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Description

TECHNICAL FIELD

[0001] The present invention relates to a method and apparatus for surface cutting of hot-rolled steel products,
especially of wide hot-rolled long sheets, and a method and apparatus for surface cutting which are advantageous in
removing raised portions (projections) and burrs produced in a joint region by butt joint of semifinished steel products
such as sheet bars, slabs, billets, and blooms.

BACKGROUND ART

[0002] Regarding the technologies for making a repair of flaws produced on the surface of hot-rolled steel products
such as sheet bars during the hot rolling process and for removing projections inevitably produced in the joint portion
in the continuous hot rolling process in which rolling is carried out by butt joining the tail edge of preceding steel product
to the leading edge of following steel product, many proposals have already been made in Unexamined Japanese
Patent Publication No. 57-137008, Unexamined Japanese Patent Publication No. 63-160707, Unexamined Japanese
Patent Publication No. 5-23706, Unexamined Japanese Patent Publication No. 5-104261, Unexamined Japanese Pat-
ent Publication No. 57-91856, Unexamined Japanese Patent Publication No. 53-112593, and so forth.
[0003] However, these technologies have disadvantages that there arises a trouble of breaking of a hot-rolled steel
product (hereinafter referred simply as to a steel product) in surface- cutting the steel product, and that the improvement
in cutting efficiency cannot be achieved because the life of cutting edge is short and quick action cannot be taken when
local wear of cutting edge occurs. Also, there remain problems in that it is difficult to adjust a predetermined allowance
in cutting a steel product, that the equipment is damaged by the contact of cutting edges which cut a steel product
from upside and downside, that chips produced by cutting cannot be disposed well, and that fluttering of steel product
occurs during the cutting process.
[0004] An object of the present invention is to provide a method and apparatus which can solve all above-described
conventional problems occurring in surface cutting of steel products.

DISCLOSURE OF THE INVENTION

[0005]

1) The present invention provides a surface cutting method for steel products in which in cutting the top and bottom
surfaces of a steel product by the rotation of milling cutters holding the steel product therebetween in the thickness
direction in the conveying process of the steel product having a joint portion, the cutting resistance determined by
the cutting conditions including the type of steel product, the temperature in cutting, and the cut depth is controlled
by the adjustment of cut depth, and cutting is performed by making the tension produced on the steel product by
the cutting resistance lower than the breaking strength of the joint portion to prevent the breakage of steel product
(claim 1).
2) In the above item 1), a sudden temperature rise of steel product is detected on the input side of milling cutter,
the steel product is held between the milling cutter based on the detected signal, and the surfaces of the joint
portion including the nearby portion of steel product are cut (claim 2).
3) In the above item 1), when the steel product running direction and the milling cutter rotating direction on the cut
surface are reverse to each other, the adjustment of one-side cut depth t satisfies the following equation (1) (claim
3).

where

t : one-side cut depth (mm)
Sf : safety factor
σb : strength of joint portion of steel product considering temperature (kgf/mm2)
b : width of steel product (mm)

[Note]

t % σb · (b-2w) · T/{2Sf · C · exp [A/(Tk+273)] · b · VM/VC + 2 σb · (b-2w)} (1)
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w : one-side unjoined length in the sheet width direction at joint portion of steel product (mm)
T : thickness of steel product (mm)
C : constant determined by the type of steel product (kgf/mm2)
A : constant determined by the type of steel product (°C)
Tk : temperature of steel product in cutting (°C)
VM : running speed of steel product (mm/s)
VC : circumferential speed of milling cutter cutting edge (mm/s)

4) In the above item 1), when the steel product running direction and the milling cutter rotating direction on the cut
surface are equal to each other, the adjustment of one-side cut depth t satisfies the following equation (2) (claim 4).

where

t : one-side cut depth (mm)
Sf : safety factor
σb : strength of joint portion of steel product considering temperature (kgf/mm2)
b : width of steel product (mm)
w : one-side unjoined length in the sheet width direction at joint portion of steel product (mm)
T : thickness of steel product (mm)
C : constant determined by the type of steel product (kgf/mm2)
A : constant determined by the type of steel product (°C)
Tk : temperature of steel product in cutting (°C)
VM : running speed of steel product (mm/s)
VC : circumferential speed of milling cutter cutting edge (mm/s)

5) In the above item 1), at least the cutting edges of a milling cutter are made of a ferrous material, and cooling
water is sprayed to the cutting face or flank of the milling cutter at a pressure according to the rotating speed and
outside diameter (claim 5).

