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(54) Air-cooling/tempering device for a glass plate

(57) An air-cooling/tempering device for a glass
plate comprising a plurality of upper blowing heads 32
for blowing air to an upper face of a bend-shaped glass
plate 16 heated to a high temperature and a plurality of
lower blowing heads 34 for blowing air to a lower face
of the glass plate, wherein a first link mechanism 40
comprising a plurality of four-bar linkages and being
formed by connecting a plurality of units each having a
common link 42, 44, a first connecting link 46 connected
to an end portion of the common link 42,44 so as to be
rotatable and a second connecting link 48 connected to
the other end of the common link 42, 44 so as to be ro-
tatable, the first link mechanism 40 being connected to
the upper blowing heads 32, and

a second link mechanism 140 comprising a plural-
ity of four-bar linkages and being formed by connecting
a plurality of units each having a common link 142,144,
a first connecting link 146 connected to an end portion
of the common link 142,144 so as to be rotatable and a
second connecting link 148 connected to the other end
of the common link 142, 144 so as to be rotatable, the
second link mechanism being connected to the lower
blowing heads 34 so as to oppose the first link mecha-
nism, wherein first connecting links 46, 146 of adjacent
units in the first and second link mechanisms 40, 140
have respectively an end portion around which a gear
cut portion is formed, and the first connecting links 46,
146 are connected to one end portions of the adjacent
common links so as to be rotatable under the condition
that gear cut portions of the first connecting links of ad-
jacent units are meshed with each other, and the first
link mechanism 40 and the second link mechanism 140
are respectively capable of swinging around a predeter-
mined fulcrum point of swing.



EP 1 300 370 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The present invention relates to an air-cooling/
tempering device for a glass plate. In particularly, the
present invention relates to an air-cooling/tempering de-
vice for a glass plate suitable for cooling and tempering
the glass plate by blowing cooling air to both surfaces
of a glass plate which is bend-shaped and under a high
temperature condition.
[0002] There has been known an apparatus for pro-
ducing a curved glass plate such as a window glass for
an automobile or the like by heating a glass plate to
around its softening temperature in a heating furnace;
bend-shaping it with a shaping mold and quenching it in
an air-cooling/tempering device.
[0003] The air-cooling/tempering device comprises a
plurality of upper blowing heads and a plurality of lower
blowing heads. When a curved glass plate is put be-
tween these upper and lower blowing heads, cooling air
is blown to an upper face of the curved glass plate from
injection nozzles of the upper blowing heads and cooling
air is blown to a lower face of the curved glass plate from
injection nozzles of the lower blowing heads, whereby
the glass plate can be cooled and tempered.
[0004] These upper blowing heads and lower blowing
heads are provided at positions corresponding to the
curved plane of the curved glass plate. Namely, each of
these upper and lower blowing heads is arranged so that
a curved line formed by connecting each air nozzle of
the plurality of upper blowing heads and a curved line
formed by connecting each air nozzle of the plurality of
lower blowing heads are along front and rear curved
planes of the curved glass plate. Further, the plurality of
upper and lower blowing heads are arranged so that
nozzles of the upper blowing heads oppose nozzles of
the lower blowing heads so as to prevent the reduction
of cooling performance.
[0005] In automobile industries, a demand of produc-
ing an article of small quantity and large variety has been
increasing in recent years. In response to this, there is
a demand of efficient production of a glass article of
small quantity and large variety used for windows for au-
tomobile. In the conventional air-cooling/tempering de-
vice, however, it was necessary to disassemble upper
blowing heads and lower blowing heads each time of
changing a type of glass plate to another type of glass
plate, and to assemble each of the blowing heads so as
to be along the curved plane of the fresh type of glass
plate. Accordingly, there was a disadvantage that a time
for job change was long to decrease productivity.
[0006] The inventor of this application has proposed
an air-cooling/tempering device for a glass plate (JP-A-
2000-281369) to solve the above-mentioned problem,
wherein the combination of a plurality of link mecha-
nisms can provide easily the radius of curvature corre-
sponding to a curved plane of a glass plate.
[0007] However, in each of the link mechanisms in the
air-cooling/tempering device, two links are connected

