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METHOD AND APPARATUS FOR BENDING THIN GLASS

Field of Invention

The present invention relates generally to the field of light weight automotive laminates and,

more particularly, to an improved method and apparatus for bending thin glass.

Abstract

The present invention provides for a method and apparatus for bending multiple sheet of thin
glass at the same time on a single set of molds. Multiple sheets of thin glass are stacked onto a
full surface female mold. A partial surface male mold is placed onto the thin glass stack. The
male serves to hold the edges in place and prevents the formation of wrinkles as the glass is
heated and sags to conform to the shape of the female mold. Optionally, the top mold can be
enclosed and pressurized to provide a pneumatic pressure assist to form the glass. In addition,

the bottom mold can be enclosed to allow for vacuum assist to form the glass.

Background of the invention

In response to the regulatory requirements for increased automotive fuel efficiency as well as
the growing public awareness and demand for environmentally friendly products, automotive
original equipment manufacturers, around the world, have been working to improve the

efficiency of their vehicles.

One of the key elements of the strategy to improve efficiency has been the concept of light
weighting. Often times, more traditional, less expensive, conventional materials and processes
are being replaced by innovative new materials and processes which while sometime being
more expensive, still have higher utility than the materials and processes being replaced due to
their lower weight and the corresponding increase in fuel efficiency. Vehicle glazing has been

no exception.

For many years, the standard automotive windshield has had a thickness of 5.4 mm. In more

recent years, we have seen the thickness decrease to 4.75 mm. While a reduction of 0.65 mm
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may not seem significant, at a density of 2600 kg per cubic meter for standard soda lime glass,
each millimeter that the thickness is reduced, decreases the weight by 2.6 kg per square meter.
The weight of a typical 1.2 square meter windshield going from 5.4 mm to 4.75 mm is reduced
by alittle over 2 kg. On a vehicle with a total of 6 square meters of glass, a 1 mm reduction

on all of the windows translates into a savings of 15.6 kg.

However there are limits as to have thin the glazing can be. Stress under wind load has always
been a factor. With the trend towards increasing in the size of windshields in particular, wind
load is even more of a concern. Glass is also becoming a structural element in more and more
vehicles. The glazing contributes to the stiffness and strength of the car. Fixed glass, once
bonded with a relatively soft curing poly-urethane, is being mounted with higher modulus
adhesives. As a result, the glass, once isolated by rubber gaskets and soft butyl adhesives, is

now much more subject to loading from the bumps in the road and vehicle torsion.

Today, windshields with a2.1 mm outer ply, a 1.6 mm inner ply and a 0.76 mm plastic interlayer
totaling just under 4.5 mm in total thickness are becoming common. This may be close to the

limit of what can be done with conventional annealed soda lime glass.

Annealed glass is glass that has been slowly cooled from the bending temperature through the
glass transition range. This is done to relieve stress in the glass. Annealed glass breaks into
large shards with sharp edges. In a laminate, two sheets of annealed glass are glued together
using a sheet of thermo plastic. If the laminated glass should break, the plastic layer holds the
shards of glass together, helping to maintain the structural integrity of the glass. The shards of
broken glass are held together much like the pieces of a jigsaw puzzle. A vehicle with a broken
windshield can still be operated. On impact, the plastic layer also helps to prevent penetration

by the occupant or by objects striking the laminate from the exterior.

Heat strengthened glass, with a compressive strength in the range of 10,000 PSI, can be used in
all vehicle positions other than the windshield. Heat strengthened (tempered) glass has a layer
of high compression on the outside surfaces of the glass, balanced by tension on the inside of
the glass. When tempered glass breaks, the tension and compression are no longer in balance
and the glass breaks into small beads with dull edges. Tempered glass is much stronger than

annealed laminated glass. The limits of the typical automotive heat strengthening process are
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in the 3.2 mm to 3.6 mm range. This is due to the rapid heat transfer that is required. It is not
possible to achieve the high surface compression needed with thinner glass using the typical
blower type low pressure air quenching systems. Fortunately, there are other materials and

processes available.

Glass can be chemically tempered. In this process, ions in and near the outside surface of the
glass are exchanged with ions that are larger. This places the outer layer of glass in
compression. The maximum strength of chemically tempered soda lime glass is limited.
However, with some other glass compositions, compressive strengths in excess of 100k PSI are
possible. The practice of chemically tempering glass is well known to those of ordinary skill

in the art and shall not be detailed here.

