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1 ABSTRACT2 Rolling method for thin flat products, used in the3 production of flat rolled products with a final thickness in4 the range of 0.6+1.5 mm or more, up to 2.0+3.0 mm, in a5 plant suitable to work thicknesses of up to 25.4 mm, the6 method being applied to slabs with a thickness of between 507 and 90 mm if arriving directly from the continuous casting8 machine or on slabs with a greater thickness, of between 809 and 200+250 mm, if fed from a furnace to accumulate and heat10 the slabs (22), the method comprising at least a first heat11 treatment, a roughing or pre-finishing pass, a temperature12 equalisation treatment and a finishing pass in a finishing13 train (19) comprising at least three reduction passes, the14 finishing pass being followed by a step of cooling and15 coiling the flat finished product, the product at the outlet16 of the roughing or pre-finishing pass being in the17 austenitic state γ, the finishing pass taking place in the18 rolling line (10) at least partly in the ferritic step or in19 the austenitic step, as desired.20 Rolling line adopting the method as above, wherein the21 finishing train (19) cooperates with a system (24) to22 condition and adjust the temperature of the slab.
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1 "ROLLING METHOD FOR THIN FLAT PRODUCTS AND RELATIVE ROLLING2 LINE"34 This invention concerns a rolling method for thin flat5 products, and the relative rolling line, as set forth in the6 respective main claims.7 The invention is applied in the field of flat rolled8 stock, such as strip or sheet, and more particularly to9 obtain thin final products, around 1.5+3.0 mm, and very10 thin, less than 1 mm, to as little as 0.6+0.7 mm.11 The state of the art includes rolling lines for flat12 rolled products, both of the traditional type, where the13 furnace to heat the slabs is separated from the casting14 machine and connected to the rolling train, and also the15 type where the rolling train is directly connected to the16 continuous casting machine.17 The standard configuration of these rolling lines18 generally comprises, downstream of the continuous casting19 machine and the shears, a temperature-maintaining and20 possibly a temperature-restoring system, a roughing train21 comprising a number of stands which is normally between one22 and three, a temperature maintaining and equalisation system23 and the finishing train, normally comprising between four24 and ten stands, followed by a cooling system and a coiler to25 form the coil of rolled product.26 Apart from these basic components of the line, normally27 there are also fast heating devices, for example induction28 furnaces, scaling devices at the outlet and/or inlet of the29 temperature restoring systems, devices to heat the edges,30 emergency shears, intermediate coilers, devices to measure31 the size and other operative and/or conditioning assemblies32 which are known to the state of the art and are widely known33 to those skilled in this field.



2
1 In the field of flat rolled products, obtaining strip or2 sheet with a final thickness of around 1.0+1.5 mm has been3 widely explored and the results obtained, in terms of the4 quality of the finished product, can be considered5 substantially satisfactory.6 It should be considered that at the inlet to the finishing7 train there are usually temperature equalisation and8 temperature restoration systems by means of which it is9 possible to determine extremely rigorous and precise10 conditions of the product; this guarantees that at least the11 first passes to reduce the thickness can be carried out in12 the best possible rolling conditions, for example with the13 product in the austenitic state γ and in heat conditions far14 removed from the allotropic transformation step from the15 austenitic state γ to the ferritic state a.16 This requirement derives from the need to maintain17 constant values of rolling force and rolling torque in order18 to have a constant behaviour of the rolling stands, so that19 the quality of the rolled product is constant.20 However, there is a tendency in the markets at present to21 demand ever thinner final products, less than 1.0 mm, to22 0.6+0.7 mm and even less, or for products of conventional23 thickness, for example in the range of 1.5+3.0 mm, but with24 special mechanical and metallurgical characteristics.25 Rolling ultra-thin products has demonstrated problems and26 disadvantages which had never been thought of before, which27 in conventional rolling lines of the type described above28 have a considerable impact on the surface and internal29 dimensional quality (thickness, profile and planarity) of30 the finished product.31 To be more exact, it has been found that the final32 reducing passes of the finishing train, which obtain this33 kind of reduced thicknesses, are performed on a product
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5 which, in the final rolling stands, is in a condition of allotropic transformation from the 

austenitic state γ to the ferritic state a.

