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Description

The invention relate to a work rolls crossing type
mill according to the first part of the claim 1 which can
lubricate between back-up rolls and work rolls, and to a
rolling system incorporating at least one such mill.

As one of work rolls crossing type mills the JP-A-
47-27159 discloses a mill in which only work rolls are
crossed each other.

There is also known, as described in "Mitsubishi
Heavy Industries Technical Report” Vol. 21, No. 6, a mill
in which a pair of an upper work roll and an upper back-
up roll and a pair of a lower work roll and a lower back-
up roll are each built into a one-piece roll set and
arranged such that axes of the pair rolls (roll sets) are
crossed each other.

Additionally, there are known from the JP-A-3-234
305 a 4-high work rolls crossing mill in which a lubricant
is applied for the purpose of reducing thrust forces pro-
duced between work rolls in a roll kissed condition after
strips have passed the work rolls. An ordinary 4-high
work rolls uncrossing mill in which a coolant is applied to
work rolls and back-up rolls in a casing provided on the
strip entrance side, and a lubricant as rolling oil is sepa-
rately supplied to between the work rolls and a strip is
disclosed in the JP-A-61-7009. Further, a mill in which a
lubricant as rolling oil is supplied only when a strip is in
contact with rolls is known from the JP-A-47-27849.

The work rolls crossing type mill disclosed in JP-A-
47-27159 was expected to be adaptable for various
needs of strip crown by crossing the upper and lower
work rolls each other at various angles so as to change
a roll gap between the work rolls. In fact, however, a rel-
ative slippage between the work roll and the back-up roll
produces too large thrust forces to realize practical use.

In the mill described in "Mitsubishi Heavy Industries
Technical Report”, Vol. 21, No. 6, a pair of work roll and
back-up roll are built into a one-piece roll set and two
pairs of roll sets are crossed each other. Accordingly,
there produce neither a relative slippage between the
work roll and the back-up roll, nor large thrust forces.
However, because one pair of work roll and back-up roll
is crossed as one-piece to the other pair, the center of a
metallic chock for the back-up roll which directly
receives a rolling load is offset from the center of a
reduction screw, whereby a moment is generated to
impede the smooth movement. For this reason, the mill
adopts a structure using beams of large rigidity to keep
a balanced condition. This structure resulted in a prob-
lem of necessarily complicating the mill and increasing
its size.

The prior art disclosed in the above-cited JP-A-3-
234305 is effective in reducing the thrust forces
imposed on the work rolls in the kissed condition, but
cannot solve the problem relating to the thrust forces
between the work roll and the back-up roll. Also, the
prior arts disclosed in the above-cited JP-A-61-7009
and JP-A-47-27849 cannot solve the problem relating to

10

15

20

25

30

35

40

45

50

55

the thrust forces between the work roll and the back-up
roll.

A method of more easily reducing the thrust forces,
a mill of the type that only work rolls are crossed each
other while keeping back-up rolls in parallel relation, and
a lubricant is supplied to between the work rolls and the
back-up rolls is known as nearest prior art from the EP-
A 506 138. This type mill is intended not to eliminate a
relative slippage between the work roll and the back-up
roll, but to reduce, by supplying the lubricant, the thrust
forces produced with the relative slippage. Using the
method of the prior application can relatively easily
reduce the thrust forces, thus making it possible to real-
ize the relatively simple structure and reduce the mill
size. It was, however, found that said prior art stood fur-
ther improvement in points of a lubricant supply unit and
a lubricating function.

More specifically, in an ordinary mill, a coolant
(cooling water) is sprayed to work rolls for cooling them.
In the work rolls crossing type mill of said prior art,
therefore, the coolant forms a water film which adheres
onto the surfaces of the work rolls and is then brought
into between the work rolls and the back-up rolls, or the
sprayed coolant directly enters between the work rolls
and the back-up rolls to be mixed to the lubricant. This
raises a problem of difficulties in surely developing a
lubricating function.

Further, in the above prior art, a lubricant based on
mineral oil that loses a lubricating ability at high temper-
ature is supplied to between the work rolls and the back-
up rolls (hereinafter referred to also as between the
rolls) to solve the problem of surely biting a hot strip
while reducing the thrust forces between the rolls. How-
ever, reducing the thrust forces between the rolls and
ensuring an ability of biting a hot strip are minimum
requirements to be met for realizing the work rolls cross-
ing type mill. To apply the lubricant to an actual
machine, such other requirements that the lubricant
enables stable operation for a long period of time under
severe usage conditions in rolling load, speed and so
on, and that the cooling water mixed with the lubricant
can be easily treated, must be also satisfied.

In other words, it is essential for the lubricant to
meet not only the above requirements on biting and
thrust forces, but also the following requirements:

+ the coefficient of friction can be ensured at a level
enough to prevent the occurrence of a slippage
between the rolls when the rolls are sped up and
down;

+ vibrations caused by a slip speed due to crossing
between the rolls are not produced;

*  pipes, nozzles, etc. of a lubricant supply unit are not
clogged and the lubricant has preferable fluidity
allowing it to be uniformly coated over the roll sur-
face in an axial direction; and

+ the lubricant mixed into a large amount of coolant
(cooling water) can be relatively easily separated by



3 EP 0 590 682 B1 4

a separating coagulant or the like.

Afirst object of the present invention is to improve a
lubricant supply unit and provide a work rolls crossing
type mill and a rolling system which can reliably lubri-
cate between work rolls and back-up rolls, in which the
lubricant enables stable operation of the mill, and by
which a coolant mixed with the lubricant can be easily
treated.

This object will be solved by the features of claim 1
and 14, respectively.

According to the invention, there is provided a work
rolls crossing type mill comprising the features set out in
claim 1.

In this connection, preferably, said seal means
includes a flexible material coming into contact with said
back-up roll, or a slit for jetting high-pressure gas onto
said back-up roll.

Preferably, the above mill further comprises first
water wiping means arranged in contact with surfaces of
said work rolls at locations on the strip exit side just
before contact positions between said work rolls and
said back-up rolls, as viewed in directions of respective
rotations of said pair of work rolls, for blocking the cool-
ant so that the coolant sprayed onto said work rolls will
not enter said contact positions.

Preferably, the above mill further comprises second
water wiping means arranged in contact with the sur-
faces of said pair of back-up rolls for removing the cool-
ant so that the coolant sprayed onto said pair of work
rolls, deposited on the work roll surfaces and then car-
ried over with rotations of said work rolls and said back-
up rolls will not reach the locations where said lubricant
supply units are arranged.

In the above mill, preferably, the lubricant supplied
from said lubricant supply units contains raw lubricant
oil based on a mixture of mineral oil and synthetic ester
and added with necessary minimum amounts of a sur-
face active agent and a fatty acid both acting to improve
emulsification.

Further, preferably, the lubricant supplied from said
lubricant supply units contains raw lubricant oil meeting
the following requirements:

(a) the coefficient of friction between said work rolls
and said back-up rolls is in the range of 0.04 t0 0.1;
(b) the viscosity is not larger than 80 Cst. at 40 °C;
(c) mineral oil and synthetic ester not less than 5 %
are contained as base oil;

(d) a fatty acid in the range of 0.03 t0 0.5 % is con-
tained as an oiliness enhancer; and

(e) an extreme pressure additive not less than 0.1
% is contained.

In this connection, preferably, said raw lubricant oil
further meets another requirement (f); a surface active
agent is not contained as emulsifier in excess of 0.5 %.

Also, preferably, the lubricant supplied from said
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lubricant supply units is a highly separable emulsion
prepared by diluting said raw lubricant oil with water.

The lubricant supplied from said lubricant supply
units may contain raw lubricant oil based on mineral oil
and added with a surface active agent and a fatty acid
for improvement of emulsification, or may be a highly
emulsifiable and stable emulsion prepared by diluting
said raw lubricant oil with water.

In the above mill, preferably, said pair of back-up
rolls are each tapered at both end portions so that these
tapered portions will not contact the surface of the cor-
responding work roll even when the roll surfaces are
subjected to the Hertz deformation due to the rolling
load and roll bending forces and the axis of said back-up
roll and the axis of said work roll supported by said
back-up roll approach each other, and those portions of
said seal means facing said tapered portions are config-
ured in match with said tapered portions to keep contact
relation therebetween.

According to the present invention, there is also
provided a rolling system comprising said work rolls
crossing type mill according to any one of claims 1 to
13, and a lubricant circulating system including a lubri-
cant reservoir for storing the surplus lubricant recovered
by said lubricant supply units and a pump for supplying
the lubricant to said lubricant supply units.

There is further provided a rolling system compris-
ing at least one of said work rolls crossing type mill
according to any one of claims 1 to 13 installed to be
capable of tandem-rolling.

In the present invention constructed as set forth
above, by spraying the lubricant from the lubricant sup-
ply units onto the surfaces of the back-up rolls at loca-
tions spaced from the contact positions between the
work rolls and the back-up rolls in the work rolls cross-
ing type mill, the lubricant sprayed onto the surfaces of
the back-up rolls are carried over with rotation of the
back-up rolls into the contact positions between the
work rolls and the back-up rolls, thereby lubricating
between the rolls. Thus, the lubricant is surely coated
(hereinafter referred to "plated out™) over the roll sur-
faces without being impeded by the coolant gathering
between the work rolls and the back-up rolls. As a
result, thrust forces produced between the work rolls
and the back-up rolls upon the work rolls being crossed
each other can be effectively reduced.

In each of the lubricant supply units, the lubricant is
sprayed to the aforesaid location on the back-up roll sur-
face from the lubricant spray nozzle for supply to the roll
surface. At this time, the spray is performed in a closed
space defined by the cover for confining the lubricant
sprayed from the lubricant spray nozzle and the roll sur-
face. Therefore, the coolant sprayed onto the workroll is
not mixed into the sprayed lubricant, and the lubricant
satisfactorily deposits on the roll surface. Also, since a
surplus part of the lubricant sprayed onto the roll sur-
face is prevented from scattering to the outside, the
amount of lubricant mixed into the coolant can be
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reduced and treatment of the coolant is facilitated. Fur-
ther, the surplus lubricant that has been sprayed onto
the back-up roll but not deposited on the roll surface,
flown downwardly and recovered in the cover, is
returned through the lubricant return passage.

The seal means provided at the ends of the cover
facing the back-up roll seal the inside of the cover to
surely prevent the coolant from mixing into the lubricant
and also the lubricant from scattering to the outside.
The seal means also serve to remove the water film left
on the back-up roll surface. Accordingly, the lubricant is
positively sprayed and plated out inside the cover.

The seal means are preferably of the contact type
using a flexible material held in contact with the back-up
roll, or the contactless type jetting high-pressure gas cut
of the slit onto the back-up roll surface. The seal means
of any type can satisfactorily develop the function
thereof.

The first water wiping means disposed in contact
with the work roll surfaces on the strip exit side block the
coolant sprayed onto the work rolls just before the con-
tact positions between the work rolls and the back-up
rolls, whereby the lubricating ability is not deteriorated
with the coolant entering those contact positions. Also,
the coolant is not directly deposited on the back-up rolls;
hence it does not wash away the roll-to-roll lubricant
plated out as mentioned above.

The coolant sprayed onto the work rolls and depos-
ited on the work roll surfaces on the strip entrance side
form water films which are carried over with rotation of
the work rolls and the back-up rolls. However, this cool-
ant or these water films are removed by the second
water wiping means disposed in contact with the back-
up roll surfaces to be prevented from reaching the loca-
tions where the lubricant supply units are arranged.
Consequently, the lubricant is surely plated out without
being affected by the water films.

