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DESCRIPTION 

TITLE OF THE INVENTION: TEMPERATURE MEASUREMENT 

METHOD, AND TEMPERATURE MEASUREMENT DEVICE 

TECHNICAL FIELD 

[0001] 

 The present invention relates to a temperature measurement method 

and a temperature measurement device for a rotating tool used in processing.  

The present invention relates to, in particular, a temperature measurement 

method and a temperature measurement device for a cutting tool that cuts a 

target during cutting, and a temperature measurement method and a 

temperature measurement device for a rotating tool such as a welding torch. 

BACKGROUND ART 

[0002] 

 The performances of cutting oil used for cutting a target have been 

conventionally evaluated based on "how much tool wear is suppressed (how 

long the tool life is)" and "how much the quality of a processed face can be 

improved (how much a processed face is fairly finished)".  Specifically, the 

performances of the cutting oil have been evaluated by measuring wear of 

the cutting tool used in an end of a main axis of a rotating processing device, 

for example, an NC lathe or a machining center, or measuring the surface 

roughness of the target.  Such measurements take a lot of time and effort.  

Therefore, such measurements are hard to apply to selection and 

development of the cutting oil. 

[0003] 

 Three elements for improving processability of the cutting oil are 
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lubricating performance, cooling performance, and welding resistance (Refer 

to Patent Literature 1, for example).  Evaluating each of the three elements 

readily and accurately is a shortcut to selection and development of the 

cutting oil.  Under present circumstances, the cooling performance is 

evaluated by placing the heated cutting tool, to which a thermocouple is 

attached, in the cutting oil and then, checking a temperature curve of the 

cutting tool. 

[0004] 

 Similarly, performances of components of various rotating tools other 

than the cutting tool as well as performances of used oils and cooling water 

are not independently evaluated readily and accurately.  For example, 

although evaluating the temperature of the welding torch is important for 

verifying the welding strength and the state of the base material of a clad 

layer, at present, the temperature of the welding torch and the solvent is 

evaluated by checking the temperature curve of the base material near a 

molten pool and other places. 

CITATION LIST 

PATENT LITERATURE 

[0005] 

 [Patent Literature 1] Japanese Unexamined Patent Publication No. 

2012-92205 

SUMMARY OF THE INVENTION 

TECHNICAL PROBLEMS 

[0006] 

 However, the above-mentioned conventional method of evaluating 
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the cooling performance does not evaluate the quality of the cooling 

performance by ascertaining the temperature of the rotating tool during 

operation, for example, the temperature of the cutting tool during cutting or 

the welding torch during welding, in real time.  For this reason, the 

temperature of the rotating tool used in the conventional method of 

evaluating the cooling performance may be different from the temperature of 

the rotating tool (cutting tool, or the like) during actual processing (cutting, 

or the like).  Therefore, the conventional method of evaluating the cooling 

performance is not necessarily accurate for reflecting actual status. 

[0007] 

 Thus, an object of the present invention is to provide a temperature 

measurement method and a temperature measurement device that can 

actually ascertain the temperature of a rotating tool during actual operation, 

such as a cutting tool during cutting in real time, in order to evaluate the 

cooling performance of cutting oil, or the like more accurately than 

conventional means. 

SOLUTIONS TO PROBLEMS 

[0008] 

 To attain the above-mentioned object, real time a temperature 

measurement method of the present invention uses a tool holder that is 

rotatable at high speed around a rotating axis and has a hollow hole inside 

along the rotating axis. And the real time temperature measurement method 

of the present invention also uses a rotating tool that is connected to the tool 

holder, rotates coaxially with the hollow hole, and has a semi-through hole 

extending from an upper end on a way to a lower end and connecting at the 
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upper end to a lower end of the hollow hole. In the temperature 

