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This invention relates to a strip temperature control
and more particularly to a control. for cooling or heating
steel strip as it passes over a plurality of rolls. One
specific application -for which my control ‘is well adapted
is in the continuoug ‘annealing of steel strip. In such
processes the strip is heated to the -annealing temper-
ature and is held at that temperature for ‘a.predetermined
time interval after which itis cooled and recoiled. Before
recoiling the temperature of the strip should be below
200° F. The cooling of the ‘strip to -this low temper-
ature is one of the major. problems. in the continuous strip
annealing process. - It has been proposed-to cool the strip
by blowing a cooling medium thereover and by lengthen-
ing the cooling zone, but neither of ‘these solutions have
been satisfactory ‘and, in many instances, it has been
necessary to decrease the speed of the line in order to ob-
tain proper cooling.

It is therefore an object of my invention to provide a
control for regulating the temperature of strip passing
over rolls.

Another object is to provide a continuous strip anneal-
ing line having means for cooling ‘the strip rapidly and
uniformly.

These and other objects will be more apparent after
referring to the following specification and attached
drawings, in which:

Figure 1 is a schematic view of
corporating my-invention therein;

‘Figure 2 is an-enlarged sectional view of a roll used
in the control of ‘strip temperature;

Figure 3 is a schematic view of the control of roll tem-
peratures as utilized in the line of Figure 1;

Figure 4 is a schematic view of one form of control
for regulating the temperature of a single roll;

Figure 5 is a ‘schematic “view, similar to Figure 4,
showing another embodiment of ‘my invention; and

Figure 6 is a schematic view of my invention as applied
to an electrostatic oiler. :

Referring more ‘particularly to the drawings, -reference
numeral 2 indicates an urnicoilér from which strip to be
annealed is ‘umncoiled. Afteér passing through various
conventional equipment (not shown) the strip passes
through a preheating zone 4 and then successively through
a heating zone 6, holding zone 8, slow cooling zone 19
and a fast cooling zone 12 from which it passes to a
coiler 14. 1In the preheating zone the strip passes suc-
cessively around rolls 16A, 16B, 16C and 16D and in
the fast cooling zone 12 the strip S passes successively
around rolls 16E, 16F, 16G, 16H, 16I and 16]. In
zones 6, 8 and 10 the strip passes around rolls 18. It
will be understood that the number of rolls may be either
greater or less than shown. As shown in Figure 2 the
volls 16 are hollow and have a wall 20 surrounding a
chamber 22 which receives a heat exchange medium
through a conduit 23 and exhausts it through conduit 23’.
The heat exchange medium may be @ non-flammable oil,
liquid silicone or other suitable fluid which will with.
stand relatively high temperatures. As shown in Figure

‘an annealing line in-
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3 the heat exchange medium W is delivered from a
storage tank 24 by means of a pump 26 driven by a
motor 28 to the roll 167 at the exit end of the series of
rolls and then successively through rolls 161, 16H, 16G,
16F and 16E and hence through rolls 16D, 16C, 16B
and 16A back to the storage tank 24. This arrangement
causes the surface temperature of the rolls to increase
from the roll 167 to roll 16F and to decrease from the
roll 16D to the roll 16A. For the purpose of illustration
oily it may be assumed that the surface temperatures
of rolls 16J, 161, 16H, 16G, 16F and 16E are 125° F.,
200° F., 300° F., 400° F., 500° F. and 600° F., respec-
tively, and that the temperature of the strip S as it first
contacts the roll 16E is 850° F. As the strip S passes
around the roll 16E it will be cooled to a temperature of
725° F. As it passes around the rolls 16F, 16G, 16H,
161 and 167 it will be cooled still further to temper-
atures of 600°, 475°, 375°, 275° and 200° F., respec-
tively. In order to utilize the heat in the heat exchange
medium W it is passed to the rolls 18D, 16C, 16B and
18A. The surface temperatures of rolls 16D, 16C, 16B
and 16A may be assumed as 500°, 400°, 300° and 200°
F., respectively,  The strip temperature as it passes suc-
cessively over rolls 16A, 16B, 16C and 16D will increase
from atmospheric to 100°, 200°, 300° and 400° F.,
respectively. The amount of wrap around the rolls
should be as great as possible to increase the amount
of heat transferred to or from the strip 8. In order to
obtain the desired differential in surface temperature of
the .cooling rolls the thickness of the wall 28 may be
varied so as to be of decreasing thickness from the first
to the last roll contacted by the strip. This arrangement
of wall thickness can also be used to provide the desired
surface temperature of the rolls when utilizing a heat ex-~
change medium having a constant temperature as it
enters each roll. For some installations it may be neces-
sary to utilize a temperature control system 36 to regulate
the temperature of the heat exchange medivm W as it
enters one or more of the conductor rolls. The tem-
berature regulating system 36 may be as shown in Figures
4 or 5. In Figure 4 the heat eéxchange medium is
pumped ‘by means of a pump 38 to a heat exchanger 46
and then through a conduit 42 to the next succeeding
roll 16 or if it is desired to maintain the temperature
of a single roll constant the conduit 42 will lead back
to the original roll. Located in the conduit 42 is a
thermocouple 44 which is connected to a thermal-sensi-
tive instrument 46 having contacts 46R and 46L and a
moving arm 48. Power line L1 is connected to contact
arm 48 and contact 46R is connected to one terminal
of a heating element 50. The other terminal of the
heating element 50 is connected to power line L2. A
solenoid-52 has one terminal connected to power line L2
and the other to contact 46L. Solenocid 52 operates
valves 54 and 56 connected to an auxiliary heat exchanger
58. Value 54 controls the flow of cold water to heat
exchanger 58 and valve 56 controls flow of fluid from the
heat exchanger 58 to heat exchanger 40 by means of a
pump 66. Conduit 62 returns the fluid from the heat
exchanger 40 to the heat exchanger 58.

