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(54) GLASS PLATE AND METHOD FOR PRODUCING GLASS PLATE

(57) A method for producing a glass plate according
to the present invention includes: a conveying-in step of
conveying a heated glass plate into a molding apparatus;
a first molding step of molding the glass plate in a state
where at least part of a peripheral edge portion of at least
one of an upper face and a lower face of the glass plate
is free from contact; a separating step of separating at

least a region molded in the first molding step, of the
glass plate, from any mold that the region was in contact
with; a second molding step of molding a region including
at least part of the peripheral edge portion of the glass
plate; and a conveying-out step of conveying the glass
plate subjected to the second molding step, out of the
molding apparatus.
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Description

Technical Field

[0001] The present invention relates to a glass plate
and a method for producing a glass plate.

Background Art

[0002] Glass plates used for transportation machinery
such as automobiles and railway vehicles are often mold-
ed into a curved shape in view of design or the like. These
glass plates are formed by heating a flat glass plate to
reduce the rigidity of the glass plate, and molding the
glass plate into a curved shape. However, it is not easy
to mold a glass plate into a curved shape, and the glass
plate may be wrinkled or broken when an abrupt force is
applied thereto. Thus, for example, Patent Literature 1
discloses a molding apparatus having an outer mold
formed in the shape of a frame and an inner mold ar-
ranged inside the outer mold. According to this molding
apparatus, first, a heated glass plate is supported by the
inner mold, and is subjected to first press molding. Then,
the glass plate is transferred from the inner mold to the
outer mold, and is then subjected to second press mold-
ing. With this processing, the glass plate is prevented
from being wrinkled or cracked.

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese Patent No.
4052014

Summary of Invention

Technical Problem

[0004] Incidentally, when molding this sort of curved
glass plate, the temperature of the glass plate is required
to be controlled in a very narrow range. The demand for
thin glass plates has particularly increased recently be-
cause of the need for glass plates to be lighter, but it is
suggested that the thinner a glass plate is, the more dif-
ficult it is to control the temperature thereof. The reason
for this is that the thinner a glass plate is, the more likely
a difference in temperature is to appear between a center
portion and a peripheral edge portion thereof. More spe-
cifically, for example, if the glass plate is thin, in particular
the peripheral edge portion is cooled quickly, and thus,
when the temperature is set such that the center portion
is in a desired temperature range, the temperature of the
peripheral edge portion is out of this temperature range
and decreases. If the temperature of the peripheral edge
portion decreases in this manner, there is a concern that
the peripheral edge portion will harden sooner than the
center portion, and wrinkles will occur around the bound-

ary between the peripheral edge portion and the center
portion during molding. As a result, perspective distortion
occurs, and, in some cases, the glass may be broken
during molding.
[0005] The present invention was made in order to
solve the above-described problems, and it is an object
thereof to provide a method for producing a glass plate,
in which a glass plate can be prevented from being wrin-
kled or broken while being molded into a curved shape.

