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To all whem it may concern:
‘Be it known that I, I}WINC W-. CoLB URN a. ree1dent

of Franklin, Penneylveme, have invented a new and

useful Method and Apparatus for Drewmg Sheet-Glass,

- which mventmn is fully set ferth 1n the following epe:: i-

fication. . . |
This invention relates to the art of gla.ee werkmg,
and more pertleu]e,rly to the art of drawing eheete of

" glass from a molten mass of plastic glass.
- Many efforts have heretofore been mede to draw
sheet glass directly from a mass of molten or plastic

" glass, but so-far as I am informed none of these have

1o,

been eommercmlly successful.

One of the chief of these is the tendency of the
glass to draw into a long string or stick shortly after the
operetlen of drawing has begun, with the result that

- the extent of shéet glass secured was so meager in char-

20

~acter as to render the eperetlon commercially i lmpree-

ticable.
The object of the preeent invention is to prowde a

‘method and apparatus which shall be capable of draw-

~ ing sheets of glass of given or determinate width from

__ .

a mass of molten or plastic glass which shall be com-
‘mercially practicable, and which shall produce a su-

- perior quality of glass, the method being particularly
| apphcable to sheet- wmdew glass, -

- With this object in view the mventlen consists in

- the method of drawing, from any suitable receptacle

30

for molten glass, a flat sheet of glass which, simulta-
‘neously with the operation of drawing thesamefromthe

receptacle, is stretched in a lateral direction so as to
maintain the sheet of uniform width and by the stretch-

ng or drawing action to impart to the same the flat-
35

ness and emeethneee of surface requisite in glass of ‘this

. character.

" with means for presenting a mass of molten glass to be

~ uniform width and the stretching action necessary to
impart a.flat and smooth surface to the drawn sheet.of

45

- :,.

The invention further consists in eppemtue prewded

drawn; combined with-means for drawing a flat sheet
of glass therefrom, and means for simultaneously

-etretehmg, in a fateral direction, the sheet of glass as

drawn, whereby the drawn eheet is maintained of

olass 1s secured. | | .
While the foregoing 1s a felrly eceurete etatement of
the method and epperetue wherein the invention re-

sides, there are minor details of _the method and of the.

apparatus employed which will be hereinafter more
particularly described, and then defined in the claims.
~ In order to insure uniform’ condition of the glass as
drawn, and in order that. it may be presented to the
stretching apparatus always in substantially the same

condition throughout every part-of the sheet, the glass |

'-ﬂ -

A great variety of dif-
ficulties have been encountered in the efforts referred
to.

| 18, .by the' preeent .inveﬁtien, prefe’rebly maintained

at a constant level in the receptacle for the molten
glass, which level is, in the apparatus here shown,
slightly above that of the overflow lip or ma,rgin of the
glass-containing recéptacle.” Moreover, in order that

the molten glass may be cooled to the proper consist-

ency before it is presented to the lateral stretching ap-
paratus, cooling means are prewded which are located

at a determmed distance above the overflow lip or

By maintaining the glass at
65

margin of the receptacle.

an approximately constant level, and by providing

means for heating the glass so that it shall issue from the

55

60

overflow lip or margin of the receptacle at a tempera- -

ture which experience proves to be-the most suitable

-~ for the particular character of glass under treatoient,
and by lowering this temperatire by the use of cooling
‘devices located at a suitable distance from the mouth
of the receptacle,-and by then laterally stretching the
sheet of glass after it has been cooled to the most ef-

fective temperature, but while it is still plastic, it has

“been found possible to continucusly and progressively

70

75

manufacture a plate of glass of constant width, and "

'rwheee length is detérmined. only by the extent or
length of draw of the apparatus employed.

The inventive idea involved may receive various

'expreeelens and the apparatus employed for practic-

ing the method may be varied n many ways. The

80

apparatus herein shown, however, is one which is ca-

pable of use n the practice of this method of glass-
drawing, and is to be regarded as illustrative of the
form of apparatus suitable for the purpose. ”

present invention; Fig. 2 is a central vertical section on

‘the line 22, Fig 4: Fig. 8 is a sectional detail of the
_' mouth of the recewmg chember or pot from which the
" molten glass is.drawn, with cover 88 in place; Flg 4isa’

- 85

In said drawings, Figure 1 is a side elevation of an ap-
paratus for drawing glass according to the method of the

broken vertical section on the line 4-—4, Fig. 1, some of |

- the parts, however, being shown in eleve_tien; Fig. 5isa
_front elevation of a portion of the stretching apparatus;

Fig. 6 is an end elevation thereof, parts being broken

away: Fig. 7 is a gectional detail ehewm-:r the melting or

95

refining chamber, the receiving chamber or pot and the -
delivery chamber interposed between the refining and

'-recewmg chamber, with means for cfeemﬂ the cornmu-
nication between the nielting and dellvermg chambers

100

and for memtemmg the glass in the receiving chamber -

or pet at & constant level, the. same in this figure, how-

ever, being shown with the communications between .

‘the melting and reﬁmng chamber, the delivery cham-

ber and the receiving chamber open and unobstructed,

and-the glass being at a level below that at which it is
‘preferred to draw the same; Fig. 8 is a view similar to

Fig. 7 but with the cemmuni’eetion"between the deliv-

i

105




| ery and the meltmg chambera cloﬁed and the

" the receiving chamber or pot raised so that it overflows '

~ the margin or lip of the same, and a sheet of glass in the

1o

15

act of being drawn therefrom; Figs. 9, 10, 11, 12, 13, 14

the overflow margin or lip of the receiving chamber or-
pot and of the manner of drawing a ‘sheet of glass there-
from; Fig. 16 1s'a vertical section, partly in elevation,
of the delivery chamber showing the means for- ‘closing
communication between the melting. and delivery
chambers and for maintaining the molten glass in the
delivery and receiving chambers at the demred level

for drawing the sheet of glass.

