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(54) SURFACE FOLLOWING NOZZLE, OBSERVATION DEVICE FOR MOVING OBJECT SURFACE, 
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(57) The present invention provides a surface follow-
ing nozzle, an observation device for a moving object
surface, and an observation method for the moving object
surface that can remove water in the vicinity of the nozzle
while following changes in the shape and changes in the
distance of a moving object. A surface following nozzle
includes a nozzle that injects gas from a tip end thereof,

a separating part that closes a base end of the nozzle,
and an extending and contracting part that is provided at
a rear side of the nozzle via the separating part, and
extends and contracts along an axial direction of the noz-
zle. The extending and contracting part includes an elas-
tic body that applies a forward force with respect to the
nozzle.
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Description

Technical Field

[0001] The present invention relates to a surface fol-
lowing nozzle, an observation device for a moving object
surface, and an observation method for a moving object
surface.

Background Art

[0002] In rolling mills of steel sheets, in order to man-
ufacture rolling steel sheets having an excellent surface
and an excellent shape, it is important to grasp a surface
state of a rolling roll and accurately grasp a profile, in
other words, a radius distribution in a roll axial direction,
thereby enabling a replacement timing of the rolling roll
to be determined and enabling control with a feedback
to a rolling condition or a cooling condition.
[0003] For example, a rolling roll during hot rolling at
the high rolled material temperature of approximately
1000°C receives a severe thermal influence regardless
that the rolling roll is cooled as the time elapses, and thus
becomes a surface roughness degradation in which a
surface thereof is uneven. When rolling is performed us-
ing the rolling roll on which such roughness has occurred,
a scale generated on a convex portion is pressed by the
rolling roll, is pushed into a rolled material, and is bitten
into the steel sheet surface, whereby scale defects are
generated. For this reason, the rolling amount until the
roll is replaced has been determined in advance, and the
roll is replaced in a planned way, however, in this method,
the rolling amount needs to be set focusing on the safe
side, which has caused lowering of the availability factor.
[0004] In a rolling roll during hot rolling, when a rolled
material is stretched with a high rolling force, the roll ex-
pands in the radial direction by heat, and a roll diameter
decreases by wear only at a portion through which the
rolled material has passed. Changes in a diameter in the
roll axial direction, in other words, a profile, cannot be
accurately grasped to cause the generation of a thick-
ness failure in the rolled material and a shape failure.
Therefore, the expansion and wear amounts by heat
have been conventionally estimated by a computer from
data such as the actual condition of the rolled material
and the roll coolant amount to obtain a rolling roll profile,
however, the accuracy of this method is not high, and
thus a shape failure has occurred.
[0005] As measures to such problems, have been pro-
posed a roll surface observation method in which a roll
surface is photographed by a camera, and a method in
which a distance from a predetermined position to a roll
surface is measured by an ultrasonic range finder or the
like to calculate a roll radius, and a roll profile is measured
on the basis of the calculated value.
[0006] A device for observing a surface of a rolling roll
described in PTL 1 supplies water to the rolling roll from
a nozzle, forms a water column between the rolling roll

and the nozzle, and photographs a roll surface by a cam-
era via the formed water column.
[0007] A method of measuring a roll profile described
in PTL 2 includes generating a water column between a
probe into which an ultrasonic range finder is embedded
and a rolling roll, obtaining a distance from the time during
when pulsed ultrasonic emitted from the range finder re-
ciprocates between the probe and the roll surface, and
scanning the range finder along a guide rail in a roll axial
direction, thereby measuring the roll profile.
[0008] A surface inspection device described in PTL 3
includes an inspection device having a light source and
a light receiving part, a cylindrical nozzle provided along
an axis of light beams that are emitted from the light
source, and a movable nozzle provided in the inside of
the cylindrical nozzle. The movable nozzle is pushed out
toward a rolling roll by water passing through the movable
nozzle from the cylindrical nozzle, and a gap between
the movable nozzle and the rolling roll is adjusted by the
flow velocity of the water.

Citation List

Patent Literatures

[0009]

PTL 1: JP-A-2009-85843 
PTL 2: JP-A-7-229733 
PTL 3: JP-T-2004-517324 

Summary of Invention

Technical Problem

[0010] In any of the methods of PTLs 1 to 3, in order
to secure a measurement route in a large amount of cool-
ing water, a water column is required to be formed be-
tween the rolling roll and the observation camera or the
range finder. Bubbles are generated in an inside of such
a water column by an interference between the roll and
the cooling water. The bubbles may cause a failure in
the observation and noise in the ultrasonic range finder,
which results in a failure in the measurement in some
cases. A highly accurate optical sensor such as a laser
range finder cannot be applied in the measurement in
which water that easily causes variations in refractive
index by the flow rate and the temperature is used as a
medium.
[0011] The present invention aims to provide a surface
following nozzle, an observation device for a moving ob-
ject surface, and an observation method for a moving
object surface that can remove water in the vicinity of the
nozzle while following changes in the shape and changes
in the distance of a moving object.
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Solution to Problem

