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D3 D8 (54) IMPROVEMENTS IN OR RELATING TO THE MANUFACTURE OF FLOAT GLASS
(71)   We,   PILKINGTON   BROTHERS  thermal conditions which ensure that
the LIMITED, a Company incorporated under  ribbon of glass is sufficiently
stiff to be the laws of Great Britain, of 201-211, capable of being
gripped, gripping the Martins Bank Building, Water Street, Liver-
stiffened ribbon to effect a control of its 5 pool 2, Lancashire, England
and GEORGE  velocity along the bath, the gripped stiffened 50 ALFRED
DICKINSON, a British Subject of ribbon thus constituting a barrier to
resist Bryn  Mair, Prescot Road, Lancashire, transmission  of longitudinal
acceleration England, do hereby declare the invention  forces,
progressively heating the ribbon to for which we pray that a patent may be
a transitional plastic state, imposing longi- 10 granted to us, and the
method by which  tudinal directed tractive force on the plastic 55 it is to
be performed, to be particularly  glass to accelerate the plastic ribbon
there- described in and by the following statement:  by to effect a
predetermined reduction in This invention relates to the float process
thickness of the ribbon, stabilising the for the manufacture of flat glass,
and more  ribbon of glass at the desired reduced thick- 15 especially to
the manufacture of thin float ness, and sufficiently cooling the stabilised
60 glass, for example of thickness in the range  ribbon to permit it to be
taken unharmed 3 mm to 1.5 mm.                         from the bath.
Variation of the thickness of the ribbon    In another method for producing
thin of glass produced by the float process de- float glass which can be
employed for the 20 pends, among other factors, on the tractive
manufacture of glass down to 1.5 mm 65 effort applied to the glass, usually
by the  thickness, and below, molten glass is de- driven rollers which
convey the glass away  livered to the bath at a high mass flow rate, from
the outlet end of the tank structure  and the thin ribbon of glass produced
is which contains the bath of molten metal discharged from  the bath at
high speed. 25 along which the glass is advanced. This  The advancing
ribbon of glass is subjected 70 tractive effort and the temperature regime
to a temperature regime which maintains to which the glass is subjected, as
well as  the glass in a deformable state over a longi- the throughput of
the process, usually ex- tudinally extending region of the ribbon pressed
in terms of tonnes per week, con- in which the glass is attenuated as its
velo- 30 tribute to determination of the dimensions  city increases to the
high final velocity. 75 of the ribbon of glass produced.
Transversely  and  longitudinally  directed In order to thin the glass its
temperature  forces are applied to the margins of the is regulated as it is
advanced to ensure that nascent ribbon to regulate the speed of for a time
during its advance the glass is at advance of the nascent ribbon and
thereby 35 a viscosity such that it can be attenuated, control interfacial
forces between the glass 80 the glass at that viscosity accelerating  and
the bath, which forces provide progres- under the action of the tractive
effort as it sively changing reaction to the tractive is thinned.
effort as the glass accelerates. Thereafter One method of producing float
glass  the glass is subjected to said temperature 40 down to about 3 mm
thickness is described  regime and is accelerated to a final velocity 85 in
United Kingdom Patent No. 1,010,913, which controls the magnitude of
interfacial which claims a method of manufacturing  forces between the bath
and the glass as flat glass having a predetermined thickness  the ribbon is
being attenuated, which inter- comprising the steps of advancing a ribbon
facial  forces  augment  the  marginally 45 of glass along a bath of molten
metal under applied forces in engendering a distribution 90 [Price 25p]
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2 of reaction to the attenuating tractive force  local temperature
gradients at the glass- to regulate the progressive attenuation of
supporting molten metal surface in that the glass to the desired thickness.
