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(57) Claim

1. A press-bending station for bending sheets of glass during the course of 

automated production of identical motor vehicle windows within specified 

batch sizes, where said glass sheets to be bent are heated in a continuous 

furnace to a specified bending temperature and, directly after leaving said 

continuous furnace, are fed in a horizontal position with the aid of a 

horizontal conveyor into a press-bending station, which press-bending 

station incorporates in its press frame an upper male press mould and a 

lower female press mould taking he form of an annular mould, wherein:.

a) said male press mould is a cast full mould and consists of an 

aluminium alloy;

b) said male press mould possesses heating passages for .c,uid heating 

with the aid of a liquid heat transfer medium and is adapted to be 

heated with sufficiently homogeneous temperature distribution to a 

thermal expansion temperature which is below the bending 

temperature, and

c) the temperature of said male press mould is adapted to be controlled 

and/or regulated by means of said liquid heat transfer medium,

.. ./2



(11) AU-B-16387/95 -2-
(10)681760

the thermal expansion temperature of said male press mould being 

controlled and/or regulated such that the specific thermal expansion of said 

male press mould and the thermal expansion of said glass sheet to be 

bent, placed centrally on said female press mould at bending temperature, 

substantially correspond.
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Specification

The invention concerns a press-bending station for bending sheets 
of glass during the course of automated production of identical 
motor vehicle windows within specified batch sizes, where the glass 
sheets to be bent are heated in a continuous furnace to a specified 
bending temperature and directly after leaving the continuous 
furnace are fed in horizontal position with the aid of a horizontal 
conveyor into the press-bending station, which press-bending 
station incorporates in its press frame an upper male press mould 
and a lower female press mould taking the form of an annular mould. 
Of course, the plan view of the male press mould is matched to the 
geometry of the glass sheets to be bent. It possesses a glass sheet 
contact surface designed to suit the curvature of the glass sheets 
to be bent. The bending operation takes place in cyclic mode, one 
glass sheet follows the next. - English-language literature speaks 
of a male tool and a female tool. Of course, opening and closing of 
the press tools take place in the press-bending station, in the 
same way as in a press.

In the rase of the known press-bending station from which the 
invention is derived (WO 90/11 973 ), importance is attached to the 
fact that the glass sheet contact surface is shaped to correspond 
to the curvature of the glass sheet to be bent. The configuration 
of the male press mould as a whole is left to choice. It not 
heated and not cooled. The temperature which is reached in auto­
matic operation of the press-bending station on the male press 
mould reap, on the glass sheet contact surface is taken into 
account and is regarded as suitable. In practice, during the course 
of the known measures described above, the male press mould is of 
multi-layered construction with interposed thermal insulating 
layers. Although the bent glass sheets remain in the press-bending 
station until rhe shape produced by the press-bending operation is_ 
sufficiently free from internal stresses in the bent glass sheets 
and consequently uniform cooling cannot Lead to uncontrolled 
geometrical faults, during automated production of identical glass 
sheets within specified batch sizes, uncontrolled geometrical 
faults are to be found on the bent glass sheets. Theafa are

i
I
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troublesome, particularly when high ' standards are imposed on 
accuracy of manufacture.

The technical problem of the invention, is, in the case of a press­
station for bending glass sheets during the course of automated 
production of identical motor vehicle windows within specified 
batch sizes, to ensure that uncontrolled geometrical faults no 
longer occur on the finish-bent glass sheets.

To solve this pioblem, the subject of this invention is a press­
bending station for bending glass sheets during the course of 
automated production of identical motor vehicle windows within 
specified batch eizes, where the glass sheets to be bent are heated 
in a continuous furnace to a specified bending temperature and 
directly after leaving the continuous furnace are fed in horizontal 
position with the aid of a horizontal conveyor into the press­
bending station, which press-bending station incorporates in its 

.. pres8 frame an upper male press mould and a lower female press
0 · · · ·

.. mould taking the form of an annular mould, combination of the• · ·
’’ following features being realized<• · ·« ·

• · ·• · * * ···
·*··,  a) the male press mould is a cast full mould and consists of an
• · aluminium alloy,

0 · ·
··· · b) the io__e press mould possesses heating passages for fluid• · · · *"
*··’ · heating with the aid of a liquid heat transfer medium and can be

heated with sufficiently homogeneous temperature distribution to a 
thermal expansion temperature which is below the bending tempera­
ture,

• · ·• · ·« · ·

·:···· c) the temperature of the male press mould can be controlled and/or
regulated by means of the liquid heat transfer medium,

the thermal expansion temperature of the male press mould being
controlled and/or regulated such that the specific thermal expan­
sion of the male press mould and the thermal expansion of the glass
sheet to be bent, placed centrally on the female press mould at
bending temperature, practically correspond. It should be repeated
once more that the plan view of the male press mould is matched to
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the geometry of the glass sheets to be bent and possesses a glass 
sheet contact surface designed to suit the curvature of the bent 
glass sheet. According to a preferred embodiment of the invention, 
the arrangement is such that, at thermal expansion temperature the 
male press mould possesses a glass sheet contact surface corres­
ponding to the curvature of the bent glass sheet. The glass sheet 
contact surface is machined and shaped.