The temperature at which this transformation takes place depends mainly on the 

composition of the steel being worked and particularly on the percentage of carbon 

therein, the speed of cooling and the sequence of reduction of the thickness.

10 In the most frequent cases found in practice, that is, in steels with a low carbon 

content, the temperature at which the allotropic transformation begins is around 800- 

88O°C.

It is highly inadvisable therefore to carry out rolling operations at such a temperature,

when the product is in the process of changing from state γ to state a.

15 This is because the lack of structural homogeneity of the product, also due to the fact 

that it is very thin, leads to a product being obtained which is inferior in both surface and 

internal quality, with insufficient planarity, longitudinally uneven, with cracks and 

fissures, especially on the edges of the strip, and still other problems.

It is an object of the present invention to overcome or ameliorate at least one of the

2 0 disadvantages of the prior art, or to provide a useful alternative.

According to a first aspect, the invention provides a rolling method for thin flat 

products, used in the production of flat rolled products, such as strip or sheet, with a 

final thickness in the range of 0.6-1.5 mm or more, up to 2.0-3.0 mm, in a plant suitable 

to work thicknesses of up to 25.4 mm, the method being applied to slabs with a

2 5 thickness of between 50 mm and 90 mm if arriving directly from the continuous casting

machine or on slabs with a greater thickness, of between 80 and 200-250 mm, if fed 

from a furnace to accumulate and heat the slabs, the method comprising the following 

steps: conducting at least a first heat treatment to heat the slabs; conducting a roughing

or pre-finishing pass comprising one or more passes to reduce the thickness of the slabs
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5 to provide a reduced thickness product in the austenitic state; conducting a temperature 

equalisation treatment and then conducting a finishing pass in a finishing train 

comprising at least three reduction passes; conducting a cooling process after the 

finishing pass to form finished flat product and winding the finished flat product, 

wherein the improvement comprises a further step of controlling the temperature of said 

10 reduced thickness product in a single temperature conditioning and adjusting system 

either immediately before conducting the finishing pass or at an intermediate position of 

the finishing train to keep the reduced thickness product in an austenitic state or to 

transform the reduced thickness product to the ferritic state.

Unless the context clearly requires otherwise, throughout the description and the

15 claims, the words ‘comprise’, ‘comprising’, and the like are to be construed in an 

inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the 

sense of “including, but not limited to”.

Another aspect of the invention provides a rolling line for the production of thin, 

flat rolled products, such as strip or sheet, used to obtain flat rolled products with a final

2 0 thickness in the range of 0.6-1.5 mm or more, up to 25.4 mm, the rolling line adopting 

the method as in any claim from 1 to 12 inclusive and rolling slabs with a thickness of 

between 50 and 90 mm if arriving directly from the continuous casting machine or with 

a greater thickness, of between 80 and 200-250 mm, if fed from a furnace to accumulate 

and heat the slabs, the rolling line comprising a maintenance and possibly heating

2 5 system, a roughing or pre-finishing train comprising one or more stands, a temperature

equalisation system and a finishing train to obtain the final thickness, the finishing train

being followed by a cooling system and by a downcoiler assembly, wherein the finishing

train cooperates with a temperature conditioning and adjustment system of the
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5 intermediate product provided either immediately upstream of the finishing train or at an 

intermediate position between the first and last stand of the finishing train.

Advantageously, at least in a preferred form, the present invention may provide a 

practical solution without excessive installation and maintenance costs but which may 

still provide a rolling line able to produce both thin and very thin products either in 

10 phase γ or in phase a, and also those thicknesses which can normally be obtained in
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1 respective main claims, while the dependent claims describe variants of the idea of the

2 main invention.

3 More advantageously, the invention, at least in a preferred form, provides a rolling

4 method, and the relative rolling line, to obtain thin (1.5-H3.O mm) and very thin (about

5 0.6+0.7 mm and less) flat rolled products, characterised by a very high standard both of

6 the surface and internal quality.

7 Further advantageously, the invention, at least in a preferred form, provides a rolling

8 line which is not specifically applied only to these thicknesses, but which will be able to

9 roll alternately, according to the planned cycle of production, both products having the

10 aforesaid thickness and also products with a more conventional thickness, such as for

11 example those in the range of 2.0+12.7 mm and up to 20+25.4 mm.