zone and reduce bottom  surface distortion In order to produce thin float
glass for  in the attenuated ribbon to a minimum. 5 example down to 1.5 mm
thick, and parti-    Further according to the invention there 70 cularly 2
mm  thick, high acceleration of  is provided a method of manufacturing thin



the glass is necessary as the glass is being  float glass comprising
advancing glass in attenuated. The velocity of the glass may  ribbon form
along a bath of molten metal, increase by three times or more during the
applying tractive effort to the ribbon at the 10 attenuation  of the
ribbon. At the high  outlet end of the bath to advance the glass, 75 speeds
of passage of the ribbon down the  regulating the viscosity of the
advancing bath, for example up to 40 metres per  glass to a value in the
range [err] to [err] minute, entrainment of surface  molten  poises as it
passes along a zone of the bath metal of the bath by the ribbon results in
in which zone the glass is attenuated to a 15 a pumping effect towards the
cooler outlet  desired thickness by said tractive effort, and 80 end of the
bath which forces cool molten  creating  mixing  currents in  the molten
metal upstream along the bottom and sides  metal at the glass/metal
interface in that of the bath towards the region where the  zone to combat
random localised tempera- glass is being attenuated and is at a vis-  ture
gradients along the glass supporting 20 cosity such that it is particularly
suscep-  molten metal surface in that zone thereby 85 tible to retaining in
the ultimate ribbon any  minimising   surface   distortion  in  the
distortion produced in the underface of the  attenuated ribbon. ribbon of
glass as it is attenuated.          In particular for the manufacture of
float As the glass moves to the downstream   glass of thickness in the
range 1.5 to 2.5 25 end of the zone where its thickness is fin-  mm, the
method of the invention comprises 90 ally determined, its viscosity
increases at a  pouring molten glass at a controlled rate on rate such that
the glass becomes so stiff as  to a bath of molten metal to form a layer of
not to suffer any further dimensional varia-  molten glass on the bath,
flowing the glass tion, and any distortion produced in the  in the layer
laterally unhindered to produce 30 glass as it is attenuated is set into
the glass  a buoyant body of molten glass, applying 95 when the glass has
reached the desired  longitudinally directed tractive effort to the
thickness.                                  ultimate ribbon to advance the
buoyant It has been found that when producing  body along the bath in
ribbon form, cool- thin float glass at high speeds flows of rela-  ing the
ribbon until it is sufficiently stiffened 35 tively cool molten metal tend
to produce  to  be gripped, marginally  gripping  the 100 localised
temperature gradients along the  stiffened ribbon to provide reaction to
said surface of the molten metal bath supporting  tractive  effort,
reheating  the  advancing the  glass passing  through  the zone of
stiffened glass to a viscosity in the range attenuation. These  temperature
gradients  [err]  to [err] poises to condition the glass 4( are thought to
lead to the introduction of  for attenuation by said tractive effort, sub-
105 distortion into the ribbon, especially into  jecting the reheated glass
to a temperature its underface.                              gradient which
sets the accelerating glass It is a main object of the present inven-  at a
desired thickness, and creating mixing tion to extend further the float
process to  currents in the molten metal of the bath in 45 the manufacture
of thin glass with mini-  the zone supporting  the glass as it is 110 mum
of distortion in the underface of the  attenuated to minimise surface
distortion ribbon, and producing thin float glass, for  thermally induced
in the glass while it is example 2 mm thick, having characteristics  at a
viscosity at which the glass is suscep- which make that glass entirely
suitable for  tible to distortion. 50 lamination for the manufacture of
auto-    The mixing currents may be created by 115 mobile windscreens.
electromagnetically inducing transverse sur- According to the invention a
method of  face flows of molten metal across the bath manufacturing float
glass in which glass in  in said zone. ribbon form  is advanced along a
bath of    The production of mixing currents in the 55 molten metal by
tractive effort applied to  molten metal in the attenuating zone has 120
the ribbon at the outlet end of the bath,  itself been found sufficient to
greatly reduce and the glass passes along a zone of the  the distortion
occurring in the underface of bath in which its viscosity is controlled as
the thin float glass. A further improvement the glass is attenuated, is
characterised by  lies in providing the effect of a barrier to 60 creating
mixing  currents in  the  molten  upstream  flow of cool molten metal from
125 metal of the bath at the glass/metal inter-  the outlet end of the bath
to the zone of the face in a zone of the bath in which the  bath where the
glass is being attenuated, viscosity of the glass is in the range [err]  by
creating lateral flows of molten metal to [err] poises, to produce thermal
homo-  across the bath in a region downstream of 65 geneity in that zone
and thereby minimise  said zone, to divert in a downstream direc- 130    3
1 315 365                                       3 tion upstream  flow of
cool molten metal returned into the outlet end of the tank by from the
outlet end of the bath.          the barrier walls. Further, when employing
apparatus in    There may be provided a further pair of 



which the outlet end of the bath is narrower  linear induction motors
mounted in the tank 5 than the inlet end, so that the attenuated  structure
over the glass just upstream  of 70 ribbon of desired thickness is advanced
the shoulders, and means for controlling along a laterally constricted
region of the  this further pair of motors to cause molten bath as it is
cooled prior to discharge from   metal flow from the centre to the sides of
the bath, said lateral flows of molten metal the bath. 10 are created
across the bath in the region    The invention  also comprehends float 75
where the bath narrows, to divert into said  glass of thickness in the
range 1.5 to 2.5 laterally constricted region upstream  flow   mm produced
by a method as set out above. of cool molten metal from the outlet end
In order that the invention may be more of the bath.
clearly understood some embodiments there- 15   The invention also
comprehends appa-  of will now be described by way of example 80 ratus for
manufacturing float glass compris-  with reference to the accompanying
draw- ing an elongated tank structure containing  ings, in which: - a bath
of molten metal, means for deliver-    Figure 1 is a plan view of an
elongated ing glass to the bath at a controlled rate  tank structure
containing a bath of molten 20 and advancing the glass in ribbon form,
metal for use in the float process for the 85 thermal regulators for
holding the advanc-  manufacture of thin glass by one method ing ribbon to
a viscosity in the range [err]  according to the invention, to [err]
poises, means for applying traction    Figure 2 is a section on line  II-II
of to the ultimate ribbon so that the glass at Figure 1, 25 said viscosity
is attenuated to a desired    Figure 3 is a view similar to Figure 1 90
thickness, electromagnetic means mounted  showing the application of the
invention to in the tank structure over the ribbon of another method of
manufacturing thin float glass in the region where the glass is in said
glass, viscosity range, which means are positioned    Figure 4 is a view
similar to Figure 3, but 30 transversely of the bath, and means for showing
a tank with a laterally constricted 95 controlling said electromagnetic
means to  portion at the outlet end of the bath, cause mixing molten metal
flow  in that    Figure 5 is a section on line V-V  of region.
