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Automotive Glazing

This invention relates to automotive glazings. More particularly it relates to
automotive glazings of novel construction.

Glazings for automotive use conventionally comprise safety glass which may be
laminated (widely used for windscreens) or toughened (widely used for sidelights and
backlights). Laminated windscreens conventionally comprise two annealed glass plies (i.e.
glass which has undergone controlled cooling to remove internal stresses) each of thickness
2.1 mm, bonded at high temperature and pressure (e.g. 145°C and 10 atmospheres), by a ply
of polyvinylbutyral. Toughened glass is formed by subjecting annealed glass to quenching
so as to produce permanent stresses in the glass. Toughened glass for automotive use is
toughened to the extent that it passes the fragmentation test for uniformly toughened glass
panes specified in ECE R43 (the relevant safety standard in Europe for automotive
glazings) in which the number of fragments in any S5cm x 5cm square is not less than 40 or
more thag 409, or in the case of a glazing not more than 3.5mm thick, 450.

A teéﬁniéal pape:r publiéhed b’y the Society of Automotive Engineers in 1995 entitled
"Bilayer glazing: A concept with improved solutions for tomorrow's automobiles"
discloses an alternative type of glazing for automotive use - a bilayer glazing which is one
which comprises a single glass ply bonded to at least one plastic layer. The paper discloses
a bilayer glazing suitable for automotive use which comprises a single glass ply, which may
be annealed or toughened, bonded to a polyurethane plastic sheet of thickness 0.8 — 1.0
mm. Such a glazing provides some advantages over conventional safety glass, however it
is expensive to manufacture because the polyurethane sheet is bonded to the glass ply using
the conventional laminating process (i.e. at high temperature and pressure).

Safety glass and bilayer glazings are known for use in the architectural industry.
However, architectural glazings are subject to different safety standards than automotive
glazings and are generally not considered acceptable for automotive use. A

The manufacturing costs associated with laminated and toughened glass for
automotive use and the known type of automotive bilayer glazing is high in terms of the
cost of the equipment and the processing cost. Consequently there is a desire to reduce the

cost of glazings suitable for automotive use.
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We have found that a glazing construction different to conventional safety glass and
other known automotive glazings is suitable for automotive use.

According to an aspect of the invention there is provided an automotive glazing
comprising a plastic film bonded to a major surface of a single ply of glass in which the
glass ply when subjected, before bonding to the plastic film, to the fragmentation test for
uniformly toughened glass panes specified in ECE R43 fragments such that the number of
fragments in any 5 cm X 5 cm square is less than 40, wherein the film of plastic material is
bonded to the glass ply by a contact adhesive.

The use of a contact adhesive (one which is applied on at least one of the two surfaces
to be bonded; the two surfaces are then brought together and pressure is applied for a short
time between them to achieve rapid bonding) to bond the plastic film to the glass avoids
the need for the conventional laminating process, thereby reducing manufacturing costs.

It is surprising that such glazings are suitable for automotive use because it was
thought that glass which was insufficiently toughened to pass the fragmentation test for
uniformly toughened glass panes specified in ECE R43 (ie annealed glass and semi-
toughened glass) at the thicknesses of automotive glazings (i.e. up to about 6mm) would
fail the impact tests of ECE R43. It was expected that under these tests the plastic film
would tear or be split open by the sharp fragments of broken glass which result when the
glazing is subjected to these tests and the glazings would fail the tests. However, we found
that whilst the glass broke into sharp fragments, they did not tear or split the plastic film
and the glazings passed the tests.

Preferably the plastic film has a thickness of at least 50 microns and may be of mono-
layer or multi-layer construction. The plastic film preferably comprises polyethylene
terephthaléte, but may comprise any one of polyethylene napthalate, polycarbonate, acrylic,
polyurethane (including thermoplastic polyurethane) and ionomer resin.

A hard coat (one which is resistant to abrasion and to scratching) may be applied to
the exposed side of the plastic film to enhance the durability of the glazing.