12 Advantageously, with the rolling line which achieves the method according to the

13 invention, at least in a preferred form, it is possible, in at least part of the finishing

14 assembly, to roll both in the austenitic field (phase γ) and in the ferritic field (phase a)

15 depending on the final product.

16 Preferably, when the slab is between 50 and 60 mm thick, according to the invention

17 only one roughing or pre-finishing stand is used, while for thicknesses of between 60

18 and 90 mm normally two or more roughing or pre-finishing stands are used.

19 Alternatively, there may be a pre-finishing train comprising at least a reversible

20 stand, preceded and followed by hot winding reels, in order to carry out the desired

21 number of pre-finishing passes.
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Preferably, the heating and temperature-maintaining furnace according to the 

invention is as long as is necessary to contain all the product cast with one ladle, or a 

slab as long as a desired plurality of coils of the desired product.

According to a variant, upstream of the heating and temperature-maintaining furnace 

there is an accumulation and heating furnace which makes it possible to feed a cold 

load, or to contain the slabs cast with one ladle, or to feed thick slabs or slabs with an 

intermediate thickness of between 80 and 200+250 mm.

According to a variant, there is a welding system between the slab which is being 

rolled in the pre-finishing stand and the following slab so as to achieve continuity in the

processing.

According to the invention, downstream of the roughing train there is a tunnel 

furnace to equalise the temperature.

Downstream of the tunnel furnace, according to a preferred embodiment of the 

invention, there is a temperature conditioning and adjustment system.

Preferably, this temperature conditioning and adjustment system takes the bar, which 

leaves the roughing train with a thickness of between 10 and 50 mm depending on the 

thickness of the final product, to the desired temperature so that at least part of the 

finishing rolling takes place in the austenitic or ferritic field according to the chosen 

field wherein rolling has to proceed.

Preferably, a thickness of between 10 and 15 mm serves to obtain final thicknesses of 

between 0.6 and 1.0 mm, whereas a thickness of 15 to 20+25 mm serves to obtain final 

thicknesses of between 1 to 3 mm. Further, a thickness of between 20+25 mm and 50 

mm serves to obtain final thicknesses of between 3.0 and 25.4 mm.

!
/
i



1 According to another variant, all the finishing rolling (that is to say, rolling carried

2 out with the finishing stands) takes place in the austenitic or ferritic field.

3 Preferably, the temperature conditioning and adjustment system comprises means for

4 both heating and cooling the bar in a homogeneous manner; this is because it serves to

5 heat the bar to obtain thin strip in the austenitic field, that is to say with the temperatures

6 of the strip at the outlet of the rolling mill above the austenite-ferrite transformation

7 point. Advantageously, in this way, it is possible to produce thicknesses of 0.6 mm

8 even in the austenitic field. However, if the bar is to be rolled in the ferritic field it has

9 to be cooled.

10 Preferably, the invention includes these heating and/or cooling means, that is to say,

11 means which control the temperature of the bar and are connected with heating-

12 adjustment and/or, respectively, cooling-adjustment means.

13 Preferably, after the temperature conditioning and adjustment system, the invention

14 includes from five to seven finishing stands and, downstream thereof, a cooling system,

15 a winding system, and a system to discharge the coils.

16 In a second variant, the conditioning and adjustment system, that is, the means which

17 control the temperature of the bar, is placed in an intermediate position of the finishing

18 stands.

19 According to this variant, the conditioning and adjustment system can be put after

2 0 the first stand, or after one or another of the subsequent stands, provided that there is at

21 least a finishing stand after the conditioning and adjustment system. In this way, the

22 finishing assembly is divided into two blocks, the first and second finishing blocks.
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1 In the event that only the first block is used, advantageously, a substantially

2 conventional rolling method is achieved in the austenitic field. However, when both

3 blocks are used, the rolling passes in the second block are carried out with the product

4 in the ferritic field (phase a).

5 In this second case, the first block of the finishing train preferably, takes the

6 thickness of the intermediate product progressively to a value of around 1.0-4.4 mm,

7 according to the production requirements of the line.

