EP 1 040 877 A1

Europdisches Patentamt

European Patent Office

(19) g)

(12)

Office européen des brevets

(43) Date of publication:
04.10.2000 Bulletin 2000/40

(21) Application number: 99302060.1

(22) Date of filing: 17.03.1999

(11) EP 1 040 877 A1

EUROPEAN PATENT APPLICATION

(51) Intcl.”. B21B 27/10, B21B 37/32

(84) Designated Contracting States:
ATBECHCYDEDKESFIFRGBGRIEITLILU
MC NL PT SE
Designated Extension States:
AL LT LV MK RO SI

(71) Applicant: Steel Authority of India Limited
New Delhi-110 003 (IN)

(72) Inventors:
¢ Ranjan, Madhu, Steel Authority of India Limited
Ranchi - 834 002 (IN)
¢ Marik, Apurba Kumar,
Steel Authority of India Ltd.
Ranchi - 834 002 (IN)

¢ Pathak, Purnanand, Steel Authority of India Ltd.
Ranchi - 834 002 (IN)

e Sengupta, Partha P., Steel Authority of India Ltd.
Ranchi - 834 002 (IN)

¢ Maurty, Ganti M. D., Steel Authority of India Ltd.
Ranchi - 834 002 (IN)

¢ Jha, Sudhaker, Steel Authority of India Ltd.
Ranchi - 834 002 (IN)

(74) Representative: Prentice, Raymond Roy
Calvert’s Buildings,
52B Borough High Street
London SE1 1XN (GB)

(54)

(57) A differential cooling system for the control of
the thermal profile of work rolls in a cold reversing mill
of a steel plant comprises headers (9A and 9B) for ap-
plying coolant on a top back up roll (12A) optionally,
headers (10A and 10B) for applying coolant on a top
work roll (3A), headers (11A and 11B) for applying cool-
ant on a bottom work roll (3B) at the entry side (E) and
delivery side (D) respectively of each said roll. Each of
the headers is provided with a row of nozzles spaced
along the length thereof and directed towards the sur-
face of the corresponding roll along the length thereof
and with pipe lines (4A,4B,4C) with gate valves(15A,
15B,15C) at the entry side and pipe lines (5A,5B,5C)
with gate valves (16A,16B,16C) at the delivery side. The
pipe lines are connected via pipe lines (17 and 18) re-
spectively to a common pipe line (19) into which the
coolant in the form of an emulsion of 2% by weight of oil
in water prepared in a tank (1) having an agitator (2) is
supplied by means of a centrifugal pump (3) via a pres-
sure relief valve (4), pressure gauge (5), non-returnable
valve (6), emulsion filter (7), and gate valve (8). The
used coolant is collected in a pit (13) from which the
same is returned to the tank (1) via a pipe (14) and an
emulsion filter (19A). The nozzles have three-piece
dovetail construction and are disposed along each
header for producing a flat spray of coolant with the
broad side lying along the length of each work roll. The
inter-nozzle spacing on the headers is set to provide dif-
ferential flow density of coolant in accordance with the

Differential cooling system for control of thermal profile of work rolls in cold reversing mill

temperature gradient built up in the rolls. The number of
nozzles provided in each header for applying coolant on
the top and bottom work rolls is reduced to 13 from 18
provided in the existing system. The pipe lines are of
reduced length and number of bends compared to the
existing system.
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Description

[0001] The present invention relates to a differential
cooling system for the control of the thermal profile of
work rolls in a cold reversing mill.

[0002] The invention relates more particularly to a
system in which the rate of cooling of the work rolls is
varied along their length in accordance with the temper-
ature gradient therein so that the rolls are cooled uni-
formly throughout their entire length and thereby the
buckling of the rolled steel strips caused by temperature
variation along the length of work rolls is prevented and
the frequency of failures/spallings of the work rolls owing
to the increased wear in the relatively hot parts thereof
is reduced with an overall economy achieved in the op-
eration of the mill.