Solution to Problem

[0006] The present invention is directed to a method
for producing a glass plate, including: a conveying-in step
of conveying a heated glass plate into a molding appa-
ratus; a first molding step of molding the glass plate in a
state where at least part of a peripheral edge portion of
at least one of an upper face and a lower face of the glass
plate is free from contact; a separating step of separating
at least a region molded in the first molding step, of the
glass plate, from any mold that the region was in contact
with; a second molding step of molding a region including
at least part of the peripheral edge portion of the glass
plate; and a conveying-out step of conveying the glass
plate subjected to the second molding step, out of the
molding apparatus.
[0007] With this configuration, in the first molding step,
the glass plate is molded in a state where the peripheral
edge portion is free from contact. Accordingly, the force
acting on the peripheral edge portion due to the molding
is alleviated, and, for example, even when the tempera-
ture of the peripheral edge portion decreases, a portion
between the peripheral edge portion and the center por-
tion can be prevented from being distorted or broken.
Furthermore, after the first molding step, a region molded
in the first molding step, of the glass plate, separates
from any mold that the region was in contact with, after
which the glass plate is molded in the second molding
step, and thus the glass plate is free from external stress
after the completion of the first molding step and before
the second molding step. Accordingly, the residual stress
that has generated in the glass plate in the first molding
step is released. As a result, in the following second mold-
ing step, the glass plate can be prevented from being
wrinkled or broken. Note that, in the separating step, the
glass plate separates from any mold that the region was
in contact with, but slight contact may be permitted as
long as the glass plate is free from external stress.
[0008] The production method according to the
present invention is especially advantageous for thin
glass plates. Such glass plates have a small heat capac-
ity and are cooled quickly, but, if the heating temperature
is made to be high, distortion (e.g., roll distortion, distor-
tion due to transferring onto an uneven surface of a press-
ing mold, and distortion due to residual stress after cool-
ing) is likely to occur. Accordingly, it is difficult to make
the heating temperature high. On the other hand, accord-
ing to the present invention, a glass plate can be pre-
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vented from being distorted or broken as described
above even when the temperature of the peripheral edge
portion decreases, and thus a thin glass plate can be
produced without making the heating temperature high.
[0009] In the method for producing a glass plate, it is
possible that, in the first molding step, the molding is per-
formed in a state where the entire peripheral edge portion
is free from contact, and, in the second molding step, the
entire peripheral edge portion is molded.
[0010] In the method for producing a glass plate, the
molding apparatus may have various configurations,
and, for example, it is possible that the molding apparatus
has a first mold and a second mold, in the first molding
step, the glass plate is molded by the first mold, in the
separating step, contact between the glass plate and the
first mold is canceled, after which the glass plate is ar-
ranged on the second mold, and, in the second molding
step, the glass plate is molded by the second mold.
[0011] Alternatively, the molding apparatus may have
the following configuration. That is to say, it is possible
that the molding apparatus has an upper mold and a low-
er mold that can move up and down, in the first molding
step, the glass plate is molded between the upper mold
and the lower mold, in the separating step, the lower mold
is moved downward, so that at least a region molded in
the first molding step, of the glass plate, separates from
both the upper mold and the lower mold, and, in the sec-
ond molding step, a region including at least the periph-
eral edge portion of the glass plate is molded between
the upper mold and the lower mold that has been moved
downward.
[0012] In the method for producing a glass plate, it is
possible that the glass plate has a thickness of 3.0 mm
or less.
[0013] It is possible that the method for producing a
glass plate further includes a step of heating the glass
using a heating furnace, before conveying the glass plate
into the molding apparatus. Moreover, the molding ap-
paratus may be arranged inside the heating furnace.
[0014] In the method for producing a glass plate, it is
possible that the first mold includes a first lower mold,
the second mold includes a second lower mold, in the
first molding step, the molding is performed in a state
where the glass plate is supported by the first lower mold,
in the contact cancellation step, contact between the
glass plate and the first lower mold is canceled, after
which the glass plate is arranged on the second lower
mold, and, in the second molding step, the molding is
performed in a state where the glass plate is supported
by the second lower mold.
[0015] The first and second lower molds may have var-
ious configurations, and, for example, the following con-
figuration is possible. That is to say, the second lower
mold is formed in the shape of a frame, and the first lower
mold is configured so as to be capable of moving up and
down through the frame of the second lower mold. It is
possible that, in the first molding step, the glass plate is
molded in a state where the first lower mold is positioned

above the second lower mold, in the contact cancellation
step, the first lower mold is moved downward, so that
contact between the glass plate and the first lower mold
is canceled, after which the glass plate is allowed to fall
onto the second lower mold, and, in the second molding
step, the glass plate is molded in a state where the first
lower mold is positioned below the second lower mold.
[0016] With this configuration, the first lower mold is
lowered and the glass plate is allowed to fall onto the
second lower mold, so that the glass plate can be shifted
from the first lower mold to the second lower mold in a
short period of time. Accordingly, the molding time of the
glass plate can be shortened. As a result, the glass plate
can be molded before the glass plate is significantly
cooled, and thus this aspect is advantageous for molding
a thin glass plate.
[0017] In the method for producing a glass plate, it is
possible that the first mold and the second mold include
a shared upper mold that can move up and down, in the
first molding step, the glass plate is molded between the
upper mold and the first lower mold, and, in the second
molding step, the glass plate is molded between the up-
per mold and the second lower mold.
[0018] With this configuration, the first mold and the
second mold include a shared upper mold that can move
up and down, and, after the first molding is performed
between the first lower mold and the upper mold in the
first molding step, the upper mold is further lowered to
perform the second molding between the upper mold and
the second lower mold. In this manner, molding can be
performed twice with the shared upper mold, by lowering
this mold in two steps in this manner, so that the molding
time can be shortened.
[0019] In the method for producing a glass plate, it is
possible that, in the first molding step, the molding is per-
formed in a state where the peripheral edge portion of
the glass plate is at a temperature of 600 to 700°C.
[0020] Furthermore, the present invention is directed
to a method for producing a glass plate, including: a con-
veying-in step of conveying a heated glass plate into a
molding apparatus; a first molding step of molding the
glass plate using a first mold in a state where a peripheral
edge portion of at least one of an upper face and a lower
face of the glass plate is free from contact; a contact
cancellation step of canceling contact between the glass
plate and the first mold, and then arranging the glass
plate on a second mold; a second molding step of molding
a region including at least the peripheral edge portion of
the glass using the second mold; and a conveying-out
step of conveying the glass plate subjected to the second
molding step, out of the molding apparatus.
[0021] With this configuration, in the first molding, the
glass plate is molded in a state where the peripheral edge
portion is free from contact. Accordingly, the force acting
on the peripheral edge portion due to the molding is al-
leviated, and, for example, even when the temperature
of the peripheral edge portion decreases, a portion be-
tween the peripheral edge portion and the center portion
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can be prevented from being broken. Furthermore, after
the first molding, contact between the glass plate and the
first mold is canceled, after which the glass plate is ar-
ranged on the second mold, and thus the glass plate is
free from external stress during shifting from the first mold
to the second mold. Accordingly, the residual stress that
has generated in the glass plate in the first molding is
released. As a result, in the following in the second mold-
ing, the glass plate can be prevented from being wrinkled
or broken.
[0022] The present invention is directed to a glass plate
molded into a curved shape, having a thickness of 1.0 to
3.0 mm, and having plane residual stress distribution that
changes from a peripheral edge toward a center portion
for substantially the entire perimeter of the glass plate,
wherein the plane residual stress is compressive stress
at the peripheral edge and gradually changes into tensile
stress toward the center portion, and the plane residual
stress distribution indicating the tensile stress has a plu-
rality of local maximums.
[0023] In the glass plate, it is possible that the plurality
of local maximums of the tensile stress indicate tensile
stress that is larger toward the peripheral edge.