~ Referring to the drawings, 1 is. the- meltmg and reﬂn—
ing chamber, 2 is the delivery chambeér and 3 18 a con-

. duit connecting the melting and refining chambeérs with

} 20

the delivery chamber, said conduit bemg controlled by

- valve 4 which, in the preaent instance, is shown in the
“form of a VBIthﬂl plunger made of some refmct@ry ma-
terial, as tank block weighted, if necessary, to' make it

* hieavier than the molten gla,ss dlsnlaced 8O that 11; *mll

25

sink therein.

" - 5'is the receiving chamber or pot whmh receives the

molten glass from the delwery chambper 2° by way of
0011{:11111: 6. Thisreceiving chamber or pot b is pmwded
with a suitable opening i;hmugh whlch the molten gl.ms

' passes 88 & ‘sheet of glass 18 being drawn therefrom, in a
“mannér hereinafter described. -The recelving cham-

30

~ Dber or pot'5 is provided, with what is here deslgna,ted a9

an {werﬂﬂw lip 9 which, in the present instance, 18 the

. margin or edge of the receiving chamber 5, which may"

40

pot.
- the marniner desired, the overflow lip 9 is prefprably 20

‘he either of the same thickness as the wall of the said °

recewmg chamber as; shown in Figs. 12 14 and 15, or

it may consiet of such wall extended s0 as to form a pro--
35

jecting lip or table, as shown in Figs. 2, 9, 10.and 17.
1t has been found that the drawing of a sheet of glaﬁa
from a mass of molten material is facilitated by having

‘the said overﬂow hp or margin heated to a temperaturc
 gomewhat in.excess of that of the body of the mmass of |

molten glass contained within the receiving ¢ ‘hamber or
In order to provide for the heating of said lip in

'Imnatructerl a8 To form the top or roof of the hea.tmg

45
~ gases pass.  The chamber 11 is heated in any suitable
“manger, a8 by flames from gas jets 12 projecting into’

chamber 11, which chamber is connected by ofi-take
flue 14, to the atack flue 8, through which the burnt

- said chamber, Whlt,h is provided’ with a fire bridge w all

.55

13 extending upwards near to,-but not in contact with,

the roof-of said chamber. This construction conducts
the heated gases of combustion upward against the.
under side of the overflow lip 9, and then dawnwards
and out of the.stack through flues 14 and 8. -The con-,

~struction of the heating-apparatus for the overflow lip i ig

shown 1n Figs. 2, 7and 8. In order to keep the inolten
or p]aatlc glass in the recewmg chamber 5 at the pmper
temperature, there is provided a heating chamber 7

~ which surrounds the greater pnrtmn of the receiving

60

chambf,r 5. The heating chamber 7 is cnnuwted at 1ts

‘lower portion with the flue 8 ]ﬂadmg to the stack flue
 through which the burnt gases pass. - The chamber 7'iB
‘heated in any suitable mannet, preferably by gae jets 10 |

pr ojecting into the said chamber at its upper portion, so

,-65

-as to direct the flames from the jets 10 against the top of
the recowmg cha.mber 5, whtch ﬂamea wﬂl be—ﬂmwn

L

‘and 15 are sectional detalls showing mﬂdxﬁcatmns of { may be operated i
shown (reference being had partlcula‘rly to Fig. 16), its.

sﬁmﬁaa

glags in [ amund the receiving c'hdmber 5 {nto the oﬁ-take flue 8,

.11] as clearly shown'in Flgs 2.7 and 8.

" The valve 4 for cc»ntrollmg the flow of molten olass a

fmm the melting chamber 1 to the flelwery chamber 2
in any suitable manner, and as here

70

operation is accomphshed by means of & lever 15, ful-

crumed at-17 upon the walls of the furnace, and con-
nected by the pin 16 to the valve 4. The valve 4 may.

thus be elevated or depressed by the ﬂpemtmn of the

1ever 15, the lever being held in 1ts depressed pomtmn_
| by the pin 18, or in its elevated position by the pin 19,
Qs wﬂl be readlly understood by an inspection of Fig.
16." For the purpose of securing. the constant level of
80

the molten glass in the receiving chamber or pot 5, any

_sultable means-may be employed, that here 111ustr&ted
being in the form of a displacement block or piece 20
. made of any suitable refractory material, as tank bleck,
which is preferably constructed -of such mass as o dis-
place the molien glass by its own welght though the
-"blﬂck may be weighted if desired. This dlsp]acement .
{ piece 20 is prcwlded with means for raising and lowering
-it, here shown in the form of a cable 21 passmﬂ' over a
pulley 922, and around a drum 23, which drum is mount- .
edin bearmgs formed in a bracket.24 and operated bya
It will be readily underatood that by operat- .
ing the crank 25 the block may be permitted.to-descend
“into the midss of molten glass or be raised therefrom, de-
“pending- upon -the direction n which the crank is

crank 25.

turned. When the block is withdrawn a predeter-
mined distance from the mass of the molten glass ini the

by permitting the dpr]&CBmEIlt p1ece 20 to desce‘nd

bemg in position to close the conduit 3), the level of the

gla.sa in'the delivering chamber and the receiving cham-
“ber or pot can be raised to the desired point and prefer-
: ably slightly above the overflow lip or margin of the:
recewmg cha.mber or pot, as very clearly appear% i
| Flg |

8.
As the glasa maues from the recewmg chamber or p[}t

* .preferably on the overflow lip or margm 9, it is received
by a bait 29 ‘which by preference is suitably prepared _‘

‘s a8 to cause the glass to adhere thereto, and the glass is

‘then continuously drawn away from the overﬂﬂw lip or
‘margin, thereby drawing out a sheet of glass "
drawing action may take placein a vertical or in a hori- 1 1 5 |
‘zontal direction, or at any angle umlmed from the ver-
‘tical or horizontal that may be dBEH‘Bd and the molten

This

glags may be drawn into sheet form at the instant it .
makes exit from the opening in the overflow chamber or

mltted to extend partlally or. ‘entirely along the surface
and 15; or, if preferred, the sheet of glass may be drawn

from the mass of molten material in the recetving cham-

Eh[]'WIIlIlFlg 12, all of these various modlﬁcatmnsbemﬂ'
within the invention herein described. For the pur-

delwery chamber 2, the level of the olags in said cham-
| ber 2 and the recewmg chamber or pot 5 can be main-
‘tained below the margin or overflow lip 9 of the delivery
opening of said chamberor pat asisshownin Fig.7; but

into the mass of the glass, as shown in Fig. 8 (the valve4

?5

.
50
95 .