Figure 4, and In one embodiment of the invention the    Figure 6
illustrates a modified form  of 35 apparatus  includes  cooling  means  for
the apparatus of Figure 4.                 100 stiffening the ribbon to
enable it to be    Referring to the drawings, Figures 1 and engaged by
marginal rollers providing a  2 illustrate a tank structure for the manu-
reaction to applied traction, thermal regu-  facture of thin glass by the
float process. lators for reheating the glass to a viscosity  The tank
structure comprises side walls 1, 40 in said range after marginal
engagement, an end wall 2 at the inlet end of the tank 105 and further
downstream pairs of edge rolls  structure, and an end wall 3 at the outlet
to apply width-maintaining forces to the  end. The geometry of the tank is
such that glass as it is being attenuated, said electro-  it will
accommodate the maximum possible magnetic means being mounted between
width of ribbon of glass produced at the 45 the first two pairs of said
further pairs of hot inlet end of the tank structure by the 110 edge rolls.
unhindered lateral flow of molten glass on Preferably the electromagnetic
means are  the bath. linear induction motors.                    Molten
soda-lime-silica glass is poured on In another embodiment of the invention
to the bath, usually of molten tin, at the 50 wherein the outlet end of the
tank structure  inlet end of the tank structure by a spout 4, 115 is
laterally constricted to a width just at a controlled rate, regulated by a
tweel 5, greater than the width of the ultimate  of about 1960 tonnes per
week. ribbon, and inclined shoulders formed in   In the manner well known
in the float the side walls of the tank connect the outlet process,
temperature regulators, not shown, 55 end of the tank to the wider part of
the  are provided in the molten metal bath 6 120 tank, the apparatus
including two additional  and in the roof structure over the bath. Tem-
linear induction motors each mounted on  perature conditions at the inlet
end of the said shoulders so as to be directed at an  bath are such that
the molten glass 7 arriv- angle upstream of the bath, two barrier walls
ing on the bath is enabled to flow freely 60 respectively projecting
inwardly into the  laterally unhindered to the limit of its free 125 bath
from  the shoulders just upstream  of flow during the first part of its
advance each linear induction motor, and means for  along the bath.
controlling the motors to cause molten metal    The temperature regulators
set-up along flow from the centre to the sides of the bath  the bath a
temperature regime to which 65 in the region of the shoulders, which flow
is  the advancing glass is subjected, which tem- 130    4
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perature regime maintains the glass in a    The ultimate ribbon 9 of 3 mm.
glass, deformable state over a longitudinally ex-  2.6 m wide, is being
discharged from  the tending region of the ribbon in which the  bath by the
rollers 10 at a speed of 9.25 glass is progressively attenuated as its
velo-  m/min and there is an acceleration of the 5 city increases under the
influence of the  glass and the glass is rapidly thinned to 70 applied
tractive effort. A protective atmos-  3 mm. thickness. This attenuation is
taking phere is maintained at a plenum  in the  place against the reaction
provided by inter- headspace over the bath.                  facial forces
engendered between the surface The molten glass 7 spreads outwardly  of the
molten metal bath and the ribbon of 10 after arriving on the bath to a
width of  glass which is engaged by the top rolls 11. 75 about 4.5 m. The
temperature of the glass  14, 15 and 16. is about [err] and its thickness
about 7 mm  While the glass is being attenuated it is where the maximum
spread is achieved.    slowly cooled to about [err] and its vis- The layer
of molten glass on the bath is  cosity rises to about [err] poises. It is
in this 15 advanced in ribbon form and the nascent critical region where
thin glass is being pro- 80 ribbon so formed is constituted by low vis-
duced at high speed, that the glass has been cosity glass, e.g. at a
viscosity of about [err]  found to be particularly susceptible to dis-
poises. The  glass  is  gradually  cooled  tortion, especially of the
underface of the during  its  initial  advance  along  the  ribbon, by any
thermal inhomogeneity in the 20 bath  and  its viscosity  slowly increases,
supporting bath surface, and in order to 85 and   as  its  viscosity
increases  the  counteract local temperature gradients in the
longitudinally   directed  tractive   force, glass-supporting molten metal
surface, two which is transmitted by the ultimate ribbon  long linear
induction motors 23 and 24 are 9 of thin float glass from rollers 10 which
mounted in the tank structure over the 25 convey that ribbon from  the bath
outlet, ribbon of glass in the attenuating region 90 becomes more effective
to stretch the ribbon. where the viscosity of the glass is in the Initially
while the glass is at low viscosity  range [err] to [err] poises. The
linear in- a pair of inclined top rolls 11 mounted on  duction motors are
specially cooled and shafts 12 driven by regulated driving motors  encased
in cast refractory material and are 30 13 are mounted through the tank side
