PROCESS FOR MAKI NG A STRIP FROM A HOT ROLLED ROD Background O The
[nvention 1. Field of the Invention The present invention relates to a._ |
process for producing a rectangular strip 5 froma hot rolled, round
rod by passing the rod consecutively through a series of rolling mlls.
More speci f iwabéssorss he.i nvention relates to a process whi cHPCENSISNITS2

I nter-cooling between consecutive rolling mlls as well as strip tension
control to produce a strip which exceeds currently achi evabl e nmaxi rum wi dt h
to thickness ratios. 10 2. Description of the Related Art
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PROCESS FOR MAKING A STRIP FROM A HOT ROLLED ROD
Background Of The invention

1. Field of the Invention
The present invention relates to a process for producing a rectangular strip
from a hot rolled, round rod by passing the rod consaecutively through a series of
B rolling mills. More specifically, the invention relates to a process which employs inter-
cooling between consecutive rolling mills as well as strip tension control to produce
a strip which exceeds currently achievable maximum width to thickness ratios.

2. Description of the Related Art
Finned tubes are employed in many commercial applications as a means to
10 allow heat exchange to occur between mediums of different temperatures without
necessitating commingling of the mediums. One common dasign for finned tubes
employs a fin constructed of a continuous strip of metal fin material. In cross section,
this strip is rectangular in dimension, having a width exceeding its thickness. To form
the finned tube, the strip is helically wound around the exterior surface of a hollow
15 tube and secured thereto so that one of the shorter sides of the cross-sectional
rectangular shaped strip is secured adjacent to the tube's exterior surface and the
width of the strip extends outward away from and perpendicular to the tube's exterior
surface.
For optimum performance of the finned tube, it is desirable to employ strips
20 having a width to thickness ratio (calculated by dividing the width by the thickness)
of approximately 17 to 1. For example, one common strip size has a width of 0.80
inches and a thickness of 0.047 inches resulting in a width to thickness ratio of
approximately 17.2 to 1. '
The current method for producing strips of the desired dimensions is to begin
25 with a sheet of continuous cold rolled metal, often carbon steel, of the desired
thickness. The shest is then slit into strips of the desired width. During manufacture
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Fi nned tubes are enployed in many comercial applications as a neans to
all ow heat exchange to occur between nediuns of different tenperatures

wi t hout necessitating conm ngling of the mediuns. One common design for
finned tubes enploys a fin constructed of a continuous strip of netal fin
material . | wosspemsl 5 section, this strip is rectanguperusssndrsaensi on,
having a wdth exceeding its thickness. To formthe finned tube, the strip
is helically wound around the exterior surface of a hollow tube and secured
thereto so that one of the shorter sides of the cross- sectional

rectangul ar shaped strip is secured adjacent to the tube's exterior surface
and the width of the strip extends outward_,away from and perpendi cul ar to

t he 20 tube's exterior surface. 2

of the cold rolled sheets, the shests are uniformly rolled to close tolerances. The
price of these sheets reflects the time and effort required to roll them to close
tolerances. When the cost of slitting the sheets is added to the cost of the sheets,
the total cost to produce strips according to current methods is quite expensive.
5 The cost for producing strips could be reduced considerably if the strips could
be made from less expensive hot rolled rod instead of from the cold rolled sheets.
Current methods for converting a hot rolled rod into a strip generally consists of
passing a rod consecutively through a series of rolling mills. Each rolling mill further
flattens and widens the rod until the desired strip dimension is achieved. However,
10 certain dimensional limitations are encountered when employing currently known
methods for converting rods into strips.
Specifically, current methods for converting a rod into a strip are limited to
creation of strips with width to thickness ratios of less than approximately 12 to 1.
When current methods are employed to create strips having width to thickness ratios
15 exceeding approximately 12 to 1, for example having ratios of 16 to 3 or 17 to 1,
during the rolling process the metat strip develops severe edge fractures. These
fractures cause the strip to break. The cause these fractures appear to be two-foid.
First, as the metal rod is passed through each consecutive rolling mill, heat is added
to the metal until the metal finally reaches a temperature at which it fails, causing it
20 to fracture or break. Second, in addition to the heat stress exerted on the metal,
mechanical stress is inflicted on the metal by the tug on the rod from the subsequent
rolling mill as it pulls the rod toward the mill. This mechanical stress seems to
contribute to the metal failure which is observed. Regardiess of the cause of the
failures, until now the practical upper limit for rolling rod into strips has been the 12
25 to 1 width to thickness ratio. Because strips having higher width to thickness ratios
than 12 to 1 are necessary for construction of finned tubes, broduction of strips for
this use from hot rolled rod has not until now been a viable option.
The present invention addresses this problem of limited width to thickness ratio
by providing a method for producing strips from rods which utilizes cooling and feed
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For optimum performance of the finned tube, it is desirable to enpl oy
Stl’J_p_SJlaALL_D.g_a.JMJIh to thickness ratio (calculated by dividing the width
by the thickness) of approximately 17 to 1. For exanple, one common strip
size has a wdth of 2.032 centinmeters (0.80 inches) and a thickness of
0.1938 cent i YR¥®31350. 047 i nches) 25 resulting in a w ddrusesadisxkness
ratio of approximately 17.2 to 1. The current nethod for producing strips
of the desired dinensions is to begin with a sheet of continuous cold
rolled netal, often carbon steel, of the desired thickness. The sheet is
then slit into strips of the desired wdth. This is briefly described in an
article entitled "The Rolling of Round Wre3i nto Fl ats/ Rectangl es”

backward tension controls between adjacent rol!ihg mills in order to produce strips
having width to thickness ratios of up to approximately 17 to 1.

_/__’_,_,_,_-

-
en Replaced

"

[ THiS SHEET HAS BEEN
REPLACED




2 published in the Cctober, 1959 issue of FENN Engi neering News, a
publication by Fenn Nhnufacturlng Co., New ngton, Connecticut, U S A
Duri ng manufacture of the cold rol | ed sheets, the sheets are uniformy
rolled to close tol erances. The price of these sheets reflects the tinme and
effort reqWO%0135 roll themto close tolerances. 5 POBUSEISTR0st  of
slitting the sheets is added to the cost of the sheets, the total cost to
produce strips according to current nethods is quite expensive. The cost
for producing strips could be reduced considerably if the strips could

The present invention is a process for creating strips from hot rolled metal
rods such that the strip which is produced achieves a width to thickness ratio of
approximately 17 to 1. The process consists of cooling the rod after it passes

] through each consecutive rolling mill to reduce the thermal stress on the rod and
employs feed backward tension controliers following each consecutive rolling mill in
order to control the previcus rolling mill and thereby reduce the mechanical stress on
the rod. Cooling is preferably accomplished by immersing the rod in a liquid cooling
bath and/or by spraying cooling fluid directly on the rod.

