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[57] ABSTRACT 

The invention provides a method and apparatus for the 
manufacture of glass ?lm having a thickness not in ex 
cess of 0.1!)3 inches and accomplished by drawing the 
?lm through a narrow slot-like ori?ce. The walls of the 
ori?ce are de?ned by an electrically conductive, hot 
glass resistant metal and electrical currents are intro 
duced into the metal walls of the ori?ce to effectively 
maintain the central portions of the ori?ce walls at a 
higher temperature than each of the two lateral end 
walls of the ori?ce, thereby producing a temperature 
differential in the drawn ?lm on the order of 40° F. 
between the edges of the ?lm and the central portions of 
the ?lm. 

6 Claims, 2 Drawing Figures 
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METHOD AND APPARATUS FOR 
MANUFACTURE OF GLASS FILM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

The drawing of glass in sheet form from a molten 
pool is one of the oldest of the industrial arts. The desir 
ability of maintaining the edges of the drawn sheet at a 
signi?cant temperature differential below the tempera 
ture of the central portions of the sheet has long been 
known in the art and a variety of methods and appara 
tuses have been heretofore proposed for accomplishing 
such differential cooling of the drawn sheet. All of such 
prior art methods and apparatuses have, however, 
proven to be ineffective when an attempt is made to 
apply same to the drawing of glass ?lm having a thick 
ness not in excess of 0.003 inches and generally on the 
order of 0.0005 inches. For example, the prior art sug 
gests cooling of the edges of the drawn sheet of glass by 
blowing cool air on the edges. Any blast of cooling air 
applied to a glass ?lm of the thickness described would 
result in the complete destruction of the ?lm. Other 
prior art patents have suggested placement of elec 
trodes within the molten glass body at a position imme 
diately adjacent the points at which the edges of the 
glass sheet are drawn from the molten glass. The drawn 
?lm is so narrow, viz. 12 to 24 inches, and the amount of 
glass withdrawn from a molten body in the fabrication 
of thin ?lms is so small that no effective differential 
heating effect supposedly produced by the insertion of 
electrodes is achieved. 

SUMMARY OF THE INVENTION 

It is, accordingly, an object of this invention to pro 
vide an improved method and apparatus for drawing 
thin ?lms of glass having a thickness not in excess of 
0.003 inches. 
A particular object of this invention is to effect the 

drawing of thin ?lm glass through an ori?ce de?ned by 
two spaced walls of a glass resistant, electrically con 
ductive metal and effecting the differential heating of 
such metal through the application of electrical currents 
thereto to effectively maintain the end portions of the 
ori?ce de?ning walls at a lower temperature than the 
central portions. Because the volume of molten glass 
passing through the ori?ce is so small, this differential 
temperature in the ori?ce walls is immediately trans 
lated into a differential temperature in the drawn glass 
?lm and hence the desired differential of approximately 
40° F. between the temperature of the central portions 
of the drawn glass ?lm and the edge portions can be 
maintained. 
Other objects and advantages of the invention will be 

apparent to those skilled in the art from the following 
detailed description, taken in conjunction with the an 
nexed sheets of drawings on which is shown a preferred 
embodiment of the invention. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic perspective view of a glass ?lm 
drawing apparatus constructed in accordance with this 
invention. 
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2 
FIG. 2 is a schematic electrical circuit illustrating one 

manner in which differential heating currents are ap 
plied to the glass drawing ori?ce of FIG. 1. 
Numeral l0 schematically indicates an elongated, 

slot-like ori?ce de?ning block which is adapted to be 
mounted within a molten pool of glass to permit a thin 
?lm of glass, ofa thickness range of 0.0005 inches to not 
more than 0.003 inches to be drawn through the open 
bottom slot end 10a of the ori?ce by a rotating draw roll 
20 positioned vertically below the slot-like ori?ce 10a. 
The draw roll 20 is of conventional construction and 
has a perforated cylindrical exterior surface 21 to which 
the glass ?lm GE is caused to adhere over about 90° of 
the surface through the application of vacuum applied 
through a stationary suction box 22 conventionally 
mounted within the perforated draw roll 20. After the 
drawn ?lm GF leaves the draw roll 20, it is directed to 
a suitable winding drum (not shown) to be wrapped into 
rolls for further distribution. 