measurement method, a step of attaching a thermocouple in the 

semi-through hole by inserting at an upper end of the semi-through hole, a 

step of measuring the temperature of the rotating tool during actual 

processing that rotates at high speed coaxially with the tool holder and is 

held by the tool holder using the thermocouple in real time, a step of 

receiving an electric signal from the thermocouple by an electronic substrate, 

and amplifying a potential difference and digital converting by the electronic 

substrate, and a step of transmitting wirelessly the digital converted electric 

signal from the thermocouple during actual processing to an external unit in 

real time are performed in this order. In the real time temperature 

measurement method, in addition, wherein the tool holder is a tubular tool 

holder that can hold the rotating tool at a front end, wherein the electronic 

substrate is provided on an outer circumferential section of the tool holder 

and is connected to the thermocouple by an electric wiring, and wherein the 

external unit receives, records and calculates the wireless transmitted 

electric signal from the thermocouple. 

[0009] 

 The present invention also provides a real time temperature 

measurement device used for the temperature measurement method.  The 

temperature measurement device includes a tool holder that is rotatable at 

high speed around a rotating axis and has a hollow hole inside along the 

rotating axis of a rotating processing device on which the tool holder is 

attached and replaceable, a rotating tool that is connected to the tool holder, 

rotates coaxially with the hollow hole, and has a semi-through hole 
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extending from an upper end on a way to a lower end and connecting at the 

upper end to a lower end of the hollow hole, a thermocouple that is attached 

in the semi-through hole by inserting at an upper end of the semi-through 

hole and that measures the temperature of the rotating tool during actual 

processing that rotates at high speed coaxially with the tool holder and is 

held by the tool holder using the thermocouple in real time, an electronic 

substrate that receives an electric signal from the thermocouple and that 

amplifies a potential difference and converts to a digital signal, and a 

transmitting means that transmits wirelessly the digital converted electric 

signal from the thermocouple during actual processing to an external unit in 

real time. In the real time temperature measurement device, in addition, 

wherein the tool holder is a tubular tool holder that can hold the rotating tool 

at a front end, wherein the electronic substrate is provided on an outer 

circumferential section of the tool holder and is connected to the 

thermocouple by an electric wiring, and wherein the external unit receives, 

records and calculates the wireless transmitted electric signal from the 

thermocouple. 

[0010] 

 In the temperature measurement method and the temperature 

measurement device of the present invention, the tool holder and the 

rotating tool are connected to each other along the rotating axis, coaxially 

rotate at high speed, and communicate with each other via the semi-through 

hole.  Thus, by attaching a thermocouple to the semi-through hole, and 

amplifying a potential difference of an analogue electric signal, converting 

digitally to a date suitable for wireless transmission form, and transmitting  
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to an external unit by an electronic substrate is provided on an outer 

circumferential section of the tool holder that has generally same axis as a 

main axis of a rotating processing device, and recording and calculating by 

the eternal, the temperature of the rotating tool itself during actual 

processing (cutting or welding) can be ascertained in real time. 

[0011] 

 Using the rotating tool temperature ascertained in real time, the 

cooling performance of a coolant of the rotating tool during actual processing 

(actual operation) can be evaluated.  This enables easy selection of a coolant 

and its amount for the rotating tool having an excellent cooling performance, 

and contributes to proper temperature control of a heat source. 

[0012] 

 The temperature measurement method and the temperature 

measurement device can use a cutting tool as the rotating tool, and ascertain 

the temperature of the cutting tool in real time, evaluating the cooling 

performance of cutting oil readily and accurately. 

[0013] 

 Specific examples of the rotating tool include a cutting tool. 

[0014] 

 In this case, using the cutting tool temperature ascertained during 

actual processing in real time, the cooling performance of cutting oil can be 

evaluated.  More specifically, referring to the cutting tool temperature 

ascertained in real time, cutting oil with a small temperature rise can be 

determined as cutting oil having a high cooling performance.  Accordingly, 

the cooling performance of the cutting oil can be evaluated more accurately 
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than conventional means.  This enables easy selection of cutting oil having 

an excellent cooling performance, and greatly contributes to development of 

cutting oil. 

 [0019] 

 The temperature measurement method and the temperature 

measurement device may have a power feeding unit on the outer 

circumferential section of the tool holder, which can feed power to the 

electronic substrate may be provided. 