[0006] The invention will now be described in detail by way of example and with reference to the accompanying
drawings in which

Fig. 1 is a side view showing a state of surface cutting of a steel product;
Fig. 2 is a plan view of Fig. 1;
Fig. 3 is a schematic view of a continuous hot rolling facility;
Fig. 4 is a view showing a state of cooling at the leading edge of cutting edge of a rotary drum;
Fig. 5 is a diagram showing the relationship between the circumferential speed of milling cutter and the pressure
of cooling water;
Fig. 6 is a diagram showing the relationship between the outside diameter of milling cutter and the pressure of
cooling water;
Fig. 7 is a view showing a overall configuration of cutting apparatus.

BEST MODE FOR CARRYING OUT THE INVENTION

[0007] In hot rolling, when rolling is performed continuously by joining the tail edge of a preceding sheet to the leading
edge of a following sheet between the rough rolling and the finish rolling to achieve a high efficiency, a method for
finishing the sheet surface, in which the raised portion including the front and rear regions thereof is surface-cut by
milling, has been used practically. At present, however, the cut depth in milling is the same for all objects, and special
consideration is not given. Therefore, when the cutting resistance is varied greatly by the type, temperature, etc. of
sheet, a trouble such that the sheet is broken at the joint portion having a low breaking strength occurs. As the tech-
nology for removing the raised portions (projections) at the sheet joint portion, a method has been proposed in which
the weld is detected by a detector, a cutting apparatus is activated by the detection signal, and weld burrs are removed

[Note]

t % σb · (b-2w) · T/{2Sf · C · exp [A/(Tk+273)] · b · VM/VC} (2)
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while the sheet is running, as in Unexamined Japanese Patent Publication No. 53-112593 (Method for Removing Weld
Burrs of Sheet). Also, a method has been proposed in which the projections at the joint portion are cut by cutting edges
of a surface treatment apparatus provided before a hot rolling mill, as in Unexamined Japanese Patent Publication No.
63-160707 (Hot Rolling Equipment). However, it is very difficult to overcome the trouble of breakage of joint portion by
these methods.
[0008] The present invention solves the above problem by using the means described in 1) to 4). Specifically, the
cutting resistance defined by the cutting conditions (type of steel (chemical composition), temperature, sheet width,
sheet thickness, running speed, rotating direction of milling cutter, circumferential speed of cutting edge, cut depth,
etc.) for the milling cutter is controlled by the adjustment of cut depth, and the tension produced on the steel product
by the cutting resistance is decreased to a value lower than the breaking strength of the joint portion to prevent the
breakage of the steel product. The following is a specific description of this point for the case of sheet as an example.
[0009] Figs. 1 and 2 are a side view and a plan view, respectively, showing a state in which the surface of a running
sheet is cut by milling cutters.
[0010] In Figs. 1 and 2, reference numeral 1 denotes a milling cutter having cutting edges at the tip end thereof, 2
denotes a sheet, 3 denotes a position control cylinder for milling cutter, 4 denotes a thermometer, 5 denotes a process
computer, 6 denotes a control panel, and 7 denotes a joint portion of sheet 2. Arrow A indicates the running direction
of sheet 2, arrow B indicates the rotating direction of milling cutter 1, and arrow C indicates the direction of tension
caused on the sheet 2 by the cutting resistance. Reference character b denotes the width of sheet 2, T denotes the
thickness of sheet 2, t denotes the cut depth on one side produced by milling cutter 1, and w denotes the unjoined
length at the edge in the sheet width direction at the joint portion 7.
[0011] Fig. 3 is a view showing a typical arrangement of a cutting apparatus having the milling cutters in accordance
with the present invention.
[0012] In Fig. 3, the sheet (sheet bar) rolled by, for example, a rough rolling mill 8 is wound by a winding/rewinding
device 9, the edge of respective sheets S1 and S2 is cut into a predetermined shape by a cutting device 10 (drum shear
etc.) on the input side of a scale breaker (not shown) and a hot finish rolling mill 13 (F1, F2, F3, ...) while the sheet is
rewound by the winding/rewinding device 9, the tail edge of the preceding sheet S1 and the leading edge of the following
sheet S2 are arranged in an opposed relation with a small gap being provided therebetween, and then the nearby
region is held in the sheet thickness direction by clamps 11a and 11b mounted on a movable joining device 11. In this
state, the sheets are joined by pressing by means of a pressing means (the clamps 11a and 11b can be moved so as
to be closer to each other) while being induction heated by, for example, an inductor for induction heating located at
at least one position of just above and just below the portion to be joined or after being induction heated. After the
raised portions caused by this joining operation including the front and rear regions thereof are surface-finished by a
milling device 12, the rolling is performed.
[0013] In the case where surface cutting is performed between the rough rolling mill 8 and the finish rolling mill 13,
the tension produced on the sheet by cutting resistance acts between the milling cutter 1 and the downstream-side
finish rolling mill 13 when the rotating direction of the milling cutter 1 is the direction as shown in Figs. 1 and 2 (up cut),
and the tension acts between the milling cutter 1 and the upstream-side coil winding/rewinding device 9 when the
rotating direction of the milling cutter is reverse to the above (down cut).
[0014] The sheets are joined usually by the induction heating process, in which unjoined portions are formed in the
sheet width direction at present for various reasons caused by the fact that heating is not uniform in the sheet width
direction. Therefore, the joint portion 7 has a lower breaking strength than the base metal because the joint portion is
hotter than the base metal due to heating in joining (base metal: about 900°C, joint portion: about 1300°C) and the
joint portion has the unjoined portions.
[0015] According to the present invention, in Figs. 1 and 2, the information about the data on sheet 2 (steel type,
sheet width b, sheet thickness T) is given to the control panel 6 by the process computer 5 to which these data are
inputted, a temperature signal of the running sheets (S1, S2) is sent from the thermometer 4 installed on the apparatus
input side to the control panel 6, and the cut depth t on one side is determined at the control panel 6 based on the
signal. The milling cutter position control cylinders 3 are activated by the signal from the control panel 6, and cutting
of the cut depth t determined as described above is performed by using milling cutters 1.
[0016] When the joint portion 7 including the front and rear regions thereof is surface-cut, the joint portion 7 is detected
by sudden rise in temperature on the thermometer 4, and the milling cutter position control cylinders 3 are activated
through the control panel 6 based on the temperature signal, by which the surface cutting of that portion can be per-
formed reliably. At this time, it is important to appropriately determine the distance between the thermometer 4 and the
milling cutter 1 by considering time lag etc.
[0017] The surface cutting of the joint portion 7 including the front and rear regions thereof of the sheet 2 is important
not only to the removal of projections at the joint portion 7 and the nearby regions thereof but also to the removal of
misalignment produced in the sheet thickness direction at the joint portion, clamp flaws, new scale, etc. Accordingly,
it is essential to cut to a depth such that these defects can be removed.
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[0018] The procedure for deriving an experimental equation for determining the cut depth in the case of up cut as
shown in Fig. 2 is as follows.
[0019] First, using the strength of joint portion 7: σb (kgf/mm2), unjoined length: w (mm), cut depth: t (mm), width of
sheet 2: b (mm), and sheet thickness: T (mm), the breaking strength of the joint portion 7: fb (kgf) can be expressed as