[0003] In the existing system, coolant in the form of
an emulsion of oil in water is applied at a uniform flow
rate and pressure through nozzles producing sprays of
round shape distributed at short intervals along the
length of rolls by means of a centrifugal pump having
the rated capacity of pumping the coolant at 4500 litre
per minute (1pm) at a pressure of up to 10 bar. A total
number of 100 nozzles are used, of which 18 nozzles
are provided on the entry side as well as the delivery
side of each of two work rolls and 7 nozzles are provided
on the entry side as well as the delivery side of each of
two back up rolls. Because of the use of such a large
number of nozzles and application of coolant at a uni-
form rate along the length of each roll, the coolant is
applied on the rolls at a relatively low rate of 0.8 1pm
and low pressure of 4 bar and alternately on the entry
side and delivery side of each roll in order that the rated
capacity of the pump used is not exceeded. As a result
the variation of the temperature from the hottest central
part to the coldest end parts of the work rolls is found
be appreciable i.e. from 73°C to 58°C, and consequent-
ly the percentage of buckled strips produced and fail-
ures of rolls caused by increased wear at the central
parts thereof is high i.e. above 40%.

[0004] The aim of the present invention is to provide
an improved system for cooling work rolls uniformly
along their entire length to a temperature of around 58°C
using the centrifugal pump of rated pumping capacity as
used in the existing system.

[0005] Another aim is to reduce the percentage of
buckled steel strips produced.

[0006] Yetanother aim is to reduce the percentage of
spallings of work rolls caused by non-uniform wear
along their length.

[0007] A still further aim is to reduce friction at the nip
of work rolls and save thereby the electrical energy re-
quired for driving the rolls.

[0008] According to the invention, there is provided a
differential cooling system for the control of the thermal
profile of work rolls in a cold reversing mill of a steel plant
comprising headers (9A and 9B) for applying coolant on
a top back up roll (12A) optionally, headers (10A and
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10B) for applying coolant on a top work roll (3A), head-
ers (11A and 11B) for applying coolant on a bottom work
roll (3B) at the entry side (E) and delivery side (D) re-
spectively of each said roll, each said header being pro-
vided with a row of nozzles spaced along the length
thereof and directed towards the surface of the corre-
sponding roll along the length thereof and with pipe lines
(4A,4B,4C) with gate valves(15A,15B,15C) at the entry
side and pipe lines (5A,5B,5C) with gate valves (16A,
16B,16C) at the delivery side, both said pipe lines being
connected via pipe lines (17 and 18) respectively to a
common pipe line (19) into which coolant in the form of
an emulsion of 2% by weight of oil in water prepared in
a tank (1) having an agitator (2) is supplied by means of
a centrifugal pump (3) via a pressure relief valve (4),
pressure gauge (5), non-return valve (6), emulsion filter
(7), and gate valve (8), the used coolant being collected
in a pit (13) from which the same is returned to the tank
(1) via a pipe (14) and an emulsion filter (19A), charac-
terized in that -

(a) the nozzles are each of three-piece dovetail con-
struction and are disposed along each header for
producing a flat spray of coolant with the broad side
lying along the length of each work roll;

(b) the inter-nozzle spacing on the headers is set to
provide differential flow density of coolant in accord-
ance with the temperature gradient built up in the
rolls;

(c) the number of nozzles provided in each header
for applying coolant on the top and bottom work rolls
is reduced to 13 from 18 provided in the existing
system; and

(d) the pipe lines are made of reduced length and
number of bends compared to the existing system.

[0009] In the invented system the coolant is applied
at a differential flow density varying according to the
temperature gradient along the length of the rolls by ad-
justing inter-nozzle spacing, using nozzles capable of
producing flat dovetail like sprays to cover a larger
length of the rolls by the individual nozzles compared
with the nozzles used in the existing system and reduc-
ing thereby the number of nozzles for each work roll by
about 30% of the number of nozzles used in the existing
system, applying coolant optionally on the top back up
roll, eliminating application of coolant on the bottom
back up roll and applying coolant simultaneously on
both the entry side and delivery side of each work roll.
[0010] Theinventionis described fully and particularly
in an unrestricted manner with reference to the accom-
panying drawings in which :

Figure 1 is a schematic layout of pipe connections
and nozzles for applying the coolant along the roll
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length at the entry side and delivery side thereof;

Figure 2 is a schematic layout of the headers for
applying coolant on the top back up roll and each
of the top and bottom work rolls ;

Figure 3 shows the variation of coolant flow density
along the length of each work roll in the invented
system (A) and existing system (B) ; and

Figure 4 shows the temperature variation along the
cooled work roll length in the invented system (A)
and existing system (B).