Advantageous Effects of Invention

[0024] According to the present invention, a glass plate
can be prevented from being wrinkled or broken while
being molded into a curved shape.

Brief Description of Drawings

[0025]

FIG. 1 is a plan view of a production line showing an
embodiment of a method for producing glass plates
according to the present invention.
FIG. 2 is a side view of FIG. 1.
FIG. 3 is a schematic plan view showing thickness
measurement positions of a glass plate.
FIG. 4 is a plan view of a molding apparatus.
FIG. 5 is a front view of FIG. 3.
FIG. 6 is a side view of FIG. 3.
FIG. 7 is a front view showing an operation of the
molding apparatus.
FIG. 8 is a front view showing an operation of the
molding apparatus.
FIG. 9 is a front view showing an operation of the
molding apparatus.
FIG. 10 is a front view showing an operation of the
molding apparatus.
FIG. 11 is a front view showing an operation of the
molding apparatus.
FIG. 12 is a front view showing an operation of the
molding apparatus.
FIG. 13 is a front view showing an operation of the
molding apparatus.
FIG. 14 is a graph showing plane residual stress dis-

tribution in glass plates.
FIG. 15 is a front view showing an operation of an-
other molding apparatus.
FIG. 16 is a front view showing an operation of the
other molding apparatus.
FIG. 17 is a front view showing an operation of the
other molding apparatus.
FIG. 18 is a front view showing an operation of the
other molding apparatus.
FIG. 19 is a front view showing an operation of the
other molding apparatus.
FIG. 20 is a front view showing an operation of the
other molding apparatus.

Description of Embodiment

[0026] Hereinafter, an embodiment of a method for
producing a glass plate according to the present inven-
tion will be described with reference to the drawings. FIG.
1 is a plan view showing part of a production line of glass
plates according to this embodiment, and FIG. 2 is a side
view of FIG. 1. In the description below, for the sake of
ease of description, an upstream side of the production
line may be referred to as "rear", and a downstream side
may be referred to as "front" or a "forward side". Further-
more, a direction perpendicular to the advancing direc-
tion of the production line may be referred to as a "left-
right direction" or a "side direction".