where the above fb and σb are values for which temperature is considered.
[0020] On the other hand, the relationship between the cut resistance for each steel type: k (kgf/mm2) and the tem-
perature of sheet during cutting: Tk(°C) is given by experiment as

where C (kgf/mm2) and A (°C) are constants determined by the steel type of sheet 2. From Eq. (4), using the running
speed of sheet 2: VM (mm/s) and the circumferential speed of milling cutter cutting edge: VC (mm/s), the cutting resist-
ance: fa (kgf) is expressed as

[0021] Using Eqs. (3), (4), and (5) and considering safety factor: Sf (2 - 5, it is especially important to consider the
deterioration in breaking characteristics caused by notch effect of unjoined portion) , the cut depth: t (mm) such that
the joint portion 7 is not broken by cutting can be determined as follows:

Substitution of Eqs. (3), (4) and (5) in Eq. (6) yields

Therefore,

can be derived.
[0022] In the case of down cut in which the rotating direction of milling cutter 1 is reverse to the direction shown in
Fig. 2, since the tension acting on the sheet 2 by the cutting resistance fa is on the input side of the milling cutter 1,
the effective sheet thickness is equal to sheet thickness: T (the projections at the joint portion 7 are ignored), so that
the above-described equation (3) is expressed as

Therefore,

fb = σb · (b-2w) · (T-2t) (3)

k = C · exp[A/(Tk+273)] (4)

fa = k · b · t · VM/VC (5)

2Sf · fa = fb (6)

2Sf · C · exp[A/(Tk+273)] · b · t · VM/VC

= σb · (b-2w) · (T-2t) (7)

t = σb · (b-2w) · T/{2Sf · C · exp [A/(Tk+273)] · b · VM/VC + 2σb · (b-2w)} (8)

fb = σb · (b-2w) · T (9)