109-_- .

105

pot b, a8 illustrated in Figs. 13 and 14, or it may be per- 1 20

“of the overflow lip or margin, as shown in Figs. 9,10, 11

| ber or pot 5 without actually permitting any of the glass 125
" to-flow along the surface of the overflow lip.or margin, 88

poae -of mwmg the bait.29 away from the mouth of the
reeewm g chamber or pot 5, in order to draw the sheet of 130



séo;u'ss

provided with means for contmuously drawing it away
from the chamber or pot in the direction in which the
sheet is desired to be drawn. .
rection may be vertical, horizontal or at any angle be-

- tween the vertical and horizontal.

10

15

 There is herein shown an apparatus designed for draw-
“ing the sheet of glass vertically froni the receiving cham-
ber or pot, which appatatus is best shown as a whole in .

Figs. 1, 2 and 4,"and conwists of a cross-head 28, movmg

in guldea or ways 27, 27, formed in side frames 28, 28,

the bait 29 being auspended from the cmss—head 26 by

pins 30, 30, and the cross-head itself having up and
down movement imparted to it by screws 31, 31, passing
through nuts 32, 32, on opposite ends of the cmsa—head -*

These sctews 31 are mounted to turn in bearings 33 in

the side frames 28 and in a top cross-rail 68, and are pro-’
vided with beveled gears 34 meshmg with bevel gears |

35 fast on the shaft 36 turning in bearing 37, 87, on the

20

top cross rail 68, - This shaft has a bevel gear 38 fast on

- one end thereof Wh ich gears with a bevel gear 39 on ver-
- tical shaft 40, turning in Dbearings 41, 41, and provided
~ on its lower end with the bevel gear 42. This bevel
gear 42 meshes with bevel gear 43, which is fast to sput
‘gear 44 free to rotate on shaft 45, Fig. 1, projecting from

the side frame 28. Spur gear 44 meshes with spur gear

46 fast on shaft 47, which shaft 47 also has a spur gear 48 |
- getting the bait between therollers, means are provided

~ fast thereon. Thlﬂ spur gear 48 is one of aline of geating

- which is connected with a shaft 52 driven from the main |
30

source of power, the chain of gearing in this instance

‘consisting of gears 48, 49 and 50, meshing with gear 51

on transverse shaft- 52 By an inspection of Fig. 4 it

35

40

49

will be observed that thete are two exactly similar lines |
of gearing 48, 49, 50 and 51, the several gears being.
mounted on shafts taking bearmg in the reﬂpectwe side
- frames 28, which shafts have fast upcm their inner ends

;st- gears 53. These spur gears 53 serve to drwe the

gearing for operating the rollers emplt}yed for stretching
the glass, as will be hereinafter more clearly described.
The shaft 52 has upon one of its ends a friction disk 54

which receives motion from a friction disk 55 at right -
angles thereto, the disk 55 bemg keyed soas toturn with

but slide upon shaft 56 driven by pulley 57 receiving
motion from any suitable source of power. -

. work of the apparatus.

00

It will be readily understwd that by operatmg the'
lever 61 the friction disk 55 may be made to approach

toward or recede from the center of .the disk 54, and

‘thereby vary the speed of the shaft 52; and that by

55

60

causing the disk 55 to pass the center of the disk 54 ‘the

direction of movement or revoluupn of the Ehaft 52

may be reversed.

For the purpose of . latera.lly stretchmg the sheet of

glass, as it is'in the act of being drawn, a series of roll- .
ers 62 are mounted in ‘suitable frames 63 on either side

of the apparatus. Each of the rollers 62 is keyed to a
shaft 64 turning ifi suitable bearings in the frame-

work and prefera,bly inclined at an angle to the direc-
tion of movement of the sheet of glass to be drawn.

‘Each of the shafts 64 hason the end opposite the roller

As above stated this di-

‘gears 48, 49 and 50, driven by the. shaft 52.
inspection of Fig. 4, it will be understoud that thergisa_
series of these rollers 62 opera.tmg upon the opposite
[ edges of the sheet of glass as the same,is ‘being drawn;

The friction
disk 55 has secured thereto and preferably formed inte- |
grally thefewith a sleeve 58, having an annular groove
59 into which a_pin 60 on a._ lever 61 enters, said lever
being fulcrumed in any suitable manner upon the frame- J

gldss from. said pot, it is attached to a sultable member ] on another shaft also taking bearmg in the frame 63
and having on its 0pp031te end a spur. gear 67. meshmg |
-with one of the spur gears 53 hereinbefore referred to. |

It will thus be seen that each.roller 62 is driven from a.

spur gear 53 through the ‘intermediate gears 67, 66 -
and 65, and the shafts bearing such- gears and that

each mller receives its motion from one of the chainof

- From an

75!

and from an inspection of Fig. 2 1t Wﬂl be seen that
there is a like set of rollers operatmg upon the oppgslte' f

sides or faces of the sheet of glass as the same is being

drawn, .the rollers being preferably arranged in pairs

'pla.ced immediately opposite. each other ‘and’ rotating

80

in' opposite directions, as indicated by the arrows in -

Fig. 2. The effect of this arrangement of rollers is

that the glass is gripped_between the reapectwe mem-
bers of each pair of rollers and.by the rollers is pulled

width -and thu:knesa co

. In erder that the rollers may be ad]uatable to sheets -
90
pose that the grip of the rollers upon any given sheet”

nf glass: of various thickness, and for the further pur-

~or drawn laterally; thereby” stretching the glass and = -
maintaining the sheet at an apprommately constant-

of glass being drawn may be adjusted, as well as for

whereby the frames 63 bearing the rollers. may be ad- -
justed so as to bring the rollers: closer to or withdraw
them further from the surface of the sheet of glass, and
at the same time mamtain the parallehsm of the op-

95 .

positely disposed frames and rollers borne thereby.

" The means employed for this purpose will be best un-.
- derstood by reference to Figs. 4, 5 and 6.

