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This invention relates to methods of and ap 
paratus for porcelain enameling sheet metal and 
has more particular reference to a method and 
apparatus for continuously applying porcelain 
enamel to thin sheet Steel or thin sheet iron. 
In the firing of porcelain enameled sheet iron 

of 20 gauge or lighter, it has been the practice 
to either support the article in a horizontal plane 
on spaced pins or the like, or to hang the article 
from hooks on a chain which carries the articles 
through a firing zone. It has never been possible 
heretofore to fire large flat pieces thinner than 
20 gauge by either of these procedures. If the 
Workpiece was rested on the conventional firing 
pins in a horizontal position, the base metal 
WaS Softened during the firing operation to an 
extent sufficient to cause sagging in the areas be 
tWeen the pins and noticeable deformation in the 
Supported areas. A sheet thus fired with the base 
metal deformed will always show the presence of 
Such deformed area because of the reflective na 
ture of the poreclain enamel coating. Further 
more the cooled sheet was severely warped and 
did not present an adequate flat surface. When 
the sheets have been hung from hooks and fired 
by being carried through a furnace, the sheets 
usually Warped, due not only to the weight of the 
Sheet itself, but also the inherent stresses which 
are present in the sheet. Thin sheets, that is, 
thinner than 20 gauge, when fired in this way 
also tend to exhibit an overal 'crinkled' effect 
due to the unequal softening of the sheet in local 
areaS and the internal Stresses in the sheet as 
aforesaid. 

It is therefore a principal object of this in 
vention to provide a rew and novel method of 
and apparatus for continuously porcelain enam 
elling sheet metal ranging from 20 to 40 gauge, 
Without the enameled sheet metal warping or 
Showing areas of deformation. 
Another object of this invention is to provide 

a method of and apparatus for continuously por 
celain enameling sheet metal ranging from 20 
to 40 gauge, whereby the fired finished surface 
thereof is a dense continuous and non-porous 
glassy surface which will not become soiled by 
dirt and other foreign material becoming em 
bedded therein. W 

A further object of this invention is to provide 
means for maintaining a predetermined amount 
of Sag in the metal sheet during its travel through 
the processing apparatus. 
Other objects and advantages of the invention 

will appear in the specification when considered 
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in connection with the accompanying drawing, 
wherein; 
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Fig. 1 is a diagrammatic elevational view of 
the apparatus of the invention, with parts broken 
away to show the interior of certain of the ele 
ments; and 

Fig. 2 is a diagrammatic elevation view of the 
device for automatic control of Sag in the Steel 
Strip. 

This application is a continuation-in-part of 
my copending application, Serial No. 735,617, 
filed March 19, 1947, now abandoned, and en 
titled, "Method of and Apparatus for Porcelain 
Enameling Sheet Metal.' 

Broadly stated this invention provides a meth 
Od for continuously poreclain enameling an elon 
gated strip of sheet iron from 20 to 40 gauge free 
Of Surface blennishes and local deformed areas 
which comprises applying and firing the porce 
lain enamel coating onto Said elongated metal 
strip while the same is freely suspended under 
tension between Spaced Supports. 

Referring now to the drawing and more specif 
ically to Fig. 1 there is shown a coil or roll 9 of 
sheet metal f O, ranging from 20 to 40 gauge 
mounted on a horizontal Spindle . The sheet 
passes over idle roller f2 through a vat 3 filled 
with a nickel sulfate solution of approximately 
12 oz./gallon, the sheet being held below the 
Surface of the Solution by means of idle rolliers 
4. From the nickel Sulfate Solution the sheet 

passes through a drying chamber 5 which may 
comprise heat lamps or other suitable heating 
elements, where the sheet is dried. From the 
drying chamber 5 the sheet passes through 
driven rollers f6 into a Spraying chamber in 
dicated as having a series of Spray heads 8 
for applying the porcelain enamel slip on one or 
both sides of the sheet. From the spray chamber, 
the sheet passes through a firing chamber 9 
shown diagrammatically as being heated electri 
cally by resistors 20. It is to be understood that 
the heat may be applied in any other suitable 
ale. 
From the furnace the fired sheet passes under 

