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METHOD AND APPARATUS FOR DRAWING SHEET GLASS.

Application filed July 7,

This invention relates to the art of draw-

© ing a continuous sheet of glass, and more
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particularly to a method and apparatus for
maintaining a lateral or sidewise stress on
the sheet while it is under formative draw-
ing stress lengthwise, and includes also a
method and means of temperature treatment
for the sheet during this formative period to
equalize and balance the stresses in the sheet
stiucture. The ultimate object of the inven-
tion is to obtain a flat and uniform sheet of
glass with smooth unwrinkled surfaces.

While the invention is not limited to use
with any one system of producing sheet
glass, it is illustrated in connection with a
sheet drawing apparatus of the general type
set forth in the patent to Colburn, 1,248,809,
granted December 4, 1917. In this system, a
continuous sheet of glass is drawn upwardly
from a bath of molten glass, and then, while
still in a somewhat plastic condition, al-
though substantially set in final sheet form,
is bent into a horizontal plane and carried
off into a leer. As is well-known in this art,
some means must be provided to maintain
the width of the sheet during its period of
formation, else it will gradually narrow
away until no sheet, is left. In the patented
process referred to, a pair of knurled rollers
grip the edge portion of each sheet near its
source, the rollers being driven at a lower
rate of speed than that at which the sheet is
being drawn upwardly. These rollers act
both to feed up glass into the edges of the
sheet, and also to hold down on the sheet
cdges and maintain a longitudinal tension in
these edges. Above these. rollers the sheet
narrows up to some extent due to the con-
traction when cooling and attenuation of the
sheet under longitudinal stress, but the final
sheet is produced of a constant and uniform
width and thickness.

According to the present invention, the
knurled edge-rollers above described are re-
tained, but their surface conformation is so
modified that the sheet edges are rolled out
with an edge bead or thickened portion. This
thickened edge is gripped and held out dur-
ing the formative period of the sheet while
the thickness determining attenuation is tak-
ing place, by a series of superposed pairs of
idler rollers which prevent the lateral con-

. -

1922. Serial No. 573,292.

traction of the sheet, and impart a lateral
stretch or tension to the sheet. At the same
time, the bead or thickened edge is gradually
flattened or ironed out by these gripping
rollers so that the final sheet edges are of
much the same proportions as those result-
ing from the original Colburn process. The
sheet is thus maintained under practically
constant lateral and longitudinal stresses
during its formation period and until it be-
comes set in final sheet form. This works to
produce a somewhat wider sheet, and also to
prevent the formation of cords and wave
lines as well as areas of unequal thickness.

‘While the sheet is being subjected to the
drawing stresses above described, it is also
given a temperature treatment which tends
to relieve the high surface tension normally
present in drawn sheet glass, and to equalize
the stresses within the body of the sheet.
The forming sheet is subjected to successive
cooling and heating treatments, whereby a
chill is first driven into the body of the sheet,
and then the surface portions are reheated to
relieve the excessive surface cooling.

The invention also involves improved
forms of cooling and heating means for car-
rying out the temperature treatments re-
ferred to above.

Other objects and advantages of the in-
vention will become apparent from the fol-
lowing detailed description of one approved
form of the apparatus.

Referring to the accompanying drawings:

Fig. 1 is an elevation showing a face view
of the vertically rising sheet with the width
maintaining rollers operating upon the
edges thereof. For the sake of clearness the
cooling and heating mechanisms are par-
tially broken away in this view. The draw-
pot containing the molten glass is shown in
transverse vertical section.

Fig. 2 is a horizontal section taken sub-
stantially on the line 2—2 of Fig. 1.

Fig. 8 is a horizontal section taken sub-
stantially on the line 3—38 of Fig, 1.

Fig. 4 is an end elevation of one of the
width maintaining units.

Fig. 5 is a detall plan view of one pair of
the knurled edge rollers which form the
sheet edge. :

Figs. 6 to 11, inclusive, are similar views
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of the successive pairs of edge holding roll-
ers, taken in ascending order throuohout one
series.

Fig. 12 is a longitudinal section through-
out the sheet- dmwmo apparatus, showmo
somewhat diag rammatlcally the several tem-
perature controlhn(f units.

Fig. 13 is an enlarged section through one
of the improved cooling units.

Fig. 14 is an enlarged perspective of a
portion of one of the shields used to control
the action of the surface heaters.

