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The present invention relates to methods and appara 
tus for controlling the position of strip material in 
furnaces. - 

In the feeding of indeterminant lengths of strip mate 
rial over rolls, various factors tend to cause the strip to 
move toward one end or the other of the rolls and thus 
to become misaligned relative to the rolls. A number of 
systems for correcting the positional error of the strip 
have been proposed and many are quite useful in ordi 
nary operations. But in the environment of a furnace 
which is entirely enclosed in order to conserve heat or to 
maintain an inert atmosphere to prevent oxidation of 
the strip, the ordinary devices for controlling the position 
of the strip are unavailable for use because the rolls are 
entirely within the furnace. 

In the past, it has been proposed to center strip in 
furnaces by centering the strip immediately before it 
enters the furnace, and then keeping it centered in the 
furnace by providing self-centering rolls or crowned rolls 
or other types of rolls in the furnace which by their 
physical configuration tend to center the strip. However, 
even with the practice of such preventative measures, it 
has been found that the strip still tends to become mis 
aligned and to veer off the roll in the furnace, with the 
result that the furnace structure is damaged by the rapidly 
moving strip and the rapidly moving strip is damaged by 
the furnace structure. 

It has now been discovered that variations in strip hick 
ness transversely of the strip are responsible for at least 
a substantial portion of the misalignment that occurs 
within the furnace. It has also been discovered that 
when the material enters the furnace and rises rapidly 
in temperature toward the temperature of the furnace, 
variations in strip thickness transversely of the width of 
the strip tend to cause the strip to expand unevenly at 
least at first, and this in turn tends to throw the strip 
laterally off its intended path of travel, thereby misalign 
ing the strip relative to the rolls. The present invention 
also comprises the discovery of methods and apparatus 
for correcting the strip misalignment that occurs in this 
and other ways in the furnace. 

Accordingly, it is an object of the present invention to 
provide methods and apparatus for centering strip on 
rolls while the strip is passing through a furnace of the 
type that encloses a plurality of rolls about which the 
strip passes along a circuitrous path. 
Another object of the present invention is the provision 

of such methods and apparatus that will reduce or pre 
vent damage to the strip during passage through the 
furnace. - - - 

Still another object of the present invention is the pro 
vision of such methods and apparatus that will reduce or 
prevent damage to the furnace resulting from the passage 
therethrough of strip material. 

Finally, it is an object of the present invention to pro 
vide such methods that will be relatively easy to practice 
and dependable in their result, and to provide such appa 
ratus that will be relatively simple and inexpensive to 
manufacture, install, operate, maintain and repair, and 
rugged and durable in use. 

Other objects and advantages of the present invention 
will become apparent from a consideration of the fol 
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lowing description, taken in connection with the accom 
panying drawings, in which: 
FIGURE 1 is a schematic elevational view, with parts 

broken away, of one embodiment of a furnace according 
to the present; 
FIGURE 2 is an enlarged fragmentary view of the 

region indicated by the line 2-2 in FIGURE 1; 
FIGURE 3 is an enlarged fragmentary view of the 

region indicated by the line 3-3 in FIGURE 1. 
Referring now to the drawings in greater detail, there 

is shown in FIGURE 1 a furnace comprising an enclosure 
1 through which strip material 3 such as steel strip to be 
treated at elevated temperature passes in a circuitous path 
between an entrance 5 and an exit 7 of the furnace enclos 
ure above a series of rolls 9 that bend the strip material 
into a plurality of loops or bights to assure that the strip 
material will have a sufficiently long residence time in 
the furnace to enable the heat treatment in question to 
be carried out. Each loop or bight is characterized by a 
pair of elongated generally straight length of strip in the 
form of passes Ai, 3, 5, 17, 19, 21, 23, 25, 27 and 29, 
in that order from entrance 5 to exit 7. Of course, the 
particular number of passes is variable over a wide range 

25 

30 

35 

40 

45 

of the strip. 