[0012] A surface following nozzle according to the
present invention includes: a nozzle that injects gas from
a tip end thereof; a separating part that closes a base
end of the nozzle; and an extending and contracting part
that is provided at a rear side of the nozzle via the sep-
arating part, and extends and contracts along an axial
direction of the nozzle, in which the extending and con-
tracting part includes an elastic body that applies a for-
ward force with respect to the nozzle.
[0013] An observation device for a moving object sur-
face according to the present invention includes: the sur-
face following nozzle; an environment box provided at a
rear side of the surface following nozzle; and an optical
observing part housed inside the environment box, in
which an observation optical path is provided from the
optical observing part over the nozzle tip end.
[0014] An observation method for a moving object sur-
face according to the present invention includes: moni-
toring a moving object, using an observation device for
a moving object surface, including: a surface following
nozzle including a nozzle that injects gas from a tip end
thereof; a separating part that closes a base end of the
nozzle; and an extending and contracting part that is pro-
vided at a rear side of the nozzle via the separating part,
and extends and contracts along an axial direction of the
nozzle, in which the extending and contracting part is
provided with an elastic body that applies a forward force
with respect to the nozzle; an environment box provided
at a rear side of the surface following nozzle; and an
optical observing part housed inside the environment
box, an observation optical path is provided from the op-
tical observing part over the nozzle tip end; and deter-
mining a timing to replace the moving object or controlling
a use condition of the moving object.

Advantageous Effects of Invention

[0015] The surface following nozzle in the present in-
vention can follow changes in the shape and changes in
the distance of the moving object because the extending
and contracting part extends and contracts. Gas is in-
jected from the nozzle at a predetermined flow velocity
to enable water in the vicinity of the nozzle tip end to be
removed. Accordingly, by using the surface following
nozzle, it is possible to observe the moving object surface
without receiving an influence by the water.

Brief Description of Drawings

[0016]

Fig. 1 is a schematic diagram illustrating a hot rolling
mill to which an observation device according to an
embodiment is applied.
Fig. 2 is a cross-sectional diagram illustrating the
observation device according to the present embod-

iment.
Fig. 3 is a partial cross-sectional diagram of a nozzle
according to the present embodiment.
Fig. 4 is a graph illustrating a relation between a gap
between a nozzle tip end and a moving object sur-
face, and a nozzle back pressure.
Fig. 5 is a schematic diagram illustrating a device
used in an experiment (1).
Figs. 6A and 6B are graphs illustrating a result of the
experiment (1); and Fig. 6A is a graph illustrating a
relation between the gap and a flow rate and Fig. 6B
is a graph illustrating a relation between the nozzle
back pressure and the flow rate.
Figs. 7A and 7B are graphs of an experiment result
at the flow rate of 1000 L/min by being taken out;
and Fig. 7A is a graph illustrating a relation between
a push-in amount and the nozzle back pressure and
Fig. 7B is a graph illustrating a relation between the
gap and the nozzle back pressure.
Fig. 8 is a schematic diagram illustrating a device
used in an experiment (2).
Figs. 9A to 9C are graphs illustrating results of the
experiment (2); and Fig. 9A illustrates the result at
the push-in amount of 0 mm, Fig. 9B illustrates the
result at the push-in amount of 6 mm, and Fig. 9C
illustrates the result at the push-in amount of 12 mm.

Description of Embodiments

[0017] Hereinafter, an embodiment of the present in-
vention will be described in details with reference to the
drawings.

(Entire Configuration)