Tig. 15 is a detail section illustrating the
operatlon of these shields.

TFig. 16 is a diagrammatic section through
the sheet during its formative period, to
illustrate the effect of the heat treatment.

Referring first more particularly to Figs.
1 to 4 and 12, the sheet 1 is drawn upwardly
from the molten glass 2 in pot 3, and bent
laterally, while still in a somewhat plastic
condition, over bending roller 4 and then
carried off horizontally through suitable
flattening mechanism into a leer. At 5 in
Fig. 12 are shown coolers (preferably of the
type containing water or other cooling
fluid), which act to form a stiffer and more
tenacious surface layer on the molten glass
2 and also to cool the surfaces of the sheet
near the source. This action permits of a
greater speed of draw for the sheet. The
coolers 5 have been omitted in Figs. 1 to 4
for the sake of clearness, these being old in
machines of this type. It should be under-
stood that the sheet 1 might be drawn con-
tinuously upward, instead of bent laterally
over the roll 4 as here illustrated. This
present invention has to do with the sheet
during its formative period and is not con-
cerned with the specific mechanism used for
imparting longitudinal pull to the sheet, or
for handling and disposing of the finished
sheet.

In the Colburn machine, (and in the pres-
ent apparatus in modified form), a pair of
edge forming rollers 6 are employed at or
near the source of each edge of the sheet.
These rolls are driven at a speed slower than
the sheet is heing drawn, thus feeding the
glass into the sheet edges and simultaneous-
ly providing a drag or tension on the edges
of the sheet between these rolls and the
bending roll 4. This serves to hold the
sheet substantially to width and allows the
process to be carried on continuously. Wa-
ter or other cooling fluid flows in and out
of the rolls 6, actmo to preserve the metal-
lic rollers in the intense heat and simul-
taneously cooling the sheet edges which con-
tact therewith, forming a more tenacious,
stiffer edge portion. However, the sheet
does not entirely maintain its initial width
after leaving the edge forming rolls, but
narrows away somewhat, as illustrated by
the dotted lines o in Fig. 1, due to the at-

1,588,618 .

tenuation of the sheet, and the contraction
while cooling. It is the object of the sheet-
edge holding mechanism now about to be
described to elastically hold the sheet out to
substantially its initial width during its
formative period thus imparting a lateral
streteh or tension to the sheet, avoiding the
formation of corrugations or waves, and
improving the quality and smoothness of
the sheet surface.

In the present apparatus, the edge form-
ing rollers 6 have been retained, and func-
tion much the same as in the previously
described apparatus. However, the sur-
face conformation of the vollers has been
slighty modified. The rollers are no longer
truly cylindrieal, but ave tapered to a
smaller diameter near their rear ends as at

, forming a wider groove between the pair
of rollers at this point, which acts to roll
out a bead or thickened portion 8 at the
edge of the sheet. It is this thickened edge
that is gripped by the pairs of holding roll-
ers, hereinafter described, to hold the sheet
to width.

As the width maintaining mechanisms at
the two sides of the sheet are substantially
duplicated, a description of one will suffice
for Doth. Mounted (as hereinafter de—
scribed) above the edge holding rolls 6,

a series of superposed pairs of edoe holdmn
rolls which grip into the thickened edge g

and hold the sheet substantially to its initial
width. The apparatus here shown by way

of example, employs six pairs of these rolls 1

numbered 9, 10, 11, 12, 13 and 14, respective-
ly. The first pau of rolls 9, (Fl“‘ 6), bites
mto the thickened edge 8, founmn groove

