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(57) Abstract: A connector (31) for a spacer frame of
an insulating glazing unit. The connector (31) is made
.of a fusable material. When inserted into the hollow
spacer profile body (1) the conneetor (31) is held in po-
sition by its resilient protrusions (31t, 31f, 32r, 32¢, 32u)
and is finally at lcast partly connected by fusing. The
connecetor (31) can be used for lincar and corner con-
nection of spacer profiles. A method for manufacturing
a spacer frame by fusing the connector piece, and an ap-

o< paratus for carrying out the process is also claimed
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Spacer Arrangement with Fusable Connector for Insulating Glass Units

The present invention relates to a spacer arrangement with fusable connector for insulating

glass units.

In the field of insulating glass units (hereinafter IG units), the use of a tubular spacer bar to
separate panes of glass forming an IG unit, has been around the window industry for many
years. 1t has been common practice, when fabricating a rectangular IG unit, to cut the
spacer bar into specific lengths and connect the four spacer pieces with some sort of con-
nector device or corner key to form the corners of the spacer bar arrangement (frame) of
the IG unit. The device used to connect the spacer pieces to form a corner, which could be
a square corner or some other angled corner, is called a corner key. In order to conserve
spacer material, miscellaneous lengths of spacer bar are often connected with a linear
spacer key arrangement. The design of the corner key and its material selection has varied
over the years. Typically, the corner key is a stamped metal part, a cast alloy piece or an
injected molded plastic material. Other materials have been tried, but these are the most
common material selections. With regard to corner key design, the shape and/or cross sec-
tion has varied greatly with each designer searching for the optimum ease of insertion and
resistance to pull-out. Also some spacer keys are designed to allow desiccant pass through,
and others have been designed for ease of mechanically crimping the spacer to the key.

Also used was high temperature welding for a steel spacer corner section.

Understandably, spacer connectors are an important component of the IG unit. They serve
as a mechanical connection between the linear spacer pieces so that a functional tubular
spacer or glass ;eparator is formed to be used as an integral part of the finished IG unit.
Typically, after the spacer bar pieces are connected to form a closed rectangular frame,
sealant is used to bond the desiccant-filled spacer to the glass surface. Variations in the IG
unit assembly process have been developed in the fenestration industry’s search for the
most cost effective IG manufacturing process. For example, a folding corner key was de-
veloped so that the spacer forming process could be a linear process. Also, the technology

of "corner bending" was developed to eliminate the corner key, but in this case, a linear
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key is usually still required to complete the spacer frame. In addition, the Intercept [G
technology on in-line spacer manufacturing has made the economics of spacer
fabrications quite cost effective. Most of this spacer technology has been developed
over the last seventy years, and the search continues to continually improve the spacer

manufacturing process.

The TGI spacer from Technoform (see, e.g., US 2005/0100691 Al or EP 1 529 920 A2)
is a plastic metal composite spacer, where the inside of the spacer profile is made of

plastic.

A conventional metal spacer (see e.g. Fig. 16 of US 6,339,909) can be made of metal
such as aluminum or stainless steel or the like such that the inside of the spacer profile

is made of metal.

The connectors or keys have been metal or nylon-like pieces with barbed teeth designed
for easy insertion and difficult extraction or pull-out. Both corner keys and linear keys
are available. These connectors seem to work reasonably well, but they are expensive
per piece and several pieces may be needed for each spacer frame. Also, they can be
ineffective  in  holding the spacer pieces together under specific
conditions/circumstances, and they can be difficult to insert because the gripping teeth

must be pushed into or along the interior surface of the spacer cross section.

In a first aspect, the invention provides a spacer frame arrangement for insulating glass
units, comprising

a spacer profile body extending in a first direction (Z) and having a predetermined cross
section in a plane (X, Y) perpendicular to the first direction (Z), the predetermined cross
section defining a hollow inner space of the spacer profile body with predetermined
dimensions in the plane (X, Y) perpendicular to the first direction (Z), the spacer profile
body being formed at least on the inside limiting the inner space by a thermoplastic
material, and

a connector comprising

Ni\Melbourne\Cases\Patent\75000-76999\P76418 . AU\Spec:is\GH speci 1st.doc 15/02/08
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a connector section adapted to be inserted in the first direction (Z) into the hollow inner
space of the spacer profile body by having a cross sectional shape perpendicular to the
first direction (Z) which corresponds, with predetermined tolerances, to the cross
section of the spacer profile body limiting the hollow inner space, at least the outer
surface of the connector section facing the inner surface of the hollow inner space of the
spacer profile body after insertion of the same being made of a thermoplastic material,
compatible in forming fused interfaces with the inside material of the spacer profile
body by melting the same at a temperature less than 315 °C,

wherein the connector section is inserted into the hollow inner space of the spacer
profile body and the outer surfaces of the connector section and the inner surface of the

spacer profile body facing each other are at least partly connected by melt fusing.