Even if the water films are still present on the roll
surfaces in spite of the seal means and the first and sec-
ond water wiping means, the water films are broken
through upon the lubricant sprayed from the lubricant
spray nozzles under pressure, so that the lubricant is
surely plated out over the roll surfaces.

When the roll surfaces are subjected to the Hertz
deformation due to the rolling load and roll bending
forces and the axes of the back-up roll and the work roll
approach each other, both end portions of the back-up
roll are so largely deformed that the seal means held in
contact with those both roll end portions can no longer
properly function. In the present invention, therefore,
both the end portions of the back-up roll may be tapered
so that the tapered portions will not contact the surface
of the work roll even in such an event. As a result, the
tapered portions will not largely deform and the seal
means configured in match with the tapered portions to
keep contact relation therebetween can continue devel-
oping the function thereof.

Furthermore, in the present invention, the surplus
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lubricant recovered is returned to the lubricant reservoir
through the lubricant return passage and supplied to the
lubricant supply units again for reuse by circulation.
Accordingly, the amount of lubricant to be mixed into the
coolant can be reduced and the coolant can be more
easily treated. Since the lubricant is not wasted in a
large amount, lubrication can be achieved with the nec-
essary minimum amount of lubricant.

In the above work rolls crossing type mill, prefera-
bly, said pair of work rolls are further able to shift in
respective roll axial directions.

In this connection, preferably, said raw lubricant oil
further meets another requirement (f); a surface active
agent is not contained as emulsifier in excess of 0.5 %.

In the work rolls crossing type mill, generally, the
thrust force imposed on each work roll is given by a dif-
ference between the thrust force applied from the back-
up roll and the thrust force applied from the strip. In the
present invention constructed as set forth above, if the
coefficient of friction between the work roll and the back-
up roll is set to be not larger than 0.1, the thrust load
imposed on the work roll is held not larger than 5 % of
the rolling load at maximum, meaning that the thrust
load is kept within the range of ordinary load capacity of
the work roll. Also, the friction forces between the work
roll and the back-up roll can be so reduced depending
on conditions as to prevent vibrations atiributable to a
stick slip with an elastic deformation of the roll surface in
the axial direction serving as a spring.

Because of being driven by the work roll, the back-
up roll having large inertia would be likely to slip and
cause local wears in its surface if the coefficient of fric-
tion between the rolls is too small. While a relatively
large force corresponding to the balancing force of the
work roll is usually applied to the back-up roll, it is
required to drive the back-up roll even in such a case by
overcoming resistance of seals etc. in the back-up roll
chocks (corresponding to the coefficient of friction about
0.01), inertial torque necessary for the acceleration
(corresponding to the coefficient of friction 0.02 to 0.03)
and so on. In the present invention, by setting the coef-
ficient of friction between the work roll and the back-up
roll to be not smaller than 0.04, the back-up roll can be
driven by overcoming the resistance of seals etc. in the
back-up roll chocks, the inertial torque necessary for the
acceleration and so on, without causing the back-up roll
not to slip during acceleration after biting the strip and
during deceleration after passing of the strip.

By using the raw lubricant oil that contains mineral
oil and synthetic ester as base oil and that has the vis-
cosity not larger than 80 Cst. at 40 °C (normal tempera-
ture), the lubricant is so increased in its fluidity as not to
clog in pipes, nozzles, etc. of the lubricant supply units.
In addition, the lubricant is uniformly plated out over the
roll surface, providing a uniformly lubricated condition in
the roll axial direction.

Also, by using the raw lubricant oil that contains
mineral oil and synthetic ester as base oil, since the
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lubricating ability of mineral oil and synthetic ester is
remarkably lowered upon contacting the strip at a high
temperature not lower than 700 °C, the lubricant depos-
ited on the work roll surface and brought into the area
where the rolls are biting the strip will not impede the
operation of biting the strip. Additionally, in the area
where the rolls are crossed each other, the temperature
is so raised with friction that oiliness provided by only
the mineral oil becomes insufficient. By containing syn-
thetic ester not less than 5 %, however, the deficiency of
oiliness in that rolls crossed area is compensated and
the above-mentioned coefficient of friction ensured.

Further, by using the raw lubricant oil that contains
a fatty acid as an oiliness enhancer, the fatty acid reacts
with iron and forms strong metallic soap films on the roll
surfaces so that the oil films will not break. No breakage
of the oil films thus ensured enables prevention of the
roll vibrations due to the stick strip. The fatty acid has an
emulsifying action with which the lubricant is homoge-
nized. As a result, the lubricant can be uniformly coated
over the roll surface in the axial direction, providing a
uniformly lubricated condition. However, if the amount of
fatty acid exceeds 0.5 %, the coefficient of friction
between the rolls would be increased with an emulsify-
ing action of the fatty acid. If the amount of fatty acid is
too small, i.e., not larger than 0.03 %, the coefficient of
friction between the rolls would be also increased. In
order to ensure the above suitable range of the coeffi-
cient of friction, therefore, the optimum amount of fatty
acid ranges from 0.03 % 10 0.5 %.

While the area between the work roll and the back-
up roll is at a low temperature near the normal tempera-
ture as a whole, a part of that area may be locally
heated up to above 200 °C due to friction caused by
crossing of the rolls so that the aforesaid action of the
fatty acid, i.e., the action of forming the metallic soap
films, is lost. In the present invention, by using the raw
lubricant oil that contains an extreme pressure additive
not less than 0.1 %, the lost effect in the action of the
fatty acid is compensated to lower the coefficient of fric-
tion and suppress the occurrence of roll vibrations.

Additionally, a fatty acid has an emulsifying action
as mentioned above. Therefore, if the lubricant contains
too much fatty acid, it would become less separable
from the cooling water. By holding the fatty acid down
not larger than 0.5 %, emulsification of the lubricant
mixed into the cooling water is suppressed to keep so
good separability that the oil component in the cooling
water can be easily removed by usual treatment
employing a separating coagulant. The coolant is
always recycled and also always replaced by fresh
water while draining a part of the cycled water corre-
spondingly. On this occasion, the drained water must be
kept clean. Therefore, it is quite important that the oil
component in the coolant can be easily separated.

While a fatty acid acts to emulsify the oil component
and achieve homogeneous lubrication, a surface active
agent may also be added as an emulsifier for further
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increasing such an action so that the roll surface can be
more uniformly lubricated in the axial direction. As with
the fatty acid, the surface active agent also increased
the coefficient of friction between the rolls and make the
lubricant less separable from the coolant, if added too
much. Therefore, the amount of surface active agent is
also desirably held down not larger than 0.5 % as with
the fatty acid.

With the work rolls being shiftable in the roll axial
directions, the strip crown can be controlled by control-
ling both the cross angle between the work rolls and the
shift amounts thereof in the roll axial directions. The
axial shifting of the work rolls also enables schedule-
free rolling.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing a mill according to one
embodiment of the present invention.

Fig. 2 is diagram showing a system for supplying a
lubricant and a coolant to between rolls of a work rolls
crossing type mill disclosed in EP-A-506138.

Fig. 3 is a view showing the construction of a lubri-
cant supply unit provided in the mill of Fig. 1.

Fig. 4 is a view as viewed in a direction of IV - IV in
Fig. 3.

Fig. 5 is a sectional view showing the construction
of a header provided in the lubricant supply unit of Fig.
3.

Fig. 6 shows another embodiment of the present
invention and is a sectional view showing the construc-
tion of a header provided in the lubricant supply unit.

Fig. 7 shows still another embodiment of the
present invention in which; Fig. 7A is a view showing the
construction of a mill and a lubricant supply unit pro-
vided in the mill, and Fig. 7B is a partial view as viewed
in a direction of B in Fig. 7A.

Fig. 8A is a view as viewed in a direction of VIII - VIII
in Fig. 7A and Fig. 8B is a partial view as viewed in a
direction of VIII - B in Fig. 7A.

Fig. 9 shows still another embodiment of the
present invention and is a diagram showing a rolling
system which incorporates the mills of the present
invention.

Fig. 10 is a diagram showing still another mill which
is not according to the present invention, but useful for
understanding the invention.

Fig. 11 is a graph showing thrust forces as thrust
coefficients produced when a cross angle between work
rolls is changed.

Fig. 12 is a graph of the experimental result show-
ing a vibration generating limit when the coefficient of
friction between rolls and a linear pressure between
rolls (i.e., a rolling load) are both changed.

Fig. 13 is a graph showing the relationship between
concentration of a fatty acid and the coefficient of fric-
tion between rolls in the case of using a lubricant in
which an emulsion has concentration of 2 %.
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Fig. 14 is a diagram showing another mill, which is
useful for understanding the invention, but does not fall
under the scope of the claims.

Fig. 15 is a diagram showing still another mill which,
again, aids comprehension of the invention, but is not
claimed

Fig. 16 is a view for explaining a mechanism for
making work rolls crossed each other and a mechanism
for shifting the work rolls in the roll axial directions.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

One embodiment of the present invention will first
be described with reference to Fig. 1 and 3 to 5.

As shown in Fig. 1, in a 4-high mill 10, a pair of
upper and lower work rolls 2, 2 are arranged such that
their roll axes are crossed to axes of a pair of upper and
lower back-up rolls 3, 3, respectively, and they are also
crossed each other. By controling a cross angle
between the upper and lower work rolls 2, 2, a strip 1 is
rolled while being controlled in its strip crown. The work
rolls 2, 2 can be inclined in horizontal planes by a not-
shown mechanism with respect to the back-up rolls 3, 3,
while making their roll axes crossed each other.

The mechanism for crossing the roll axes of the
work rolls 2, 2 each other is described in detail in the
above-cited EP-A-506138. The back-up rolls 3, 3 are
usually constructed with their roll axes not to be inclined
in horizontal planes, but may be constructed such that
their roll axes can be inclined in horizontal planes to any
of three to four particular angles, but cannot be inclined
to other angles. Also, the back-up rolls 3, 3 are usually
fixed such that their roll axes are not to be freely inclined
in horizontal planes during the rolling, but their roll axes
may be inclined during the rolling depending on condi-
tions.

Cooling headers 4 are provided at locations facing
the work rolls 2 on the entrance and exit sides of the mill
10, and lubricant supply units 5 are provided along the
surfaces of the back-up rolls 3 at locations spaced from
the contact positions between the work rolls 2 and the
back-up rolls 3. Further, water wiping plates 6 as first
water wiping means are provided in contact with the
surfaces of the work rolls 2 at locations on the strip exit
side just before the contact positions between the work
rolls 2 and the back-up rolls 3, and water wiping plates
7 as second water wiping means are provided in contact
with the surfaces of the back-up rolls 3 on the strip
entrance side. In Fig. 1, an arrow A indicates a direction
of advance of strips, an arrow B a direction in which a
coolant (hereinafter referred to as cooling water) is
sprayed, and arrows C, D directions of rotation of the
back-up rolls 3 and work rolls 2, respectively. The lubri-
cant supply units 5 are schematically shown in Fig. 1.

