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(57) Abstract: Certain example embodiments relate to improved spacers for
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insulated glass units. Certain example embodiments relate to corrugated
spacers that extend around a periphery of an IG unit, In certain example em-
bodiments, the spacer includes at least one structured concave cavity. When

positioned in conjunction with a substrate, the cavity may be filled with a
sealant. In certain example embodiments, the sealant may be a thermoplastic
sealant. In certain example embodiments, another cavity may be provided
that may accept a structural sealant. In certain example embodiments, the
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thickness of the corrugated faces of a spacer may be less than the thickness
of the shoulders of spacer.
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TITLE OF THE INVENTION

SPACER SYSTEMS FOR INSULATED GLASS (IG) UNITS, AND/OR
METHODS OF MAKING THE SAME

FIELD OF THE INVENTION

[0001] Certain example embodiments of this invention relate to improved
spacers systems for insulated glass (IG) units, and/or methods of making the same.
More particularly, certain example embodiments relate to an improved spacer system
that includes corrugations in the spacer. Certain example embodiments include

thermoplastic spacer (TPS) material.

BACKGROUND AND SUMMARY OF EXAMPLE EMBODIMENTS OF
THE INVENTION

[0002] Insulated glass (IG) units are known in the art. See, for example, U.S.
Patent Nos. 6,632,491; 6,014,872; 5,800,933; 5,784,853; and 5,514,476, and also U.S.
Publication No. 2007/0128449, the entire contents of each of which are hereby

incorporated herein by reference.

[0003] Insulating glass units generally include two panes, sheets, substrates, or
lites of glass in substantially parallel spaced apart relation to one another, with an
optionally gas filled pocket therebetween. As shown in Fig. 1, two sheets 10 are
sealed together through the use of seals/spacers 12 around the edges of the two sheets.
The sealing components in a conventional IG unit may include both a sealer
component and a spacer component. The spacer component may act to support the
weight of the substrates by holding them apart (and thus forming a gap therebetween).
Construction of spacers for IG units is known in the art. See, for example, U.S.
Publication Nos. 2009/0120019; 2009/0120036; 2009/0120018; 2009/0120035; and
2009/0123694, the entire contents of each of which are hereby incorporated herein by
reference.

[0004] The seals may act to hold the substrates together. In certain instances,
these edge seals may be hermetic seals. The use of hermetic seals may allow for the
gap between the substrates to be filled with a gas. In certain conventional IG units, a
desiccant may be exposed to the interior gap between the substrates. The desiccant

may act to keep this interior gap dry (e.g., decrease condensation).
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[0005] Once sealed, the IGU is formed and may be installed in a commercial,
residential, or other setting. In comparison to a single paned window, a standard
double paned window may have an R-value more than 2. IG units may have yet
higher R-values. Additional techniques may be used to yet further increase the R-
value of a window. On conventional technique involves disposing a low-E coating 14
to a surface of one of the substrates. Another technique involves tinting the glass
substrates. Some techniques may be applied to decrease the heat transference over the
gap between the two substrates 10, for example, by creating a vacuum or near-
vacuum between the two panes of glass or filing the gap with a gas such as argon.
However, while air between the substrates may have poor heat transference properties
(e.g., a high R-value), the spacers around the edges may be constructed out of
materials with lower R-values (e.g., a metal). This potential path may allow increased
heat transference over the spacer. This, in turn, may lead to increased heat loss from
the interior of a structure to the exterior portion (or visa versa).

[0006] New techniques of reducing heat transference are continually sought
after in order to improve, for example, the energy efficiency of windows. Also, new
techniques in making IG units are also continuously sought after for reducing the
overall cost of the IG unit. Thus, it will be appreciated that techniques for creating
IG units that may include spacers and/or seals for glass articles are continuously
sought after.

[0007] In certain example embodiments, an improved spacer may include one
or more corrugated faces. In certain example embodiments, the corrugations may
improve the structural stability of the spacer in one direction while increasing
flexibility in another direction.

[0008] In certain example embodiments, a spacer may be designed to work
with TPS material (e.g., TPS that is reactive and used for structural sealant) such that
a separate desiccant element may not be needed for an 1G unit. In certain example
embodiments, the spacer may be a complete seal with a decreased number of
perforations or no perforations.

[0009] In certain example embodiments, the spacer may be designed such that
the spacer structure may act as a double barrier against moisture penetration.