[0018] A hot rolling mill 10 illustrated in Fig. 1 is pro-
vided with a heating furnace 12, and a rolling mill 13 at
a downstream side of the heating furnace 12. The heating
furnace 12 blows flames on a rolled material 18 serving
as a moving object carried in from an upstream side,
thereby heating the rolled material 18. The rolled material
18 after having been heated in the heating furnace 12 is
conveyed to the downstream side, and is shifted to a
rolling process by the rolling mill 13.
[0019] The rolling mill 13 causes the conveyed rolled
material 18 to pass through between a pair of cylindrical
hot rolling rolls (hereinafter, rolling rolls) 14, and rolls the
conveyed rolled material 18 in a predetermined thick-
ness. The actual hot rolling mill 10 is provided with a
plurality of the rolling mills 13. Cooling water supplying
parts 16 are provided in the rolling mill 13. The cooling
water supplying part 16 is disposed at an upstream side
of the rolling mill 13, and supplies cooling water to the
rolling rolls 14 from the upstream side.
[0020] Observation devices 20 are respectively dis-
posed closer to the rolled material 18 than the cooling
water supplying parts 16. The observation devices 20
respectively observe surfaces of the rolling rolls 14 im-
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mediately prior to coming into contact with the surface of
the rolled material 18.
[0021] As illustrated in Fig. 2, the observation device
20 is provided with a surface following nozzle 22, an en-
vironment box 24, and an optical observing part 26. The
surface following nozzle 22 includes a nozzle 28, an ex-
tending and contracting part 30, and a separating part
32. In the present description, a tip end (rolling roll side)
of the surface following nozzle 22 is referred to as a front
side, and a base end (environment box side) thereof is
referred to as a rear side.
[0022] The nozzle 28 injects gas from the nozzle tip
end toward a surface of the rolling roll 14, and removes
cooling water in the vicinity of the tip end of the nozzle.
In the case of the present embodiment, the nozzle 28
includes an inner nozzle 34, and an outer nozzle 36 dis-
posed outside the inner nozzle 34. The inner nozzle 34
is a tubular member having a cavity that is tapered toward
a tip end thereof, and is provided with a flange portion
35 protruding toward the outer side on a base end of the
inner nozzle 34. The outer nozzle 36 is a tubular member
having an inner diameter larger than that of the inner
nozzle 34, and is provided with an edge portion 37 pro-
truding toward the inner side on a tip end thereof. The
inner nozzle 34 can be retracted inside the outer nozzle
36, and can protrude with respect to the outer nozzle 36
only before the flange portion 35 comes into contact with
the edge portion 37.
[0023] The nozzle tip end includes a flat surface 29
facing the surface of the rolling roll 14. The flat surface
29 is a plane parallel to a direction orthogonal to an axial
direction of the nozzle 28. In particular, in a case of the
rolling roll 14 that is a cylindrical rotor, even when a shift
occurs between a normal line passing through a meas-
urement point at the center on the roll surface and the
nozzle center axis (an observation optical path L), the
area in the flat portion needs to be secured in order that
the roll surface faces the flat surface 29 on the nozzle tip
end. The cavity of the inner nozzle 34 is tapered toward
the tip end to generate a pressure loss, and the inner
nozzle 34 protrudes with respect to the outer nozzle 36.
The nozzle tip end having an outer diameter being too
thick increases the weight thereof and makes an extend-
ing and contracting motion difficult. Therefore, the outer
diameter of the flat surface 29 is desirably about twice to
four times a nozzle bore d (Fig. 3). Being orthogonal is
not limited to a case of being strict orthogonal, but in-
cludes a case of being slightly shifted.
[0024] In the nozzle 28, the inner nozzle 34 and the
outer nozzle 36 are not necessarily formed of the same
material. At least the inner nozzle 34 is formed of a ma-
terial softer than that of the rolling rolls 14. As for the inner
nozzle 34, a material having a small friction coefficient,
for example, a material containing a solid lubricant is pref-
erable. Specifically, the inner nozzle 34 is preferably
formed of a material in which a solid lubricant that im-
proves a lubricating performance, and glass fiber serving
as reinforcement fiber are mixed into a phenol resin. As