[0011] Referring to Fig. 1, headers (10A and 10B),
each having a row of nozzles (10C and 10D) distributed
thereon and directed towards the roll surface along the
length thereof, are connected to pipe lines (4A,4B,4C)
on the entry side (E) and to pipe lines (5A,5B, 5C) on
the delivery side (D).

[0012] Referring to Fig. 2, headers (9A and 9B) are
provided for applying coolant on the top back up roll
(12A) when required, headers (10A and 10B) are pro-
vided for applying coolant on the top work roll (3A) and
headers (11A and 11B) are provided for applying coolant
on the bottom work roll (3B) from the entry side (E) and
the delivery side (D) respectively of the rolls, through
pipe lines (4A,4B and 4C) via gate valves (15A,15B and
15C) at the entry side and through pipe lines (5A,5B and
5C)via gate valves (16A,16B and 16C) at the delivery
side, through pipe lines (17 and 18) respectively, which
are connected in turn to a common pipe line (19) into
which the coolant in the form of an emulsion of water
and 2-3% by weight of oil prepared in a tank (1) having
an agitator (2) is supplied by means of a centrifugal
pump (3) via a pressure relief valve (4), pressure gauge
(5), non-return valve (6), emulsion filter (7) and gate
valve (8). The used coolant is collected in a pit (13)
wherefrom the same is allowed to return to the tank (1)
via a pipe (14) and an emulsion filter (19A). The pipe
lines used are of reduced length and number of bends
compared to the existing system for lowering the resist-
ance to the flow of coolant therethrough and thereby in-
creasing the flow density of the coolant applied on the
rolls without increasing the rated pumping capacity of
the pump used.

[0013] The nozzles provided in each header are ca-
pable of producing flat sprays having their broad sides
directed along the length of each roll. Each nozzle is of
three piece dovetail construction and capable of produc-
ing a spray of the coolant at 45° angle, 63.25 1pm flow
rate and 5 bar pressure. Because of the flat shape of
the sprays produced by each nozzle the separation be-
tween the adjacent nozzles on a header is increased,
requiring thereby a lesser number of nozzles, say, 13 in
each ofthe four headers used for the two work rolls, in-
stead of 18 as used in the existing system for applying
the coolant on the work rolls.
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[0014] In the invented system, the headers on both
the entry and delivery sides of the work rolls are oper-
ated simultaneously instead of alternately as in the ex-
isting system. Because of the reduced number of noz-
zles used in the invented system and adjustment of in-
ter-nozzle spacing, the coolant can be applied at an in-
creased flow density of up to 1.6 1pm/mm at the central
part, 1.4 1pm/mm at the intermediate part towards each
end and at 1.2 1pm/mm at each end part along the
length of each work roll, by means of a centrifugal pump
of rated pumping capacity i.e. a flow rate of 4500 1pm
and pressure of 10 bar. The central hottest part of each
work roll is thereby cooled at the fastest rate, the inter-
mediate part towards each end having lower tempera-
ture than the central part is cooled at a lower rate and
each end part having the lowest temperature is cooled
at the lowest rate. Because of this differential cooling
rates for different parts of the roll length, the roll is cooled
to attain a uniformly low temperature along its entire
length.

[0015] Referring to Fig. 3, the variation in the coolant
flow density on each work roll in the invented system is
illustrated in line (A) from which it is noted that the cen-
tral zone (1) is cooled by applying the coolant at a flow
density of 1.6 1pm/mm, each of two intermediate zones
(2 and 3) is cooled by applying the coolant at a flow den-
sity of 1.4 1pm/mm and each of two end zones (4 and
5) is cooled by applying the coolant at a flow density of
1.2 1pm/mm, each of said three zones i.e. central, in-
termediate and end having varying proportion of the roll
length. Line (B) in Fig. 3 illustrates that all of the said
zones (1,2,3 4 and 5) of a work roll are cooled in the
existing system by applying the coolant at a uniform flow
density of 0.8 1pm/mm which is appreciably lower in
comparison with even the lowest flow density 1.2 1pm/
mm used in the invented system.