10
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be made from |l ess expensive hot rolled rod instead of fromthe cold rolled
sheets. Current nethods for converting a hot rolled rod into a strip
general ly consists of 10 passing a rod consecutively through a series
af rolling mlls. This is described in an article entitled
"Wre-Fl att ewiorsgadia®ory and Practice" produced by Stanat Precrwssmiiachi ne
Conpany of Schiller Park, Illinois, US A Each rolling mll further
flattens and widens the rod until the desired strip dinension is achieved.
However, certain dinensional 1imtations are encountered when enpl oyi ng
currently known met hods 15 for converting rods into strips.
Specifically, current nethods for converti arodinto a strip are limted
to creation of strips with width to thickneSs ratios of |ess than

approximately 12 to 1. BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a diagrammatic representation showing the process of the present
invention, starting on the left-hand side with a spool of hot rolled rod and ending on
the right-hand side with a strip which is rewound into a spool and ready for use or for

5 further processing.

Figure 2 is a cross-sectional view of the rod taken along line 2-2 of Figure 1.

Figure 3 is a cross-sectional view of the partially fiattened rod, taken along line
3-3 of Figure 1.

Figure 4 is s cross-sectional view of the further flattened rod, taken along line
10 4-4 of Figure 1.

Figure 5 is a cross-sectional view of the still further flattened rod, taken aiong
line 5-5 of Figure 1.

Figure 6 is a cross-sectional view of the strip which was created by flattening
the rod, taken along line 6-6 of Figure 1.

15 Figure 7 is an enlarged view of one of the liquid cooling baths and feed forward .
tension controllers depicted in Figure 1.
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When current nethods are enployed to create strips having wwdth to

f hi ckness ratios exceeding approximately 12 to 1, for_exanple having ratios
of 15 to 1 or 17 to 1, 20 during the rolling process the netal strip
devel ops severe edge fractures. These fractures cause the strip to break.
The cause twedeadmsctures appear to be two-fold. First, aspd¢imsosei?sd rod i s
passed t hrough each consecutive rolling mlIl, heat is added to the netal
until the nmetal finally reaches a tenperature at which it fails, causing it
to fracture or break. Second, in addition to the heat stress exerted on the

metal , 25 mechani cal stress is inflicted on the metal by the tug on
the rod fromthe subsequent rolling mill it pulls the rod toward the
mll. Exerting a significant pulling or tugging force on a rod is the basis

upon which rolling gfetoghas Y ThE BREFERRED EM ENT

Referring now to the drawings and initially to Figure 1, there is
diagrammatically illustrated a process according to a preferred embodiment of the
present invention for converting a rod 10, such as a hot rolled rod of carbon steel,

5 into a strip 12 suitable for use as a fin for a finned tube {not illustrated) or for other
commercial applications. Beginning on the left-hand side of Figure 1 and moving
toward the right-hand side, there is illustrated a spoo! 14 of rolled up rod 10 which is
next unwound through an eye 18. The purpose of the eye 16 is to prevent the rod
10 from becoming tangled or kinked as it unwinds from the spool 14. Next, the rod

10 10 enters a descaler 18 which removes any scale or oxidation product present on the
surface of the rod 10. After being descaled, the rod 10 enters a straightener 20 which
straightens the rod 10 in preparation for entering a rolling train portion 22 of the
process. The rolling train portion 22 consists of a plurality of rolling mills 24, 28, 28,
30, etc. arranged in series, with each individual rolling mill 24, 26, 28, or 30, being

18 followed by its respective liquid cooling bath 34, 36, 38 or 40. This arrangement is
best illustrated in Figure 1 where the first rolling mill 24 is followed consecutively by
the first liquid cooling bath 34, the second rolling mill 26, the second liquid cooling
bath 38, the third rolling mill 28, the third liquid cooling bath 38, etc. until the rolling
train portion 22 ends with the final rolling mill 30 followed by the final liquid cooling

20 bath 40.

As {llustrated in Figures 2 through 6, as the rod 10 progresses through the
rolling train portion 22, it is progressively flattened and widened, resulting in
conversion of the rod 10 to the strip 12 as it exits the rolling train portion 22. The
strip 12 has a width 42 and a thickness 44 measured perpendicular to its width 42.

25 Referring now to Figure 7, there is shown in enlarged detail a preferred arrangement
of the first liquid cooling bath 34. Although the first liquid cooling bath 34 is illustrated
and discussed, the remaining liquid cooling baths 36, 38, 40, etc. are similarly

THtS SHEET HAS BEEN |
REPLACED . This Sheet Has Been Replaced |




past, for exanple, as described in United States Patent No. 2,226,948. This
mechani cal stress seens to contribute to the netal failure which is. .
observed. 30 Regardl ess of the cause of the failures, until now the
practical upper limt for rolling rod into strips has been the 12 to 1
width to thi skeesmssati o. Because strips having 3 hi gher RATAISSS/03352

thi ckness ratios than 12 to 1 are necessary for construction of finned

ubes, production of strips for this use fromhot rolled rod has not until
now been a

7

arranged. The first liquid cooling bath 34 is filled with a cooling fluid 46, such as
water, which enters the first liquid cooling bath 34 via an inlet 48 and exits the first
liquid cooling bath 34 via an outlet 50 as will be further explained hereafter.
As illustrated in Figure 7, the rod 10 exits from the first rolling mill 24 upstream
5 of the first liquid cooling bath 34. The rod 10 then enters the first liquid cooling bath
34 where the rod 10 is cooled by diract contact with the cooling fiuid 46. The rod 10
is immersed in the cooling fluid as the rod 10 passes under a roller 52 provided on
a feed forward tension controller 54 before reemerging from the first liquid cooling
bath 34 in order to travel through the second roliing mill 26.

