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@ Method for thermally toughening glass sheets and glass sheets obtained by thls method, m-partlcular to be used as

- motor vehicle side or rear windows. .
@ Method for thermally toughening glass sheets and glaés
sheets obtained by this method, in particular to be used as
motor vehicle side or rear windows.

A method of thermally toughening glass sheets for use
as motor vehicle side or rear windows so that the glass
sheets produced conform to regulations specifying fracture
requirements.

The giass sheets are advanced through a quenchlng sta:
“tion for gas quenching. The advance of the glass sheet rela-
itive to the flow of quenching gas is terminated for a pre-

determined time whereby localised gas flows are applied to
"the glass sheet. The method induces in the glass sheet a
distribution of regions of more highly toughened glass
interspersed with regions of lesser toughened glass.
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TO TOUCIE TIG GLASS SHESTS

This invention relates to the toughening of
glass sheets and in particular to the production of flat
or curved sheets of thermally toughened glaés to be used
as-motor venicle side or rear windovs, |

In most countries there arce official regulations
specifying the fracture requirenents for toughened glass |
sheets which are to be used as side or rear windows for
motor vehicles, -

Typically such regulations specify that. the
toughened glass sheets shall be fractured by loccalised
impact at a defined position on the glass sheet, twro parti-
cular positions being at the geométrical centre of the glags

~

sheet and at a position adjacent the edge of the sheet. It

is then required that areas of bhe fraccured glass sheet shov'c

be selected where the particle count is a minimum and wherec

the particle count is a meximum and limitations are placed wi
D

the minimum and maximum particle counts permissible in suca

areas, The minimum particle count permissible determines
the maxinum size of parficleé resulting from fracture so &s
to 1limit the danger of laceration by larger particles sub-
sequent to fracture of the glass sheet in an accident. The
maximun particle count permissible determines the minimum
fineness of particles resulting from accidental fracture of
the glass sheet so as to limit .the denger of ingestion cof
fine glass particles. At gresent motor vehicle side and
rear windows are made frof glass oi shout 4.0 1m te €.0 mm

thiciness and can be anlo*mly tourhenad so as to mect
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official fracture recuircnents.
For example glass sheeté of thickness 4 mm and
above meet the proposed E.E.C. standard referred to below

if uniformly touzhened to have a central tensile stress in

.tne range 55 YV/mZ to 59 Iy m2. However in the interest of

reducing weight there is now a trend towards the use of
thinner glass in motor vehicles e.g. of about 3.0 mm thick-
ness, glass of thickness in the range 2.5 mm to 3.5 mm being
of particular interest. |
In the draft standard under discussion by the
Buropean Economic Community (E.E.C.) it is required that
tThe number of particles in any 5 cm x 5 cm square itraced on
the fractured glass, excluding a 3 ¢cm wide. band around the
edge of the glass sheet and a circular area of 7.5 cm rad—'
ius around the point from which fracture is initiated, éﬁould
be 50 at the minimum and 300 at the maximunm.

The proposed E.E.C. standard also has the re-

guirement that the fractured glass sheet shail not contain

any elongated particles with jagged ends of more than 6 cm
in length, such particles being referred to as "splines'.
British Standard Ho. BS 5282 entitled "ROAD

VEHICLE SAFZTY GLA33Y is less restrictive than the proposed

'E.5.C. standard in -that it specifies for glass less than

4 om in thickness a ninimum particle count of 40 in a 5 cm X
5 cm square uay be permitted and the maximum permlt ced
particle count in a 5 cm x 5 cm square may be 400. The
Sritish Standard also basically prohibits the presence of
cplines of more than H cem in length in the fractured test

glons, The British Standard alsc requires that no splines
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are to be present in the fracturccd glass sheet;

It had been found difficult to toughen thinner
glass sheets to meet the official fracture requirements,
this difficulty being particularly evident in a size
greater then about 1100 mm x 500 mm this is about the size
of the smallest vehicle rear window in curreant production,
Many vehicle side windows are also of about this size or

greater.

published 15th September, 1977, there is described and.
claimed a solution to the problem based on the discovery
that glass sheets of the kind used asz notor vehicle side

or rear windows which are from 2.5 m» to 3.5 mm thick,
particularly sheets 3 mm thick, could be toughened in a

'way which mecte official fracture requirements such as the
proposed E.3.C. stdndard, by quenching & distribution of
regions of the glass sheet at a maximum rate so that inter-
spersed regions of the glacgs: sheet are simultoneously
quenched at a minimun rate, regulating the naximum quenching