[0010] In certain example embodiments, a combination of a stainless steel
spacer with a reactive TPS material may result in a thirty percent reduction in total

cost of an 1G unit.
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[0011] In certain example embodiments, an insulated glass unit is provided.
The insulted glass unit includes first and second substantially parallel, spaced apart
glass substrates, where the first and second glass substrates define a gap therebetween.
A spacer is provided around a periphery of the first and second substrates. The
spacer includes first and second substantially parallel portions that are corrugated or
undulate along the periphery. In certain example embodiments, the undulation is
formed by roll-formed corrugations. The spacer includes first and second shoulders
that connect the first and second substantially parallel portions to form an enclosed
area. The first and second shoulders are structured to form a concave cavity between
at least one of the shoulders and the respective glass substrate. A sealant material is
disposed within the concave cavity and structured to form an edge seal around the
periphery of the first and second substrates.

[0012] In certain example embodiments, a method of making an insulated
glass unit is provided. First and second glass substrates are positioned in substantially
parallel, spaced apart relation to one another and define a gap therebetween. A spacer
is disposed between, and around a periphery of, the first and second substrates, the
spacer including first and second substantially parallel portions that undulate along
the periphery thereof. The spacer includes first and second shoulders that, along with
the first and second substantially parallel portions, form an enclosed area; the first
and/or second shoulders are structured to form at least one concave cavity between at
least one of the shoulders and the respective glass substrate. At least one of the
concave cavities is filled with a sealant.

[0013] In certain example embodiments, a spacer configured to interface with
an insulated glass unit including first and second substantially parallel spaced apart
substrates is provided. The spacer includes first and second substantially parallel,
undulating portions. The spacer further includes first and second shoulders that
connect the first and second substantially parallel, undulating portions to form an
enclosed area, where the first and second shoulders are adapted to support or interface
with the first and second substrates of the insulated glass unit. The first and second
shoulders are concavely shaped with respect to the first and second substrates such
that cavities are formed between the respective shoulders and the first and second
substrates. The cavities are adapted to receive a sealing material.

[0014] In certain example embodiments, a method of making a spacer is

provided. A base article with first and second shoulder portions is positioned or
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provided. First and second substantially parallel, undulating bands are formed in the
base article in a first direction. The base article is shaped in a second direction that is
substantially transverse to the first direction to thereby form an enclosed area. The
first and second shoulders are formed to be adapted to support first and second
substrates of an insulated glass unit, with the first and second shoulders being shaped
concavely with respect to the first and second substrates such that cavities are formed
between the respective shoulders and the first and second substrates. The cavities are
adapted to receive a sealing material.

[0015] In certain example embodiments, a method of making a spacer that is
configured to interface with an insulated glass unit including first and second
substantially parallel spaced apart substrates is provided. A base pre-formed article is
positioned or provided. The base pre-formed article is shaped to include first and
second substantially parallel, undulating bands. First and second shoulders are
formed into the base pre-formed article, with the formed first and second shoulders
structured to, respectively, support the first and second substrates of the insulated
glass unit, the first and second shoulders being shaped concavely with respect to the
first and second substrates such that cavities are formed between the respective
shoulders and the first and second substrates. The base pre-formed article has an
enclosed area and the cavities formed by the shoulders are structure to hold a sealing
material.

[0016] The features, aspects, advantages, and example embodiments described
herein may be combined in any suitable combination or sub-combination to realize

yet further embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] These and other features and advantages may be better and more
completely understood by reference to the following detailed description of
exemplary illustrative embodiments in conjunction with the drawings, of which:
[0018] FIGURE 1 is a cross-sectional view of a conventional IG unit;

[0019] FIGURE 2A is a plan view of an example corrugated material used in
certain example embodiments;

[0020] FIGURE 2B is a cross-sectional view of Fig. 2A;
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[0021] FIGURE 2C is a top-down view of an example 1G unit using a spacer
according to certain example embodiments;

[0022] FIGURE 2D is a cross sectional view of the example 1G unit of Fig.
2C according to certain example embodiments;

[0023] FIGURES 3A and 3B show illustrative views of an example IG unit
incorporating an example spacer according to certain example embodiments;

[0024] FIGURES 4A-4D are illustrative views of an example IG unit with
spacers according to certain example embodiments;

[0025] FIGURES 5A-5D are illustrative views of an example IG unit
incorporating another example spacer according to certain example embodiments;
[0026] FIGURE 6A shows an example process used in forming a spacer
according to certain example embodiments;

[0027] FIGURE 6B is a diagrammatic representation of the process of Fig. 6A
[0028] FIGURE 6C shows an illustrative process for forming a spacer

according to certain example embodiments; and
[0029] FIGURE 7 is a flowchart illustrating a process for making an IG unit

with an improved spacer according to certain example embodiments.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS OF THE
INVENTION

[0030] The following description is provided in relation to several example
embodiments which may share common characteristics, features, etc. It is to be
understood that one or more features of any one embodiment may be combinable with
one or more features of other embodiments. In addition, single features or a
combination of features may constitute an additional embodiment(s).