10 Although the process is described with cooling of the rod 10 being provided
between each adjacent rolling mill 24, 28, 28, and 30, it is anticipated that adequate
cooling of the rod 10 may be aooomplishéd with fewer cooling baths 34, 36, 38, and
40, fewer cooling nozzles 58, or fewer other alternate cooling means (not illustrated).

The roller 52 is in rolling contact with the rod 10 which passes under the roller

15 52 as the rod 10 travels through the first liquid cooling bath 34. The roller 52
responds to increases in tension in the rod 10 by moving upwardly and responds to
decreases in tension in the rod 10 by moving downwardly. This upward and
downward movement is illustrated by the arrows shown in Figure 7. This upward and
downward movement is translated into an electronic signal which controis the drive

20 speed of the preceding first rolling mill 24, as is illustrated in Figure 7 schematically
by a broken line 56 which connects the feed backward tension controlier 54 and the
first rolling mill 24. By controlling the speed of the preceding first rolling mill 24,
mechanical stress is decreased on the rod 10 as the rod 10 exits the first rolling mill
24

25 In order to maintain the cooling fluid 48 contained within the first liquid cooling
bath 34 at an acceptable temperature, i.e., at a temperature below the boiling point
of the cooling fluid 46, warm cooling fluid 46-W is continuously removed via the outlet
50, cooled by passing It through a conventiona! heat exchange process 57, and then
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vi abl e option. The present invention addresses this problemof limted

W dth to thickness 5 ratio by providing a nethod for producing strips from
rods which utilizes cooling and tension controls bet ween adj acent rolling
mlls in order to mnimze tension on the material being rolled so that it

I s possi bl ewpoépoiasiuce strips having width to thickness raCRass03782 t o
approximately 17 to 1. The present invention is a cold rolling process and
as such 10 shoul d be distinguished fromhot rolling processes such as those
described in EP-A-O 314 667. :

recirculating cool cooling fluid 46-C back to the first liquid cooling bath 34 via the inlet
48.
As illustrated in Figures 1 and 7, cooling nozzles 58 are optionally provided at
each of the rolling mills 24, 26, 28, and 30. The purpose for these cooling nozzles
5 58 is to provide additional cooling in'the form of cooling fiuid 46 which is supplied
from a cooling fiuid source 60. The cooling fluid 46 enters the cooling nozzies 58
from the cooling fluid source 60 and is emitted from the cooling nozzies 58,
impinging directly on the heated rod 10 as the rod 10 passes through each of the
rolling mills 24, 26, 28, and 30.

10 Alterately, the cooling nozzles 858 may be used solely to provide the
necessary cooling of the rod 10, thereby eliminating the need for cooling baths 34-40.
Although the cooling nozzles §8 and the cooling baths 34-40 have been described for
use with cooling fluid 48, other coolants, not illustrated, such as liquids or gases may
be substituted for the cooling fiuid, and other altemate cooling means, not illustrated,

15 may be employed instead of either cooling nozzles 58 or cooling baths 34-40.

Once the strip 12 is produced, the strip 12 is rewound into a spool 62, as

ilustrated in Figure 1. The spool 62 of strip 12 is then ready for use or for further
processing.

Exampies of resuits achleved:

20 The following data illustrates the results which have baen successfully attained
employing this process.
Example 1:
Rod Diameter: 716"
Number and Siz ili ills: 4 10" Diameter Rolls
25 Width of Strip: 0.80"
Thickness of Strip: 0.048"
Wi hickness Ratio: 17:1
This Sheet Has Bee,
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4 SUMVARY OF THE I NVENTI ON The present invention is a process for creating
strips_fromhot rolled netal rods_such that the strip which is produced
achieves a width to thickness ratio of approximately 17 to 1. The process
consists of cooling the rod after it passes 5 - through each consecutive
rolling mil |WP86BURce the thermal stress on the rod and enptTYSISHEISSi ON
controllers follow ng each consecutive rolling mll in order to control the
previous rolling mll and thereby reduce the nechanical stress on the rod.

Example 2:
Bod Diameter: /2
Number of Rolling Mills: 5 6 1/2" Diameter Rolls
Width of Strip: 0.80"
s Thickness of Strip: 0.048"
hickness Ratio: 17:1

Although this process has been described in terms of producing carbon steel
strips to be used Iin producing finned tubes, the process is not so limited and may be
employed to produce strips of different metal compositions or strips for use in different

10 functional applications.

While the invention has been described with a certain degree ‘of particularity,
it is manifest that many changes may be made in the details of construction and the
arrangement of components without departing from the spirit and scope of this
disclosure. It is understood that the invention is not limited to the embodiments set

15 forth herein for the purposes of exemplification, but is to be limited only by the scope

of the attached claim or claims, including the full range of equivalency to which each |
element thereof is entitled.
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Cooling is preferably acconpllshed by imersing the rod in a liquid cooling

bath and/or by spraying cooling fluid directly on the rod. 10 5 BRI EF
DESCRI PTI ON OF THE DRAWNGS Figure 1 is a di agrarmat ic representation

showi ng the process of the'present i nvention, starting on the |eft-hand
side wth awepasih3f hot rolled rod and endi ng on PCT/US95/03752

10

cLams ) 0

What is claimed Is:

1 1. A process for creating a strip from a rod comprising passing a rod through a
2 series of rolling mills and cooling the rod as the rod passes between consecutive
3 rolling mills.
1 2 A process according to claim 1 wherein the cooling of the strip is accomplished
2 by immersing the rod in a cooling fluid.
3 - 8. A process according to claim 2 wherein the cooling fluid employed is water.
1 4, A process according to claim 2 wherein the cooling of the strip is further
2 accomplished by spraying cooling fluid onto the rod.
1 5. A process according to claim 4 wherein the cooling fluid employed is water.
1 6. A process according to claim 1 wherein the cooling of the strip is accomplished
2 by spraying cooling fluid onto the rod.
1 7. A process according to claim 6 wherein the cooling fluid employed is water.
1 8. A process according to claim 1 further comprising monitoring tension in the
2 rod immediately downstream of each rolling mill with a feed backward tension
3 controller and employing the feed backward tension controllers to control speed of the
4 adjacent upstream rolling miil.
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the right-hand side with a strip which is rewound into a spool and ready
for use or 5 for further processing. _Eigure 2 is a cross-sectional
view of the rod taken along line 2-2 of Figure 1. Figure 3 is a
cross-sectional view of the partially flattened rod, taken along line 3-3
of Figure WOPWMWIIe 4 is s cross-sectional view of the furRGRYSHPHESEE ened

rod, taken-along line 10 4-4 of Figure 1. Figure 5is a
cross-sectional view of the still further flattened rod, taken along |ine
5-5 of Figure 1.|| [ oss-sectional view of the strip which was
created by 11 act MR AR N
* [+ L N S *
1

5 9. A process for creating a strip from a rod comprising the following steps:

6 1. cleaning and straightening a rod,

I4 2. passing the rod through a roliing mill,

8 3. cooling the rod,

9 4 repeating steps 2 and 3 until a strip of the desired dimensions is

10 produced.