The invention is derived from the principle that the uncontrolled 
varia —ns described at the beginning in the geometry, of otherwise 
Identical bent glass sheets of a batch is due to differing thermal 
expansion of the glass sheets to be bent on the one hand, and the 
male press mould at least in the region of the glass sheet contact 
surface on the other hand, and prevents these differences in 
thermal expansion. Surprisingly, it is possible to utilize this to 
suppress the uncontrolled variations. Surprisingly, it is not 
problematical that the glass sheets themselves experience cooling 
during the bending operation, whilst the temperature of the male 
press mould remains practically unchanged during the bending 
operation. It is known in principle (DE 19 35 161) for spring-back 
of the bent glass sheets with, similar press-bending operations to 
be countered by counter-cooling of the glass sheets themselves

•

• · which is effected by heating the male press mould which can also 
consist of an aluminium alloy. Whilst here so to 3peak temperature

• · ·
• · ο
• · · ·

• · · ·
• · ·
• · _·

correction is carried out on the bent glass sheets, according to 
the invention, thermal expansion correction takes place during 
bending of the glass sheets, that is to say with the aid of the

•
• · · ·

9 · · ·
principle of matching realized in combination with features a), b) 
and c). Within the scope of the known measures (WO 90/11 973, DE 19

• · ·
• · β

9 · ·
35 161), it has not become known that matched temperature regula-

•

• ·
tion and control is necessary in order to prevent the differences 
in thermal expansion at least on the glass sheet contact surface of 
the male press mould on the one hand and in the glass sheet on the_ 
other hand.

Within the scope of the invention, it is possible to work with the 
different aluminium alloys, for example with the alloys which are 
described in "Stoffhiitte" ( 1967, published by Verlag Wilh. Ernst & 
Sohn, page 231) . In particular, it is possible to work with



-5

aluminium casting alloys which have been developed for the sole 
plates of textile irons and objects subjected to similar stresses 
and, In addition to their favourable thermal conductivity at the 
temperatures occurring, also possess relatively high strength.

In detail, there are several possibilities within the scope of the 
invention or further construction and design of a press-bending 
station according to the invention. In order to achieve extremely 
homogeneous temperature distribution in the male press mould, the 
invention teaches that the male press mould incorporates heating 
passages running transverse to the direction of travel of the 
horizontal conveyor which are connected to distributor pipes or 
manifolds and heat transfer medium can flow through them. The 
temperature of the male press mould can be controlled and/or 
regulated by means of the mass flow and/or the temperature of the 
heat transfer medium.

Within the scope of the invention, a wide variety of liquid sub­
stances are suitable as heat transfer media. Preferably, the male 
press mould is heatable with a synthetic oil or a mineral oil as 
heat transfer medium. With the glass sheets to be bent at a tempe- 

. rature of approximately SOO °C, the male press mould should be at a
temperature of approximately 200 °C, at least in the region of its 
glass sheet contact surface.

' Of course, in the case of the press-bending station according to
the invention, the heating passages of the male press mould can be 
of different configurations. If an aluminium alloy is involved, 
which leads to practically pore-free male press moulds, the heating 

: passages can take the form of drilled holes. It is simpler to
• provide the male press mould with heating passages which consist of

cast-in tubes, for example of cast-in steel tubes. Steel tubes 
because they possess coefficients of expansion which are so close 
to one another that problems resulting from different coefficients 
of expansion between the aluminium material of the male press 
moulds on the one hand and the cast-in tubes on the other hand do 
not occur. In whatever way the heating passages are formed and 
configured, it is advisable for them to be suitable for a flow 
velocity of the heat transfer medium of approximately 1 litre/sec.
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This is also recommended for control or. regulation reasons with 
regard to the temperature of the male press mould resp. of the 
surface region of the male press mould at the glass sheet contact 
surface. If operated as described, the heating passages of the male 
press mould will generally possess an inside diameter in the region 
of 8 to 10 mm. If this geometry is implemented, the heat transfer 
medium should usefully possess a specific heat capacity in the 
region of between 1.5 and 2.5 kJ/kg. For this purpose, a synthetic 
oil or a mineral oil can be used which is resietant to evaporation 
at a temperature of approximately 300 °C. .. .