15, the thicker portion 8 back of the grooves
acting as a w edge to prevent the sheet pull-
ng out from between the rollers. The suc-
cessive pairs of rollers 10 to 14, (Ifigs. 7 to
11), engage in the grooves 15, and function
botl to hold the sheet to width and at the
same time to gradually Hatten out the thick-
ened edge 8, so that the sheet leaves the last
pair of Tollers 14 with the edges of substan-
tially the same thickness as the sheet. This
is desirable as it facilitates the subsequent
bending of the sheet about the roller 4, and
the h(mdhnn of the sheet in the flattening
and dnnmhnn mechanism. This process of
ironing out tl e thickened edges may be ac-
Comph;herl either by arranging the axes of
the successive pair of vollers at successively
decreasing angles to the plane of the sheet,
or by v (uymo the contour of the successive
roller surfaces throughout the series. In
the preferred form of the apparatus here
shown both expedients are combined, as
best illustrated in Tigs. 6 to 11. These
rollers act upon the sheet while it is Pass-
ing through that zone wherein the sheet re-
mains semi-plastic, and is still susceptible
to the ironing or flattening process without
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danger of cracking the sheet. As the sheet
passes beyond the upper pair of rollers 14
its temperature condition and the internal
stresses have been so modified that there is
little tendency for further contraction.
The pintles 16 for the set of rollers at one
side of the sheet edge, have bearings in a
bracket-arm 17 which is a fixed extension
of supporting member 18, which is pivoted
at 19 for swinging movement in a vertical
plane, in the main carrier member 20. The
pintles 21 for the set of rollers on the op-
posite side of the sheet edge, have bearings
1n a bracket-arm 22 pivoted at 23 in the sup-
porting member 18. In normal operating
position the bracket arms 17 and 22, and the
rollers carried thereby, are arranged at sym-
metrical angles at the two sides of the sheet
edge but bracket 22 is capable of being
swung away from the plane of the sheet, to
facilitate the starting operation when the
sheet is drawn up by means of a bait and

must be pulled into place between the nor-:

mal operating positions of the holding roll-
ers. An operating lever 24 is pivoted at 25
on carrier 20, and a rod 26, adjustable in
length by turnbuckle 27, connects this lever
with the bracket arm 22. Rod 26 is pivoted
at 28 to bracket arm 22, and at the other end
is pivoted to pin 29 journaled vertically in
lever 24. By manipulating lever 24 the
bracket arm 22 and the set of rollers carried
thereby may be swung into or out of en-
gagement with the sheet edge 8. The parts
may be held in normal operating position
by a removable bolt or peg 80, inserted
through mating holes in the lever 24 and
carrier 20.

There is an upwardly extending arm 31
on the pivoted supporting member 18, and a
similar arm 32 projects up from the carrier
20. A rod 33 is pivoted at one end at 34 to
the arm 31, and the other end of the rod
passes freely through an aperture in the
enlarged end 35 of a pin 86, horizontally
pivoted in arm 82. Adjusting nuts 37 en-
gage the threaded end of rod 83 at either
side of member 85. By suitably manipu-
lating thess adjusting nuts, the supporting

" member 18 may be swung about pivot 19,

and the inclination of the edge holding roll-
ers from the vertical can be varied as found
desirable. In this way the path that the
sheet edge is forced to follow by these hold-
ing rollers may be varied to get the proper
degree of tension in the sheet at various
heights about the molten source 2.

The outer portion of carrier 20, which is
of non-circular eross-section to prevent ro-
tary movement thereof, is slidably mounted
in the block 38, which in turn 1s slidably
mounted in the main supporting member 39.
Support 89 is fixed in any suitable manner
to the beams 40 at the sides of the machine.
Support 89 may also carry the supporting

]

and driving mechanism for the knurled edge
forming rollers 6. This mechanism is of
substantially the form now used on the Col-
burn machine and specifically described in
the patent to Colburn, 1,248,809, already re-
ferred to, and need not be described in de-
tail. It comprises the supporting and driv-
ing shafts 41 for the rollers 6, through
which the cooling fluid circulates. These
shafts are mounted one of them pivotally,
on a base 42 which is adjustable held in sup-
port 39 by set-screw 43. The pivotally sup-
ported roller is yieldingly held against the
sheet by spring 44. The rollers are driven
from shaft 45 through gearing 46.

Block 88 is held fixed in adjusted posi-
tion within support 39, by adjusting bolt 47
whose threaded central portion 48 engages
a threaded lug 49 extending down from
block 38, and whose ends are held against
longitudinal movement but are freely ro-
tated in lugs 50 on support 39. By rotating
bolt 47, the edge holding rollers may be ad-

_justed 1n or out, parallel to the plane of the

glass sheet 1.

A reduced end portion 51 of carrier 20,
extends out through a plug 52 screwed into
the end of block 38. A compression spring
53 surrounding end portion 51 and confined
between the end of carrier 20 and the plug
52, yieldingly limits the outward movement
of carrier 20. A second compression spring
54 surrounds member 51 and is confined be-
tween plug 52 and an adjusting nut 55
mounted on the threaded end 56 of member
51. The spring 54 is placed under a suit-
able initial tension by nut 55, and the in-
ward pull of the sheet 1, as it tends to con-
tract or attenuate, will further compress the
spring 54. This compressed spring will then
constantly exert a yielding outward pull or
tension on the sheet 1 as it is drawn.