walls  supplied with electric power from  power 95 1 to engage the margins
of the nascent  supplies 25 and 26. Supply and exhaust of ribbon. The top
rolls 11 are knurled graphite  cooling water for the motors is also pro- or
stainless steel or mild steel rolls, intern-  vided, the services to each
motor being ally water-cooled and slewed at an angle of carried by
adjustable support beams 27 and 35 [err] to an axis orthogonal to the
direction of  28 which are mounted in the side walls 1 of 100 advance of
the ribbon.                     the tank structure. As shown in Figure 2 In
this region the glass temperature is  the bottom face of each motor is just
above about [err] and the rolls are driven at a  the glass surface. speed
of 2.42 m/min. Outwardly and longi-    The electric supplies to the motors
23 40 tudinally directed forces are thereby applied  and 24 are phased to
cause electromagnetic- 105 to the margins of the nascent ribbon. The  ally
induced molten metal flows, indicated outward force components provide
restraint  at 29, from the sides towards the centre of against undue loss
of width. Slight attenua-  the bath. The molten metal flows 29 create tion
of the ribbon is here beginning to occur.  mixing currents in the surface
of the molten 45   Further pairs of top rolls 14, 15 and 16  metal which
thoroughly breaks up any ten- 110 are provided spaced down the bath, being
dency for localised circulations of molten mounted on respective shafts 17,
18 and 19  metal to be established in the molten metal driven by motors 20,
21 and 22.            surface  supporting  the  thinning  glass. Top rolls
14 are set at an angle of [err]  Localised temperature gradients are
thereby 50 and are driven at the rate of 3.33 m/min.    minimised  and
distortion  is kept to  a 115 Top rolls 15 are set at an angle of [err]
minimum. and are driven at the rate of 4.00 m /min.   A second pair of
linear induction motors Top rolls 16 are set at an angle of [err]  30 and
31 may be provided further down- and are driven at the rate of 4.83 m/min.
stream as shown to maintain thermal homo- 55   The top rolls 14, 15 and 16
are set at the  geneity in the molten metal surface support- 120 stated
angles relative to axes orthogonal to  ing the glass as it reaches its
final 3 mm. the direction of advance of the ribbon.    thickness. The
motors 30  and  31  are The action of these sets of top rolls avoids
mounted on beams 32 and 33 which carry further undue loss of ribbon width
as the  the services from supplies 34 and 35. 60 glass is being accelerated
from about 2.42    Figure 3 illustrates another application of 125 m/min.
to 4.83 m/min. As the glass passes  the invention to a method for producing
2.2 beyond the top rolls 16, its temperature is  mm float glass at high
load. Molten soda- about [err], corresponding to a viscosity  lime-silica
glass is poured on the bath at a of [err] poises, and the glass thickness
is  rate of, for example from  1730 to 2600 65 about 4.5 mm.
tonnes per week.                          130  
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5 In the roof structure mounted over the  marginal conditions of the glass
during its tank structure there are thermal regulators, attenuation,
inclined top rolls 39 engage the as there are also in the molten metal bath
6. upper surface of the margins of the glass. Thermal conditions at the
inlet end of the  These rolls are inclined at a shallow angle 5 bath are
such that the molten glass 7 poured  for example [err], to an axis at right
angles to 70 on to the bath surface from the spout, at  the longitudinal
axis of the tank, and are the rate of 2350 tonnes per week, flows later-
driven at a speed of 3.5 m/min. which is ally unhindered to produce a
buoyant body  comparable with the increasing speed of the of molten glass 8
to about 6.5 m wide and  ribbon of glass. The temperature of the glass 10
7.4 mm thick, which is advancing along the  is about the tin temperature
and in the em- 75 bath at a rate of 1.9 m/min under the effect bodiment
being described, the tin tempera- of tractive effort applied to the
ultimate  ture and hence the temperature of the ribbon of glass 9 produced
and discharged  ribbon of glass, is about [err] in the region from the bath
on driven conveyor rollers 10  of the top rolls 39. Thereafter considerable
15 which apply traction to the glass.        acceleration takes place and
in a further 80 In known manner a protective atmosphere  downstream  region
where the glass has is maintained in the headspace defined by  reached a
forward velocity of 4.5 m/min. the roof structure over the tank so as to
further width control is achieved by a second protect the exposed surface
of the molten  set of marginal top rolls inclined at a 20 metal of the bath
6.                      shallow angle of [err] and engaging the top 85 The
temperature of the molten glass arriv-  surface of the ribbon of glass.
Acceleration ing on the bath is in the region of [err]  of the glass then
continues up to the ultimate to [err] and by the time the glass reaches
speed of 14 m/min. Acceleration is still the limit of its free flow it has
been cooled  taking place as the glass enters the laterally 25 to about
[err] and is thereafter gradually  constricted outlet end of the bath.