The cooling headers 4 are supplied with the cooling
water sent from a cooling water reservoir 11 by a pump
12 through a line 13, and the cooling water is sprayed
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from the cooling headers 4 for cooling the work rolls 2,
2. The cooling water that has a raised temperature and
contains a large amount of scales or iron after cooling
the work rolls 2 is collected into a pan 14 disposed
below the mill along with hot rolling oil, a lubricant for
between the rolls and/or oil coming out of the mill, and
then sent to a water treating apparatus 15. The treated
water is sent by a pump 16 to be stored in the cooling
water reservoir 11 again for reuse by circulation. The
water in the cooling water tank 11 is drained at a con-
stant flow rate (e.g., 50 m%hr), while fresh water is
resupplied at a constant flow rate (e.g., 50 m%/hr) corre-
sponding to the flow rate of the water drained.

The lubricant supply units 5 are supplied with a
lubricant sent from a lubricant reservoir 21 by a pump
22 through a filter 23 and a line 24, and the lubricant is
sprayed from the lubricant supply units 5 onto the sur-
faces of the back-up rolls 3. The locations of spraying
the lubricant are along the surfaces of the back-up rolls
3 and spaced from the contact positions between the
work rolls 2 and the back-up rolls 3, as mentioned
above. Those spraying locations are set to such a dis-
tance that the lubricant is surely plated out over the sur-
faces of the back-up rolls 3 without impeded by the
cooling water, even if the cooling water is gathered
between the work rolls 2 and the back-up rolls 3. With
rotation of the back-up rolls 3, the plated-out lubricant is
brought into the contact positions between the work
rolls 2 and the back-up rolls 3 for lubricating between
the rolls.

A mixture solution of water and oil, i.e., an emul-
sion, is often used as the lubricant. A raw lubricant oil for
use in the lubricant is mainly divided into two types. One
type is called stable oil that is stably held in an emulsion
state, primarily based on mineral oil and prepared by
diluting the mineral oil, added with a surface active
agent and an emulsifier such as a fatty acid, with water.
The stable oil is so soluble with the aid of the emulsifier
that the water and the oil will not separate from each
other even after left intact for a long period of time. The
other type is called unstable oil that is unstable in an
emulsion state, based on a mixture of tallow and mineral
oil added with ester and prepared by diluting the mix-
ture, added with a surface active agent and an emulsi-
fier such as a fatty acid in a necessary lowest amount,
with water. The unstable oil is so highly separable as to
separate from water if not subjected to mechanical mix-
ing such as agitation, but has a much greater lubricating
ability than the stable oil.

The former stable oil becomes a stable emulsion
usually having low viscosity smaller than 50 Cst., can be
relatively easily plated out with a uniform thickness over
the roll surface, and further provides good lubrication
between the rolls. Also, an oil film of the stable oil
deposited on the work roll is burnt off by a strip at high
temperature over 700 °C during the rolling and the lubri-
cating ability is deteriorated, whereby the coefficient of
friction is increased to 0.2 or more to ensure a good
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ability of biting the strip. Because of being soluble, how-
ever, oil must be forcibly separated from water by chem-
ical treatment or other process when the water
containing the oil is drained. In general, the oil compo-
nent is separated by using an acid such as H,SO, and
neutralized with NaOH or the like, followed by coagula-
tion and precipitation. An expensive drain treating
equipment is therefore required. Additionally, since the
oil component has a high density on the order of 104 to
105 ppm, a 2-stage process is required in such a man-
ner that the density of the oil component is once low-
ered down below 103 ppm by providing a ultrafilter
which mechanically separates the oil component using
a permeabile film or an evaporator which separates the
water through evaporation prior to separation and coag-
ulation by the chemical treatment, and the chemical
treatment is then conducted.

On the other hand, the latter unstable oil is hard to
become an emulsion and also unstable in an emulsion
state. In order to uniformly and surely plate out the
unstable oil over the roll surface, therefore, it is required
to use base oil having low viscosity and sufficiently plate
out the unstable oil by spraying it at an injection pres-
sure higher than 2 kg/cm®. However, when a film
(spread) of the cooling water is present on the roll sur-
face beforehand, the lubricant must be sprayed after
breaking the water film, for the purpose of surely depos-
iting the oil component on the roll surface. Accordingly,
it is necessary in such a case to remove the water film
on the roll surface in advance by using a water wiping
seal and then spray the lubricant onto the exposed sur-
face.

Once the unstable oil is deposited on the roll sur-
face, its lubricating ability is much higher than the former
stable oil. An ability of biting a strip in the case of using
the unstable oil is also good, unless an additive such as
hot rolling oil is added with a view of not lowering the
lubricating ability at a high temperature. Further,
because the emulsion of the unstable oil tends to easily
separate, such a special treatment as required for the
stable oil is not necessary for separation even if the
unstable oil is mixed into the cooling water. In particular,
when a conventional 4-high mill is modified to a work
rolls crossing type miill, difficulties are encountered in
additionally providing a drain treatment equipment,
meaning that using the latter unstable oil is advanta-
geous if possible.

Depending on the rotational speed of the rolls and
the injection pressure from the header, an amount of
lubricant several times the amount to be actually depos-
ited is required to surely deposit the lubricant on the roll
surface. If the surplus oil component of the lubricant
which has not been used for lubrication is directly
returned to the cooling water treating equipment along
with the roll cooling water, the intended purpose of lubri-
cating contact areas between the work rolls and the
back-up rolls could be achieved, but the amount of oil
mixed into the circulating cooling water and to be
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treated would be so increased as to bring about the
remarkable running cost. For that reason, this embodi-
ment adopts a method of recovering the surplus lubri-
cant more than required for lubrication and circulating it
for reuse from the standpoint of economy.

More specifically, the surplus lubricant which has
not been deposited on the back-up rolls 3 and flown
downwardly is recovered by head covers 42 (described
later) as components of the lubricant supply units 5 and
returned to the lubricant reservoir 21. As the lubricant in
the lubricant reservoir 21, a stable emulsion prepared
by diluting stable oil, that is soluble with water and highly
stable and emulsifiable, with water or an unstable emul-
sion prepared by diluting unstable oil, that is highly sep-
arable from water, with water is used on occasions
depending on requirements. Stated differently, regard-
less of which one of the stable emulsion and the unsta-
ble emulsion is used, the lubricant can be surely plated
out over the roll surfaces in this embodiment.

The lubricant reservoir 21 is resupplied with water
and raw lubricant oil corresponding to amounts of con-
sumption thereof, and the mixture or lubricant is always
agitated by an agitator 25 to keep a emulsion property.
A content of the raw lubricant oil in the lubricant is held
at 3 %, for example. The lubricant stored in the lubricant
reservoir 21 is pumped up by the pump 22, passed
through the filter 23 for removing impurities such as
dusts, and then sprayed from the lubricant supply units
5. With such an arrangement, the lubricant is not mixed
into the circulating cooling water except a part of the
lubricant which is deposited on the roll surfaces and
moved out of the lubricant supply units. Thus, there
occur no problems in treatment of the cooling water
even for the case of using the stable emulsion which is
highly emulsifiable and stable, but poor in separability,
not to speak of the case of using the unstable emulsion
which is highly separable. As a result, the treatment of
the cooling water is facilitated. Furthermore, lubrication
between the rolls can be performed with the necessary
minimum amount of lubricant.

The lubricant deposited on the rolls and used for
lubrication between the work rolls 2 and the back-up
rolls 3 is collected into the pan 14 below the mill along
with the cooling water and sent to the water treating
apparatus 15 for treatment, as mentioned above. Note
that the lubricant reservoir 21, the pump 22, the filter 23,
the line 24 and the agitator 25 jointly constitute a lubri-
cant circulating system.

On the strip exit side, if the cooling water sprayed
from the cooling headers 4 onto the work rolls 2 enters
the contact positions between the work rolls 2 and the
back-up rolls 3 or directly deposits on the back-up rolls
3, adhesion of the lubricant would be deteriorated or the
lubricant would be washed out with the cooling water,
resulting in a lower lubricating ability between the rolls.
On the strip entrance side, the cooling water sprayed
onto the work rolls 2 and deposited on the roll surfaces
forms water films which are carried over with rotation of
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the work rolls and the back-up rolls. If such water films
are brought into the locations where the lubricant is
sprayed from the lubricant supply units 5 along the sur-
faces of the back-up rolls 3, the plating-out of the lubri-
cant would be interfered, similarly resulting in a lower
lubricating ability between the rolls. This equally applies
to not only the case of using stable oil as the raw lubri-
cant oil, but also the case of using unstable oil as the
raw lubricant oil.

To cope with the above drawbacks, the water wiping
plates 6 block the cooling water just before the contact
positions between the work rolls 2 and the back-up rolls
3 to thereby prevent the cooling water from entering
those contact positions. Also, the water wiping plates 7
remove the water films on the surfaces of the back-up
rolls 3 to thereby prevent the cooling water from being
brought into the lubricant supply units 5. Thus, with the
provision of the water wiping plates 6 and 7, the plating-
out of the lubricant can be surely performed without
being affected by the cooling water.

A description will now be given of lubrication
between the rolls in the work rolls crossing type mill dis-
closed in EP-A-506138 with reference to Fig. 2. As
shown in Fig. 2, in a work rolls crossing type mill 101, a
pair of upper and lower work rolls 102, 102 are arranged
such that their roll axes are crossed to axes of a pair of
upper and lower back-up rolls 103, 103, respectively,
and they are also crossed each other. By controlling a
cross angle between the upper and lower work rolls
102, 102, a strip 100 is rolled while being controlled in
its strip crown. Cooling headers 104 are provided on the
exit side of the mill 101, and cooling water sent from a
cooling water reservoir 105 by a pump 106 through a
line 107 is sprayed from the cooling headers 104 for
cooling the work rolls 102, 102. The cooling water that
has a raised temperature and contains a large amount
of scales or iron after cooling the work rolls 102 is col-
lected into a pan 108 disposed below the mill along with
hot rolling oil, a lubricant for between the rolls and/or oil
coming out of the mill, and then sent to a water treating
equipment 109. The treated water is stored in the cool-
ing water reservoir 105 again for reuse by circulation.

Also, headers 110 are provided to face gaps
between the work rolls 102 and the back-up rolls 103
and are supplied with a lubricant sent from a lubricant
reservoir 111 by a pump 112 through a line 113. The
lubricant is sprayed to between the work rolls 102 and
the back-up rolls 103 for providing a lubricating ability.
Between the headers 104 and the headers 110, there
are provided partitions 114 to prevent the cooling water
from entering between the work rolls 102 and the back-
up rolls 103 and washing out the lubricant.

In the above work rolls crossing type mill 101, the
lubricant for between the rolls is directly sprayed to posi-
tions to be lubricated from the headers 110 provided to
face the gaps between the work rolls 102 and the back-
up rolls 103, thereby making lubrication between the
work rolls 102 and the back-up rolls 103. With that mill
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of prior application, however, the cooling water sprayed
from the headers 104 for cooling the work rolls 102
deposits on the surfaces of the work rolls 102 in the
form of water films which are brought into between the
work rolls and the back-up rolls with rotation of the work
rolls, thereby causing the cooling water to gather
between the rolls. Alternatively, the cooling water
sprayed from the headers 104 in the mist form directly
enters between the rolls and gathers there. The water
gathered between the rolls in any way makes it difficult
to satisfactorily plate out the lubricant between the work
rolls and the back-up rolls even if the lubricant is
strongly sprayed out of the headers 110. Such gather-
ing of the cooling water is prevented by the partitions
114 to some extent, as seen from Fig. 2, but the
achieved result is not sufficient.