50 

55 

60 

65 

70 

the direction of strip movement. 

and forms no part of the present invention. Suffice it to 
Say that each pass is a relatively straight section of strip 
between two rolls adjacent to each other with regard to 

The structure of the 
furnace thus far described may be generally conventional 
apart from the present invention and may include the 
usual heating means (not shown). 
The present invention includes novel structure in 

the form of means inside enclosure a for detecting lateral 
misalignment of the strip relative to the rolls, and means 
outside the enclosure a responsive to to the first-named 
means for altering the lateral position of the strip prior 
to the entry of the strip into the enclosure. As is seen 
in FIGURES 1 and 2, a particular embodiment of the 
detector means is shown in the form of a photoelectric 
device 31 comprising a light source 33 that directs light 
toward a detector unit 35, comprising a pair of sensors 
37 and 39. The light from the light source passes one 
edge 41 of strip 3. When strip 3 is properly aligned 
relative to the rolls 9 within the furnace, edge 4 will 
occupy the position shown in full line at 43 in FIGURE 
2. In that position, light from light source 33 will shine 
on sensor 39, but sensor 37 will be masked by the edge 

In one position of misalignment, when the 
strip is too far to the left as seen in FIGURE 2, edge 41 
occupies the position 45 shown in broken line in FIG 
URE 2 and both of sensors 37 and 39 are photo-actuated. 
In another position of misalignment, in which the strip 
is too far to the right as seen in FIGURE 2 and the 
edge 41 of the strip occupies the position shown by the 
broken line at 47 in FIGURE 2, both of sensors 37 
and 39 are masked from the light source by the strip. 

Electrical impulses from detector unit 35 are conducted 
along line 49 to a regulator 51, which in turn regulates 
a power unit 53 which directs fluid under pressure through 
one or another of a pair of conduits 55 and 57 to a 
fluid motor 59 to opposite sides of a piston 61 that 
reciprocates within a cylinder 63 and thus reciprocally 
actuates a piston rod 65 that is pivotally connected to 
one end of a shaft 67 on which is carried a roll 69 about 
which a bight of strip 3 is looped immediately prior to 
entry of the strip into the furnace. The other end of 
shaft 67 is pivotally mounted on a support 71 so that 
roll 69 is mounted for movement relative to the rolls 9 
within the enclosure between first and second positions 
characterized in that the axis of roll 69 in a first po 
sition is disposed at an acute angle to the axis of roll 
69 in a second position. In other words, roll 69 is 
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power driven by fluid motor 59 to swing through small 
acute angles. 
The tilting of roll 69 causes strip 3 to move laterally 

of itself on roll 69. FIGURE 3 illustrates this move 
ment. As is seen in broken lines in FIGURE 3, when 
the axis of roll 69 is perpendicular to the direction of 
movement of strip 3, strip 3 will be centered on roll 
69 and edge 41 of strip 3 will occupy the position shown 
in broken line at 73 in FIGURE 3. But when roll 69 is 
canted in either direction, strip 3 will move laterally on 
it in such a way that the strip seems to climb the incline 
of the roll. Thus, as is seen in FIGURE 3 in full line, 
when roll 69 is swung counterclockwise as seen in that 
figure, strip 3 moves to the right as seen in FIGURE 3 
until edge 41 of strip 3 occupies the position shown in 
full line at 75. Of course, swinging roll 69 counterclock 
wise would cause strip 3 to shift to the left of FIGURE 
3; and if roll 69 were swung until it occupied a position 
inclined downwardly to the right as seen in FIGURE 3, 
then edge 41 of strip 3 would move past position 73 
to the left as seen in FIGURE 3 until the strip was 
misaligned in the opposite sense from the misalignment 
shown in full lines in FIGURE 3. 

In other words, the present invention is characterized 
by aligning the strip inside the furnace regardless of 
whether the strip outside the furnace is aligned or not. 
In many instances, therefore, the practice of the present 
invention results in a deliberate misalignment of the 
strip outside the furnace, which is in sharp contrast to 
the prior art practices in which the strip was aligned 
outside the furnace and an effort was made to keep it 
aligned within the furnace. 

Another important feature of the invention is con 
cerned with the position of the alignment detector with 
in the furnace. As was stated above, a portion of the 
present invention is discovery that at least a portion 
of the strip and furnace damage occurring when an 
aligned strip is fed into the furnace results from the 
fact that the heat striking a strip of uneven cross sec 
tional configuration causes it to veer laterally relative 
to the rolls of the furnace. Another portion of the in 
vention, however, is the discovery that this veering tends 
to correct itself within the furnace as the strip attains a 
uniformly high temperature, so that strip can enter the 
furnace aligned and leave the furnace aligned but be so 
badly misaligned within the furnace that damage results 
both to the strip and to the furnace. It has been deter 
mined that the damaging misalignment takes place at 
least principally less than half way along the length of 
the strip within the enclosure relative to the direction of 
movement of the strip within the enclosure, so that the 
misalignment detector should be disposed no farther along 
in the furnace than the first half of the total number of 
passes. In the embodiment of FIGURE 1, therefore, the 
detector should be no farther along than pass 19. 