the solid lubricant, graphite, molybdenum disulfide, and
the like can be used. The inner nozzle 34 is formed of
such a soft material to preferably prevent the rolling roll
14 from being damaged when the tip end of the inner
nozzle 34 comes into contact with the rolling roll 14.
[0025] The outer nozzle 36 is provided with a first gas
inlet 38 and a second gas inlet 40. The first gas inlet 38
communicates with an inside of the outer nozzle 36. Gas
supplied to the first gas inlet 38 is injected to an outside
through the inside of the outer nozzle 36 from the tip end
of the inner nozzle 34. The gas raises the nozzle back
pressure to cause the inner nozzle 34 to protrude with
respect to the outer nozzle 36. The second gas inlet 40
communicates with a portion between the flange portion
35 and the edge portion 37. Gas supplied to the second
gas inlet 40 retracts the inner nozzle 34 having protruded
from the outer nozzle 36 to the inside of the outer nozzle
36.
[0026] The extending and contracting part 30 is pro-
vided at a rear side of the nozzle 28 via the separating
part 32. The separating part 32 closes a base end of the
nozzle 28. The separating part 32 holds the airtightness
so as to prevent the gas supplied to the nozzle 28 from
flowing into the extending and contracting part 30. An
optical window 48 is fitted into the separating part 32.
The optical window 48 is a plate made of glass or resin
that allows light emitted from the optical observing part
26 and light reflected on the rolling rolls 14 to pass there-
through.
[0027] The extending and contracting part 30 includes
an inner tube part 44, an outer tube part 46, and a bellows
spring 42 serving as an elastic body. The inner tube part
44 has one tip end that is connected to the separating
part 32, and the other end that is inserted into a tip end
of the outer tube part 46. The outer tube part 46 has a
base end that is connected to a tip end side surface of
the environment box 24. The inner tube part 44 has a
base end side that can freely be entering and exiting with
respect to the outer tube part 46. The inner tube part 44
and the outer tube part 46 are disposed in an inside of
the bellows spring 42. The bellows spring 42 has one
end that is in contact with a surface of the separating part
32 and the other end that is in contact with the tip end
side surface of the environment box 24, and applies a
forward force with respect to the nozzle 28 via the sep-
arating part 32. The extending and contracting part 30
extends and contracts along the axial direction of the
nozzle 28 because the inner tube part 44 enters into and
exits from an inside of the outer tube part 46 with the
extension and contraction of the bellows spring 42.
[0028] The environment box 24 includes an opening
25 on the tip end side surface, and houses the optical
observing part 26 in an inside thereof. A base end of the
outer tube part 46 is connected to the environment box
24 so as to surround the opening 25. The observation
optical path L is formed on a straight line from the opening
25 to the tip end of the inner nozzle 34. As the optical
observing part 26, the illumination and a two-dimensional
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camera, an optical range finder, a laser Doppler veloci-
meter, a radiation thermometer, or the like can be used.
[0029] When the illumination and a two-dimensional
camera are used as the optical observing part 26, the
surface of the rolling roll 14 is illuminated, and the two-
dimensional camera images an image of the surface. It
is possible to grasp a surface roughness degradation of
the surface of the rolling roll 14 on the basis of the imaged
image, and to accurately determine the timing of replace-
ment of the roll and the timing of the surface maintenance.
[0030] When an optical range finder is used as the op-
tical observing part 26, the surface of the rolling roll 14
is irradiated with laser light, and the time to when scatter
light from the rolling rolls 14 is received and a position
are measured, thereby measuring a distance to the sur-
face of the rolling roll 14.
[0031] When a laser Doppler velocimeter is used as
the optical observing part 26, the surface of the rolling
roll 14 is irradiated with laser light, and the traveling ve-
locity of the surface of the rolling roll 14 is measured using
the frequency being shifted due to the Doppler effect of
scatter light from the rolling roll 14. The distance to the
surface of the rolling roll 14 or the traveling velocity of
the surface of the rolling roll 14 measured by the optical
observing part 26 is output to a computing apparatus,
which is not illustrated. The computing apparatus calcu-
lates, on the basis of the distance to the roll surface and
the traveling velocity of the roll surface, a change in the
outer diameter due to the expansion of the rolling roll 14
and wear. It is possible to accurately determine the timing
of replacement of the roll and the timing of the surface
maintenance, on the basis of the calculated change in
the outer diameter due to the expansion of the rolling roll
14 and wear.
[0032] When a radiation thermometer is used as the
optical observing part 26, the intensity of infrared rays
emitted from the rolling roll 14 is measured, thereby
measuring a temperature on the surface of the rolling roll
14. It is possible to specify, on the basis of the measured
temperature, causes of the thermal expansion that
changes a roll profile and of a surface temperature rise
that makes the surface of the rolling roll 14 rough.
[0033] A gap G between the nozzle tip end and the
surface of the rolling roll 14 will be described with refer-
ence to Fig. 3. In order to remove cooling water W in the
vicinity of the nozzle tip end by injecting gas, gas having
a momentum that exceeds a momentum of the cooling
water W needs to be injected. In the case of the present
embodiment, the size of the gap G was controlled in a
predetermined range to enhance the flow velocity of gas
to be injected, thereby obtaining gas having a momentum
that exceeds a momentum of the cooling water W.
[0034] Hereinafter, a conditional expression for en-
hancing the flow velocity of gas to be injected by narrow-
ing down the gap G is derived. When a nozzle bore is
set as d[m], a nozzle discharge area SN[m2] can be ex-
pressed by the following formula (6) . 

[0035] When a gap is set as G[m], an area SG [m2] of
the gap G at the nozzle tip end is obtained by the following
formula (7) . The area SG [m2] of the gap G at the nozzle
tip end refers to an area of an opening portion orthogonal
to a direction along which gas flows in the gap G between
the nozzle tip end and the surface of the rolling roll 14. 

[0036] In order to enhance the flow velocity of gas to
be injected by controlling the size of the gap G within a
predetermined range, the area SG of the gap G needs to
be smaller than the nozzle discharge area SN, and a con-
dition of the following formula (8) thus needs to be satis-
fied. 

[0037] Next, a conditional expression for eliminating
the cooling water W that moves together with the surface
of the rolling roll 14 moving at a velocity V [m/s], by the
gas the flow velocity of which is increased, is derived.
The gas jetted out from the nozzle 28 flows into the gap
G between the flat surface 29 on the nozzle tip end and
the surface of the rolling roll 14, and flows along the sur-
face of the rolling roll 14 at a flow velocity of VA [m/s].
When a flow rate of the gas is set as Q [m3/s], the flow
velocity VA [m/s] of the gas is expressed by the following
formula (9).

[0038] Accordingly, when a density of gas is set as ρA
[kg/m3], and a collision cross-sectional area is set as S
[m2], a momentum pA [kg m/s] of the gas is obtained by
the following formula (10) . 

[0039] Meanwhile, when a density of the cooling water
W is set as ρw [kg/m3], the velocity of the cooling water
W in the surrounding of the nozzle tip end is equal to the
velocity V [m/s] of the rolling rolls 14, so that a momentum
pw [kg m/s] is obtained by the following formula (11). 
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[0040] Here, the cooling water W can be eliminated
when the momentum of the gas is larger than the mo-
mentum of the cooling water W, so that a condition of the
following formula (12) is derived. 

[0041] Meanwhile, the pressure loss becomes large
as the gap G becomes narrow, so that a selectable lower
limit of the gap G is determined by the maximum pressure
of the gas to be supplied. Generally, a compressor is
used for supply of compressed gas, which has the max-
imum pressure of 0.7 MPa, and the flow rate can be cor-
responded by selecting of the size of the compressor.
When the area of the gap G on the nozzle tip end is set
as SG [m2] and a nozzle back pressure is set as P [Pa],
by the Bernoulli theorem, the flow rate Q [m3/s] of the
gas has a relation of the following formula (13). 