Particularly, in the case where the stable emulsion
is used as the roll-to-roll lubricant, the lubricating effect
is substantially lost because the roll-to-roll lubricant
easily dissolves in the cooling water gathered between
the work rolls 102 and the back-up rolls 103 and is
washed out with the cooling water. On the other hand, in
the case of using the unstable emulsion as the roll-to-
roll lubricant, the roll-to-roll lubricant will not easily dis-
solve in the cooling water, but it cannot be also satisfac-
torily plated out by being impeded by the cooling water
gathered.

On the contrary, in this embodiment, with the
above-mentioned arrangement that the locations of
spraying the lubricant are spaced from the contact posi-
tion between the rolls, and header covers 42 (described
later) and the water wiping plates 6, 7 are provided,
lubrication between the work rolls 102 and the back-up
rolls 103 can be reliably performed without being
affected by the cooling water.

The construction of each lubricant supply unit will
be described below with reference to Figs. 3 and 4.
Note that, in Figs. 3 and 4, the cooling headers 4 and
the water wiping plates 6, 7 are omitted. As shown in
Figs. 3 and 4, the lubricant supply unit 5 is disposed in
contact with the surface of the back-up roll 3 on the exit
side of the mill, and comprises a slide guide 31 and
hydraulic cylinders 32 both fixed to a rolling stand 17, a
frame 34 slidable over the slide guide 31 connected to
pistons 33 which are accommodated in the hydraulic
cylinders 32, a header block 36 coupled to the frame 34
by a pivot 35 and being movable together with the frame
34, a spring 37 for urging the header block 36 toward
the back-up roll, and a header 38 attached to a distal
end of the header block 36 for spraying the lubricant as
mentioned above.

The lubricant supply unit 5 is provided in the mill as
follows. The header block 36, hence the header 38, is
extended externally through a mill window and arranged
in contact with the surface of the back-up roll 3 by sup-
plying a hydraulic fluid to the hydraulic cylinders 32 from
a hydraulic fluid source (not shown). The header block
36 is urged by the spring 37 forwardly of the slide guide
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31 and, therefore, the header 38 is pressed against the
back-up roll 3. The position at which the header 38 is
arranged can be changed. Thus, when the diameter of
the back-up roll 3 is changed, the position of the header
block 36 is adjusted by being moved back and forth cor-
responding to such a change in the roll diameter.

The construction of the header 38 provided in each
lubricant supply unit 5 will now be described with refer-
ence to Fig. 5. Note that arrows E and F indicate direc-
tions in which the lubricant is supplied and returned,
respectively. As shown in Fig. 5, the header 38 com-
prises a lubricant spray nozzle 41 for spraying the lubri-
cant onto the surface of the back-up roll 3, a header
cover 42 for confining the lubricant sprayed from the
lubricant spray nozzle 41, seal members 43 buried in
ends of the header cover 42 facing the back-up roll 3,
and an oil return line 44 as a lubricant return passage
for returning the surplus lubricant recovered in the
header cover 42. The lubricant sprayed from the lubri-
cant spray nozzle 41 and plated out over the surface of
the back-up roll is brought into between the work rolls 2
and the back-up rolls 3 for lubricating between the rolls,
as explained above. On the other hand, the surplus
lubricant having not deposited on the roll and scattered
to the surroundings is recovered by the header cover 42
and returned to the lubricant reservoir 21 (see Fig. 1)
through the oil return line 44.

The header cover 42 serves to prevent the sprayed
lubricant from scattering out of the same, and also pre-
vent the cooling water from entering it externally. The
seal members 43 are made of flexible material such as
rubber, for example, and serve as contact type seal
means coming into abutment against the back-up roll 3
for thereby sealing the interior of the header cover 42 to
prevent the surplus lubricant from leaking to the outside
and also prevent the cooling water from entering the
header cover 42 from the outside.

Further, the lubricant spray nozzle 41 is designed to
be able to spray the lubricant at a pressure higher than
3 kg/cm2. Accordingly, even if the water film is still
present on the roll surface in spite of the seal members
43 and the water wiping plates 6, 7, the water film is bro-
ken through upon the lubricant sprayed from the lubri-
cant spray nozzle 41 under pressure, so that the
lubricant is surely plated out over the roll surface. It is
desired that the lubricant spray nozzle 41 be provided in
plural number within the header 38 and arranged to
make sprays of the lubricant from every adjacent noz-
zles overlap with each other. By so arranging, the lubri-
cant can be uniformly deposited on the roll surface.

With this embodiment, as described above, since
the lubricant is supplied from the headers 38 of the
lubricant supply units 5 to the surfaces of the back-up
rolls 3 at locations spaced from the contact positions
between the work rolls 2 and the back-up rolls 3, the
lubricant can surely lubricate between the work rolls 2
and the back-up rolls 3 without being impeded by the
cooling water. As a result, the thrust forces produced
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between the work rolls 2 and the back-up rolls 3 can be
effectively reduced.

Also, since the headers 38 each include the header
cover 42 for confining the lubricant sprayed from the
lubricant spray nozzle 41, an oil return line 44 for return-
ing the surplus lubricant, and the seal members 43
made of flexible material such as rubber, it is possible to
prevent the cooling water from mixing into the lubricant
sprayed, and also prevent the surplus oil from scattering
to the outside. Further, since the water wiping plates 6
and 7 are respectively disposed in contact with the sur-
face of each back-up roll on the strip exit and entrance
sides, the lubricant can be reliably plated out without
being affected by the cooling water.

With the lubricant spray nozzle 41 spraying the
lubricant at a pressure higher than 3 kg/cm?, even if the
water films are still present on the roll surfaces in spite
of the seal members 43 and the water wiping plates 6,
7, the water films are broken through, thus enabling the
lubricant to be surely plated out over the roll surface.

Additionally, since the surplus lubricant recovered
is returned to the lubricant reservoir 21 through the oil
return line 44 and supplied to the lubricant supply units
5 again for reuse by circulation, the amount of lubricant
to be mixed into the cooling water can be reduced and
the cooling water mixed with the lubricant can be more
easily treated. Since the lubricant is not wasted, lubrica-
tion can be achieved with the necessary minimum
amount of lubricant. Moreover, any of stable oil and
unstable oil may be used as the raw lubricant oil. Even
in the case of using stable oil, there is no problem in
treating the cooling water mixed with the lubricant.

Another embodiment of the present invention will
be described below with reference to Fig. 6.

This embodiment is of the same construction as the
above embodiment except that the header for spraying
the lubricant is provided with different type seal means.
More specifically, as shown in Fig. 6, the seal means of
this embodiment is of contactless type seal means that
high-pressure gas supplied from gas supply means (not
shown) is jetted out of slits 45 formed in ends of a
header cover 42a of a header 38a facing the back-up
roll 3. Thus, the high-pressure gas jetted out of the slits
45 flows as indicated by arrows G in Fig. 6 to seal the
inside of the header cover 42a similarly to the aforesaid
seal member 43, making it possible to prevent the sur-
plus lubricant from leaking to the outside and also pre-
vent the cooling water from entering the header cover
from the outside. The other advantages are similar to
those of the above embodiment.

Still another embodiment of the present invention
will be described below with reference to Figs. 7 and 8.
This embodiment is different from the embodiment of
Figs. 1 and 3 to 5 in that both end portions of each back-
up roll 3 is tapered and the seal means of the header is
modified in its configuration correspondingly. Note that,
in Figs. 7 and 8, the cooling headers and the water wip-
ing plates are omitted.
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During the rolling, the roll surfaces may be sub-
jected to the Hertz deformation depending on the rolling
load and roll bending forces, with the result that the axes
of the back-up roll and the work roll approach each
other. In such an event, because both end portions of
the back-up roll are largely deformed, the seal means
(i.e., the seal member 43 in Fig. 3) of the header held in
contact with those both roll end portions may no longer
properly function. This embodiment is intended to elim-
inate such a trouble.

More specifically, as shown in Figs. 7A and 7B, both
end portions of each back-up roll 3b are tapered at 3¢
so that the tapered portions 3¢ will not contact the sur-
face of the work roll 2 even when the roll surfaces are
subjected to the Hertz deformation and the axes of the
back-up roll and the work roll approach each other, as
mentioned above. Also, as shown in Figs. 8A and 8B, a
seal member 43b of a header 38b in a lubricant supply
unit 5b, which comes into contact with the tapered por-
tions 3b, is configured in match with the tapered por-
tions 3c to keep contact relation therebetween. By so
modifying, the tapered portions 3¢ will not largely
deform because of not contacting the surface of the
work roll 2 even in case of the Hertz deformation,
whereby the seal member 43b configured in match with
the tapered portions 3¢ to keep contact relation contin-
ues functioning as the seal means.

With this embodiment, as described above, in addi-
tion to the similar advantages to those of the above
embodiment shown in Figs. 1 and 3 to 5, there is
obtained another advantage that the seal member 43b
can continue fulfilling its function even when the roll sur-
face is subjected to the Hertz deformation and the axes
of the back-up roll and the work roll approach each
other.

Still another embodiment of the present invention
will be described below with reference to Fig. 9. This
embodiment is one example of a rolling system incorpo-
rating the mills according to any of the above-explained
embodiments. Note that, in Fig. 9, the water wiping
plates are omitted. As shown in Fig. 9, the rolling sys-
tem of this embodiment is a hot finishing mill train in
which the seven mills 10 are arranged to be capable of
tandem-rolling the strip 1. A roll-to-roll lubricant supply
system 50 and a roll cooling water supply system 60 are
provided as common systems for supplying the cooling
water and the roll-to-roll lubricant to all the mills. More
specifically, a lubricant supply unit 51 is provided for
each back-up roll 3, a cooling water header 61 is pro-
vided for each work roll 2, and a pan 62 is provided
below each mill 10. The lubricant supply unit 51 is con-
nected to a lubricant reservoir 54 through a pump 52
and a filter 53 for reuse of the lubricant by circulation,
while the cooling header 61 and the pan 62 are con-
nected to a water treating equipment 63 which includes
a water cooling tank, a pump and a water treating appa-
ratus. The rolling system functions similarly to the
above-mentioned mill and can provide the similar
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advantages.

In this embodiment, the seven mills are all consti-
tuted by the work rolls crossing type mills of the above-
explained embodiment. It is, however, also possible to
constitute at least one of the seven mills by the work
rolls crossing type mill of the above-explained embodi-
ment and others by the conventional mills.

Other miills, not falling under the scope of the claims
will be described below with reference to Figs. 10 to 14.
Note that those components identical to those in Fig. 1
are denoted by the same reference numerals in the fol-
lowing description.

As shown in Fig. 10, in a 4-high mill 10, a pair of
upper and lower work rolls 2, 2 are arranged such that
their roll axes are crossed to axes of a pair of upper and
lower back-up rolls 3, 3, respectively, and they are also
crossed each other. By controlling a cross angle
between the upper and lower work rolls 2, 2, a strip 1 is
rolled while being controlled in its strip crown. The work
rolls 2, 2 can be inclined in horizontal planes by a not-
shown mechanism with respect to the back-up rolls 3, 3,
while making their roll axes crossed each other.

Cooling headers 4 are provided at locations facing
the work rolls 2 on the entrance and exit sides of the mill
10, and lubricant spray headers 5a are provided along
the surfaces of the back-up rolls 3 at locations spaced
from the contact positions between the work rolls 2 and
the back-up rolls 3. Further, water wiping plates 6 as
first water wiping means are provided in contact with the
surfaces of the work rolls 2 at locations on the strip exit
side just before the contact positions between the work
rolls 2 and the back-up rolls 3, and water wiping plates
7 as second water wiping means are provided in contact
with the surfaces of the back-up rolls 3 on the strip
entrance side. In Fig. 10, an arrow A indicates a direc-
tion of advance of strips, an arrow B a direction in which
cooling water is sprayed, and arrows C, D directions of
rotation of the back-up rolls 3 and work rolls 2, respec-
tively.