2Sf · C · exp [A/(Tk+273)] · b · t · VM/VC

= σb · (b-2w) T (10)
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From this equation,

is derived.
[0023] In deriving the above equations for calculating the cut depth t, the raised portions at the joint portion 7 are
ignored in both cases of up cut and down cut. This is because under the ordinary process conditions, although the
joint portion 7 has a substantially great cut depth, the cutting resistance is low because of high temperature. This is
apparent from the fact that breakage of the joint portion 7 does not occur at all in cutting the joint portion 7 (raised
portions) in the actual process.
[0024] For the sheets of various steel type including extra low carbon steel and SUS304 stainless steel, the surface
cutting was performed between the rough rolling and the finish rolling in the hot rolling, and the cut depth t was controlled
so as to be a value smaller than the value calculated from Eq. (8) in the case of up cut and from Eq. (11) in the case
of down cut. As a result, the breakage of the joint portion does not occur at all.
[0025] The following is a description of a case where the life of milling cutter used for surface cutting of sheets is
prolonged and stable surface cutting is performed while preventing loading etc. by using the means described in the
above item 5).
[0026] The surface finishing of slabs and hot-rolled plates is performed by using a grinder having a grindstone as
disclosed in Unexamined Japanese Patent Publication No. 57-91856. Such a grinder has a low work efficiency when
grinding a wide, long object such as a plate. Especially when the slab surface is finished by the grinder in direct rolling,
a high energy loss is produced because the steel product being finished stays for a long period of time and the heat
thereof dissipates in the air. On the other hand, a milling cutter type cutting edge having a drum length which covers
the overall range in the plate width direction has been used as a means for improving the cutting efficiency. When a
non-ferrous material such as ceramics and tungsten carbide is used for such a cutting edge, the life of cutting edge is
greatly shortened by wear, causing the cost to climb. Alternately, when a ferrous cutting edge is used, the problem with
the cutting edge of non-ferrous material such as ceramics and tungsten carbide is eliminated, but chips are liable to
adhere to the cutting edge, so that the heat input from chips to cutting edge causes a melting loss, and also a stable
operation cannot be performed for a long period of time because loading or clogging of cutting edge occurs easily.
[0027] In the present invention, therefore, when the surface cutting of sheet is performed using a ferrous milling
cutter, cooling water is sprayed to the cutting face or flank of milling cutter at a pressure in accordance with the rotating
speed and outside diameter, by which the life of the milling cutter used for the surface cutting of slabs and sheets such
as hot-rolled sheets (hoops) is prolonged, and stable surface cutting to prevent loading can be achieved.
[0028] By spraying cooling water to the cutting face or flank of cutting edge at a hydraulic pressure in accordance
with the rotating speed and outside diameter of the milling cutter, high-temperature chips adhering to the cutting edge
by cutting can be removed instantly by the centrifugal force caused by the rotation of milling cutter and the pressure
of water, so that the heat input from the deposits at the cutting edge is decreased greatly. Therefore, the life of milling
cutter is increased remarkably and the loading of cutting edge caused by the deposits is eliminated.
[0029] The centrifugal force FW generated by the rotation of milling cutter is expressed as

where

m: mass of chips
V: rotating speed of milling cutter
r: 1/2 of outside diameter of milling cutter.

Also, the cooling water power FP is expressed as

where

q: mass of water

t = σb · (b-2w) · T/{2Sf · C · exp [A/(Tk+273)] · b · VM/VC} (11)

FW = m(V2/r) (12)

FP = 1/2 · qv2 = a (P1/P2)3/2 (13)
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v: colliding speed of water
a: constant determined from the flow rate at reference pressure P1 of water according to the nozzle model speci-

fication
P2: supply pressure of water

Therefore, in order to remove the chips deposited in cutting by using a milling cutter, cooling water should be sprayed
so that the pressure of cooling water satisfies the following equation.

where

A: cross sectional area of chip deposit
σB : high-temperature tensile strength of sheet