[0042] When the flow rate is constant, the gap G is
inversely proportional to the square root of the nozzle
back pressure P. 

[0043] VA=Q/SG is established, from the formula (12)
and the formula (13) 

[0044] The abovementioned formula needs to be sat-
isfied at a maximum velocity Vmax, so that an allowable
minimum pressure Pmin can be expressed as follows. 

Here, when Vmax=15 m/s and pw=997 kg/m3 are estab-
lished, Pmin=0.11 MPa is obtained. In other words, the
gap G needs to be narrowed such that the nozzle back
pressure becomes 0.11 MPa or more.

[0045] When a spring constant of the bellows spring
42 is set as k [N/m], a contraction amount is set as x[m],
the nozzle back pressure is set as P [Pa], and the nozzle
discharge area is set as SN [m2], by Hooke’s law and a
balance of forces, the following formula (14) is estab-
lished. 

[0046] Here, when a contraction amount at a maximum
pressure Pmax that can be supplied is set as xmax, 

when a contraction amount at the minimum pressure Pmin
is set as xmin, 

with these two formulas, 

is obtained.
[0047] When a necessary followed distance changing
amount is set as xr, within the range of xr, in order to
secure a momentum that can eliminate cooling water and
the gap G, the bellows spring 42 needs to be pushed
back by the nozzle back pressure and to be contracted,
so that the spring constant k needs to satisfy the following
formula (15) in order to satisfy xr< (xmax-xmin). 

[0048] Fig. 4 illustrates the relation obtained by an ex-
periment between the gap G and the nozzle back pres-
sure. In the experiment, in a state where the bellows
spring 42 is fixed and neither expands nor contracts, the
size of the gap G between the tip end of the nozzle 28
and the surface of the rolling roll 14 is changed, and the
relation with the nozzle back pressure was checked. The
nozzle bore d was set as ϕ15 mm, and the flow rate Q
was 1000 L/min (constant). The gap G in a state where
the nozzle tip end is in contact with the surface of the
rolling roll 14 was set as zero. As for the nozzle back
pressure, the pressure inside the nozzle was measured
by the pressure gage. Within a change range 0.5 MPa
(0.1 to 0.6 MPa) of the nozzle back pressure, the fact
that the gap G of 0.3 mm or more can be held was iden-
tified.

9 10 
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[0049] When the contraction amount in the nozzle bore
of ϕ15 mm and the maximum pressure of 0.5 MPa is set
to 17 mm, k=5.19 N/mm is obtained. In other words, by
selecting a bellows spring having a spring constant k of
5.19 N/mm or less, in the pressure change width of 0.5
MPa of the gas, the rolling roll 14 the position of which
has been changed by 17 mm can be followed. The ex-
tension and contraction amount corresponding to the po-
sition of the rolling roll 14 is referred to as a followed
distance changing amount of the surface following noz-
zle. In this case, the followed distance changing amount
is 17 mm.

(Operation And Effect)

[0050] An operation and an effect of the observation
device 20 will be described. Firstly, the inner nozzle 34
is pulled out from the outer nozzle 36, and the tip end of
the inner nozzle 34 is brought into contact with the rolling
roll 14 in a stop state. At this time, the flange portion 35
is not in contact with the edge portion 37, and the nozzle
28 is not being entirely extended.
[0051] Next, compressed gas is supplied to the first
gas inlet 38. The gas is controlled such that the flow rate
becomes uniform. The gas supplied to the first gas inlet
38 raises the pressure in the inside of the nozzle 28 (noz-
zle back pressure). The nozzle back pressure generates
a rearward force in the separating part 32. When the force
becomes larger than the forward force by the bellows
spring 42, the extending and contracting part 30 con-
tracts. When the extending and contracting part 30 con-
tracts, the outer nozzle 36 moves to the rear side inte-
grally with the extending and contracting part 30 due to
the cavity of the inner nozzle 34 being tapered toward
the tip end. The inner nozzle 34 protrudes from the outer
nozzle 36 until the flange portion 35 comes into contact
with the edge portion 37. In this manner, the nozzle 28
entirely extends.
[0052] A further rise in the nozzle back pressure caus-
es further contraction of the extending and contracting
part 30 to generate the gap G between the nozzle tip end
and the rolling roll 14. Compressed gas in the inside of
the nozzle is injected to the outside from the nozzle tip
end through the gap G. Actually, the gap G is widened
to result in a gentle rise of the nozzle back pressure, and
when a force to push out the separating part 32 toward
the rear direction by the nozzle back pressure and a force
by the bellows spring 42 to push out the nozzle 28 toward
the front direction are balanced with each other, the rise
in the nozzle back pressure and the contraction of the
extending and contracting part 30 are stopped. The gap
G at this point is referred to as an initial gap.
[0053] The inner nozzle 34 is held in a state of being
protruded from the outer nozzle 36 by the gas injected.
The nozzle 28 having the base end that is closed by the
separating part 32 is separated from the extending and
contracting part 30, so that the inner nozzle 34 maintains
a protruded state even when the extending and contract-