together with a pin at each fulcrum point. Accordingly,
when different kinds of force are applied to these two
links, a bending moment acts on the pin, and there is a
possibility of causing looseness in the link mechanisms
and a danger that the pin is bent.
[0008] It is an object of the present invention to pro-
vide an air-cooling/tempering device for a glass plate
wherein upper and lower blowing members are ar-
ranged so as to provide the optimum radius of curvature
corresponding to a curved plane of a glass plate.
[0009] In accordance with the present invention, there
is provided an air-cooling/tempering device for a glass
plate comprising a plurality of upper blowing members
for blowing air to an upper face of a bend-shaped glass
plate heated to a high temperature and a plurality of low-
er blowing members for blowing air to a lower face of
the glass plate, the air-cooling/tempering device for a
glass plate being characterized by comprising a first link
mechanism comprising a plurality of four-bar linkages
and being formed by connecting a plurality of units each
having a common link, a first connecting link connected
to an end portion of the common link so as to be rotat-
able and a second connecting link connected to the oth-
er end of the common link so as to be rotatable, the first
link mechanism being connected to the upper blowing
members, and a second link mechanism comprising a
plurality of four-bar linkages and being formed by con-
necting a plurality of units each having a common link,
a first connecting link connected to an end portion of the
common link so as to be rotatable and a second con-
necting link connected to the other end of the common
link so as to be rotatable, the second link mechanism
being connected to the lower blowing members so as to
oppose the first link mechanism, wherein first connect-
ing links of adjacent units in the first and second link
mechanisms have respectively an end portion around
which a gear cut portion is formed, and the first connect-
ing links are connected to one end portions of the adja-
cent common links so as to be rotatable under the con-
dition that gear cut portions of the first connecting links
of adjacent units are meshed with each other, and the
first link mechanism and the second link mechanism are
respectively capable of swinging around a predeter-
mined fulcrum point of swing.
[0010] According to the present invention, a pair of
links each having the center of revolution in a common
link are meshed with another pair of links in the same
plane whereby the rigidity of the link mechanism can be
improved and the looseness or deformation of the link
mechanism can be prevented in comparison with the
conventional technique.
[0011] In the present invention, it is preferable that
second connecting links of adjacent units have respec-
tively an end portion around which a gear cut portion is
formed, and the second connecting links are connected
to other end portions of the adjacent common links so
as to be rotatable under the condition that the gear cut
portions of the second connecting links of adjacent units
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are meshed with each other.
[0012] With such construction, the rigidity of the link
mechanism is further improved and the looseness, de-
formation or the like of the link mechanism can be pre-
vented.
[0013] Further, it is preferable that the first link mech-
anism can change the radius of curvature of a curved
line formed by connecting the plurality of upper blowing
members. It is also preferable that the second link mech-
anism can change the radius of curvature of the curved
line formed by connecting the plurality of lower blowing
members.
[0014] It is preferable that the first link mechanism and
the second link mechanism are respectively arranged
so as to operate in a plane perpendicular to the glass
surface.
[0015] It is preferable that each of the upper and lower
blowing members is a box-like member made of metal
having a convex/concave surface so as to oppose the
glass surface and a plurality of injection nozzles are
formed in the convex surface which serves as air escape
paths.
[0016] It is preferable that the plurality of injection noz-
zles are arranged in a zigzag form at the surfaces of the
upper and lower blowing members.
[0017] It is preferable that the radius of curvature of
each of the first and second link mechanisms is changed
so that cooling air blown from the injection nozzles is
directed perpendicular to the glass surface.
[0018] It is preferable that the glass plate is used for
a window glass for an automobile.
[0019] In drawing:

Fig. 1 is a diagram showing a bend-shaping appa-
ratus to which the air-cooling/tempering device for
a glass plate according to an embodiment of the
present invention is applied;
Fig. 2 is diagram showing the link mechanisms of
the air-cooling/tempering device according to an
embodiment of the present invention;
Fig. 3 is an enlarged perspective view partly omitted
of the link mechanism of the air-cooling/tempering
device; and
Fig. 4 is a diagram showing a driving unit for driving
the link mechanisms of the air-cooling/tempering
device of the present invention.