Sag control device 2, through driven rollers 22 
into a second spray chamber 23 identical with 
spray chamber 7. From the second spray cham 
ber 23 the sheet paSSes through a Second firing 
chamber 24 identical with firing chamber 9. 
The sheet energes from the Second firing cham 
ber 24 as the finished product. As the finished 
sheet emerges from the second firing chamber 24 
it passes under a second sag control device 25 
and then through driven rollers 26. The sheet 
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emerging from driven rollers 28 passes onto 
shearing bench 27 where it is sheared into proper 
lengths by automatic shears 28 and rolled into 
a coil 29. If it is desired the sheared sheets may 
be left flat instead of being rolled into a coil. 
As shown in Fig. 1, the driven rollers 6, 22, 

and 26 are positioned sufficiently above the en 
trance anti exit openings of the snraying and fir 
ing chambers soi as to permit the formation of 
Sag in the sheet as it passes through these cham 
bers. The motors which drive rollers 6, 22 and 
26 are shunt wound adjustable speed D. C. motors. 
It is one of the essential features of this process 
that the sag be predetermined and maintained 
constant. The amount of sag being such that 
the slack provides sufficient tension to prevent 
buckling and warping due to the extreme heat 
(1500-1600 F.) of the firing chambers. 
the thinness and flexibility of the sheet, the sag 
will be Substantially in the form of catenaries as 
indicated at 30 and 3. 

In the area between spaced suports 6 and 22 
and 22 and 26 the sheet has the enamel applied 
thereto in the form of a paste or slip. The first 
or ground coat is applied on the order of two 
thousandths inch thickness. The ename 
is dried and thrn by passing through the first 
firing chamber the enamel is fired onto the sheet 
at about 1560 F. while the latter is under longi 
tudinal tension. Thus by this process all 'crin 
kling' of the sheet is avoided and likewise the 
sheet, because it is not in contact with any sup 
ports during its softened state, does not have 
any deformed areas innarted thereto as has been 
the case of the practice heretofore employed. 
The fired sheet thus emerging from the first 
firing chamber free of "crinkling' and deformed 
areas is now ready for its second or cover coat. 
The cover coat is usually applied on the order 
of four-thousandths inch in thickness and is 
fired at about 1560 F. It is to be noted that here 
again the predetermined sag is maintained for 
the reasons previously mentioned. A finished 
sheet this produced is different from the sheets 
produced by previous practices not only from the 
Standpoint of being smooth flat plane as com 
pared with the uneven products previously made 
but also the hardened porcelain enamel coating 
is affixed to the sheet in a much more uniform 
physical state. Since it is imperative that the 
porcelain enamel once fused onto the iron sur 
face does not chip or spall off it is necessary for 
the porcelain enamel to have a coefficient of 
thermal exransion such that when the enamel 
has solidified on the surface of the iron it is in 
a state of compression. By having the sheet 
under tension during the firing step and there 
by preventing 'crinkling' of the sheet, the final 
cooled product appears to have the enamel under 
a more uniform state of compression than the 
sheets made according to the previous practices. 
This factor of having the enamel present in a 
uniform state of compression makes possible the 
production of a sheet which may be readily coiled 
even to relatively Small diameters on the order 
of 8'-12' without damage to the ename coat 
ing. 
Thus having the sheet under tension, one may 

use almost any conventional sheet iron enamel 
of which there are many published compositions. 

Since it has been shown to be so necessary to 
control the depth of the sag of the iron sheet and 
to maintain constant tension of the sheet the 
apparatus of this invenion has been equipped 
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4 
with an automatic device for controlling 4 the 
depth of the sag. 

Rererring now more specifically to Fig. 2: re 
Sistor 32 is manually adjustable and is set at a 
predetermined point and controls motors 33, 34 
and 35 which drive rolls 6, 22 and 26 respectively. 
The motors 33, 34 and 35 are thus set at a prede 
termined R. P. M. and are substantially synchro 

..nized. The speed of motor 33 is manually adjust 
able by speed control winding 36. Motors 34 and 
35 are automatically adjustable as a group 
through control device 2, control relay 37, re 
sistor 38 and motor control windings 39 and 40. 
Speed of motor 34 Only is varied with change of 
tension of sheet 0 through the control device 2, 
control relay 4 and resistor 42. Speed of motor 
35 only is automatically adjusted to changing ten 
Sion of sheet O leaving furnace 24 through con 
trol device 25, relay control 43 and resistor 44. As 
previously stated the Sheet 0 is threaded through 
the apparatus with a predetermined amount of 
Sag So that catenaries are formed at 30 and 36. 
If the sheet rises above the proper line of travel 
it comes in contact with controlling device 2 
which is a limit Switch and may be of the 
mechanical or electric eye type. The controlling 
device 2 upon being pushed up by the sheet 0 
touches contact 45 and energizes contact coil 
and relay 3. Contact coil 3, which is normally 
open, closes and short circuits resistor 38. Thus 
moto's 34 and 35 which drive rolls 22 and 26 
respectively are slowed down allowing sheet 0 
to Sag. If sheet 0 drops below the proper line 
of travel control device 2A touches contact 46, 
and energizes contact coil and relay 4. Contact 
coil 4 which is normally closed, opens and re 
Sistor 42 functions which causes notor 34 to 
Speed up thus retruning the Sag to the prede 
termined line of travel. The control device 25 
controls the Sag of sheet 0 just exactly in the 
Same manner as discussed for control device 2. 
If the sheet 0 drops below the proper line of 
travel, control device 25 touches contact 47, and 
energizes contact coil and relay 43. Contact 
coil 43, which is normally closed, opens and re 
Sistor 44 functions which cause motor 3 to speed 
up thus returning the Sag to the predetermined 
line of travel. 
Although the control scheme indicated here is 