In a second aspect, the invention provides a method for manufacturing a spacer frame
arrangement for insulating glass units, comprising

inserting, into a spacer having a hollow spacer profile body extending in a first direction
(Z) and having a predetermined cross section in a plane (X, Y) perpendicular to the first
direction (Z), the predetermined cross section defining a hollow inner space of the
spacer profile body with predetermined dimensions in the plane (X, Y) perpendicular
to the first direction (Z), the spacer profile body being formed at least on the inside
limiting the inner space by a thermoplastic material, a connector section of a connector,
the connector section being adapted to be inserted in the first direction (Z) into the
hollow inner space of the spacer profile body by having a cross sectional shape
perpendicular to the first direction (Z) which corresponds, with predetermined
tolerances, to the cross section of the spacer profile body limiting the hollow inner
space, at least the outer surface of the connector section facing the inner surface of the
hollow inner space of the spacer profile body after insertion of the same being made of
a thermoplastic material compatible in forming fused interfaces with the inside material
of the spacer profile body by melting the same at a fusing temperature of less than 315°
C; and

joining the spacer and the connector by melt fusing the connector section and the inner
surface of the hollow inner space of the spacer profile body at a fusing temperature of

less than 315° C.

N:\Melbourne\Cases\Pazent\76000-76599\P76418 . AU\Specis\GH epeci 1st.doc 15/02/08
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Also described herein is an apparatus for manufacturing a spacer frame arrangement for
insulating glass units, comprising

a spacer frame arrangement holding means adapted for holding a spacer frame
arrangement comprising a hollow spacer profile body and a connector having a
connector section inserted into the hollow spacer profile body, and a fusing device
adapted for fusing the connector and the inside of the hollow spacer profile body in the

spacer frame arrangement held by the spacer frame arrangement holding device.

A preferred embodiment of the feature of fusing may have particular significance
insofar as it is a unique concept of bonding the connector to the spacer for superior
bond strength and convenience. Significantly, this proposal entails a relatively low
temperature fusable process, that is, with a temperature range from room temperature to
about 600° F (approx. 315° C). Fusing in this sense encompasses, in case of a spacer
having a plastic inside surface, fusing by creating a material connection by melting of
the inside plastic surfaces of the spacer and the outer plastic surface of the connector
such that the molten materials mix and have an irreversible material connection after
cooling down as well as, in case of a spacer having a metal inside surface, a strong
adherence created by melting the outer plastic surface of the connector such that a
strong adhesion and/or bond to the inside metal surface of the spacer is present after

cooling down.

Often times, the conventional spacer key will work loose from its mechanical

connection, allowing the spacer pieces to separate from each other.

This results in a failed IG unit because of moisture penetration at the open joint. With
the proposed bonding, the spacer joint is fused together, and it may essentially perform

in a similar manner to a strong welded joint which prevents joint opening,

There are several methods of creating this fused connection between the key, such as a

corner key or a linear key, and the spacer.

2294123_1 IGHMacters) 9/06/2010
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A few methods are suggested in the following, and of course, the following listing is

not intended to be all inclusive:

15 Feb 2008

(1) Direct application of heat via conductive heat to fuse a thermoplastic connector
and the thermoplastic or metal spacer liner. This conductive heat could be applied
with direct contact between the heater and the joint area.

(2) Use of radiation heat from a flame or IR lamp to heat the joint.

(3) Use of hot air heating from an intense hair drier-like device.

(4) Use of friction welding, since welding equipment is available that will rapidly

2006275096

move he joint parts relative to each other causing friction heat that induces a fused

joint.

Ne\Melbourne\Cases\Patent\76000-76999\P76418 . AU\Specis\3H speci lat.doc 15/03/08
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(5) Use of ulirasonic or RF (including microwave) welding, whereby the material mole-
cules are vibrated and this motion generates heat, and the heat causes the materials to
soften and bond together.

(6) Use of chemicals on the surface of the components that cause the surfaces to fuse to-
gether. The connecting of plastic pipes is an example of this method.

(7) Use of an adhesive, glue or sealant to accomplish the desired joint.

These are just a few examples of the possible methods of fusing the spacer connectors to
the spacer bars. In summary, the use of a low temperature, fused spacer connection is a

unique approach to solving the problems or shortcomings of the present day connectors.

