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(57) Abstract: [Problem] To provide a surface temperature measurement device and method that enable precise measurement of the 
surface temperature of a workpiece such as steel (wheel, steel pipe, steel plate, rail, or the like) that is being water-cooled. [Solution] 
This surface temperature measurement device (100) is provided with: a radiation thermometer (1) for detecting heat radiation light 

o radiated from the surface of a workpiece (W) that is being water-cooled; a housing (2) which opens on a workpiece (W) side and 
which internally accommodates at least the light-receiving unit (11) part of the radiation thermometer (1); and an optical glass (3) 
that is tightly fitted inside the housing (2) between the workpiece (W) and the light-receiving unit (11) of the radiation thermometer 

O (1) as part of the radiation thermometer (1), and allows the heat radiation light to pass through. The end surface of the optical glass 
(3) on the workpiece (W) side is arranged close to the surface of the workpiece (W).  

(57) f
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DESCRIPTION 

) SURFACE TEMPERATURE MEASURING APPARATUS AND SURFACE 

TEMPERATURE MEASURING METHOD 

Technical Field 

[0001] The present invention relates to an apparatus that measures a surface temperature of a 

temperature measurement target material such as a steel material by radiant temperature 

measuring, and a method of measuring the same. The present invention particularly relates to a 

surface temperature measuring apparatus that is capable of accurately measuring a surface 

temperature of a temperature measurement target material such as a steel material (e.g., a wheel, 

a steel pipe, a steel sheet, or a rail) in a cooling process with water, and a method of measuring 

the same.  

Background Art 

[0002] In order to improve the quality and productivity of a temperature measurement target 

material such as a wheel, a steel pipe, a steel sheet, or a rail, it has become important to manage 

the temperature of the temperature measurement target material in a cooling process. When the 

surface temperature of the temperature measurement target material is measured by use of a 

radiation thermometer in a cooling process in a hot rolling line or a heat treatment-and-cooling 

line of the temperature measurement target material, for example, sometimes there may be 

steam or scattered cooling water between the temperature measurement target material and the 

radiation thermometer. Alternatively, a surface of the temperature measurement target material 

may be covered with a water film or be submerged. Under such an environment, thermal 

radiation emitted from the temperature measurement target material may be absorbed into water 

vapor, steam, cooling water, or the like, or may be scattered, and accordingly, the measured 

temperature value may include an error or the measurement may fail.  

[0003] Accordingly, in order to reduce errors in measuring the temperature (hereinafter also 

referred to as temperature measurement errors), generated by the above factors, and to enable 

accurate radiant temperature measuring, there have been proposed various methods of 

measuring a surface temperature of a steel material according to the related art. For example, 

Patent Document 1 proposes a method of measuring a surface temperature of a steel material by
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forming a water column between a radiation thermometer and the surface of the steel material 

by ejection of purge water from a nozzle toward the surface of the steel material, and by 

detecting the radiant energy of the thermal radiation emitted from the steel material through the 

water column.  

[0004] More specifically, with the temperature measuring method disclosed in Patent Document 

1, a water column is formed between a radiation thermometer and a measurement target. The 

radiation thermometer is configured to measure a surface temperature of the measurement target 

on the basis of the radiant energy emitted from the measurement target. From all the radiant 

energy emitted from the measurement target, part of the radiant energy is absorbed into the 

water column. Thus, considering the absorption, while the radiant energy is corrected, the 

surface temperature of the measurement target is measured by use of the radiation thermometer.  

This method is characterized by setting the temperature of the water column to 60 'C or higher 

to form the water column.  

[0005] With the method disclosed in Patent Document 1, since the water column is formed 

between the radiation thermometer and the measurement target, water vapor or scattered water 

is unlikely to enter a part where the water column is formed, and it is possible to reduce the 

temperature measurement errors caused by absorption or scattering of the radiant energy by 

water vapor or scattered water. Further, with the method disclosed in Patent Document 1, since 

the temperature of the water column is set to 60 'C or higher, a boiling film is likely to be 

formed on the surface of the measurement target in contact with the water column.  

Accordingly, it becomes possible to suppress a decrease in the surface temperature of the 

measurement target and to reduce cooling unevenness of the measurement target without 

damaging the representativeness of the measured temperature value, which is advantageous.  

[0006] However, the method disclosed in Patent Document 1 has the following problems. A 

heater for increasing the temperature of the water column to 60 'C or higher is necessary. A 

high energy cost is also necessary to increase the temperature of the water. Further, because a 

thickness measuring apparatus for measuring the thickness of the water column (using an 

ultrasonic system, for example) is necessary, the dimension of the entire apparatus is large, and 

accordingly, it becomes difficult to install the apparatus in a narrow space such as a space 

between steel material carrying rolls. Furthermore, even when the thickness measuring 

apparatus is installed, the maintainability may be hindered because the attachment and
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detachment may be troublesome, and a trouble of the thickness measuring apparatus may 

degrade the stability and reliability of the measured temperature value.  

[0007] In order to solve at least one of the above problems and the like of the method disclosed 

in Patent Document 1, the present inventors have proposed a method disclosed in Patent 

Document 2. Specifically, the method disclosed in Patent Document 2 is a method of measuring 

a surface temperature of a temperature measurement target steel material by detecting thermal 

radiation emitted from the bottom surface of the temperature measurement target steel material 

by use of a radiation thermometer that is disposed to be opposed to the bottom of the 

temperature measurement target steel material through purge water ejected from a nozzle toward 

the bottom surface of the temperature measurement target steel material. With this method, on 

the basis of the position of a path line of the temperature measurement target steel material, all 

heads of the purge water are set within a predetermined range (claim 2 of Patent Document 2).  

Further, this method proposes to set the wavelength of the thermal radiation detected by the 

radiation thermometer to 0.9 [m or shorter (claim 3 of Patent Document 2).  

[0008] According to the above method disclosed in Patent Document 2, since all heads of the 

purge water are set within a predetermined range, collision pressure of the purge water on the 

bottom surface of the temperature measurement target steel material is suppressed, and even 

when the purge water is at room temperature, cooling can be suppressed. Accordingly, 

according to the method disclosed in Patent Document 2, it becomes possible to obtain the 

advantage that the high energy cost for increasing the temperature of the water, which is 

necessary in Patent Document 1, is unnecessary. Further, by setting the wavelength of the 

thermal radiation detected by the radiation thermometer to 0.9 [m or shorter, it becomes 

possible to obtain the advantage that the thickness measuring apparatus for measuring the 

thickness of the water column is unnecessary.  

[0009] However, according to the above method disclosed in Patent Document 2, in a case in 

which the temperature of the top surface, side surfaces, and the like of the temperature 

measurement target steel material is measured, the purge water collides with the temperature 

measurement target steel material, and accordingly, temperature measurement errors may be 

generated by cooling of the surface of the temperature measurement target steel material.  

Further, since the wavelength of the thermal radiation detected by the radiation thermometer is 

set to 0.9 [m or shorter, the lower limit of
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the surface temperature of the steel material which can be subjected to radiant temperature 

measuring is approximately 500 'C. Considering recent requirement for high quality of 

the steel material, it has become important to manage the surface temperature in a low 

temperature region of approximately 200 'C. Accordingly, it is difficult to manage 

5 appropriate temperatures with the method by which only the surface temperature of 

approximately 500 'C or higher can be measured.  

[0010] 

In addition, as a technique to measure the surface temperature of a temperature 

measurement target material, generally, the temperature is measured by pressing a 

10 temperature sensor of a thermocouple wire lightly on the temperature measurement target 

material. The temperature sensor of the thermocouple is fixed on a rear surface of a 

contact plate at the edge of a temperature measurement unit. However, since the 

temperature sensor of the thermocouple wire is pressed by the contact plate on the 

temperature measurement target material, in a cooling process of water cooling, water 

15 enters a space between the contact plate and the temperature measurement target material, 

and the temperature sensor of the thermocouple wire contacts the water. Accordingly, it 

becomes difficult to measure the surface temperature of the temperature measurement 

target material accurately.  

[Prior Art Document(s)] 

20 [Patent Document(s)] 

[0011] 

[Patent Document 1] JP H8-295950A 

[Patent Document 2] JP 2006-17589A 

[Summary of the Invention] 

25 [Problem(s) to Be Solved by the Invention] 

[0012]
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[0012] There is a need to solve at least one of the problems identified in the prior art and to 

provide a surface temperature measuring apparatus that is capable of accurately measuring a 

surface temperature of a temperature measurement target material such as a steel material (e.g., 

a wheel, a steel pipe, a steel sheet, or a rail) in a cooling process with water, and a method of 

measuring the same.  

[0012a] It is an object of the present invention to at least substantially satisfy the above need.  