The invention is explained in detail below with the aid of a 
drawing illustrating only one embodiment. The following are shown 
in diagrammatic form:

• · · 
• ·

9 9 9

• · 
• · · ·

Fig. 1: the male press mould of a press-bending station according 
to the invention,

Fig. 2: a side elevation of the subject of Fig. 1,

Fig. 3: a plan view of the subject of Fig. 2 and

Fig. 4: the female press mould corresponding to the male press 
mould which is the subject of Fig. 1.

• · 9 9
9 9·· t

• · · 9

9

The press-bending station for which the objects illustrated are 
intended is intended for bending glass sheets during the course of 
automated production of identical motor vehicle windows within 
specified batch sizes. Its basic configuration may be designed like 
the known press-bending station described at the beginning (WO 
90/11 973). The glass sheets to be bent, which are not illustrated 
in the Figures, will during the course of automated production 

furnace to a specified temperature 
the continuous furnace will be fed 
the press-bending station with the aid 

press-bending station possesses in

be 
and
in
or 

its

heated in a continuous 
directly after leaving 
horizontal position into 
a horizontal conveyor. The
press frame an upper male press mould 1, which has been illustrated
in Figures 1 to 3, and lower female press mould 2 in the form of an
annular mould, reference being made to Figure 4. Of course, these
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press tool·;’. .., 2 are assigned to one another in the press frame and 
the kinematics are as normally equipped for presses. The press 
tools 1, 2 correspond in the plan view of their geometry to that of 
the glass sheets to be bent. Male press mould 1 possesses a glass 
sheet contact surface 3 designed to suit the curvature of the bent 
glass sheets. - In the example and according to the preferred 
embodiment of the invention, the arrangement is such that the bent 
glass sheets can be held in position under the male press mould 1 
after the bending operation by vacuum. For this purpose, the male 
press mould 1 possesses holes and passages which are connected to a 
ve.cuum shaft. They have not been Illustrated. When the press is 
open, they are deposited on a suitable means of conveyance. In this 
respect as well, reference is made to the state of the art.

From Figures 1 to 3, it can be seen that the male press mould takes 
the form of a cast full mould. According to the invention, it 
consists of an aluminium alloy. The male press mould possesses 
heating passages 4 for fluid heating wit.n the aid of a liquid heat 
transfer medium. It can be heated with sufficiently homogeneous 
temperature distribution to a thermal expansion, temperature which 
is below the bending temperature. The temperature of the male press 
mould 1 can preferably be controlled and/or regulated, by means of 
the mass flow of the liquid heat transfer medium. The thermal 
expansion temperature of the male press mould 1 is controlled 
and/or regulated such that the specific thermal· expansion of male 
press mould 1 and the thermal· expansion of the glass sheet to be 
bent, placed centrally on the female press mould 2 at bending 
temperature, practically correspond. The annular female press mould 
2 can also be heated in the contact region of the glass sheet. The 
male press mould 1 possesses at thermal expansion temperature a 
glass sheet contact area corresponding to the curvature of the bent 
glass sheet.

In the example and according to the preferred embodiment of the 
invention, the male press mould 1 incorporates heating passages 4 
running transverse to the direction, of travel of the horizontal 
conveyor which are connected to distributor pipes 5 or manifolds 5 
running in the direction of travel and. through which the heat 
transfer medium can flow. The temperature of the male press mould 1 
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can, as already mentioned, preferably be controlled or regulated by 
the mass flow of the fluid heat transfer medium. It can also be 
controlled or regulated by means of the temperature of the heat 
transfer medium. In the example, the male press mould. 1 can be 
heated, with a synthetic oil as heat transfer medium. When the 
temperature of the glass sheets to be bent is approximately 600 °C, 
the male press mould 1 is at a temperature of approximately 200 °C, 
at least in the region of the glass sheet contact area 3. The 
heating passages 4 may consist of cast-in tubes, in particular of 
cast-in steel tubes, which for reasons of ecale cannot be seen in 
the Figures. With regard to the thermodynamic and' hydrodynsjtic 
layout in detail, reference is made to the numerical values and. the 
other features of claims 8 to 10.