Summary of benefits:

* Increased connector-to spacer joint strength.
* Reduced insertion effort on the production line.
* Reduced IG unit field problems.

* Lower IG component costs.

In the following, embodiments of the connector and the application thereof are described

referring to the drawings of which:

Fig. 1, which corresponds to Fig. 2 of US 2005/0100691 A1, shows a cross sectional view
of a TGI spacer profile 1 in a partial cross sectional view of an IG unit;

Fig. 2, which corresponds to Fig. 16 of US 6,339,909, shows a cross sectional view of a
metal spacer profile 1’ in a partial cross sectional view of an IG unit;

Fig. 3 shows an embodiment of a fusable linear connector shaped in a barbed teeth design,
in a) in a plain view, in b) in a side view from the left side in a), and in c) in a front view
seen from the top in a);

Fig. 4 shows an embodiment of a 90° corner connector in a barbed teeth design, in a) in a
side view and in b) in a plain view from the top in a);

Fig. 5 shows an embodiment of a fusable linear connector shaped in a barbed teeth design,

in a) in a plain view on a wider side, in b) in a side view from the top in a), in c) in a front
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view seen from the right side in b), and in d) an enlarged view of the portion encircled by
circle A in b);

Fig. 6 shows an embodiment of a 90° corner connector in a barbed teeth design, in a) in a
side view, in b) in a front view from the right side in a), and in ¢) an enlarged view of the
portion encircled by circle B in a);

Fig. 7 shows a plain view of an apparatus for manufacturing a spacer frame arrangement
for insulating glass units;

Fig. 8 shows a plain view of the apparatus of Fig. 7 with a spacer fixing device and a heat-
ing device in fusing operation positions;

Fig. 9 shows a side view of the apparatus shown in Fig. 8;

Fig. 10 shows a plain view of the apparatus corresponding to the plain view in Fig. 8 with
a spacer frame arrangement;

Fig. 11 shows two embodiments fused to spacer bar profiles; and

Fig. 12 shows an embodiment of an end connection design for a metal spacer profile pref-

erably used together with the fusable connector.

Referring to Fig. 1 and 2, the window panes 23 extend in parallel limiting a window pane
interspace 24 in planes parallel to the X and Z directions. The outer circumference of the
interspace 24 is limited by a spacer frame made of a (cylindrical, preferably hollow) spacer
profile 1, 1' and the adhesive and sealing materials 21, 22. The details are described in US
2005/0100691 Al.

In order to provide the spacer profile frame mentioned above, one or plural linear connec-
tors as shown e.g. in Fig. 3 or 5 and/or 90° corner connectors as shown e.g. in Fig. 4 or 6
can be used.

As already mentioned above, the TGI spacer profile is an example of a spacer profile rep-
resenting a plastic metal composite spacer. Another example of such a plastic metal com-

posite spacer is disclosed in US 6,339,909,

The inside (inner lining) of such a profile is made of an elastically-plastically deformable

material as described in US 2005/0100691 A1 in paragraphs [0010], [0011] and [0058], i.e.

-10-
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preferred elastically-plastically deformable materials include synthetic or natural materials
that undergo plastic, irreversible deformation after the elastic restoring forces of the bent
material have been overcome. In such preferred materials, substantially no elastic restoring
forces are active after deformation (bending) of the spacer profile beyond its apparent yield-
ing point. Representative plastic materials also preferably exhibit a relatively low heat con-
ductivity (i.e., preferred materials are heat-insulating materials), such as heat conductivities
of less than about 5 W/(mK), more preferably less than about 1 W/(mK), and even more
preferably less than about 0.3 W/(mK). Particularly preferred materials for the profile body
are thermoplastic synthetic materials including, but not limited to, polypropylene, polyeth-
ylene terephthalate, polyamide and/or polycarbonate. The plastic material(s) may also con-
tain commonly used fillers (e.g. fibrous materials), additives, dyes, UV-protection agents,
etc. Preferred materials for the profile body optionally exhibit a heat conduction value that
is at least about 10 times less than the heat conduction value of the reinforcement material
of the profile, more preferably about 50 times less than the heat conduction value of the
reinforcement material and most preferably about 100 times less than the heat conduction
value of the reinforcement material. The inside of such a profile may comprise polypropyl-
ene Novolen 1040K, or polypropylene MC208U, which comprises 20 % talc, or polypro-
pylene BA110CF, which is a heterophasic copolymer, both of which are available from
Borealis A/S of Kongens Lyngby, Denmark, or Adstif® HA840K, which is a polypropylene

homopolymer available from Basell Polyolefins Company NV.