ing part 30 extends and contracts, and a volume in the
inside of the nozzle 28 is uniformly held. As illustrated in
Fig. 4, the nozzle back pressure and the gap G have a
correlation relation, so that the size of the gap G can be
estimated by measuring the nozzle back pressure when
the flow rate is constant.
[0054] Subsequently, an operation of the rolling mill 13
is started. In other words, the rolling rolls 14 are caused
to rotate, and the cooling water W is supplied to the rolling
rolls 14. The cooling water W adheres on the surfaces
of the rolling rolls 14, and rotates integrally with the rolling
rolls 14.
[0055] In the vicinity of the nozzle tip end of the obser-
vation device 20, the cooling water W is removed by the
gas injected from the nozzle tip end. The cooling water
W flows on the surface of the rolling roll 14 so as to avoid
the nozzle tip end. Light emitted from the optical observ-
ing part 26 travels on the observation optical path L. Be-
cause the cooling water W in the vicinity of the nozzle tip
end has been removed, light emitted from the optical ob-
serving part 26 reaches the surface of the rolling roll 14
without being interrupted by the cooling water W. Simi-
larly, light reflected on the rolling roll 14 also reaches the
optical observing part 26. Therefore, the observation de-
vice 20 can observe the surface of the rolling roll 14 by
the optical observing part 26 without being received by
an influence of the cooling water W.
[0056] The optical observing part cannot be applied to
the conventional observation device that has used the
water column. In other words, bubbles are generated in
the inside of the conventional observation device that
uses the water column by an interference between the
roll and the cooling water. The bubbles may cause a fail-
ure in the observation and noise in the ultrasonic range
finder, which result in a failure in the measurement in
some cases. Moreover, water easily causes variations
in refractive index by the flow rate and the temperature,
so that the use of the optical observing part such as a
laser range finder remarkably lowers the accuracy.
Therefore, the conventional observation device that has
used the water column cannot observe the surface of the
rolling roll by applying the optical observing part.
[0057] When the rolling roll 14 that is rolling the rolled
material 18 is expanded by the heat of the rolled material
18, the gap G becomes small. When the gap G becomes
small, the nozzle back pressure rises (Fig. 4). The ex-
tending and contracting part 30 contracts until a force by
the bellows spring 42 to push out the separating part 32
in the front direction and a force by the risen nozzle back
pressure to push out the separating part 32 in the rear
direction are balanced with each other. The extending
and contracting part 30 contracts to cause the gap G to
return to a state to the same extent as the initial gap, and
gas having a predetermined flow velocity is injected from
the nozzle tip end.
[0058] When the rolling roll 14 that is rolling the rolled
material 18 contracts in the radial direction by wear, the
gap G becomes large. When the gap G becomes large,
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the nozzle back pressure is lowered (Fig. 4). The extend-
ing and contracting part 30 extends until a force by the
bellows spring 42 to push out the separating part 32 in
the front direction and a force by the lowered nozzle back
pressure to push out the separating part 32 in the rear
direction are balanced with each other. The extending
and contracting part 30 extends to cause the gap G to
return to a state to the same extent as the initial gap, and
gas having a predetermined flow velocity is injected from
the nozzle tip end.
[0059] As in the foregoing, the surface following nozzle
22 controls the gap G so as to come close to the initial
gap in such a manner that the extending and contracting
part 30 extends and contracts in accordance with the
position of the surface of the rolling roll 14 having been
changed by the expansion and contraction of the rolling
roll 14. Therefore, even when the position of the rolling
roll 14 is changed, the observation device 20 can remove
the cooling water W in the vicinity of the nozzle tip end
by injecting gas at the predetermined flow velocity, and
thus can observe the surface of the rolling roll 14 without
being received by an influence of the cooling water W.
The extending and contracting part 30 is provided be-
tween the separating part 32 and the environment box
24, so that the environment box 24 is not moved even
when the surface following nozzle 22 extends and con-
tracts by following the rolling roll 14. The surface following
nozzle 22 follows changes in the shape and changes in
the distance of the rolling roll 14 by a balance between
a force that is generated by the nozzle back pressure
acting on the separating part 32 and a force that is gen-
erated by the bellows spring 42, so that the flow rate of
gas does not need to be controlled.
[0060] When the rolling roll 14 is replaced, the rotation
of the rolling roll 14, the supply of the cooling water W,
the supply of gas to the first gas inlet 38 are stopped.
Next, compressed gas is supplied between the flange
portion 35 and the edge portion 37 via the second gas
inlet 40. The gas backs the inner nozzle 34 to the inside
of the outer nozzle 36, and the nozzle 28 contracts. The
nozzle 28 is contracted to allow the rolling roll 14 to be
easily replaced. A change in radius of the rolling roll 14
may occur due to the replacement of the rolling roll 14 in
some cases, however, it is possible to secure a field of
view of the optical observing part 26 by the following noz-
zle following the roll surface as long as the radius chang-
ing amount is within the followed distance changing
amount of the following nozzle.