-

rate and the size and spacing of the rezions of the glass

&)

heet which are cuenched at theo maximur rate such that an

9]

average central tensile stress is produced in the glass shecl
within a range from a maximum of 62 Lﬁ/mz for all thickrnssses
.of glass from 2.5 ma to Z.5 mz to a nininum of 56,5 I&i/m’
for 2.5 mm thick glass varying inversely with thickness down
to the minimum of 53 Kﬁ/mz for 3.5 mm thick glass, and sucih
that there is produced in the glass sheet a distributicn <l

s P ] %y = K4 . -~ . 3 O L} b B
orzas in vwhich the principal stresses acting in the plane
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of the glass sheet arerunequai, the principal stress difference

in at least some of said areas being at a maximum in the -
range 8 I-IEZ/m2 to 25 I mz, thie major principai stresses in
adjacent-areas in wnich the principal- stress difference
is 2 maximunm being in differcnt directions and the distance
tetreen thic centres of such qdjaceh% areas being in the
renge 15 mna to 30 mm,

- In carryiné out the method of the above mentioned
German Offenlegungsschrift quencaing was effected by direct-
inz guenching jets atrthe gl2ss sheet, and imparfing a verti-
zgl oscillation or a circular oscillation to the quenching
Jets to produce the required distribution of regicns of
the glass sheet quenched at a maximum’rate. The quenching
crulid aise be effected by directing stationary quenching
otz at the glass skeet to produce the required distriﬁutidn
nf regiocns of the glass sheet quenched at a maximum rate,
Azcording to the present invention there is provided a
method oI téughening a glass csheet in which the glass sheet

d into a flow of quenching gas directed towards

BN
[ ]
n
ll
A4
~
@]
3
0
)

=+ leaszt one surface of the glass sheet from individual gas
catlats to induce overall toughening stresses therein,

ed in that advance.of the sheet relative to the
i of cuﬁnéhing gas is terninated for a predetermined
t.me, Whereby localised gas flows are applied to at least
said one surface of the glass sheet from said iﬁdividual

zas outlets during said »recdetermined time to produce in the
zlass és the toughening straosses develop a distribution of

PR I o~ CR | [ A P B S o e 7S 43
> zgions of more higkly tonclhoned glass interspersed with
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The invention also includes a method comprising

advancing the glass sheet horizontally on a gaseous support

through a quenching station wherein at least the lower sur-

face of the glass sheet is subJected to a flow éf quencﬁing
gas directed from individual gas outlets agéinst the lower

surface of the sheet, said flow of quenching gas alsoc pro-

viding the gaseous support for the sheet. In this case a

flow 6f'quenchiﬁg gas may also be'directed from individuzl

gas outlets against the upper surface of the glass sheet.

" In each of the methods according to fhe invention,
the glass sheet may‘be subjected to additional localised gas
flows constituted by an array of gas Jets opefative on at
least paft of.one or both surfaces of the glass sheet in

addition to the main flow of quenching gas during the pre-

‘determined time in which advance of the glass sheet relative

to the main flow of quenching gas is tefminated. The array
of gas Jets may be spaced apart in rows transversely of the
direction of advance of the glass sheet with the rows spaced
apart in the direction of advance of the shest.

Tﬁe invention also comprehends a toughened
glass sheet produced by the method of the inventicn and for
use as a side or‘rear window for a motor vehicle.

In order that the invention may be more clearly

understood some embodiments thereof will now be described,

by way of example, with reference to the accompanying

drawings in which:-
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regions of lesser toughened glass in which distribution
there are areas in which ihe principal stresses ectiing -
the piane of the glass sheet‘are unccual, and in that ..

advance of the glass sheet relative to the flow of quenc.. . -

.gas is continued after said predetermined time,

The inveﬁtion also comprehends a method in
which the glass shee? is advanced between flows of guenchinz -
gas which are difected from individual gas outlets towards
both surfaces of the glass sheet, characteriséd‘;n that
advance of the glass sheet relative to the flow of quenching
gas operative on at least one surface of the glass sheet is
terminated during said pre&etermined time. Alternatively,
in this case, advance of the g;ass sheet relative t6 the

flows of quenching gas operative on both surfaces of the

'glaés sheet may be terminated for said,predeterminéd tine,

In a preferred embodiment of the iavention the
glass sheet is advanced into the flow of quenching gas and
is halted in the flow for “said predetermined'time.

In another embodiment of the invention the -
glass sheet is advanced into the - flow of gquenching gas and
the individual geas outlets providing the flow of quenching
gas are moved in the same direction and at the same speed
as the glass sheet during said predetermined time.