The cooling headers 4 are supplied with the cooling
water sent from a cooling water reservoir 11 by a pump
12 through a line 13, and the cooling water is sprayed
from the cooling headers 4 for cooling the work rolls 2,
2. The cooling water that has a raised temperature and
contains a large amount of scales or iron after cooling
the work rolls 2 is collected into a pan 14 disposed
below the mill along with hot rolling oil, a lubricant for
between the rolls and/or oil coming out of the mill, and
then sent to a water treating apparatus 15. The treated
water is sent by a pump 16 to be stored in the cooling
water reservoir 11 again for reuse by circulation. The
water in the cooling water tank 11 is drained at a con-
stant flow rate (e.g., 50 m%hr), while fresh water is
resupplied at a constant flow rate (e.g., 50 m%/hr) corre-
sponding to the flow rate of the water drained.

The lubricant spray headers 5a are supplied with a
lubricant pumped up by a pump 22 and sent from a
lubricant reservoir 21 through a line 24 after impurities
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such as dusts have been removed away by a filter 23.
The lubricant is then sprayed from the lubricant spray
headers 5a onto the surfaces of the back-up rolls 3. The
locations of spraying the lubricant are along the sur-
faces of the back-up rolls 3 and spaced from the contact
positions between the work rolls 2 and the back-up rolls
3. Those spraying locations are substantially the same
as positions where the lubricant supply units 5 in Fig. 5
are provided. With rotation of the back-up rolls 3, the
lubricant plated out over the roll surfaces is brought into
the contact positions between the work rolls 2 and the
back-up rolls 3 for lubricating between the rolls.

The locations of spraying the lubricant are spaced
from the contact positions between the work rolls 2 and
the back-up rolls 3, as mentioned above, and are set to
such a distance that the lubricant is surely plated out
over the surfaces of the back-up rolls 3 without impeded
by the cooling water, even if the cooling water is gath-
ered between the work rolls 2 and the back-up rolls 3.
With rotation of the back-up rolls 3, the plated-out lubri-
cant is brought into the contact positions between the
work rolls 2 and the back-up rolls 3, thereby lubricating
between the rolls.

Because the lubricant spray headers 5a are not
provided with the header covers 42 as shown in Fig. 1,
most of the lubricant after lubricating between the rolls
is collected into the pan 14 below the mill and sent to the
water treating apparatus 15 for treatment, as mentioned
above. However, the raw lubricant oil used is highly sep-
arable from water, as described later; hence the cooling
water can be easily treated by using a separating coag-
ulant as usual.

In the lubricant reservoir 21, the raw lubricant oil
(described later) and water are mixed at suitable con-
centration, e.g., 3 %, and the mixture or lubricant is
always agitated by an agitator 25 to keep a emulsion
property. Also, the lubricant reservoir 21 is resupplied
with water and the raw lubricant oil corresponding to
amounts of consumed for lubrication between the rolls.

Next, the lubricant will be described in detail.

Results studied by the inventors on requirements
necessary for practicing the work rolls crossing type mill
are first summarized below.

(1) Relating to the coefficient of friction between
rolls

(1)-(a) The coefficient of friction should be not
larger than 0.1 from limitation in load capacity
of thrust chocks for the work roll;

The thrust load capacity of the work roll
chocks is usually 5 % of the rolling load at max-
imum. In the work rolls crossing type mill, since
the thrust force imposed on each work roll is
given by a difference between the force applied
from the back-up roll (corresponding to the
above coefficient of friction 0.1) and the force
applied from the strip (5 % of the rolling load at
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maximum). Accordingly, if the coefficient of fric-
tion between the rolls is not larger than 0.1, the
thrust load imposed on the work roll is held not
larger than 5 % of the rolling load.

(1)-(b) The coefficient of friction should be not
smaller than 0.04 so that the back-up roll does
not slip during acceleration after biting the strip
and during deceleration after passing of the
strip;

Because of being driven by the work roll,
the back-up roll having large inertia would be
likely to slip and cause local wears in its surface
if the coefficient of friction between the rolls is
too small. While a relatively large force corre-
sponding to the balancing force of the work roll
is usually applied to the back-up roll, the coeffi-
cient of friction between the rolls not smaller
than 0.04 is required to drive the back-up roll
even in such a case, taking into account resist-
ance of seals etc. in the back-up roll chocks
(corresponding to the coefficient of friction
about 0.01), inertial torque necessary for the
acceleration (corresponding to the coefficient
of friction 0.02 to 0.03), and other factors.

(2) Relating to ability of biting strip

A lubricating ability of the lubricant should be
remarkably lowered at a high temperature;

The lubricant having lubricated between the
rolls deposits on the work roll surface and impairs
the biting ability upon reaching the area where the
rolls are biting the strip. In that area, however, the
lubricant contacts the strip at a high temperature
over 700 °C. Accordingly, it is essential for practical
use of the work rolls crossing type mill to use the
lubricant which loses its lubricating ability at a high
temperature.

(3) Relating to vibrations caused by slip speed due
to crossing between rolls

(3)-(a) The coefficient of friction between the
rolls is desirably smaller from the standpoint of
preventing vibrations of the rolls;

The roll vibration is attributable to a stick
slip with an elastic deformation of the roll sur-
face in the axial direction serving as a spring;
hence it is not produced if the coefficient of fric-
tion is small (usually not larger than 0.1).
(3)-(b) The strength of oil films of the lubricant
is preferably greater from the standpoint of pre-
venting vibrations of the rolls;

The load acting between the rolls is so
large that the lubrication between the rolls nec-
essarily takes place as boundary lubrication.
The aforesaid stick slip is generated upon the
oil films of the lubricant being broken. Accord-
ingly, increasing the strength of the oil films is
important for the above purpose of preventing
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the vibrations.

(4) Relating to axially uniform lubrication on roll sur-
face

The viscosity of the lubricant should be not
larger than 80 Cst. at 40 °C (normal temperature);

With the viscosity being smaller, the lubricant is
more fluidable, less clogged in the lubricant supply
units, and further more uniformly coated over the
roll surfaces to thereby provide a more uniformly
lubricated condition.

(5) Relating to treatment of cooling water mixed into
lubricant

The lubricant mixed into the cooling water
should be highly separable;

The lubricant having lubricated between the
rolls is necessarily mixed into a large amount of
cooling water sprayed to cool the work rolls. The
cooling water is always recycled and also always
replaced by fresh water while draining a part of the
cycled water from the factory correspondingly.
Therefore, it is quite important that the cooling
water mixed with the lubricant can be easily sepa-
rated. Conversely, if the lubricant is less separable,
a great deal of cost would be needed for the treat-
ment, or the treating apparatus would be large-
scaled, making it impracticable to realize the work
rolls crossing type mill.

Thus, it has been found that the above require-
ments necessary for practicing the work rolls crossing
type mill can be satisfied by using the raw lubricant oil of
the lubricant which meets the following requirements:

(a) the coefficient of friction between the work roll
and the back-up roll is in the range of 0.04 10 0.1;
(b) the viscosity is not larger than 80 Cst. at 40 °C;
(c) mineral oil and synthetic ester not less than 5 %
are contained as base oil;

(d) a fatty acid in the range of 0.03 t0 0.5 % is con-
tained as an oiliness enhancer;

(e) an extreme pressure additive not less than 0.1
% is contained; and

(f) a surface active agent not larger than 0.5 % is
contained as emulsifier.

These requirements will be described below in rela-
tion to the requirements for practicing the present mill.

(1) Relating to the coefficient of friction between rolls

From the limitations on (1)-(a) load capacity of the
work roll and (1)-(b) slip prevention of the back-up roll,
the coefficient of friction between the rolls is required to
be in the range of "0.04 to0 0.1".

A description will now be given of the upper limit of
the coefficient of friction between the rolls with refer-
ence to Fig. 11. In Fig. 11, fz is a thrust coefficient rep-
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resenting the thrust force that the work roll receives
from the back-up roll, and corresponds to the coefficient
of friction between the rolls. Also, fysg is a thrust coeffi-
cient representing the thrust force that the work roll
receives from the strip, and fyy is a thrust coefficient rep-
resenting the total thrust force that the work roll
receives. Note that Fig. 11 shows, by way of example,
the case where the coefficient of friction between the
rolls is 0.05.

Applied to the work roll 2 having small load capacity
are both the thrust force from the back-up roll 3 and the
thrust force from the strip 1. Conveniently, these thrust
forces act in opposite direction and, therefore, the total
thrust force imposed by the work roll 2 is given a differ-
ence between the two thrust forces, as shownin Fig. 11.
Thus, fyy is equal to the difference between fg and fys.
Here, the thrust force that the work roll 2 receives from
the strip 1 is as high as 5 % of the rolling load even
when the strip 1 is subjected to the maximum rolling
load. In order to hold the total thrust force imposed on
the work roll 2 to be not larger than 5 % as explained
above, therefore, it is required to hold the thrust force
that the work roll 2 receives from the back-up roll 3 to be
not larger than 10 % of the rolling load. Consequently,
the coefficient of friction between the rolls is required to
be not larger than 0.1.

A description will now be given of the lower limit of
the coefficient of friction between the rolls. If the coeffi-
cient of friction between the rolls is too small, the rota-
tion of the back-up roll cannot follow the rotation of work
roll and hence slip during acceleration after biting the
strip and during deceleration after passing of the strip,
thereby causing local wears in the surface of the back-
up roll. Particularly, such a slip is more likely to occur
during deceleration after passing of the strip. The coei-
ficient of friction between the rolls necessary during the
acceleration and deceleration of the rolls is expressed
by the following equation;

b=+ G o) g (1)

where ., is the resistance of seals etc. in chocks of the
back-up roll, | is the inertial moment of the back-up roll,
® is the angular speed of rotation of the back-up roll, Q
is the force between the work roll 2 and the back-up roll
3 (50 ton or more can be provided in an actual mill), and
Rg is the radius of the back-up roll 3.

In the equation (1), the first term in the right side,
i.e., u, corresponds to the coefficient of friction 0.01 and
the second term represents the inertial torque required
for the acceleration. As a result of calculations on an
actual mill, the second term corresponds to the coeffi-
cient of friction 0.02 to 0.03. Accordingly, the lower limit
of the coefficient of friction between the rolls is required
to be set to 0.04.
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(2) Relating to ability of biting strip

The ability of biting the strip is achieved by meeting
the aforesaid requirement (c); i.e., mineral oil and syn-
thetic ester not less than 5 % are contained as base oil
in the raw lubricant oil. The reason is that, unlike animal
and plant oils, the lubricating ability of mineral oil and
synthetic ester is remarkably lowered at a high temper-
ature of the strip. Specifically, the lubricant deposited on
the work roll surface is brought into the area where the
rolls are biting the strip, and comes into contact with the
strip at a high temperature not lower than 700 °C. At this
time, the mineral oil and the synthetic ester are burnt out
at such a high temperature and lose most of the lubri-
cating ability, thereby not impeding the biting of the strip.

Additionally, in the area where the rolls are crossed
each other, the temperature is so raised with friction that
oiliness provided by only the mineral oil becomes insuf-
ficient. By containing synthetic ester not less than 5 %
as base oil, the deficiency of oiliness in that rolls
crossed area is compensated and the above-mentioned
coefficient of friction ensured.