‘When this apparatus is installed support-
ing base 42 for the edge forming rollers 6
will first be adjusted within the main sup-
port 39 until the edge forming rolls are
properly positioned for the desired width of
sheet. The corresponding normal inward
position of the edge-holding rollers is then
adjusted by means of bolt 47, and the proper
inclination of the series of rolls is obtained
by adjusting nuts 87. By adjusting nut 55
the desired tension to be applied to the sheet
is obtained. These adjustments once prop-
erly made, the apparatus should require
very little attention.

In operation, the drawing of the sheet is
started by means of a bait, as is usual in
machines of this type. The edge-forming
rollers 6 are first clamped in position at the
base of this sheet, and then the edge-holding
rolls are clamped on the thickened sheet edge
8. The first pair of rollers 9 bite rather
deeply into the plastic glass and form the
grooves 15, the successive pairs of rollers
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there above engaging in these grooves, and
also flattening out the bead of glass behind
the grooves. As these rollers are all idlers,
and turn freely in their bearings, very lit-
tle resistance is offered by them to the nor-
mal longitudinal attenuation of the sheet
edge. The lengthwise drawing and stretch-
ing of the sheet takes place much the same
as if the lateral stretching rollers were not
used. As these two tensioning and stretch-
ing forces are exerted simultaneously at
right-angles to one another, over that plastic
area of the sheet in which 1t is taking form,
no opportunity is offered for the sheet to
contract or draw up into waves or other
irregularities.

Referring now more particularly to Figs.
12 to 16, inclusive, the means for giving the
temperature treatment to the sheet of glass
during this formative period, will be de-
seribed.  As already noted coolers 5 are
used to provide the more tenacious surface
glass on pool 2, and to stiffen the sheet 1 at
its source. A cooler 75 may also be pro-
vided to cool the under side of the sheet and
the bending roll 4 just before these come in
contact with one another. These coolers are
all parts of the present apparatus as disclosed
in the Colburn patent, referred to above.

With the system as above set forth, only
the surface portions of the sheet are ini-
tially chilled, and the sheet is drawn with a
hetter core which must gradually cool off
during the subsequent cooling and anneal-
ing process. This hotter and less tenacious
glass tends to drag behind, and will not pull
up as evenly and steadily as the cooler more
tenacious surface glass. This, together with
the unequal stresses set up in the cooler sur-
faces and the hotter interior of the shect,
tend to produce corrugations and waves in
the sheet surfaces, as the sheet shrinks and
attempts to stabilize the various stresses pro-
duced within its structure.

In the present system a pair of additional
coolers are employed to locally chill the
sheet just above the so-called meniscus, or
body of glass 57, from which the sheet is
drawn. These coolers are preferably of a
type which will positively drive a chill into
the sheet structure. In the improved type
of cooler here shown (Fig. 13), a water-
jacketed pipe 58 extends horizontally across
the: machine parallel to and adjacent the
sheet surface. Air under pressure is forced
through this pipe, and may escape through
a series of apertures 59, arranged at inter-
vals in the pipe walls. A circulation of
cold water is maintained through the pas-
sages 60 in the hollow walls of pipe 58. An
enclosing shield or deflector 61, having a
directing slot 62 placed close to the sheet
surface, surrounds the pipe 5S. The air
forced out through apertures 59 escapes
from the shield, (as indicated by the ar-

1,586,618

rows), in an even horizontal stream against
the adjacent surface of the glass sheet. The
water-cooled walls of the pipe 58, not only
cool the air passing through the pipe and
the apertures 59, but also the surrounding
air enclosed in the shield or defiector 61.
By this mechanism, an even steady stream of
cold air is forced against the sheet surface
which drives a chill deep into the sheet struc-
ture.

Immediately above these air-coolers 61 are
located a pair of heaters, which act to re-
heat the surface portions of the sheet, and
relieve the excessive surface tension. These

heaters, as here shown are simply a pair 8

of gas-pipes 63, having a series of burner
openings which direct a horizontal sheet of
flame against the adjacent surface of the
passing sheet. To modify and vegulate the
effect of these flames at different points
across the sheet, shields or screens 64, (Figs.
14 and 15), may be used. Iach of these
screens comprises a supporting bar or frame
65, and a transverse series of refractory or
heat-resisting panels 66, which have support-
ing stems 67 adjustably held in the frame
65. These panels may be dropped to the
desired degree between the flames and the
glass sheet, and act to deflect a large part
of the heating flame away from the sheet
and thus modify its effect thercon. If a less
intense heat is desired at the center portion
of the sheet, the panels toward the center
will be adjusted lower so as to cut off a
greater poition of the flames than those
nearer the sheet edges.

