to any of the preceding claims,
wherein the material of the solid, spherical balls (10)
has a Youngs modulus between 170 Gpa and 280
GPA, such as between 180 GPa and 230 GPa at
20°C.

Method according to any of the preceding claims,
wherein the mutual distance (DIS1) between adja-
cent support structures (5) at the glass sheet surface
(3a) is between 30 mm and 60 mm such as between
35 mm and 45 mm, for example between 38 mm and
42 mm.

Method according to any of the preceding claims,
wherein all solid spherical balls (10) at the major
glass sheet surface (3a) are of the same diameter.

Method according to any of the preceding claims,
wherein a plurality of said plastically deformed sup-
port structures (5) comprises a first convex side sur-
face (5¢) and a second opposite, convex side surface
(5d) when seen in a cross section of the plastically
deformed support structure (5), where said convex
side surfaces (5a, 5b) extends between the major
glass sheet surfaces (3a, 4a),

Method according to claim 6, wherein the convex
side surfaces (5c¢, 5d) each describes minor, circular
(92) arcs having non-coinciding centres (C1, C2).

Method according to claim 7, wherein the radius (r1,
r2) of each of the circles (92) comprising each their
convex side surface (5c, 5d) is at least 10%, such
as at least 20%, such as at least 30%, smaller than
the radius (r3) of the initial solid spherical ball (10)
before the deformation.

Method according to any of the preceding claims,
wherein the maximum width (W1) of each of a plu-
rality of the support structures (5) in the gap (6) after
the plastic deformation is larger, such as atleast 10%
larger, for example 20 % larger, for example at least
40% larger, than the initial diameter (H2) of the solid
spherical balls (10) before the plastic deformation.

Method according to any of the preceding claims,
wherein the tempered glass sheets (3, 4) are ther-
mally tempered glass sheets, and

Method according to claim 10, wherein a plurality of
the support structures (5) are subjected to varying
plastic deformation in response to surface (3a, 4a)
unevenness of the thermally tempered glass sheets
(3, 4) so as to have different reduced heights (H1).

Method according to claim 11, wherein a plurality of
the plastically deformed support structures (5) have
differenceinreduced height (H1) of atleast 0.02 mm,
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such as at least 0.05 mm, for example at least 0.08
mm.

Method according to any of the preceding claims,
wherein an evacuation pump (11) provides a part of
said reduction of the initial height (H2), such as sub-
stantially the entire reduction of the initial height (H2)
during evacuation of the gap (6).

Method according to any of the preceding claims,
wherein the solid spherical balls (10) are maintained
in position at the first major surface (3a) by means
of a support structure maintaining arrangement (80),
such as a temporary support structure maintaining
arrangement (80), wherein the support structure
maintaining arrangement (80) is arranged external
to the gap (6) and/or wherein the temporary support
structure maintaining arrangement comprises a
magnetic maintaining arrangement, and/or a tem-
plate.

Method according to any of the preceding claims,
wherein at least 10%, such as at least 40%, for ex-
ample at least 70% of the total amount of spherical
balls (10) arranged at the first surface (3a) are plas-
tically deformed to a reduced support structure
height (H1) which is between 15% and 95%, such
as between 20% and 85%, such as between 30%
and 80% of the initial height (H2) of the respective
solid spherical balls (10).

Method according to any of the preceding claims,
wherein at least a part of the plastic deformation of
the solid spherical balls (10) by means of said major
surfaces (3a, 4a) is provided by evacuating the gap
(6) in a surrounding pressure such as atmospheric
pressure.

Method according to any of the preceding claims,
wherein at least a part of the plastic deformation of
the solid spherical balls (10) by means of said major
surfaces (3a, 4a) is provided by means of an external
mechanical pressing arrangement (300) configured
to provide a compression force (F) to exterior major
surfaces of a VIG unit assembly (50) comprising said
glass sheets (3,4).
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