Each of the roller bearing frames 63 is artlculatcd

: to the respective side frames 28 by a pair of hinge links
69, 69, in such way as to permlt the respective pairs
of roller bearing frames which are on oppdsite sides of
" the sheet of glass to be withdrawn-from or approached
towards the surface of the glass -while ‘at all-times re-
maining parallel with each other, and also maintaining

100

105

the.gears 67 constantly in mesh with gears 53, so that

into parallel planes and always remain in opemtwe
engagement with the driving gears therefor.

,h"the roller ‘bearing frames 63 cah be ad]usted at will
110
For the

| purpose of effecting the movement of the roller bear- -

ing - frames 63 upon the hinge links 69; 69, hrackets .

70 are carried by the frames 63, within which brackets:
- a worm shaft 71 takes bearing, said shait being pro-
v1ded with a worm 72 for each of the pair of frames on
- one side of the sheet '{)f glass,

Each of worms 72. 72,

118

meshes with a worm gear 73,. (Fig. 6), on a vertical

shaft turning in bea.rmg 75, and on the lower end of
the shaft bearing the worm gear 73 is a bevel gear 78,
‘which meshies with a bevel gear 77 fast to or formed
integrally with a sleeve 78, splined to the shait 79 so0.as .

to slide thereon. This shaft 79- has. bearings in the

| lower portmn of the bracket 70 and extends fmm front

to rear of the apparatus and has on its respectwe ends

rlght and left bhand screw threads ag clearly shown .

in Fig. 6. The right-hand screw threads engage in.a

120

125

nut formed on the lower end of one of the roller bear-

ing frames 63 and the left-hand screw threads engage.

62 a beveled gear 65 meshlng with a bevel gear 66 fast | in a :m.lt formed in the- lower end of he roller bearing

Fa

130




- 55
 on the power.

60
~ roller bearing frames 63,63, on the opposite sides of the

. iy
. ) . ' L
1 i ’
. .
- [ et '

5

' *"710

- _'330;,52"‘3 )

frame 63 on the {}pp(‘.lﬂlte mde of the sheet of glass 50 | 76 and 77, operate the ﬂpl:me sleeve 78 and witn It the o

thﬁut by turning the scréw shaft 79, the screw threads

on sald shaft operate to draw the roller bearmg frames |
63, 63 closer to each other, ‘or to force them apart, de-

pmd ing upon the directionin which the shaft is turned.

It has been found in pmntme that 1h. dmwmw a, sheet
nf glass from the overflow of' a pot of molten glass, the"
glaas which overflows the hp of the. pot 18 a little too

liot to stretch or draw perfectly even, and to overcome

this dlﬂrlculty cuolmg devices, here shown as in the

“form of water boxes 80, 81 (Flgs 2 and 3) are pmwded

._ Wthh boxes liave pipes 82, 83, for the induction and

g -eduction of a cmlmg medmm such as water,

above the drawing. pmnt

eta 84 and 85, fast to the walls of the furnace

‘Tt wﬂl be und erstood, of course, that power is apphed_
. to the machine through the pulley 57 and that the same |

' .' may be applied with the usual- counter-shaft or belt-

95
30

L 35

to.

“ghifter or any . other suitable device Whereby the: ma-

‘ chine may be stopped or started at pleasure. '

0perat1ml ‘Assume the- machme to.be at rest and the
In this- position-
~ thevalve 4is elevated oft its seat, as shown and the dis- -
placement piece 20 is raised, thereby Ieavmg the glass |
in the melting and’ reﬁnmg chamber 1, the delivering
ehamber 2 and the receiving - cha,mber 5, at the same
‘The ‘molten glass in- the receiving ‘chamber.
) havmg been ‘brought. to the degired- temperature;'_
~ and condltmn ‘the water being circulated through
the water cooling hoxes ‘80 and 81; whlle the roller
bearmg frames 63, 63, ale moved ap&rt 80 ag'to open-
“the rollers auﬁcmnﬂy to “allow for- the ‘passage of the
‘bait; and the cross-head 26 being in a position for the |

pa,rta in the position shown in Fig, 7.

level

bait to overlap the ‘overflow lip 9, as shown'in Fig."7,

o+ and said overflow lip ha,vmg been heated to the dEEIII'Ed ;
140

7 the friction: disk 54 's0-as t0 .give the desired. upward
.. speed to the cross-—head 26 bearing the. bait 29.
- understood, of course, that the bait has been previously
. prepared:50 as to cause the plastm glasa to adhere there—._
The parts being thus in readiness, the valve 4 i§ .
| ._ﬁ,dmsted so as to close the conduit 8 leading from. the
-+ refining chamber 1 and the displacement piece 20 is.
Towered into the mass of glass in the delivering chamber |
2 (as shown in Fig. 8), thereby causing the surface of the.
glass-in said delwermg chamber and in the receiving.
‘chamber 5 to rise above and flow over the-overflow lip-
" 9, when it is caught by and adheres to the bait 29 Whlch_”
- 18 held firmly against the overflow lip by the operator. |
- When the plastic glass | hf.l,s adhered ﬁrmly enough to the
bait, the cross-head 26 is. started upwards by thmwulg-
This not 01111? catises the cross-head. 26

degree the fri ction disk 55.is ad]usted with relatmn to

~and the attached bait 29 to move upward but it also

. starts the series of rollers 62, 62, to rotating, and as the
- .sheet-of glass is advanced and the bait raised above or

wﬂhdmwn from between the outermoat ro]lers ‘the

~ sheet of glass are caused to appmach each other by the

anerator turning ‘the crank 74 attached to the worm
: shaft 71, which worm shaft throucrh the medium of the

| 6 5 W[}] m 7 2 Wurm goar 73 and mter-meshmg be'vel gears’ | the gl‘tsa need not necessa.rlly {}verﬂﬂw 01' ¢ome in actu'l.l

frames 63,
| 62, into contact with, the sheet of glass on the opposite
~ Eldl:,S thﬁrec)f When the sheet of glass pasges between

The -
said boxes 80 and 81 are placed on ‘opposite Eldes of

the Bheet of- glasa ]ust above the dra,wmg pomt and act |
by radiation to chill the glass to the proper degree just
These water caohng boxesi-
- may be supported in any suitable manner, as by brack-