1. Summary of Production Line

[0027] As shown in FIGS. 1 and 2, this production line
has a heating furnace 1, a molding apparatus 2, and a
cooling apparatus 4 that are arranged in this order from
upstream to downstream. Furthermore, a roller conveyor
3 is arranged so as to run from the heating furnace 1, the
molding apparatus 2, the cooling apparatus 4 and to the
downstream side thereof, and a glass plate G that is to
be processed is conveyed by the roller conveyor 3. Note
that, in order to make the glass plate G lighter, the thick-
ness of the glass plate G after molding in this case is, for
example, preferably 0.7 to 6.0 mm, more preferably 1.0
to 3.0 mm, and even more preferably 1.0 to 2.3 mm. In
this example, the molding apparatus 2 and the cooling
apparatus 4 are arranged separately, but the molding
apparatus 2 may be provided with a cooling function as
in known techniques.
[0028] Hereinafter, an example of a method for meas-
uring thickness when the glass plate G is curved will be
described. First, as shown in FIG. 3, the measurement
positions are set in two places, an upper and lower po-
sition on a center line S extending in the upper-lower
direction through the center in the left-right direction of
the glass plate G. There is no particular limitation on the
measurement device, and examples thereof include a
thickness gauge such as an SM-112 manufactured by
Teclock. At the time of measurement, a glass plate is
arranged such that its curved face is positioned on a flat
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face, and the measurement is performed by causing the
thickness gauge to hold an end portion of the glass plate
G. Also when the glass plate G is flat, the measurement
can be performed as in the case where the glass plate
G is curved.
[0029] The heating furnace 1 may have various con-
figurations, and, for example, it may be an electric heating
furnace. This electric heating furnace includes a furnace
main body in the shape of a square tube that is open at
the upstream and downstream end portions, and the roll-
er conveyor 3 is arranged therein so as to run from up-
stream to downstream. Heaters (not shown) are respec-
tively arranged on an upper face, a lower face, and a pair
of side faces of the inner wall of the furnace main body,
and heat the glass plate G that passes through the heat-
ing furnace 1, to a temperature at which molding can be
performed, such as 600 to 700°C.
[0030] Next, the molding apparatus 2 will be described.
FIG. 4 is a plan view of the molding apparatus, FIG. 5 is
a front view of FIG. 4, and FIG. 6 is a side view of FIG.
4. As shown in FIGS. 4 to 6, this molding apparatus in-
cludes one upper mold 20 and two lower molds, that is,
a first lower mold 21 and a second lower mold 22, and
performs two-step molding consisting of first molding and
second molding on the glass plate G. The upper mold 20
has a curved face that is convex downward and covers
the entire upper face of the glass plate G, and is config-
ured so as to be capable of moving up and down. The
surface of the upper mold 21 accommodates a heater
(not shown) so as to generate heat, and can heat the
glass plate G. Meanwhile, the second lower mold 22 is
formed in the shape of a frame that conforms to the pe-
ripheral edge portion of the glass plate G, and includes
an upper face having a curved shape that conforms to
the upper mold 20. With this configuration, the glass plate
G is press-molded between the upper mold 20 and the
second lowed mold 22 into a final curved shape.
[0031] Meanwhile, the first lower mold 21 is configured
by a pair of support members 211 arranged apart from
each other in the left-right direction and extending in the
front-rear direction, and the support members 211 are
supported such that they can move up and down through
the frame of the second lower mold 22. The pair of support
members 211 are arranged so as to support both side
portions of the glass plate G from below, and each have
an upper face curved such that the center portion projects
so as to be positioned below the front portion and the
rear portion as shown in FIG. 6. This curve generally has
a larger radius of curvature than the curve of the lower
face of the glass plate G formed by the second lower
mold 22.
[0032] A roller conveyor 31 is arranged between the
support members 211, and the roller conveyor 31 can
move up and down through the frame of the first lower
mold 21.
[0033] Furthermore, the cooling apparatus 4 described
above is arranged on the downstream side of the molding
apparatus 2. The cooling apparatus 4 includes an upper

apparatus 41 and a lower apparatus 42 that are arranged
such that the roller conveyor 3 is interposed therebe-
tween in the upper-lower direction. The upper apparatus
41 and the lower apparatus 42 respectively include noz-
zle boxes 411 and 421 having a plurality of nozzles 40
that are open to the roller conveyor 3, and air blowers
412 and 422 that supply air to the nozzle boxes 411 and
421.

2. Glass Molding Process

[0034] Next, molding processing of glass by the thus
configured production line will be described with refer-
ence to FIGS. 6 to 12. First, the flat glass plate G that
has been heated while passing through the heating fur-
nace 1 is conveyed into the molding apparatus 2. At this
time, as shown in FIGS. 5 and 6, the molding apparatus
2 is such that the first lower mold 21 is lifted through the
frame of the second lower mold 22, and the first lower
mold 21 is positioned above the second lower mold 22.
At this time, the first lower mold 21 may be positioned
above the second lower mold 22, for example, by 0 to 20
mm at the ends of the molds. The reason for this is that,
if the positon of the first lower mold 21 is too high, the
impact when the glass plate G falls increases as de-
scribed later, and, if the position is too low, the glass plate
G may not separate completely from the first lower mold
21. Furthermore, the roller conveyor 31 is positioned
above the first lower mold 21, and is arranged at a height
that is substantially the same as the height of the roller
conveyor 3 extending from the heating furnace 1 to the
molding apparatus 2. Furthermore, the upper mold 20
has been lifted, and forms a gap through which the glass
plate G can be conveyed, between the upper mold 20
and the roller conveyor 31.
[0035] In this state, when the glass plate G is conveyed
onto the roller conveyor 31 in the molding apparatus 2,
as shown in FIG. 7, the roller conveyor 31 is lowered,
and the glass plate G is supported by the first lower mold
21. That is to say, the glass plate G is transferred from
the roller conveyor 31 to the first lower mold 21. Subse-
quently, as shown in FIG. 8, the upper mold 20 is lowered,
and the glass plate G is pressed between the upper mold
20 and the first lower mold 21. That is to say, first molding
is performed. At this time, the first lower mold 21 is po-
sitioned inward of the frame of the second lower mold
22, so that the peripheral edge portion of the glass plate
G is free from contact, on the lower face of the glass plate
G. On the other hand, the entire upper face of the glass
plate G is pressed by the upper mold 20, but since the
curve of the support members 211 of the first lower mold
21 has a larger radius of curvature than the curve of the
second lower mold 22, a gently curved face is molded.
[0036] After the glass plate G is pressed between the
upper mold 20 and the first lower mold 21 in this manner
for a predetermined period of time, as shown in FIG. 9,
the first lower mold 21 is lowered. The speed at which
the first lower mold 21 is lowered at this time is set to be
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higher than the speed at which the glass plate G freely
falls. Accordingly, the glass plate G cannot follow the
lowering of the first lower mold 21, and the contact state
between the glass plate G and the first lower mold 21 is
canceled when the first lower mold 21 is lowered. Then,
as shown in FIGS. 10 and 11, the glass plate G separates
under its own weight from the upper mold 20, and falls
onto the second lower mold 22. Subsequently, as shown
in FIG. 12, the upper mold 20 is lowered from the position
at which the first molding was performed, and the glass
plate G is pressed between the upper mold 20 and the
second lower mold 22 for a predetermined period of time.
That is to say, second molding is performed.
[0037] After the second molding is completed in this
manner, as shown in FIG. 13, the roller conveyor 31 is
lifted to support the glass plate G. Subsequently, the
glass plate G is conveyed by the roller conveyor 31 out
of the molding apparatus 2, and is conveyed to the cool-
ing apparatus 4. In the cooling apparatus 4, the air blow-
ers 412 and 422 are driven to blow air onto the glass
plate G from the upper apparatus 41 and the lower ap-
paratus 42, so that the glass plate G is cooled. In this
manner, the molding of the glass plate G is completed.