The operation of this control is as follows:

When the temperature of the heat exchange medium
in conduit 42 becomes cooler than desired, contact arm
48 will move to the left completing a circuit through
contact 46R to energize heating element 5¢. When the
fluid in conduit 42 becomes warmer than desired contact
arm 48 will move to the right closing contact 461 and
completing a circuit to solencid 52, thus energizing sole-
neid 52 and opening valves 54 and 56. This permits
cold water to flow through valve 54 to heat exchanger
58 to remove heat from the system and the cool fluid
to flow through valve 56 to the heat exchanger 40 to
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_lower the temperature of the heat exchange medium.
Valves 54 and 56 may be. provided with suitable by-
passes to permit a relatively small quantity of fluid and
water to flow through' auxiliary heat exchanger con-
tinucusly.: By. properly.selecting the sizes of pumps 38
and 60 the heat exchangers 40 and 58 and valves 54 and
56, the temperature regulating system may be so de-
signed that the water temperature in auxiliary heat ex-
changer- 58 will not exceed about 170° even when the
temperature of roll ‘16 is being maintained at 700°.

“Thetemperature regulating system shown in Figure 5

is essentially the same as that shown in Figure 4 except
that the auxiliary heat: exchanger 58 is omitted and the
sclenoid 52 operates valve 54 in the conduit 64 leading
from the cold water line to the heat exchanger 40. Thus
when ‘the temperature of the heat exchange medium is
too high in the roll 16 the valve 54 opens permitting
cool ' water to pass through heat exchanger 46 and lower-
ing the temperature of the water leading to the roll 16.
. If desired, the heat exchange medium from roll 16E
can be returned directly to tapk 24 without passing
through ‘Tolls 16A,. 16B, 16C and 16D. However, it is
desired to cool the heat exchange medium from roll 16E
by thé method discloséd so that the heat therein will be
utilized: to heat the strip. This also is desirable because

- the temperature of the heat exchange medium returning
to- the' storage tauk 24 will be reduced thus decreasing
the amount of Heat Which must be removed by means of
cooling coils 66. . .
- The temperatuse control unit shown in Figures 4 and 5
may. also be used with conductor rolls such as shown
in my prior Patent No.. 2,658,982 1t has been found
that the strip shown therein had a temperature of 240°
F. before contact with the conductor roll 12 of the
patent but that after its contact it had a temperature
of only 165°. Such heat loss is undesirable and by pro-
viding a temperature control unit for the roll its tempera-
ture may be maintained close to the temperature of the
strip so that such heat loss will not resuit.

Another ‘installation in which my invention may be
utilized is in conjunction with an electrostatic ciler such
as disclosed’ in ‘my. co-pending application, Serial No.
394,033, filed November 24, 1953, mow Patent No.
2,796,845, dated June 25, 1957. It has been demonstrated
that better results are obtained when the strip is thorough-
ly dry on entering an: electrostatic oiler 70. When the
strip is- wet as it ‘enters-the oiler evaporation of water
occurs in the, oiler. enclosure and frequently raises the
moisture -¢cofitent to.the extent that flashovers occur be-
tween the-ionizing electrodes and the strip. Also, oil elec-
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trostatically deposited on moist strip forms an emulsion

and does not adhere as well as when the strip is dry.
As shown in Figure 6 the strip S passes around one or
more hollow rolls 72 prior to its entry into the electrostatic
oiler 70. The temperature of the roll 72 is controlled
by means of the control shown in either Figure 4 or 5
so that the strip temperature is raised sufficiently to in-
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sure complete dryness of the strip prior to its entry into
the enclosure of the electrostatic oiler.

While several embodiments of my invention have
been shown and described it will be apparent that other
adaptations and modifications may be made without de-
parting from the scope of the following claims.

I claim: .

1. Apparatus for continuously cooling strip comprising
a pluraiity of hollow rolls around which the strip
passes successively, the walls of said rolls being of
varying thickness with the thickness decreasing from the
first to the last roll contacted by the strip, and means
for passing a heat exchange medium through said rolls.

2. The method of continuously cooling hot strip com-
prising passing the hot strip successively around a sub-
stantial arc of each of a series of hollow rolls arranged
in staggered relationship with opposite sides of the strip
contacting successive rolls, passing ‘a cooling medium
serially through said rolls, regulating the rate of flow of
cooling medium into said rolls, regulating the tempera-
ture -of the cooling medium introduced into successive
rolls by providing 2 maximum temperature in the cooling
medium introduced into the first roll contacted by the
strip and gradually decreasing the temperature of the
cooling medium introduced into succeeding rolls to a mini-
mum temperature in the last roll contacted by the strip.

3. Apparatus for continuously. cooling a moving strip
comprising a series of spaced.apart hollow rolls-arranged
in staggered relationship so that the strip is - wrapped
around substantial arcs of said rolls with opposite sides
of the strip contacting successive rolls, means for passing
heat exchange medium into the first roll contacted by the
strip, means for regulating the rate of flow of heat ex-
change medium into said first roll, connection means for
delivering the heat exchange medium from each of said
rolls to the next succeeding roll in said -series of rolls,
and means operatively associated with each of said con-
siection means for regulating the temperature of the heat
exchange medium introduced into said next succeeding
roll.
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