(Example)

[0061] An effect of the surface following nozzle 22 was
actually verified using an experiment device illustrated in
Fig. 5. A pipe provided with a flow meter 50, a valve 54,
and a pressure gage 52 is connected to the first gas inlet
38. Compressed air serving as gas is supplied to the pipe
from a compressed gas supply device, which is not illus-
trated. The nozzle bore was set as ϕ15 mm. As the bel-

lows spring 42, a bellows spring made of SUS (spring
constant k : 5 N/mm, 14 ridges, equilibrium length : 67
mm, extension and contraction amount : 17 mm or more)
was used. The flow meter 50 measures the flow rate of
compressed air passing through the pipe between the
compressed gas supply device and the nozzle 28. The
pressure gage 52 measures the nozzle back pressure.
As a moving object, a simulation roll 14 having a diameter
of 400 mm was used. The gap G was measured from an
image obtained by macro photographing a portion be-
tween the nozzle tip end and the simulation roll 14. In the
experiment device illustrated in this diagram, in a state
where the nozzle 28 is entirely extended, the push-in
amount at a position where the nozzle tip end comes into
contact with a surface of the simulation roll 14 was set
to 0 mm, changes in the gap G and the flow rate when
the observation device 20 is caused to move toward the
simulation roll 14 were measured. Fig. 6A and Fig. 6B
each illustrates a result thereof. In Fig. 6A, the horizontal
axis represents the gap (mm) and the longitudinal axis
represents the flow rate (L/min). In Fig. 6B, the horizontal
axis represents the nozzle back pressure (MPa), and the
longitudinal axis represents the flow rate (L/min) . In the
respective push-in amounts, the gap G and the flow rate
have an approximate proportional relation, and as the
push-in amount is larger, the gap G is more difficult to be
widened. Meanwhile, the nozzle back pressure gently
rises as the flow rate increases, so that it has been found
that the nozzle back pressure becomes higher as the
push-in amount is larger.
[0062] Fig. 7A illustrates a relation between the push-
in amount and the nozzle back pressure, and Fig. 7B
illustrates a relation between the gap G and the nozzle
back pressure, at the time when the flow rate Q is 1000
L/min. It has been identified that the bellows used this
time can secure the gap G of 0.3 mm, which is approxi-
mately in accordance with the design, also at the push-
in amount of 15 mm, by the nozzle back pressure of 0.5
MPa. The push-in amount and the nozzle back pressure
are coincident with those in the relation formula (above-
mentioned formula (13)) in which the bellows is not used.
Therefore, it has been understood that the measurement
of the nozzle back pressure enables the push-in amount
to be estimated. The nozzle back pressure and the size
of the gap G also have a correlation, so that the size of
the gap G can also be estimated from the nozzle back
pressure. The maximum gap is 0.8 mm when the push-
in amount is 0 mm. A velocity V of the moving object that
can eliminate the cooling water at this time is 15.9 m/s,
from the formula (12) (ρA : 1.293 kg/m3 (compressed air
is used), pw : 997 kg/m3). In other words, under the
abovementioned condition, when the rotation velocity of
the roll is 15.9 m/s or less, the cooling water can be elim-
inated.
[0063] Next, an effect by the observation device 20 is
verified using an experiment device illustrated in Fig. 8.
As a moving object, a disc 14 was used. Compressed air
having a flow rate of 1000 L/min (constant) was supplied
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to the first gas inlet 38. In a state where the nozzle 28 is
extended, the field-of-view securing property when the
push-in amount in a state where the nozzle tip end is in
contact with a surface of the disc 14 is set to 0 mm, and
the observation device 20 is caused to move toward the
disc 14 by 6 mm and 12 mm, was identified. The surface
velocity of the disc 14 was set to 95, 300, and 730 mpm
(respectively, 1.6 m/s, 5 m/s, and 12.2 m/s) of three types.
In a case where water was supplied to the disc 14 (with
water) and in a case where no water was supplied (with-
out water), the optical observing part 26 housed in the
inside of the environment box 24 irradiated a moving ob-
ject surface with light, received scatter light from the mov-
ing object, and measured the signal strength of the scat-
ter light. Figs. 9A to 9C illustrate results thereof. In Figs.
9A to 9C, the horizontal axis represents the velocity
(mpm) and the longitudinal axis represents the signal
strength (dB) ; and Fig. 9A illustrates the result at the
push-in amount of 0 mm, Fig. 9B illustrates the result at
the push-in amount of 6 mm, and Fig. 9C illustrates the
result at the push-in amount of 12 mm. No difference in
signal strength based on the presence or absence of wa-
ter was recognized. Therefore, the water was removed
in the surface following nozzle 22, so that the observation
device 20 can observe the moving object surface without
receiving an influence by the water.