Means for Solving the Problem(s) 

[0013] In a first aspect of the present invention, there is provided in combination, an apparatus 

for measuring a surface temperature, and a temperature measurement target material, the surface 

temperature measuring apparatus comprising: 

a radiation thermometer for detecting thermal radiation emitted from a surface of a 

temperature measurement target material; 

a housing having an opening on a temperature measurement target material side, the 

housing storing, in an inside of the housing, at least a radiation receiving unit of the radiation 

thermometer among structural elements of the radiation thermometer; and 

an optical glass that is fitted to the housing and seals the opening on the target material 

side of the housing, the optical glass being configured to transmit the thermal radiation into the 

housing, 

wherein the surface of the temperature measurement target material on which the radiation 

thermometer detects the thermal radiation is in a plane that is approximately vertical, and 

wherein the optical glass has, on the temperature measurement target material side, an end 

surface that is adjacent to the surface of the temperature measurement target material; and 

the target material is in a cooling process using water, wherein the surface of the 

temperature measurement target material on which the radiation thermometer detects the 

thermal radiation is in a plane that is approximately vertical with respect to gravity.  

[0014] In the surface temperature measuring apparatus, the end surface of the optical glass on 

the temperature measurement target material side may be located at a position where water is 

present in a space between the end surface of the optical glass on the temperature measurement 

target material side and the surface of the temperature measurement target material, and the 

radiation receiving unit of the radiation thermometer may receive the thermal radiation emitted
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from the surface of the temperature measurement target material through water that is present in 

the space between the surface of the temperature measurement target material and the end 

surface of the optical glass on the temperature measurement target material side.  

[0015] The radiation thermometer may detect radiation having any one of wavelength bands of 

0.7 to 0.9 [tm, 1.0 to 1.2 [tm, and 1.6 to 1.8 km.  

[0016] The surface temperature measuring apparatus may include a keeping member configured 

to keep a gap between the surface of the temperature measurement target material and the end 

surface of the optical glass on the temperature measurement target material side substantially 

constant.  

[0017] The surface temperature measuring apparatus may calculate a measured temperature 

value by correcting an output value of the radiation thermometer by use of a transmittance of the 

thermal radiation with respect to a thickness of water corresponding to a length that is 

substantially half of the gap between the surface of the temperature measurement target material 

and the end surface of the optical glass on the temperature measurement target material side.  

[0018] [Blank] 

[0019] The surface of the temperature measurement target material on which the radiation 

thermometer detects the thermal radiation may be a plane that is substantially vertical, the 

receiving unit of the radiation thermometer may receive the thermal radiation emitted through 

the water that is present in the space between the surface of the temperature measurement target 

material and the end surface of the optical glass on the temperature measurement target material 

side, and the gap between the surface of the temperature measurement target material and the 

end surface of the optical glass on the temperature measurement target material side may be 1.0 

mm or shorter.  

[0020] The surface temperature measuring apparatus may include a water supply apparatus 

configured to supply water to the space between the surface of the temperature measurement 

target material and the end surface of the optical glass on the temperature measurement target 

material side.
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[0021] In a second aspect of the present invention, there is provided in combination, an 

apparatus for measuring a surface temperature, and a temperature measurement target material, 

the surface temperature measuring apparatus comprising: 

a radiation thermometer for detecting thermal radiation emitted from a surface of a 

temperature measurement target material; 

a housing having an opening on a temperature measurement target material side, the 

housing storing, in an inside of the housing, at least a radiation receiving unit of the radiation 

thermometer among structural elements of the radiation thermometer; and 

an optical glass that is fitted to the housing and seals the opening on the target material 

side of the housing, the optical glass being configured to transmit the thermal radiation into the 

housing, 

wherein the surface of the temperature measurement target material on which the radiation 

thermometer detects the thermal radiation is in a plane that is approximately vertical, and 

wherein the optical glass has, on the temperature measurement target material side, an end 

surface that is adjacent to the surface of the temperature measurement target material; and 

the target material is in a cooling process using water, wherein the surface of the 

temperature measurement target material on which the radiation thermometer detects the 

thermal radiation is in a plane that is approximately vertical with respect to gravity.  

[0022] In a third aspect of the present invention, there is provided a surface temperature 

measuring method of measuring a surface temperature of a temperature measurement target 

material by detecting, by use of a radiation thermometer, thermal radiation emitted from a 

surface of the temperature measurement target material in a cooling process with water, the 

method comprising the surface of the temperature measurement target material on which the 

radiation thermometer detects the thermal radiation is in a plane that is approximately vertical 

with respect to gravity, interposing an optical glass configured to transmit the thermal radiation 

between the temperature measurement target material and a radiation receiving unit of the 

radiation thermometer, and locating an end surface of the optical glass on a temperature 

measurement target material side adjacently to the surface of the temperature measurement 

target material and measuring the surface temperature of the temperature measurement target 

material.  

[0023] In a case in which the temperature measurement target material is a steel material having 

a disk shape, a columnar shape, or a cylindrical shape having an outer peripheral surface, when
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measuring the surface temperature of the temperature measurement target material, a 

temperature of the outer peripheral surface of the temperature measurement target material may 

be measured by use of the radiation thermometer while the gap between the outer peripheral 

surface of the temperature measurement target material and the end surface of the optical glass 

on the temperature measurement target material side is kept substantially constant, in a state in 

which the temperature measurement target material is rotated around a center axis of the 

temperature measurement target material as a rotation center and the outer peripheral surface of 

the temperature measurement target material is cooled by water.  

Effect(s) of the Invention 

[0024] As described above, according to embodiments of the present invention, it is possible to 

provide a surface temperature measuring apparatus that is capable of accurately measuring a 

surface temperature of a temperature measurement target material such as a steel material (e.g., 

a wheel, a steel pipe, a steel sheet, or a rail) in a cooling process with water, and a method of 

measuring the same.  

Brief Description of the Drawing(s) 

[0024a] Preferred embodiments of the present invention will now be described, by way of 

example only, with reference to the accompanying drawings wherein: 

[0025] [FIG. 1] FIG. 1 is a schematic plan view showing a surface temperature measuring 

apparatus according to an embodiment of the present invention.  

[FIG. 2] FIG. 2 is a schematic front view showing a surface temperature measuring 

apparatus according to the embodiment when seen from direction A in FIG. 1.  

[FIG. 3] FIG. 3 is a schematic side view showing a surface temperature measuring 

apparatus when seen from direction B in FIG. 1.  

[FIG. 4] FIG. 4 is a schematic diagram showing a purge mechanism in an inside of a 

housing.
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[FIG. 5] FIG. 5 is a graph showing a relation between a wavelength of thermal radiation 

and transmittance of thermal radiation with respect to a thickness of water.  

[FIG. 6] FIG. 6 is a graph showing results of observation of a state of water that is 

present between a steel sheet and an end surface of an optical glass by a gap between a top 

surface (horizontal plane) of the steel sheet that is substantially parallel to a horizontal direction 

or a plane (vertical plane) of the steel sheet that is substantially vertical to the horizontal 

direction and the end surface of the optical glass.  

[FIG. 7] FIG. 7 shows an example of a charge state of water that is present between a 

surface of a temperature measurement target material and an end surface of an optical glass on a 

temperature measurement target material side.
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[FIG. 8] FIG. 8 is a graph showing an example of a relation between a charge rate of 

water and a temperature measurement error.  

[FIG. 9] FIG. 9 shows a relation between a part where water is charged and a 

measurement field of a detection unit of a radiation thermometer.  

[FIG. 10] FIG. 10 is a schematic diagram showing an experimental apparatus for 

evaluating accuracy of surface temperature measurement on a vertical plane of a steel sheet in a 

cooling process with water.  

[FIG. 11] FIG. 11 is a graph showing temperature measurement results obtained by an 

experimental apparatus shown in FIG. 10.  

Mode(s) for Carrying out the Invention 

1. Overview of the present invention 

[0026] A surface temperature measuring apparatus according to an embodiment of the present 

invention will be described below. First, an overview of the surface temperature measuring 

apparatus according to this embodiment will be described.  

[0027] The surface temperature measuring apparatus according to this embodiment includes a 

radiation thermometer configured to detect thermal radiation emitted from a surface of a 

temperature measurement target material in a cooling process with water, a housing having an 

opening on a temperature measurement target material side, the housing storing, in an inside of 

the housing, at least a radiation receiving unit of the radiation thermometer among structural 

elements of the radiation thermometer, and an optical glass that is fit and sealed in the inside of 

the housing between the temperature measurement target material and the radiation receiving 

unit of the radiation thermometer, the optical glass being configured to transmit the thermal 

radiation. Further, an end surface of the optical glass on the temperature measurement target 

material side is adjacent to the surface of the temperature measurement target material.  

[0028] In the surface temperature measuring apparatus according to this embodiment, the 

housing has the opening on the temperature measurement target material side and stores, in the
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inside of the housing, at least the radiation receiving unit of the radiation thermometer among 

structural elements of the radiation thermometer. Further, the optical glass that is interposed 

between the temperature measurement target material and the radiation receiving unit of the 

radiation thermometer transmits the thermal radiation. Accordingly, the thermal radiation 

emitted from the surface of the temperature measurement target material is received by the 

radiation receiving unit of the radiation thermometer through the opening of the housing and the 

optical glass. Note that the entire radiation thermometer may be stored in the housing, or the 

radiation receiving unit of the radiation thermometer may be stored in the housing and the 

structural elements other than the radiation receiving unit of the radiation thermometer may be 

provided outside of the housing.  