[0031] Referring now more particularly to the accompanying drawings in
which like reference numerals indicate like parts throughout the several views, Fig.
2A is a plan view of an example corrugated material used in certain example
embodiments, and Fig. 2B is a cross-sectional view of the example material shown in
Fig. 2A. The spacer material 200 may be made out of any suitable material for
spacers. In certain example embodiments, the material may be stainless steal.
Stainless steal may have a relatively low thermal conductivity versus other similar

materials used in spacer construction. Accordingly, in certain example embodiments,
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a spacer made out stainless steel may impede thermal transfer across the spacer
member. Furthermore, as steel is relatively structurally rigid, using steel in a spacer
system advantageously may impart rigidity to the IG unit edge construction.

[0032] A spacer material 200 may be formed by taking a sheet of material
(e.g., stainless steel) and roll-forming the sheet to obtain the corrugated spacer
material 200. Corrugated spacer material 200 may then be cut to form corrugated
strips 214 and 216. The size of corrugated spacer material 200 may be adjusted based
on the particular application. In certain example embodiments, the length of the
spacer material may be sufficient to encompass the perimeter of a glass substrate. As
explained in greater detail below, this may facilitate the use of one continuous piece
of spacer material for the spacer.

[0033] Fig. 2C is a top-down view of an example IG unit using a spacer
according to certain example embodiments, and Fig. 2D is a cross-sectional view of
the example IG unit of shown in Fig. 2C. IG unit 210 includes two substrates 212A
and 212B connected by corrugated spacers 214 and 216. Although not shown, certain
example embodiments may include one sheet of corrugated spacer material holding
the substrates together. However, a preferred embodiment may include two or more
strips of corrugated spacer material connected by additional spacer material (that may
or may not be corrugated). In certain example embodiments, the corrugations in the
material may facilitate bending of the spacer material. This property advantageously
may help the spacer material to be bent around a corner (or corners) of a substrate, for
example. In addition, or in the alternative, certain example embodiments may use
multiple strips that are welded or otherwise connected in order to form a continuous
length of material around the edge of substrates 212A and 212B.

[0034] Figs. 3A and 3B show illustrative views of an example IG unit and
spacer according to certain example embodiments. An example IG unit 300 includes
glass substrates 304A and 304B. It will be appreciated that the A—A section
corresponds to the arrangement shown in Fig. 2B. An improved spacer 302 may be
disposed between the glass substrates 304A and 304B. As discussed above, in certain
example embodiments, spacer 302 may be constructed out of stainless steel.
However, it will be appreciated that other types of materials may be used to construct
a spacer including, for example, plastic, rubber, ceramic, iron, and/or the like.

[0035] Spacer 302 may be formed with a generally semi-circular cavity on the

shoulders to hold a desired amount of reactive TPS (or other structural) sealant 306.



WO 2012/166404 PCT/US2012/038752

In certain example embodiments, the TPS may include a desiccant component for an
initial moisture drawdown upon assembly of an IG unit. The addition of a desiccant
component may also help to absorb future moisture leakage into an IG unit.
Exemplary TPS material includes, for example, “Koedispace 4SG” from Kommerling
Chemische Fabrik GmbH.

[0036] As the TPS matrix may itself include a desiccant component, an IG
unit may not contain desiccant beads, desiccant matrices, or the like, in certain
example embodiments. It will be appreciated that removing these components from
the assembly of an IG unit may help to improve the thermal efficiency of the IG, as
desiccant beads and the like may sometimes reduce the overall thermal efficiency of
IG units containing the beads. It will be appreciated that reducing the need for a
desiccant may save costs for an associated IG unit in certain situations. In certain
instances, the cost saving may be about 2 to 3 cents per lineal foot. Further, removing
a separate desiccant material from the IG assembly process may reduce the time
and/or number of separate steps involved in preparing and/or constructing and 1G
unit.