8 The second block of the finishing train preferably takes the thickness of the product

9 to the final values required, for example 0.6-4.0 mm, or other thickness close to the

10 desired values.

11 According to a first embodiment, in the intermediate segment between the first and

12 second block of the finishing train there is at least a cooling system.

13 Preferably, the length of the intermediate segment and the intensity of the action of

14 the cooling system are calculated to ensure that, when thin products are produced, the

15 product entering the second finishing block is substantially in the ferritic state a.

16 Preferably, the inclusion of the intermediate cooling system between the first and

17 second finishing blocks, when thin or very thin products are produced, causes the

18 temperature of the intermediate product to be lowered.

19 The product, which has been rolled in its austenitic state γ in the first reducing

20 passes, is thus taken to its ferritic state a and in this state the product is subjected to the

21 final reducing passes.
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1 According to another embodiment of the invention, in the intermediate segment

2 between the two blocks of the finishing train the product is subjected to a heat treatment

3 which returns it, wholly or almost wholly, to its austenitic state γ.

4 In this case, downstream of the second block of the finishing train there is a cooling

5 assembly structured and sized to guarantee the correct cooling of the finished product

6 before it is wound into a coil.

7 Preferably, immediately downstream of the finishing assembly there is a coiler

8 assembly, with a single mandrel or a double carousel-type mandrel. The coiler

9 assembly, which includes by-pass and exclusion means, serves for thin strip, that is to

10 say, up to 3 mm, while for greater thicknesses a traditional method is followed.

11 The positioning of the coiler immediately after the finishing assembly serves to

12 control the temperature of the strip so that it does not go below the desired values due to

13 radiance. The coiler assembly is associated with a shears assembly immediately

14 upstream thereof.

15 Whatever the final thickness desired, the invention makes it possible to roll the

16 product in a heat condition which is far removed from the allotropic transformation step,

17 thus avoiding the aforesaid disadvantages and ensuring better rolling conditions.
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1 train is excluded, the product is already finished when it2 leaves the reducing passes carried out in the first block3 and is cooled in a conventional manner by the cooling system4 downstream of the first block.5 According to a variant, downstream of the second block of6 the finishing train and before the coiler assembly there is7 a second cooling system, smaller in size, with the purpose8 of finishing the heat conditions of the product before it is9 wound into a coil.According to a variant, rolling in the second block of the finishing train is carried out, with the product in phase a,even of products which are not particularlyrange of 2.0+3.0.nun, when it isstock particular mechanical characteristics without subsequent heat treatments.Figures are given as a non-restrictiveshow some preferential embodiments of the

example in the give the rolled of malleabilityThe attachedexample and invention asFig. 1 shows

thin, fordesired to

follows :schematically a rolling line of a substantially conventional type for flat products;Fig. 2 shows the rolling line of a first embodiment of the invention;Fig. 3 .shows a variant of the embodiment shown in Fig. 2; Fig. 4 shows another embodiment of the invention.The attached Figures show respectively, in schematic and simplified form, a conventional an extremely rolling line10 for flat products.In Fig. 1, the rolling line 110 is of the type.The rolling lines 10 according to the invention as shown in Figs. 2 and 3 are of the type where rolling is directly connected to the continuous casting machine which in this soft-reduction

conventional
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1 system.2 The rolling line 10 as shown in Fig. 4 is of the type3 which includes a furnace 22 to accumulate and heat thick4 slabs or slabs with an intermediate thickness of between 805 and 200+250 mm, connected at the outlet with the rolling6 train and connected with the continuous casting machine7 possibly by a feeder way 23 and with a cold loading system8 by a feeder way 23a.9 The continuous casting machine 11 is equipped with soft-10 reduction devices 12 for the slab leaving the ingot mold 13,11 followed by a shears 14 and a heating and maintenance12 furnace 15.13 There may possibly be other systems, such as descaling14 devices or other, before the shears 14.151617181920212223242526272829303132