-molten glass in the delivering chamber_
movement of the cross-head 26 can be varied at- will by
| means of lever 61, operatmg to ferce the friction disk 55

) glass

sCrew shaft 79, the direction of the revolution of this

latter shaft bemg such as to draw the roller bearing
63, towards, and their sustained roilers 62,

70

tlle rollers 62 62, they act to stretch the sheet sidewise

__'Iand owing to the a,ngle of the axis of their rotation,
they Wlll assist also in dmwmg the shu?t of plaatm-- -

glass. The rollers are shown in operation in Plgs 2 and

8, the dotted lines in Fig. 2 1]1d1’mtmg the open or non-

While the sheet of
glass 18 being drawn, the Oveﬂiow of molten glass at the .

operative position of said rollers.

hp 9.1s kopt mnstam 2. e, ‘1s fed to the sheet a3 fast a8

qtant lowermg of the dlaplﬂccement plece 20 into the

nearer td or furth er from the center of the frlc,tmn disk
54, ‘as will be understood by ‘an 1napect10n of Fig. 1.

-When the sheet haa been drawn to the desired lenﬂth |
‘the mllers are openéd by rotating the crank 74 in the
| .proper direction, and the overflow of molten glass from
“the overflow lip9is atopped 0T, Iore accum’rely speak-
ing, the Dverﬂowmg moltenglass is allowed to drop-back
into the receiving chamber 5 by elevatmg the displace-

7{5‘17 -

80

The speed of -

85

90

ment, piece 20 out of the molten glass in the delivering o
chamber 2, the- communication between the refining, - -

| chamber 1:and the delivering chamber 2 being also
| ‘preferably re-established by the elevation of the valve . -
‘The upward travel of the cross-head 26 .
is continued, and as the sheet has no more plastic glass.
‘on the overflow lip 9 to draw from, it will speedily draw
‘thin and can be readily separated from the overflow lip

4 fmm 1ts seat.

by cuttmg with shéarsor by any, other means well known
in the art. for handling: glass.
moved hlgh enough 50 a8 that the bottom of the sheet of

glass will clear the mllers, and the bait and the sheet of -
‘glass .are transferred to some suitable carriage and

moved off and placed in a horizontal position, or other-
It.is |

95

100

The. crma»-head is then.__ -

105

wise, whe:n the bait may be cracked from the sheet'of -

. glaas In the meantime another bait is hung upon the ~
| cross-head 26 by means of the pins 30, 30, and the cross-

110 .

head lﬁwered into position, as shown in. Fig. 7, and the
operation 15 then repeated for drawmg another sheet -::-f

‘As herembefore mdmated

or form of overflow lip, mor is it essential that the glass

-should be drawn in any partlcula.r d1rectmn from the.

horizontal surface of the hp.

| 11: 13 1101; essentlal th“tt  ' -
the glass should be drawn over any particular style -

115

Flgs 9-15, inclusive, illustrate some of the varlouﬂ;_ '.

ways in Whlf‘h the ‘sheet of glass may be drawn from
the receiving chamber 5, and will serve to illustrate

120 .

the fact that this p&rtlcular step or feature in the ] mven- N

tmn may be modified in a great variety of Ways

Referring to Figs. 9, 10 and 11, it will be app'a,r'ent, o

that the sheet of gla.as ma.y be dmwn just after the

molten metal has passed beyond the exterior edge of

125 =
‘the lip; or just when it reaches the edgé of the lip; or c

]uﬂt before it reaches the edge of sald lip, as c1.rcum—

stances may seem to make mosf desirable.
Refemng to Figs. 12-and 13, it will-be appa.rent that;

130
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i:enteet with the upper surface ef the llp at all, ag it | consists In providing a mass

may be drawn from the open mouth of the furnace be-
fore it has beern actually permitted to overflow the .

Figs. 9 to 13, inclusive, all show the plate of glass -

being drawn ina vertical direction, but it may be drawn

- horizontally, as indicated in Flg 14, or it 'may be

10

drawn at any: deeued angle from ‘the horizontal, as in-
dicated in Fig. 15. |

. During. the -intervals between the drawing opera-
tions it may. be necessary to heat the molten glass in

the receiving chamber 6, and this is accomplished by

* placing a suitable’cover over the. opening in the said

15

The stretching action of the series. of rellere 62, 62 |
serves to maintain the glass of an approximately con-

",stant or éven width and thickness, and at the same

20

25

time. to impart te it that flatness of surface which iz
eeeentlal to drawn glass of this character.
1t will-be- ebeerved that the apparatus is so entirely

Mereever

simple and the centrel of it so readily effected, that the

op eration of drawing the glass may be effeeted with the
minimum of expert labor, and the drawing operations -
may proceed or be repeeted-ene after the-other with

great rapidity, whlle the. gle.ee can be removed from

_the bait after it he.e been taken away from the drewmg

- eppa1etue by erd inary or unskilled Iabor.

- It will also be observed that the drawn eheet of glass

o ig eeparated Wlth great facility f:rom the mass of molten
30

.. due to the fact that the glass is perm1tted to drop away |
" from ' the gverflow hp or pomt over which the gheet'is:

material in the receiving chamber orpot 5, this being

; drawn, 80 thet a very thin and insignificant amount of

35

gleee remains. Mereever, this méthod of: procedure ‘is

superiorto. thoee procesges whereina meaeured or deter-. .