based on the use of mechanical limit switches 
adjustable Speed D. C. moc.ors and constant volt 
age Supply and control Similar results can be ob 
tained by the use of photoelectric limit switches, 
variable voltage Source of power and control. 
All are arranged to automatically control the 
Speed of the drive motorS SO as to maintain a 
substantially constant predetermined sag and 
rate of travel on the sheet metal going through 
the apparatus of this invention. 
From the foregoing discussion, it will be readily 

seen that there has been provided a method of 
and apparatuS for continuously porcelain enam 
eling thin sheet iron. The method completely 
eliminates warping and deformed areas which 
would appear if prior practices were used and the 
apparatus is relatively simple in its construction. 
The finished product may be cut to any desirable 
length. Without the use of power shears or may 
be formed into coils for convenience without, the 
enamel chipping or spalling off. 
What is claimed is: 
1. Anparatus for the progress’ve porcelain 

enameling of a continuous, very thin metal sheet 
comprising, in combination, a horizontal spindle 
for carrying a coil of sheet stock; laterally 
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Spaced pairs of substantially horizontally dis 
posed gripping and feeding rollers; a spraying 
chamber and a firing chamber located between . 
each pair of Said spaced pairs of rollers, the en 
trances and exits of said chambers positioned 
below Said rollers so that the sheet is suspended 
in the form of a catenary during its passage 
through said chambers; and independent electric 
inotor connected to drive each of said pairs of 
rollers; and Speed control means, including a 
variable resistance in the circuit of at least one 
of Said motors and a Switch connected to control 
Said resistance, said Switch being actuated by an 
element positioned adjacent to the path of the 
suspended portion of he sheet and responsive to 
changes in the sag of the moving sheet to vary 
the Speed of the controlled motor and thereby 
maintain the sag substantially constant. 

2. Apparatus for porcelain enameling verythin 
sheet metal comprising, in combination, a hori 
Zontal Spindle for carrying a coil of sheet stock; 
two laterally spaced pairs of horizontally dis 
posed gripping and feeding rollers; a spraying 
chamber and a firing chamber located between 
Said spaced pairs of rollers, the entrances and 
exits of said chambers positioned below said 
rollers, whereby the sheet is suspended in the 
form of a catenary and is tensioned by its own 
weight during its passage through said chambers; 
an independent electric motor connected to drive 
each of Said pairs of rollers; and speed control 
means including a variable resistance in the cir 
cuit of One of said motors and a switch connected 
to control said resistance, said switch being actu 
ated by an operating element positioned in the 
path of the sheet to engage the sagging sheet be 
tween said pairs of rollers and responsive to 
changes in the Sag of the sheet to vary the speed 
of the controlled motor and thereby maintain the 
Sag Substantially constant. 

3. Apparatus for porcelain enameling very 
thin sheet metal comprising, in combination, a 
horizontal spindle for carrying a coil of sheet 
Stock; three laterally spaced pairs of horizontal 
ly disposed gripping and feeding rollers; a 
spraying chamber and a firing chamber located 
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between each of said spaced pairs of rollers, the 
entrances and exits of said chambers positioned 
below the rollers to cause sag to be formed in said 
sheet during its passage through said chambers 
between said spaced pairs of rollers; a separate 
electric motor connected to drive each pair of 
rollers; speed control means, including a varia 
ble resistance in the circuit of the motors which 
drive the second and third pairs of rollers, and 
a Switch connected to control said resistance, said 
Switch being actuated by an element positioned 
adjacent to the path of the sagging sheet be 
tween the first and second pairs of rollers and 
responsive to changes in the sag of said sheet be 
tween the first and Second pairs of rollers to con 
trol the speed of the motors driving said second 
and third pairs of rollers to maintain the Sag of 
the moving sheet between the first and second 
pairs of rollers at a predetermined level; and a 
Second Speed control means, including a second 
variable resistance in the circuit of the motor 
which drives the third pair of rollers and a sec 
Ond Switch connected to control said Second re 
sistance, Said Second Switch being actuated by an 
element positioned adjacent to the path of the 
Sagging sheet between the second and third pairs 
of rollers and responsive to changes in the sag 
of Said sheet between the Second and third pairs 
of rollers to control the speed of the motor driv 
ing the third pair of rollers and thereby main 
tain the sag of the moving sheet between the 
Second and third pairs of rollers at a predeter 
mined level. 

ROBERT G. CALION. 
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