The general effect of this successive heat-
ing and cooling treatment may be best de-
scribed by referring to the diagram shown
in Fig. 16. 1In this graphic illustration, the
colder glass is indicated by longitudinal
shade lines. The coolers 5 create a rather
stifl tenacious surface layer 68 on the mol-
ten pool 2, and the meniscus 57, and it is
trom these surface layers that the sheet sur-
faces are drawn. In the zone Letween ¢ and
b the coolers 61 operate, and as shown at 69,
a chill is driven deep into the sheet. In the
zone between b and ¢, the surface reheaters
63 act upon the sheet, and the chill in the
surfaces 1s partly removed. This relieves
the surface tension, and the sheet structure
now embodies the internal cool and tenacious
portions 70, upon which the main tensional
and stressing forces arve now exerted, and
outer softened and less tenacious skin por-
tions. Perhaps a somewhat hotter central
core T1 will still exist within the sheet. As
the sheet rises beyond ¢, and gets out of the
influence of the heaters 63, the surface por-
tions will again be cooled by the surrounding
atmosphere, and the entire sheet structure
will attain a substantially uniform tempera-
ture condition as indicated at 72. Obvi-
ously, the different temperature areas with-
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in the sheet are not as distinct as indicated
in the diagram, but will blend into one an-
other, but the object sought is to so treat the
sheet in the zone from a to ¢ that the sheet
will emerge with the internal stresses bal-
anced and stabilized. It is in this zone
from a to ¢ that the edge holding rollers are
active and in this zone the greatest amount
of lengthwise attenuation takes place.
While the coolers 61 are acting on the sheet
in zone a—D>, the greatest stresses are set up
in the sheet, and the greatest shrinkage tends
to take place. At this time the sheet is se-
curely held against lateral shrinkage by the
edge rollers. In the zone b—¢, the stresses
are greatly relieved or modified, at least in
the surfaces of the sheet, and by the time the
sheet passes out of the sidewise stretching
zone a—¢, its temperature and general plas-
tic consistency throughout its structure will
be quite uniform, and it will be past that
stage of temperatures when elasticity is pro-
nounced, and it will be substantially fixed as
to width. Any further contraction that may
take place will be uniformly distributed
throughout the sheet structure and will not
wrinkle or disturb the smooth flat surface
portions.

Claims:

1. In the art of drawing sheet glass from
a mass of molten glass, the method of main-
taining lateral tension in the sheet during
the formative period, consisting in forming
thickened edge portions on the sheet at the
sheet source, gripping the thickened portions
between rolling surfaces after they have
passed beyond their place of formation and
immediately adjacent thereto and holding
the sheet against its tendency to contract.

2. In the art of drawing sheet glass from
a mass of molten glass, the method of
maintaining lateral or side tension on the
sheet while in the formative period, consist-
ing in forming thickened edge portions on
the sheet at the sheet source, gripping these
thickened portions-at a series of adjacent
points and holding the sheet against its tend-
ency to contract.

3. In the art of drawing sheet glass from
a mass of molten glass, the method of
maintaining lateral or side tension on the
sheet while in the formative period, consist-
ing in forming thickened edge portions on
the sheet at the sheet source, gripping these
thickened portions at a series of adjacent
points and holding the sheet against its tend-
ency to contract,and simultaneously flatten-
ing ont the thickened edge to approximately
the normal thickness of the sheet.

4. The method of forming sheet glass, con-
sisting in drawing the sheet from a source of
molten glass, forming thickened edge por-
tions or beads on the sheet at its source,
grasping the thickened edges and holding
the sheet against contraction at a series of

adjacent points until the sheet becomes set,
and simultaneously flattening out the thick-
ened portions.

5. In the continuous drawing of sheet
glass vertically, that procedure which con-
sists in clutching the opposite edges of the
sheet with horizontally movable and elas-
tically adjusting stretching devices which at
their respective contact points with the glass
are so related therewith as to permit verti-
cal movement of the said edges in the line
of draw, in moving said devices in opposite
directions on the horizontal plane while
thus related to the edges of the vertically ad-
vancing sheet and stretching the same hori-
zontally.