Between the shears 14 and the furnace 15, and/or between the outlet of the casting machine and the shears 14, according to the invention a descaling system 25 is advantageously included.At the outlet of the heating and maintenance furnace 15 there is a descaling system 25 followed by a roughing or pre-finishing train 16 comprising, in this case, two stands 17, which achieves a first reduction in the thickness of the cast product.According to a variant, the roughing train 16 can be of the reversible type and cooperate upstream and downstream with hot winding/unwinding systems such as are known to the state of the art and which are not shown here.Downstream of the roughing train 16 there is a tunnel furnace system 18, to equalise the temperature, which serves to feed to the finishing train 19, which includes at least three reduction passes, a product with a uniform temperature, both lengthwise and also on the transverse 33 section, and with the correct heat conditions.
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Upstream of the finishing train 19 and downstream of the tunnel furnace 18 there is at least a descaling system 25.In the embodiment shown in Fig. 2, the temperature equalisation system, or tunnel furnace 18, is arranged so that at least the first passes of the finishing train 19 are carried out with the product in its austenitic state γ, thus guaranteeing rolling conditions such as to ensure that a final product is obtained with a high quality, both metallurgical and dimensional.The finishing train 19 in this case comprises seven rolling stands 17 and is followed by a cooling system 20 and in this case a downcoiler 21 to form the coil.When rolling thin products, in the order of 0.6+0.7 mm, the final rolling passes in a finishing train 119 of the type shown in Fig. 1 are carried out on a product which is in the area of allotropic transformation from state γ to state a, and this causes considerable problems in the quality of the product and often makes the final product obtained unacceptable.According to the invention, in the embodiments of Figs. 2+4 for thicknesses of less than 3.0 mm, immediately at the outlet of the finishing train 19 there is a coiler assembly 26 with the shears assembly 27 upstream; these two assemblies 26 and 27 can be excluded from the line when larger thicknesses are rolled.The shears assembly 27 and the coiler assembly 26 may be preceded by a fast cooling assembly 28 shown for the sake of simplicity in Fig. 3 only.The rolling lines 10 as shown in Figs. 2 and 4 according to the invention include a finishing train 19 structured in two blocks, respectively 19a and 19b, between which there is a temperature conditioning and adjustment system 24.In the case shown in Fig. 2, the temperature conditioning
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1 and adjustment system 24 consists of a cooling system.2 The first block 19a, which in this case comprises five3 rolling stands 17, causes a progressive reduction in4 thickness which may or may not require further reduction5 passes in the second block 19b.6 For example, in the production of products in the range of7 1.0+1.5 mm or more, and when rolling is carried out in a8 substantially conventional manner, the product leaves the9 first block 19a in a finished state, it is cooled in the10 temperature conditioning and adjustment system 24 and then11 wound into coils, and the second block 19b is operationally12 excluded from the process.13 In the production of thin and very thin products, in the14 order of 0.6+0.7 mm, the product leaves the five passes made15 in the first block 19a with a thickness of around 1.0+1.4 16171819202122232425262728293031

mm, it is then subjected to cooling in the temperature conditioning and adjustment system 24 which causes the transition from allotropic phase γ to phase a, and then it is finished in the two passes made by the second block 19b to take it to the desired final thickness.Therefore, the passes of final reduction are carried out with the product in the ferritic state a, and therefore in conditions which guarantee that a product is obtained which is characterised by a high standard of quality, both metallurgical and dimensional, so that the product is suitable for pressing applications after a simple pickling treatment.In some cases, the pickling may even be omitted.According to a variant, rolling is carried out in the second block 19b of the finishing train 19 with the product in its ferritic state a for thicknesses of the order of32 2.0+3.0 mm in order to give the rolled stock, even if it is33 not particularly thin, particular metallurgical and
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1 mechanical characteristics.2 It is evident that the number of passes - five in the3 first block 19a and two in the second block 19b - is purely4 an example, since different combinations can be used5 according to the size of the product as it enters the6 finishing train 19, the final thickness to be obtained, the7 type of material, etc.8 In fact, according to the invention, in the case of seven9 stands the following combinations are possible: 2+5; 1+510 and one disabled; 1+6, etc.11 When there is a greater or smaller number of stands, the12 composition achieved on each occasion will depend on the13 cycle and the result desired.14 According to the invention, the number of reduction passes15 in the first block 19a is between 1 and 7, while the number16 of reduction passes in the second block 19b is 6 at the17 most.18 In the embodiment shown in Fig. 2, downstream of the19 second block 19b there is a further cooling system 20,20 smaller in size, suitable to complete the heat treatment on21 the finished product before coiling is carried out22 downstream.23 In the variant shown in Fig. 4, the temperature24 conditioning system 24 placed between the first block 19a25 and the second block 19b of the finishing train 19 also26 comprises a heating system which can either be excluded from27 the line so as to assume a position of non-interference 24a,28 or can be temporally switched on or off.29 With the heating system switched on, the temperature30 conditioning and adjustment system 24 acts on the product31 leaving the first block 19a during its allotropic32 transformation step from state γ to state a, and returns the33 product to its austenitic state γ, in order to perform the