[0029] In general, in a cooling process, there is water vapor or scattered water on the periphery 

of the temperature measurement target material. Accordingly, the water vapor or the scattered 

water may absorb or scatter the radiant energy, which may result in a decrease in the radiant 

energy of the thermal radiation detected by the radiation thermometer and the generation of an 

error in the measurement (hereinafter also referred to as measurement error). It is possible to 

reduce the effects of the water vapor and the scattered water if the radiation thermometer is 

installed adjacently to the temperature measurement target material; however, in this case, the 

heat resistance or waterproof property of the radiation thermometer may be matter. In the 

surface temperature measuring apparatus according to this embodiment, the optical glass is fit 

and sealed in the inside of the housing between the temperature measurement target material and 

the radiation receiving unit of the radiation thermometer. Accordingly, the radiation 

thermometer is prevented from being directly subjected to heat emitted from the temperature 

measurement target material, and water is unlikely to enter the inside of the housing through the 

end of the opening of the housing and the radiation receiving unit of the radiation thermometer.  

Therefore, it is possible to secure the heat resistance and waterproof property of the radiation 

thermometer.  

[0030] Further, since the end surface of the optical glass on the temperature measurement target 

material side is adjacent to the temperature measurement target material, water vapor, scattered 

water, and cooling water are unlikely to enter a space between the surface of the temperature 

measurement target material and the end surface of the optical glass on the temperature 

measurement target material side. Further, even when cooling water and the like enter, the
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cooling water entering the space between the surface of the temperature measurement target 

) material and the end surface of the optical glass on the temperature measurement target material 

side will have a surface tension so as to be kept steady in this space. Accordingly, it becomes 

possible to reduce temperature measurement errors caused by absorption or scattering of the 

radiant energy by water vapor or scattered water.  

[0031] Here, the state in which the cooling water kept steady in the space between the surface of 

the temperature measurement target material and the end surface of the optical glass on the 

temperature measurement target material side includes not only the state in which the cooling 

water is completely charged in the space between the surface of the temperature measurement 

target material and the end surface of the optical glass on the temperature measurement target 

material side but also the state in which the cooling water is kept steady in a part of the space 

between the surface of the temperature measurement target material and the end surface of the 

optical glass on the temperature measurement target material side. Specifically, for example, in 

a case in which the surface of the temperature measurement target material that detects the 

thermal radiation is a plane vertical to the horizontal direction, the cooling water is affected by 

gravity. In this case, the cooling water can be kept steady below the space between the surface 

of the temperature measurement target material and the end surface of the optical glass on the 

temperature measurement target material side.  

[0032] Accordingly, the surface temperature measuring apparatus may be configured in a 

manner that the end surface of the optical glass on the temperature measurement target material 

side is located at a position where water is present in the space between the end surface of the 

optical glass on the temperature measurement target material side and the surface of the 

temperature measurement target material and the radiation receiving unit of the radiation 

thermometer receives the thermal radiation emitted from the surface of the temperature 

measurement target material through the water that is present in the space between the surface of 

the temperature measurement target material and the end surface of the optical glass on the 

temperature measurement target material side. Accordingly, it becomes possible to reduce 

temperature measurement errors caused by absorption or scattering of the radiant energy by 

water vapor or scattered water.
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[0033] Further, with the surface temperature measuring apparatus according to this 

) embodiment, it can be expected that the cooling water is kept steady in the space between the 

surface of the temperature measurement target material and the end surface of the 

[THE SPECIFICATION CONTINUES ON PAGE 15]
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temperature measurement target material and the end surface of the optical glass on the 

temperature measurement target material side but also the state in which the cooling water 

is kept steady in a part of the space between the surface of the temperature measurement 

target material and the end surface of the optical glass on the temperature measurement 

5 target material side. Specifically, for example, in a case in which the surface of the 

temperature measurement target material that detects the thermal radiation light is a plane 

vertical to the horizontal direction, the cooling water is affected by gravity. In this case, 

the cooling water can be kept steady below the space between the surface of the 

temperature measurement target material and the end surface of the optical glass on the 

10 temperature measurement target material side.  

[0032] 

Accordingly, the surface temperature measuring apparatus may be configured in a 

manner that the end surface of the optical glass on the temperature measurement target 

material side is located at a position where water is present in the space between the end 

15 surface of the optical glass on the temperature measurement target material side and the 

surface of the temperature measurement target material and the light receiving unit of the 

radiation thermometer receives the thermal radiation light emitted from the surface of the 

temperature measurement target material through the water that is present in the space 

between the surface of the temperature measurement target material and the end surface of 

20 the optical glass on the temperature measurement target material side. Accordingly, it 

becomes possible to reduce temperature measurement errors caused by absorption or 

scattering of the radiant energy by water vapor or scattered water.  

[0033] 

Further, with the surface temperature measuring apparatus according to this 

25 embodiment, it can be expected that the cooling water is kept steady in the space between 

the surface of the temperature measurement target material and the end surface of the
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optical glass on the temperature measurement target material side. Accordingly, the 

surface temperature measuring apparatus according to this embodiment can reduce 

temperature measurement errors caused by absorption or scattering of the radiant energy 

by water vapor or scattered water without the use of purge water or purge air. Further, a 

5 temperature decrease of the temperature measurement target material caused by spraying 

the purge water or the purge air on the temperature measurement target material is not 

generated, so that the surface temperature of the temperature measurement target material 

is hardly affected.  

[0034] 

10 For example, in a cooling process of a wheel having a substantially circular cross 

section, the outer peripheral surface (side surface in the circumferential direction) of the 

wheel is cooled by water while the wheel is rotated around the axis center. In this case, in 

order to check whether or not cooling is performed under management of appropriate 

temperatures, the temperature of the outer peripheral surface of the wheel is measured by a 

15 radiation thermometer. In particular, if purge water or purge air is used in measuring the 

temperature of the wheel, since the rotation speed of the wheel is low, a temperature 

decrease of the wheel caused by the purge water or the purge air becomes obvious, and it 

becomes difficult to realize a desired cooling process. Further, since the temperature of 

the same side surface is measured every time the wheel rotates once, the temperature 

20 decrease of the wheel caused by the purge water or the purge air is generated plural times, 

and accordingly, it becomes more difficult to realize a desired cooling process. With the 

surface temperature measuring apparatus according to this embodiment, since the surface 

of the wheel is not cooled by the purge water or the purge air, the surface temperature of 

the wheel can be measured without damaging the representativeness of the measured 

25 temperature.  

[0035]
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[0035] In this embodiment, it is preferable that the radiation thermometer detects radiation 

having any one of wavelength bands of 0.7 to 0.9 [tm, 1.0 to 1.2 [tm, and 1.6 to 1.8 [tm.  

[0036] FIG. 5 is a graph showing the relation between the wavelength of the thermal radiation 

and the transmittance thereof with respect to tap water at 28 0C having various thicknesses.  

From FIG. 5, it is found that the transmittance becomes higher as the thickness of water is 

larger. Here, in this embodiment, the end surface of the optical glass on the temperature 

measurement target material side is adjacent to the surface of the temperature measurement 

target material. For example, when the gap between the surface of the temperature 

measurement target material and the end surface of the optical glass on the temperature 

measurement target material side is set to 3 mm or shorter, the transmittance of the thermal 

radiation serving as a cause of a temperature measurement error may be higher than the 

transmittance shown in a case in which the thickness of water is 3 mm.  

[0037] On the other hand, the cooling water is not always charged completely in a measurement 

field of the radiation thermometer because the charge state of the cooling water changes when 

the measured position of the surface temperature moves, for example. That is, in a case in 

which the detected thermal radiation does not pass through the cooling water, the transmittance 

fluctuates substantially.  

[0038] As shown in FIG. 5, in a case of using a radiation thermometer with detection 

wavelengths of 0.7 to 0.9 jam, when the thickness of water is 3 mm, the transmittance is 

approximately 1.0. In this case, even when the change of the charge state of the cooling water is 

taken into consideration, the transmittance hardly fluctuates, and accordingly, measurement 

errors are hardly generated.
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[0039] 

Further, in a case of using a radiation thermometer with detection wavelengths of 

1.0 to 1.2 [m, when the thickness of water is 3 mm, the transmittance is 0.7 or higher.  

Accordingly, when the charge state of the cooling water that is present in the space 

5 between the surface of the temperature measurement target material and the end surface of 

the optical glass on the temperature measurement target material side changes, the 

transmittance fluctuates between 0.7 and 1.0. When it is assumed that 0.85, which is the 

intermediate value therebetween, is the average transmittance, the transmittance fluctuation 

range is 0.15. From this value, the effect of the transmittance fluctuation range on the 

10 measured temperature is calculated to be approximately ±9 C in the 600 C region and 

approximately ±5 C in the 400 C region. Accordingly, even when the charge state of the 

cooling water changes, the surface temperature can be measured accurately.  

[0040] 

Further, in a case of using a radiation thermometer with detection wavelengths of 

15 1.6 to 1.8 [m, when the thickness of water is 3 mm, the transmittance is 0.1 or higher.  