10. A process according to claim 9 wherein the cooling of step 3 is accomplished
2 by immersing the rod in a cooling bath filled with cooling fluid.

1 11. A process according to claim 10 wherein the cooling bath is filled with water.

12. A process according to claim 9 wherein speed of each of the rolling mills is

3 controlled by a feed backward tension controller which continuously monitors tension
of the rod. ' '

1 13. A process according to claim 12 wherein the cooling of step 3 is further

2 accomplished by spraying cooling fiuid onto the rod from spray heads located at each

3 rolling milt.

1 14. A process according to claim 13 wherein the cooling fluid is water.
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the rod, taken

along line 6-6 of FigUre 1. 15 Figure 7 is an

enl arged view of one of the liquid cooling baths and_tension controllers
depicted in Figure 1. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT
Referring now to the drawings and initially to Figure 1, there is

di agr anmat i cwid
of the present

of carbon steel,
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gg3el3s ustrated a process according to a pref eperissanbmgi nent
I nvention for converting a rod 10, such as a hot_rolled-rod
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AMENDED CLAIMS

[received by the International Bureau on 23 July 1996 (23.07.96);
original claims 1 and 9 amended; remaining claims unchanged (2 pages)]

1. A process for creating a strip from a rod comprising passing a rod through a
series of rolling mills, cooling the rod as the rod passes between consecutive rolling

mills and minimizing tension on the rod as the rod passes between consecutive rolling
mills.

2 A process according to claim 1 wherein the cooling of the strip is accomplished
by immersing the rod in a cooling fluid.

3. A process according to claim 2 wherein the cooling fluid employed is water.

4, A process according to claim 2 wherein the cooling of the strip is further
accomplished by spraying cooling fluid onto the rod. '

5. A process according to claim 4 wherein the cooling fluid employed is water.

6. A process according to claim 1 wherein the cooling of the strip is accomplished
by spraying cooling fluid onto the rod.

7. A process according to claim 6 wherein the cooling fluid employed is water.

8. A process according to claim 1 further comprising monitoring tension in the
rod immediately downstream of each rolling mill with a feed backward tension

controller and employing the feed backward tension controllers to control speed of the
adjacent upstream rolling mill. '
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5 into a strip 12 suitable for use as a fin for a finned tube (not
illustrated) or for other commercial applications. Beginning on the i
| eft-hand side of Figure 1 and noving toward the right-hand side, there is
i-l lustrated a spool 14 of rolled up rod 10 which is next unwound through an
eye 16. The warggeess of the eye 16 is to prevent the rod 10 PcomsdmsTsei ng
tangl ed or kinked as it unwinds fromthe spool 14. Next, the rod 10

10 enters a descaler 18 whi-eh renoves any scal e or oxidation product
present on the surface of the rod 10. After being descaled, the rod 10
enters a s nnmml‘smuwﬂ‘ ich strai ghtdAs the rod 10 in preparation for
entering a‘ A rtion 22 of the process. The rolling train
portion 22 ¢onSists 'of “a plurality of rolling mlls 24, 26, 28, 30, etc.
arranged in series, with each individual rolling mlIl 24, 26, 28, or 30,

bei ng

9, A process for creating a strip from a rod comprising the following steps:

2 1. cleaning and straightening a rod,
3 2 passing the rod through a rolling mill,
4 3.  cooling the rod and minimizing tension on the rod,
5 4 repeating steps 2 and 3 until a strip of the desired dimensions is
6 produced.
10. A process according to claim 9 wherein the cooling of step 3 is accomplished

2 by immersing the rod in a cooling bath filled with cooling fiuid.
1 11. A process according to claim 10 wherein the cooling bath is filled with water.
1 12. A process according to claim 9 wherein speed of each of the rolling mills is
2 controlled by a feed backward tension controller which continuously monitors tension
3 " of the rod. '

1 13. A process according to claim 12 wherein the cooling of step 3 is further
2 accomplished by spraying cooling fluid onto the rod from spray heads located at each
3 rolling mill.

1 14. A process according to claim 13 wherein the cooling fluid is water.
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15 followed by its respective liquid cooling bath 34, 36, 38 or
40. This arrangenent is best illustrated in Figure 1 where.the first
rolling mll 24 is followed consecutively by the first liquid cooling bath
34, the second rolling mll 26, the second liquid cooling bath 36, the
third rollimwoseé3n3s28, the third liquid cooling bath 38, etRCT/USAINIISX he

rolling train portion 22 ends with the final rolling mll 30 foll owed by
the final liquid cooling 20 : - bat ps240. As indi cated by enpl oyment of
spool 14, descaler 18 and cooling baths 34, 36 and 38, the present
invention is limted to usegs acgold rolling process. As illustrated in
Figures 2 through 6, as the Tod I® progresses through the roll,ing train
portion 22, it is progressively fl\ \ and wi dened, resui* | N
conversion of the rod 10 to the S it exits the roll]|ng Lrain
portion 22. The = S ~
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there is shown in

0%

ar e si Inararssyo3?sENDED

liquid cooling bath

N

40, etc.