3. Properties

[0038] As described above, according to this embodi-
ment, in the first molding, the glass plate G is molded in
a state where the peripheral edge portion of the glass
plate G is free from contact. Accordingly, the force acting
on the peripheral edge portion due to the molding is al-
leviated, and, for example, even when the temperature
of the peripheral edge portion decreases, a portion be-
tween the peripheral edge portion and the center portion
can be prevented from being broken. After the glass plate
G is subjected to the first molding between the upper
mold 20 and the first lower mold 21, the first lower mold
21 is lowered, so that the contact state between the glass
plate G and the first lower mold 21 is canceled. At this
time, the glass plate G falls after the lowering of the first
lower mold 21, and thus the contact state between the
glass plate G and the upper mold 20 is also canceled.
Subsequently, the second molding is performed between
the upper mold 20 and the second lower mold 22 in a
state where the glass plate G is supported by the second
lower mold 22.
[0039] After the glass plate G is pressed between the
upper mold 20 and the first lower mold 21 in this manner,
as shown in FIG. 9, the glass plate G is not in contact
with either the upper mold 20 or the first lower mold 21,
after which the glass plate G is pressed between the up-
per mold 20 and the second lower mold 22. Accordingly,
when the contact is canceled, the glass plate G is free
from any stress, and the residual stress that has occurred
due to the first molding is released. As a result, the glass
plate G is prevented from being broken in the following
second molding.
[0040] The thus molded glass plate may have, for ex-

ample, the following properties. FIG. 14 is a graph show-
ing plane residual stress distribution in glass plates,
where the horizontal axis indicates a distance from a pe-
ripheral edge of a glass plate in a direction toward a center
portion, and the vertical axis indicates stress. Note that
the stress is indicated taking compression as negative
and tension as positive. In FIG. 14, a graph 1 shows plane
residual stress distribution in a conventional glass plate
molded using the upper mold 20 and the second lower
mold 22 without using the first lower mold 21. Meanwhile,
a graph 2 shows plane residual stress distribution in a
glass plate molded using the above-described molding
apparatus.
[0041] According to the graph 1, the plane residual
stress of the glass plate indicates compression at the
peripheral edge of the glass plate and gradually changes
into tension from the peripheral edge toward the center
portion. After the stress changes from compression to
tension, the tensile stress has a local maximum 1 that
then decreases toward 0.
[0042] On the other hand, as shown in the graph 2,
since the glass plate was molded by the above-described
molding apparatus using the two lower molds 21 and 22,
the tensile stress has two local maximums (local maxi-
mums 2-1(C) and 2-2(E)) near the region that was in
contact with the first lower mold 21 and near the region
that was in contact with the second lower mold 22. It is
conceivable that this plane residual stress distribution is
formed by the residual stress distribution resulting from
the molding by the first lower mold 21 overlapping the
residual stress distribution resulting from the molding by
the second lower mold 22. Accordingly, the tensile stress
(local maximum 2-1) corresponding to the second lower
mold 22 in the graph 2 is smaller than the tensile stress
(local maximum 1) corresponding to the second lower
mold 22 in the graph 1. Accordingly, it can be said that
the strength of the glass plate indicated by the graph 2,
that is, the glass plate molded by the molding apparatus
according to the foregoing embodiment is higher than
that of the glass plate indicated by the graph 1.
[0043] Note that the glass plate as indicated by the
graph 2 has properties, for example, such that the coor-
dinates in the graph 2 are A (0, -20), B (10, 0), C (20, 8),
D (30, 3), E (40, 6), and F (100, 0).
[0044] Since this glass plate was molded using a plu-
rality of lower molds, the tensile stress has a plurality of
local maximums, and thus the tensile stress at each local
maximum is lower than that when a single lower mold is
used. Accordingly, when using three or more lower
molds, the number of local maximums may be more than
two as described above. Furthermore, in the graph 2, the
tensile stress at the local maximums in the above-de-
scribed example is such that the local maximum 2-1 is
larger than the local maximum 2-2, but there is no limi-
tation to this, and, for example, the tensile stress at the
local maximum on the center portion side may be larger
than that on the peripheral edge side. Furthermore, these
properties do not have to be exhibited for the entire pe-
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rimeter of the glass plate, and it is sufficient that these
properties are exhibited for approximately 90% or more
of the entire perimeter.