[0037] TPS may replace the use of primary and/or secondary sealants in
certain example embodiments. TPS 306 may fill the side cavities to seal the IG unit
and provide a structural bond between the substrates 304A, 304B and the spacer 302.
The generally semi-circular shape on the shoulders of spacer 306 may allow for a
desired volume of TPS that includes desiccant. This may allow for an extended, and
sometimes even for the lifetime of the unit, moisture control of the IG unit. The
layout of the TPS material (and associated desiccant component) may create an
extended path for moisture or gas diffusion. This path may function by extending the
effective permeation distances of both moisture in and/or gas fill out. This properties
may relate (e.g., equate) to extended longevity of the 1G unit 300 over other
conventional 1G designs.

[0038] Spacer 302 may include a portion of material that is relatively thicker
than the portion of material across both faces of the spacer 302. This design may
promote a reduced thermal conduction perpendicular to the substrates 304A and/or
304B. In certain example embodiments, the corrugated faces may be between 0.001
to 0.015 inches, more preferably between about 0.001 and 0.003 inches in thickness.
The shoulders of spacer 302 may be thicker than the corrugated faces and have a

thickness of between 0.005 and 0.015 inches, more preferably between about 0.006
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and 0.012 inches. The increase in thickness of material on the shoulders of spacer
302 may facilitate bending of the material (e.g., to form a cavity to hold the TPS 3006).
[0039] Figs. 4A-4D are illustrative views of another example IG unit with a
spacer according to certain example embodiments. As above, the A—A section
corresponds to the arrangement shown in Fig. 2B. Exemplary dimensions (in inches)
are shown in Figs. 4B-4D. An IG unit 400 may include substantially parallel, spaced
apart glass substrates 404A and 404B. Disposed at the periphery of the IG unit on
substrates 404A and 404B may be spacer 402. The spacer 402 may be of a double
cavity design that includes TPS 406 and a separate structural seal 408. The TPS 406
may be a reactive or non-reactive (normal) type of TPS in certain example
embodiments. The separate structural seal 408 may be skim coated around the
periphery of the IG unit in certain example instance.

[0040] Figs. 5A-5D are illustrative views of a further example IG unit using
an example spacer according to certain example embodiments. As above, the A—A
section corresponds to the arrangement shown in Fig. 2B. Exemplary dimensions (in
inches) are shown in Figs. 5A-5D. An IG unit 500 may include substantially parallel
glass substrates 504A and 504B. Disposed between the glass substrates S04A and
504B and around the edge of the glass substrates may be a spacer 502 with a double
cavity design. TPS 506 and a separate structural seal 508 may be provided in
connection with the spacer. In certain example embodiments, the TPS 506 may be a
reactive or non-reactive (normal) type of TPS.

[6041] The secondary seal (e.g., 408 and 508) may be a structural sealant such
as silicone, polysulfide, polyurethane, and/or reactive butyl that may be applied via
skim coating or the like. In certain example embodiments the TPS used may be of a
reactive type or a normal type.

[0042] Figs. 6A and 6B show an example process for forming a spacer
according to certain example embodiments. In certain example embodiments, an
improved spacer may be formed by starting with a basic sheet of stainless steel. It
will be appreciated that other types of materials may be used for the techniques
described herein. For example, aluminum, plastic, or other types of metals or
materials may be used to form an improved spacer. In any event, in steps 550 and
552, a sheet 570 of stainless steel is roll formed through roll formers 572. As a result
of moving through the roll formers 572, a 0.9 inch wide by 0.01 thick band 568 is
produced in the stainless steel sheet 570. It will be appreciated that that width and
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thickness of the application of the roll forming may vary depending on a given
application. For example, the width may be 1.5 inches and the thickness of the roll
forming may be 0.1 inches in thickness in certain example embodiments. Thus, the
width and/or depth may vary.

[0043] After forming the flat bands, steps 554 and 556 are performed. In
these steps, the roll forming may create a light corrugation in the sheet 570. Thus,
sheet 570 is fed or otherwise conveyed through roll formers 576 to create a
corrugation band 574 that may be about 1.166 inches wide by 0.006 inches thick, e.g.,
in an area proximate band 568.

[0044] The roll forming process may then be repeated in steps 558 and 560 by
feeding the sheet 570 through roll formers 580 to create a deeper corrugation band
578 that may be about 1.5 inches wide by 0.006 inches in thickness, €.g., in the same
or other areas.

[0045] In certain example embodiments the roll forming process may include
roll forming multiple bands into a sheet of material. For example, as shown in Fig.
6B, two corrugation bands may be formed into the stainless steel sheet 570.