. minate ameunt ef glass is contained in the receptacle

- any eha.hge of the- a.ppamtue or a.ny meeeurmg of. the
quantlty of glaee that ‘is ‘placéd into the recepeacle, .
sheets of varying‘thickness, and lience requiring dlﬁer-*

40

. 45
" deelred thlelmeee ef sheet

50

b5

sufficient for the drawing of a given sheet, since without

ent quaritities of the-molten glass for drawing the same,
‘may be rea.dlly drawn, it only hemg necessary to adjust

the Btretclung rollers ﬂnd 1o pmperly mampulaf.e the
dleplacement. block . in the delwermg chamber ahd |-

_conslsts in drawing a sheet of glass from a mass of molten

control the epeed of drawmg or etretehmg 1;0 secure any

Wha.t i elalmed is:

_."1.. The: 1mprevement ln the. art of glaea werking which
eeuelete in’ drawing & sheét. of.glass in a lengitndlnal
;dlreetlen and - elnmltaneeuely and conetantly etretehing
" the nheet in a lateral direction. |

2. The- imprevement In the art et glaee Werklng whieh

.eehelete in drawing a’ sheet of. glags in a.longitudinal |-
- direction . and” simultaneousiy- stretching ‘the ‘shéjt at an |
acite nngle fo the line of draft; whereby -the . etretehing |
-.,actlen ﬁervee te aeelet In the driwing ef the ﬂheet of

3, :[,‘he improvement In the’ art ‘of glaee werking whieh

- .mn.qjate in- drawing a sheet.of glags from a mast of molten
66

""""

glaen, mgintaining the level of the molten mans" approxi-

mately eo'hemnt during. the dtawlng opgration, angd; etreteh-

65

ing thp !heet tn”a lateral difection aB it.is drEwn!-
4. "The- imp,revement in the art of glags’ Werktng which

. .eennlete 111 providing a maee of melten glaee heated at the 1
drawing peint to a_high temperature drawlng 3 eheet of }

' '.glaee therefrom, Iewering the: temperature of the eheet :1: N
 ~drawn, and then' cenetantly stretching the eheet in a Ie.t-
o 'eral dlrectén :

5 “The ilﬁptp‘vement ln the art et gleee‘weﬂting whieh

- consgigts in drawing a sheet of glags from a mass of. molten

.material,.
drawn, lowering the temperature of the sheet as drawn,

of molten glass heated at the
drawing polnt to a high temperature, drawing a sheet of
gluss therefrom, lowering. the teraperature of the sheet
Iy radiation as said sheet Ig drawn, and then constantly

_stretching the ﬂheet in a lateral direction.

6. -‘The improvement In the art of. glans Werkihg which

congigte in drawing a sheet of glass, lowering the tem-
. perature of the sheet as dmwn, and then constantly

stretching. the sheet in a lateral direction. .

. ¢. The Improvement jn the art of glass working which -
conslstr in drawing a eheet of gluss from o mass of molten

glaee, maintaining the level of the molten mass approxi-
mately constant durlng the .drawing operation, lowering
the temperature of the sheet as drawn, and then stretch-

| | ing the sheet in a lateral direction.
. chamber and the flames from' the burners 12 turned on’|:

and those from the burners 10 increased.

8. The imprevement In the art of glass werk!ng which

" cpngists in drawing a sheet of glags from a mass of molten
'gfiaee, maintaining the level of the molten miss. approxi-

mately constant during the drawing operation, lowering
the temperature of the sheet ag drawn, by radiation, and

then stretching the sheet in_a lateral direction.

9. .The 1mprevement in the art of glass working which
cenelete in drawing a shéet of glags from a masg of molten
material and constantly stretching the ‘sheet in a lateral

direction.

10, The Imprevement in the e,rt of glass working whieh

* conilsts in drawing a sheet of glass from a mass of molten
material ‘and stretching the sheet in a lateral direction at _

&n ecute angle to.the line of draft.
- 11. The improvement in the art of glass werking which

- congists In - drawing a sheet of glags from a mass of molten
- material,

drawn, causing the level of the molten mass to recede

when ‘the sheet is drawn the desired length, thereby. leav-
*ing a thin film of glass at the end of the sheet adjacent

to the molten mass, and then gevering said film.
12. The improvement in the art of glass working whieh

consists in drawing a sheet of glags from a mass of molten

material, gtrétching the glass. laterelly ag drawn, main-
taining the level of the mass approximately constant dur-

- Ing the drawing operation, causing the level of the. molten

mass te 1eeede when the sheet 1s drawn the deeired
length, therehy leaving a thin film of glass at the end of

.the sheét adjacent ‘to the melt..,n mAass, and then severing

said film. .
13. The imprevement in the art 'of glags. working which

eenetently stretching the glass laterally as

causing the level of the molten masgs to recede when. the
sheet 'is drawn’ the desired length, thereby leaving a thin

70

79

80

89

90

95

100

constantly stretching the glass™ laterally as

105
110

115

120

ﬁlm of glass at the end of the sheet adjacent to:the molten -

mass, and then :eve;:ing sald film.

14. The improvement in the art of glass werking which -

material, stretching the glass laterally as dr&wn, main-

-tgining the level of the mass appreximetely constant dur-

ing the drawing operation, lowering the tempelature of

the sheet as drawn, causing the level of the molten meee
‘to -recede when the sheet is drawn the desired Iength |

thereby. leaving a -thin film' of glasg at the end .of the

| sheet adjacent to the molten mass,. and then ee?ering eald |

ﬂlm

" 15. In &
receptacle for molteén glass, with means for drawing a
sheet' of glass therefrom, means laterally stretching. the

sheet a8 drawn, and eenneetlng mechanism for operating.
gald drawing and stretcliing means. - :
.18, In a glass drawing machine, the combination of a
‘receptaele for molten glass, L
sheet of glass therefrom, means Iaterally stretching the
‘sheet as drawn, means lewering the" tempemture of the
| -sheet as drawn, and- eenneeting mechanism ror eperating :
'ea’id drawing and stretching means.

with means for drawing a

17. In a glass drawing machine, the eemhinatlen et a

'reeeptacle for molten glass, with means for drawiig a

sheet ' of. glass therefrem Iaterally etretehlng means, a

cooling device interposed between gald-laterally stretching |

means and said receptacle, and eenneetlng meehaniem for

- eperating eald_ drawlng and etretehing meﬁns

K
L X ==
- "s"--—.--
4

glaee ﬂmwing maehine, the eemhinatien of e_

125

130

135
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146
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18. In a giass drawing apparatus, the combination of a
receptacle forr molten glass, with means for drawing a
sheet of glass therefrom, and laterally-stretching devices
operating at an acute angle to the sheet-drawing mcann

5  19. In a glass drawing apparatus, the combination of a
receptacle for molten glags, with means for drawlng ‘a

sheet of glass therefrom, laterally-stretching devlces oper-

ating at an acute angle to the sheet-drawing means, and
ineans lowering the temperature of the sheet ag drawn.
10,
rcccptncle for molten .glass, witlh means for dlnwlng a
sheet of glass therefrom, Iatemlly—strctching devices op-
erating at an acute angle to thc sheet-drawing means, and
Comenns Icwcnng the temper ature of the sheet as drawn and

15 located between said-receptacle and stretching devices.
21. In a glass drawing apparatus, the combination of a

recepiacle for molten glass, with means for drawing a |
sheet of glass therefrrom, means. mnintalmng the level cf_

the glass in sald 1cccptnclc npprcximﬂtcly cnnctaut as the
90 sheet is drawn, and méans laterally stretching the sheet.