[0030] The following is a description of a case where the milling cutters 14a and 14b are rotated by the drive of the
shafts 15a and 15b, respectively, and cooling water is sprayed from a nozzle 16 to the cutting face thereof as shown
in Fig. 4.
[0031] Fig. 5 shows the result of experiment in which the cooling water pressure such that the melting loss and
loading of cutting edge do not occur is determined with the outside diameter of milling cutter being set at 800 mm and
the circumferential speed thereof being varied in the range of 20 to 120 m/sec. In this figure, the solid line indicates
the lower limit value of cooling water pressure when the flow rate is Q, and the broken line indicates the lower limit
value of cooling water pressure when the flow rate is 2Q.
[0032] From this, it is found that the centrifugal force FW increases with the increase in circumferential speed of
milling cutter, so that the melting loss and loading of cutting edge do not occur even if the cooling water power FP is
decreased by the decrease in cooling water pressure.
[0033] That is, it is preferable that the cooling water pressure decrease with the increase in the circumferential speed
of milling cutter. Also, this figure indicates that the cooling water pressure should be adjusted in the range of 3 to 300
kgf/cm2 for the circumferential speed of milling cutter in the range of 20 to 120 m/sec.
[0034] Fig. 6 shows the result of experiment in which the cooling water pressure such that the melting loss and
loading of cutting edge do not occur is determined with the circumferential speed of milling cutter being fixed at 20 m/
sec and the outside diameter thereof being varied in the range of 200 to 1000 mm. In this figure, the solid line indicates
the lower limit value of cooling water pressure when the flow rate is Q, and the broken line indicates the lower limit
value of cooling water pressure when the flow rate is 2Q.
[0035] From this, it is found that since the centrifugal force FW decreases in inverse proportion as the outside diameter
of milling cutter increases, the melting loss and loading of cutting edge is not produced by the increase in cooling water
pressure as the power of three by two (the increase in cooling water power FP).
[0036] That is, it is preferable that the cooling water pressure increase with the increase in the diameter of milling
cutter. This indicates that cooling water according to the rotating speed and outside diameter of milling cutter should
be sprayed to the cutting face of milling cutter.
[0037] On the other hand, it is found from Figs. 5 and 6 that when the quantity of cooling water is doubled, the cooling
water pressure such that the melting loss and loading of cutting edge do not occur decreases. This is probably because
the quantity of water colliding with the cutting edge per unit time is increased by the increase in flow rate.
[0038] The rotating speed of milling cutter should preferably be 20 to 120 m/sec. The reason for this is that if the
rotating speed of milling cutter is lower than 20 m/sec, the speed is decreased and the milling cutter is stopped by the
cutting resistance, while if the rotating speed of milling cutter is higher than 120 m/sec, the vibration frequency due to
the number of revolutions becomes equal to or higher than the critical speed, so that the machine resonates, sometimes
being destroyed.
[0039] The outside diameter of milling cutter should preferably be 600 to 1000 mm. The reason for this is that if the
outside diameter is smaller than 600 mm, the number of revolutions for achieving the circumferential speed increases,
so that the vibration frequency exceeds the critical speed, or the drop in speed due to cutting resistance is great, so
that the milling cutter is stopped, while if the outside diameter is larger than 1000 mm, though the large outside diameter
is advantageous in terms of vibration because of the decrease in the number of revolutions, the centrifugal force de-
creases, so that the melting loss and loading of cutter edge are liable to occur, and the motor output for driving increases.
[0040] In the above explanation, the case where cooling water is sprayed to the cutting face of cutting edge has
been described. The case where cooling water is sprayed to the flank of milling cutter is the same, so that the explanation

(FW + FP)/A > σB (14)
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thereof is omitted.
[0041] Fig. 4, which has been mentioned before, shows a case where surface cutting of steel product is performed
using ferrous milling cutter by spraying cooling water to the cutting face of milling cutter. In this figure, reference nu-
merals 14a and 14b denote milling cutters, 15a and 15b denote main shafts, 16 denotes a spray nozzle for cooling
water, 17 denotes a bearing for rotatably supporting the milling cutter 14a, 14b, 18 denotes a screw down cylinder, 19
denotes a housing, 20 denotes a power transmission spindle, 21 denotes a pinion stand, and 22 dentes an electric
motor. Fig. 7 shows the overall configuration of a facility in which the milling cutter is incorporated.
[0042] Investigation was made on the state of melting loss and loading of cutting edge for the case where surface
cutting of a slab of 120 mm thick and 800 mm wide was performed by rotating a ferrous milling cutter with a diameter
of 800 mm at a speed of 65 m/s and by spraying cooling water with a flow rate of 500 ø/min/m and a pressure of 50
kgf/cm2 to the cutting face, and for the conventional method in which the circumferential speed of milling cutter was
20 m/sec and the pressure of cooling water was 3 kgf/cm2 (other conditions were the same as those of the present
invention) . The result was that the melting loss and loading of cutting edge did not occur at all for about 72 hours in
the method in accordance with the present invention, though the life of milling cutter was about 30 minutes in the
conventional method, and it was confirmed that the life of milling cutter can be prolonged to about 30 days.
[0043] The example in which cooling water was sprayed to the cutting face of milling cutter is as follows: By using
a slab with the same size as that described above, investigation was made on the state of melting loss and loading of
cutting edge for the case where surface cutting of was performed by rotating a ferrous milling cutter with a diameter
of 800 mm at a speed of 65 m/sec and by spraying cooling water with a flow rate of 500 l/min/m and a pressure of 50
kgf/cm2 to the cutting face, the case being in accordance with the present invention, and for the conventional method
in which surface cutting was performed by rotating a milling cutter with the same diameter at a speed of 20 m/sec by
spraying cooling water with a flow rate of 500 l/min/m and a pressure of 3 kgf/cm2 (other conditions were the same as
those of the present invention). The result was that the life of milling cutter could be prolonged to about 30 days in this
case as well.
[0044] In this example, investigation was made for the case where the tail edge of preceding sheet and the leading
edge of following sheet were butt joined and the resultant projections were cut. In this case as well, it was confirmed
that the life of milling cutter can be prolonged remarkably as compared with the conventional method.