Accordingly, when the charge state of the cooling water that is present in the space 

between the surface of the temperature measurement target material and the end surface of 

the optical glass on the temperature measurement target material side changes, the 

transmittance fluctuates between 0.1 and 1.0. When it is assumed that 0.55, which is the 

20 intermediate value therebetween, is the average transmittance, the transmittance fluctuation 

range is 0.45. From this value, the effect of the transmittance fluctuation range on the 

measured temperature is calculated to be approximately +24 C in the 400 C region and 

approximately +12 C in the 200 C region. Accordingly, even when the charge state of 

the cooling water changes, the surface temperature of the temperature measurement target 

25 material can be measured accurately.  

[0041]
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[0039] According to the above preferred configuration, the radiation thermometer detects 

) radiation having wavelength bands at which the transmittance of the thermal radiation is high 

with respect to the water that is present in the space between the surface of the temperature 

measurement target material and the end surface of the optical glass on the temperature 

measurement target material side, and accordingly, measurement errors can be suppressed.  

[0040] In this embodiment, it is preferable toy include a keeping member configured to keep the 

gap between the surface of the temperature measurement target material and the end surface of 

the optical glass on the temperature measurement target material side substantially constant.  

[0041] According to the preferred configuration, since the gap between the surface of the 

temperature measurement target material and the end surface of the optical glass on the 

temperature measurement target material side is kept, the optical glass does not contact the 

temperature measurement target material. Accordingly, the optical glass can be prevented from 

being damaged by contacting the temperature measurement target material. Further, since the 

gap is kept substantially constant, the transmittance does not fluctuate by the change of the 

thickness of water. Accordingly, the surface temperature of the temperature measurement target 

material can be measured more accurately.  

[0042] Further, the growth of the scale to a wheel or the like generates unevenness on the 

surface of the wheel, and accordingly, the surface of the wheel may contact the end surface of 

the optical glass, which may damage the optical glass. According to the above preferred 

configuration, since the gap between the surface of the wheel and the end surface of the optical 

glass on the wheel side is kept, the surface of the wheel can be prevented from contacting the 

end surface of the optical glass and the optical glass can be prevented from being damaged.  

Further, as described above, since the gap is kept substantially constant, the surface temperature 

of the wheel can be measured more accurately. Note that, as the keeping member, for example, 

it is possible to use a contact roller mechanism including a roller that is attached to a housing 

and is pressed toward the surface of the temperature measurement target material so as to be 

constantly in contact with the surface of the temperature measurement target material.  

[0043] In a case in which the surface of the temperature measurement target material on which 

the radiation thermometer detects the thermal radiation is a plane that is substantially vertical to 

the horizontal direction, it is preferable that a measured temperature value is calculated by
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correcting an output value of the radiation thermometer by use of the transmittance of the 

) thermal radiation with respect to the thickness of water corresponding to a length that is 

substantially half of the gap between the surface of the temperature measurement target material 

and the end surface of the optical glass on the temperature measurement target material side.  

[0044] According to the preferred configuration, the output value of the radiation thermometer 

is corrected by use of the transmittance of the thermal radiation with respect to the thickness of 

water corresponding to a length that is substantially half of the gap between the surface of the 

temperature measurement target material and the end surface of the optical glass on the 

temperature measurement target material side. That is, the output value of the radiation 

thermometer is corrected by estimating, as the transmittance of the thermal radiation with 

respect to the thickness of water corresponding to a length that is substantially half of the gap 

between the surface of the temperature measurement target material and the end surface of the 

optical glass on the temperature measurement target material side, the average value of 

fluctuation of transmittance due to the change of the charge state of the water that is present in 

the space between the surface of the temperature measurement target material and the end 

surface of the optical glass on the temperature measurement target material side. Accordingly, 

the surface temperature of the temperature measurement target material can be measured easily 

and accurately.  

[0045] In a case in which the surface of the temperature measurement target material on which 

the radiation thermometer detects the thermal radiation is the top surface of the temperature 

measurement target material that is substantially parallel to the horizontal direction, it is 

preferable that the gap between the surface of the temperature measurement target material and 

the end surface of the optical glass on the temperature measurement target material side is 2.5 

mm or shorter.  

[0046] According to the preferred configuration, the surface of the temperature measurement 

target material on which the radiation thermometer detects the thermal radiation is the top 

surface of the temperature measurement target material that is substantially parallel to the 

horizontal direction, and the gap between the surface of the temperature measurement target 

material and the end surface of the optical glass on the temperature measurement target material 

side is 2.5 mm or shorter. Accordingly, a surface tension is generated in a manner that the 

cooling water is charged in substantially the entire space between the surface of the temperature
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measurement target material and the end surface of the optical glass on the temperature 

) measurement target material side. Accordingly, the transmittance of the thermal radiation does 

not fluctuate by the change of the charge state of water, the transmittance of the thermal 

radiation depending on the thickness of water becomes substantially constant, and the surface 

temperature of the temperature measurement target material can be measured with a high 

accuracy.  

[0047] In a case in which the surface of the temperature measurement target material on which 

the radiation thermometer detects the thermal radiation is a plane that is substantially vertical to 

the horizontal direction, it is preferable that the radiation receiving unit of the radiation 

thermometer receives the thermal radiation emitted through the water that is present in the space 

between the surface of the temperature measurement target material and the end surface of the 

optical glass on the temperature measurement target material side, and that the gap between the 

surface of the temperature measurement target material and the end surface of the optical glass 

on the temperature measurement target material side is 1.0 mm or shorter.  

[0048] According to the preferred configuration, the surface of the temperature measurement 

target material on which the radiation thermometer detects the thermal radiation is a plane that is 

substantially vertical to the horizontal direction, and the cooling water that is present in the 

space between the surface of the temperature measurement target material and the end surface of 

the optical glass on the temperature measurement target material side is affected by gravity. In 

this case, since the gap between the surface of the temperature measurement target material and 

the end surface of the optical glass on the temperature measurement target material side is 1.0 

mm or shorter, a surface tension is generated in a manner that the cooling water is charged in a 

range corresponding to an area of substantially 60 % or more of the entire area of the end 

surface of the optical glass on the temperature measurement target material side, the area being 

below the end surface. Accordingly, the radiation receiving unit of the radiation thermometer 

receives the thermal radiation emitted through the water that is present in the space between the 

surface of the temperature measurement target material and the end surface of the optical glass 

on the temperature measurement target material side. In other words, the radiation receiving 

unit of the radiation thermometer receives the thermal radiation that is transmitted through a part 

where the cooling water is charged. Accordingly, the transmittance of the thermal radiation
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depending on the thickness of water becomes substantially constant, and the surface temperature 

) of the temperature measurement target material can be measured with a high accuracy.  

[0049] In a case in which the surface of the temperature measurement target material on which 

the radiation thermometer detects the thermal radiation is a plane that is substantially vertical to 

the horizontal direction, it is preferable that the radiation receiving unit of the radiation 

thermometer receives the thermal radiation emitted through the water that is present in the space 

between the surface of the temperature measurement target material and the end surface of the 

optical glass on the temperature measurement target material side, and that the gap between the 

surface of the temperature measurement target material and the end surface of the optical glass 

on the temperature measurement target material side is 1.0 mm or shorter.  

[0050] According to the preferred configuration, the surface of the temperature measurement 

target material on which the radiation thermometer detects the thermal radiation is a plane that is 

substantially vertical to the horizontal direction, and the cooling water that is present in the 

space between the surface of the temperature measurement target material and the end surface of 

the optical glass on the temperature measurement target material side is affected by gravity. In 

this case, since the gap between the surface of the temperature measurement target material and 

the end surface of the optical glass on the temperature measurement target material side is 1.0 

mm or shorter, a surface tension is generated in a manner that the cooling water is charged in a 

range corresponding to an area of substantially 60 % or more of the entire area of the end 

surface of the optical glass on the temperature measurement target material side, the area being 

below the end surface. Accordingly, the radiation receiving unit of the radiation thermometer 

receives the thermal radiation emitted through the water that is present in the space between the 

surface of the temperature measurement target material and the end surface of the optical glass 

on the temperature measurement target material side. In other words, the radiation receiving 

unit of the radiation thermometer receives the thermal radiation that is transmitted through a part 

where the cooling water is charged. Accordingly, the transmittance of the thermal radiation 

depending on the thickness of water becomes substantially constant, and the surface temperature 

of the temperature measurement target material can be measured with a high accuracy.  

[0051] In this embodiment, it is preferable that a water supply apparatus configured to supply 

water to the space between the surface of the temperature measurement target material and the 

end surface of the optical glass on the temperature measurement target material side is provided.
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[0052] According to the preferred configuration, water is charged in the space between the 

) surface of the temperature measurement target material and the end surface of the optical glass 

on the temperature measurement target material side. Accordingly, the transmittance of the 

thermal radiation does not fluctuate by the change of the charge state of water, and the surface 

temperature of the temperature measurement target material can be measured with a high 

accuracy.  

[0053] Further, in this embodiment, a method of measuring a surface temperature of a 

temperature measurement target material by detecting, by use of a radiation thermometer, 

thermal radiation emitted from a surface of the temperature measurement target material in a 

cooling process with water is a method of measuring the surface temperature of the temperature 

measurement target material by interposing an optical glass configured to transmit the thermal 

radiation between the temperature measurement target material and a radiation receiving unit of 

the radiation thermometer so as to prevent water from entering the space between the optical 

glass and the radiation receiving unit of the radiation thermometer, and by locating an end 

surface of the optical glass on the temperature measurement target material side adjacently to 

the surface of the temperature measurement target material.  