The material of a corner connector 31 or a linear connector 32 is preferably, at least at the
outer surfaces facing the inner surface of the spacer profile 1, made of Nylon® 6, or the
same materials as the inside of the spacer profile. In this respect, in the above mentioned
description parts of US 2005/0100691 Al also apply to the material selection of the connec-
tor. Other materials, which are compatible in forming fused interfaces with the inside mate-
rial of the spacer profile 1 can also be chosen as the material for the complete connectors
31, 32 or at least as the material for the outer surface of the connectors 31, 32. Preferably,
the connectors 31, 32 are made of polyamide, most preferred of Nylon® 6, or polypropyl-

€ne,
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Referring to Fig. 4, 6 and 7, the 90° corner connector 31 comprises two insertion sections
31a, 31b, connected with each other to form the connector 31. Referring to Fig. 3, 5and 7,
the linear connector 32 comprises two insertion sections 32a, 32b, comnected with each
other to form the connector 32. When the connectors 31, 32 are used to connect the spacer
profiles la, 1b, and 1c, 1d, respectively, the insertion sections 31a, 31b, 32a, 32b, respec-
tively, are inserted into the respective spacer profile sections (or pieces) la, 1b, lc, 1d,

respectively.

The sections 31a, 31b, 32a, 32b of the connectors 31, 32, which are to be inserted into the
inner space 7 of the spacer profile 1 have a cross sectional shape perpendicular to the direc-
tion of insertion, which corresponds to the cross sectional shape of the inner space 7 of the
spacer profile, preferably partly with slightly smaller dimensions allowing an easy insertion
into the inner space 7 of the spacer. The reminder of the connector preferably has cross
sectional dimensions being so close to the inside of the spacer that the fusing of the inter-
faces, as described above, is possible, i.e. being at least partly in contact with the inside of
the spacer. For example, for a TGI spacer having a width in the X direction shown in Fig.
1 of 15.5 mm, the maximum width in the X direction of the inner space 7 is approx. 13.5
mm, and the height of the inner space 7 in the Y direction is approx. 4.9 mm. In such a
case, the undermeasure of the cross section of the connector 31, 32 to be inserted into the
inner space 7 is preferable in the range of 0.2 mm. The undermeasure should be in a range
from 5 to 0.5 %, preferably from 4 to 1 %, of course depending on the total spacer dimen-

sions.

Preferably, the connector has a slightly conical shape tapering in the direction of insertion,
i.e. having the smaller cross section at the tip of the connector inserted into the spacer pro-
file. With the comical shape, the dimension of the cross section can have at least parily un-

dermeasures.
Such a conical shape in combination with a mutually corresponding cross sectional shapes

(dimensional fit) allows to overcome problems with production tolerances of the cross sec-

tional shapes.

-12-
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The connectors 31, 32 of Fig. 3 to 6 have a cross sectional shape, where protrusions / teeth

31t, 31f, 32r, 32t, 32u are provided on a connector body 31¢, 32c.

The connectors 31, 32 have a barbed teeth design, i.e. at one or more of the outer surfaces
facing the inside of the spacers after insertion, protrusions in form of teeth are provided,
which have an inclination against the direction of insertion, i.e. the tips of the protrusions

are pointing away from the tip of the connector to be inserted into the spacer.

Also with this design, the connector has a cross sectional shape perpendicular to the direc-
tion of insertion, which approximately corresponds to the cross sectional shape of the inner
space 7 of the spacer profile after the connector was inserted into the inner space. The rea-
son is that protrusions are formed to be resilient such that they are bent, during the inser-
tion, in a direction opposite to the direction of insertion. Now, when the protrusions are
formed such that the connector has a cross section approximately corresponding to the cross
sectional shape of the inner space, when the protrusions / teeth are bent correspondingly,
the cross sectional shape of the connector does not correspond to the cross sectional shape
of the inner space before insertion but it is transformed into cross sectional shape approxi-

mately corresponding to the cross sectional shape of the inner space after insertion.

Referring to Fig. 3 to 6, that means that the widths w1, w2 (the widths in the X direction,
if an insertion into the spacer profiles 1, 1' shown in Fig. 1, 2 is considered) and the height
h (the height in the Y direction of Fig. 1, 2) are selected such that an approximate corre-
spondence of the cross sections is achieved after insertion. For example, in Fig. 3, the pro-
trusion / teeth 32t, 32u are not provided over the complete height h. As a result, if such a
connector is inserted into a cross sectional profile as shown in Fig. 1, 2, a better adaption

to the non-rectangular cross sections of the profiles 1, 1' is possible.