It has also been determined that damaging misalign 
ment does not manifest itself until toward the end of 
the first pass, so that the detector should be disposed no 
farther toward the entrance of the furnace, with respect 
to the direction of travel of the strip, than adjacent the 
roll 9 at the end of the first pass 11. The position of 
the detector in FIGURE 1 is therefore about as close 
to the entrance end of the furnace along the strip as is 
desirable. 

In the other direction, toward the exit of the strip from 
the furnace, there is more latitude for placement of the 
detector, but it is still preferred not to position the detec 
tor much beyond the third pass, and preferably not much 
beyond the second pass. Therefore, the most preferred 
position for the detector is adjacent the second pass, it 
being understood that the term "adjacent' must be con 
strued so that there is substantially more latitude in the 
direction from the second pass toward the exit than there 
is from the second pass toward the entrance of the furnace. 
To illustrate operation of the apparatus of the present 
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4. 
invention and the practice of the corresponding method, 
let it be assumed that strip is passing over the roll 69 and 
about the rolls 9 within the furnace with the strip within 
the furnace centered as seen in full line in FIGURE 2 
within the furnace and centered on the roll 69 with the 
roll 69 disposed horizontally as shown in phantom line 
in FIGURE 3. Assume that a stretch of strip is reached 
which has uneven cross-sectional configuration and that 
when heat strikes the strip the strip shifts laterally on the 
rolls 9 within the furnace until the edge 41 of the strip 
moves from the position 43 shown in full line in FIGURE 
2 to the position 45 shown in broken line in FIGURE 2, 
During the time that the strip was centered on the rolls 9 
within the furnace, sensor 37 was masked by the strip 
edge and sensor 39 was disposed so that light struck and 
actuated sensor 39, so that a signal was sent to regulator 
51 and fluid power unit 53 was so regulated that fluid 
under pressure was not sent in either direction through 
conduits 55 and 57 to fluid motor 59. In other words, roll 
69 remained horizontal and disposed in the broken line 
position of FIGURE 3. 

Butlet it now be assumed that a section of strip 3 enters 
the furnace and has an uneven cross-sectional con 
figuration such that when heat strikes the strip, al 
though the strip is centered on roll 69, it nevertheless 
deflects soon after it enters the furnace and veers 
off to the left as seen in FIGURE 2 until edge 41 of the 
strip occupies the position shown in broken line at 45. 
Upon the attainment of this or a more exaggerated condi 
tion, sensor 37 is exposed and both of sensors 37 and 39 
are activated by the light from light source 33 and a signal 
is sent to regulator 5 and thence to fluid power unit 53 
Such that fluid is sent through conduit 55 to the underside 
of piston 61 and fluid is exhausted from the upper side 
of piston 6 through conduit 57, to the end that roll 69 
is raised counterclockwise as seen in FIGURE 3. Strip 
3 tends to climb up roll 69, as was noted above, until the 
parts are in the position shown in full line in FIGURE 3 
with the edge 45 of the strip occupying position 74. In 
side the furnace, however, as seen in FIGURE 2, this 
movement of roll 69 and strip 3 outside the furnace 
serves to return the edge 41 of strip 3 from the position 
45 back to the full line position 43, whereupon sensor 37 
is covered and sensor 39 remains uncovered so that no 
further fluid flows through either of conduits 55 and 57. 

Should the strip return to a uniform rectangular cross 
Sectional configuration, then edge 41 of strip 3 would tend 
to move from the full line position 43, as shown in FIG 
URE 2, to the right of FIGURE 2 until it occupied broken 
line position line 47, whereupon both the sensors 37 and 
39 would be covered and the signal would be sent to 
regulator 51 so as to send fluid through conduit 57 and 
exhaust it from conduit 55 thereby lowering piston 61 
and piston rod 65 to the extent necessary to return roll 
69 to a horizontal position, whereupon strip 3 will tend 
to move to the left along roll 59 until sensor 39 is un 
covered but not sensor 37. 
From a consideration of the foregoing disclosure, there 

fore, it will be obvious that all of the initially recited ob 
jects of the present invention have been achieved. 