In the simplest form of this invention, the ori?ce 
de?ning block 10 may be fabricated in its entirety from 
a hot glass resistant, electrically conductive metal such 
as platinum or a molybdenum alloy. A minimum thick 
ness of 0.030" would be required. A plurality of electri 
cal terminal connections T1, T2, T3, T4, T5 and T6 are 
provided for separately connecting the central and lat 
eral edge portions of the ori?ce de?ning block 10 to a 
low-voltage, high current source of electrical energy. 
The voltages applied to the respective terminals are 
such that substantially greater current flow, hence heat 
ing effect, is produced in the central portions of the 
ori?ce de?ning block 10, as by current ?ow between 
electrodes T2 and T4, and T3 and T5, respectively, than 
in the lateral end portions of the ori?ce block 10 as 
determined by current flow through electrodes T1 and 
T6. 

In the apparatus of the present invention, the slot-like 
orifice 100 has a width of 0. 40 inches or less, and the width 
of such orifice is usually in a range from 0.10 to 0.40 
inches. 

Referring now to FIG. 2, one electrical circuit for 
conveniently effecting the differential application of 
heating current ?ow to the various portions of the ori 
?ce de?ning block 10 is illustrated. A conventional 
source of electrical power, such as 440 volt, sixty cycle 
AC source supplies a transformer 15 having a second 
ary winding 15a having a midpoint tap 15b providing 
two sources of reduced voltage, say 115 volt each, as 
well as a 230 volt source across the entire secondary 
winding 15a. 
Three subsidiary transformers are provided, respec 

tively 16a, 16b and 16c. The primary of transformer 16b 
is connected across the ends of the secondary winding 
15a, and the output of transformer 16b has one side 
connected to elecrodes T2 and T3 and the other side to 
elecrodes T4 and T5. Secondary transformer 16a is 
suppied from one half the secondary winding 15a 
through a variable auto transformer 17a. The output of 
secondary transformer 16a has one side connected to 
electrodes T2 and T3 and the other side connected to 
the ori?ce block end electrode Tl. Similarly, the third 
secondary transformer 16c is connected to the other 
half of the secondary winding 15a through a variable 
autotransformer 17c and the output winding of second 
ary transformer 16c has one side connected to electrode 
terminals T4 and T5 and the other side connected to the 
ori?ce block end electrode T6. 



Re. 31,442 
3 

it is therefore apparent that the amounts of current 
?owing around the end portions of the ori?ce block 10 
are represented by the currents ?owing through end 
electrodes T1 and T6 respectively. Moreover, the 
amount of this current may be conveniently varied by 
adjusting the setting of the autotransformers 17a and 
17c. Such adjustment is made to arrive at an ori?ce 
block temperature differential between the central por 
tions, which are primarily heated by current supplied 
from secondary transformer 16b, so as to result in an 
approximately forty degree F. temperature differential 
between the lateral edges of the drawn glass ?lm GF 
passing through the ori?ce block 10 and the central 
portions of such glass ?lm. 
With the described method and apparatus the glass 

?lm GF is essentially drawn at a speed where the vol 
ume of glass ?lm made equals the glass volume issuing 
from the ori?ce 10a. The process remains continuous on 
this basis, and the relatively wide sheet of ?lm, on the 
order of 12 to 24 inches, which is generally up to 90% 
of the length of the ori?ce 10a, remains wide by virtue 
of the closely controlled temperature of the lateral 
edges of the glass ?lm. For a soda-lime glass, the pre 
ferred edge viscosity is about log 4.2 when the viscosity 
of the center portion of the glass ?lm is about log 4. This 
amounts to about a 40° F. difference in temperature. 
With this temperature differential, the ?lm edges resist 
the force of surface tension and a wide, but thin, ?lm of 
glass can be formed. The ?lm edge cross section is 
essentially the same dimensions as the balance of the 
glass ribbon cross section, tapering slightly thinner at 
the extreme ribbon edge. Thus the edges do not have to 
be trimmed prior to use. 