4. Modified Examples

[0045] Above, an embodiment of the present invention
was described, but the present invention is not limited to
the foregoing embodiment, and various modifications
can be made without departing from the gist of the inven-
tion. Furthermore, a plurality of modified examples de-
scribed below may be combined as appropriate.

4.1

[0046] Although the first lower mold 21 is configured
by the pair of support members 211 extending in the front-
rear direction in the foregoing embodiment, there is no
particular limitation on the shape of the first lower mold
21 as long as a peripheral edge portion of at least one
of an upper face and a lower face of the glass plate G is
free from contact. For example, the first lower mold 21
may be configured by a pair of support members extend-
ing in the left-right direction and arranged on the up-
stream side and the downstream side. Also, as in the
case of the second lower mold 22, the first lower mold
21 may be formed in the shape of a frame. This frame is
formed so as to be smaller than the contour of the glass
plate G such that the peripheral edge portion of the glass
plate G is free from contact. Furthermore, it is sufficient
that the upper face of the first lower mold 21 has a degree
of curve that is not the same as that of the second lower
mold 22, and is curved more gently than that of the sec-
ond lower mold 22. Furthermore, in the foregoing em-
bodiment, the first lower mold 21 is configured so as to
move up and down through the frame of the second lower
mold 22, but may be configured so as to move up and
down outside the frame.

4.2

[0047] In the foregoing embodiment, the entire periph-
eral edge portion of the glass plate is free from contact
in the first molding, and the entire peripheral edge portion
is molded using a mold in the second molding, but there
is no limitation to this. For example, only part of the pe-
ripheral edge portion of the glass plate may be free from
contact in the first molding, and the part of the peripheral
edge portion free from contact in the first molding may
be molded in the second molding.

4.3

[0048] In the foregoing embodiment, the glass plate G
is press-molded between the upper mold 20 and the first
lower mold 21 in the first molding, but the glass plate G
may be molded by being arranged on the first lower mold
21, without using the upper mold 20. That is to say, the

glass plate G may be molded so as to conform to the first
lower mold 21 under the glass plate G’s own weight.
Then, in the second molding, the molding is performed
between the upper mold 20 and the second lower mold
22.

4.4

[0049] In the foregoing embodiment, the heating fur-
nace 1 is arranged on the upstream side of the molding
apparatus 2, but the molding apparatus may be arranged
inside the heating furnace 1.

4.5

[0050] In the foregoing embodiment, the cooling appa-
ratus 4 is arranged on the downstream side of the molding
apparatus 2, but there is no particular limitation on the
position at which the cooling apparatus is arranged. For
example, the cooling apparatus 4 may be arranged inside
the molding apparatus 2 so that the glass plate G is
cooled immediately after the press molding.