22. In a glass drawing appamtuc, the combination of a
receptacle for molten Elass, with means for drawing a
shent of glass thcrcfrcm means maintaining the level of
the glass in said reeceptacle approximately constant as the

20 - ‘sheet i3 drawn, means laterally ntrctcning the sheet, and
| mcnns lowering the temperature of the sheet as drawn.

- 23, In & glass drawing apparatus, the combination of a
rcccptnclc for molten glass, with means for drawing 'a
‘sheet of glass thcrcfrcrn Jneans mamtnlnlng the level of

30 the glass in.said receptacle approximately constant.as the
sheet is drawn, means laterally stretching the sheet, and
cooling devices located bctwccn E‘:ﬂld 1cccptnclc and lateral
stretching means, - :

24, In a glass drawing npparntns the C{melﬂﬂtmﬂ of a

35 receptacle for molten glass, and means for vnrying the
.level of the glass /in said- rcccptnclc with  sheet- drawing
dwlccs, and Iatcraily-cpcratlng sheet stretching devices.

' 95, In a glass drawing apparatus, the combination of
a8 receptacle for. molten olass, and means fer varying the

4() level of the gilass in said receptacle, with sheet- drawing
' devices, laterally-oper ating sheet stretching devices, and a
cooling device located between said rcccptnclc and said
stretching dcﬂccc

26. In a glass drawing nppal atus, thc ccmblnatlcn of a
45 receptacle for molten 'glass, Ishcct-drcwmg devices and

laterally-operating sheet stlctching devices, a power shaft
and connections from said shaft to the drawing devices and
to the stretching devices. '

20 a

laterally-operating sheet stretching devices, a power shaft,
connections. from said shaft to the drawing devices and to
- the stretching devices, and means for varying. the speed
of said shaft. | '

®7.-In 'a glass drawing apparatus, thc combination cf,
aceptacle for molten glass, shebt- drawing devices and

!

D9
receptiacle for molten glass, shéet-drawing devices, later-
ally-oper ating str ctchinff devices cpcrnting on the opposite

fnccs of the sheet of glass, and connecting mechanism for |

npcmting said. d1.1wing and stretching devices, -

29, In a glass drawing inachine, the combination cf
l*cccptnclc for molten glass, with sheet- drnwing devices,
latcrnlly-cpcrating stretehing - dévices operating. on the
“opposite faces of the sheet of glags, means for lowcring the

60

tcmpcrnturc of the sheet as drawn, and ccnnccting mech-’

65 nnlcnl for pperating said drawing and stretching devices.
'30. In a gliss drawing machine, 'the combination of . a
receptacle for molten glass, with sheet-drawing - dcviccc,

lntcmllv—cpcrating stlctching devices operating on op-
posite faces of the -sheet of glass, means for lowering the
70 ‘temper ature of the glass, sald means being located between

gaid receptacle and said stretching devices, and ccnnecting

mechanism- for cpcrathrg said dmwing and stretching dc—.

vices.

31. In a glass. drnwing apparatnc thc cnmblnntlcn of &

75 receptacle for molten glass, with shcet-drnwing devices and

" lntcrally*npcmting stretching devices,” sald nhect~drawing
and stretching devices befng operated from .a common
‘power shaft and said r\ttl'ctcl‘ling dcﬂccs cngnging cppccitc
- faces of the sheet of glatn. | -

30

ul

203, In a glass drawing apparatus, the ccmhinnticn of a

28. In » glass drawing machine; the combination of a |

hait and naiﬂ means produce & nhcct of uniform width,

. 32. Ina machine for drawing glnns, thc ecmblnatlcn of .

860,528

p a receptacle for molten glncﬂ, with chcct-ﬂrawing dcviccn,
laterally-operating strétching ‘devices engaging the oppo-
slte faces of the sheet of glass and adjuntable towards nnd-
‘from each other, whereby said Btrctching devices can ac-

commodate themselves to the sheets of diffcrcnt thickness,

and connecting mechanism fcl n;fcl ating satd dlnwing nnd
st1 etching devices. - -

- 33..In a glass dmwing apparatus, thc combination of a

1 receptacle for molten glass, with nhcct-drnwmg devices,

laterally-opernting sheet:gtretching devices - engaging the

sheet 'of glass on opposite faces, and means for adjusting -
~sald devices towards and from each other on parailel lines. -

85

90

34. In a glass drawing apparatus, the combination of a .

receptacle for molten glass, with shcct drawing ‘apparatus,
stretching rollers engaging tlie cppcmtc f.‘accc of the sheet,
frames supporting sald oppositely disposed rollers,
‘means for adjusting - said frames with tl:(cir suppcrtcd

vollerg from and towards each other., . - -
- 3b. In a elass drawing appnrntns, the ccmbinatmn W1th,
a 1ccéptaclc for molten glass, with shcct—drnwmg means,.

a: plnrnlity of laterally-operating stretching rollers located
along each - edge of one face of the sheet, a plurality of

'Iatcraliy-cpclntlng stretching 1cllc1*s lccatcﬁ along each
-edge of the cppcmtc face of said shcct frames for support-
ing said rollers,. & power shaft and gcaring connecting

said- shaft. with sald sheet- ﬂrawmg means and with said
! Stl‘Etﬂhiug rollers.. ‘ _ _