[0020] 

 The outer circumferential section of the tool holder may have a cover 

member that covers at least the electronic substrate may be provided. 

 [0024] 

 Alternatively, the outer circumferential section of the tool holder 

may have a stress measurement unit that can measure an external stress 

exerted on the cutting tool or the welding torch rotating coaxially with the 

tool holder is provided, and the electronic substrate includes a stress 

reception unit that can receive a measurement result of the stress 

measurement unit. 

ADVANTAGEOUS EFFECTS OF INVENTION 

[0026] 

 According to the present invention, since the temperature of a 

rotating tool (cutting tool, welding torch, or the like) during actual processing 

can be ascertained in real time, the rotating tool itself, and cooling 

performances of cutting oil and cooling water can be evaluated more 

accurately than conventional means. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] 

 Fig. 1 is a side sectional view illustrating the internal configuration 

of a temperature measurement device in a first embodiment of the present 

invention. 

 Fig. 2 is a block diagram illustrating an example of a flow of an 

electric signal indicating cutting tool temperature measured by a 

temperature measurement unit. 

 Fig. 3 is a flow chart illustrating each step of a temperature 

measurement method in a first embodiment of the present invention. 

 Fig. 4 is a side sectional view illustrating the internal configuration 

of a temperature measurement device in a second embodiment of the present 

invention. 

 Fig. 5 is a block diagram illustrating an example of a flow of an 

electric signal indicating cutting tool temperature measured by a 

temperature measurement unit. 

 Fig. 6 is a side sectional view illustrating the internal configuration 

of a temperature measurement device in a third embodiment of the present 

invention. 

 Fig. 7 is a block diagram illustrating an example of a flow of an 

electric signal indicating cutting tool temperature measured by a 

temperature measurement unit, and a stress measured by a stress 

measurement unit. 

 Fig. 8 is a block diagram illustrating an example of a flow of an 

electric signal indicating cutting tool temperature measured by a 
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temperature measurement unit, and a stress measured by a stress 

measurement unit. 

 Fig. 9 is a side sectional view illustrating the internal configuration 

of a temperature measurement device in a fifth embodiment of the present 

invention. 

DESCRIPTION OF EMBODIMENTS 

[0028] 

<FIRST EMBODIMENT> 

 A temperature measurement method and a temperature 

measurement device in a first embodiment of the present invention will be 

described below with reference to Fig. 1 to Fig. 3. 

[0029] 

(Overall configuration of temperature measurement device 1) 

 As illustrated in Fig. 1, a temperature measurement device 1 

includes a tubular tool holder 2, a collet nut 3, a cutting tool 4, a temperature 

measurement unit 5, an electronic substrate 6, a power feeding unit 7, and a 

cover member 8 that covers the electronic substrate 6 and the power feeding 

unit 7. 

[0030] 

(Configuration of tool holder 2) 

 The tool holder 2 is rotatable around a rotating axis (not illustrated), 

and has a hollow hole 20 extending from a front end to a rear end along the 

rotating axis.  The tool holder 2 can hold the cutting tool 4 at the front end.  

The tool holder 2 has a communication hole 22 that communicates with the 

hollow hole 20 from an outer circumferential section 21.  As illustrated in 
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Fig. 1, the communication hole 22 extends substantially orthogonal to the 

axial length of the tool holder 2. 

[0031] 

(Configuration of collet nut 3) 

 The collet nut 3 is incorporated near the front end of the tool holder 2, 

and acts as a holding member that can hold the cutting tool 4 at the front end 

of the tool holder 2. 

[0032] 

(Configuration of cutting tool 4) 

 The cutting tool 4 may be formed of a drill, end mill, tap, or the like, 

and serves to cut a target.  The cutting tool 4 illustrated in Fig. 1 has a 

through hole 40 formed by piercing.  The through hole 40 is a hole that is 

coaxial with the hollow hole 20 of the tool holder 2, and is a hole to which the 

temperature measurement unit 5 is attached.  Here, the through hole 40 

passes through an upper end to a lower end of the cutting tool.  However, 

the through hole in this description also includes a semi-through hole 

extending from the upper end on the way to the lower end. 