Down- 90 cooled as it is advanced in ribbon form  stream of the top rolls
40 the glass has be- along  the  bath  by  water-cooled  boxes  come so
stiff that no further attenuation mounted over the bath in known manner,
takes place and the ribbon 9 is 3 metres until it is sufficiently stiffened
to be gripped. wide and 2.2 mm thick. 30 For example the ribbon is
gradually cooled    In order to counteract local temperature 95 to about
[err] and is then gripped margin-  gradients existing at the
glass-supporting ally between pairs of edge rolls 36. The  molten metal
surface just after the reheat gripped stiffened region 37 of the ribbon of
zone 38 when the glass is passing through glass acts as an effective
stiffened beam  a viscosity range of [err] to [err]  poises, 35 extending
across the ribbon whose forward  two long linear induction motors 23 and 24
100 velocity is controlled by the edge rolls at are mounted in the tank
structure over the for example 1.9 metres per minute. This  ribbon of
glass. Preferably, as indicated, the gripped stiffened part of the ribbon
provides  motors 23 and 24 are mounted between the reaction to the tractive
effort applied to  locations of the pairs of top rolls 39 and 40. 40 the
ultimate ribbon 9 and avoids transmis-    The linear induction motors 23
and 24 105 sion of that tractive effort upstream to the  have a
construction such that they extend region 8 of the buoyant body where the
symmetrically transversely of the bath of glass is being permitted to flow
laterally  molten metal, being mounted on beams 27 unhindered.
and 28 which are fixed to the side walls 1 45   During its further advance
the stiffened  of the tank structure and along which ser- 110 ribbon of
glass is reheated to condition the  vices to the motors are provided from
glass for attenuation by applied tractive  control means 25 and 26. These
services are effort. In the embodiment being described  the supply and
exhaust of cooling water and the soda-lime-silica glass is reheated to a
an electric power supply to each motor. The 50 temperature of the order of
[err] but this  bottom faces of the motors are just above 115 reheat
temperature may be [err] or as  the glass. high as [err]. The temperature
of the glass    As in the embodiment of Figures 1 and 2, is maintained in
this region for a short dis-  the electric supply to the motors 23 and 24
tance of the advance of the glass and the  is phased to cause
electromagnetically in- 55 tractive effort acting on the glass is effective
duced molten metal flows, indicated at 29, 120 against the reaction
provided by the gripped  across the bath in the reheat zone 38. The
stiffened glass 37 to accelerate the glass from   molten metal flowing
inwardly to the centre its initial speed of 1.9 metres per minute up  of
the bath from both sides creates mixing to a speed of 14 metres per minute
which  currents in the surface of the molten metal 60 is the speed of
withdrawal of the ultimate  just downstream of the reheat zone 38 which 125
ribbon of thin float glass 9 from the tank. thorough mixing breaks up any
tendency to The glass in the region indicated at 38  the establishment of
localised circulations in in Figure 3, is undergoing rapid acceleration.
the surface of the molten metal supporting 



In order to help maintain the width of the  the glass so thereby producing
thermal 65 glass as well as to provide a control on  homogeneity in the
molten metal of the bath 130    6
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interface. This serves to  41 on beams 44 carrying services from con-
minimise local temperature gradients in the  trol means 45 in the same
manner as for the molten metal surface and has been found to  motors 23 and
24. be effective in maintaining bottom surface    The electrical control of
the motors 43 5 distortion of the ribbon of glass to a mini-  is such as to
cause molten metal flows in- 70 mum.
dicated at 46 from the centre to the sides The effect of the linear
induction motors  of the bath. Upstream of each of the motors 23 and 24 may
be thought of as producing  there is a barrier wall 47 and these walls
effectively a thermally uniform molten metal  respectively project inwardly
into the bath 10 surface in the region where the glass is  from  the
shoulders 41 and extend down 75 critically susceptible to deformation so
that through the whole depth of the bath so any pumping effect in this
region of the  that the outwardly induced flows 46 of mol- rapidly
accelerating glass drawing molten  ten metal are diverted by the barrier
walls metal down the surface of the bath and  47 in the downstream
direction, as indicated, 15 being replaced by upwardly flowing cooler into
the narrow outlet end of the tank.   80 molten metal drawn along the floor
of the    The control of the motors 43 is such that tank structure, is
counteracted by the effect the influence of the motors extends deep of the
linear induction motors 23 and 24  into the molten metal of the bath
thereby which break up any tendency for the cool entraining flows of cool
molten metal just 20 molten metal to cause flows of molten metal above the
floor of the tank and returning 85 spiralling down the bath which otherwise
those flows to the narrower outlet end of could be set up locally and could
result in  the tank so that the cool molten metal from the undesirable
local temperature gradients  the outlet end does not flow into the reheat
in the molten metal surface.             region of the tank where the glass
is in the 25   Figures 4 and 5 together illustrate a modi- critical state
during its attenuation.  90 fication of the apparatus of Figure 3. The
Even further refinement of the process is side walls 1 of the tank
structure are in-  achieved by the arrangement illustrated in dined
inwardly near the outlet end to form  Figure 6 in which a further pair of
linear shoulders 41 which connect the wider part induction motors 48,
similar to the motors 30 of the tank to a laterally constricted part of 23
and 24, are mounted above the ribbon 95 the tank having side walls 42. The
width of of glass downstream of the second pair of the tank structure at