INDUSTRIAL APPLICABILITY

[0045] According to the present invention, the following effects can be expected.

1) When hot-rolled steel products having joint portions, especially a preceding sheet and a following sheet, etc.
are surface-cut by using a milling cutter, the cutting resistance is controlled by the adjustment of cut depth, and
the tension caused on the sheet by the cutting resistance is reduced to a value lower than the breaking strength
of joint portion, by which the breakage is prevented. Therefore, the production efficiency in the subsequent hot
rolling process can be improved (claims 1 to 4).
2) Stable surface cutting can be performed for a long period of time, so that the cutting efficiency can be enhanced
remarkably (claim 5).

Claims

1. A surface cutting method for hot-rolled steel products wherein the top and bottom surfaces of a hot-rolled steel
product (2) having a joint portion (7) are cut by the rotation of milling cutters (1), holding the steel product (2)
therebetween, in the thickness direction while conveying said hot-rolled steel product (2), the cutting resistance
determined by the cutting conditions including the type of hot-rolled steel product (2), the temperature in cutting
and the cut depth (t) is controlled by the adjustment of the cut depth (t); and the cutting is performed while main-
taining the tension caused in the hot-rolled steel product (2) by the cutting resistance lower than the breaking
strength of the joint portion (7) to prevent the breakage of hot-rolled steel product (2).

2. A surface cutting method for hot-rolled steel products according to claim 1, wherein a sudden temperature rise of
hot-rolled steel product (2) is detected on the input side of the milling cutter (1), the hot-rolled steel product (2) is
held between the milling cutter (1) based on the detected signal, and the surfaces of the joint portion (7) including
the nearby portion of hot-rolled steel product (2) are cut.

3. A surface cutting method for hot-rolled steel products according to claim 1, wherein when the hot-rolled steel
product (2) running direction and the milling cutter rotating direction on the cut surface are reverse to each other,
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the adjustment of one-side cut depth (t) satisfies the following equation (1):

where

t one-side cut depth (mm)
Sf : safety factor
σb : strength of joint portion of hot-rolled steel product considering temperature ( N/mm2)
b : width of hot-rolled steel product (mm)
w : one-side unjoined length in the sheet width direction at joint portion of hot-rolled steel product (mm)
T : thickness of hot-rolled steel product (mm)
C : constant determined by the type of hot-rolled steel product (N /mm2)
A constant determined by the type of hot-rolled steel product (°C)
Tk : temperature of hot-rolled steel product in cutting (°C)
VM : running speed of hot-rolled steel product (mm/s)
VC : circumferential speed of milling cutter cutting edge (mm/s)

4. A surface cutting method for hot-rolled steel products according to claim 1, wherein when the hot-rolled steel
product running direction and the milling cutter rotating direction on the cut surface are equal to each other, the
adjustment of one-side cut depth (t) satisfies the following equation (2):

where

t : one-side cut depth (mm)
Sf : safety factor
σb : strength of joint portion of hot-rolled steel product considering temperature ( N /mm2)
b : width of hot-rolled steel product (mm)
w : one-side unjoined length in the sheet width direction at joint portion of hot-rolled steel product (mm)
T : thickness of hot-rolled steel product (mm)
C : constant determined by the type of hot-rolled steel product (N/mm2)
A : constant determined by the type of hot-rolled steel product (°C)
Tk : temperature of hot-rolled steel product in cutting (°C)
VM : running speed of hot-rolled steel product (mm/s)
VC : circumferential speed of milling cutter cutting edge (mm/s)

5. A surface cutting method for hot-rolled steel products according to claim 1, wherein at least the cutting edges of
a milling cutter (1) are made of a ferrous material, and cooling water is sprayed to the cutting face or flank of said
milling cutter (1) at a pressure according to the rotating speed and outside diameter.

Patentansprüche

1. Planfräsverfahren für warmgewalzte Stahlprodukte, wobei die oberen und unteren Oberflächen eines warmge-
walzten Stahlproduktes (2) mit einem Verbindungsabschnitt (7) durch die Rotation von Fräswerkzeugen (1), die
das Stahlprodukts dazwischen halten, in der Dickenrichtung während des Transportprozeß des warmgewalzten
Stahlproduktes gefräst werden, und der Schneidwiderstand, der durch den Typ des warmgewalzten Stahlprodukts,
die Temperatur beim Fräsen, und die Frästiefe (t) umfassenden Fräsbedingungen bestimmt wird, durch die Ein-
stellung der Frästiefe (t) gesteuert wird, und der Fräsvorgang ausgeführt wird, wobei die in dem warmgewalzten
Stahlprodukt durch den Schneidwiderstand erzeugte Spannung niedriger als die Bruchfestigkeit des Verbindungs-
abschnittes (7) gehalten wird, um den Bruch des warmgewalzten Stahlproduktes zu verhindern.