38,
/2

| iquid cooling bath 34 js filled wwth a
2

liquid cooling bath 34 is illustrated and di scussed,

t he remai ni r'Wobé/apudsd cool i ng bat hs 36,

a preferred arrangenent of the first
such as

strip 12 has a width 42 and a thi ckness 44 neasured

perpendicular-to its width 42. Referring now to Figure 7,

enl arged det ai
7 arranged. The first

34. Although the first
cooling fluid 46,

25
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wat er, which ent id cooling bath 34 via an iW
exits the first 34 via an outlet 50 as wl e further
-expl ai ned hereaf fef. i : in Figure 7, the rod 10 exits fromthe
ftrst rolling m |l ‘upstream of the first liquid cooling bath 34.
The rod 10 then | jqui d gooling bath 34 where the rod 10 is
cool ed by direct ontact with the gooling fluid 46. The rod 10 is i mrersed

in the cooling f : m A HO'T ROLREDPROD ded on a
tension controller he ore"rpeerrergl n rom tﬁ‘e first ?quw d cooling bath

34 in order to travel througlBa mrsandrﬂf Thellnvention| 26. 10

Al t hough the process is described wth cooling of the rod 10 being provided
bet ween each adjacent rolling mll 24, 26, 28, and 30, it is anticipated"

that adequalgelq of the Invention |
The present invention relates to a process for producing a rectangular strip
5 from a hot rolied, round rod by passing the rod consecutively through a series of
rolling mills. More spécifically, the invention relates to a process which employs
inter-cooling between consecutive rolling mills as well as strip tension control to

produce a strip which exceeds currently achievable maximum width to thickness

ratios.

A~

10 2. Description of the Related Art

Finned tubes are em'ployed in many commercial applications as a means to

allow heat exchange to occur between mediumé of different temperatures without
necessitating commingling of the mediums. One common design for finned tubes

employs a fin constructed of a continuous strip of metal fin material. In cross

15 section, this strip is rectangular in dimension, having a width exceeding its thickness.

To form the finned tube, the strip is helicaliy wound around the exterior surface of

a hollow tube and secured thereto so that one of the shorter sides of the cross-

sectional rectangular shaped strip is secured adjacent to the tube's exterior surface

and the width of the strip extends outward away from and perpendicular to the

70 tube's exterior surface. _

~ For optimum performance of the finned tube, it is desirable to employ strips

having a width to thickness ratio (calculated by dividing the width by the thickness)

of approximately 17 to 1. For example, one common strip size has a width of 2.032

centimeters (0.80 inches) and a thickness of 0.1938 centimeters (0.047 inches)

25 resulting in a width to thickness ratio of approximately 17.2 to 1. |

The current method for producing strips of the desired dimensions is to begin

with a sheeg of continuous cold rolled metal, often carbon steel, of the desired

thickness. The sheet is then slit into strips'of the desired width. This is briefly

described in an article entitied "The Rolling of Round Wire into Flats/Rectangles"
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cooling of the rod 10 may be acconplished with f§ gm@;‘uﬁé“é‘ax hs 34, 36,
38, and 40, fewer cooling nozzles 58, or fewer p
.means (not illustrated). The roller 52 is in roll n&gggg WI hi the rod
10 whi ch passes under the roller 15 52 as {hé trave si

the first liquid cooling bath 34. The roller 52\réspond h

tension in the rod 10 by noving dovvnvvardly Thi s arrd—downwar d
nmovemnment |publishedt|m al'nead)dtgbarhdagse ISSUE drﬁﬁNNlEn@'nm@ mew haspubmatlm bypd
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these sheets reflects the time and effort required to roll them to close tolerances.
5 When the cost of slitting the sheets is added to the cost of the sheets, the total cost
to produce strips according to current methods is quite expensive.
The cost for producing strips could be reduced considerably if the strips could
be made from less expensive hot rolled rod instead of from the cold rolled sheets.
Current methods for converting a hot rolled rod into a strip generally consists of
10 passing a rod consecutively through a series of rolling mills. This is described in an
¢ article entitled "Wire-Flattening-Theory and Practice" produced by Stanat Precision
Machine Company of Schiller Park, Illincis, U.S.A. Each rolling mill further flattens
and widens the rod until the desired strip dimension is achieved. However, certain
dimensional limitations are encountered when employing currently known methods
15 for converting rods into strips.
Specifically, current methods for converting a rod into a strip are limited to
creation of strips with width to thickness ratios of less than approximately 12 to 1.
When current methods are employed to create strips having width to thickness ratios
exceeding approximately 12 to 1, for example having ratios of 15 to 1 or 17 to 1,
20 - during the rolling process the metal strip develops severe edge fractures. These
fractures cause the strip to break. The cause these fractures appear to be two-fold.
First, as the metal rod is passed through each consecutive rolling mill, heat is added
to the metal until the metal finally reaches a temperature at which it fails, causing
it to fracture or break. Second, in addition to the heat stress exerted on the metal,
25 mechanical stress is inflicted on the metal by the tug on the rod from the subsequent
rolling mill as it pulls the rod toward the mill. Exerting a significant pulling or tugging
force on a rod is the basis upon which rolling of rod has been accomplished in the
past, for example, as described in United States Patent No. 2,226,948. This
mechanical stress seems to contribute to the metal failure which is observed.
30 Regardless of the cause of the failures, until now 'the practical upper limit for rolling
rod into strips has been the 12 to 1 width to thickness ratio. Because strips having:
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first rolling mll 24. By controlling the speed of the preceding first

rolling mll 24, mechanical stress is decreased on the:rod 10 as the rod 10
exits the first rolling mll 24. 25 In order to naintain the
cooling fluid 46 contained within the first liquid cooling bath 34 at an
acceptabl e tenperature, i.e., at a tenpegature below the boiling point of

the cooling fluid 46, warmcooling fluid 46-Wis continuously renoved V|a

o ocoss. SonBley ARNTE WAL Acs ert £ 0 981 nSCRee s pidlorlae

first |iquiubespptodugtiomich smbs%r thIS useifeorh et irollegt roéithas not uptll now been a
viable option.