[0033] 

(Configuration of temperature measurement unit 5) 

 The temperature measurement unit 5 may be formed of a 

temperature measurement element such as a thermocouple, a thermistor, or 

a platinum resistance thermometer sensor, and can be attached to the 

through hole 40 of the cutting tool 4.  With being attached to the through 

hole 40, the temperature measurement unit 5 can measure, in real time, the 

temperature of the cutting tool 4 that rotates coaxially with the tool holder 2.  
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The temperature measurement unit 5 can transmit a measurement result to 

the electronic substrate 6 through electric wiring (not illustrated). 

[0034] 

(Configuration of electronic substrate 6) 

 The electronic substrate 6 is provided on the outer circumferential 

section 21 of the tool holder 2, with being covered with the cover member 8.  

The electronic substrate 6 includes a temperature reception unit 60 and a 

transmission unit 61.  The temperature reception unit 60 can receive, in 

real time, the temperature of the cutting tool 4 from the temperature 

measurement unit 5 through electric wiring (not illustrated).  The 

transmission unit 61 can wirelessly transmit the temperature of the cutting 

tool 4, which is received by the temperature reception unit 60, to an external 

unit. 

[0035] 

(Configuration of power feeding unit 7) 

 With being covered with the cover member 8, the power feeding unit 

7 is provided on the outer circumferential section 21 of the tool holder 2.  

The power feeding unit 7 may be formed of a charging or non-charging 

battery, and can feed power to the electronic substrate 6. 

[0036] 

(Flow of electric signal indicating cutting tool temperature measured by 

temperature measurement unit) 

 Fig. 2 is a block diagram illustrating an example of a flow of an 

electric signal indicating the cutting tool temperature measured by the 

temperature measurement unit.  In this example, a flow of an electric signal 
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is indicated in a case where a thermocouple constitutes the temperature 

measurement unit 5.  Each arrow in Fig. 2 represents a flow of the electric 

signal indicating the temperature of the cutting tool 4, which is measured by 

the thermocouple, according to the mode of the signal transmission path, 

wire communication is expressed as a solid line, and wireless communication 

is expressed as a broken line.  In this example, a zero contact compensation 

circuit, a potential difference amplification unit, an A/D (analog/digital) 

converter, and an intra-device control circuit constitute the temperature 

reception unit 60.  In this example, a controller and a wireless 

communication device constitute the transmission unit 61. 

[0037] 

 As illustrated in Fig. 2, in this example, a wireless reception and 

record output apparatus constitutes the external unit.  The wireless 

reception and record output apparatus includes a wireless reception device, a 

serial USB (Universal Serial Bus) converter, a record and calculation device 

such as a personal computer, and an output device such as a display or a 

printer, from the upstream side to the downstream side along the flow of the 

electric signal.  Examples of the wireless communication standard 

expressed as a broken line between the wireless reception devices in Fig. 2 

include Wi-Fi (Wireless Fidelity), Blue-tooth (Bluetooth), wireless LAN 

(Local Area Network), and ZigBee (ZigBee). 

[0038] 

(Temperature measurement method) 

 Next, an example of a temperature measurement method of the 

cutting tool 4 in this embodiment will be described with reference to Fig. 3.  
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In the exemplary temperature measurement method, a step S1 of preparing 

the tool holder 2, a step S2 of attaching the cutting tool 4 to the front end of 

the tool holder 2 via the collet nut 3, a step S3 of attaching the temperature 

measurement unit 5 to the through hole 40 of the cutting tool 4, a step S4 of 

measuring the temperature of the cutting tool 4 that rotates coaxially with 

the tool holder 2 by using the temperature measurement unit 5, and a step 

S5 of receiving a measurement result of the temperature measurement unit 

5 by the electronic substrate 6 are performed in this order. 