6. In the continuous drawing of sheet
glass vertically, that procedure which con-
sists in. clutching the opposite edges of the
sheet with horizontally movable and elas-
tically adjusting stretching devices which at
their respective contact points with the glass
ave so related therewith as to permit vertical
movement of the said edges in the line of
draw, in moving said devices in opposite di-
rections on the horizontal plane and creating
a live constant compensating cross tension
through the sheet by elastic adjustment of

the opposing clutching devices toward and

from the same in conformity with the va-
riables of material resistance of the glass un-
der vertical drawing stress in the sheet area
in transit between said devices.

7. That practice in the art of drawing
sheet glass which consists in forming
grooves in the border glass along the op-
posite edges of the sheet as it is being drawn,
in engaging rolling edge-gripping means
with said grooves as they are forming, in
communicating stretching tension across
that area of the sheet which in transit has
its border portion progressively engaged
with said rolling means and in simulta-
neously effecting this area of the glass by
temperature treatment to secure a uniform
plasticity therein as the transverse tension
1s relaxed.

8. That practice in the art of drawing
sheet glass which consists in securing a hold
on the plastic glass along the opposite bor-
ders of the sheet as it is being drawn with
opposite sets of rotating devices which in
succession are adapted first to groove in and
then to flatten out the said borders of the
glass as the sheet as a whole is advancing in
the line of draw, in communicating widen-
ing stress to the sheet area extending be-
tween said devices and in acting on the glass
while it is being thus drawn and tensioned
to then and thereafter secure uniform and
balanced temperature conditions through-
out the thickness of the sheet.

9. In an apparatus for drawing sheet
glass, mechanism for maintaining lateral or
side tension on the sheet comprising means
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adjacent the sheet source for forming
thickened edges on the sheet, and rotary
means for grasping these thickened edges
after they have passed beyond the forming
means and immediately adjacent thereto and
resisting the tendency of the sheet to con-
tract.

10. In an apparatus for drawing sheet
glass, mechanism for maintaining lateral or
side tension on the sheet comprising means
adjacent the sheet source for forming
thickened edges on the sheet, and pairs of
rollers engaging these thickened edges after
they have passed beyond the forming means
and immediately adjacent thereto and hold-
ing the sheet against inward contracting
while it is being pulled longitudinally be-
tween the rollers.

11. In an apparatus for drawing sheet
glass, mechanism for maintaining lateral or
side tension on the sheet comprising means
tor forming thickened edges on the sheet at
the sheet source. and pairs of idler rollers
engaging these thickened edges immediately
adjacent the edge forming means and hold-
ing the sheet against inward contracting
while it is being pulled longitudinally be-
tween the rollers.

12. In an apparatus for drawing sheet
glass, mechanism for maintaining lateral or
side tension on the sheet comprising a pair
of driven rollers forming each sheet edge
at the sheet source, and a pair of idler rollers
engaging each sheet edge as formed by the
driven rollers.

13. In an apparatus for drawing sheet
olass, a_container for a pool of molten glass
from which the glass sheet is drawn, a pair
of driven rollers engaging and forming each
sheet edge, a bending member about which
the formed sheet is deflected, and a pair of
idler rollers gripping each sheet cdge be-
tween the driven rollers and the bending
member.

14. ITn an apparatus for drawing sheet
glass, a container for a pool of molten glass
from which the glass sheet is drawn. a pair
of driven rollers engaging and forming
each sheet edge, a bending member about
which the formed sheet is deflected, and
plurality of pairs of idler vollers gripping
cach sheet edge between the driven rollers
and the bending member.

15. In an apparatus for drawing sheet
glass. mechanism for maintaining lateral
or side tension on the sheet, comprising
means for forming thickened edges on the
sheet at the sheet sonrce, and means grasp-
ing these thickened edges at a series of ad-
jacent points and resisting the tendency of
the sheet to contract, these means also grad-
ually ironing out the thickened edges as the
sheet is drawn therethrough.

16. In an apparatus for drawing sheet
glass, mechanism for maintaining lateral

. R

or side tension on the sheet, comprising
means for forming thickened edges on the
sheet at the sheet source, and pairs of voll-
ers engaging these thickened edges and hold-
ing the sheet against inward contracting
while it is being pulled longitudinally be-
tween the rollers, the sheet engaging faces
of the successive pairs of rollers being po-
sitioned at varying angles to the plane of
the sheet, to gradually flatten out the thick-
ened edge.