The present invention addresses this problem of limited width to thickness
5 ratio by providing a method for producing strips from rods which utilizes cooling and
tension cbntrols between adjacent rolling mills in order to minimize tension on the
material being rolled so that it is possible to produce strips having width to thickness

ratios of up to approximately 17 to 1. ' |

The present invention is a cold rolling processes, and as such, should be

10 distinguished from hot rolling processes such as those described in EP-A O 314
(. 667.
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8 As illustrated in Figures 1 and 7, cooling nozzles 58 are optionally
provi ded at each of the rolling mlls 24, 26, 28, and 30. The purpose for
these cooling nozzles 58 is to provide additional cooling in the form of
cooling fluid 46 which is supplied froma cooling flFuid source 60. The
cooling fluid 46 enters the cooling 5 nozzles 58 fromthe cooling
fluid source 60 and is emtted fromthe c6oling nozzles 58, inpinging

directly on the heated rod 10 S ough each of the
rolling nmills 24, 26, 28, an .“I‘RE’IBQ'}'QE%%‘E’N _

The present invention is a process for creating strips from hot rolled metal
rods such that the strip which is produced achieves a width to thickness ratio of
approximately 17 to 1. The process consists of cooling the rod after it passes

5 through each consecutive rolling mill to reduce the thermal stress on the rod and
employs tension controllers following each consecutive rolling mill in order to control
the previous rollihg mill and thereby reduce the mechanical stress on the rod.
Cooling is preferably accomplished by immersing the rod in a liquid cooling bath
and/or by spraying cooling fluid directly on the rod.

10

ma
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Al t er nat el y, the cooling nozzles 58 may be used solely to provide the
necessary cooling of the rod 10, thereby elimnating the need.for cooling

bat hs 34- 10 40. Although the cooli-ng nozzles 58 and the cooling
bat hs 34-40 have been described for use with cooling fluid 46, other
coolants, not illustrated, such as |iqui or gases may be substituted for

the cooling fluid, and other alternate cooling neans not illustrated, may
be enpl oyed instead of eifhe - . g baths 34-40. 15
Once the strip 12 is proceeee st Lo a spool 62, as
illustrated in Figure 1. The spool 62 of strip 12 is then ready for use or
for further processing.

Figure 1 is a diagrammatic representation showing the process of the present

invention, starting on the left-hand side with a spool of hot rolled rod and ending on
the right-hand side with a strip which is rewound into a spool and ready for use or
5 for further processing.

Figure 2 is a cross-sectional view of the rod taken along line 2-2 of Figure 1.

Figure 3 is a cross-sectional view of the partially flattened rod, taken along
line 3-3 of Figure 1.

Figure 4 is s cross-sectional view of the further flattened rod, taken along line
10 4-4 of Figure 1.

Figure 5 is a cross-sectional view of the still further flattened rod, taken along
line 5-5 of Figure 1.

Figure 6is a cross-sectiohal view of the strip which was created by flattening
the rod, taken along line 6-6 of Figure 1.

15 Figure 7 is an enlarged view of one of the liquid cooling baths and tension
controllers depicted in Figure 1.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to the drawihgs and initially to Figure 1, there is
diagrammatically illustrated a process according to a preferred embodiment of the
present invention for converting a rod 10, such as a hot rolled rod of carbon stesl,
into a strip 12 suitable for use as a fin for a finned tube (not illustrated) or for other
commercial applications. Beginning on the left-hand side of Figure 1 and moving
toward the riht-hand' side, there is illustrated a spool 14 of rolled up rod 10 which is
next unwound through an eye 16. The purpose of the eye 16 is to prevent the rod
10 from becoming tangled or kinked as it unwinds from the spool 14: Next, the rod
10 enters a descaler 18 which removes any scale or oxidation product presant on the
surface of the rod 10. After being descaled, the rod 10 entars a straightener 20

- which straightens the rod 10 in preparation for entering a rolling train portion 22 of the

process. The rolling train portion 22 consists of a plurality of rolling mills 24, 28, 28,
30, etc. arranged in series, with each individual rolling mill 24, 26, 28, or 30, being
followed by its respective liquid cooling bath 34, 36, 38 or 40. This arrangement is
best illustrated in Figure 1 where the first rolling mill 24 is followed consecutively by
the first liquid cooling bath 34, the second rolling mill 26, the second liquid cooling
bath 36. the third rolling mill 28, the third liquid cooling bath 38, etc. until the rolling
train portion 22 ends with the final rolling mill 30 followed by the final I_iquid cooling

 bath 40. As indicated by employment of spool 14, descaler 18 and cooling baths 34,

38 and 38, the present invention is limited t¢ use as a cold rolling process.

As illustrated in Figures 2 through 6, as the rod 10 progresses through the
rolling train portion 22, it is progressively flattened and widened, resulting in
conversion of the rod 10 to the strip 12 as it exits the rolling train portion 22. The
strip 12 has a width 42 and a thickness 44 measured perpendicular to ité width 42.
Referring now to Figure 7, there is shown in enlarged detail a preferred arrangement
of the first liquid cooling bath 34. Although the first liquid cooling bath 34 is illustrated
and discuss_ed, the remaining liquid cooling baths 36, 38, 40, etc. are similarly
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o Exanple 2: RofBPaEter: T

i "‘7 centimeters (1/2") Nunber of Rolling

MIls: 5 16.51 dentimetefrs”
.centineters (0.940") é Fd}:% 1997 Thi ckness of Strip: 0.1219
.centineters (0.048") \?l th/ Thi ckngss Rati o: 17:1
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arranged. The first quuid cooling bath 34 is filled with a cooling fluid 46, such as
water, which enters the first liquid cooling bath 34 via an inlet 48 and exits the first
liquid cooling bath 34 via an outlet 50 as will be further explained hereafter.

As illustrated in Figure 7, the rod 10 exits from the first rolling mill. 24
upstream of the first liquid cooling bath 34. The rod 10 then enters the first liquid
cooling bath 34 where the rod 10 is cooled by direct contact with the cooling fluid
46. The rod 10 is immersed in the cooling fluid as the rod 10 passes under a roller
52 provided on a tension controller 54 before reemerging from the first liquid cooling
bath 34 in order to travel through the second rolling mill 26. |

~ Although the process is described with cooling of the rod 10 being provided
between each adjacent rolling mill 24, 26, 28, and 30, it is anticipated that adequate
cooling of the rod 10 may be accofnplished with fewer cooling baths 34, 36, 38, and
40, fewer cooling nozzles 58, or fewer other alternate cooling means (not illustrated).