Furthermore, it has to be noted that also the barbed teeth design connectors shown in Fig. 3
and 4 have a conical shape of the tips to be inserted into the spacer profile, where in case of
the corner connector of Fig. 3, also the front teeth 31f are formed to have a smaller height

to create during insertion.

13-
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Understandably, the force excerted by the barbed teeth design can be much lower than the
forces necessary for conventional barbed teeth designs. The force needs to be only suffi-
cient, to establish a sufficient contact between the outer surface of the connector and the
inner surface of the spacer profile until the fusing process resulted in the fused connection.
There is no need for securing a strong holding force by friction between the teeth and the
spacer inside over the life time of the resulting IG unit, because the holding force is ob-

tained by the fusion.

The connector 32 shown in Fig. 3 comprises protrusions 32t, 32u at the side walls of a U-
shaped body 32c. As it is obvious from a comparison of the cross sectional shape of the
profiles in Fig. 1, 2 and the cross sectional shape of the connector in Fig. 3c), the height
h(y) of the connector preferably corresponds closely to the height of the profile in a space
whereas the width (w,(x)) is preferably larger than the widths of the profile in a spacer such
that, after insertion, the protrusions are bent and contact the inner side of the profile in or-
der to be fused. The conuector 31 shown in Fig. 4 comprises protrusions 31t, 31f at one
(the lower) side of bar-shaped insertion sections 31a, 31b (lower side if seen in the orienta-
tion of being inserted in the profiles in Fig. 1, 2) forming the body 31c of the corner con-
nector 31. It is again clear from a comparison of the cross sectional shapes of the profiles in
Fig. 1, 2 and the cross sectional shape of the corner key that the width (w,(x)) of the inser-
tion sections 31a, 31b preferably corresponds closely to the width of the profile inner space
whereas the height h(y) is preferably larger than the height of the profile inner space such
that, after insertion, the protrusions 31t, 31f are bent and contact the inner side of the pro-
file in order to be fused. Accordingly, the dimensions of the connector in the direction of
protruding of the protrusions may be larger than the corresponding dimension of the profile
(spacer) inner space, and the dimensions of the connector in the direction perpendicular to
the direction of protruding of the protrusions is preferably closely corresponding to the di-
mension of the profile inner space. The embodiment of a linear connector 32 shown in Fig.
5 is a linear connector like the connector 32 shown in Fig. 3 but with protrusions 32t at the
lower side (similar to the corner connector of Fig. 4) instead of protrusions protruding to
the lateral sides. With respect to the dimensions of the connector 32 of Fig. 5, the same
applies as said above with respect to the corner connector of Fig. 4 because of the same

"orientation" of the protrusions. The connector 32 of Fig. 5 comprises six protrusions at

-14-
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each insertion section 32a, 32b. The protrusions 32, at the tip end of the insertion sections
32a, 32b has a first height h,, which is preferably approximately equal to the height of the
profile inner space. The heights (h, to h,) of the protrusions increases towards the center of
the connector (h,<h;< h,<h,). The two innermost protrusions 32t; and 32t, on each side
have the same (largest) height h;. As can be seen in Fig. 5b), the connector 32 comprises a
box-shaped protrusion 32m in its center which has the same height h, as the first protrusion
32t, at the tip ends on both sides. Additionally, the connector 32 of Fig. 5 comprises
smaller (than the protrusions 32t) hook-like protrusions 32r (over approximately one third
of its length at each end) at its upper side (= the lower side in Fig. 5). The embodiment of
the corner connector 31 shown in Fig. 6 comprises the basic design of the protrusions of
the linear connector of Fig. 5, but with five instead of six protrusions 31t,, ..., 31t; at each
insertion portion 31a, 31b. A box-shaped protrusion 31m is provided on each insertion sec-
tion 31a, 31b as the innermost protrusion. Abutment protrusions 31p are provided on both

lateral sides of the connector in the same way as in the connector of Fig. 4.

The protrusions 31t, ... on the lower side of the linear and corner connectors in Fig. 5 and

6 have an angle of inclination of approximately 30°.

Although the features of the four connectors shown in Fig. 3 to 5 may be combined, the
embodiments shown in Fig. 5 and 6 are preferred for fusing the profile and the connector.
In this respect, it is mentioned again that there is no need for securing a strong holding
force by friction between the teeth (protrusions) and the spacer inside over the lifetime of
the resulting IG unit, but it is necessary to allow and obtain a fusion of the same. For this

application, the form the protrusions shown in Fig. 5 and 6 is preferred.