The invention mey be applied to a glass sheet
which is being advanced horizontally on a roller conveyor
through a quenching station wherein flows of quenchirg geés
are directed from individual gas outlets against at least

cne or both surfaces of the glass sheet, BAD ORIGINAL
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. Figure 1 illustrates the fracture pattern

of a differentially toughened glass
sheet éuitable for a side or rear
window of 2 motor vehicle produced
by the method of the iﬁvention,

is a side elevation partly in sectic.:

of apparatus for carrying out the

invention in which the glass sheet
to be differentially toughéned is
transported on a gaseous support as
it is heated and quenched,

is a secticnal elevation of the
quenching station forming part df the
apparatus of Figure 2, and showing
means for arresting the advance of
thé glass sheet at the quenching
étation, , ' _ ._

is a’view of the lower part of the-

quenching station on line IV-IV of -

- Figure 3,

Figure 5

Figure

Figure

6

7

is a sectioﬁal elevation of a modified
form of the quenching station of

Figure 3,

is an underneath view of the upper part
of the quenching station on line VI-VT
of Figure 5,

is a detailed view of part of the quanaiy-

ing station cof Figures 5 and €.

BAD ORIGINAL
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Figure 8 is a sectional:elevation through
- another embodiment of the quenching
station,
Figure 9 illustrates the toughening of a glass
sheet by the metnod of the invention
while the sheet is supported on a
roller conveyor.

Figure 1 illustrates the fracture pattern of a
toughened glass cheet suitable for use as the side window dr
rear window of a motor vehicle produced b& thé method of
the invention. The glass sheet has a distribution, in rec-
tangular array, of localised aréas 1 of more highly toughened
glass interspersed with areas 2 of lesser toughened glass.
Areas 3 of the glaés have a medium toughening stress and in
each of the areas 3 the principal streségs are uneqﬁal with
the major princiﬁal stress acting in the direction indiqated
by the arrows 4. ’_

Areas 5 of éhe glass also have a medium_toughen—
the

ing stress and have unequal principal stresses with

direction

—

major principal stress 6 in each area 5 acting in a

substantially perpendicular to the direction of the major
the arcas 3.
in each

Hormal toughening stresses are preduced

of the areas 1, 2, 3 and 5 of the glass sheet to an extent
which is devendent on the rate of guenching of those areas.
A high centirel tensile stress wnich is'of equal magnitude in
all directions in the plane of the glass sheet is produced

in the more highly toughend areas 1, a low central tensile
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stress is produced in the lzsser toughened areas 2. and

compensating compressive stresze. arzs nroduced ia bhoin

ey d 3 &

%]
{
6]
v
(G}
(¢)
(&)
-

surfaéés_of the gla

VThe nediun tougiening stresses producod ia Ui
areas 3 and 5 of the glass sheet are & ceabinuclon o the
normal toughening stresses of equal magnitude in all
directions in the plane~of the glass sheet, and additional
area stresses produced in thé areas 3 and 5 due to the
different rates at which the adjacent areas 1 and 2 are
cooled and contract. These area'stresses are not oxf eéual
magnitude in all directions in the plane.of'the glass sheet.
The central tensile stress in the areas 3 and 5 of the
glass sheet due to the combined effect of the normal toughen~
ing stresses and the area stresses can be resolved into un-
equal principal stresses in‘the,plane of the glass sheet
namely a mejor principal tensile stress and a minor principal
tensile stress acting-at.right angles to the major principal
tensile stress. pn‘f ‘ | i -

As shown by the-arrows 6.in the areas 5 the major
principai tensile stress 6 acts in a direction perpendicular
to the direction of the major principal tensile stress L
in the areas 3. .

The size of the particles produced in a fractured
glass sheet depends on the degree of toughening of the glass
and in general the fincness of the particles increases with
the degree of toughening. Hence the particles of relatively
small size are produced in the nore highly toughenea wieas

1, in the lesser toughened areass 2 larger particles #:«

EAD ORIGINAL
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produced, and ih_the areas 3 and 5 having a medium toughen-

ing stress particles of medium size are produced. This dis-
tribution of small, larger énd nedium sized particles is
ﬁroducedlover the whole sufface of the fractured glass
sheet. When the glass sheet is toughened té the degree
described in German Offenlegungsschrift No.2709105 there
are no splines in the fracture, and the requirements of the
préposed E.E.C. standard and'of British Standard MNo.BS 5282
with regard to minimunm énd meximum particle sizes are met.
Vhen-a toughened glass sheet is fractured the
cracks tend to run substantially perpendicular to the
direction of major principal stress in the glass., This is
illustfated in Figure 1 where the cracks tend to run per-
pendicular to the direction of the major principal stresses
44 and 6 in the areas 3 and 5 and are directed towards the
more highly toughened areas 1 where partlcles of smaller
size-are procuced., Sincq the major principal stresses in
adjacent areas 3 and 5 éﬁé perpendicular to one anqther;ra‘
waﬁy type of fracture pattern resulté in which the size of
the areas 3 ahd 5 limits the maxzimum length of the
particles which can be produced. Hence the fracture pattern