(3) Relating to vibrations caused by slip speed due to
crossing between rolls

The occurrence of roll vibrations can be prevented
by meeting the above requirements (a); but here modi-
fied such that the coefficient of friction between the rolls
is relatively low, (c); synthetic ester not less than 5 % is
contained in the raw lubricant oil, (d); a fatty acid in the
range of 0.03 to 0.5 % is contained as an oiliness
enhancer therein, and (e); an extreme pressure additive
not less than 0.1 % is contained therein. This point will
now be described in detail.

As seen from Fig. 12 showing experimental results
indicative of a vibration generating limit, if the coefficient
of friction between the rolls is relatively reduced, the
condition with no vibrations is obtained and the vibra-
tions due to crossing between the work rolls 2 are not
produced. Note that Fig. 12 represents the case of
using the lubricant in which the raw lubricant oil contains
a fatty acid of 0.5 %. The vibration generating limit var-
ies depending on the intensity of oil films formed by the
lubricant. If the lubricant in which the raw lubricant oil
contains no fatty acid is used, the vibrations would be
produced even with the ever smaller coefficient of fric-
tion between the rolls.

Specifically, the fatty acid contained as an oiliness
enhancer reacts with iron and forms strong metallic
soap films on the roll surfaces so that the oil films will
not break. No breakage of the oil films thus ensured
enables prevention of the roll vibrations due to the stick
strip.

If the amount of fatty acid exceeds 0.5 %, the coef-
ficient of friction between the rolls would be increased
with an emulsifying action of the fatty acid. If the amount
of fatty acid is too small, i.e., not larger than 0.03 %, the
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coefficient of friction between the rolls would be also
increased. In order to ensure the above suitable range
of the coefficient of friction, therefore, the optimum
amount of fatty acid ranges from 0.03 % t0 0.5 %.

While the area between the work roll and the back-
up roll is at a low temperature near the normal tempera-
ture as a whole, a part of that area may be locally
heated up to above 200 °C due to friction caused by
crossing of the rolls so that the aforesaid action of the
fatty acid, i.e., the action of increasing the intensity of
the oil films to prevent the roll vibrations, is lost. To cope
with such a trouble, an extreme pressure additive which
has a lubricating ability even above 200 °C is contained
in the raw lubricant oil at a ratio not less than 0.1 %,
preferably about 1 %. The extreme pressure additive
compensates for the lost effect in the action of the fatty
acid to lower the coefficient of friction and contributes to
preventing the occurrence of roll vibrations.

(4) Relating to axially uniform lubrication on roll surface

The uniform lubrication can be achieved by meeting
the above requirements (b); the viscosity is not larger
than 80 Cst. at 40 °C, (c); mineral oil and synthetic ester
are contained as base oil in the raw lubricant oil, (d); a
fatty acid is contained therein, and (f); a surface active
agent is contained therein. This point will now be
described in detail.

As oil used as hot rolling oil at present, there are
known, for example, animal and plant oils (fats and fatty
oils) that have a lubricating ability even at a high temper-
ature. However, that type oil has viscosity higher than
100 Cst. at 40 °C (normal temperature) and is very poor
in fluidity. Accordingly, that type oil is supplied while
heating the lubricant reservoir and the supply pipes to
increase the fluidity, but it is often clogged in the pipes
and so on. Further, because of being also poor in fluidity
on the roll surface, that type oil cannot be distributed in
the widthwise direction, resulting in a trouble of lubrica-
tion failure. As a result of conducting experiments on
requirements necessary for keeping fluidity, it has been
confirmed that the above troubles can be avoided if the
raw lubricant oil contains, as base oil, mineral oil and
synthetic ester and has the viscosity not larger than 80
Cst. at 40 °C (normal temperature).

The fatty acid of (d) has an emulsifying action with
which the lubricant is homogenized. Thus, the fatty acid
also contributes to uniformly coating the lubricant over
the roll surface in the axial direction and providing a uni-
formly lubricated condition. By mixing the surface active
agent as an emulsifier, homogeneity of the lubricant is
further improved, enabling the roll surface to be more
uniformly lubricated in the axial direction.

With regard to the fatty acid of (d), as mentioned
above, the optimum amount of fatty acid for ensuring the
above suitable range of the coefficient of friction ranges
from 0.03 % to 0.5 %. If the surface active agent is too
much, the coefficient of friction between the rolls would
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be increased as with the fatty acid. Therefore, the
amount of surface active agent is also desirably held
down not larger than 0.5 % as with the fatty acid.

(5) Relating to treatment of cooling water mixed into
lubricant

This treatment can be achieved by meeting the
above requirements (d); a fatty acid not larger than 0.5
% is contained in the raw lubricant oil, and (f); a surface
active agent not larger than 0.5 % is contained therein.

A fatty acid has an emulsifying action as mentioned
above. Therefore, if the lubricant contains too much fatty
acid, it would become less separable from the cooling
water. By holding the fatty acid down not larger than 0.5
%, emulsification of the lubricant mixed into the cooling
water is suppressed to keep so good separability that
the oil component in the cooling water can be easily
removed by usual treatment employing a separating
coagulant. This equally applies to the surface active
agent; hence the amount of surface active agent is also
desirably held down not larger than 0.5 % as with the
fatty acid. In other words, the fatty acid and the surface
active agent are effective in preparing a uniform emul-
sion, but reduce separability of the lubricant mixed into
the cooling water if added excessively. Thus, the fatty
acid and the surface active agent are limited to be not
larger than 0.5 %.

A description will now be given of one example of
the lubricant used for the experiments. In consideration
of the above results of studies, the following raw lubri-
cant oil was used.

Base oil :mineral oil (paraffin-base) of 82 % and
synthetic ester of 15 %

Fatty acid (oleic acid) : 0.5 %

Extreme pressure additive : 1.0 %

Surface active agent (emulsifier): None

Others (e.g., antioxidant) : 1.5 %

The above raw lubricant oil was mixed to water and
supplied as a 3 % emulsion for rolling a hot strip at tem-
perature not lower than 900 °C with the cross angle
between the work rolls being in the range of 0.5° to 1.5°.
The results obtained thus rolling the hot strip was below.

Coefficient of friction between rolls: 0.045 to 0.07
Coefficient of biting friction: not smaller than 0.2
Roll vibrations: no vibrations at rolling load (linear
pressure between rolls) of 2 ton/mm

Here, the coefficient of biting friction indicates the coef-
ficient of friction produced when the rolls are biting the
strip end, and was calculated using the equation below:

/1 P
Wp = ﬁ(AH+R)

@

EP 0 590 682 B1

5

10

15

20

25

30

35

40

45

50

55

14

26

where b, is the coefficient of biting friction, R is the
radius (mm) of the work roll 2, AH is the depression
amount (mm), P is the rolling load (ton), and K is the mill
rigidity (ton/mm).

Accordingly, it is possible to ensure the ability of bit-
ing the strip while reducing the thrust forces between
the rolls, and also prevent the occurrence of roll vibra-
tions, enabling the stable operation of the work rolls
crossing type mill. Further, the treatment of the cooling
water mixed with the lubricant is facilitated. In addition,
the easier treatment of the cooling water is effective in
not only easily installing a new work rolls crossing type
mill, but also easily modifying any existing mill into the
work rolls crossing type mill.

Next, still another mill, not falling under the scope of
the claims will be described with reference to Fig. 14.

The raw lubricant oil is not mixed to water to forman
emulsion, but is directly supplied to the surfaces of the
back-up rolls 3. In Fig. 14, the raw lubricant oil stored in
a lubricant reservoir 90 is pumped up by a pump 91 and
sprayed from lubricant spray headers 5a through a line
93 after impurities such as dusts have been removed
away by a filter 92. Also, the lubricant reservoir 90 is
resupplied with the raw lubricant oil in an amount con-
sumed for lubricating between the rolls. The other con-
struction and the requirements to be met by the raw
lubricant oil are the same as those in the embodiment of
Fig. 10. Those components identical to those in Fig. 10
are denoted by the same reference numerals.

In addition to the similar advantages to those
explained with reference to Figs. 10 to 13, there is
obtained another advantage that since the raw lubricant
oil is directly used as the lubricant, the amount of lubri-
cant supplied from the pump 91 to the lubricant spray
headers 5a is much smaller than the case of supplying
the lubricant as an emulsion.

Still another mill, not falling under the scope of the
claims, will now be described with reference to Fig. 15.

In this embodiment, the raw lubricant oil is mixed
with compressed air and then sprayed onto the surfaces
of the back-up rolls 3. In Fig. 15, the raw lubricant oil
stored in a lubricant reservoir 94 is pumped up by a
pump 95 and sent to a mixer 97 after impurities such as
dusts have been removed away by a filter 96. Com-
pressed air is also sent to the mixer 97 where the raw
lubricant oil and the compressed air are mixed with
each other. The raw lubricant oil mixed with the com-
pressed air is sent to lubricant spray headers 5a
through a line 98 and then sprayed from the lubricant
spray headers 5a. Also, the lubricant reservoir 94 is
resupplied with the raw lubricant oil in an amount con-
sumed for lubricating between the rolls. The other con-
struction and the requirements to be met by the raw
lubricant oil are the same as those in the embodiment of
Fig. 10. Those components identical to those in Fig. 10
are denoted by the same reference numerals.

In addition to the similar advantages to those
explained with reference to Fig. 14, there is obtained
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another advantage that since the raw lubricant oil is
sprayed by utilizing the compressed air, the raw lubri-
cant oil can be surely plated out over the surfaces of the
back-up rolls 3 by breaking through the water fims
present on the roll surfaces.

The strip crown of a strip to be rolled may be con-
trolled by regulating both an inclination of the work roll
and a shift amount of the work roll in the roll axial direc-
tion as will be described below with reference to Fig. 16.

In Fig. 16, work roll chocks 70 are provided at
respective roll ends of upper and lower work rolls 2 for
rotatably supporting the upper and lower work rolls 2.
The work roll chocks 70 are disposed to face window
surfaces 71a of a pair of stands 71 which are vertically
installed to be spaced from each other in the roll axial
direction of the mill.

In order to that roll axes of the upper and lower work
rolls 2, 2 are crossed to roll axes of upper and lower
back-up rolls 3, 3, respectively, and they are also
crossed each other, hydraulic jacks 73, 74 are respec-
tively provided in opposite projecting blocks 72 of the
stand 71. Thus, by operatively driving both the hydraulic
jacks 73, 74, the associated work roll chock 70 is
inclined to make the upper and lower work rolls 2
crossed each other.

A hydraulic fluid is supplied to the hydraulic jack 73
through a directional control valve 75, and the shift
amount of a hydraulic ram of the hydraulic jack 73 is
detected by a sensor 77 through the displacement
amount of a rod 76 attached to the hydraulic ram. The
directional control valve 75 is adjusted by a work rolls
crossing angle controller 78 based on a signal depend-
ing on rolling conditions for driving the hydraulic jack 73,
and feedback control is made by using a signal from the
sensor for controlling a cross angle between the upper
and lower work rolls to a desired value. Also, the
hydraulic jack 74 is supplied with the hydraulic fluid via
a pressure reducing valve 79 so that the work roll chock
70 is pressed by a required pressing force. The cross
angle can be changed even during the rolling, i.e., under
the condition that a huge rolling load is applied.