[0039] 

(Features of temperature measurement method and temperature 

measurement device in first embodiment) 

 In the first embodiment, since the cutting tool 4 held at the front end 

of the tool holder 2 that is rotatable around the rotating axis (not illustrated) 

has the through hole 40 to which the temperature measurement unit 5 can 

be attached, by receiving the measurement result of the temperature 

measurement unit 5 by the electronic substrate 6, the temperature of the 

cutting tool 4 during actual processing of rotating coaxially with the tool 

holder 2 (actual cutting of the target) can be ascertained in real time. 

[0040] 

 Using the cutting tool temperature ascertained in real time, the 

cooling performance of cutting oil can be evaluated.  More specifically, 

referring to the cutting tool temperature ascertained in real time, cutting oil 

with a small temperature rise can be determined to be cutting oil having a 

high cooling performance. 

[0041] 



14 

 Therefore, the cooling performance of the cutting oil can be evaluated 

more accurately than conventional means.  This enables easy selection of 

cutting oil having an excellent cooling performance, and contributes to 

development of cutting oil. 

[0042] 

<SECOND EMBODIMENT> 

 A temperature measurement method and a temperature 

measurement device in a second embodiment of the present invention will be 

described below with reference to Fig. 4 and Fig. 5.  As illustrated in Fig. 4, 

the temperature measurement device 1 in this embodiment is different from 

the temperature measurement device of the first embodiment (See Fig. 1) in 

that a tool holder 2 includes a storage space 23 communicating with a hollow 

hole 20.  As illustrated in Fig. 4, a horizontal cross-sectional diameter of the 

storage space 23 is larger than a horizontal cross-sectional diameter of the 

hollow hole 20 so as to store an electronic substrate 6 and a power feeding 

unit 7.  Further, the temperature measurement device 1 in this 

embodiment is different from the temperature measurement device in the 

first embodiment (See Fig. 1) in a transmission unit 61 that is provided on an 

outer circumferential section 21 of the tool holder 2 and can transmit the 

measurement result of the temperature measurement unit 5 to an external 

unit.  As illustrated in Fig. 4, the tool holder 2 has a communication hole 22 

that communicates with the hollow hole 20 from the outer circumferential 

section 21, and the transmission unit 61 is electrically connected to the 

temperature reception unit 60 of the electronic substrate 6 via the power 

feeding unit 7 using electric wiring extending inside the communication hole 
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22 and the hollow hole 20. 

[0043] 

 A flow of the electric signal indicating the cutting tool temperature 

measured by the temperature measurement unit in this embodiment is 

different from the flow of the electric signal in the first embodiment (See Fig. 

2). 

[0044] 

(Flow of electric signal indicating cutting tool temperature measured by 

temperature measurement unit) 

 Fig. 5 is a block diagram illustrating an example of a flow of an 

electric signal indicating the cutting tool temperature measured by the 

temperature measurement unit.  In this example, a flow of an electric signal 

is indicated in a case where a thermistor constitutes the temperature 

measurement unit 5.  In this example, a detection circuit, an A/D converter, 

and a controller constitute the temperature reception unit 60.  In this 

example, a wireless communication device such as a wireless transmission 

antenna constitutes the transmission unit 61. 

[0045] 

 As illustrated in Fig. 5, in this example, as in Fig. 2, a wireless 

reception and record output apparatus constitutes the external unit.  A flow 

of the electric signal in the wireless reception and record output apparatus is 

the same as the flow of the electric signal in the first embodiment (See Fig. 2) 

and thus, detailed description thereof is omitted. 

[0046] 

(Features of temperature measurement method and temperature 
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measurement device in second embodiment) 

 The second embodiment can achieve the same effect as the first 

embodiment. 

[0047] 

 Further, since the storage space 23 in the tool holder 2 can store the 

electronic substrate 6 and the power feeding unit 7 in this embodiment, the 

cover member 8 required in the case where the electronic substrate 6 and the 

power feeding unit 7 are provided on the outer circumferential section 21 of 

the tool holder 2 can be omitted, reducing the number of components. 