• · e · ·

■

• · ·
• · »
« · · ·

• · 9 ·>• · ·.
• 9 «

• * · · 
• · » ·
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The claims defining the invention are as follows:-

1. A press-bending station for bending sheets of glass during the course of 

automated production of identical motor vehicle windows within specified 

batch sizes, where said glass sheets to be bent are heated ir u continuous 

5 furnace to a specified bending temperature and, directly after leaving said

continuous furnace, are fed in a horizontal position with the aid of a

horizontal conveyor into a press-bending station, which press-bending 

station incorporates in its press frame an upper male press mould and a 

lower female press mould taking he form of an annular mould, wherein:

10

30

a) said male press mould is a cast full mou'd and consists of an

aluminium alloy;

b) said male press mould possesses heating passages for fluid heating 

with the aid of a liquid heat transfer medium and is adapted to be 

heated with sufficiently homogeneous temperature distribution to a 

thermal expansion temperature which is below the bending 

temperature, and

c) the temperature of said male press mould is adapted to be controlled 

and/or regulated by means of said liquid heat transfer medium,

the thermal expansion temperature of said male press mould being

2.

: 2®·.• · · ·
* · a ·• · »• · ·

controlled and/or regulated such that the specific thermal expansion of said 

male press mould and the thermal expansion of said glass sheet to be

0« · · ·«, b. · ·

bent, placed centrally on said female press mould at bending temperature, 

substantially correspond.

The press-bending station in accordance with claim 1, wherein said male 

press mould at thermal expansion temperature possesses a glass sheet 

contact area corresponding to the curvature of said bent glass sheet.

3. The press-bending station in accordance with claim 1 or claim 2 wherein,

transverse to the direction of travel of said horizontal conveyor, said male

press mould incorporates heating passages which are connected to 

distributor pipes or manifolds running in the direction of travel and through 

which the heat transfer medium is adapted to flow.

23*>5GV8132.SPE.9
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4. The press-bending station in accordance with any one of claims 1 to 3, 

wherein the temperature of said male press mould is adapted to be 

controlled or regulated by means of the mass flow and/or the temperature 

of said heat transfer medium.

5 5. The press-bending station in accordance with any one of claims 1 to 4,

wherein said male press mould is adapted to be heated with a synthetic oil 

or a mineral oil as heat transfer medium.

6. The press-bending station in accordance with any one of claims 1 to 5 

wherein, at a temperature of said glass sheet io be bent of approximately

10 600°C, said male press mould is at a temperature of approximately

200°C, at least in the region of said glass sheet contact area.

7. The press-bending station in accordance with any one of claims 1 to 6,

wherein said male press mould incorporates heating passages which 

consist of cast-in tubes, for examples of cast-in steel tubes.

15 8. The press-bending station in accordance with any one of claims 1 to 7,

wherein said heating passages of said male press mould are suitable for a 

flow velocity of the heat transfer medium of approximately 1 litre/second.

9. The press-bending station in accordance with any one of claims 1 to 8, 

where said heating passages of said male press mould possess a diameter 

in the region of from 8 to 10 mm.

10. The press-bending station in accordance with any one of claims 1 to 9, 

wherein as heat transfer medium a mineral nl is used which is resistant to 

evaporation at a temperature of approximately 300°C and possesses a

.* : specific heat capacity of from 1.5 to 2.5 kJ/kg.

25 11. A press-bending station for bending sheets of glass, substantially as
• · · ·
’’ described herein with reference to the accompanying drawings.

• ·
• ·

DATED this 12th day of April 1995.

30 FLACHGLAS AKTIENGESELLSCHAFT 
By their Patent Attorneys: 
CALLINAN LAWRIE

2595GV8132.SPE.1O
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Abetrace

Press-bending station for bending sheets of glass during the course 
of automated production of identical motor vehicle windows within 
specified batch-sizes, where the glass sheets to be bent are heated 
in a continuous furnace to a specified bending temperature and 
directly after leaving the continuous furnace are fed in horizontal 
position, with the aid of a horizontal conveyor into the press­
bending station. It incorporates a male press mould and a female 
press mould. The male press mould is a cast full mould and c·—sista 
of an aluminium alloy. The male press mould possesses uniting 
passages for fluid heating with the aid of a liquid heat transfer 
medium and can be heated with sufficiently homogeneous temperature 
distribution to a thermal expansion temperature which is below the 
bending temperature. The temperature of the male press mould can be 
controlled and/or regulated by means of the liquid heat transfer 
medium. The thermal expansion temperature of the male press mould 
is controlled and/or regulated such that the specific thermal 
expansion of the male press mould and the thermal expansion of the 
glass sheet to be bent, placed centrally on the female press mould 
at bending temperature, practically correspond.

® · · *
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