[0020] Preferred embodiments of the air-cooling/tem-
pering device for a glass plate according to the present
invention will be explained with reference to the drawing.
[0021] In Fig. 1 showing the structure of a bend-shap-
ing apparatus for a side window glass plate for an auto-
mobile including the air-cooling/tempering device for a
glass plate according to an embodiment of the present
invention, a heating furnace 12 is provided in a bend-
shaping apparatus 10 at an upstream side in a direction
of transferring a glass plate 16. A roller conveyer 14 is
expended in the heating furnace 12. The glass plate 16

to be bend-shaped is transferred by the roller conveyer
14 into the heating furnace 12 in a direction indicated by
an arrow mark A in Fig. 1. The glass plate 16 is heated
to around the softening point (about 650 to 700°C) when
it reaches the outlet port of the heating furnace 12.
[0022] The heated glass plate 16 is transferred to the
bend-shaping apparatus 10 by means of the roller con-
veyer 14, in which a circumferential portion of a lower
face of the glass plate 16 is supported by a press ring
18 having a frame-like shape which is formed to corre-
spond to the configuration of the glass plate 16. The
glass plate 16 supported by the press ring 18 is moved
toward an upper mold 20 due to an upward movement
of the press ring 18 as shown in an arrow mark B in Fig.
1. The upper mold 20 has its lower portion in which a
convex portion (not shown) is formed. Accordingly, the
glass plate 16 ascended with the press ring 18 is
pressed to the convex portion of the upper mold 20 so
that it is bend-shaped into a shape corresponding to the
convex portion. In this embodiment, the glass plate 16
is bend-shaped by fixing the upper mold 20 and ascend-
ing the press ring 18. However, the glass plate 16 may
be bend-shaped by fixing the press ring 18 and de-
scending the upper mold 20.
[0023] The glass plate 16 which has been subjected
to the bend-shaping operation is moved in a direction of
an arrow mark C in Fig. 1 in a state that it is supported
by the press ring 18 by means of a moving device which
moves the press ring 18 in a horizontal direction, and
the glass plate 16 is transferred into an air-cooling/tem-
pering device 24.
[0024] The air-cooling/tempering device 24 is provid-
ed with an upper air-blowing box 26 and a lower air-
blowing box 28 between which a glass processing stage
S is interposed. A duct 30 is connected to each of the
upper and the lower air-blowing boxes 26, 28, and a
flower (not shown) is connected to each of ducts 30.
When the blower is operated, cooling air generated by
the blower is supplied to the upper air-blowing box 26
and the lower air-blowing box 28 through the ducts 30.
Then, the cooling air is blown to the glass processing
stage S, shown in Fig. 1, through a plurality of upper
blowing heads (which correspond to the upper blowing
members in Claims) 32, 32... arranged in the upper air-
blowing box 26, and a plurality of lower blowing heads
(which correspond to the lower blowing members in
Claims) 34, 34... arranged in the lower air-blowing box
28. Thus, both surfaces of the glass plate 16 supported
by the press ring 18 are cooled and tempered.
[0025] The glass plate 16 cooled to tempered by the
cooling air is transferred to an inspection step by means
of another moving device (not shown) moved in a direc-
tion of an arrow mark D in Fig. 1. In the inspection step,