does not include elongated vparticles, or splines, of the

kind which are found in the customary radial type of fracture

pattern produced in a conventional uniformly toughéned glass
sheef. Apparatus as shown in Figure 2 may be employed for
transporting glass sheets on a gaseous support through a
heatiné station to a quenching station. Flat sheets of

glass 7 which are cut to the required shape for use as a
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11
side or rear window of a vehicle are fed in sequence on to
asbestos covered éonveyér rollers 8 at.the loading end of
the apparatus. The rollers 8 have collars 9 of slightly
larger diameter than the major suriaces of the rollers and
the glass sheets ride on the collars é. The follers'S are
inclined at a slight angle to the horizontal, for example
an angle of about 50. The .sheets 7 are fed in sequenoc fo)'s
the rollers 8 through an inlet 10 into a heating furmce
comprising a tunmnel structure including a robfrll which
has side walls 12. The sheets 7 are conveyea through the
first part of the heating furnace on Ffurther asbes tos

3

covered rollers 8 and are then conveyed through the remain-
ing length of the furnace on a base bed structure which
generates a gaseoué support for the glass sheets vhile they
are heated. The bed structure comprises a base plate 13 whicl
is a flat pléte of heat-resistant stainless steel and which
forms the roof of an exhaust chamber indicated at 14, The
pla te 13 is wmiformly apertured for the vassage of hot gases
from outlet apertures 15, Figure 3, Zach ol the apertures

15 fqr the passage of hot gases unhurdly thr ough the base

- . . e T

plate 13 is defined by he bore of a ply tube lo vhich

is fitted into a hole in the base plate. Tne'tops of the

v

()
o
Pre]
ko
[p]

tubes 16 are flush with the top surface of base plate
13 and the tubes 16 extend downwardly from the base plate
13 and are located at their lower ends in holes in a floor

17 o

ik

the exhaust chamber 14, Hot gases are supplied throug:
ducts 18, Figure 1 to plenum chermbers 19, The floor 17 of
exhaust chamber 14 i Ofuu the roof of one of the plenum chails.. .

19. | . 'BAD ORIGINAL
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The base plate 13 is also formed with equally
interspersed exhaust orenings 20 communicating with the
exhaust chamber 14, Outlet apertures, not shown, in the
walls of the exhaust chamber 14 allow gases to escape to
atmosphere or for collection and recirculation.

The upper face of the base plate 13 is an
accurately flat surface formed to receive in intlmate engage—
aent the lover face of a series of removable blocks 21
which arc machined from heat-resistant stainless steel with
their lover faces machined flat so that they can be slid
intec the apparatus from one side into gas-tight engagement
with the upper surface of the base plate 13. The blocks
21 each have gas escape aperturcs 22 communicating with
the outlet aperturés 15 and gas exhaust apertures 23
zoasunicating with the exhaust openings 20. Hot gases
supplied through the ducts 18 into the ﬁlenum chambers 19
sroceed. upwardly through the tubes 16 and the apertures 22
in the block 21 and escape and expand above the upper sur-
face of the block 21 to create a gaseous suppoft under the
advancing glass sheets 7.
| Gas is contiﬁﬁally released from the apertures

22 into the gaseous support for each glass sheet and simul-

-

+aneously 523 escaves from the gaseous support through the

=

cizhaust apertures 23 into the exhaust chamber 14 and thence

-0 the outlet apertures.

The upner surfaces of the blocks 21 are trans-

versely tilted so as to lie at the same small angzle to the
Toelnoyial, For exanmple SQ, as the conveyor rollers 8, The

BAD ORIGINAL
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succession of flzt glass sheets 1 are advaiced inte

of the sheets over the bloclks they become neated by the ho

13
upper surfaces of the collars 9 on the conveyor rollers 8
are slightly higher than the level of the upner surfece ox

the first block 21 so that as soon as each glass sheet 7

becomes completely and uniformly susnorted on the gasecus

support it tends to slicde down ths transversze incline u

3
ci'
{~te
[

it is in enzagement with rotating discs 24 mounted 21 ngside
the blocks 21 cn vertical spindles (not shom) which exisend
upwardly from drive motors (not shewn) arranged outside