[0054] Further, in a case in which the temperature measurement target material is a steel 

material having a disk shape, a columnar shape, or a cylindrical shape having the outer 

peripheral surface, such as a wheel having a substantially circular cross section, the temperature 

of the outer peripheral surface of the temperature measurement target material may be 

measured. For example, in a cooling process of a wheel, in order to check whether or not 

cooling is performed under management of appropriate temperatures, the temperature of the 

outer peripheral surface of the wheel is measured by a radiation thermometer. In this manner, 

the temperature of the outer peripheral surface of the temperature measurement target material is 

measured by use of the radiation thermometer while the gap between the outer peripheral 

surface of the temperature measurement target material and the end surface of the optical glass 

on the temperature measurement target material side is kept substantially constant, even in the 

state in which the temperature measurement target material is rotated around the center axis of 

the temperature measurement target material as the rotation center and the outer peripheral 

surface of the temperature measurement target material is cooled by water. Accordingly, the
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temperature of the outer peripheral surface of the temperature measurement target material can 

be measured accurately.  

2. Embodiment of surface temperature measuring apparatus 

[0055] Next, a surface temperature measuring apparatus according to an embodiment of the 

present invention will be described with reference to appended drawings by taking as an 

example a case in which a temperature measurement target material is a wheel having a 

substantially circular cross section. FIG. 1 is a schematic drawing showing a surface 

temperature measuring apparatus 100 according to an embodiment of the present invention. The 

schematic drawing shown in FIG. 1 is a plan view of the surface temperature measuring 

apparatus 100 showing a cross section of the inside of a housing 2. FIG. 2 is a schematic front 

view of the surface temperature measuring apparatus 100 when seen from direction A in FIG. 1.  

FIG. 3 is a schematic side view of the surface temperature measuring apparatus 100 when seen 

from direction B in FIG. 1. As shown in FIG. 1, the surface temperature measuring apparatus 

100 according to this embodiment includes a radiation thermometer 1, the housing 2, and an 

optical glass 3, and is disposed to be opposed to a temperature measurement target material W.  

[0056] The radiation thermometer 1 is a thermometer that measures temperature by detecting 

thermal radiation received by a radiation receiving unit 11 of the radiation thermometer 1.  

[0057] The housing 2 has an opening on the temperature measurement target material W side.  

Further, the housing 2 stores therein at least the radiation receiving unit 11 of the radiation 

thermometer 1 among structural elements of the radiation thermometer 1.  

[0058] The optical glass 3 is fit and sealed in the inside of the housing 2 between the 

temperature measurement target material W and the radiation receiving unit 11 of the radiation 

thermometer 1, and is capable of transmitting the thermal radiation therethrough.  

[0059] The radiation thermometer 1 includes the radiation receiving unit 11, optical fibers 12, 

and a radiation thermometer main body 13. The optical fibers 12 transfer the thermal radiation 

received by the radiation receiving unit 11 to the radiation thermometer main body 13. Note 

that the optical fibers 12 might be damaged when used alone, and accordingly, are each covered 

with a stainless steel flexible hose (not shown). The radiation thermometer main body 13
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performs photoelectric conversion on the thermal radiation that is received by the radiation 

) receiving unit 11 and is transferred by the optical fibers 12 to convert electric signals into a 

temperature.  

[0060] In the surface temperature measuring apparatus 100 according to this embodiment, the 

housing 2 has the opening on the temperature measurement target material W side and stores the 

radiation receiving unit 11 of the radiation thermometer 1 in the inside of the housing 2.  

Further, the optical glass 3 interposed between the temperature measurement target material W 

and the radiation receiving unit 11 of the radiation thermometer 1 transmits the thermal radiation 

therethrough. That is, the thermal radiation emitted from the temperature measurement target 

material W passes through the opening of the housing 2 and the optical glass 3 and is received 

by the radiation receiving unit 11 of the radiation thermometer 1. Accordingly, the radiation 

thermometer 1 can detect the thermal radiation emitted from a surface of the temperature 

measurement target material W.  

[0061] In the surface temperature measuring apparatus 100 according to this embodiment, the 

radiation receiving unit 11 of the radiation thermometer 1 and parts of the optical fibers 12 are 

stored in the housing 2. In order to secure the heat resistance of the radiation thermometer 1, it 

is preferable to store only a part of the radiation thermometer 1 in the housing 2 as in this 

embodiment; however, the present invention is not limited to this example, and the entire 

radiation thermometer 1 may be stored in the housing 2.  

[0062] In this embodiment, the radiation receiving unit 11 has a circular shape with a diameter 

of 5 mm when seen from the direction A in FIG. 1. The radiation receiving unit 11 is located at 

a position where the temperature measuring field on the surface of the temperature measurement 

target material W is approximately 10 mm in diameter.  

[0063] In this embodiment, the housing 2 has a ring shape in a cross section, specifically, a 

cylindrical shape so as to be easily fit and sealed in the optical glass 3 having a substantially 

circular cross section, as will be described later. However, the present invention is not limited to 

this example, and any of various shapes can be used as the shape of the housing 2, such as an 

elliptic cylindrical shape or a square cylindrical shape, depending on the shape of the optical 

glass 3.
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[0064] In this embodiment, in order to make the optical glass 3 as compact as possible while 

) securing the temperature measuring field effectively, the optical glass 3 has a substantially 

circular cross section. Specifically, in FIG. 1 and FIG. 2, the shape of the optical glass 3 is a 

columnar shape with a diameter of from 10 mm to 20 mm and a length of approximately 100 

mm. By setting the length of the optical glass 3 to approximately 100 mm, the heat resistance 

and waterproof property of the radiation thermometer 1 can be secured, and it is desirable to set 

the length of the optical glass 3 to more than five times as long as the diameter of the optical 

glass 3. However, the present invention is not limited to this example, and any of various 

shapes can be used, such as an elliptic columnar shape or a square columnar shape.  

[0065] In this embodiment, since an end surface of the optical glass 3 on the temperature 

measurement target material W side is adjacent to the surface of the temperature measurement 

target material W, water vapor, scattered water, and cooling water are 

[THE SPECIFICATION CONTINUES ON PAGE 27]
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In this embodiment, the light receiving unit 11 has a circular shape with a 

diameter of 5 mm when seen from the direction A in FIG 1. The light receiving unit 11 is 

located at a position where the temperature measuring field on the surface of the 

temperature measurement target material W is approximately 10 mm in diameter.  

5 [0063] 

In this embodiment, the housing 2 has a ring shape in a cross section, specifically, 

a cylindrical shape so as to be easily fit and sealed in the optical glass 3 having a 

substantially circular cross section, as will be described later. However, the present 

invention is not limited to this example, and any of various shapes can be used as the shape 

10 of the housing 2, such as an elliptic cylindrical shape or a square cylindrical shape, 

depending on the shape of the optical glass 3.  

[0064] 

In this embodiment, in order to make the optical glass 3 as compact as possible 

while securing the temperature measuring field effectively, the optical glass 3 has a 

15 substantially circular cross section. Specifically, in FIG 1 and FIG 2, the shape of the 

optical glass 3 is a columnar shape with a diameter of from 10 mm to 20 mm and a length 

of approximately 100 mm. By setting the length of the optical glass 3 to approximately 

100 mm, the heat resistance and waterproof property of the radiation thermometer 1 can be 

secured, and it is desirable to set the length of the optical glass 3 to more than five times as 

20 long as the diameter of the optical glass 3. However, the present invention is not limited 

to this example, and any of various shapes can be used, such as an elliptic columnar shape 

or a square columnar shape.  

[0065] 

In this embodiment, since an end surface of the optical glass 3 on the temperature 

25 measurement target material W side is adjacent to the surface of the temperature 

measurement target material W, water vapor, scattered water, and cooling water are
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unlikely to enter a space between the surface of the temperature measurement target 

material W and the end surface of the optical glass 3 on the temperature measurement 

target material W side. Further, even when cooling water and the like enter, the cooling 

water entering the space between the surface of the temperature measurement target 

5 material W in a cooling process with water and the end surface of the optical glass 3 on the 

temperature measurement target material W side will have a surface tension so as to be 

kept steady in this space. Accordingly, it becomes possible to reduce temperature 

measurement errors caused by absorption or scattering of the radiant energy by water vapor 

or scattered water.  

10 [0066] 

In this embodiment, the shape of the end surface of the optical glass 3 on the 

temperature measurement target material W side is planar. Accordingly, even when the 

surface shape (curvature) of the temperature measurement target material W changes, the 

cooling water entering the space between the surface of the temperature measurement 

15 target material W and the end surface of the optical glass 3 on the temperature 

measurement target material W side will easily have a surface tension averagely.  

However, the present invention is not limited to this example, and the shape of the end 

surface of the optical glass 3 on the temperature measurement target material W side may 

be a shape in accordance with the surface shape of the temperature measurement target 

20 material W.  