the inlet end is such as  top edge rolls 40. The linear induction to
accommodate the maximum  possible  motors 48 are supplied with power from
spread of molten glass delivered at high  control means 50 in a sense such
that the 35 load, and the narrowing of the tank struc- motors 48 induce
outward flows 49 of mol- 100 ture at the outlet end brings the tank width
ten metal from the centre towards the sides to a dimension greater than the
maximum   of the bath; that is, in opposite direction width of the ultimate
ribbon of thin glass 9  to the flows 29 induced by the motors 23 to be
produced.                          and 24. The flows 49 outwardly must be
40   As the ribbon of glass approaches and  thought of as co-operating both
with the 105 passes between the shoulders 41 its speed  inward flows 29 and
with the outward flows is rapidly increasing up to the value which  46 to
further avoid any instability in the pro- it reaches as the ribbon is
passing along the  cess due to the production of localised tem- laterally
constricted part of the outlet end  perature gradients in the downstream
region 45 of the bath, with an even greater effect on  of the reheat zone
where the glass is rapidly 110 the molten metal flows. The high speed of
accelerating and at the same time is begin- the thin ribbon of glass 9
being advanced  ning to cool to a temperature at which its along the narrow
end of the tank, together  viscosity is such that no further attenuation
with the effect of the shoulders 41 causes a  can take place. 50  pumping
of molten metal towards the outlet   By carefully setting the whole
temperature 115 end of the bath which molten metal is re-  regime down the
bath from inlet end to the placed by cool molten metal flow from the
outlet end as well as the rate of delivery outlet end where the temperature
is in the  of molten glass to the bath and the positions region of [err] to
[err], towards the  and speed of operation of the edge rollers 55 shoulders
41.                            36 and the top rollers 39 and 40 as well as
120 Further improvement in the process has  the setting and operation of
the pairs of been produced by providing two additional  linear induction
motors 23, 24, 43 and 48, linear induction motors 43 mounted one on  the
whole operation of the bath can be each of the shoulders 41 at the
downstream  "tuned" in relation to the geometry of the 60 ends of the
shoulders where the shoulders  bath so as to achieve stability of
production 125 



join the side walls 42 of the narrower  at high speed of a ribbon of thin
float glass part of the tank. The linear induction motors  for example 2 mm
thick which is of a 43 are short motors which extend inwardly  quality
acceptable for lamination. just above the margins of the accelerating
The direction of operation of all the 65 ribbon, and are mounted on the
shoulders linear induction motors can be varied to 130    7
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"tuning" of the process. In  form along a bath of molten metal, apply- some
circumstances, for example, the motors  ing tractive effort to the ribbon
at the outlet 23 and 24 may be operated to draw molten  end of the bath to
advance the glass, regu- metal along the surface of the bath from  lating
the viscosity of the advancing glass 5 the centre to the sides of the bath,
and the  to a value in the range [err] to [err] poises 70 motors 48 may
also be reversed to provide  as it passes along a zone of the bath in
side-to-centre flows.                       which zone the glass is
attenuated to a By further increasing the speed at which  desired thickness
by said tractive effort, and the ribbon of glass is withdrawn from  the
creating mixing currents in the molten metal 10 bath for example up to 20
metres per  at the glass/metal interface in that zone to 75 minute even
thinner glass can be produced,  combat  random   localised  temperature for
example 1.7 mm or 1.5 mm thick. For  gradients along the glass-supporting
molten the production of each thickness there was  metal surface in that
zone thereby mini- found to be a setting of the location and  mising
surface distortion in the attenuated 15 operation of the marginal rollers
and of the  ribbon.                                   80 linear motors to
ensure that local tempera-    3. A method of manufacturing float glass ture
gradients existing in the molten metal  of thickness in the range 1.5 to
2.5 mm supporting the glass where its viscosity is in  comprising pouring
molten glass at a con- the range [err] to [err] poises and it is cap-
trolled rate on to a bath of molten metal to 20 able of being distorted,
are smoothed out  form  a layer of molten glass on the bath, 85 so that the
ultimate ribbon of thin float glass  flowing the glass in the layer
laterally un- produced has an underface with minimal  hindered to produce a
buoyant body of surface distortion.                         molten   glass,
applying   longitudinally The method of the invention can also be  directed
tractive effort to the ultimate ribbon 25 applied to processes in which the
initial  to advance the buoyant body along the bath 90 ribbon of glass
produced by the float process  in ribbon form, cooling the ribbon until it
is is gradually cooled but not as severely as in  sufficiently stiffened to
be gripped, margin- the method described above and is then  ally gripping
the stiffened ribbon to provide conditioned without being marginally held,
reaction to said tractive effort, reheating the 30 to a viscosity in the
range [err]  to [err]  advancing stiffened glass to a viscosity in 95
poises and is attenuated at that viscosity by  the range [err] to [err]
poises to condition applied tractive effort.                    the glass
for attenuation by said tractive The method of the invention thus has
effort, subjecting the reheated glass to a utility in all development of
the float process  temperature  gradient  which  sets -the 35 where the
ribbon accelerates as a result of accelerating glass at a desired
thickness, and 100 longitudinal attenuation, particularly for the  creating
mixing currents in the molten metal production  of thin  glass and  in