(Modification Example)

[0064] The present invention is not limited to the
abovementioned embodiment, but can be changed as
appropriate within the scope of the present invention.
[0065] The case where the present invention is applied
to a rolling roll serving as a moving object has been de-
scribed, however, the present invention is not limited
thereto, but can be applied to an axisymmetric shape
object such as a pipe and a machine component. More-
over, the present invention can be applied to, not limited
to the axisymmetric shape object, a planar moving object,
such as a steel sheet during cooling, as long as a distance
change range to the surface is within the followed dis-
tance change of the following nozzle, and the surface
observation, the temperature measurement, the length
measurement, and the like, of a target moving object,
can be performed. The case where the present invention
is applied to a hot rolling roll serving as a moving object
has been described, however, the present invention is
not limited thereto, but can be applied to a cold rolling
mill roll.
[0066] The case where the bellows spring 42 is used
as an elastic body has been described, however, the
present invention is not limited thereto, but for example,
a coil spring, rubber, or the like may be used.

Reference Signs List

[0067]

14: rolling roll (moving object)
20: observation device
22: surface following nozzle
24: environment box
26: optical observing part
28: nozzle
29: flat surface
30: extending and contracting part
32: separating part
34: inner nozzle
36: outer nozzle
42: bellows spring (elastic body)
48: optical window
50: flow meter
52: pressure gage

Claims

1. A surface following nozzle comprising:

a nozzle that injects gas from a tip end thereof;
a separating part that closes a base end of the
nozzle; and
an extending and contracting part that is provid-
ed at a rear side of the nozzle via the separating
part, and extends and contracts along an axial
direction of the nozzle, wherein
the extending and contracting part includes an
elastic body that applies a forward force with re-
spect to the nozzle.

2. The surface following nozzle according to claim 1,
wherein
when a spring constant of the elastic body is set as
k [N/m], a necessary followed distance changing
amount is set as xr[m], a maximum pressure of gas
that can be supplied is set as Pmax [Pa], a minimum
pressure of allowable gas is set as Pmin [Pa], a nozzle
discharge area is set as SN [m2], a maximum velocity
of cooling water in a vicinity of the nozzle tip end is
set as Vmax, and a density of the cooling water is set
as ρw [kg/m3], the spring constant k of the elastic
body satisfies following formulas (1) and (2), and
a contraction amount x[m] of the elastic body is within
a range from xmin to xmax indicated by following for-
mulas (3) and (4). 
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3. The surface following nozzle according to claim 1 or
2, further comprising:

a flow meter provided to a pipe that is connected
to the nozzle and supplies the gas to the nozzle;
and
a pressure gage that measures a pressure in an
inside of the nozzle.

4. The surface following nozzle according to any one
of claims 1 to 3, wherein the elastic body is a bellows.

5. The surface following nozzle according to any one
of claims 1 to 4, wherein the nozzle includes an inner
nozzle, and an outer nozzle coaxially provided to the
inner nozzle, and by a pressure of the gas to be in-
jected, the inner nozzle protrudes with respect to the
outer nozzle.

6. The surface following nozzle according to claim 5,
wherein a material for the inner nozzle contains a
phenol resin, a solid lubricant, and reinforcement fib-
er.

7. The surface following nozzle according to any one
of claims 1 to 6, wherein the surface following nozzle
includes a flat surface that is parallel to a direction
orthogonal to the axial direction at the nozzle tip end,
and the nozzle tip end has an outer diameter twice
to four times an inner diameter.

8. The surface following nozzle according to any one
of claims 1 to 7, wherein a cavity of the nozzle is
tapered toward the tip end.

9. The surface following nozzle according to any one
of claims 1 to 8, wherein the separating part includes
an optical window.

10. An observation device for a moving object surface,
comprising:

the surface following nozzle according to claim
9;
an environment box provided at a rear side of
the surface following nozzle; and
an optical observing part housed inside the en-
vironment box, wherein
an observation optical path is provided from the
optical observing part over the nozzle tip end.

11. An observation method for a moving object surface,
comprising:

monitoring a moving object, using an observa-
tion device for the moving object surface includ-
ing:

a nozzle that injects gas from a tip end there-
of;
a separating part that closes a base end of
the nozzle; and
an extending and contracting part that is
provided at a rear side of the nozzle via the
separating part, and extends and contracts
along an axial direction of the nozzle,
wherein the extending and contracting part
is provided with:

a surface following nozzle including an
elastic body that applies a forward force
with respect to the nozzle;
an environment box provided at a rear
side of the surface following nozzle;
and
an optical observing part housed inside
the environment box, wherein an ob-
servation optical path is provided from
the optical observing part over the noz-
zle tip end; and

determining a timing to replace the moving ob-
ject or controlling a use condition of the moving
object.

12. The observation method for a moving object surface
according to claim 11, wherein when a bore of the
nozzle is set as d[m], a density of gas is set as ρA
[kg/m3], a density of cooling water is set as ρw
[kg/m3], a velocity of the moving object is set as V
[m/s], a flow rate of gas to be jetted is set as Q [m3/s],
and a gap between the moving object surface and
the nozzle tip end is set as G[m], a following formula
(5) is satisfied. 

13. The observation method for a moving object surface
according to claim 11 or 12, wherein based on a flow
rate of the gas flowing through a pipe through which
the gas is supplied to the nozzle and a nozzle back
pressure, at least either one of a push-in amount of
the elastic body and a size of a gap between the
nozzle tip end and the moving object surface is es-
timated.
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