Further, in order to that the upper and lower work
rolls 2 can be shifted in the roll axial directions, two
hydraulic cylinders 80 operatively driven along the work
roll axes are also provided in the stand 71. The hydrau-
lic cylinders 80 are positioned to sandwich the work roll
chock 70 therebetween. The hydraulic fluid is always
confined in the hydraulic cylinders 80 through respec-
tive pilot check valves 81 for holding the current posi-
tions. Both rods of the hydraulic cylinders 80 are
coupled to a common movable block 82, and engaging
portions 82a detachably attached to the movable block
82 engage projections 70a formed at an end of the work
roll chock 70, thereby transmitting drive forces of the
hydraulic cylinders 80 to the work roll chocks 70 so that
each of the upper and lower work rolls 2 can be shifted
in the roll axial direction. Though not shown, it is need-
less to say that the axial shifts of the upper and lower
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work rolls 2 are also controlled by a shift amount con-
troller depending on rolling conditions.

The mechanism is applicable to all of the above-
explained embodiments.

Since the upper and lower work rolls 2 are not only
crossed each other, but also shifted in the roll axial
directions, the strip crown can be controlled by adjusting
both the angle of inclination of each work roll and the
axial shift amount thereof. In addition, since the work
rolls are shiftable in the roll axial directions, schedule-
free rolling is enabled.

Claims
1. A work rolls crossing type mill comprising

- apair of work rolls (2),

- a pair of back-up rolls (3) for respectively sup-
porting said pair of work rolls,

- cooling means (4) for spraying a coolant onto
said pair of work rolls from the exit or entrance
side of said mill for cooling said pair of work
rolls, said pair of work rolls being inclined in
horizontal planes such that the axes of said
work rolls are crossed to each other and to the
axes of said pair of back-up rolls, respectively,
and

- thrust force reducing means for reducing the
thrust forces exerted on the back-up rolls and
on the work rolls, said thrust force reducing
means including lubricant supply units (5)
arranged on the exit side of the mill for spraying
a lubricant through nozzels (4) onto surfaces of
said back-up rolls at locations spaced from
contact positions between the pairs of work
rolls and of back-up rolls and without being
impeded by the coolant gathering in the contact
position characterized in that covers (42) are
arranged to confine the lubricant sprayed from
said lubricant spray nozzles for preventing the
coolant sprayed onto the associated work rolls
from entering the lubricant sprayed location on
the back-up roll surface and recovering the sur-
plus lubricant therein, seal means (43) are pro-
vided in the ends of said covers facing said
back-up roll for sealing the inside of said covers
from the coolant sprayed onto the work rolls (2)
and a lubricant return passage (44) for return-
ing the surplus lubricant is recovered in said
covers.

2. Aworkrolls crossing type mill according to claim 1,
characterized in that said seal means (43) includes
a flexible material coming into contact with said
back-up roll (3).

3. Aworkrolls crossing type mill according to claim 1,
characterized in that said seal means (43) includes
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a slit (45) for jetting high-pressure gas onto said
back-up roll (3).

A work rolls crossing type mill according to any one
of the claims 1 to 3, characterized by first water wip-
ing means (6) arranged in contact with surfaces of
said work rolls (2) at locations on the strip exit side
just before contact positions between said work
rolls (2) and said back-up rolls (3), as viewed in
directions of respective rotations of said pair of
work rolls (2), for blocking the coolant so that the
coolant sprayed onto said work rolls (2) will not
enter said contact positions.

A work rolls crossing type mill according to any one
of the claims 1 to 4, characterized by second water
wiping means (7) arranged in contact with the sur-
faces of said pair of back-up rolls (3) for removing
the coolant so that the coolant sprayed onto said
pair of work rolls (2), deposited on the work roll sur-
faces and then carried over with rotations of said
work rolls (2) and said back-up rolls (3) will not
reach the locations where said lubricant supply
units are arranged.

A work rolls crossing type mill according to any one
of the claims 1 to 5, characterized in that the lubri-
cant supplied from said lubricant supply units (5)
contains raw lubricant oil based on a mixture of
mineral oil and ester and added with necessary
minimum amounts of a surface active agent and a
fatty acid both acting to improve emulsification.

A work rolls crossing type mill according to any one
of the claims 1 to 6, characterized in that the lubri-
cant supplied from said lubricant supply units (5)
contains raw lubricant oil meeting the following
requirements:

(a) the coefficient of friction between said work
rolls (2) and said back-up rolls (3) is in the
range of 0.04 10 0.1;

(b) the viscosity is not larger than 80 Cst. at 40
oC;

(c) mineral oil and synthetic ester not less than
5 % are contained as base oil;

(d) a fatty acid in the range of 0.03 t0 0.5 % is
contained as an oiliness enhancer; and

(e) an extreme pressure additive not less than
0.1 % is contained.

A work rolls crossing type mill according to claim 7,
wherein characterized in that said raw lubricant oil
further contains a surface active agent not larger
than 0.5 % as emulsifier.

A work rolls crossing type mill according to claim 6
or 7, characterized in that the lubricant supplied
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from said lubricant supply units (5) is a highly sepa-
rable emulsion prepared by diluting said raw lubri-
cant oil with water.

A work rolls crossing type mill according to any one
of the claim 1 to 5, characterized in that the lubri-
cant supplied from said lubricant supply units (5)
contains raw lubricant oil based on mineral oil and
added with a surface active agent and a fatty acid
for improvement of emulsification.

A work rolls crossing type mill according to claim
10, characterized in that the lubricant supplied from
said lubricant supply units (5) is a highly emulsifia-
ble and stable emulsion prepared by diluting said
raw lubricant oil with water.

A work rolls crossing type mill according to claim 2,
wherein said pair of back-up rolls (3) are each
tapered at both end portions so that these tapered
portions will not contact the surface of the corre-
sponding work roll (2) even when the roll surfaces
are subjected to the Hertz deformation due to the
rolling load and roll bending forces and the axis of
said back-up roll and the axis of said work roll (2)
supported by said back-up roll (3) approach each
other, and those portions of said seal means facing
said tapered portions are configured in match with
said tapered portions to keep contact relation ther-
ebetween.

A work rolls crossing type mill according to any one
of the claims 1 to 12 characterized in that work rolls
(2) being further able to shift in respective roll axial
directions.

Arolling system comprising said work rolls crossing
type mill according to any one of claims 1 to 13,
characterized by a lubricant circulating system
including a lubricant reservoir (21) for storing the
surplus lubricant recovered by said lubricant supply
units (5) and a pump (22) for supplying the lubricant
to said lubricant supply units (5).

A rolling system comprising at least one of said
work rolls crossing type mill according to claim 1 to
13 installed to be capable of tandem-rolling.

Patentanspriiche

1.

Walzgerist mit gekreuzten Arbeitswalzen mit

- einem Paar Arbeitswalzen (2),

- einem Paar Stutzwalzen (3) zum jeweiligen
Abstltzen des Arbeitswalzen-Paares,

- Kdhimittel (4) zum Aufspriihen eines Kihimedi-
ums auf das Arbeitswalzen-Paar an der Aus-
laug- oder Einlaufseite des Gerlsts zum
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Kuhlen der Arbeitswalzen, wobei das Paar
Arbeitswalzen in horizontalen Ebenen schrag
gestellt sind, so daB sich ihre Achsen unterein-
ander und gegentiber denen der Stiitzwalzen
kreuzen, und

- Schubkraft-Reduziermitteln zur Verringerung
der auf die Stutzwalzen und auf die Arbeitswal-
zen einwirkenden Schubkréfte, die an der Aus-
laufseite des Gerusts angeordnete
Schmiermittel-Zufuhr-Einheiten (5) zum Auf-
sprihen eines Schmiermittels Gber Disen (4)
auf Oberflachen-Bereiche der Stitzwalzen auf-
weisen, die von den Kontaktzonen zwischen
den Arbeits- und Stlitzwalzen beabstandet sind
und von dem in dieser Kontaktzone angesam-
melten Kiihlsubstanz nicht behindert werden,
dadurch gekennzeichnet, daB

- Abdeckungen (42) zur Begrenzung des von
den Schmiermittel-Spruhdlsen (44) gesprih-
ten Schmiermittels vorgesehen sind, die ein
Eindringen des auf die zugehérige Arbeits-
walze aufgesprihten Kihimediums in die mit
dem Schmiermittel besprihten Bereiche auf
den Stutzwalzen verhindern und Uberschissi-
ges Schmiermittel einschlieBen,

- Dichtungsmittel (43) in den der Stiitzwalze
zugewandten Enden der Abdeckungen vorge-
sehen sind, welche das Innere der Abdeckun-
gen gegeniiber dem auf die Arbeitswalzen (2)
aufgespriihten Kihimedium abdichten, und

- ein Schmiermittelriicklauf (44) zur Ruckfiihrung
des in der Abdeckung zuriickgehaltenen tber-
schussigen Schmiermittels vorgesehen ist.

Walzgerist nach Anspruch 1,
dadurch gekennzeichnet, daB
die Dichtungsmittel (43) ein mit der Stiitzwalze (3)
in Kontakt kommendes flexibles Material enthalten.

Walzgeriist nach Anspruch 1,

dadurch gekennzeichnet, daB

die Dichtungsmittel (43) einen Schilitz (45) zum Auf-
sprihen eines Hochdruck-Gases auf die Stitz-
walze (3) aufweisen.

Walzgeriist nach einem der Anspriiche 1 bis 3,
gekennzeichnet durch

erste Wasser-Wischer (6), die in Kontakt mit den
Oberflachen der Arbeitswalzen (2) an der Band-
Auslaufseite unmittelbar vor den Kontakistellen
zwischen den Arbeitswalzen (2) und den Stltzwal-
zen (3) angeordnet sind, gesehen in den jeweiligen
Drehrichtungen des Arbeitswalzen-Paares, und
das Kuhimedium zurlickhalten, so daB das auf die
Arbeitswalzen (2) gespriihte Kiihimedium nicht bis
zu den Kontaktstellen gelangen kann.

Walzgeriist nach einem der Anspriiche 1 bis 4,
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gekennzeichnet durch

zweite Wasser-Wischer (7), die in Kontakt mit den
Oberflachen des Stutzwalzen-Paares (3) zum Ent-
fernen des Kihimediums angeordnet sind, so dafB
das auf das Arbeitswalzen-Paar (2) gesprihte, auf
den Arbeitswalzenoberflachen haftende und mit
den Drehungen der Arbeitswalzen (2) und der
Stutzwalzen (3) Ubertragene Kihimedium entfernt
wird und die Stellen nicht erreicht, wo die Schmier-
mittel-Zufahr-Einheiten (5) angeordnet sind.

Walzgeriist nach einem der Anspriiche 1 bis 5,
dadurch gekennzeichnet, daB

das von den Schmiermittel-Zuftihr-Einheiten (5)
kommende Schmiermittel rohes Schmierdl auf der
Basis eines Gemischs von Mineral6l und Ester ent-
halt, das mit notwendigen Mindestmengen von
oberflaichenaktiven Substanzen sowie einer Fett-
séure zur Verbesserung der Emulgiereigenschaf-
ten versetzt ist.

Walzgeriist nach einem der Anspriiche 1 bis 6,
dadurch gekennzeichnet, daB

das von den Schmiermittel-Zuftihr-Einheiten (5)
kommende Schmiermittel ein Roh-Schmierdl ent-
halt, das die folgenden Anforderungen erfiillt

a) der Reibungskoeffizient zwischen den
Arbeitswalzen (2) und den Stutzwalzen (3) liegt
im Bereich von 0,04 und 0,1;

b) die Viskositat ist nicht gréBer als 80 Cst. bei
40 °C;

¢) Mineralél und synthetischer Ester von nicht
weniger als 5 % sind als Basisél enthalten;

d) eine Fettsaure im Bereich von 0,03 bis 0,5 %
ist als Schmierverstarker enthalten;

e) ein Extrem-Druck-Additiv von nicht weniger
als 0,1 % ist enthalten.