the glass plate 16 is inspected as to the presence or
absence of a defect such as cracks or the like, and non-
defective articles are transferred to a non-defective step
and defective articles are transferred to a defective step
respectively.
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[0026] As shown in Figs. 2 and 3, the air-cooling/tem-
pering device 24 is provided with the above-mentioned
plurality of upper blowing heads 32, 32, ... and plurality
of lower blowing heads 34, 34, ...
[0027] Each of the plurality of upper blowing heads
32 , 32, ... is an elongated box-like member made of a
metallic plate. The plurality of upper blowing heads are
arranged so that their longer side planes extend in a di-
rection perpendicular to the paper surface of Fig. 2, and
the longer side planes are determined to be longer than
the length of the glass plate 16. Flexible tubes 36, 36,...
are connected respectively to upper portions of the plu-
rality of upper blowing heads 32, 32,..., and the flexible
tubes 36 are connected to the duct 30 in Fig. 1. Accord-
ingly, cooling air supplied to the duct 30 is introduced
into the plurality of upper blowing heads 32, 32,...
through the flexible tubes 36, 36,... Convex blocks 160,
160,... each having air injection nozzles are attached to
a lower portion of each of the plurality of upper blowing
heads 32, 32,... at predetermined intervals in a longitu-
dinal direction of each upper blowing head 32 so that
cooling air is injected downwardly from the injection noz-
zles.
[0028] As shown in Fig. 2, a first link mechanism 40
comprising four-bar linkages is disposed on one end
planes in a longitudinal direction of the plurality of upper
blowing heads 32, 32,..., and another first link mecha-
nism 40 (not shown) is disposed on the other end planes
in the longitudinal direction of the plurality of upper blow-
ing heads 32, 32,... Adjacent upper blowing heads 32,
32,... are moved cooperatively by these first link mech-
anisms 40. Namely, each of the first link mechanisms
40 comprises a plurality of four-bar linkages connected
to each other wherein each four-bar linkages comprises
a substantially I-letter like link 42 (corresponding to the
common link in Claims), a link 44 (corresponding to the
common link in Claims), a lower link 46 (corresponding
to the first connecting link in Claims) and an upper link
48 (corresponding to the second connecting link in
Claims) which are disposed obliquely and connect the
link 42 and the link 44, and pins 52, 54, 56, 58 as fulcrum
members for connecting a link to another. The first link
mechanisms 40, 40 disposed on both end planes in the
longitudinal direction of the upper blowing heads are
symmetric with respect to the upper blowing heads 32.
[0029] As the first link mechanism 40, 40 have the
same structure, explanation will be made as to one of
these first link mechanisms. The first link mechanism 40
comprises a unit comprising the link 42, the link 46 con-
nected rotatably to an end portion of the link 42 by
means of a pin 52 and the link 48 connected rotatably
to the other end portion of the link 42 by means of a pin
54, and a unit comprising the link 44, the link 46 con-
nected rotatably to an end portion of the link 44 by
means of a pin 56 and the link 48 connected rotatably
to the other end portion of the link 44 by means of a pin
58 wherein these units are connected alternately.
[0030] The link 42 and the link 44 are used commonly