those  of the bath in the zone supporting the glass methods provides
improvements in the dis-  as it is attenuated to minimise surface dis-
tortion characteristics of the underface of  tortion thermally induced in
the glass while 40 the glass. The method and apparatus of the  it is at a
viscosity at which the glass is sus- 105 invention extend the operation of
the float ceptible to distortion. process to the production of thin float
glass    4. A  method according to any one of of quality suitable for
lamination and for  Claims 1 to 3, wherein said mixing currents all other
uses in the automobile industry.    are created by electromagnetically
inducing 45                                              transverse surface
flows of molten metal 110 WHAT WE CLAIM  IS:-                       across
the bath in said zone. 1. A method of manufacturing float glass    5. A
method according to Claim  3, in in which glass in ribbon form  is advanced
which lateral flows of molten metal are along a bath of molten metal by
tractive  created across the bath in a region down- 50 effort applied to
the ribbon at the outlet end  stream  of said zone in which the glass is
115 of the bath, and the glass passes along a  attenuated to divert in a
downstream direc- zone of the bath in which its viscosity is  tion upstream
flows of cool molten metal controlled as the glass is attenuated, charac-
from the outlet end of the bath. terised by creating mixing currents in the
6 A  method according to Claim  5, in 55 molten metal of the bath at the
glass/metal  which  the attenuated  ribbon  of desired 120 interface in a
zone of the bath in which the  thickness is advanced along a laterally con-
viscosity of the glass is in the range [err]  stricted region of the bath
as it is cooled 



to [err] poises, to produce thermal homo-  prior to discharge from the
bath, and said geneity in that zone and thereby minimise  lateral flows of
molten metal are created 60 local temperature gradients at the glass-sup-
across the bath in the region where the bath 125 porting molten metal
surface in that zone  narrows, to divert into said laterally con- and
reduce bottom surface distortion in the  stricted region upstream flow of
cool molten attenuated ribbon to a minimum.             metal from the
outlet end of the bath. 2. A method of manufacturing thin float    7.
Apparatus  for manufacturing  float 65 glass comprising advancing glass in
ribbon  glass comprising an elongated tank structure 130    7
1 315 365                                        7 effect the best "tuning"
of the process. In  form along a bath of molten metal, apply- some
circumstances, for example, the motors  ing tractive effort to the ribbon
at the outlet 23 and 24 may be operated to draw molten  end of the bath to
advance the glass, regu- metal along the surface of the bath from  lating
the viscosity of the advancing glass 5 the centre to the sides of the bath,
and the  to a value in the range [err] to [err] poises 70 motors 48 may
also be reversed to provide  as it passes along a zone of the bath in
side-to-centre flows.                      which zone the glass is
attenuated to a By further increasing the speed at which  desired thickness
by said tractive effort, and the ribbon of glass is withdrawn from the
creating mixing currents in the molten metal 10 bath for example up to 20
metres per  at the glass metal interface in that zone to 75 minute even
thinner glass can be produced,  combat  random   localised  temperature for
example 1.7 mm or 1.5 mm thick. For  gradients along the glass-supporting
molten the production of each thickness there was  metal surface in that
zone thereby mini- found to be a setting of the location and  mising
surface distortion in the attenuated 15 operation of the marginal rollers
and of the  ribbon.                               80 linear motors to
ensure that local tempera-    3. A method of manufacturing float glass ture
gradients existing in the molten metal  of thickness in the range 1.5 to
2.5 mm supporting the glass where its viscosity is in  comprising pouring
molten glass at a con- the range [err] to [err] poises and it is cap-
trolled rate on to a bath of molten metal to 20 able of being distorted,
are smoothed out  form a layer of molten glass on the bath, 85 so that the
ultimate ribbon of thin float glass  flowing the glass in the layer
laterally un- produced has an underface with minimal  hindered to produce a
buoyant body of surface distortion.                        molten   glass,
applying   longitudinally The method of the invention can also be  directed
tractive effort to the ultimate ribbon 25 applied to processes in which the
initial  to advance the buoyant body along the bath 90 ribbon of glass
produced by the float process  in ribbon form, cooling the ribbon until it
is is gradually cooled but not as severely as in  sufficiently stiffened to
be gripped, margin- the method described above and is then  ally gripping
the stiffened ribbon to provide conditioned without being marginally held,
reaction to said tractive effort, reheating the 30 to a viscosity in the
range [err] to [err]   advancing stiffened glass to a viscosity in 95
poises and is attenuated at that viscosity by  the range [err] to [err]
poises to condition applied tractive effort.                  the glass for
attenuation by said tractive The method of the invention thus has  effort,
subjecting the reheated glass to a utility in all development of the float
process  temperature  gradient  which  sets  the 35 where the ribbon
accelerates as a result of accelerating glass at a desired thickness, and
100 longitudinal attenuation, particularly for the  creating mixing
currents in the molten metal production  of thin  glass and  in  those  of
the bath in the zone supporting the glass methods provides improvements in
the dis-  as it is attenuated to minimise surface dis- tortion
characteristics of the underface of tortion thermally induced in the glass
while 40 the glass. The method and apparatus of the  it is at a viscosity
at which the glass is sus- 105 invention extend the operation of the float
ceptible to distortion. process to the production of thin float glass    4.