[0046] In certain example embodiments, other roll forming operations may
operate to create further and/or different corrugations in a give sheet. For example,
with respect to the example spacers with exemplary corrugations in Figs 4A-4C,
additional tools may be used to roll form the bulging sections of the spacer. Further,
additional roll forming steps may be implemented according to certain example
embodiments to further roll form a sheet.

[0047] In certain example embodiments, a roll forming operation may be set
up so that the hills and valleys in the corrugations of two or more bands are
synchronized from one band to the next band. In other words, for example, as sheet
570 passes through roll formers 580 the hills and valleys of the shown bands in Fig.
6B line up.

[0048] In certain example embodiments, the metal band may be annealed
between certain roll steps. This is because it will be work hardened as it is formed
through the tooling process.

[0049] Fig. 6C shows illustrative cross-sectional views of a process for
forming a spacer according to certain example embodiments. A corrugated sheet may
be formed into a spacer according to certain example embodiments. Here, sheet 570

from Figs. 6A-6B is displayed in relation to the cross-section A—A from Fig. 6B.
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Sections 578A and 578B similarly correspond to the roll formed corrugation section
from Fig. 6B.

[0050] From the corrugated sheet 570 the process of forming a spacer may
begin at state 590 and proceed to states 592, 594 and 596, respectively. In each state
the sheet may be gradually formed into the desired spacer shape. State 592 may bend
the respective corrugation bands. States 594 and 596 may bend or shape the non
corrugated sections. In certain example embodiments, the shaping/bending may be
done through a series of in-line rolls, In state 598 the two non-corrugated sub-
sections may be joined. In certain example embodiments, these to sub-sections may
then be combined at point 599 to form one continuous enclosed spacer. In certain
example embodiments, the seam at point 599 may be laser welded. Alternatively, or
in addition, different adhering techniques may be used (e.g., through an adhesive or
application of bracers).

[0051] In certain example embodiments, a flat non-corrugated piece of
material may be formed in a manner similar to that shown in Fig. 6C. After forming
the enclosed area the corrugated sections 578 A and 578B may be formed. Thus, a
base spacer may be preformed with an enclosed area. Subsequently, corrugated
sections may be formed. Further, the shoulder sections (e.g., the portions that
interface with glass substrates) may be shaped to form one or more cavities in the
shoulder sections. In certain example embodiments, the formed cavities may be
structured to hold a structural sealant.

[0052] In certain example embodiments, one corrugated section may be used.
Alternatively, more than two corrugated sections may be applied depending on a
given application or spacer design.

[0053] As an alternative to, or in conjunction with, the roll forming technique
described above, certain example embodiments may stamp the corrugations into
place. For example, a stamp machine may be used to stamp segments of a sheet as it
progress through the stamp machine.

[0054] In certain example embodiments, the laser welding may occur
substantially in conjunction with the process of forming the spacer. This technique
may advantageously decrease and sometimes even completely eliminate the presence
of breather holes in the spacer.

[0055] Fig. 7 is a flowchart illustrating a process for making an IG unit with

an improved spacer according to certain example embodiments. An IG unit that is

10
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made out of clear glass and/or coated glass may start with providing the clear or
coated glass in step 602. The glass may be cut to a desired size in step 606 and
subsequently tempered in step 608. In certain example embodiments, for non-
tempered IG units, tempering step 608 may be omitted from the process of making the
glass substrates. The tempered glass may be racked (e.g., stored and/or transported)
in step 610 and then washed in step 612. Following the washing of the glass substrate
in 612, the glass may be racked again. As noted above, the tempering step 608 may
be optional depending on the specifications for a given IG unit. Furthermore, some
of the steps identified above may be optional depending, in part, on the process
employed in creating the glass substrates for the IG unit. For example, the second
racking step 614 may be omitted.

[0056] As discussed above, certain example embodiments may include
spacers of various shapes. Accordingly, spacers used in the making of an IG unit may
be prepared in step 616. After preparation a primary sealant with desiccated
component may be applied in step 618. As discussed herein, in certain example
embodiments, TPS may be used that includes a desiccant component. It will be
appreciated that using a primary sealant with a desiccant component may decrease the
need to apply a separate and independent desiccant as is normally applied for
conventional IG units.

[0057] In certain example embodiments, after the application of the primary
sealant, a secondary (e.g., dual) seal may be applied in step 620. This may include the
application of a structural seal (e.g., 408 in Fig. 4C). The spacer may be folded in
step 622.