The adhesive may have a thickness in the range of 5 to 50 microns and is preferably
provided on a surface of the plastic film. The force required to peel the plastic film from the

glass may be less than about 33 Newtons.
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The glass ply may comprise annealed glass or semi-toughened glass. Semi-
toughened glass is desirable when the glazing is to be used for opening sidelights in vehicle
doors which are required to withstand slamming of the door. The glass will preferably have
a thickness of at least Imm and most preferably at least 1.5mm to provide improved
resistance to stone chipping.

The glazing may be provided with solar control properties. For example, the glazing
may be provided with a layer of infra-red reflecting material deposited on the film or the
glass. The glazing may also include a ply which absorbs ultra-violet radiation.

Preferably the glazing comprises a sidelight, a rearlight or a rooflight.

According to a further aspect of the invention there is provided an automotive glazing
comprising a plastic film bonded to a major surface of a single ply of glass in which the
glass ply when subjected, before bonding to the plastic film, to the fragmentation test for
uniformly toughened glass panes specified in ECE R43 fragments such that the number of
fragments in any 5 cm X 5 cm square is less than 40, wherein the force required to peel the
film from the glass is less than 33 Newtons.

Embodiments of the invention will now be described with reference to the
accompanying drawings in which:

Figure 1 is a fragmentary cross section of a bilayer glazing in accordance with the
invention. |

Figure 2 is a schematic side view of apparatus used to measure the amount of force
required to peel the film from a glass sample.

Figures 3 and 4 are graphs that show the force required to peel the plastic film from a
glass sample.

Refefring to the drawings, a bilayer glazing generally designated 10 comprises an
annealed glass ply 12 having major surfaces 12a and 12b. When a pane of annealed glass is
subjected to the fragmentation test for uniformly toughened glass panes specified in ECE
R43, the pane fragments and the number of fragments in any 5 cm x 5 cm square is less
than 40. The annealed glass ply is bonded to a film 16 of polyethylene terephthalate (PET)
by an adhesive layer 14 which comprises a contact adhesive. PET films are commonly
available from a number of manufacturers as a mono-layer or multi-layer film, and are

usually supplied with a thin layer of a contact adhesive, typically 25um, provided on one
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surface thereof, the adhesive being protected by a release liner. In the construction of such a
glazing, the release liner is removed from the PET film, and the film is placed above a sheet
of glass with the adhesive side of the film facing the glass surface 12a. The film and the
glass are then brought together and fed between a pair of rollers which apply pressure
between the film and the glass and cause the adhesive to bond the film to the glass.

Samples of a bilayer glazing were constructed as described above with the annealed
glass being 2.1 mm thick and the PET film being a 200pm (thick) bi-layer film available
from Courtaulds Performance Films (CP film) which has a layer of adhesive 25pm thick
provided on one surface. A sample measuring 300 mm x 300 mm was tested under the ball
drop test of ECE R43 and passed the test. Another sample measuring 1100 mm x 500 mm
was tested under the headform test of ECE R43 and passed that test.

A further set of samples were similarly constructed, except the PET film used was a
200pm (thick) tri-layer available from 3M which has a layer of adhesive 25um thick
provided on one surface. A sample measuring 300 mm x 300 mm was found to pass the ball
drop test of ECE R43, and a sample measuring 1100 mm x 500 mm was found to pass the
headform test of ECE R43. Other samples measuring 300 mm x 300 mm were constructed
with this 3M film applied to 3mm and 4mm thick annealed glass, and each sample passed
the ball drop test of ECE R43.

Another set of samples were constructed using 2.1 mm thick annealed glass, but in
these samples the PET was a 150pum thick mono-layer film available from Madico which
has a layer of adhesive 25um thick provided on one surface which was wetted with water
prior to pressure being applied between the film and the glass. This was done by spraying
the glass surface with water and then the film and glass were brought together and a
squeegee was used to apply pressure between the film and the glass, and also to remove any
air and any excess water from between the film and the glass. A sample of this glazing
measuring 300 mm x 300 mm was tested under the ball drop test of ECE R43 and was
found to pass the test.