[0048] 

<THIRD EMBODIMENT> 

 A temperature measurement method and a temperature 

measurement device in a third embodiment of the present invention will be 

described below with reference to Fig. 6 and Fig. 7.  As illustrated in Fig. 6, 

the temperature measurement device 1 in this embodiment is different from 

the temperature measurement device in the second embodiment (See Fig. 4) 

in that a stress measurement unit 9 is attached to an outer circumferential 

section 21 of a tool holder 2.  As illustrated in Fig. 6, the stress 

measurement unit 9 is disposed above a storage space 23.  As illustrated in 

Fig. 6, the temperature measurement device 1 in this embodiment is 

different from the temperature measurement device in the second 

embodiment (See Fig. 4) in that an electronic substrate 6 further includes a 

stress reception unit 10, and a transmission unit 61 can wirelessly transmit 

a measurement result of the stress measurement unit 9 to an external unit. 

[0049] 
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 A flow of the electric signal indicating the cutting tool temperature 

measured by the temperature measurement unit (See Fig. 7) is the same as 

the flow of the electric signal in the first embodiment (See Fig. 2) and thus, 

detailed description is omitted. 

[0050] 

 The stress measurement unit 9 can be formed of a quartz 

piezoelectric element, a piezoelectric element, or the like, and can measure 

an external stress exerted on a cutting tool 4.  With being attached to the 

outer circumferential section 21 of the tool holder 2, the stress measurement 

unit 9 can measure the external stress exerted on the cutting tool 4, which 

rotates coaxially with the tool holder 2 in real time.  Then, the stress 

measurement unit 9 can transmit a measurement result to a stress reception 

unit 10 of the electronic substrate 6 via electric wiring. 

[0051] 

 The stress reception unit 10 is mounted in the electronic substrate 6, 

and can receive the measurement result of the stress measurement unit 9 

via the electric wiring in real time. 

[0052] 

(Flow of electric signal indicating stress measured by stress measurement 

unit) 

 As illustrated in Fig. 7, an electric signal indicating the stress 

measured by the stress measurement unit sequentially flows through a 

quartz piezoelectric element, a charge amplifier, an A/D converter, and a 

controller from the upstream side to the downstream side.  In this example, 

a flow of an electric signal is indicated in a case where the quartz 
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piezoelectric element constitutes the stress measurement unit 9.  In this 

example, the charge amplifier and the A/D converter constitute the stress 

reception unit 10.  In this example, a controller and a wireless 

communication device such as a wireless transmission antenna constitute 

the transmission unit 61. 

[0053] 

 As illustrated in Fig. 7, in this example, as in Fig. 2, a wireless 

reception and record output apparatus constitutes the external unit.  A flow 

of the electric signal in the wireless reception and record output apparatus is 

the same as the flow of the electric signal in the first embodiment (See Fig. 2) 

and thus, detailed description thereof is omitted. 

[0054] 

(Features of temperature measurement method and temperature 

measurement device in third embodiment) 

 The third embodiment can achieve the same effect as the second 

embodiment. 

[0055] 

 Further, in the third embodiment, since the stress measurement unit 

9 can be attached to the outer circumferential section 21 of the tool holder 2 

that is rotatable around the rotating axis (not illustrated), by receiving the 

measurement result of the stress measurement unit 9 by the stress reception 

unit 10 of the electronic substrate 6, the external stress exerted on the 

cutting tool 4 during actual processing of rotating coaxially with the tool 

holder 2 (actual cutting of the target) can be ascertained in real time. 

[0056] 
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<FOURTH EMBODIMENT> 

 A temperature measurement method and a temperature 

measurement device in a fourth embodiment of the present invention will be 

described below with reference to Fig. 8.  The temperature measurement 

device 1 in this embodiment has the same configuration as the temperature 

measurement device (See Fig. 6) in the third embodiment and thus, detailed 

description and illustration is omitted.  A flow of an electric signal 

indicating the cutting tool temperature measured by the temperature 

measurement unit in this embodiment (See Fig. 8) is the same as the flow of 

the electric signal in the second embodiment (See Fig. 5) and thus, detailed 

description is omitted. 