Although the present invention has been described and 
illustrated in connection with preferred embodiments, it 
is to be understood that modifications and variations may 
be resorted to without departing from the spirit of the in 
vention, as those skilled in this art will readily understand. 
Such modifications and variations are considered to be 
Within the purview and scope of the present invention as 
defined by the appended claims. 
What is claimed is: 
1. In a method of heating strip material passing con 

tinuously through an entirely enclosed furnace, the steps 
comprising detecting lateral misalignment of strip ma 
erial solely within the furnace, and altering the lateral 
position of the strip prior to entry of the strip into the 
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furnace in a direction to correct the lateral misalignment 
of the strip solely within the furnace, regardless of whether 
the strip outside the furnace is aligned or not. 

2. In a method of heating strip material passing con 
tinuously through a furnace, the steps comprising detect 
ing lateral misalignment of the strip material within the 
furnace at a point on the strip less than half way along 
the length of the strip in the furnace relative to the direc 
tion of movement of the strip through the furnace, and 
altering the lateral position of the strip prior to entry of 
the strip into the furnace in a direction to correct the later 
all misalignment of the strip within the furnace. 

3. In a method of heating strip material passing con 
tinuously through a furnace with the strip material hav 
ing a sinuous configuration within the furnace character 
ized by a plurality of alternately generally oppositely mov 
ing passes, the steps of detecting lateral misalignment of 
the strip material within the furnace at a point adjacent 
the second pass, and altering the lateral position of the 
strip prior to the entry of the strip into the furnace in a 
direction to correct the lateral misalignment of the strip 
within the furnace. 

4. A furnace comprising an enclosure, a plurality of 
Tolls within the enclosure for the support of continuously 
moving strip material as it moves through the enclosure 
in a circuitous path characterized by a plurality of passes 
each of which is a relatively straight section of strip 
between two rolls adjacent to each other with regard to 
the direction of strip movement, means inside the en 
closure for detecting lateral misalignment of the strip 
relative to the rolls, and means outside the enclosure 
responsive to the first-named means for altering the lat 
eral position of the strip prior to the entry of the strip 
into the enclosure in a direction to correct the lateral 
misalignment of the strip within the furnace. 

5. A furnace comprising an enclosure, a plurality of 
Tolls within the enclosure for the support of continuously 
moving strip material as it moves through the enclosure 
in a circuitous path characterized by a plurality of passes 
each of which is a relatively straight section of strip 
between two rolls adjacent to each other with regard to 
the direction of strip movement, means inside the en 
closure for detecting lateral misalignment of the strip 
relative to the rolls at a point on the strip less than half 
way along the length of the strip within the enclosure 
relative to the direction of movement of the strip through 
the enclosure, and means outside the enclosure responsive 
to the first-named means for altering the lateral position 
of the strip prior to the entry of the strip into the en 
closure in a direction to correct the lateral misalignment 
of the strip within the furnace. 

6. A furnace comprising an enclosure, a plurality of 
rolls within the enclosure for the support of continuously 
moving strip material as it moves through the enclosure 
in a circuitous path characterized by a plurality of passes 
each of which is a relatively straight section of strip 
between two rolls adjacent to each other with regard to 
the direction of strip movement, means inside the enclo 
sure for detecting lateral misalignment of the strip rela 
tive to the rolls at a point adjacent the second pass, and 
means outside the enclosure responsive to the first-named 
means for altering the lateral position of the strip prior 
to the entry of the strip into the enclosure in a direction 
to correct the lateral misalignment of the strip within 
the furnace. 

7. A furnace comprising an enclosure, a plurality of 
rolls within the enclosure for the support of continuously 
moving strip material as it moves through the enclosure 
in a circuitous path characterized by a plurality of passes 
each of which is a relatively straight section of strip 
between two rolls adjacent to each other with regard to 
the direction of strip movement, means inside the enclo 
sure for detecting lateral misalignment of the strip rela 
tive to the rolls, roll means disposed outside the enclo 
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6 
sure and about which the strip passes on its way to the 
enclosure, said outside roll means being mounted for 
movement relative to the rolls within the enclosure be 
tween first and second positions characterized in that the 
axis of said outside roll means in said first position is 
disposed at an acute vertical angle to said axis in said 
second position, and means responsive to the first-named 
means for moving said outside roll means between said 
first and second positions thereby to alter the lateral posi 
tion of the strip prior to the entry of the strip into the 
enclosure in a direction to correct the lateral misalign 
ment of the strip within the furnace. 