Walzgeriist nach Anspruch 7,

dadurch gekennzeichnet, daB

das Roh-Schmierdl ferner eine oberflachenaktive
Substanz von nicht mehr als 0,5 % als Emulgator
enthalt.

Walzgeriist nach Anspruch 6 oder 7,

dadurch gekennzeichnet, daB

das von den Schmiermittel-Zuftihr-Einheiten (5)
kommende Schmiermittel eine durch Verdlinnen
des Roh-Schmierdls mit Wasser erhaltene hoch-
trennfahige Emulsion ist.

Walzgeriist nach einem der Anspriiche 1 bis 5,
dadurch gekennzeichnet, daB

das von den Schmiermittel-Zuftihr-Einheiten (5)
kommende Schmiermittel ein Roh-Schmierdl auf
der Basis von Mineraldl ist, dem eine oberflachen-
aktive Substanz und Fettsdure zur Verbesserung
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der Emulgierung zugesetzt sind.

Walzgeriist nach Anspruch 10,

dadurch gekennzeichnet, daB

das von den Schmiermittel-Zufiihr-Einheiten (5)
kommende Schmiermittel eine durch Verdiinnen
des Roh-Schmiertls mit Wasser erhaltene hoch
emulgierbare stabile Emulsion ist.

Walzgeriist nach Anspruch 2, bei welchem jede der
Stitzwalzen (3) beidendig so verjlngt ist, daB die
verjlingten Endteile die Oberflache der entspre-
chenden Arbeitsweise (2) nicht kontaktieren, auch
wenn die Walzenflachen durch die Walzlast und die
Walzenbiegekrafte einer Hertzschen Pressung
ausgesetzt und die Achsen der Arbeitswalze (2)
und der abstiitzenden Stltzwalze (3) einander
angenéhert sind, und daB die Bauteile der Dichtung
unter BerUcksichtigung dieser verjiingten Endteile
ausgebildet sind, um einen wirksamen Kontakt zwi-
schen beiden sicherzustellen.

Walzgeriist nach einem der Anspriiche 1 bis 12,
dadurch gekennzeichnet, daB

die Arbeitswalzen (2) jeweils in Walzenaxialrichtung
verschiebbar sind.

Walzsystem mit Walzgertst mit gekreuzten Arbeits-
walzen nach einem der Anspriiche 1 bis 13,
gekennzeichnet durch

ein Schmiermittel-Zirkulier-System mit einem
Schmiermittel-Reservoir (21) zum Speichern des
durch die Schmiermittel-Zuftihr-Einheiten (5) riick-
gewonnenen Uberschlssigen Schmiermittels und
mit einer Pumpe (22) zum Férdern des Schmiermit-
tels zu den Schmiermittel-Zufihr-Einheiten.

Walzsystem mit zumindest einem Walzgerist nach
einem der Anspriiche 1 bis 13, das zum Tandem-
Walzen ausgebildet ist.

Revendications

1.

Laminoir du type a cylindres de travail croisés, com-
prenant:

- une paire de cylindres de travail (2),

- une paire de cylindres d'appui (3) pour suppor-
ter respectivement ladite paire de cylindres de
travail,

- des moyens de refroidissement (4) pour pulvé-
riser un agent de refroidissement sur ladite
paire de cylindres de travail, a partir du cété
d'entrée ou de sortie dudit laminoir pour refroi-
dir ladite paire de cylindres de travail, ladite
paire de cylindres de travail étant orientée dans
des plans horizontaux de telle sorte que les
axes desdits cylindres de travail soient croisés
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I'un par rapport a l'autre, et par rapport aux
axes de ladite paire de cylindres d'appui, res-
pectivement, et

- des moyens de réduction de forces de pous-
sée, pour réduire les forces de poussée exer-
cées sur les cylindres d'appui et sur les
cylindres de travail, lesdits moyens de réduc-
tion de forces comprenant des unités d'alimen-
tation (5) en lubrifiant disposées sur le c6té de
sortie du laminoir pour pulvériser un lubrifiant a
travers des buses (4) sur les surfaces desdits
cylindres d'appui en des emplacements espa-
cés des positions de contact entre les paires de
cylindres de travail et de cylindres d'appui, et
sans &étre génées par I'accumulation de l'agent
de refroidissement dans la position de contact;
caractérisé en ce que des couvercles (42) sont
disposés pour confiner le lubrifiant pulvérisé
depuis lesdites buses de pulvérisation de lubri-
fiant, afin d'éviter que l'agent de refroidisse-
ment pulvérisé sur les cylindres de travail
associés ne pénétre dans I'emplacement du
lubrifiant pulvérisé sur la surface des cylindres
d'appui, et de récupérer le surplus de lubrifiant
a l'intérieur; des moyens d'étanchéité (43) sont
prévus dans les extrémités desdits couvercles
en face desdits cylindres d'appui, pour rendre
étanche l'intérieur desdits couvercles vis-a-vis
de I'agent de refroidissement pulvérisé sur les
cylindres de travail (2), et un passage de retour
(44) du lubrifiant est prévu pour le retour du
lubrifiant en surplus récupéré dans lesdits cou-
vercles.

2. Laminoir du type a cylindres de travail croisés selon

la revendication 1, caractérisé en ce que lesdits
moyens d'étanchéité (43) comprennent un maté-
riau flexible venant en contact avec ledit cylindre
d'appui (3).

Laminoir du type a cylindres de travail croisés selon
la revendication 1, caractérisé en ce que lesdits
moyens d'étanchéité (43) comprennent une fente
(45) pour projeter un jet de gaz a haute pression sur
ledit cylindre d'appui (3).

Laminoir du type a cylindres de travail croisés selon
l'une quelconque des revendications 1 a 3, caracté-
risé par des premiers moyens d'essuyage d'eau (6)
disposés en contact avec les surfaces desdits cylin-
dres de travail (2) en des emplacements sur le cbté
de sortie de la bande, juste avant les positions de
contact entre lesdits cylindres de travail (2) et les-
dits cylindres d'appui (3), tels qu'on les voit dans les
directions des rotations respectives de ladite paire
de cylindres de travail (2), pour bloquer I'agent de
refroidissement, de sorte que I'agent de refroidisse-
ment pulvérisé sur lesdits cylindres de travail (2) ne
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pénétre pas dans lesdites positions de contact.

Laminoir du type a cylindres de travail croisés selon
I'une quelconque des revendications 1 a 4, caracté-
risé par des seconds moyens d'essuyage d'eau (7)
disposés en contact avec les surfaces de ladite
paire de cylindres d'appui (3) pour enlever I'agent
de refroidissement, de sorte que I'agent de refroi-
dissement pulvérisé sur ladite paire de cylindres de
travail (2), déposé sur les surfaces des cylindres de
travail et ensuite transporté avec les rotations des-
dits cylindres de travail (2) et desdits cylindres
d'appui (3), natteigne pas les emplacements ou
lesdites unités d'alimentation en lubrifiant sont dis-
posées.

Laminoir du type a cylindres de travail croisés selon
I'une quelconque des revendications 1 a 5, caracté-
risé en ce que le lubrifiant fourni & partir desdites
unités d'alimentation (5) en lubrifiant contient une
huile brute lubrifiante a base d'un mélange d'huile
minérale et d'ester, et additionnée des quantités
minimales nécessaires d'un agent tensio-actif et
d'un acide gras, tous deux agissant pour améliorer
I'émulsification.

Laminoir du type a cylindres de travail croisés selon
I'une quelconque des revendications 1 a 6, caracté-
risé en ce que le lubrifiant fourni & partir desdites
unités d'alimentation (5) en lubrifiant contient une
huile brute lubrifiante répondant aux conditions sui-
vantes :

(a) le coefficient de friction entre lesdits cylin-
dres de travail (2) et lesdits cylindres d'appui
(3) est compris dans la plage de 0,04 4 0,1;

(b) la viscosité n'est pas supérieure a 80 Cst a
40°C;

(c) I'huile minérale et pas moins de 5 % d'ester
synthétique sont contenus comme huile de
base;

(d) un acide gras en une quantité de 0,034 0,5
% est contenu en tant que facteur d'onctuosité;
et

(e) un additif pour pression extréme est con-
tenu en une quantité non inférieure 2 0,1 %.

Laminoir du type a cylindres de travail croisés selon
la revendication 7, caractérisé en ce que ladite huile
brute lubrifiante contient de plus un agent tension
tensio-actif, en une quantité non supérieure a 0,5
%, servant d'émulsifiant.

Laminoir du type a cylindres de travail croisés selon
la revendication 6 ou 7, caractérisé en ce que le
lubrifiant fourni & partir desdites unités d'alimenta-
tion (5) en lubrifiant est une émulsion hautement
séparable, préparée en diluant ladite huile brute
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lubrifiante avec de I'eau.

Laminoir du type a cylindres de travail croisés selon
l'une quelconque des revendications 1 a 5, caracté-
risé en ce que le lubrifiant fourni a partir desdites
unités d'alimentation (5) en lubrifiant contient une
huile brute lubrifiante a base d'une huile minérale et
additionnée avec un agent tensio-actif et un acide
gras, pour améliorer I'émulsification.

Laminoir du type a cylindres de travail croisés selon
la revendication 10, caractérisé en ce que le lubri-
fiant fourni a partir desdites unités d'alimentation
(5) en lubrifiant est une émulsion hautement émul-
sifiable et stable, préparée en diluant ladite huile
brute lubrifiante avec de l'eau.

Laminoir du type a cylindres de travail croisés selon
la revendication 2, dans lequel chacun de ladite
paire de cylindres d'appui (3) est conique aux deux
parties d'extrémité, de sorte que ces parties coni-
ques ne seront pas en contact avec la surface du
cylindre de travail correspondant (2), méme quand
les surfaces des cylindres sont soumises a la défor-
mation de Hertz due a la charge des cylindres et
aux forces de flexion des cylindres, et I'axe dudit
cylindre d'appui et I'axe dudit cylindre de travail (2)
supporté par ledit cylindre d'appui (3) s'approchent
l'une de l'autre, et leurs parties desdits moyens
d'étanchéité situés en face desdites parties coni-
ques sont configurées en correspondance avec
lesdites parties coniques pour conserver une rela-
tion de contact entre elles.

Laminoir du type a cylindres de travail croisés selon
l'une quelconque des revendications 1 & 12, carac-
térisé en ce que les cylindres de travail (2) sont de
plus capables de se déplacer dans les directions
axiales respectives des cylindres.

Systéme de laminage comprenant ledit laminoir du
type a cylindres de travail croisés selon l'une quel-
conque des revendications 1 a 13, caractérisé par
un systéme de circulation du lubrifiant, comprenant
un réservoir (21) de lubrifiant pour stocker le lubri-
fiant en surplus récupéré par lesdites unités d'ali-
mentation (5) en lubrifiant, et une pompe (22) pour
fournir le lubrifiant auxdites unités d'alimentation en
lubrifiant.

Systéme de laminage comprenant au moins un
dudit laminoir du type & cylindres de travail croisés
selon les revendications 1 & 13, installé pour étre
capable de laminer en tandem.
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