The results of these tests are surprising because annealed glass at the thicknesses of
most automotive glazings (ie from about 3mm up to about 6mm) will break into sharp
fragments under both the ball drop and headform tests of ECE R43, and whilst PET has

high tensile strength, it has relatively poor tear resistance and so it was expected that under
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each test the PET film would be torn or split open by the sharp fragments of broken glass
which result when the glazing is subjected to these tests. However, this was not the case. In
each of the above mentioned examples the glass did break into sharp fragments but they did
not tear or split the PET film. It is believed that this is because of a combination of the
thickness of the glass and the adhésion level of the PET to the glass. A glass ply of
thickness 4mm or less whilst rigid, is thin enough to flex somewhat when impacted before
the ply breaks and hence it absorbs some of the impact energy. Moreover, it is believed that
the impact performance of the bilayer glazing will, to a certain extent, be determined by the
level of adhesion of the PET to the glass. It is believed that the higher the level of adhesion
the more brittle the glazing. A glazing with too high an adhesion level will result in a
brittle glazing which will not absorb sufficient impact energy from an impact to the glazing,
and hence the PET will be torn or split by the sharp fragments of broken glass of the glass
ply which breaks under the ball drop and headform tests of ECE R43. If the adhesion level
is too low there may not be sufficient adhesion to bond the PET film to the glass and the
film could be easily peeled from the glazing.

The adhesion level of the PET film to the glass was measured in a number of
samples. 4mm thick glass samples measuring 80mm x 30mm with a PET film bonded to
one side were tested and the adhesion level was measured in terms of the force required to
peel the film from the sample. The samples were tested using an Instron 5500R universal
testing machine, with the cross-head speed set to 300mm/min (ie the speed at which the
film was pulled from the glass sample). The apparatus is shown schematically in Figure 2
where a pulling force was applied to the film in the direction of arrow 26, perpendicular to
the glass surface. The sample could move in the direction of arrow 20 underneath rollers 22
and 24 to ensure the pulling force was applied at a constant angle in relation to the glass
surface. The results are shown graphically in Figures 3 and 4.The samples in relation to
Figure 3 had the aforementioned CP film bonded to the glass, and the samples in relation to
Figure 4 had the aforementioned 3M film bonded to the glass. The results show that in
general a higher force is required to initiate peeling than is required to continue the peeling.
For the CP film the force required to peel the film from the glass is in the range of about 15
to 23 Newtons, and for the 3M film it is in the range of about 23 to 33 Newtons.
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The invention is not limited to annealed glass. It is also applicable to semi-
toughened glass which is glass which has been toughened but not to the same degree as
toughened glass (ie in the fragmentation test for uniformly toughened glass panes specified
in ECE R43, a pane of semi-toughened glass fragments and the resulting number of
fragments in any 5 cm x 5 cm square is less than 40). At a given thickness, semi-
toughened glass exhibits a lower level of toughening stresses than toughened glass. Semi-
toughened glass is desirable when the glazing is to be used for opening sidelights in vehicle
doors which are required to withstand slamming of the door.

PET films were used in the above examples because of their ready availability from a
number of manufacturers. However, it will be appreciated that films comprised of other
plastic materials may also be suitable, and these include polyethylene napthalate,
polycarbonate, acrylic, polyurethane (including thermoplastic polyurethane such as
ISOPLAST available from Dow) and ionomer resin (such as SentryGlas PLUS available
from Du Pont). The plastic film may be a mono-layer film or a multi-layer film and have a
thickness of at least 50pum.