Unlike heat tempered glass, chemically tempered glass breaks into shards rather than beads.
This property allows for its use in windshields. However, in standard windshield thicknesses
of 2.0 mm or greater, chemically strengthened glass would actually be too strong. In the event
of a crash and a head impact, the windshield must break, absorbing the energy of the impact
rather than the head of the occupant. Therefore, depending upon the tempered strength,

thicknesses of 1.1 mm or less must be used.

The majority of the vehicles on the road today have windshields that were made using the
gravity bending process. In this process, the plies of glass that form the windshield are placed
onto a mold, which supports the glass near the edges, and heated. The glass softens and sags
to shape. Sometimes, for more complex shapes, gravity is assisted by pneumatic pressure
and/or a partial or full surface pressing. As the plies of glass to be laminated are bent in sets,
the surfaces, while they may have substantial variation from windshield to windshields, are a

near perfect match.

A growing portion of windshields are made by the singlet pressing process. With this process,
single sheets of glass are bent using a press to form the glass to shape. The resulting shape is
much closer to design and the process can hold tighter tolerances across the surface. But, when
the individually pressed sheets are glass are laminated, surface to surface variation can be more
of a problem than with gravity bent glass. Thin glass is difficult to bend using either of these

bending process.
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During gravity bending, the edges of the sheets of glass have a tendency to lift off of the mold
and form wrinkles. If the plies of glass are of different compositions, with softening points that
are too far apart, it may not be possible to gravity bend at all as the glass with the lower softening
point will become too soft leading to marking and distortion. In this case, the different glass

types must be bent separately.

However, singlet pressing also has problems. The glass is conveyed through the heating section
on rolls. The thin glass tends to bend under its own weight resulting in the leading edge hitting

the rollers and even falling through. As can be appreciated, a better process is needed.

Description of the Drawings

Figure 1 is a view of the female bending mold;

Figure 2 is a view of the female bending mold with flat sheet of glass having a higher glass
transition point than the thin glass to be bent;

Figure 3 is a view of the female bending mold with the higher glass transition point bent to
shape;

Figure 4 is a view of the female bending mold loaded with thin flat glass;

Figure 5 is a detailed view of the female bending mold loaded with thin flat glass;

Figure 6 is a detailed view of the mold with male ring in place;

Figure 7 is a view of the top male plenum in raised position;

Figure 8 is a view of the top male plenum and mold;

Figure 9 is a view of the bottom plenum;

Figure 10 is a view of the full surface female mold.

Reference Numbers

2 Bending mold base 22 Full surface female mold

4 Bending mold female ring 30 Vacuum holes

6 Thin glass 32 Top plenum air inlet

8 Male ring mold 34 Top plenum back

20 Flat sheet of glass used to form full 36 Bottom plenum back

surface female mold 38 Bottom plenum vacuum inlet
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Detailed description of the invention

Referring now in detail to the illustrative embodiment depicted in the accompanying drawings
for carrying out this invention, FIG. 1 shows a bending mold base 2 and a bending mold female
ring 4 for bending sheets of glasses. It should be noted, that the mold base 2 can vary its shape,
geometry, dimensions, and area depending on the type of glass required to be manufactured.
Mold base 2 is shown for reference, but it should be noted that any type of base can be used to

carry out the invention.

In order to carry out the method of the present invention, a female mold has to be formed. The
method and apparatus of the present invention avoid glass wrinkles and provide uniformity to
form the sheet of glasses. A flat sheet of glass 20 with higher glass transition point that the thin
glass to be bent has to be provided in the lower part of the set of glasses. That flat glass 20 can
be bended in a separate step, in a separate tool. In additional embodiments of the present
invention, the flat glass 20, as shown in FIG. 3, is subject to its glass transition point, so that it
is bent to shape the bending mold female ring 4. Once the glass 20 has reached the shape of
the ring 4, it is then allowed to cool. Once the glass 20 has been let to be cooled, it serves as a
full surface female mold 22 when pressing the thin glasses, as can be seen in FIG. 4.
Alternately, other type of molds can be use, for example, a ceramic or metal full surface mold
can be fabricated and used as a mold for carrying out the method of the present invention. The
full surface female mold 22 can be formed by any means and of any suitable material known in

the art.