4.6

[0051] In the foregoing embodiment, the first molding
and the second molding are performed respectively using
different lower molds while sharing an upper mold, but,
as shown in FIGS. 15 to 20, a shared lower mold may
be used. For example, a molding apparatus 500 shown
in FIG. 15 includes an upper mold 51 and a lower mold
52. The lower face, that is, the molding face of the upper
mold 51 has a curved face that is convex downward and
covers the entire upper face of the glass plate G. Fur-
thermore, the upper mold 51 is supported such that it can
move up and down closer to or away from the lower mold
52. Meanwhile, the lower mold 52 is configured by three
parts, that is, a center member 521 forming a center por-
tion and a pair of side members 522 respectively ar-
ranged on both sides of the center member 521, and is
formed in the shape of a frame by combining these three
parts. The center member 521 is formed in a concave
shape that projects downward, and its upper face func-
tioning as a molding face has a shape that conforms to
the center portion of the upper mold 51. The center mem-
ber 521 is supported such that it can move up and down.
Meanwhile, the side members 522 are connected to the
side portions of the center member 521 such that they
can swing up and down, and molding faces on their upper
faces have shapes that conform to the side portions in
the molding face of the upper mold 51. In this example,
the upper faces of the side members 522 are inclined
upward so as to respectively conform to the side portions
of the upper mold 51.
[0052] The lower mold 52 is configured so as to be
capable of taking two positions. That is to say, the lower
mold 52 may take a first position at which the center por-
tion of the glass plate G is press-molded as shown in
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FIG. 15, and a second position at which the entire glass
plate G is press-molded into a final shape as shown in
FIG. 17. At the first position, the swing positions of the
side members 522 are determined such that the upper
faces of the side members 522 are not in contact with
the side portions of the upper mold 51. Meanwhile, at the
second position, the center member 521 moves down-
ward, and the side members 522 swing upward in ac-
cordance with this movement, so that the upper faces of
the side members 522 are arranged so as to face the
side portions of the upper mold 51. At this time, the upper
face of the lower mold 52 has a shape that conforms to
the lower face of the upper mold 51 due to the displace-
ment of the center member 521 and the pair of side mem-
bers 522.
[0053] Next, the molding of the glass plate G using the
molding apparatus 500 will be described. First, before
the glass plate G is conveyed from the heating furnace
1 into the molding apparatus 500, the lower mold 52 is
shifted to the first position. In this state, when the glass
plate G is conveyed onto the lower mold 52, the upper
mold 51 is lowered as shown in FIG. 16 to perform press
molding (first molding). At this time, the side members
522 of the lower mold 52 are arranged so as not to be in
contact with the side portions of the upper mold 51, and
thus the glass plate G is press-molded between the cent-
er portion of the upper mold 51 and the center member
521 of the lower mold 52. That is to say, the peripheral
edge portion of the glass plate G is free from contact, on
the upper face and the lower face of the glass plate G,
and only the center portion is molded.
[0054] Subsequently, as shown in FIG. 17, the center
member 521 of the lower mold 52 is lowered by approx-
imately 0 to 20 mm. At this time, the side members 522
swing upward in accordance with the lowering of the cent-
er member 521, and the lower mold 52 is shifted to the
second position. The speed at which the center member
521 is lowered at this time is set to be higher than the
speed at which the glass plate G freely falls. Accordingly,
the glass plate G cannot follow the lowering of the center
member 521, and the contact state between the glass
plate G and the center member 521 is canceled when
the center member 521 is lowered. Subsequently, as
shown in FIGS. 18 and 19, the glass plate G separates
under its own weight from the upper mold 51, and falls
onto the lower mold 52. Subsequently, as shown in FIG.
20, the upper mold 51 is lowered from the position at
which the first molding was performed, and the glass
plate G is pressed between the upper mold 51 and the
lower mold 52 for a predetermined period of time press
(second molding). After the second molding is completed
in this manner, the glass plate G is cooled using a method
as described above, and the molding of the glass plate
G is completed. Also in the case of this molding appara-
tus, the glass plate G is free from stress between the first
molding and the second molding, so that the glass plate
G can be prevented from being wrinkled or broken as in
the foregoing embodiment.

[0055] Although the lower mold 52 is configured by the
center member 521 and the side members 522 that are
arranged on both sides of the center member 521 in this
example, the side members 522 that can swing may be
provided in front and rear of the center member 521. This
molding apparatus also can mold a glass plate having
the properties shown in FIG. 14.
[0056] The glass plate as shown in FIG. 14 can be
molded by apparatuses other than the above-described
molding apparatuses. That is to say, it is possible to form
a glass plate having a plurality of local maximums in ten-
sile residual stress distribution as shown in FIG. 14, by
performing molding with a mold at a plurality of locations
in a direction from the peripheral edge to the center por-
tion of the glass plate.
[0057] Furthermore, such a glass plate can be molded
by the following molding apparatus. First, a glass plate
is placed on a ring-like (frame-like) mold. This mold is
arranged on a conveyor member, and the conveyor
member passes through a known heating furnace and
slow cooling furnace in a state where the glass plate is
placed on the mold. In the heating furnace, a heater is
provided to at least one of above and below the path of
the conveyor member, and this heater heats the glass
plate.
[0058] Hereinafter, the mold will be described in more
detail. The mold includes a mold main body in the shape
of a frame that substantially conforms to the outer shape
of the glass plate. Since the mold main body is formed
in the shape of a frame, it has an inner space extending
in the upper-lower direction through the frame. The pe-
ripheral edge portion of the flat glass plate is placed on
the upper face of the mold main body.
[0059] If a heater is provided below the mold so as to
heat the glass plate, a shielding plate for heat shielding
may be provided on the inner peripheral edge of the mold
main body in order to control heat that is to be imparted
to the glass plate. Accordingly, for example, heat that is
to be imparted to the vicinity of the peripheral edge of the
glass plate is suppressed, and the vicinity of the periph-
eral edge of the glass plate can be prevented from being
curved excessively.
[0060] Furthermore, if a heater is provided above the
mold, for example, a heat shielding plate as described in
JP 2005-343747A may be provided above the glass
plate, so that heat from above can be controlled. More
specifically, space above the glass plate is divided in the
horizontal direction into a plurality of areas, and a plurality
of heat shielding plates are suspended from above along
the boundaries between the areas. Accordingly, heat
from the heater is imparted to the glass plate only from
above, and, for example, heat can be prevented from
obliquely entering an area from the outside of that area.
Thus, heat that is to be imparted to the glass plate may
be controlled in the plane direction. Note that these upper
and lower heaters may be combined as appropriate.
[0061] In this manner, the glass plate passes through
the heating furnace in a state where its peripheral edge
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portion is supported by the mold. When heating is per-
formed inside the heating furnace to a temperature near
the softening point, the glass plate curves under its own
weight such that the inner side is positioned below the
peripheral edge portion, and is molded into a curved
shape. Also in the case of this mold, it is possible to mold
a glass plate having the properties as shown in FIG. 14,
by controlling heat that is to be imparted to the glass
plate, or changing as appropriate the position, the shape,
and the number of portions of the mold main body for
supporting the glass plate.