A method according to any one of of quality suitable for lamination and for
Claims 1 to 3, wherein said mixing currents all other uses in the
automobile industry.    are created by electromagnetically inducing 45
transverse surface flows of molten metal 110 WHAT WE CLAIM  IS: -
across the bath in said zone. 1. A method of manufacturing float glass
5. A method according to Claim  3, in in which glass in ribbon form is
advanced  which lateral flows of molten metal are along a bath of molten
metal by tractive  created across the bath in a region down- 50 effort
applied to the ribbon at the outlet end  stream of said zone in which the
glass is 115 of the bath, and the glass passes along a  attenuated to
divert in a downstream direc- zone of the bath in which its viscosity is
tion upstream  flows of cool molten metal controlled as the glass is
attenuated, charac-  from the outlet end of the bath. terised by creating
mixing currents in the    6. A method according to Claim  5, in 



55 molten metal of the bath at the glass/metal  which the attenuated
ribbon of desired 120 interface in a zone of the bath in which the
thickness is advanced along a laterally con- viscosity of the glass is in
the range [err]  stricted region of the bath as it is cooled to [err]
poises, to produce thermal homo-  prior to discharge from the bath, and
said geneity in that zone and thereby minimise  lateral flows of molten
metal are created 60 local temperature gradients at the glass-sup-  across
the bath in the region where the bath 125 porting molten metal surface in
that zone  narrows, to divert into said laterally con- and reduce bottom
surface distortion in the  stricted region upstream flow of cool molten
attenuated ribbon to a minimum.            metal from the outlet end of the
bath. 2. A method of manufacturing thin float    7. Apparatus  for
manufacturing  float 65 glass comprising advancing glass in ribbon  glass
comprising an elongated tank structure 130    8
1 315365                                       8 containing a bath of
molten metal, means  one of said shoulders so as to be directed at for
delivering glass to the bath at a con-  an angle upstream of the bath, two
barrier trolled rate and advancing the glass in  walls respectively
projecting inwardly into ribbon form, thermal regulators for holding  the
bath from the shoulders just upstream of 5 the advancing ribbon to a
viscosity in the  each linear induction motor, and means for 45 range [err]
to [err] poises, means for apply-  controlling the motors to cause molten
metal ing traction to the ultimate ribbon so that flows from  the centre to
the sides of the the glass at said viscosity is attenuated to a  bath in
the region of the shoulders, which desired  thickness, electromagnetic
means  flows are returned into the outlet end of the 10 mounted in the tank
structure over the  tank by the barrier walls.                 50 ribbon of
glass in the region where the glass   11. Apparatus according to Claim  10.
is in said viscosity range, which means are  characterised by a further
pair of linear in- positioned transversely of the bath, and  duction motors
mounted in the tank struc- means for controlling said electromagnetic  ture
over the glass just upstream  of the 15 means to cause mixing molten metal
flow  shoulders, and means for controlling this 55 in that region.
further pair of motors to cause molten metal 8. Apparatus according to
Claim 7, in-  flow from  the centre to the sides of the cluding cooling
means for stiffening the  bath. ribbon to enable it to be engaged by mar-
12. A  method of manufacturing thin 20 ginal rollers providing a reaction
to applied  float glass substantially as herein described 60 traction,
thermal regulators for reheating the  with reference to Figures 1 and 2,
Figure 3, glass to a viscosity in said range after mar-  Figures 4 and 5,
or Figure 6 of the accom- ginal engagement, and further downstream
panying drawings. pairs of edge rolls to apply width-maintain-    13. Float
glass of thickness in the range 25 ing forces to the glass as it is being
1.5 to 2.5 mm produced by a method accor- 65 attenuated,  said
electromagnetic  means  ding to any one of Claims 1 to 6, or Claim being
mounted between the first two pairs  12. of said further pairs of edge
rolls.        14. Apparatus for manufacturing thin 9. Apparatus according
to Claim  7 or  float glass constructed and arranged  to 30 Claim 8,
wherein the electromagnetic means  operate substantially as herein
described 70 are linear induction motors.              with reference to
Figures 1 and 2, Figure 3, 10. Apparatus according to any one of  Figures 4
and 5, or Figure 6 of the accom- Claims 7 to 9, wherein the outlet end of
the  panying drawings. tank structure is laterally constricted to a 35
width just greater than the width of the        PAGE, WHITE & FARRER,
ultimate  ribbon, and  inclined  shoulders         Chartered Patent Agents,
formed in the side walls of the tank connect         27, Chancery Lane, the
outlet end of the tank to the wider part        London, WC2A 1NT. of the
tank, and including two additional 40 linear induction motors each mounted
on           Agents for the Applicants. Printed for Her Majesty's
Stationery Office by The Tweeddale Press Ltd., Berwick-upon-Tweed. 1973.
Published at the Patent Office, 25 Southampton Buildings, London WC2A 1AY,
from which copies may be obtained.    