in adjacent four-bar linkages. Namely, two pin holes
42a, 42b are formed at lateral positions in a lower end
portion of the link 42, and two pin holes 42c, 42d are
formed at lateral positions in an upper end portion of the
link 42.
[0031] A lower end portion of the left side link 46 with
respect to, for example, a common link 42 in Figs. 2 and
3, is disposed at a rear surface of the link 42 at the po-
sition corresponding to the pin hole 42a, and a pin 52 is
penetrated through the pin hole 42a and the link 46 to
be fixed to an upper blowing head 32. With this, the link
46 is connected rotatably to the link 42 by means of the
pin 52.
[0032] A lower end portion of the right side link 46 with
respect to the common link 42 is disposed at a rear sur-
face of the link 42 at the position corresponding to the
pin hole 42b, and a pin 52 is penetrated through the pin
hole 42b and the link 46 to be fixed to the upper blowing
head 32. With this, the link 46 is connected rotatably to
the link 42 by means of the pin 52.
[0033] An end portion of the link 46 is formed to have
a circular arch shape, and a gear cut portion is formed
in a lower end portion of the link 46. The lower end por-
tions of left and right side links 46, 46 connected to the
link 42 are meshed with each other in the same plane.
When one of these links 46 is rotated by a predeter-
mined angle θ, the other link 46 is also rotated by the
same angle θ.
[0034] A lower end portion of the left side link 48 with
respect to, for example, a common link 42 in Figs. 2 and
3, is disposed at a rear surface of the link 42 at the po-
sition corresponding to the pin hole 42c, and a pin 54 is
penetrated through the pin hole 42c and the link 48 to
be fixed to the upper blowing head 32. With this, the link
48 is connected rotatably to the link 42 by means of the
pin 54.
[0035] A lower end portion of the right side link 48 with
respect to the common link 42 is disposed at the rear
surface of the link 42 at the position corresponding to
the pin hole 42d, and a pin 54 is penetrated through the
pin hole 42d and the link 48 to be fixed to the upper blow-
ing head 32. With this, the link 48 is connected rotatably
to the link 42 by means of the pin 54. Further, the link
42 is connected to the upper blowing head 32 by means
of the pins 52, 52, 54 and 54.
[0036] Similarly, two pin holes 44a, 44b are formed at
lateral positions in a lower end portion of the link 44. Two
pin holes 44c, 44d are formed at lateral positions in an
upper end portion of the link 44. An upper end portion
of the left side link 46 is disposed at a rear surface of
the link 42 at the position corresponding to the pin hole
42a, and a pin 56 is penetrated through the pin hole 44a
and the link 46 so as to connect the link 46 to the link
44 in a rotatably manner. An upper end portion of the
right side link 46 is disposed at the rear surface at the
position corresponding to the pin hole 44b, and a pin 56
is penetrated through the pin hole 44b and the link 46
so as to connect the link 46 to the link 44 in a rotatable
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manner.
[0037] An upper end portion of the left side link 48 is
disposed at a rear surface at the position corresponding
to the pin hole 44c, and a pin 58 is penetrated through
the pin hole 44c and the link 48 so as to connect the link
48 to the link 44 in a rotatable manner. An upper end
portion of the right side link 48 is disposed at the rear
surface at the position corresponding to the pin hole
44d, and a pin 58 is penetrated through the pin hole 44d
and the link 48 so as to connect the link 48 to the link
44 in a rotatable manner.
[0038] An end portion of the link 48 is formed to have
a circular arch shape, and a gear cut portion is formed
in an upper end portion of the link 48. Upper end portions
of left and right side links 48, 48 connected to the link
44 are meshed with each other in the same plane cross-
ing perpendicular to the plane of the glass plate. When
one of these links 48 is rotated by a predetermined angle
θ, the other link 48 is also rotated by the same angle θ.
The radius of curvature of a curved line formed by con-
necting the upper blowing heads or the lower blowing
heads can be changed by the operation of these links.
[0039] In this embodiment, the gear cut portions are
formed in only one pair of links (the links 46, 46 or the
links 48, 48) in adjacent four-bar linkages in their one
end portions so that the pair of links are meshed with
each other. However, a construction that two pairs of
links have gear cut portions at their both end portions
so that the two pairs of links are meshed with each other,
may be employed. Such construction is advantageous
in that the operation of the first link mechanism can be
assured.
[0040] Further, in this embodiment, the end portions
of the meshed links are formed to have a circular arch
shape. However, these end portions may be formed to
have an elliptical shape, a parabolic shape or the like
other than the circular arch shape when the angle of ro-
tation is small.
[0041] In this embodiment, the conventional struc-
ture, as described in JP-A-2000-281369, that two links
are connected together with a pin in an overlapping state
at each fulcrum point is not employed, but a fulcrum
point is provided for each link. Further, two links are
meshed with each other in the same plane. Accordingly,
there is no disadvantage resulted from the structure of
JP-A-2000-281369. Accordingly, the radius of curvature
formed by connecting the upper blowing heads can be
changed stably so as to correspond to a curved plane
of the glass plate 16.
[0042] As shown in Fig. 4, upper blowing heads 32,
32 positioned at left and right ends, among the plurality
of upper blowing heads 32, 32,... connected with the
above-mentioned link mechanisms, are connected to
lower end portions of arms 68, 68. Each of these arms
68, 68 is connected to each actuator comprising a motor,
a worm mechanism (omitted from the drawing) and so
on, and the arms are operated by a rotating action of
shafts 74 connected to each actuator. As shown in Fig.