[0016] The pressure at which the coolant is applied
on the work roll is 6 bar which is appreciably higher than
the pressure of 4 bar at which the coolant is applied on
the work roll in the existing system.

[0017] Referring to Fig. 4, the temperature of the roll
cooled in the invented system shown by line (A) is uni-
form at about 58°C along almost its entire length except
near the two extreme ends thereof where the tempera-
ture drops to around 55°C. The temperature of the roll
cooled in the existing system shown by curve(B) is ap-
preciably non-uniform along the roll length, being
around 73°C at the central part and 58-60°C near the
two ends. Because of this relatively wide variation in
temperature along the roll length cooled in the existing
system the buckling of the rolled strips and wear of the
rolls in the hottest part thereof are appreciable, leading
to a high percentage of subgradation of the buckled
strips and failures/spallings of the differentially worn
work rolls with an adverse effect on the economy of the
mill.

[0018] The comparative performance tests conduct-
ed on the invented and existing systems of cooling work
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rolls have shown the following advantages of the invent-
ed system over the existing system :-

(d) the pipe lines are made of reduced length
and number of bends compared to the existing

1. The temperature of the rolled strips is reduced to
65-80°C against 100-140°C.

2. The roll failure is lowered by about 44%.
3. Diversion of buckled strips is less by 50%.

4. Consumption of electrical energy for driving work
rolls is reduced by 10%.

Claims

A differential cooling system for the control of the
thermal profile of work rolls in a cold reversing mill
of a steel plant comprising headers (9A and 9B) for
applying coolant on a top back up roll (12A) option-
ally, headers (10A and 10B) for applying coolant on
a top work roll (3A), headers (11A and 11B) for ap-
plying coolant on a bottom work roll (3B) at the entry
side (E) and delivery side (D) respectively of each
said roll, each said header being provided with a
row of nozzles spaced along the length thereof and
directed towards the surface of the corresponding
roll along the length thereof and with pipe lines (4A,
4B,4C) with gate valves(15A,15B,15C) at the entry
side and pipe lines (5A,5B,5C) with gate valves
(16A,16B,16C) at the delivery side, both said pipe
lines being connected via pipe lines (17 and 18) re-
spectively to a common pipe line (19) into which
coolant in the form of an emulsion of 2% by weight
of oil in water prepared in a tank (1) having an agi-
tator (2) is supplied by means of a centrifugal pump
(3) via a pressure relief valve (4), pressure gauge
(5), non-return valve (6), emulsion filter (7), and
gate valve (8), the used coolant being collected in
a pit (13) from which the same is returned to the
tank (1) via a pipe (14) and an emulsion filter (19A),
characterized in that -

(a) the nozzles are each of three-piece dovetail
construction and are disposed along each
header for producing a flat spray of coolant with
the broad side lying along the length of each
work roll;

(b) the inter-nozzle spacing on the headers is
set to provide differential flow density of coolant
in accordance with the temperature gradient
built up in the rolls;

(c) the number of nozzles provided in each
header for applying coolant on the top and bot-
tom work rolls is reduced to 13 from 18 provided
in the existing system; and
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system.

The system as claimed in claim 1, characterised in
that the nozzles are each capable of producing a
coolant spray at 45° angle, 63.25 1pm flow rate and
5 bar pressure.

The system as claimed in claim 1 or claim 2, char-
acterised in that the inter-nozzle spacing on the
headers is set to produce a flow density of 1.6 1pm/
mm at the central zone, 1.4 1pm/mm at each of two
intermediate zones towards the end and 1.2 1pm/
mm at each of the two end zones of each work roll,
each said zone constituting approximately one-third
of the total length of a roll.
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