As can be seen in FIG. 5, one or more sheets of thin glass 6 are loaded and placed onto the full
surface female mold 22. It should be noted that the number of sheets that can be bent at the
same time will depend upon the thickness of the glass and the complexity of the shape. Then,
the thin glass sheets 6 will tend to sag and conform to the periphery of the female mold 22 under

their own weight.

As can be seen in FIG. 6, a male ring type mold 8 is then placed on the stack of thin glass 6.
The male ring 8 serves to hold the edge of thin glass 6 down, preventing wrinkling. In additional

embodiments, the male ring 8 is held in place by its own weight, or additional weight can be
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added to the male ring 8 if needed. In addition, clamps may be used to force the thin glass 6 to
conform to the female ring 22 if needed (not shown). In preferred embodiments, the male ring
8 mold is open to allow for radiant heating of the thin glass 6 and accelerate the cycle time.
This step prevents wrinkles from forming near the edges of thin glass 6. The edges of male
ring 8 and female ring 4 may be covered with a material that is softer than glass to prevent

marking of the glass.

Optionally, after the thin glass 6 has sagged to a pre-determined point, a backing plate 34 is
lowered onto the male ring 8 and docked so as to enclose a volume of air and form a plenum,
as shown in FIG. 7. The plenum is then pneumatically pressurized, and then heated by means
of a hot air flow entering into the top plenum air inlet 32. The heat forces the thin glass 6 to

conform to the shape of the full surface female mold 22.

In additional embodiments, as the one shown in FIG. 8, the top male plenum 34 is pressurized
using hot air, forcing the soft thin glass 6 to conform to the full surface female mold 22. The
point of application, duration, air temperature and pressure are varied as needed to obtain the
desired shape. The application of heating should be performed until reaching the glass
transition point. Optionally, the bottom female ring may be enclosed to form a plenum, as

shown in FIG. 9.

In addition to the previous step or in place of, vacuum can be applied to the full surface female
mold 22 in order to press so as to assist in the bending of the thin glass 6. Vacuum can be also
applied with the glass cold, to help the glass to conform to the ring and/or at any point during
bending, using the vacuum holes 30 shown in FIG. 10. Vacuum can be used alone or in
conjunction with the top male plenum 34. Optionally, rather than or in addition to the holes 30,

a vacuum ring can be applied to the full surface female mold 22 and the thin glass 6.

The method of the present invention has a number of advantages:
¢  The pneumatic and/or vacuum assist decreasing the bending cycle time by up to
half.
e The male ring mold results in prevents wrinkles from forming.
¢ The male ring mold also serves to hold the thin glass in place preventing it from

sagging to soon.
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s The use of a bent glass full surface mold reduces the tooling cost as compared to a
machine cut or cast mold.

e The use of the full surface female mold results in dimensional surface control
sufficient to allow for lamination of plies of different types of glass that were not
bent on the same mold at the same time, increasing the capacity of bending thin
glasses.

e The present invention improves yield especially on optic due to reduced
temperature.

e The present invention improves optic in transmission due reduced temperature.
This also improves reflection.

s  The present invention also maintains glass edge during complete bending process.

In a first embodiment, a sheet of 8 mm thick Lithium silicate glass is used as the material for
the full surface female mold 22. The glass 20 is formed on a cast ceramic mold. The bent glass
20 is then supported on a female ring bending mold 4 and serves as the full surface female
press. The full surface female mold 22 is covered with a layer of glass 6 cloth to help prevent
marking of the thin glass. Such a press can be used for at least several hundred bending cycles.
Six sheets of 0.7 mm aluminosilicate glass 6 are placed on the full surface female mold 22. The
male ring 8 is then applied. The edge of the male ring 8, that comes into contact with the thin
glass 6, is covered with glass cloth or and equivalent material to prevent marking of the thin
glass. No additional weight or clamping is needed to hold the male ring 8 in place although it

may be needed on some parts.

In a second embodiment, the steps of embodiment one are repeated. When the thin glass 6 has
been heated and softened, the plenum back 34 is lowered onto the male ring 8. The plenum is
pressurized using hot air from a low pressure blower. The pneumatic pressure forces the

softened thin glass 6 to conform to the full surface of the female mold 22.