4, an upper end portion of each of the arms 68 is con-
nected to a link 76, which is connected to the shaft 74,
by means of a pin 78. Accordingly, when these shafts
74, 74 are rotated in arrow mark directions in Fig. 4, the
upper end portions of the arms 68, 68 are moved so as
to come close to each other. When these shafts 74, 74
are rotated in the opposite directions with respect to the
arrow marks, the upper end portions of the arms 68, 68
are moved so as to separate from each other.
[0043] When the arms 68, 68 are moved as shown in
Fig. 4, the upper blowing heads 32, 32,... are swung
around a predetermined fulcrum point of swing (not
shown) (the crossing point on the extension lines in the
axial direction of the arms 68, 68) by the function of the
first link mechanism. Namely, when the arms 68, 68 are
moved so as to come close to each other, an angle
formed by the link 46 or the links 48 with respect to a
horizontal line becomes large. Such change of angle is
transmitted in adjacent four-bar linkages so that the ra-
dius of curvature R1 of a curved line C1 formed by con-
necting the injection nozzles formed in each of the con-
vex blocks 160, 160,... becomes large. On the other
hand, when the arms 68, 68 are moved so as to separate
from each other, the angle formed by the links 46 or the
links 48 with respect to the horizontal line becomes
small. Such change of angle is transmitted in adjacent
four-bar linkages so that the radius of curvature R1' of
a curved line C1' formed by connecting the injection noz-
zles formed in each of the convex blocks 160, 160,...
becomes small. Accordingly, by controlling the amount
of swinging of the arms 68, 68, the radius of curvature
R1 can be changed to a desired radius of curvature
whereby the radius of curvature R1 can be changed in
response to the shape of a curved plane of the glass
plate 16. In Fig. 4, reference numeral 80 designates a
plate for supporting rotatably the shafts 74, 74 and nu-
meral 82 designates a stand for supporting the motor
and the worm mechanism (not shown).
[0044] The plurality of lower blowing heads 34, 34,...
are elongated box-like members, and they are arranged
so that their longer side planes extend in a direction per-
pendicular to the paper surface of Fig. 2. The length of
the longer side planes is made longer than the length of
the glass plate 16. A flexible tube 84 is connected to the
lower portion of each of the plurality of lower blowing
heads 34, 34,..., and each flexible tube 84 is connected
to the duct 30. Accordingly, cooling air supplied to the
duct 30 is introduced into the plurality of lower blowing
heads 34, 34,... through flexible tubes 84. Then, cooling
air is injected upwardly through air injection nozzles of
convex blocks (having the same shape as the convex
blocks 160 in Fig. 3) attached to upper portions of the
plurality of lower blowing heads 34, 34,... at predeter-
mined intervals in a longitudinal direction of the lower
blowing heads 34.
[0045] As shown in Fig. 2, a second link mechanism
140 comprising four-bar linkages is disposed on one
end planes of the plurality of lower blowing heads 34,
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34,... in their longitudinal directions. Another second link
mechanism 140 is also disposed on the other end
planes of the plurality of lower blowing heads 34, 34,...
in their longitudinal directions. Adjacent lower blowing
heads 34, 34,... are connected by the second link mech-
anism 140 so as to move cooperatively.
[0046] The second link mechanism 140 has the same
structure and function as the first link mechanism 140,
and is symmetric in a vertical relation with the first link
mechanism 40 with respect to the glass plate 16. Name-
ly, the second link mechanism 140 take a position as if
the first link mechanism 40 is inversed vertically. Accord-
ingly, description of its structure and function is omitted.
[0047] The reference numeral of each structural ele-
ment of the second link mechanism 140 is indicated by
the reference numeral given by adding 100 to the refer-
ence numeral of each structural element of the first link
mechanism 40. For example, a link in the second link
mechanism has a reference numeral of 140 while a link
in the first link mechanism has a reference numeral of
40 and a pin of the second link mechanism has a refer-
ence numeral of 152 while a pin in the first link mecha-
nism has a reference numeral of 52.
[0048] As shown in Fig. 4, lower blowing heads 34,
34 positioned at left and right ends, among the plurality
of lower blowing heads 34, 34,... are connected to upper
end portions of arms 232L, 232R. These arms 232L,
232R are respectively connected to actuators each
comprising a motor, a worm mechanism (not shown)
and so on, and shafts 238L, 238R are rotated by the
actuators. Namely, the arms 232L, 232R have their low-
er end portions which are connected to links 240L,
240R, which are in turn connected to the shafts 238L,
238R respectively, by means of pins 242L, 242R. When
the shaft 238L is rotated in a direction of arrow mark
CCW and the shaft 238R is rotated in a direction of arrow
mark CW in Fig. 4, lower end portions of the arms 232L,
232R are moved so as to come close to each other. On
the other hand, when the shafts 238L, 238R are rotated
in the opposite directions with respect to the arrow
marks, the lower end portions of the arms 232L, 232R
are moved so as to separate from each other.
[0049] When these arms 232L, 232R are moved as
shown in Fig. 4, the lower blowing heads 34, 34,... are
swung around a predetermined fulcrum point of swing
(not show) (the crossing point of extension lines in the
axial directions of the arms 232L, 232R) by the function
of the second link mechanism. Namely, when the arms
232L, 232R are moved so as to come close to each oth-
er, an angle formed by the links 146 or the links 148 with
respect to the horizontal line becomes large. Such
change of angle is transmitted in adjacent four-bar link-
ages so that the radius of curvature R2 of a curved line
C2 formed by connecting the injection nozzles 160a
formed in each of the convex blocks 160, 160,..., be-
comes large. On the other hand, when the arms 232L,
232R are moved so as to separate from each other, the
angle formed by the links 146 or the links 148 with re-