[0067] 

Specifically, the shape of the end surface of the optical glass 3 on the temperature 

measurement target material W side may be a shape having a substantially constant gap 

between the surface of the temperature measurement target material W and the end surface 

25 of the optical glass 3 on the temperature measurement target material W side across the end 

surface of the optical glass 3 on the temperature measurement target material W side.
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More specifically, the end surface of the optical glass 3 on the temperature measurement 

target material W side may have a curvature so as to be concentric with the surface of the 

temperature measurement target material W. In particular, in a case in which the wheel as 

the temperature measurement target material W has a constant outer diameter (in a case in 

5 which the temperature measurement target material W has a constant surface shape), by 

forming the shape of the end surface of the optical glass 3 on the temperature measurement 

target material W side as a shape having a curvature so as to be concentric with the surface 

of the temperature measurement target material W having the constant outer diameter, it is 

considered that the cooling water entering the space between the surface of the temperature 

10 measurement target material W and the end surface of the optical glass 3 on the 

temperature measurement target material W side will have the surface tension more easily.  

[0068] 

The surface temperature measuring apparatus 100 according to this embodiment 

further includes sealing members 61 to 64, an optical glass energizing member (not shown), 

15 and a stopper 81. The optical glass 3 according to this embodiment is fit and sealed in the 

inside of the housing 2 with the sealing members 61 to 64. In this embodiment, as shown 

in FIG 1, the sealing members 61 to 64 are fit between the housing 2 and the optical glass 

3. Further, in this embodiment, of the sealing members 61 to 64, the sealing member 61 

that is the closest to the temperature measurement target material W is preferably a metal 

20 ring with high heat resistance, formed from a soft metal such as lead. Meanwhile, the 

sealing members 62 to 64 are each preferably an 0 ring formed from a heat resistant rubber 

having a high waterproof property, formed from a resin such as silicon or Teflon 

(registered trademark). Accordingly, it becomes possible to secure the heat resistance and 

waterproof property of the radiation thermometer 1 and to suppress damage of the optical 

25 glass 3 by impact.  

[0069]
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[0069] The optical glass energizing member is a spring (not shown) provided in the inside of the 

housing 2, and energizes the optical glass 3 toward the surface of the temperature measurement 

target material W. Further, the stopper 81 is locked at the end of the optical glass 3 on the 

temperature measurement target material W side so that the optical glass 3 should not be 

extruded out of the housing 2. Accordingly, the optical glass 3 is fixed firmly between the 

optical glass energizing member and the stopper 81, and accordingly, it becomes possible to 

prevent the optical glass 3 from being moved by impact to contact the housing 2 or the radiation 

thermometer 1 to be damaged, and to prevent the radiation thermometer 1 from being damaged.  

[0070] In this embodiment, as a preferred embodiment, the radiation thermometer 1 detects 

radiation having any one of wavelength bands of 0.7 to 0.9 [tm, 1.0 to 1.2 [tm, and 1.6 to 1.8 [am.  

Specifically, the radiation thermometer main body 13 includes a Si photodiode or an InGaAs 

photodiode as a detector that performs photoelectric conversion on the thermal radiation 

transferred by the optical fibers 12 and outputs current in accordance with the radiation amount.  

After amplifying output current from the Si photodiode or the InGaAs photodiode, the radiation 

thermometer main body 13 performs current-voltage conversion and AD conversion and 

corrects the emissivity of the temperature measurement target material W to convert electric 

signals into a temperature.  

[0071] Further, the radiation thermometer main body 13 includes an optical filter that transmits 

only radiation having any one of wavelength bands of 0.7 to 0.9 [am, 1.0 to 1.2 [am, and 1.6 to 

1.8 [tm between the surface of the temperature measurement target material W and the detector 

of the radiation thermometer 1, more specifically, between the end of the optical fibers 12 on the 

radiation thermometer main body 13 side and the Si photodiode or the InGaAs photodiode.  

Thus, the wavelength of the thermal radiation detected by the radiation thermometer 1 is any 

one of wavelength bands of 0.7 to 0.9 jam, 1.0 to 1.2 jam, and 1.6 to 1.8 jam. Note that, in a case 

of using the Si photodiode as the detector, an optical filter that transmits only radiation having 

any one of wavelength bands of 0.7 to 0.9 jam and 1.0 to 1.2 jam is provided. Further, in a case 

of using the InGaAs photodiode as the detector, an optical filter that transmits only radiation 

having a wavelength band of 1.6 to 1.8 jam is provided.  

[0072] According to the preferred configuration, as described above, the radiation thermometer 

1 detects radiation having wavelength bands at which the transmittance of the thermal radiation 

is high with respect to the water that is present in the space between the surface of the
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temperature measurement target material W and the end surface of the optical glass 3 on the 

temperature measurement target material W side, and accordingly, measurement errors can be 

suppressed.  

[0073] The optical glass 3 according to this embodiment is a quartz rod that transmits near 

infrared light. Since a quartz rod has high transmittance of radiation having a wavelength of 2 

m or shorter, measurement errors are hardly generated by absorption or the like of the thermal 

radiation by the quarts rod. However, the present invention is not limited to this example, and 

an optical glass that transmits near infrared light, such as sapphire glass or calcium fluoride 

(CaF2), may also be used as the optical glass 3.  

[0074] As a preferred embodiment, the surface temperature measuring apparatus 100 according 

to this embodiment includes a keeping member that keeps the gap between the surface of the 

temperature measurement target material W and the end surface of the optical glass 3 on the 

temperature measurement target material W side substantially constant. Specifically, the surface 

temperature measuring apparatus 100 according to this
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embodiment includes, as the keeping member, a contact roller mechanism 4. As shown in 

FIG 1, the contact roller mechanism 4 includes a roller 41, energizing members 42 and 44, 

an energizing spring 43, and an air cylinder 45.  

[0075] 

5 Since the energizing member 42 is attached to the housing 2, when the air cylinder 

45 energizes the energizing member 44 toward the temperature measurement target 

material W side, the energizing member 42 energizes the housing 2 toward the temperature 

measurement target material W side via the energizing spring 43. Thus, the roller 41 

provided on the housing 2 is pressed toward the surface of the temperature measurement 

10 target material W so as to be constantly in contact with the surface of the temperature 

measurement target material W. That is, the gap between the surface of the temperature 

measurement target material W and the end surface of the optical glass 3 on the 

temperature measurement target material W side is decided depending on the position 

where the roller 41 is attached to the housing 2 and the diameter size of the roller 41, and 

15 the gap is kept substantially constant. Accordingly, it becomes possible to prevent the 

optical glass 3 from being damaged by contacting the temperature measurement target 

material W. Further, since the transmittance does not fluctuate by the change of the 

thickness of water, the surface temperature of the temperature measurement target material 

W can be measured more accurately. Note that two rollers 41 are provided on the housing 

20 2 in this embodiment; however, the present invention is not limited to this example, and 

three or more rollers may be provided.  

[0076] 

The temperature measurement target material W according to this embodiment is 

a wheel having a substantially circular cross section, as described above. As shown in 

25 FIG 1 and FIG 3, the surface temperature measuring apparatus 100 is configured to be 

capable of measuring the temperature of the outer peripheral surface of the wheel by
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rolling motion of the roller 41 following the rotation of the wheel.  

[0077] As shown in this embodiment, in a case in which the surface of the temperature 

measurement target material W on which the radiation thermometer 1 detects the thermal 

radiation is a plane that is substantially vertical to the horizontal direction, as a preferred 

embodiment, the surface temperature measuring apparatus 100 according to this embodiment 

calculates a measured temperature value by correcting the output value of the radiation 

thermometer 1 by use of the transmittance of the thermal radiation with respect to the thickness 

of water corresponding to a length that is substantially half of the gap between the surface of the 

temperature measurement target material W and the end surface of the optical glass 3 on the 

temperature measurement target material W side.  

[0078] According to the preferred embodiment, the surface temperature measuring apparatus 

100 corrects the output value of the radiation thermometer 1 by use of the transmittance of the 

thermal radiation with respect to the thickness of water corresponding to a length that is 

substantially half of the gap between the surface of the temperature measurement target material 

W and the end surface of the optical glass 3 on the temperature measurement target material W 

side. At this time, the correction of the radiation thermometer 1 is performed by estimating, as 

the transmittance of the thermal radiation with respect to the thickness of water corresponding to 

a length that is substantially half of the gap between the surface of the temperature measurement 

target material W and the end surface of the optical glass 3 on the temperature measurement 

target material W side, the average value of fluctuation of transmittance due to the change of the 

charge state of the water that is present in the space between the surface of the temperature 

measurement target material W and the end surface of the optical glass 3 on the temperature 

measurement target material W side.  

[0079] FIG. 6 is a graph showing results of observation of the charge state of the water that is 

present between a steel sheet and an end surface of the optical glass 3 by the gap between the 

top surface (horizontal plane) of the steel sheet that is substantially parallel to the horizontal 

direction or the plane (vertical plane) of the steel sheet that is substantially vertical to the 

horizontal direction and the end surface of the optical glass 3. Specifically, the optical glass 3 

has a columnar shape with a diameter of 10 mm or 20 mm. As shown in FIG. 7, the water that 

is present between the steel sheet and the end surface of the optical glass 3 is imaged by a 

camera when the gap changes, and, as a charge rate, a range of the imaged outline of water
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occupying the measurement field of the radiation receiving unit 11 of the radiation thermometer 

) 1 on the end surface of the optical glass 3 is measured. As for each of the horizontal plane and 

the vertical plane, charge rates of water are measured three times in the set gap, and FIG. 6 

shows average values of the measured charge rates of water.  