In the following, a method and an apparatus for manufacturing the spacer frame arrange-
ment for insulating glass units are described. An apparatus 100 for manufacturing such a
spacer frame arrangement is shown in Fig. 7 to 10. The apparatus 100 comprises a base
plate 101 (see Fig. 9). A spacer support means 110, which is implemented as a spacer sup-
port block in this embodiment, is mounted on the base plate 101 via a holder 102. A spacer
holding device (spacer holding means) 120 for holding the spacer profiles during a fusing

processing, and a heating device (heating means) 130 are mounted on the base plate 101 via

10
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linear guides 140a, 140b to be linearly moveable in the directions of arrow F. Each linear

guide comprises a guide bar 141 secured to the base plate by means of bar holders 142.

An actuating means 150 comprising a pneumatic cylinder 152 is mounted on the base plate
101. A cylinder rod 151 of the pneumatic cylinder 152 is connected to the heating device
130 such that the actuating means is adapted to be an actuator for reciprocally moving the
heating device 130 in the directions of arrow F. As a further part of the actuating means
150, an urging device 155 is provided which comprises a helical spring 156 and a spring
guide bar 157. The spring guide bar 157 is fixed to the spacer holding device 120 and pene-
trates the heating device 130 in a manner that the spring guide bar can move relative to the
heating device 130 in the direction of arrow F in a range from a maximum distance D be-
tween the spacer holding device 120 and the heating device 130 shown in Fig. 7 to a state
of complete compression of the helical spring 156. The limitation of the distance to the
maximum distance D is achieved by an abutment protrusion 157a at the free end of a spring

guide bar 157.

The spacer support block 110 has a square shape seen from the top and a height hyj,. At
two adjacent lateral sides, a groove 111 is provided which has a shape adapted to the spacer

profile shape as explained further below.

The spacer holding device 120 comprises a support block 121, which is linearly moveable
on the guide bars 141 in the directions of arrow F. On the top side of the support block
121, two holding rolls 122 are mounted. The holding rolls 122, 122 have a distance be-
tween each other in a horizontal direction perpendicular to arrow F. The spacer support
block 110 is arranged such that, considering the square shape seen from the top, one of the
diagonals of the square shape intersects a connection line between the two holding rolls
122, 122 at its center. As a result, when the spacer holding device is moved in the direc-
tions of arrow F, the holding rolls 122 always have the same distance from the spacer sup-
port block 110. In the top view of Fig. 7, the groove 111 is provided in the two adjacent

lateral sides facing the holding rolls 122.
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The heating device 130 comprises a support block 131, which is linearly moveable on the
guide bars 141 in the directions of arrow F. On the top side of support block 131, a heating
device 132 is provided. The heating device comprises a copper body 133. The copper body
has a shape such that a heat transfer portion protrudes towards the spacer holding device
120. In the present embodiment, the heat transfer portion has a fork-like shape with a re-
cess 133r between two protruding portions with heat transfer edges 133h, which enclose an

angle of 90° when seen from the top as in Fig. 7.

The above described embodiment of the apparatus is adapted to manufacture spacer frame
arrangements with corner connectors, as will become apparent from the following descrip-

tion of the operation.

In case the apparatus should be adapted to manufacture spacer frame arrangements with
linear conmectors, the orientation of spacer holder block 110 has to be changed by 45° in
the top view. Further, considering the dimensions of the spacer holding block 110 shown in
Fig. 7 to 10, either the distance between the holding rolls 122, 122 has to be reduced or a
corresponding horizontal dimension of the spacer holding block 110 in the direction per-
pendicular to arrow F has to be increased. Furthermore, the shape of the heat transfer por-
tion has to be adapted such that the heat transfer edges 133h extend horizontally perpen-

dicular to arrow F.

In the following, the operation of the apparatus shown in Fig. 7 to 10 is explained. In the
top view of Fig. 7, cylinder rod 151 is retracted into the pneumatic cylinder 152, such that
the heating device 130 is in its retracted position. Because the biasing force of helical
spring 156, the spacer holding device 122 is at the maximum distance D.

A spacer frame arrangement consisting of two spacer profile portions 1, into which corner
connector is inserted in the same manner as shown in Fig. 11, is inserted into the groove
111 of the spacer holding block 110 as shown in Fig. 10. Assuming that the spacer profile
is a cross sectional shape as shown in Fig. 1, the groove 111 has a cross sectional shape
allowing the insertion of the spacer profile. In other words, a height h,,, is slightly larger

than the width of a spacer profile in the X-direction in Fig. 1.
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With this spacer profile arrangement, with the spacer profile portions 1 and the corner con-
nector not yet fused and inserted into groove 111 of the spacer holding block 110, the
pneumatic cylinder 152 is actuated such that the rod 151 is pushed in the direction of arrow
F1. Consequently, the heating device 130 is pushed in the direction of arrow F1 and, by
means of the helical spring 156, the spacer holding device 120 is pushed in the direction of

arrow F1.