Reference Signs List

[0062]

1 Heating furnace
2 Molding apparatus
20 Upper mold
21 First lower mold
22 Second lower mold
3 Roller conveyor
G Glass plate

Claims

1. A method for producing a glass plate, comprising:

a conveying-in step of conveying a heated glass
plate into a molding apparatus;
a first molding step of molding the glass plate in
a state where at least part of a peripheral edge
portion of at least one of an upper face and a
lower face of the glass plate is free from contact;
a separating step of separating at least a region
molded in the first molding step, of the glass
plate, from any mold that the region was in con-
tact with;
a second molding step of molding a region in-
cluding at least part of the peripheral edge por-
tion of the glass plate; and
a conveying-out step of conveying the glass
plate subjected to the second molding step, out
of the molding apparatus.

2. The method for producing a glass plate according to
claim 1,
wherein, in the first molding step, the molding is per-
formed in a state where the entire peripheral edge
portion is free from contact, and
in the second molding step, the entire peripheral
edge portion is molded.

3. The method for producing a glass plate according to
claim 1 or 2,
wherein the molding apparatus has a first mold and
a second mold,

in the first molding step, the glass plate is molded by
the first mold,
in the separating step, contact between the glass
plate and the first mold is canceled, after which the
glass plate is arranged on the second mold, and
in the second molding step, the glass plate is molded
by the second mold.

4. The method for producing a glass plate according to
any one of claims 1 to 3, wherein the glass plate has
a thickness of 3.0 mm or less.

5. The method for producing a glass plate according to
any one of claims 1 to 4, further comprising:

a step of heating the glass using a heating fur-
nace, before conveying the glass plate into the
molding apparatus.

6. The method for producing a glass plate according to
any one of claims 3 to 5,
wherein the first mold includes a first lower mold, the
second mold includes a second lower mold,
in the first molding step, the molding is performed in
a state where the glass plate is supported by the first
lower mold,
in the separating step, contact between the glass
plate and the first lower mold is canceled, after which
the glass plate is arranged on the second lower mold,
and
in the second molding step, the molding is performed
in a state where the glass plate is supported by the
second lower mold.

7. The method for producing a glass plate according to
claim 6,
wherein the second lower mold is formed in the
shape of a frame,
the first lower mold is configured so as to be capable
of moving up and down through the frame or outside
the frame of the second lower mold,
in the first molding step, the glass plate is molded in
a state where the first lower mold is positioned above
the second lower mold,
in the separating step, the first lower mold is moved
downward, so that contact between the glass plate
and the first lower mold is canceled, after which the
glass plate is allowed to fall onto the second lower
mold, and
in the second molding step, the glass plate is molded
in a state where the first lower mold is positioned
below the second lower mold.

8. The method for producing a glass plate according to
claim 6 or 7,
wherein the first mold and the second mold include
a shared upper mold that can move up and down,
in the first molding step, the glass plate is molded
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between the upper mold and the first lower mold, and
in the second molding step, the glass plate is molded
between the upper mold and the second lower mold.

9. The method for producing a glass plate according to
any one of claims 1 to 8, wherein, in the first molding
step, the molding is performed in a state where the
peripheral edge portion of the glass plate is at a tem-
perature of 600 to 700°C.

10. The method for producing a glass plate according to
claim 1 or 2,
wherein the molding apparatus has an upper mold
and a lower mold that can move up and down,
in the first molding step, the glass plate is molded
between the upper mold and the lower mold,
in the separating step, the lower mold is moved
downward, so that at least a region molded in the
first molding step, of the glass plate, separates from
both the upper mold and the lower mold, and
in the second molding step, a region including at least
the peripheral edge portion of the glass plate is mold-
ed between the upper mold and the lower mold that
has been moved downward.

11. A glass plate,
molded into a curved shape,
having a thickness of 1.0 to 3.0 mm, and
having plane residual stress distribution that chang-
es from a peripheral edge toward a center portion
for substantially the entire perimeter of the glass
plate,
wherein the plane residual stress is compressive
stress at the peripheral edge and gradually changes
into tensile stress toward the center portion, and
the plane residual stress distribution indicating the
tensile stress has a plurality of local maximums.

12. The glass plate according to claim 11, wherein the
plurality of local maximums of the tensile stress in-
dicate tensile stress that is larger toward the periph-
eral edge.
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