spect to the horizontal line becomes small. Such change
of angle is transmitted in adjacent four-bar linkages so
that the radius of curvature R2' of a curved line C2'
formed by connecting the injection nozzles formed in
each of the convex blocks 160, 160,..., becomes small.
Accordingly, by controlling the amount of swinging of the
arms 232L, 232R, the radius of curvature R2 can be
changed to a desired radius of curvature. Thus, the ra-
dius of curvature R2 can be changed so as to corre-
spond to a curved plane of the glass plate 16.
[0050] The second link mechanism is so designed
that lower blowing heads 34, 34,... are swung while the
injection nozzles of the lower blowing heads 34, 34,...
oppose the injection nozzles of the upper blowing heads
32, 32,... In Fig. 4, reference numeral 244 designates a
plate for supporting rotatably.the shafts 238, 238 and
reference numeral 246 designates a stand for support-
ing the motor and the worm mechanism (not shown).
[0051] Accordingly, according to the air-cooling/tem-
pering device 24 having the construction as described
above, the radius of curvature R1 of a curved line C1
formed by connecting injection nozzles formed in each
of the upper blowing heads 32, 32,... can easily be
changed so as to correspond to the curved shape of the
glass plate 16 by swinging the upper blowing heads 32,
32,... around a predetermined fulcrum point of swing.
Further, when the lower blowing heads 34, 34,... are
swung around a predetermined fulcrum point of swing,
the radius of curvature R2 of a curved line C2 formed
by connecting the injection nozzles formed in each of
the lower blowing heads 34, 34,... can be changed so
as to correspond to the curved shape of the glass plate
16 in a state that the injection nozzles of the lower blow-
ing heads 34, 34,... oppose the injection nozzles in the
upper blowing heads 32, 32,...
[0052] According to the air-cooling/tempering device
24 in the above-mentioned embodiment, a loss of job
change can substantially be reduced by changing the
radii of curvature R1, R2. Accordingly, varieties of glass
plates 16 having different curved planes can effectively
be produced.
[0053] As described above, in the air-cooling/temper-
ing device for a glass plate according to the present in-
vention wherein a pair of links having their revolution
centers in a common link are meshed with each other
in the same plane, the rigidity of the link mechanism can
be improved and the looseness or deformation of the
link mechanism can be avoided in comparison with the
conventional device. Further, the radius of curvature can
stably be changed so as to correspond to the curved
plane of a glass plate. The present invention is suitably
applicable not only to a window glass for an automobile
but also a window glass usable for buildings, air crafts
and ships.
[0054] The entire disclosure of Japanese Patent Ap-
plication No. 2001-306160 filed on October 2, 2001 in-
cluding specification, claims, drawings and summary is
incorporated herein by reference in its entirety.
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Claims