2. Planfräsverfahren für warmgewalzte Stahlprodukte nach Anspruch 1, wobei ein plötzlicher Temperaturanstieg des

t % σb · (b-2w) · T/{2Sf · C · exp [A/(Tk+273)] · b · VM/VC + 2σb · (b-2w)} (1)

t % σb · (b-2w) · T/{2Sf · C · exp [A/(Tk+273)] · b · VM/VC} (2)
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warmgewalzten Stahlproduktes (2) auf der Eingangsseite des Fräswerkzeuges (1) detektiert, das warmgewalzte
Stahlprodukt (2) zwischen dem Fräswerkzeug (1) auf der Basis des detektierten Signals gehalten und die Ober-
flächen des Verbindungsabschnittes (7) einschließlich des benachbarten Abschnittes des warmgewalzten Stahl-
produktes (2) gefräst werden.

3. Planfräsverfahren für warmgewalzte Stahlprodukte nach Anspruch 1, wobei, wenn die Durchlaufrichtung des
warmgewalzten Stahlproduktes (2) und die Rotationsrichtung des Fräswerkzeugs auf der Fräsoberfläche entge-
gengesetzt sind, die Einstellung der einseitigen Frästiefe (t) der nachstehenden Gleichung (1) genügt:

wobei:

t: die einseitige Frästiefe ist (mm)
Sf: ein Sicherheitsfaktor ist
σb: die Festigkeit des Verbindungsabschnittes des warmgewalzten Stahlprodukts unter Berücksichtigung der

Temperatur ist (N/mm2)
b: die Breite des warmgewalzten Stahlproduktes (mm) ist
w: die einseitige unverbundene Länge in der Blechbreitenrichtung an dem Verbindungsabschnitt des warm-

gewalzten Stahlproduktes ist (mm)
T: die Dicke des warmgewalzten Stahlproduktes (mm) ist
C: eine Konstante ist, die durch den Typ des warmgewalzten Stahlproduktes (N/mm2) festgelegt ist
A: eine Konstante ist, die durch den Typ des warmgewalzten Stahlproduktes festgelegt (°C) ist
Tk: die Temperatur des warmgewalzten Stahlproduktes beim Fräsen ist (°C)
VM: die Durchlaufgeschwindigkeit des warmgewalzten Stahlproduktes ist (mm/s)
VC: die Umfangsgeschwindigkeit der Fräswerkzeugschneidkante ist (mm/s)

4. Planfräsverfahren für warmgewalzte Stahlprodukte nach Anspruch 1, wobei, wenn die Durchlaufrichtung des
warmgewalzten Stahlproduktes (2) und die Rotationsrichtung des Fräswerkzeugs auf der Fräsoberfläche gleich
sind, die Einstellung der einseitigen Frästiefe (t) der nachstehenden Gleichung (1) genügt:

wobei:

t: die einseitige Frästiefe ist (mm)
Sf: ein Sicherheitsfaktor ist
σb: die Festigkeit des Verbindungsabschnittes des warmgewalzten Stahlprodukts unter Berücksichtigung der

Temperatur ist (N/mm2)
b: die Breite des warmgewalzten Stahlproduktes (mm) ist
w: die einseitige unverbundene Länge in der Blechbreitenrichtung an dem Verbindungsabschnitt des warm-

gewalzten Stahlproduktes ist (mm)
T: die Dicke des warmgewalzten Stahlproduktes (mm) ist
C: eine Konstante ist, die durch den Typ des warmgewalzten Stahlproduktes (N/mm2) festgelegt ist
A: eine Konstante ist, die durch den Typ des warmgewalzten Stahlproduktes festgelegt (°C) ist
Tk: die Temperatur des warmgewalzten Stahlproduktes beim Fräsen ist (°C)
VM: die Durchlaufgeschwindigkeit des warmgewalzten Stahlproduktes ist (mm/s)
Vc: die Umfangsgeschwindigkeit der Fräswerkzeugschneidkante ist (mm/s)

5. Planfräsverfahren für warmgewalzte Stahlprodukte nach Anspruch 1, wobei wenigstens die Schneidkanten eines
Fräswerkzeuges (1) aus einem Eisenmaterial bestehen, und Kühlwasser auf die Schneidfläche oder -flanke des
Fräswerkzeuges (1) bei einem von der Rotationsgeschwindigkeit und dem Außendurchmesser abhängigen Druck
gesprüht wird.