[0058] In step 624, the prepared spacer may be attached to the prepared glass
substrates. Next, in step 626, an internal grid may be installed and in step 628 a
second lite (e.g., substrate) may be applied to the spacer. The substrates and applied
spacer may undergo a press assembly in step 630 that presses the two glass substrates
against the spacer. After thé press assembly of the substrates and the spacer the gap
between the substrates may be filled with a gas and sealed in step 632. The addition
of, for example, argon gas between the glass substrates may function to decrease the
heat transfer efficiency of the IG unit (e.g., increase the overall R-value of an IG unit).
In certain example embodiments, a gun-applied secondary seal may be included in
step 634. In certain example embodiments, the applied seal in step 634 may be done

in the alternative to the seal applied in step 620. Once the seal is applied in step 634

11
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(or 620) the IG unit may go through a quality control (QC) process to check for a
proper seal, cracked glass, etc., in step 636. After this QC process, the finished IG
unit may be stored and/or transported (e.g., racked) for future use or shipment in step
638.

[0059] As noted above, example IG units may include glass substrates and
spacers. The processes for making these components of an IG unit may be separate
process. Accordingly, one or more of the steps may comprise separate individual
processes. For example, steps 616, 618, 620, and 622 may comprise a separate
process for making a spacer that is structured to be disposed between two formed
glass substrates. Similarly, the process for constructing a glass substrate used in an 1G
unit may be performed separately. Indeed, certain example embodiments may include
combining the above previously manufactured components to form an IG unit (e.g.,
from previously constructed spacers and substrates).

[0060] Certain steps may be optionally provided depending on design
specifications or manufacturing considerations. For example, 608, 614, 620, 626,
632, and 634 may be optionally provided steps according to certain example
embodiments.

[0061] Certain example embodiments may be solid (e.g., non-perforated),
thereby creating a double barrier against moisture transfer into the cavity of'an IG
unit. Certain example embodiments may include spacers with corrugated faces that
may create a structurally stronger element perpendicular to the glass faces.

[0062] As alluded to above, one or more of the steps in Fig. 6 may be
optional. It also will be appreciated that the various steps may be performed in
different orders in different embodiments. Furthermore, the steps may be performed
by different parties. For instance, a first party may be responsible for providing a
spacer in the desired shape, and a second party may be responsible for assembly the
IG unit, in certain example implementations. Still another party may be responsible
for making and/or providing the clear and/or coated glass in certain example
scenarios.

[0063] As used herein, the terms “on,” “supported by,” and the like should not
be interpreted to mean that two elements are directly adjacent to one another unless
explicitly stated. In other words, a first layer may be said to be “on” or “supported

by” a second layer, even if there are one or more layers there between.

12
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[0064] As used herein, the term “substantially transverse” means transverse,
plus or minus 10 degrees.

[0065] While the invention has been described in connection with what is
presently considered to be the most practical and preferred embodiment(s), it is to be
understood that the invention is not to be limited to the disclosed embodiment, but on
the contrary, is intended to cover various modifications and equivalent arrangements

included within the spirit and scope of the claims.
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WHAT IS CLAIMED IS:

1. A spacer configured to interface with an insulated glass unit including
first and second substantially parallel spaced apart substrates, comprising:

first and second substantially parallel, undulating portions;

first and second shoulders that connect the first and second substantially
parallel, undulating portions to form an enclosed area, the first and second shoulders
being adapted to support the first and second substrates of the insulated glass unit, the
first and second shoulders being shaped concavely with respect to the first and second
substrates such that cavities are formed between the respective shoulders and the first
and second substrates,

wherein the cavities are adapted to receive a sealing material.,
2. The spacer of claim 1, wherein the first and second substantially
parallel, undulating portions having a thickness less than the first and second

shoulders.

3. The spacer of any preceding claim, wherein first and second

substantially parallel, undulating portions include roll-formed corrugations.

4. The spacer of any preceding claim, wherein the spacer is laser-welded

together from a roll-formed steel base.

5. The spacer of any preceding claim, wherein the spacer lacks breather

holes.

6. The spacer of any preceding claim, wherein the spacer is laser-welded

together from a stamp-formed steel base.

7. The spacer of any preceding claim, wherein the first and second

shoulders each additionally include at least partially concave portions.

14
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8. The spacer of any preceding claim, wherein the at least partially
concave portions are adapted to received a structural sealant when the spacer

interfaces with the first and second substrates.