The roller 52 is in rolling contact with the rod 10 which passes under the roller -

52 as the rod 10 travels through the first liquid cooling bath 34. The roller 52
responds to increases in tension in the rod 10 by moving upwardly and responds to
decreases in tension in the rod 10 by moving downwardly. This upward and
downward movement is illustrated by the arrows shown in Figure 7. This upward
and downward movement is translated into an electronic 'signal which controls the
drive speed of the preceding first rolling mill 24, as is illustrated in Figure 7
schematically by a broken line 56 which connects the tension controller 54 and the
first rolling mill 24. By controlling the speed of the preceding first rolling mill 24,
mechanical stress is decreased on the rod 10 as the rod 10 exits the first rolling mill
24

In-order to maintain the cooling fluid 46 contained within the first liquid cooling
bath 34 at an acceptable temperature, i.e., at a temperature below the boiling point
of the cooling fluid 46, warm cooling fluid 46-W is continuously removed via the
outlet 50, cooled by passing it through a conventional heat exchange proce'ss 57,
and then recirculating cool cooling fluid 46-C back to the first liquid cooling bath 34

* via the inlet 48.

121) Dianeter Rolls Wdth of Strip: 2.

032
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‘Al though this prpeass cribed in terms of producing carbon st

strips to be us ned tubes, the process is not so limt
.and may be enpl i ps of different netal conpositions or
strips for use iin ' rent functional applications. Wile th

I nventi on has bee ' ' a certii n degree of particularity, it
mani f est t hat made i%h the details of construction an

s. without departing fromthe spjrit and

of i 5 scl oshs AUSTRIS iguiast bahc bolf NEade Hicaie: aleply PPded |
exempl i 11 G PS, Shpe g US| 24, 76, 28 0 a0l {THRUBARRES B thess cooling
claimor olcdzies 581s tegravidd addhioha! covling infthedfoimi adf vdying dluidhid6wisiek His
supplied from a cooling fluid source 60. The cooling fiuid 46 enters the cooling
5 nozzles 58 from the cooling fluid source 60 and is emitted from the cooling nozzles
58, impinging directly on the heated rod 10 as the rod 10 passes through each of
the rolling mills 24, 26, 28, and 30. _
Alternately, the cooling nozzles 58 may be used solely to provide the
necessary cooling of the rod 10, thereby eliminating the need for cooling baths 34-
10 40. Although the cooling nozzles 58 and the cooling baths 34-40 have been
- described for use with cooling fluid 46, other coolants, not illusirated, such as liquids
or gases may be substituted for the cooling fluid, and other alternate cooling means,
not illustrated, may be employed instead of either cooling nozzles 58 or cooling

baths 34-40.
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15 Once the strip 12 is produced, the strip 12 is rewound into a spool 62, as

illustrated in Figure 1. The spool 62 of strip 12 is then ready for use or for further
processing.

Examples of results achieved:
The following data illustrates the results which have been successfuily
"1 attained employing this process.
Example 1:
Rod Diameter: 1.111 centimeters (7/16")
Number and Size of Rolling Mills: 4 25.4 centimeters (10
Diameter Rolls
25 Width of Strip: 2.032 centimeters (0.80")
Thickness of Strip: 0.1219 centimeters (0.048")
Width/Thickness Ratio:  17:1
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el ement thereof is entitled. CLAI M5 What "is clainmed is: 1 1. A
cold rolling process for creating a strip (12) froma .rod (‘10) conprising 2
passing a rod (10) through a series of cold processing rolling nmills

(24-30), cooling 3 the rod (10) as the rod (10) passes between

consecutive rolling mlls (24-30) and 4 m nimzing tension on the rod .

(10) as the rod (10) passes between cons8cuti ve

Example 2:
Rod Diameter: 1.27 centimeters (1/2")
Number of Rolling Mills: 5 16.51 centimeters (6 1/2") Diameter Rolls
Width of Strip: 2.032 centimeters (0.80")
5 Thickness _of Strip: 0.1219 centimeters (0.048")

Width/Thickness Ratio: 17:1

Although this process has been described in terms of producing carbon steel
strips to be used in producing finned tubes, the process is not so limited and may
be employed to produce strips of different metal compositions or strips for use in
different functional applications.

While the invention has been described with a certain degree of particularity,
it is manifest that many changes may be made in the details of construction and the
arrangement of components without departing from the spirit and scope of this
disclosure. It is understood that the invention is not limited to the embodiments set
15 forth herein for the purposes of exempilification, but is to be limited only by the scope

of the attached claim or claims, including the full range of equivalency to which each

~
o

element thereof i$ entitled.
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‘5. rolling mlls (24-30). 1 2. A process according to Caiml
wherein the cooling of the rod (10) Is 2 acconpl i shed by i mrersing the
«rod (10) in aL,UUIilIg frord—(46)" 3. A process acCordingto Claim
2 .wherein the enpl oyed is 2 wat er.. 4.. A
process accord ﬂlﬂw”ﬂg ﬂgerel n thq cool i ng of ﬁpﬂwﬂh(lﬂ) 48 f ur t her
2 acconpll cool i ng Pluid onto t L0 ~4 5.
A process accordlngto Cl ai m 4 wher ei cooling f efd is 2
vvafer 1 : A- process accor di ng-l:ég—ﬁ-él aim1l Merehgdﬁ?@e@ ¥ of

the rod (10) |s

What is claimed is:

1 1. A cold rolling process for creating a strip (12) from a rod (10) comprising
2 passing a rod (10) through a series of cold processing rolling mills (24-30), cooling
3 the rod (10) as the rod (10) passes between consecutive rolling mills (24-30) and
4 minimizing tension on the rod (10) as the rod (10) passes between consecutive
5 rolling mills (24-30).
¢ 2. A process according to Claim 1 wherein the cooling of the rod (10) is
2 accomplished by immersing the rod (10) in a cooling fluid (46).
-3 A process according to Claim 2 wherein the cooling fluid (46) employed is
2 water.
1 4, A process according to Claim 2 wherein the cooling of the rod (10) is further
2 accomplished by spraying cooling fluid onto the rod (10).
5. A process according to Claim 4 wherein the cooling fluid (46) employed is
2 water.
6. A-process according to Claim 1 wherein the cooling of the rod (10) is
2 accomplished by spraying cooling fluid (46) onto the rod (10).
1 7. A process according to Claim 6 wherein the cooling fluid (46) employed is
2 water.
8. A process according to Claim 1 further comprising monitoring tension in the
2 rod (10J immediately downstream of each rolling mill (24-30) with a tension controller

~ee S gETY
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of each rolling m

accomIWool ing fluid (46) ont REHe o ',_-f(,"*:_,oﬁ-f--‘?l‘l-%s-i ;
A process—according to mm 6 wherein the coolin | ui d (46) enpf

Q.l

ocess according to dhi m 03 GEEBh®R7

lc(24-80) with a tensipn controller 3 (54) and—

enpl oying the tension controllers (54) to control speed_of an_ad] acent
upstg eam r ¢44)i a8d rérhploying- the) tension controllers (54) to control speed of an adjacent

4

the 2 rod (10) ipmedi ately downsjt rieam

upstream rolling mill (24-28).