First, the holding rolls 122 of the spacer holding device 120 will come into contact with
spacer profile portions 1, with a holding force corresponding to the force excerted by
spring 156. The cylinder rod 151 is moved in the direction of arrow F1 until the heat trans-

fer edges 133h contact the outside of the spacer profile portions 1, as shown in Fig. 10.

In this position, the corner connector inserted into the spacer profile portions is in contact
with the inside of the spacer profile portions. The heating device is operated and heat is
transferred via the heat transfer edges 133h to the outside of the spacer profile portions 1.
Consequently, the materials of the inside of the spacer profile portions and of the connector

are partly molten.

Thereafter, the heat device is slightly retracted by some millimeters in the direction of ar-
row F2. However, because helical spring 156 still excerts a force to the spacer holding de-
vice 120, the spacer profile arrangement is still held in the spacer holding block 110 via the
holding rolls 122. After a short time of some seconds, the molten parts of the spacer profile

inside and of the connector are cooled down such that they are fused.

Now, the cylindér rod 151 is retracted completely to the position shown in Fig. 7 such that

the fused spacer profile arrangement can be removed from the spacer holding block 110.

In Fig. 8 and 9, the apparatus is shown in the same position as in Fig. 10, but without a
spacer profile arrangement. Of course, it is clear to the skilled person that, in such a situa-
tion, holding device 120 would move further until the support block 121 abuts against
holder 102 due to the force excerted by spring 156. However, in Fig. 9 and 10, the "fro-
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zen" position of the holding device 120 is shown, as if a spacer profile arrangement was

present as shown in Fig. 10 in order to clearly show the operational positions.

Independent of the design of the apparatus shown in Fig. 7 to 10, in order to manufacture a
spacer profile arrangement, wherein the connection between the spacer profile portions and
the connector is obtained by fusing, a method can be applied wherein the connector and the
inside of the spacer profile portions are joint by fusing with any of the methods indicated

further above.

A further advantageous application of the fusable connector in connection with the metal
spacer profile 1' is described with respect to Fig. 12. When a spacer frame is formed of a
metal spacer profile 1', at least in one position, two ends of the metal spacer profile 1" have
to be connected, for example by a linear connector. Such a situation is shown in Fig. 12a)
where two ends lel and 1e2 of metal spacer profiles 1', the cross sectional shape of which
is shown in Fig. 12b), contact each other. The direction of the view in Fig. 12b) is in the
direction of the arrow A in Fig. 12b). At one of the two ends, in this case at the end lel, a
metal latch 11 is provided protruding from the end in the longitudinal direction of the spacer
profile. Such a metal latch can be provided at a corresponding end of the metal profile eas-
ily during manufacturing process, e.g. by pressing / punching. The latch 12 preferably has
a form, where one section 11w of latch 11 closer to its tip 11t is wider than another section
1is closer to its stem 1s. Preferably, the latch 11 has waved shape. Fig. 12c) shows a side
view from the right side in Fig. 12b).

It is obvious that this latch 11 can be easily inserted into the other end 1e2. If a fusable con-
nector according to the invention is used for connecting two ends with such a latch, the
melting of the fusable connector will result in that a form fit of the fusable connector and of
the latch is generated, increasing the joined strength. Additionally, it is possible to provide
impressions at the inside of the other end le2, which will result in a further form fit with

the molten material of the connector further increasing the joined strength.

Accordingly, the present application teaches a fusable connector for a spacer for an insulat-

ing glass unit, the spacer having a hollow spacer profile body extending in a first direction
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and having a predetermined cross section in a plane perpendicular to the first direction,
the predetermined cross section defining a hollow inner space of the spacer profile body
with predetermined dimensions in the plane perpendicular to the first direction, the
connector comprising a connector section adapted to be inserted in the first direction
into the hollow inner space of the spacer profile body by having a cross sectional shape
perpendicular to the first direction which corresponds, with predetermined tolerances, to
the cross section of the spacer profile body limiting the hollow inner space, at least the
outer surface of the connector section facing the inner surface of the hollow inner space
of the spacer profile body after insertion of the same being made of a fusable material,
preferably a material fusable by melting the same. Such a connector may have a conical
shape tapering in the direction of insertion. Such a connection may have a cross
sectional shape of the connector section that has a predetermined undermeasure in a

plain perpendicular in the direction of insertion.