17. An apparatus for drawing sheet glass,
comprising means for drawing the sheet
from a mass of molten glass, pairs of driven
rollers positioned adjacent the sheet source
and forming thickened edges on the glass
sheet, and a sevies of pairs of gripping roll-
ers engaging the thickened edges at succes-
sive points to resist the contraction of the
sheet.

18. An apparatus for drawing sheet glass,
comprising means for drawing the sheet
from a mass of molten glass, pairs of driven
rollers positioned adjacent the sheet source
and forming thickened edges on the glass
sheet. and a series of pairs of gripping
rollers engaging the thickened edges at suc-
cessive points to resist the contraction of
the sheet, the sheet engaging faces of the
successive pairs of gripping rollers being po-
sitioned at gradually diminishing angles to
the plane of the sheet to gradually flat-
ten out the thickened edge.

19. An apparatus for drawing sheet glass,
comprising means for drawing the sheet
from a mass of molten glass, pairs of driven
rollers positioned adjacent the sheet source
and forming thickened edges on the glass
sheet, a series of pairs of gripping rollers
engaging the thickened edges at successive
points to resist the contraction of the sheet,
and means for adjusting the position of the
gripping rollers parallel to the plane of the
sheet to vary the tension imparted to the
sheet.

20. In the process of drawing sheet glass,
the method of relieving internal stresses,
consisting in locallycooling the drawii sheet
near its source, immediately thereafter heat-
ing the Sheet surfaces to relieve the surface
tension, and simultaneously holding out the
edges of the sheet to impart lateral tension
to thesheet while it is setting.

21. A means for positively cooling a sheet
of olass during the drawing process, com-
prising a water-jacketed supply pipe for air
or other cooling fluid, the pipe being per-
forated at intervals to provide a series of
air-jets, and a deflector partially enclosing
the pipe to direct the fluid against the sheet
surface.

22. Means for heating the surfaces of a
drawn sheet of glass to relieve the surface
tension. comprising burners directing a sheet
of flame against the sheet surface as the
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sheet is drawn past the burners, and a series
of adjustable shields arranged between the
burners and the sheet surfaces to modify the
heating eflect at different portions of the
sheet area.

23. Means for heating the surfaces of a
drawn sheet of glass to relieve the surface
tension, comprising burners directing a
sheet of flame against the sheet surface as
the sheet is drawn past the burners, and
a series of refractory shields suspended
across the width of the sheet between the
burners and the sheet surface, the shields
being independently adjustable to modify
the heating effect on different portions of the
sheet area.

24. In an apparatus for drawing sheet
glass, mechanism for maintaining lateral or
side tension on the sheet, comprising means
for forming thickened edges on the sheet,
and pairs of yieldingly mounted rollers en-
gaging these thickened edges and holding
the sheet yieldingly against inward con-
tracting while it i1s being pulled longitudi-
nally between the rollers.

25. In an apparatus for drawing sheet
glass, mechanism for maintaining lateral or
side tension on the sheet comprising a series
of pairs of yieldingly mounted rollers en-
gaging the edges of the sheet and holding
the sheet yieldingly against inward con-

7

traction while it is being pulled longitudi-
nally between the rollers.

26. The combination with means for
drawing sheet glass lengthwise, of devices
for stretching the sheet laterally, the same
comprising members resiliently sensitive
and movable toward and from the edge por-
tions of the sheet, rolling sheet-gripping ele-
ments mounted on the members and adapt-
ed to be rotated by the edge glass of the
sheet as it is drawn, and means for adjust-
ing the members to vary the amount of
stretch which is to be given to the sheet lat-
erally.

27. The combination with means for
drawing sheet glass, of devices for stretch-
ing the sheet laterally, the same in dupli-
cate comprising supporting mechanisms and
rolling parts adapted to hold onto and to
formatively act on the glass along the op-
posite edges of the sheet as it is drawn, and
means connected with said mechanism for
maintaining an adjustable elastic pull on
the said rolling parts away from the line
of advance of the edges of the sheet while
’d}e rolling parts ave engaged with the edge
glass.

” Signed at Toledo, in the county of Lucas,
and State of Ohio, this 5th day of July,

1922.
ENOCH T. FERNGREN.
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