8. A process according to Claim 1 wherein said rod (10) is steel.

10. A process according to Claim 1 further comprising cleaning and straightening
said rod (10) prior to passing said rod (10) through said series of cold processing
rolling mills (24-30).

11. A process according to Claim 10 wherein said rod (10) is stee!.'

12. A process according to Claim 11 wherein the cooling is accomplished by
immersing the rod (10) in a cooling bath (34-40) filled with cooling fluid (46).

13.  Aprocess according to Claim 12 wherein the cooling bath (34-40) is filled with

water.

14. A process 'according to Claim 13 wherein the cooling is further accomplished
by spraying cooling fluid (46) onto the rod (10) from cooling nozzles (58) located at
each rolling mill (24-30).

15. A process according to Claim 14 wherein the cooling fluid (46) is water.
16. A process according to Claim 11 wherein speed of each of the rolling mills

(24-30) is controlled by a tension controlier (54) which continuously monitors tension
of the rod (10). '
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1 9. A process according to Caim1l wherein said rod (10) is steel. 1
10. A process according to Cai.m1 further conprising cleaning and
istraightening 2 said rod (10) pr| or to passing said rod (10) through said
series of cold processing 3 rolling mlls (24-30). 1 11. A process
according to Caim10 wherein said rod ({f#) is steel. 1 12. = A process
according to Claim1l1ll wherein the cooling is acconplished by 2 inmersing

the rod (10) in a cggRbl ik TRIFFROM AROT ROLLED d (46). 1
13. A process acggrb | ngg?ﬂg’R Cl ai mm%ﬂv\%er ein the cooling bath (34-40) is

filled 2 with water. 1 14. Abstnach@f<Ehe:Pisolasure to O ai m 13 wherein the
cooling is further acconplished

The invention is a process which converts rods of hot rolled metal into strips
with width to thickness ratios as high as approximately 17 to 1. The process cools
the rod between successive rolling mills and employs tension controls to direct the
speed of each individual upline rolling mill in order to reduce the thermal and
mechanical shock experienced by the rod as it is flattened into a strip.
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2: by spraying cooling fluid (46) onto the rod (10) from cooli ”glq@@ﬁl-zzﬁlﬁg{

(58) located at 3 each rolling mll (24-30). 1 15. A proce
to Claim14 wherein the cooling fluid (46) is water. 1 16. Aprocesﬂo -
according to Caim11 wherein speed of each of the rolling mlls 2 (24 3@%

I's controlled by a tension controller (54 which continuously nonitors

tension 3 of the rod (10). 1 17. A cold rolling process for creating a

~strip froma steel rod comprising the 2 following steps: 3 1. cleaning
and st r ai ght bighegwidlthstoctbickness. ratiothap 4240 i@re hecessaryfon canghuctionaiffinned mi | | .

ubes, production of strips for this use from hot rolled rod has not until now been a
viable option.

The present invention addresses this problem of limited width to thickness

5 ratio by providing a method for producing strips from rods which utilizes cooling and

‘tension controls between adjacent rolling mills in order to minimize tension on the

material being rolled so that it is possible to produce strips having width to thickness
ratios of up to approximately 17 to 1. '

The present invention is a cold rolling preeessese process and as such
10 should be distinguished from hot rolling processes processing such as those
~ described in EP-A-O 314 667.
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5.3 ° cooljiﬂgg!jg_ﬁqﬂmd—m’-‘m,mzi ng.tension on the rod. 6 4. repeating
sFeps 2 an until a strip of the.desited dinensions is produced.

| AR \\\\!ﬁ\!\\ a

3 (54) and employing the ténsion controllers (54) to control speed of an adjacent
4  upstream rolling mill (24-28).

1 9 A process according to Claim 1 wherein said rod (10) is steel.

1 10. A process according to Claim 1 further comprising cleaning and straightening
2 said rod (10) prior to passing said rod (10) through said series of cold processing
3 rolling mills (24-30).

1 11 A process according to .Claim 10 wherein said rod (10) is steel.

1 12 A process according to Claim 11 wherein the cooling is accomplished by
2 immersing the rod (10) in a cooling bath (34-40) filled with cooling fluid {46).

1 13. A process according to Claim 12 wherein the cooling bath (34-40) is filled
2 with water. '

1 14, A process according to Claim 13 wherein the cooling is further accomplished
2 by spraying cooling fluid (46) onto the rod (10) from cooling nozzles (58) located at
3 each rolling mill (24-30).

1 15. A process according to Claim 14 wherein the cooling fluid (46) is water.

1 16. A process according to Claim 11 wherein speed of each of the rolling mills
2 (24-30) is controlled by a tension controller (54) which continuously monitors tension
of the rod (10). '

17. A cold rolling process for creating a strip frdm a steel rod comprising the
following steps: .
1. cleaning and straightening a steel rod.

2. passing the rod through a rolling mill.
5_ 3. cooling the rod and minimizing tension on the rod.
6 4. repeating steps 2 and 3 until a strip of the desired dimensions is produced.
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higher width to thickness ratios than 12 to 1 are necessary for construction of finned
ubes, production of strips for this use from hot rolled rod has not until now been a
viable option.

The present invention addresses this problem of limited width to thickness
ratio by providing a method for producing strips from rods which utilizes cooling and
tension controls between adjacent rolling mills in order to minimize tension on the
material being rolled so that it is possible to produce strips having width to thickness
ratios of up to approximately 17 to 1.

The present invention is a cold rolling preeessee process and as such

should be distinguished from hot rolling -precesees preeessing-processes such as
those described in EP-A-O 314 667.
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