[0080] As shown in this embodiment, in a case in which the surface of the temperature 

measurement target material W on which the radiation thermometer 1 detects the thermal 

radiation is a plane that is substantially vertical to the horizontal direction, as a preferred 

embodiment, the radiation receiving unit 11 of the radiation thermometer 1 receives the thermal 

radiation emitted through the water that is present in the space between the surface of the 

temperature measurement target material W and the end surface of the optical glass 3 on the 

temperature measurement target material W side, and the gap between the surface of the 

temperature measurement target material W and the end surface of the optical glass 3 on the 

temperature measurement target material W side is set to 1.0 mm or shorter.  

[0081] As shown in FIG. 6, on the vertical plane of the steel sheet, the water that is present 

between the steel sheet and the end surface of the optical glass 3 is affected by gravity.  

Accordingly, in a case in which the gap is 1.0 mm or shorter, a surface tension is generated in a 

manner that water is charged in a range corresponding to an area of substantially 60 % or more 

of the entire area of the end surface of the optical glass 3, the area being below the end surface.  

That is, according to the preferred embodiment, a surface tension may be generated in a manner 

that the cooling water is charged in a range corresponding to an area of substantially 60 % or 

more of the entire area of the end surface of the optical glass 3 on the temperature measurement 

target material W side, the area being below the end surface. Accordingly, when the radiation 

receiving unit 11 of the radiation thermometer 1 receives the thermal radiation transmitted 

through a part where the cooling water is charged, the transmittance of the thermal radiation 

depending on the thickness of water becomes substantially constant, and the surface temperature 

of the temperature measurement target material W can be measured with a high accuracy.  

[0082] FIG. 8 shows an example of the relation between the charge rate of water and the 

temperature measurement error. In the example in FIG. 8, the temperature of a temperature 

measurement target at 500 'C is measured by the radiation thermometer 1 with detection 

wavelengths of 1.0 to 1.2 tm. Let us assume that the measurement field of the radiation 

receiving unit 11 of the radiation thermometer 1 is substantially equal to the outer diameter of
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the optical glass 3 on the end surface of the optical glass 3, as shown in FIG. 7. In this case, the 

) charge rate of the water that is present between the surface of the temperature measurement 

target and the end surface of the optical glass 3 on the temperature measurement target side with 

respect to the measurement field of the radiation receiving unit 11 is changed, so that 

temperature measurement errors of the radiation thermometer are calculated. From FIG. 8, it is 

found that the temperature measurement errors decrease as the charge rate of water increases.  

When the charge rate of water is 60 % or higher, the temperature measurement errors can be 

suppressed to be within 3 'C.  

[0083] Note that it is not necessary that the measurement field of the radiation receiving unit 11 

of the radiation thermometer 1 is substantially equal to the outer diameter of the optical glass 3 

on the end surface of the optical glass 3. For example, as shown in FIG. 9, the measurement 

field of the radiation receiving unit 11 of the radiation thermometer 1 may be set to be smaller 

than the outer diameter of the optical glass 3 on the end surface of the optical glass 3.  

Accordingly, it becomes possible to set the measurement field of the radiation receiving unit 11 

of the radiation thermometer 1 as the part where water is charged, even when the part is small 

with respect to the area of the end surface of the optical glass 3, and as the charge rate of water 

where the temperature measurement errors are within a predetermined range.  

[0084] On the other hand, unlike in this embodiment, in a case in which the surface of the 

temperature measurement target material W on which the radiation thermometer 1 detects the 

thermal radiation is the top surface of the temperature measurement target material W that is 

substantially parallel to the horizontal direction, it is preferable that the gap between the surface 

of the temperature measurement target material W and the end surface of the optical glass 3 on 

the temperature measurement target material W side is 2.5 mm or shorter.  

[0085] As shown in FIG. 6, on the horizontal plane of the steel sheet, it is found that, in a case 

in which the gap is 2.5 mm or shorter, a surface tension is generated in a manner that water is 

charged in substantially the entire space between the steel sheet and the end surface of the 

optical glass 3. That is, in the preferred configuration, the cooling water may be charged in the 

space between the surface of the temperature measurement target material W and the end 

surface of the optical glass 3 on the temperature measurement target material W side.  

Accordingly, the transmittance of the thermal radiation does not fluctuate by the change of the 

charge state of water, the transmittance of the thermal radiation depending on the thickness of
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water (transmittance in a case in which the thickness of water is the gap) becomes substantially 

constant, and the surface temperature of the temperature measurement target material can be 

measured with a high accuracy.  

[0086] The surface temperature measuring apparatus 100 according to this embodiment may 

include a water supply apparatus 5. As shown in FIG. 3, the water supply apparatus 5 according 

to this embodiment is disposed outside the housing 2 so that water can be supplied to the space 

between the temperature measurement target material W and the end surface of the optical glass 

3 on the temperature measurement target material W side. That is, by supplement of water by 

the water supply apparatus 5, water is charged in the space between the temperature 

measurement target material W and the end surface of the optical glass 3 on the temperature 

measurement target material W side. Accordingly, the transmittance of the thermal radiation 

does not fluctuate by the change of the charge state of water, and the surface temperature of the 

temperature measurement target material W can be measured with a high accuracy.  

[0087] As a preferred embodiment, the surface temperature measuring apparatus 100 according 

to this embodiment further includes a purge mechanism 7. FIG. 4 is a schematic diagram of the 

purge mechanism 7 in the inside of the housing 2. As shown in FIG. 1 and FIG. 4, the purge 

mechanism 7 according to this embodiment is constituted of an air nozzle 71 and a hose 72. The 

air nozzle 71 is disposed in the inside of the hose 72. Further, the air nozzle 71 and the hose 72 

are inserted to the inside of the housing 2.  

[0088] The air nozzle 71 ejecting purge air to the inside of the housing 2 can prevent water from 

entering the inside of the housing 2 and make a space on the periphery of the of the radiation 

receiving unit 11 of the radiation thermometer 1 stored in the inside of the housing 2 have a 

clean atmosphere. Accordingly, it becomes possible to prevent measurement errors from being 

generated by a change of a measurement region where the temperature is measured due to 

condensation on the radiation receiving unit 11. The hose 72 also communicates with the 

outside of the housing 2. Since the temperature measurement target material W side of the 

housing 2 is fit and sealed in the optical glass 3, purge air ejected from the air nozzle 71 is 

released outside through the hose 72.  

[0089] Note that there is no particular limitation on the kind of purge air as long as the purge air 

is a colorless gas that does not shield the thermal radiation, such as dry air or nitrogen. Further,
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there is no particular limitation on the purge system as long as the clean atmosphere can be 

maintained.  

[0090] FIG. 10 is a schematic diagram showing an experimental apparatus for evaluating the 

accuracy of surface temperature measurement on a vertical plane of a steel sheet in a cooling 

process with water. Specifically, as shown in FIG. 10, a heater 92 is disposed in an airtight 

container 90. The airtight container 90 has a quartz window 94 on a temperature measurement 

plane. The surface temperature measuring apparatus 100 according to this embodiment is 

disposed in a manner that the gap between the surface of the quartz window 94 and the end 

surface of the optical glass 3 is 1 mm. Further, the temperature in the airtight container 90 can 

be measured precisely by a thermocouple 96 disposed in the airtight container 90.  

[0091] FIG. 11 is a graph showing temperature measurement results obtained by the surface 

temperature measuring apparatus 100 before and after water is sprayed on the quartz window 94 

from a water nozzle 98 after the heater 92 of the experimental apparatus shown in FIG. 10 is 

heated and the temperature in the airtight container 90 is increased to a predetermined 

temperature. As shown in FIG. 11, before water cooling is started, the temperature 

measurement results show temperatures that are substantially equal to those measured by the 

thermocouple 96. After water cooling is started, the temperature measurement results show a 

temperature measurement error of a decrease of approximately 4 'C from the temperature 

measured by the thermocouple 96. Since water is charged steadily in the space between the 

surface of the quartz window 94 and the end surface of the optical glass 3, the transmittance of 

the thermal radiation may affect the thickness of water, which is 1 mm, and the decrease of 

approximately 4 'C may be caused in temperature measurement. That is, when the output value 

of the radiation thermometer 1 is corrected by use of the transmittance of the thermal radiation 

with respect to the thickness of water and the measured temperature value is calculated, the 

temperature can be measured with a high accuracy.  

[0092] Note that the temperature measurement results obtained by the surface temperature 

measuring apparatus 100 vibrate largely during the water cooling because variations are 

generated by the charge state of the water that is present between the surface of the quartz 

window 94 and the end surface of the optical glass 3. However, the vibration degree in the 

temperature measurement results is approximately 3 'C. Even when this vibration degree is 

taken into consideration, the temperature measurement results can be obtained with a



37 

temperature measurement error of a decrease of approximately 3 to 6 'C from the temperature 

measured by the thermocouple 96, which can be said to be accurate temperature measurement.  