It is explicitly stated that all features disclosed in the description and/or the claims are
intended to be disclosed separately and independently from each other for the purpose
of original disclosure as well as for the purpose of restricting the claimed invention
independent of the composition of the features in the embodiments and/or the claims. It
is explicitly stated that all value ranges or indications of groups of entities disclose
every possible intermediate value or intermediate entity for the purpose of original
disclosure as well as for the purpose of restricting the claimed invention, in particular as

limits of value ranges.

In the claims which follow and in the preceding description of the invention, except
where the context requires otherwise due to express language or necessary implication,
the word “comprise” or variations such as “comprises” or “comprising” is used in an
inclusive sense, i.e. to specify the presence of the stated features but not to preclude the

presence or addition of further features in various embodiments of the invention.

It is to be understood that, if any prior art publication is referred to herein, such
reference does not constitute an admission that the publication forms a part of the
common general knowledge in the art, in Australia or any other country.

Ni\Melbourne\Cases\Patent\76000-76999\P76418 . AU\Specis\GH speci 1st.doc 15/02/08

15

-20-




2006275096 09 Jun 2010

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A spacer frame arrangement for insulating glass units, comprising

a spacer profile body extending in a first direction (Z) and having a predetermined cross
section in a plane (X, Y) perpendicular to the first direction (Z), the predetermined cross
section defining a hollow inner space of the spacer profile body with predetermined
dimensions in the plane (X, Y) perpendicular to the first direction (Z), the spacer profile
body being formed at least on the inside limiting the inner space by a thermoplastic
material, and

a connector comprising

a connector section adapted to be inserted in the first direction (Z) into the hollow inner
space of the spacer profile body by having a cross sectional shape perpendicular to the
first direction (Z) which corresponds, with predetermined tolerances, to the cross
section of the spacer profile body limiting the hollow inner space, at least the outer
surface of the connector section facing the inner surface of the hollow inner space of the
spacer profile body after insertion of the same being made of a thermoplastic material,
compatible in forming fused interfaces with the inside material of the spacer profile
body by melting the same at a temperature less than 315 °C,

wherein the connector section is inserted into the hollow inner space of the spacer
profile body and the outer surfaces of the connector section and the inner surface of the

spacer profile body facing each other are at least partly connected by melt fusing.

2. The arrangement according to claim 1, wherein the spacer has a barbed teeth
design, wherein protrusions protrude from a connector body, which protrusions are
formed to be resilient and have a shape adapted to result in a cross sectional shape
perpendicular to the first direction (Z) of the connector section after insertion of the
same into the hollow inner spacer of the spacer profile bode corresponding, with the
predetermined tolerances, to the cross section of the spacer profile body limiting the

hollow inner space.

3. A method for manufacturing a spacer frame arrangement for insulating glass
units, comprising

2294123_) (GHMatters) 9/06/2010
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inserting, into a spacer having a hollow spacer profile body extending in a first direction
(Z) and having a predetermined cross section in a plane (X, Y) perpendicular to the first
direction (Z), the predetermined cross section defining a hollow inner space of the
spacer profile body with predetermined dimensions in the plane (X, Y) perpendicular
to the first direction (Z), the spacer profile body being formed at least on the inside
limiting the inner space by a thermoplastic material, a connector section of a connector,
the connector section being adapted to be inserted in the first direction (Z) into the
hollow inner space of the spacer profile body by having a cross sectional shape
perpendicular to the first direction (Z) which corresponds, with predetermined
tolerances, to the cross section of the spacer profile body limiting the hollow inner
space, at least the outer surface of the connector section facing the inner surface of the
hollow inner space of the spacer profile body after insertion of the same being made of
a thermoplastic material compatible in forming fused interfaces with the inside material
of the spacer profile body by melting the same at a fusing temperature of less than 315°
C; and

joining the spacer and the connector by melt fusing the connector section and the inner
surface of the hollow inner space of the spacer profile body at a fusing temperature of

less than 315° C.

4. The method according to claim 3, wherein
the fusing is effected by one of the following methods including friction welding,
ultrasonic or RF (including microwave) welding, use of radiation heat, use of hot air

heating, use of direct application of heat.

5. A spacer frame arrangement substantially as described with reference to the

accompanying drawings.

6. A method for manufacturing a spacer frame arrangement substantially as

described with reference to the accompanying drawings.

22941231 (GHMatters) 3/06/2010
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