9. A method of making a spacer, the method comprising:

providing a base article with first and second shoulder portions

forming first and second substantially parallel, undulating bands in the base
article in a first direction;

shaping the base article in a second direction that is substantially transverse to
the first direction to thereby form an enclosed area;

forming the first and second shoulders to be adapted to support first and
second substrates of an insulated glass unit, the first and second shoulders being
shaped concavely with respect to the first and second substrates such that cavities are
formed between the respective shoulders and the first and second substrates,

wherein the cavities are adapted to receive a sealing material.

10. The method of claim 9, wherein the forming of the first and second
substantially parallel, undulating bands further comprises roll-forming the

substantially parallel, undulating bands to create corrugations.

11. The method of any of claims 9-10, wherein the roll-forming includes

passing the base article through a roll-former over a plurality of passes.

12. The method of claim 11, wherein each of the plurality of passes includes

an adjustment to the roll-forming.
13. The method of any of claims 9-12, wherein the forming of the first and
second substantially parallel, undulating bands further comprises stamping the

substantially parallel, undulating bands to create corrugations.

14. The method of any of claims 9-13, further comprising laser-welding the

shaped base article to form the enclosed area.

15



WO 2012/166404 PCT/US2012/038752

15. The method of any of claims 9-14, wherein forming the first and second
shoulders further includes additionally forming at least partially concave portions in

the first and second shoulders.

16. A method of making a spacer that is configured to interface with an
insulated glass unit including first and second substantially parallel spaced apart
substrates, the method comprising:

providing a base pre-formed article;

shaping the base pre-formed article to include first and second substantially
parallel, undulating bands; and

forming first and second shoulders into the base pre-formed article, the formed
first and second shoulders structured to, respectively, support the first and second
substrates of the insulated glass unit, the first and second shoulders being shaped
concavely with respect to the first and second substrates such that cavities are formed
between the respective shoulders and the first and second substrates,

wherein the base pre-formed article has an enclosed area and the cavities

formed by the shoulders are structure to hold a sealing material.

17. The method of claim 16, further comprising bending a flat sheet to form

the base pre-formed article.

18. The method of any of claims 16-17, further comprising laser-welding bent

flat sheet to form the pre-formed article and form the enclosed area.

19. The method of any of claims 16-18, wherein the shaping of the base pre-
formed article includes roll-forming and the undulating bands include corrugations.

20. The method of any of claims 16-19, wherein the shaping the shaping of
the base pre-formed article includes stamping the base pre-formed article to form the
undulating bands.

21. The method of any of claims 16-20, wherein forming the first and second
shoulders further include additionally forming at least partially concave portions in

the first and second shoulders.

16



PCT/US2012/038752

WO 2012/166404

1710

Buipjing jo Jouajul

91ei}sqng

AN

laoeds

Buneon 3-mo7

laoedg
NN 7

9]elISqng

™~

vl



PCT/US2012/038752

WO 2012/166404

2/10

vz bi4

qe 'biy
Bua
oLz / . yibus
leyeq uonebniio) -y PL0'0
\ %.l 912 —__
8¥0°0 |Y~ ﬂ\

00¢

00¢



PCT/US2012/038752

WO 2012/166404

3/10

aclc

)

9l¢
Vi

" YZle

/// 0L¢

0lL¢

az ‘b4

dcldé

—
[}
—

Ve

Vile

YA IE



PCT/US2012/038752

4/10

WO 2012/166404

gv0¢

i //%//

810'04 f O
O—\O O /7 " ,

200°0 —f{= v Y

Zi00 \ /Nom 1
Nom\

0010 A

90¢€

Vy0¢e

008 ve "big



PCT/US2012/038752

WO 2012/166404

5/10

[eag onig

Sd.l uxy

80 N

90v

010

00104

A
A
2100
Ll
2000 0Zv o
<_/ - | 08¥0
,/ ¥
0810 N
RN
¢0v




PCT/US2012/038752

WO 2012/166404

6/10

90§

n\ v“u w&ivA

eSS oIS

96 b1

av0G

¢0G
7.

\ 906
V0§

Vs bi4



PCT/US2012/038752

WO 2012/166404

7/10

96§

;

owz Nmm
‘uonebnuiod [euy | ¥oIy) .
‘c1es oy yould |° | 900 xepim G |

‘uonebniiod 1ybi
‘¢ 18s |0y yould

puBq SSO|UIE}S ¥O1U)

A

oIyl .900° B ‘uonebniiod ou lej}
X epim 991 L | ‘| 18s |[0Y yould
A% ¢SS

v9 b1y

1070 X 3pIM 60

)