t ≤ σb·(b-2w)·T/{2Sf·C·exp[A/(Tk+273)]·b·VM/Vc + 2σb·(b-2w)} (1)

t ≤ σb·(b-2w)·T/{2Sf·C·exp[A/(Tk+273)]·b·VM/Vc} (2)
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Revendications

1. Procédé d'usinage de surface pour des produits en acier laminés à chaud, dans lequel les surfaces supérieure et
inférieure d'un produit en acier laminé à chaud (2) comportant une partie de joint (7) sont usinées par la rotation
de fraises (1), en maintenant le produit en acier (2) entre celles-ci, dans le sens de l'épaisseur tout en transportant
ledit produit en acier laminé à chaud (2), la résistance de coupe déterminée par les conditions d'usinage compre-
nant le type de produit en acier laminé à chaud (2), la température d'usinage et la profondeur de coupe (t) est
contrôlée par l'ajustement de la profondeur de coupe (t), et l'usinage est effectué tout en maintenant la tension
générée dans le produit en acier laminé à chaud (2) par la résistance de coupe inférieure à la résistance à la
rupture de la partie de joint (7) afin d'éviter la rupture du produit en acier laminé à chaud (2).

2. Procédé d'usinage de surface pour des produits en acier laminés à chaud selon la revendication 1, dans lequel
une élévation soudaine de la température du produit en acier laminé à chaud (2) est détectée du côté d'entrée
des fraises (1), le produit en acier laminé à chaud (2) est maintenu entre les fraises (1) sur la base du signal
détecté, et les surfaces de la partie de joint (7) comprenant la partie à proximité du produit en acier laminé à chaud
(2) sont usinées.

3. Procédé d'usinage de surface pour des produits en acier laminés à chaud selon la revendication 1, dans lequel,
lorsque le sens de déplacement du produit en acier laminé à chaud (2) et le sens de rotation des fraises sur la
surface usinée sont opposés l'un à l'autre, l'ajustement de la profondeur de coupe (t) d'un côté satisfait à l'équation
suivante (1) :

où :

t : profondeur de coupe d'un côté (mm)
Sf : coefficient de sécurité
σb : résistance de la partie de joint du produit en acier laminé à chaud compte tenu de la température (N/mm2)
b : largeur du produit en acier laminé à chaud (mm)
w : longueur non jointe d'un côté dans le sens de la largeur de la feuille au niveau de la partie de joint du
produit en acier laminé à chaud (mm)
T : épaisseur du produit en acier laminé à chaud (mm)
C : constante déterminée par le type de produit en acier laminé à chaud (N/mm2)
A : constante déterminée par le type de produit en acier laminé à chaud (°C)
Tk : température du produit en acier laminé à chaud lors de l'usinage (°C)
VM : vitesse de déplacement du produit en acier laminé à chaud (mm/s)
VC : vitesse circonférentielle de l'arête des fraises (mm/s).

4. Procédé d'usinage de surface pour des produits en acier laminés à chaud selon la revendication 1, dans lequel,
lorsque le sens de déplacement du produit en acier laminé à chaud et le sens de rotation des fraises sur la surface
usinée sont identiques, l'ajustement de la profondeur de coupe (t) d'un côté satisfait à l'équation suivante (2) :

où :

t : profondeur de coupe d'un côté (mm)
Sf : coefficient de sécurité
σb : résistance de la partie de joint du produit en acier laminé à chaud compte tenu de la température (N/mm2)
b : largeur du produit en acier laminé à chaud (mm)
w : longueur non jointe d'un côté dans le sens de la largeur de la feuille au niveau de la partie de joint du
produit en acier laminé à chaud (mm)
T : épaisseur du produit en acier laminé à chaud (mm)
C : constante déterminée par le type de produit en acier laminé à chaud (N/mm2)

t ≤σb . (b-2w) . T/{2Sf . C . exp [A/(Tk+273)] . b . VM/VC + 2 σb . (b-2w)} (1)

t ≤σb.(b-2w) . T/{2Sf . C . exp [A/(Tk+273)] . b . VM/VC} (2)
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A : constante déterminée par le type de produit en acier laminé à chaud (°C)
Tk : température du produit en acier laminé à chaud lors de l'usinage (°C)
VM : vitesse de déplacement du produit en acier laminé à chaud (mm/s)
VC : vitesse circonférentielle de l'arête des fraises (mm/s).

5. Procédé d'usinage de surface pour des produits en acier laminés à chaud selon la revendication 1, dans lequel
au moins les arêtes d'une fraise (1) sont réalisées en un matériau ferreux, et de l'eau de refroidissement est
pulvérisée sur la face d'attaque ou la face de dépouille de ladite fraise (1) à une pression fonction de la vitesse
de rotation et du diamètre extérieure.
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