V
- Μ

Ι final reduction passes in the second block 19b and obtain thin strip even in the austenitic

2 step.

3 In this embodiment, the second block 19b is followed by a cooling system 20

4 structured and sized to take the finished rolled product to the correct temperature to be

5 wound into a coil.

6 When strip wound has a thickness of less than 1.0 mm, a coiling assembly 26 is used

7 which is not of a conventional type, for example including a carousel with two winding

8 reels operating alternately, in order to avoid the problems which might arise with a strip

9 of such a reduced thickness entering a conventional downcoiler.

10 In the embodiment shown in Fig. 3, the temperature conditioning and adjustment

system 24 located immediately downstream of the tunnel furnace 18 includes heating 

and cooling means.

Although the invention has been described with reference to specific examples it 

will be appreciated by those skilled in the art that the invention may be embodied in 

many other forms.
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5 THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. Rolling method for thin flat products, used in the production of flat rolled 

products, such as strip or sheet, with a final thickness in the range of 0.6-1.5 mm or 

more, up to 2.0-3.0 mm, in a plant suitable to work thicknesses of up to 25.4 mm, the 

method being applied to slabs with a thickness of between 50 mm and 90 mm if arriving

10 directly from the continuous casting machine or on slabs with a greater thickness, of 

between 80 and 200-250 mm, if fed from a furnace to accumulate and heat the slabs, the 

method comprising the following steps: conducting at least a first heat treatment to heat

the slabs; conducting a roughing or pre-finishing pass comprising one or more passes to

reduce the thickness of the slabs to provide a reduced thickness product in the austenitic

15 state; conducting a temperature equalisation treatment and then conducting a finishing 

pass in a finishing train comprising at least three reduction passes; conducting a cooling 

process after the finishing pass to form finished flat product and winding the finished 

flat product, further comprising a step of controlling the temperature of said reduced 

thickness product in a single temperature conditioning and adjusting system either

2 0 immediately before conducting the finishing pass or at an intermediate position of the 

finishing train to keep the reduced thickness product in an austenitic state or to 

transform the reduced thickness product to the ferritic state.

2. Method as in Claim 1, in which the step of controlling the temperature of the 

reduced thickness product is conducted at an intermediate position of the finishing train.

2 5 3. Method as in Claim 1, in which the step of controlling the temperature of the

reduced thickness product is conducted upstream of the finishing train.
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5 4. Method as in any claim from 1 to 3 inclusive, in which the step of controlling the

temperature of the reduced thickness product includes at least a step of cooling the 

product to take the whole product, at the inlet to the second finishing step, substantially 

to a ferritic state.

5. Method as in any claim from 1 to 3 inclusive, in which the step of controlling the

10 temperature of the reduced thickness product includes at least a step of heating the 

product to return the whole product, at the inlet to the second finishing step, 

substantially to an austenitic state.

6. Method as in any one claim hereinbefore, in which, in the production of flat rolled

products with a final thickness of around 0.6-1.0 mm, the product enters the finishing

15 step with a thickness of around 10-15 mm and is previously subjected to a descaling 

process.

7. Method as in any one claim from 1 to 5 inclusive, in which in the production of 

flat products with a final thickness of above 1.0 mm and up to 3.0 mm, the product 

enters the finishing step with a thickness of around 15-25 mm and is previously

2 0 subjected to a descaling process.