1. In an air-cooling/tempering device for a glass plate
comprising a plurality of upper blowing members
(32) for blowing air to an upper face of a bend-
shaped glass plate (16) heated to a high tempera-
ture and a plurality of lower blowing members (34)
for blowing air to a lower face of the glass plate, the
air-cooling/tempering device for a glass plate being
characterized by comprising:

a first link mechanism (40) comprising a plural-
ity of four-bar linkages and being formed by
connecting a plurality of units each having a
common link (42), (44), a first connecting link
(46) connected to an end portion of the com-
mon link (42), (44) so as to be rotatable and a
second connecting link (48) connected to the
other end of the common link (42), (44) so as
to be rotatable, the first link mechanism (40) be-
ing connected to the upper blowing members
(32), and
a second link mechanism (140) comprising a
plurality of four-bar linkages and being formed
by connecting a plurality of units each having a
common link (142), (144), a first connecting link
(146) connected to an end portion of the com-
mon link (142), (144) so as to be rotatable and
a second connecting link (148) connected to
the other end of the common link (142), (144)
so as to be rotatable, the second link mecha-
nism (140) being connected to the lower blow-
ing members (34) so as to oppose the first link
mechanism (32),

wherein first connecting links (46), (146) of
adjacent units in the first and second link mecha-
nisms (40,140) have respectively an end portion
around which a gear cut portion is formed, and the
first connecting links (46), (146) are connected to
one end portions of the adjacent common links
(42,44), (142,144) so as to be rotatable under the
condition that gear cut portions of the first connect-
ing links (46), (146) of adjacent units are meshed
with each other, and

the first link mechanism (40) and the second
link mechanism (140) are respectively capable of
swinging around a predetermined fulcrum point of
swing.

2. The air-cooling/tempering device for a glass plate
according to Claim 1, wherein second connecting
links (48),(148) of adjacent units in the first and sec-
ond link mechanisms (40,140) have respectively an
end portion around which a gear cut portion is
formed, and the second connecting links (48), (148)
are connected to other end portions of the adjacent
common links

(42), (44), (142), (144) so as to be rotatable under
the condition that gear cut portions of the second
connecting links (48), (148) of adjacent units are
meshed with each other.

3. The air-cooling/tempering device for a glass plate
according to Claim 1 or 2, wherein the first link
mechanism (40) is adapted to change the radius of
curvature (R1) of a curved line (C1) formed by con-
necting the plurality of upper blowing members (32).

4. The air-cooling/tempering device for a glass plate
according to Claim 1 or 2, wherein the second link
mechanism (140) is adapted to change the radius
of curvature (R2) of a curved line (C2) formed by
connecting the plurality of lower blowing members
(34).

5. The air-cooling/tempering device for a glass plate
according to any one of Claims 1 to 4, wherein the
first link mechanism (40) and the second link mech-
anism (140) are respectively arranged so as to op-
erate in a plane perpendicular to the glass surface.

6. The air-cooling/tempering device for a glass plate
according to any one of Claims 1 to 5, wherein each
of the upper and lower blowing members (32,34) is
provided with a convex block (160) having a con-
vex/concave surface so as to oppose the glass sur-
face and a plurality of injection nozzles (160a) are
formed in the convex surface which serves as an
air escape path.

7. The air-cooling/tempering device for a glass plate
according to Claim 6, wherein the plurality of injec-
tion nozzles (160a) are arranged in a zigzag form
at surfaces of the upper and lower blowing mem-
bers (32,34).

8. The air-cooling/tempering device for a glass plate
according to Claim 6 or 7, wherein the radius of cur-
vature (R1), (R2) of each of the first and second link
mechanisms (40,140) is changed so that cooling air
blown from the injection nozzles (160a) is directed
perpendicular to the glass surface.

9. The air-cooling/tempering device for a glass plate
according to any one of Claims 1 to 8, wherein the
glass plate (16) is used for a window glass for an
automobile.
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