In a third embodiment, the steps of embodiment one are repeated and vacuum is applied to the

full surface female plenum 36 to assist in the bending of the thin glass 6.
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In a forth embodiment, the steps of embodiment two are repeated and vacuum is applied to the

full surface female plenum 36 to assist in the bending of the thin glass 6.
The forms of the invention shown and described in this specification represent illustrative

preferred embodiments and it is understood that various changes may be made without

departing from the spirit of the invention as defined in the following claimed subject matter.
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Claims

1. A method for bending thin glass, comprising:
a) stacking one or more sheets of the thin glass onto a full surface bottom mold;
b) applying a partial surface top mold to said stack of thin glass, said top mold
contacting the glass in at least the periphery area of the glass;
¢) heating said thin glass to its glass transition point of the thin glass; and

d) allowing thin glass to sag under the force of gravity.

2. The method of claim 1, wherein the thickness of the thin glass is of less than 1.8 mm.
3. The method of claim 1, further comprising a means to apply a clamping force to the
glass.

4, The method of claim 1, further comprising a means to align said glass and molds.

5. The method of claim 1, further comprising a full surface bottom mold formed by

bending a sheet of glass having a glass transition point that is sufficiently higher than that of
the said thin glass and having a thickness sufficient for said mold to retain its shape during

bending of said thin glass.

6. The method of claim 1, wherein the said partial surface top mold comprises a ring type
structure.
7. The method of claim 1, further comprising applying pneumatic pressure to said top mold

constructed such as to enclose a volume of air and serve as a plenum.

8. The method of claim 1, further comprising applying vacuum to said full surface bottom
mold constructed such as to enclose a volume of air and serve as a plenum to allow evacuation

of air between full surface mold and thin glass.

9. An apparatus for bending thin glass, comprising:
— abending mold base;

11600v1



— abending mold female ring that receives a bended glass to form a full surface
female mold;
— amale ring mold placed onto the thin glass.

10. The apparatus of Claim 9, wherein additional weight may be added to the male ring
mold.

11. The apparatus of Claim 9, wherein clamps may be used to force the thin glass to conform
to the female ring.

12. The apparatus of Claim 9, wherein the top side of the male ring may be enclosed to form
a plenum.

13. The apparatus of Claim 9, wherein the top side of the male plenum is pressurized using
hot air.

14. The apparatus of Claim 9, wherein the bottom side of the female ring may be enclosed
to form a plenum.

15. The apparatus of Claim 9, wherein vacuum can be applied into the plenum formed in
the male ring to assist bending.

16. The apparatus of Claim 15, wherein vacuum can be used alone or in conjunction with
the top male plenum.

17. The apparatus of Claim 15, wherein the enclosed male ring has holes to facilitate

vacuum.
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generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number

|130961

Email Address

Fmorales@moralesq.com
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Application Type Provisional -
Subject Matter tility -
Total Number of Drawing Sheets (if any) Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an applicatiocn by reference under 35 U.S.C. 111(c) and 37 CFR 1.57{a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). )
Application number of the previcusly Filing date {YYYY-MM-DD) Intellectual Property Authority or Country |

filed application

Publication Information:
[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Req uest Not to Publish. | hereby request that the attached application not be published under
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subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: e Customer Number US Patent Practitioner (O Limited Recognition (37 CFR 11.9)

Customer Number 130961

EFS Web 2.2.12




PTO/AIA/M4 (07-14)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. Attorney Docket Number | 1511.20200
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention METHOD AND APPARATUS FOR BENDING THIN GLASS

Domestic Benefit/National Stage Information:
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Stage entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference
required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the applicaticn number blank.

Prior Application Status v Remove
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)

Additional Domestic Benefit/National Stage Data may be generated within this form Add
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.8.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).
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Application Number Countryi Filing Date (YYYY-MM-DD) Access Code (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[ ] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
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Authorization to Permit Access:

X Authorization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USFTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPO), the Korean Intellectual Property Office {(KIPO), the World Intellectual Property Office (WIPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14{h)(3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims pricrity under 35 U .S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14{c), access may be provided to information conceming the date o ffiling this Authorization.

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant {1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {(assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

vI

Name of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Organization check here. X

Organization Name lt\GP América SA.
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have an assignment recorded by the Office.

Assignee |1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication . An assignee-applicant identified in the "Applicant Information” section will appear on the patent application
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patent application publication.
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used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
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1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act {56 U.5.C. 552)
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whether the Freedom of Information Act requires disclosure of these records.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in

order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent C o o p eration Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency’s responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.S.C. 2804 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were|
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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