36. In a glnss-ﬁrawing anparntns the- ccmhinaticn of a
receptacle for tncl'ten glass, and means for ‘varying the
level of the. rlass in said rcccptaclc, with nhcct-—dmwmg
devices, two roller bearing frames located along one edge

located along the other cdgc but on cnpccitc faces of the
sheet, sheet-strétching rollers nnppnrtcﬂ by ‘said frames,
and ‘means for adjusting thc frmnen lying on. cppcmtc cldcs
of the sheet towards and from each other. -

37. In a glass drawing apparatus, the ccmhlnaticn cf a
-icccptaclc for molten glass, and means for varying the.

level of the glass in sald rcccptaclc, with sheet-drawing de-
vices, a pair of roller bcnnng frames located dlong-one
edge of the sheet but on  opposite gides thereof, and

95.

and ’

100
105

110

| but on cppcmtc faces of ‘the sheet, and two like frames -

115

120

another - pair of roller-bearing framcs located along the

other .

shaft, gearing connecting said power shaft with the sheet-

stretching rollers on said frames,”and a cooling device lc-
cated bctwccn said receptacle and stretching rollers.
‘38..In a glass drawing apparatus, the cclnbinnticn nf

devices, a pailr of roller- beaung frames located along one
edge of ‘thersheet of glass but on opposite ‘faces thcrccf

‘and a.like pair of voller-bearing frames located: alcng the.

‘other edge-bhut on cppcnitc faces. of the sheet of glass,

frames towards and from each other, a. pcwcr shaft, and
gearing transmitting motion from said shaft to sald sheet-
drawing;: ﬂcviccs and to said rollers, and 1means for rcvcrs-
ing the direction of revolution of-said shaft. |

devices operating in a right line, a pair of roller-bear ing
‘frames located adjacent . to" one edge ‘of the sheet of glass
but.on opposite faces therdof, and a like pair of rcllcr-bcnr~
ing frames located adjacent to the other edge ct the -8heet
of glass but on opposite faces thcrccf rollers supported
in said frames at an ‘acute angle to the line of movement
of said nhcct-ﬁrawing devices, and .IneanR fcr -gimulté-
neousiy . cperating said drawing devices and sald tollers.
40, In an npparatuc for forming sheet glass, the ‘combi-

" nation of a receptacle for molten glasg, a bait for drawing -

a glass sheet therefrom, and means for increasing the
width of the sheet as 1ff is drawil by the bailt, whereby said

41. In an apparatus for forming sheet glasa, .the 'combi-

n glanc gheet thcrctmm, and means for incrcaning the

edge of the sheet but on opposiie faces thereof,
rollers suppcltcd by the said -several frames, -a -power

drawing devices and also transmitting power to the sheet-

the rcccptncic for molten glass, and means for varying the .
level of the glnss in said ‘receptacle, with sheet- drawing-

natlcn of a receptacle for molten glags, a bait for drawing .
160

120

130

135

laterally opérating stretching rollers nuppnrtcd by sdid . -
frames, means for adjusting the members of each pair of -

140

-39, In’a glass drawing apparatus, the ccmbinntinn of a
'l-cccptaclc for molten glass, and -means for varying the
level of the glass in.said receptacle, with nhcct-arawing

i‘45

150

155



L | edges

‘860,528,

-width of the sheet adjacent to the ends of the ba.it during | to 'inr:i ‘ease thre'wiﬁth of' the latter in excess.of the width_'-
of said sheet produced by the ﬂmwmg operation of the
bait. a

46. Tn an apparatus for drawing sheet glass, the combi- =

a part of the ﬂperatmn of the latter.
42, 'In an apparatus for drawing sheet glass the cﬂmbi-

___.nation of a receptacle for molten glass, a bait, and means

- " for moving the bait-away from said: receptacle to draw 8,

R sheet with I]]F:ELHS coiper atmﬂ' with the edges of the sheet

- “to-increase the width- of the latter as the sheet is drawn
by the bait. '

43, In‘an apparatus for drawing sheet glass the combi-

" nation of a l'ece;}taﬂle for molten glass, a bait, and means

.withdrawing sald bait from said receptaele to - form a

-, sheet, and means codperating with the edges of the sheet

to Inecrease the width of the lattm and located in oper ative
| _pmmmity to the molten glass in the receptacle.”

. 44. In an apparatus for drawing sheet.glass, the combi- |
o ﬂal_on with a leceptacle for molten glass, a bait, and
| means 'Wlthdl awing said bait from said receptacle to form

8heet, of means located adjacent to each edge of the

| '_Bheet and oper ating 1o increase the width of the latte1 Dby

. stletching the same  in ﬂpposlte dlrectlons tﬂwalds the

45, In -an apparatus for drawmﬂ sheet glass, the Cﬂﬂlbl-
natmn with a- receptacle for molten glass, -a bait, and

| means withdlawmg said bait from said receptacle to form

.I-_.fa sheet nf means cooperatmg with the edges of the sheet

nation of a receptacle containing molten glass, means for

drawing a sheet of glass therefrom, and means for iﬂCI eas- -
1 ing the width of the glass sheet at opposite edﬂea ﬂnd__.---

whereby the sheet is held to uniform width.

47. In an appalatus for drawing sheet glass, a recepta- |
olass.
s

cle contammg I]]Olt&ll glass, means for drawing
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therefrom in sheet form in a longitudinal direction, and

cle containing molten glass, means for

taneously with the Jongitudinal drawing action thereof.
In testimony whereof I have signed this spemﬁcatlon in
the p1esence of twn subscubmﬂ witnesses. | s
- IRVIN(} W. COLBURN
Wltnesses' |
I‘Rmr{:rs L.
A. R. OS\iER

K 1'*4‘{;,

" means for mmultaneﬂusly increasing the width of the glass |

as it is longitudinally drawn. . . SR
7 48, In an apparatus for d1awmg sheet wrlass a reﬂepta~.- -
drawing glass.
therefrom in sheet form in a longitudinal direction, and ai’.f* - |
plurality of surfaces cooperating with the edge portmns-_,_ et
‘'of the glass sheet to increase the width of the latter simul--. _: S

T

. e . ' .‘

. - .
45' -r ’ '.... ’

. 1

. - L
"o ) ] L]
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