8. Method as in any one claim from 1 to 5 inclusive, in which in the production of 

flat products with a final thickness of from 3.0 to 25.4 mm, the product enters the 

finishing step with a thickness of around 25-50 mm and is previously subjected to a 

descaling process.

2 5 9. Method as in any one claim hereinbefore, in which the finishing step comprises

from three to seven reducing passes.
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5 10. Method as in any one claim hereinbefore, in which the finishing step after the

temperature conditioning and adjustment system comprises from one to six reducing

passes.

11. Method as in any one claim hereinbefore, in which downstream of the finishing 

step the strip with a thickness of around 0.6-3 mm is immediately wound into a coil 

10 after a fast cooling step.

12. Method as in any one claim hereinbefore, in which downstream of the second

finishing step there is a fast cooling treatment.

13. Rolling line for the production of thin, flat rolled products, such as strip or sheet,

used to obtain flat rolled products with a final thickness in the range of 0.6-1.5 mm or

15 more, up to 25.4 mm, the rolling line adopting the method as in any claim from 1 to 12 

inclusive and rolling slabs with a thickness of between 50 and 90 mm if arriving directly 

from the continuous casting machine or with a greater thickness, of between 80 and 

200-250 mm, if fed from a furnace to accumulate and heat the slabs, the rolling line 

comprising a maintenance and possibly heating system, a roughing or pre-finishing train

2 0 comprising one or more stands, a temperature equalisation system and a finishing train 

to obtain the final thickness, the finishing train being followed by a cooling system and 

by a downcoiler assembly, wherein the finishing train cooperates with a temperature 

conditioning and adjustment system of the intermediate product provided either 

immediately upstream of the finishing train or at an intermediate position between the

2 5 first and last stand of the finishing train.

14. Rolling line as in Claim 13, in which the temperature conditioning and adjustment

system is placed immediately upstream of the finishing train. ____________________________
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1 15. Rolling line as in Claim 13, in which the temperature conditioning and adjustment

2 system Is placed in an intermediate position between the first and last stand of the

3 finishing train.

4 16. Rolling line as in any one claim from 13 to 15 inclusive, in which the temperature

5 conditioning and adjustment system includes at least means to heat the intermediate

6 product.

7 17. Rolling line as in any one claim from 13 to 16 inclusive, in which the temperature

8 conditioning and adjustment system includes at least means to cool the intermediate

9 product.

10 18. Rolling line as in any one claim from 13 to 17 inclusive, in which there is a

11 descaling assembly upstream of the finishing train.

12 19. Rolling line as in any claim from 13 to 18 inclusive, in which there is a heating

13 and temperature-equalisation tunnel furnace between the roughing or pre-finishing train

14 and the finishing train.

15 20. Rolling line as in any one claim from 13 to 19 inclusive, in which the roughing or

16 pre-finishing train comprises one or more stands in sequence.

17 21. Rolling line as in any one claim from 13 to 19 inclusive, in which the roughing or

18 pre-finishing train comprises a reversible stand with hot winding reels upstream and

19 downstream.

20 22. Rolling line as in any one claim from 13 to 21 inclusive, in which the finishing

21

_ ./stem and the second finishing block, 

lx

train comprises a first finishing block, the temperature conditioning and adjustment

22



- 19-

1 23. Rolling line as in any one claim from 13 to 22 inclusive, in which the second

2 finishing block can be excluded at least temporally from the rolling line.

3 24. Rolling line as in any one claim from 13 to 23 inclusive, which cooperates with a

4 furnace to accumulate and heat thick slabs with a thickness of up to 250 mm.

5 25. Rolling line as in any one claim from 13 to 24 inclusive, in which immediately

6 downstream of the finishing train there is a coiler assembly for thin products preceded

7 by a shears and a system of rapid cooling.

8 26. A rolling method for thin flat products substantially as herein described with

9 reference to any one of the accompanying drawings.

10 27. A rolling line for the production of thin flat rolled products substantially as herein

11 described with reference to any one of the accompanying drawings.

12 DATED THIS 9th Day of May, 2000
13 DANIELI & C. OFFICINE MECCANICHE SpA

14 Attorney: STUART M. SMITH
Fellow Institute of Patent Attorneys of Australia 

of Baldwin Shelston Waters
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