In the above examples the thickness of the adhesive applied to the PET film is about
25pum, but it will be appreciated that the adhesive may have a thickness in the range 5um to
50pm. Moreover, an adhesive layer may be applied to the glass surface instead of, or in
addition to, the adhesive layer provided on the film. It will also be envisaged that the
adhesive layer may be sprayed, flow coated, dip coated or screen printed onto the glass
and/or plastic surface. Adhesion may be provided by known polymers which are thermally
or UV curable and when using such polymers, the surfaces to be bonded are required to be
brought together and have pressure applied between them.

Properties of solar control may be incorporated into the glazing by incorporating an
infra-red reflecting layer which may be provided on a surface of the glass or the plastic
layer of the glazing, and/or an ultra-violet absorbing species into the glass or one of the
plastic layers of the glazing.

Glazings of the present invention may be thinner than currently available automotive
glazings (the thinnest automotive toughened glazings currently available are nominally

about 3mm) and so are lighter in weight and have greater design flexibility.
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In use the glazing is fitted in a vehicle with the plastic film facing the interior of the
vehicle. This has the added advantage in that once the glazing has been fractured, the
plastic layer prevents glass splinters and glass spall from entering the interior of the vehicle.

It will be appreciated that a conventional hard coat (resistant to abrasion and to
scratching), such as polydimethylsiloxane, may be applied to the exposed surface of the

plastic layer to enhance the durability of the glazing.
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CLAIMS

1. Anautomotive glazing comprising a plastic film bonded to a major surface of a single
ply of glass in which the glass ply when subjected, before bonding to the plastic film, to the
fragmentation test for uniformly toughened glass panes specified in ECE R43 fragments
such that the number of fragments in any 5 cm x 5 cm square is less than 40, wherein the

film of plastic material is bonded to the glass ply by a contact adhesive.

2. A glazing as claimed in claim 1 wherein the film of plastic material has a thickness of

at least 50 microns.

3. A glazing as claimed in claim 1 or claim 2 wherein the plastic film comprises a single

layer.

4. A glazing as claimed in claim 1 or claim 2 wherein the plastic film comprises a

plurality of layers of plastic material.

5. A glazing as claimed in any preceding claim wherein the plastic material comprises

polyethylene terephthalate.

6. A glazing as claimed in any of claims 1 to 4 wherein the plastic material comprises
any one of polyethylene napthalate, polycarbonate, acrylic, polyurethane (including

thermoplastic polyurethane) and ionomer resin.
7. A glazing as claimed in any preceding claim wherein a hard coat is applied to the
exposed side of the plastic film.

8. A glazing as claimed in any preceding claim wherein the adhesive has a thickness in

the range of 5 to 50 microns.
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9. A glazing as claimed in any preceding claim wherein the adhesive is provided on a

surface of the plastic film.

10. A glazing as claimed in any preceding claim wherein the force required to peel the

plastic film from the glass is less than about 33 Newtons.

I1. A glazing as claimed in any preceding claim wherein the glass ply comprises

annealed glass.

12. A glazing as claimed in any of claims 1 to 10 wherein the glass ply comprises semi-

toughened glass.

13. A glazing as claimed in any preceding claim wherein the glass ply has a thickness of

at least lmm.

14 A glazing as claimed in any preceding claim wherein the glass ply has a thickness of

less than about 4mm.

15. A glazing as claimed in any preceding claim having a layer of infra-red reflecting

material provided on the film or the glass.

16. A glazing as claimed in any preceding claim wherein a ply of the glazing absorbs

ultra-violet radiation.
17. A glazing as claimed in any preceding claim being a sidelight, rearlight or rooflight.

18. An automotive glazing comprising a plastic film bonded to a major surface of a single
ply of glass in which the glass ply when subjected, before bonding to the plastic film, to the
fragmentation test for uniformly toughened glass panes specified in ECE R43 fragments
such that the number of fragments in any 5 ¢cm x 5 cm square is less than 40, wherein the

force required to peel the film from the glass is less than 33 Newtons.
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19. A glazing as hereinbefore described with reference to and as illustrated Figure 1.
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