9,

the furnace which motors drive <tThe discs at =z contrslied

speed commensurate with the rate of advance of t“, glass

sheets on to the gaseous support by the rollers 8., The
collars 9 may be arranged so that if the sheets are already:
touching the collars then they will be in a position to be
driven by the edge-discs 24 without any substential movemont

the sheets down the transversely sloping upper surface

Hhy
c

of the first bloﬁ“*ZI.
The glass sheets are, as shown in Figure 2,

placed on the conveyor rollors end—~o-cld so that a

a1

ke
furnece by the driving action of the conveyor rollerc,

-

As the glaoss sheets advance over the rollsrs §

“ -

in the first part of the furnace and “then subseguently CVer

the blocls 21 on the gaseous support created by the presence

e
9

[9)

gases of the support and by radiznt heat from heaters 2

-

nounted in the roof structure over the path of travel o

the glass sheets,

Lot
H

The cdge discs 24 meintzin the registration of

BAD ORIGINAL,
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the glass sheets in the furnace and also provide drive to

cause the forward movement of the- sheets. However, some
of the discs 24 may be free running and act as.rotatable
guides. 7

in the apparatus of Figure 2 there are three

tiong fe the furnace which zre of identical construction.

.
£

O

[#]

inc construction of the last section is illustrated in
Figure 3, and by the time each glass sheet 7 reaches the
r-d of the furnace the glass is at a temperature of the
ercer of 5309C to 670°C for soda~lime-silica glass suitable
Tor the thermal toughening of the glass by subjecting the

glass to quenching gas flows, usually flows of air at

nc temperature.

[3a)
1
e
-t
D

The advance of the hot glass sheets continues
*~ a guenchingz station which is indicated generally at é? in
Fioure 2 and is shown in more detail in Figure 3. At the
avwenching station the'glass sheets aré supported on a
st.zoous support generg;ed above a bed of identical construc-
tion to the bed in the flirnace except that the bed is ‘
surnlied with chilling air at ambient temperature. Th
proscace of each glass sheet-advancing into the quenching
station .27 from the furnace generates a gaseous cushion be-

trezn the shest and the upper surfoce of the bed winich

g
j e

LT L

es both the required support for the sheet and a flow
~t chilling air against the bottom surface.of the glass sheet.
~he advance of the zlass sheet into the quenching station is

ny means of rotating discs, not shown.
BAD ORIGINAL.
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In the quenching section there is a generaliczc
flow of quenching gas contacting the upper zurface of *ur

glass sheet which gas flow has a substantially ide

chilling effect on the uoper surface of th

] ey
lass ag tite

o)
oz

chilling effect of the lower. surface by the gaseous

support. The gas flows on the upper surface are generzicd

from an upper gas supply and exhaust eguipment of identica

‘construction to . bhe base bed supnlyvng gas to and exhausting

gas from the gaseous support

As shown in Figure 3 the upper part of the.
guenching station comprises a plate 28 of aébestos—based,
heat-resistant material which has gas supply apertures 29
and gas exhaust apertures 30. . -

The plate 238 is fiied to an apertured base
plate 31 of a gas exhaust chamber 32, The matching surfaces
of the plates 28 and 31 are machiﬁéd flat so as to be gas
tight. The roof of the exhaust chamber 32 is a plate 33
which also forms the béég{gﬁ-a plenum.chaméer 34-to which
chilling air at ambient temperature is supplied. The chill-
ing air passes through apertures in the plate 33 and is
conducted down tubes 35 eiktending through tﬁe exhaust

chamber 32 the lower ends of which tubes are fixed in the

base plate 51 of the exhaust chamber and communicate with

the gas supply apertures 29 in the plate 28. The gés exhaus=t
apertures 30 in the plate 28 are aligned with exhaust cper-
tures 36 in the plate 31 so that gas can escape Ifrom above
the glass sheet into the exhaust chamber 32 wnose walls have

apertures so that the exhaust gases can be exhausted ..
BAD ORIGINAL
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atmosphere or collected_and recirculated.

The hot glass sheet is subjected to generaliszed
quenching gas flows at the quenching station as_ it is
advanced'into the quenching station, ‘As illustrated in
Figure 4 the gas supply apertures 22 in the plate 21 and
the gas supnly apertures 29 in the plate 28 are slightly
inclined to the direction of advance of the glass so as to
avoid tﬁe ﬁroduction‘of a striped foughening pattern in
the glass sheet. '

In one embodiment of the invention the advance
of the glass sheet is halted when the whole of the glass
sheet is within the quenching station by means of a plunger
53 (Figure 3) which is operated by a solenoid 54. The

plunger extends downwardly through a2 hole 56 in the plate

28. A proximity sensor such as a thermocouple 55 extends

downwardly throu#h.+he pl te 28 in front of the pluanger 53 in
the direction of advahce-ef the glass sheet. When the glass
sheet has been advanced into the quenchin gtatlon apd the
leading edge of the sheet reaches the thermocouple 55 a
signal on line 5Za from the thermoccuple 55 to switching
means associated with the solenoid 54 causes the plunger