Further, when the measured temperature value is calculated by obtaining the average value of 

this vibration degree, the temperature can be measured with a high accuracy.  

[0093] The present invention is not limited to the configurations according to the above

described embodiment, and various modifications are possible without departing from the scope 

of the present invention. For example, although the above embodiment has shown a case in 

which the temperature measurement target material W is a wheel, the temperature measurement 

target material W may be a steel pipe, steel sheet, or the like without limitation.  

[0094] Further, in the above-described embodiment, although the optical glass 3 is fit and sealed 

in the inside of the housing 2, the present invention is not limited to this example. For example, 

as a modification example of the optical glass 3 according to this embodiment, the optical glass 

3 may be interposed between the temperature measurement target material W and the radiation 

receiving unit of the radiation thermometer 1 so as to prevent water from entering the space 

between the optical glass 3 and the radiation receiving unit 11 of the radiation thermometer 1.  

Specifically, for example, the optical glass 3 may be a long optical glass extending in the 

direction vertical to the horizontal plane (the direction vertical to the thermal radiation emitted 

from the temperature measurement target material W to the radiation receiving unit 11 of the 

radiation thermometer 1). Accordingly, even with a configuration in which the radiation 

receiving unit 11 is stored in the inside of the housing 2 and the optical glass 3 is not fit and 

sealed in the inside of the housing 2, water may be unlikely to enter the space between the 

optical glass 3 and the radiation receiving unit 11 of the radiation thermometer 1.  

Reference Signs List 

1 radiation thermometer 

2 housing 

3 optical glass 

4 contact roller mechanism 

5 water supply apparatus 

7 purge mechanism 

11 radiation receiving unit
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12 optical fiber 

13 radiation thermometer main body 

41 roller 

42, 44 energizing member 

43 energizing spring 

45 air cylinder 

61 to 64 sealing member 

71 air nozzle 

72 hose 

W temperature measurement target material 

[THE SPECIFICATION CONTINUES ON PAGE 41]
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accurate temperature measurement. Further, when the measured temperature value is 

calculated by obtaining the average value of this vibration degree, the temperature can be 

measured with a high accuracy.  

[0093] 

5 The present invention is not limited to the configurations according to the 

above-described embodiment, and various modifications are possible without departing 

from the scope of the present invention. For example, although the above embodiment 

has shown a case in which the temperature measurement target material W is a wheel, the 

temperature measurement target material W may be a steel pipe, steel sheet, or the like 

10 without limitation.  

[0094] 

Further, in the above-described embodiment, although the optical glass 3 is fit and 

sealed in the inside of the housing 2, the present invention is not limited to this example.  

For example, as a modification example of the optical glass 3 according to this 

15 embodiment, the optical glass 3 may be interposed between the temperature measurement 

target material W and the light receiving unit of the radiation thermometer 1 so as to 

prevent water from entering the space between the optical glass 3 and the light receiving 

unit 11 of the radiation thermometer 1. Specifically, for example, the optical glass 3 may 

be a long optical glass extending in the direction vertical to the horizontal plane (the 

20 direction vertical to the thermal radiation light emitted from the temperature measurement 

target material W to the light receiving unit 11 of the radiation thermometer 1).  

Accordingly, even with a configuration in which the light receiving unit 11 is stored in the 

inside of the housing 2 and the optical glass 3 is not fit and sealed in the inside of the 

housing 2, water may be unlikely to enter the space between the optical glass 3 and the 

25 light receiving unit 11 of the radiation thermometer 1.  

[Reference Signs List]
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[0095] 

1 radiation thermometer 

2 housing 

3 optical glass 

5 4 contact roller mechanism 

5 water supply apparatus 

7 purge mechanism 

11 light receiving unit 

12 optical fiber 

10 13 radiation thermometer main body 

41 roller 

42, 44 energizing member 

43 energizing spring 

45 air cylinder 

15 61 to 64 sealing member 

71 air nozzle 

72 hose 

W temperature measurement target material 

20
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CLAIMS 

1. In combination, an apparatus for measuring a surface temperature, and a temperature 

measurement target material, the surface temperature measuring apparatus comprising: 

a radiation thermometer for detecting thermal radiation emitted from a surface of a 

temperature measurement target material; 

a housing having an opening on a temperature measurement target material side, the 

housing storing, in an inside of the housing, at least a radiation receiving unit of the radiation 

thermometer among structural elements of the radiation thermometer; and 

an optical glass that is fitted to the housing and seals the opening on the target material 

side of the housing, the optical glass being configured to transmit the thermal radiation into the 

housing, 

wherein the surface of the temperature measurement target material on which the radiation 

thermometer detects the thermal radiation is in a plane that is approximately vertical, and 

wherein the optical glass has, on the temperature measurement target material side, an end 

surface that is adjacent to the surface of the temperature measurement target material; and 

the target material is in a cooling process using water, wherein the surface of the 

temperature measurement target material on which the radiation thermometer detects the 

thermal radiation is in a plane that is approximately vertical with respect to gravity.  

2. The combination according to claim 1, 

wherein the end surface of the optical glass on the temperature measurement target 

material side is located at a position where water is present in a space between the end surface of 

the optical glass on the temperature measurement target material side and the surface of the 

temperature measurement target material, and 

wherein the radiation receiving unit of the radiation thermometer receives the thermal 

radiation emitted from the surface of the temperature measurement target material through water 

that is present in the space between the surface of the temperature measurement target material 

and the end surface of the optical glass on the temperature measurement target material side.  

3. The combination according to claim 1 or 2, 

wherein the radiation thermometer detects radiation having any one of wavelength bands 

of 0.7 to 0.9 [tm, 1.0 to 1.2 [tm, and 1.6 to 1.8 [tm.
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4. The combination according to any one of claims 1 to 3, comprising: 

a keeping member configured to keep a gap between the surface of the temperature 

measurement target material and the end surface of the optical glass on the temperature 

measurement target material side substantially constant.  

5. The combination according to claim 4, wherein a measured temperature value is 

calculated by correcting an output value of the radiation thermometer by use of a transmittance 

of the thermal radiation with respect to a thickness of water corresponding to a length that is 

substantially half of the gap between the surface of the temperature measurement target material 

and the end surface of the optical glass on the temperature measurement target material side.  

6. The combination according to claim 4, wherein the radiation receiving unit of the radiation 

thermometer receives the thermal radiation emitted through the water that is present in the space 

between the surface of the temperature measurement target material and the end surface of the 

optical glass on the temperature measurement target material side, and wherein the gap between 

the surface of the temperature measurement target material and the end surface of the optical 

glass on the temperature measurement target material side is 1.0 mm or less.  

7. The combination according to any one of claims 1 to 4, comprising: 

a water supply apparatus configured to supply water to the space between the surface of 

the temperature measurement target material and the end surface of the optical glass on the 

temperature measurement target material side.  

8. In combination, an apparatus for measuring a surface temperature, and a temperature 

measurement target material, the surface temperature measuring apparatus comprising: 

a radiation thermometer for detecting thermal radiation emitted from a surface of a 

temperature measurement target material; 

a housing having an opening on a temperature measurement target material side, the 

housing storing, in an inside of the housing, at least a radiation receiving unit of the radiation 

thermometer among structural elements of the radiation thermometer; 

an optical glass that is fitted to the housing and seals the opening on the target material 

side of the housing, the optical glass being configured to transmit the thermal radiation into the 

housing; and
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a keeping member configured to keep a gap between a surface of the temperature 

measurement target material and an end surface of the optical glass on the temperature 

measurement target material side substantially constant, 

wherein the target material is in a cooling process using water, the surface of the 

temperature measurement target material on which the radiation thermometer detects the 

thermal radiation is in a plane that is approximately vertical with respect to gravity.  

9. A surface temperature measuring method of measuring a surface temperature of a 

temperature measurement target material by detecting, by use of a radiation thermometer, 

thermal radiation emitted from a surface of the temperature measurement target material in a 

cooling process with water, the method comprising: 

the surface of the temperature measurement target material on which the radiation 

thermometer detects the thermal radiation is in a plane that is approximately vertical with 

respect to gravity, 

interposing an optical glass configured to transmit the thermal radiation between the 

temperature measurement target material and a radiation receiving unit of the radiation 

thermometer; and 

locating an end surface of the optical glass on a temperature measurement target material 

side adjacently to the surface of the temperature measurement target material and measuring the 

surface temperature of the temperature measurement target material.  

10. The surface temperature measuring method according to claim 9, 

wherein the temperature measurement target material is a steel material having a disk 

shape, a columnar shape, or a cylindrical shape having an outer peripheral surface, and 

wherein, when measuring the surface temperature of the temperature measurement target 

material, a temperature of the outer peripheral surface of the temperature measurement target 

material is measured by use of the radiation thermometer while the gap between the outer 

peripheral surface of the temperature measurement target material and the end surface of the 

optical glass on the temperature measurement target material side is kept substantially constant, 

in a state in which the temperature measurement target material is rotated around a center axis of 

the temperature measurement target material as a rotation center and the outer peripheral surface 

of the temperature measurement target material is cooled by water.
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