06G



PCT/US2012/038752

WO 2012/166404

8/10

‘Bniiod |euly
‘€198 ||0Y yould

*Bniio9 1y
‘¢ 188 ||0Y yould

*6nJ100 ou 1B|}
| 188 |0y yould

A0}

900

V.S

04§

896

X 9pIM
:m. —\

914}
900
X 8pIM

99171

pueq
ssa|ule)}s
1014} 1070
X 8pm 670

q9 614



WO 2012/166404 PCT/US2012/038752

9/10

599

S78A

590

578A
T

570



PCT/US2012/038752

WO 2012/166404

10/10

8¢9 9€9 vE9
Bupjoey < JD [BUld e |[eag 085 ung
9¢9 7'y
lreysui o o117 puoosg dnhet Alquoessy ssaid » |E8S % |lid SBO
Pl [euIsiu|
; 5 ) )
829 0€9 A% 919
SSB|9H 0] soed 5 |eag (jenq) Juejeag Alewiid oopde olod
laoedg yoeny [ 180BdS P04 1« fiepuooag Alddy [¢] pejesoisaq Ajddy [ S sledsid
[ ) ) )
209
vZ9 ¢es 029 819 m
SSB|9 poleo)
buyoey e Buiyse m buiyoey |e Buledwa] e 1nOYEAIG BUIN) e
m w m m L_| sse|9 leg|)
V19 A% 019 809 909 S
L b 08



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/038752

A. CLASSIFICATION OF SUBJECT MATTER

INV. EO6B3/663
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

EO6B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 6 823 644 B1 (PETERSON WALLACE H [US]) 1-21
30 November 2004 (2004-11-30)
figures 4,8
A WO 2009/103511 Al (PLUS INVENTIA AG [CH]; 1
LENHARDT KARL [DE])
27 August 2009 (2009-08-27)
page 29, line 12 - line 20; figures 15,16
A WO 2004/038155 Al (ERBSLOEH ALUMINIUM GMBH 1
[DE]; SIEBERT MARKO [DE]; KUNESCH JUERGEN
[DE]) 6 May 2004 (2004-05-06)
page 8, paragraph 2 - page 9, paragraph 1;
figure 1
Y US 2009/120018 Al (TRPKOVSKI PAUL [US]) 1-21
14 May 2009 (2009-05-14)
cited in the application
the whole document

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

5 October 2012

Date of mailing of the international search report

12/10/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Knerr, Gerhard

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2012/038752
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 6823644 Bl 30-11-2004  NONE

WO 2009103511 Al 27-08-2009 CA 2715337 Al 27-08-2009
EP 2262970 Al 22-12-2010
US 2010330310 Al 30-12-2010
US 2011296796 Al 08-12-2011
WO 2009103511 Al 27-08-2009

WO 2004038155 Al 06-05-2004 AU 2003283285 Al 13-05-2004
CA 2503498 Al 06-05-2004
CN 1708626 A 14-12-2005
DE 10250052 Al 13-05-2004
DE 20320412 U1 29-07-2004
EP 1554455 Al 20-07-2005
JP 2006503783 A 02-02-2006
KR 20050055036 A 10-06-2005
US 2006037262 Al 23-02-2006
WO 2004038155 Al 06-05-2004

US 2009120018 Al 14-05-2009 AU 2008320959 Al 22-05-2009
AU 2008320973 Al 22-05-2009
CA 2704965 Al 22-05-2009
CA 2704970 Al 22-05-2009
CN 101918667 A 15-12-2010
CN 101932787 A 29-12-2010
EP 2220320 Al 25-08-2010
EP 2220321 Al 25-08-2010
EP 2220322 Al 25-08-2010
EP 2220323 Al 25-08-2010
EP 2220324 Al 25-08-2010
JP 2011502943 A 27-01-2011
JP 2011503403 A 27-01-2011
KR 20100097153 A 02-09-2010
KR 20100097154 A 02-09-2010
TW 200930869 A 16-07-2009
TW 200930881 A 16-07-2009
TW 200930882 A 16-07-2009
TW 200930883 A 16-07-2009
TW 200934952 A 16-08-2009
US 2009120018 Al 14-05-2009
US 2009120019 Al 14-05-2009
US 2009120035 Al 14-05-2009
US 2009120036 Al 14-05-2009
US 2009123694 Al 14-05-2009
US 2012177827 Al 12-07-2012
WO 2009064905 Al 22-05-2009
WO 2009064909 Al 22-05-2009
WO 2009064915 Al 22-05-2009
WO 2009064919 Al 22-05-2009
WO 2009064921 Al 22-05-2009

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - wo-search-report
	Page 30 - wo-search-report