53 to extend. The leading edge of the glass sheet engages

the extended plunger 53 and the glass sheet comes to a halt

- in the quenching station. Vhen the glass sheet is

stationafy in tie gquencning station the gas flows from the
~as supply aperturss 22 in the plate 21 and from the go3

supply apertures 29 in the plate 23 act as illustrated by

the arrows 40 in Figure 3, on loczliscd arcas of the glass
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sheet so as to produce a distribution of reglona oI mire

hl”hly toughened glass intersperscd with regions of

Y m
R

-

§ toughened glass in the glass sheet, such as is shewn 1x

Figure 1. At the end of a predeterr rined tlme governed Ly oL
5 adjustable timer, which is actuated by extension of thae
plunger 53, the solenoid 54 is de-energised to cause with-

drawal of the plunger 53 and the advance of the glass chee%

.lO rollers 51,
In a modification of the above enbodiment of the
_invention, aé illustrated in Figures.5'and 6, the glass
sheet is subjected to additional localised gas flows 50 as
to'intenéif& the differen?ial toughenirg effect nrocuced by
15 the localised gas flows»ho from the gas supply apertures 22
and 29 in the platés:21 and 28. This is achieved by also
subjecting the upper ;urféée of the glass gheet when stat-
ionary in the-qﬁenchinggSﬁéﬁion to a rectangular array.of gas
jets which‘are spaced'apart'in rows transversely of fle
20 direction of advance of the g2 tass v1th TOVS soaced part in
the direction of advance. The array of gas jets is provided
by an array of gas supoly nozéles 37 which are connected in
- . rows o ducts 38 located in the exhaust chamber 32. The
_nozzles 37-ekﬁend downwardly through specially enlarged gas
25 exhaust apertures 30 in the plate. 28 as illustrated in
Figure 6.

One end of each of the ducts 38 is connected

.

to'an air supply menifeld 39 located outside ths exiavs-.

chamber 32 alongside the quenching suctiem. BAD ORIGINAL
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In the embodiment illustrated there are four rows

of nozzles 77 spaced apért at the same pitch as thé £as ex;
haust'apertureS'BO in the direction of advance of the glass )
sheet. 7 '

An air supply to the manifold -39 is svifchéd on

when the glass sheet is stationary in the guenching stationm,

and the manifold 39 is connected through a pressure regula-

tor to a solenoid operated spool valve of conventional design.

When the solenoid 54 is energised to extend the plunger 53
into the path of the glass sheet this also actua%es a pres-—
sure switch which operates the spool valve to supply com-
preésed air to the nozzles 37. The,additionai localised gas
flows emerging from the nozzles'37, as illustrated by the

arrows 41 in Figure 5, act to intensify the producticn of

the distribution of regions of more highly toughened glass

interspersed with regions of lesser toﬁghened glass in the
part of the glass sheet which lies below the nozzles 37.'
When the glass sheet haé'been fully quenched the plunger
53 is raised, the supply of compressed air to the nozzles
57 is cut off and the advance of the glass sheet oontinues.
throush the quenching station. | |

This embodiment of the invention has particular

application for intensification of the differential toughen-

ing pattern over a localised area of the glass sheet in

order to-modify the fracture pattern in such an area which
may be necessary in order to nmeet official fracture

requirements.

]

x

-
-
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However the array of nozzles 37 may extend over
the whole of the quenching station so that the whole of the
glass sheet is subjected to localised gas flows from the

nozzles 37 if it is required to intensify the production of

£

" the distribution of differentially tovghened areas of glass

over the whole of the glass sheet,

In one example of operation of the apparatus

" described with reference to Figures 5 and 6 the compressed

air supply switched to menifold 39 is at 690 IPa, " The Zdie-
meter of the bore of each of the nozzles 37 is 48 mm and the
nozzle spacing is at 33 mm square piich. The spacing of
the ends of the nozzles from the upper surface of the glass
supported on the gas cushion at the quenching stetion is
6 mm to 12 mm.

Figure 8 illustrates another method of operating
the invention. AT {Le quenching station the glasg sheet
floats on a gasezous support wWhich is generated atove an

apertured base plate 21 of greater length than that of the

-

glass sheet and quenching gas flows are applied to the glass
sheet both from the plate 21 through gas supply apertiurcs

22 and through gas supply ajpertures 29 in the plate 28 ©

-

te upner part of the guenching station in the mamner des-

" cribed with refersace to Figures 4 and 5.