8. A furnace comprising an enclosure, a plurality of 
rolls within the enclosure for the support of continuously 
moving strip material as it moves through the enclosure 
in a circuitous path characterized by a plurality of passes 
each of which is a relatively straight section of strip 
between two rolls adjacent to each other with regard to 
the direction of strip movement, means inside the enclo 
sure for detecting lateral misalignment of the strip rela 
tive to the rolls at a point on the strip less than halfway 
along the length of the strip within the enclosure relative 
to the direction of movement of the strip through the 
enclosure, roll means disposed outside the enclosure and 
about which the strip passes on its way to the enclosure, 
said outside roll means being mounted for movement 
relative to the rolls within the enclosure between first and 
second positions characterized in that the axis of said 
outside roll means in said first position is disposed at an 
acute vertical angle to said axis in said second position, 
and means responsive to the first-named means for mov 
ing said outside roll means between said first and second 
positions thereby to alter the lateral position of the strip 
prior to the entry of the strip into the enclosure in a 
direction to correct the lateral misalignment of the strip 
Within the furnace. 

9. A furnace comprising an enclosure, a plurality of 
rolls within the enclosure for the support of continuously 
moving strip material as it moves through the enclosure 
in a circuitous path characterized by a plurality of passes 
each of which is a relatively straight section of strip 
between two rolls adjacent to each other with regard to 
the direction of strip movement, means inside the enclo 
sure for detecting lateral misalignment of the strip rela 
tive to the rolls at a point adjacent the second pass, roll 
means disposed outside the enclosure and about which 
the strip passes on its way to the enclosure, said outside 
roll means being mounted for movement relative to the 
rolls within the enclosure between first and second posi 
tions characterized in that the axis of said outside roll 
means in said first position is disposed at an acute vertical 
angle to said axis in said second position, and means 
responsive to the first-named means for moving said out 
side roll means between said first and second positions 
thereby to alter the lateral position of the strip prior to 
the entry of the strip into the enclosure in a direction 
to correct the lateral misalignment of the strip within the 
furnace. 

20. A furnace comprising an enclosure, a plurality of 
rolls within the enclosure for the support of continuously 
moving strip material as it moves through the enclosure 
in a circuitous path characterized by a plurality of passes 
each of which is a relatively straight section of strip 
between two rolls adjacent to each other with regard 
to the direction of strip movement, photoelectric means 
within the enclosure adjacent an edge of the strip and 
responsive to the amount of light that passes the edge 
of the strip for detecting lateral misalignment of the strip 
relative to the rolls, and means outside the enclosure 
responsive to the photoelectric means for altering the 
lateral position of the strip prior to the entry of the strip 
into the enclosure in a direction to correct the lateral 
misalignment of the strip within the furnace. 

11. A furnace comprising an enclosure, a plurality of 
rolls within the enclosure for the support of continuously 
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moving strip material as it moves through the enclosure 
in a circuitous path characterized by a plurality of passes 
each of which is a relatively straight section of strip 
between two rolls adjacent to each other with regard to 
the direction of strip movement, photoelectric means 
within the enclosure adjacent an edge of the strip at a 
point on the strip less than halfway along the length 
of the strip within the enclosure relative to the direction 
of movement of the strip through the enclosure and re 
sponsive to the amount of light that passes the edge of the 
strip for detecting lateral misalignment of the strip relative 
to the rolls, and means outside the enclosure responsive 
to the photoelectric means for altering the lateral position 
of the strip prior to the entry of the strip into the 
enclosure in a direction to correct the lateral misalign 
ment of the strip within the furnace. 

12. A furnace comprising an enclosure, a plurality of 
rolls within the enclosure for the support of continuously 
moving strip material as it moves through the enclosure 
in a circuitous path characterized by a plurality of passes 
each of which is a relatively straight section of strip 
between two rolls adjacent to each other with regard to 
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8 
the direction of strip movement, photoelectric means 
within the enclosure adjacent an edge of the strip at a 
point adjacent the Second pass and responsive to the 
amount of light that passes the edge of the strip for 
-detecting lateral misalignment of the strip relative to the 
rolls, and means outside the enclosure responsive to the 
photoelectric means for altering the lateral position of the 
strip prior to the entry of the strip into the enclosure in 
a direction to correct the lateral misalignment of the strip 
within the furnace. 

References Cited by the Examiner 
UNITED STATES PATENTS 

2,630,319 3/53 Heilman et al. ---------- 226-21 
2,706,625 4/55 Lorig ------------------ 263-3 
3,053,310 9/62 Spooner ------------- 226-15 X 

FOREIGN PATENTS 
410,859 5/34 Great Britain. 

CHARLES SUKALO, Primary Examiner. 
JOHN J. CAMBY, Examiner. 