In a typical situation, the desired ori?ce temperature 
differential is developed by utilizing an alternating cur 
rent of about 2,500 amps applied with a two volt poten 
tial. This provides about ?ve KVA of power in total 
applied to the ori?ce block 10. The provision of the two 
variable autotransformers 17a and 17c not only permits 
the maintenance of the desired temperature differential 
between the lateral edges and the center portions of the 
drawn glass ?lm but can also be utilized to preferen 
tially heat one or the other edge of the glass ?lm more 
than the opposite end to compensate for any unbalanced 
heating or cooling conditions that may be encountered. 
Once established, the differential ori?ce temperatures, 
hence the differential glass ?lm temperatures, remain at 
the desired condition inde?nitely and an effective and 
reliable glass ?lm production process is thus achieved. 
While the apparatus has been schematically illus 

trated as comprising a solid ori?ce block, those skilled 
in the art recognize that a multi-piece refractory block 
structure may be employed wherein only the glass con 
tacting surfaces of the ori?ce are de?ned by a thin sheet 
or coating of platinum or similar glass resistant electri 
cally conducting material. For example, the adjustable 
ori?ce construction described in Stein U.S. Pat. No. 
3,473,191 I may be advantageously employed. The ori?ce 
de?ning surfaces of the adjustable ori?ce disclosed in 
the Stein patent may be provided with either a coating 
or an abutting thin plate of platinum or similar glass 
resistant electrically conducting metal. The metallic 
coating should have a minimum thickness on the order 
of 0.020" to provide suf?cient metal to conduct the 
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heating current. Separate electrical connections would 
be provided to permit the controlled flow of electrical 
current through each of the center portions and the two 
lateral end portions ofthe metal de?ning the glass emit— 
ting ori?ce. 

Other modi?cation of this invention will be readily 
apparent to those skilled in the art and it is intended that 
the scope of the invention be determined solely by the 
appended claims. 

I claim: 
1. An apparatus for drawing glass ?lm of a thickness 

less than 0.003 inch, comprising a block of hot glass 
resistant material, means mounting said block in under 
lying relationship to a pool of molten glass, said block 
de?ning an elongated slot like ori?ce having a width in 
the range of 0. 10 inch to 0.40 inch through which a ?lm 
of glass may be continuously drawn, the walls of said 
ori?ce being electrically conductive, a plurality of elec 
trical junctions connected to spaced areas of said walls, 
and power means for ?owing electric current through 
said junctions and said ori?ce walls to maintain the 
lateral end portions of said ori?ce walls at a lower tem 
perature than the central portions, thereby maintaining 
both edge areas of the drawn ?lm at a lower tempera 
ture than the center area. 

2. The apparatus of claim 1 wherein the temperature 
differential of the drawn ?lm is on the order of 40° F. 

3. An apparatus for drawing glass ?lm of a thickness 
less than 0.003 inch, comprising a refractory structure 
adapted for mounting beneath a pool of molten glass, 
said structure de?ning a pair of opposed surfaces de 
?nng a bottom opening slot, a glass resistant metal coat 
ing on said surfaces de?ning an ori?ce having a width of 
less than 0.40 inch through which a ?lm of molten glass 
may be continuously drawn, an electrical power source, 
and means for separately flowing electric currents 
through the central portions of said metal coatings and 
the lateral end portions of said metal coatings from ‘said 
power source, thereby maintaining the said lateral end 
portions of said coatings at a lower temperature than 
said central portions. 

4. Apparatus of claim 3 plus means for adjusting said 
electric currents to maintain a temperature differential 
between the edges and central portion of the drawn ?lm 
on the order of 40° F. 

5. A method of controlling the temperature of a thin 
?lm of glass drawn from a slot-like metallic walled 
ori?ce, the ori?ce having a width of exceeding 0.40 
inches, comprising the steps of passing separate electri 
cal currents through the central portions of the ori?ce 
walls and through each of the lateral end portions of the 
ori?ce walls, and controlling said electrical currents to 
produce a temperature differential of the cental portions 
of the ori?ce walls in excess of the temperature of the 
lateral end walls of the ori?ce, and drawing a ?lm of 
glass of a ?nal thickness not in excess of 0.003 inches 
through said ori?ce. 

6. The method de?ned in claim 5 wherein the temper 
ature differential of the ori?ce walls is controlled to 
produce a differential on the order of 40° F. between the 
temperature of the central portions of the drawn glass 
?lm and the lateral edge portions of the drawn glass 
?lm. 
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