The upper part of the quenching station compris-
ing the plate 28 with the ges exhaust chamber 32 and the
plenum chamber 34 is mounted on wheels €2 which run on a
tracloray 63 extending above and psrallel to the lower opor-

'

tured plate 21 of the quenching staticon. A spinion 64 mourted
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on the upper part ol the_queﬁching station engages with
a fixed rack 65 extending alongside the trackway 63. Vhen
the pinion 64 is driven by a-motor (not shown) this drives

-

< unzer part of the cuenciaing station glonr the traciway
6% over the fuil lensth of the lower plate 21,

In operation.of “he arrangenent shown in Figure
¢ the upper part of the quenching station is initially

statlionzry and as shown in Figure 8 is located above the
e hand end of the lowver apertured plate Zl.adjacent to
ii.. furnace. 4 hot glass sheet is advanced from the furnace
cnto the plate 21 bencath the unper part of the quenching
station and is subjected to the generalised gas flows at the
quenching station as it moves into this position., ‘hen the

kot gless sheet has moved fully into position uncder <the

=z nticnary upper part of the quenching station this is

b

sensed by & proximity detector 66 in the upper part of the
quenching station which gene rates a signel initiating
opcrotion of the drive motor for the pinion 64 whickh drives

2yt of the quenching station along thes tracliey

£3, The upper part of the quenching stetion is driven at
a controlled speed ecual to the speed of advance of the
glocss shiget along the lower ancrbv“ei plate 21, ‘hile the

- ——— 2 PR - T D [ R 4 LONPR ¢ 2 ey am S x - 3 - r
voner part of the cquenching station is being driven zlong

= w traclmey 53 to follow the nmovenent of the glass sheet
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highly toughened glass intorspersed with regionc of
toughened glass in the glecs skset. “hen the upper

the quenching statica rea

0

hand end of the ower avertured plate 21 1t is stnpdad

“

is then returned to the lelit hend end of th2 plaie 21

the trackway 63 for cuenchiag a succesding zless snse

——iy

The upber p““t'of tng uencihiing station may
also include nozzles 37 as in the arrangemeL*‘of Fig
and 6 subjecting the upperface of the glass sieef t0o
addlitional localised gas flcows sc as to intenszily <th

rential toughening eifect produced by the lecaliced gas

.

flows from the gas supnly apertures 29 in the plate
the upper part oI the cueaching s a'cion.

In a modification of the arrangement ol

8 the lovrer part of the cuenchini station including
U

base plate 21 is nounted to be noved in correspondence

the upper part of the cuenciln* station. A hot glass

is moved from the furnsce onto the base plate 21, Tho

sheet floats zbove the base plate 21 on the gaszous

and is carried forword by formrard movencav of thie bazs

plate 21 in correspondéence Witk the movenent of tha

o x . s - L L. " : - KIS R} -
part of the gquenchiny station., In This coase thie hass
: ~-— 9 —ole® P IS B B -~
21 need only be tiie samne lengch ag toat of The umpor

.the quenching staticn.

The method o the iuventi czan be canJJ;d

the production of the required stress patiern in bent

o

o

sheets using apparztu

BAD ORIGINAL
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glass sheet advances on to a traunsitional block whose thick-
ness along its longitudinal centre line is the same as the

thickness along its longitudinal centre line is the sans as

the thickness of the ®ro blocks 21 but whose upper face is

machined as a series of flats of gradually increasing angle
which result in the upper surface of the blocli having the
desired £inal curved form of the glass sheets. The glass
advances on to this transitional bleck and is heated to a
temperature suck that it can sag dowrrardly to conform to

the shape of the block. The block is apertured to provide

a gaseous support created beneath tiie hot deformable glass

es it slides over the block., This dowaward sagging increases
progressively as the glass sheet advances and the glass which
is still hot and deformable moves from the block onto a‘final

part of the bed whose cross section conforms To the now

curved shape of the glass sheet. The glﬁss sheet adva:ces
over this curved 5ﬂct1@n of <the bed to the guenching station

the upper and lcwer part 0o which are also suiltably curved

with a curved distribution of the nozzles 57 when provicded

in order to enhance the diiferentizl toughcening effect

[ #]

Figure 9 illustrates the toughening of a gles
shect 7 which iz being adveonced on a roller conveyor Conl-
prising a series of herizomtal rollers 57.

The coaveyor carries tie zlass sheet thriugh a

heating furnace to a qucuching station where the rollers

carry the glass gheet bowwzcen uppner end lover blowing boxes
58 and 59. The Lo 58 hzas an array of bloving nozzle s GO

which point domwardly toierds tas roller comve 2yor 50 &5 o

BAD ¢ OR\G\NN-



10

15

re

20

25

same way as the supply and exhaust apertures in Figure &y

0000268
25

direct quenching ges flOWS on.to the upper surface of the
glass sheet 7. The noszles 60 are arranged at a slight
nole to the derCulon of advance of the glass sheet in the

Similerly the lover blowing box 59 has upviardly
projecting blowing nezzles 61 which are directed throuzh the
gaps between the rollers 57 and are also arranged at a
slizht angle to the direcfion of advance of the glass she

These gas flows prpduce generaliséd'qverall
toughening of the glass as the sheet advances on the conveyor
into the guenching station, | |

The plunger 53 is mounted: beneath the upper

blowing box 58 and operates to arrest the advance of~ the

sheet 7 when it is wholly within the quenching station. Gas

'flpws from the nozzles 60 and 61 then act as localised gas

“~

flows applied to the upper and lower faces of the glass
sheet, and are applied for a tinme ShT;lCleﬂu to ensure

that the glass sheet emerzing from the quencq1“5 station

on the roller conveyor has the required distribution ox.

regions of more highly toughened glass interspersed with
regions of lesser toughened glass.
Ths arrangement of Figure © may alssc include

additional nozzles 37 as in the arrangenent 0¢ Figures - and

6. Compressed air is switched to the nozzles 37 when the

glass sheet is stationary between the upper and lower blou-

ing boxes and localised air Jjets from the noz les are cirect-
< .

ed against the faces of the glass sheet to intensify ths

differential tou"hcnlnr effect produced by the gas flovs
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vom the blowing bor nozzles 60 and 61.
Alternatively ingtead of stoppiﬁg the glass

sheet betireen the blowing boxes 58 and 59 either one or

both of tie bLlowinz boxes mayvy be mocunted as in the arrance-
) J )

menc of FPigure 8 to be driven forward at the same speed of

entered between the
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CLATMS
1. _ A method of toughening a glass sheet in which

the gléss'sheet is advanced into a flow of guenching gzs
directed towards at least one surface of the glass shest
from individual gas outlets to induce overall toughening
stresses therein, characterised in that advance of the
sheet relative to the flow of éuenching gas 1s terminated
for a predetermined time, whereby'lécalised_gas flows are
applied to at least sald one surface of the glass shest
from said indivicdual gas cutlets during said predetermined
time to produce in the glass as the foughening stresses

develop a distribution of regions of more highly toughened

- glass interspersed with regions of lesser toughened glass

in which distrivution there are areas in which the principzl
stresses acting in the plane of the glass sheet are unequal,

and in that the cdvance c¢f the glass sheét relztive to the

flow of quenching gas is &ontinued after said predetermined

tine.

2. A method according +t6 Claim 1, in which the glass
sheet is advanced betwWeen flcws of cuenching gas whica are
directed from irdividual gas outlets towards both surfaces
of the glass shaet, charascterised in that advance of the
glass sheet reletive to the flow of guenching gas opsretivs
on at least one surface cf the glass sheet is terminated

during said precdetermined tine.
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3. . A method according to Claim 2, characterised

in that advance of the glass sheet relative to the flows
of quenching gas operative 6n both surfaces of the glass

sheet is terminated for said predetermined time.

4, A method according to any one of the preceding

Claims, characterised in thdt the glass sheet, which is
advanced into the flow or flows of quenching gas is halted

in the flow or flows for said predetermined time.

S A method according to any one of Claims 1 to 3,
cazracterised in that the individual gas outlets providing
the flow or flows of quenching gas into which the glass
sheet is advanced are moved in}ﬁhe same direction and at

the same spéed as the glass sheet during said predetermined
2 .

I
-

tine.

£, A method'accdféing to any one of the preceding -
Cleimsg, in which the glass sheet is advanced horizdntally
through a quenching station on a roller conveyor, and where—
in flows of quenching gas are directed from individual gas

outlets against at least one or both surfaces of the glass

sheet, |

Te A method according to any one of Claims 1 to 5,

ia which the gléss sheet is advaaced horizontally through

. cuenching station on a gaseous support, wherein at least

thellower surface of the glass sheet is subjected to a flow

¥ guenching gas directed from individual gas outlets.
: : ey

BAD ORIGINAL
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against the lower surface oZ the sheet, said flow of

qguenching gas also providing the gaseous support for ihe
sheet.

8. - A method according to Claim 7, wherein a flow
of quenching gas is also directed from individual ges

outlets against the upper surface of the glass sheet.

9. A method according to any one.of the preceding
Claims, characterised in that tﬁe glass sheet is subJjected
to additionsl localised gas flows constituted by an.array
of ges Jets operative on at least paft of one or both
surfaces of the glass sheet in addition to fhe main flow
of quenching gas during the predetermined time ih which
advance of the glass sheet relative to the main flow of

guenching gas is terminated.

10. . A method according to Claim 9, gharéqferised in
that the gas Jjets of the array are spaced apart in rows -
transversely of the direction of advahce of the glass sheet
with the rows spaced apart in the direction of advance of

the sheet.

11, " A ‘toughened glass sheet for use as a side or

rear window for a motor vehicle, produced by a method

. according to any one of Claims 1 to 10.
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