[0057] 

(Flow of electric signal indicating stress measured by stress measurement 

unit) 

 As illustrated in Fig. 8, an electric signal indicating the stress 

measured by the stress measurement unit sequentially flows through a 

piezoelectric element, a detection circuit, an A/D converter, and a controller 

from the upstream side to the downstream side.  In this example, a flow of 

an electric signal is indicated in a case where a piezoelectric element 

constitutes the stress measurement unit 9.  In this example, the detection 

circuit, the A/D converter, and the controller constitute the stress reception 

unit 10.  In this example, a wireless communication device such as a 

wireless transmission antenna constitutes the transmission unit 61. 

[0058] 

 As illustrated in Fig. 8, in this example, as in Fig. 5, a wireless 
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reception and record output apparatus constitute the external unit.  A flow 

of the electric signal in the wireless reception and record output apparatus is 

the same as the flow of the electric signal in the second embodiment (See Fig. 

5) and thus, detailed description is omitted. 

[0059] 

(Features of temperature measurement method and temperature 

measurement device in fourth embodiment) 

 The fourth embodiment can achieve the same effect as the third 

embodiment. 

[0060] 

<FIFTH EMBODIMENT> 

(Overall configuration of temperature measurement device 100) 

 As illustrated in Fig. 9, a temperature measurement device 100 

includes a tool holder 102 as a rotating holder, a welding torch 104 as a 

rotating tool, a temperature measurement unit 142, an electronic substrate 

106, a power feeding unit 107, and a cover member 108 that covers the 

electronic substrate 106 and the power feeding unit 107. 

[0061] 

 First, before describing the temperature measurement device 100, a 

basic concept of cladding (cladding by welding), in particular, laser cladding 

is briefly described. 

[0062] 

 Fig. 9 schematically illustrates laser cladding.  As illustrated in Fig. 

9, the temperature measurement device 100 includes the tool holder 102 and 

the welding torch 104 connected to the lower side of the tool holder 102 along 
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a rotating axis X.  The temperature measurement device 100 includes 

through holes 120, 105 connected to the tool holder 102 and the welding 

torch 104, respectively, and the through holes 120, 105 form a hollow laser 

beam path.  A laser beam enters through an incidence port 110 that 

communicates the through hole 120 with the outside, is reflected on a mirror 

112 in the vertically downward direction, and reaches a convex lens 114.  

The laser beam reaching the convex lens 114 is condensed, and the 

condensed beam is projected from an irradiation port 116 at the lower end of 

the through hole 105 in the welding torch 104.  Then, the laser beam is 

condensed or defocused at a point immediately below the lower end of the 

welding torch 104 along the optical axis X, and is projected onto a surface of 

a base (base material) 130.  At this time, the base 130 forms a molten pool 

130a liquefied by melting at irradiation of the laser beam.  However, the 

molten pool 130a has a small area. 

[0063] 

 The welding torch 104 includes a cladding material powder feed pipe 

133 that sends cladding material powder (also referred to as merely 

"cladding material") 132 downward, a cooling water feed pipe 135 that sends 

cooling water 134 downward, and a shield gas feed pipe 137 that sends inert 

gas 136 downward, in this order from the central axis that is coaxial with the 

laser beam path X.  Describing in detail, the cladding material powder feed 

pipe 133 is disposed on the innermost side on a horizontal plane concentric 

with the laser beam path X, is converged from an upper end to the optical 

axis X following condensing of the laser beam, and communicates with the 

vicinity of the irradiation port 116 at the lower end of the welding torch 104. 
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[0064] 

 Though not illustrated, the cladding material powder feed pipe 133 

may be one or more pipes disposed every predetermined angle on the 

horizontal plane, or may be a ring-like pipe that is circumferentially 

continuous.  Accordingly, the cladding material powder feed pipe 133 pours 

the cladding material powder 132 from the upper end, and discharges to the 

position where the laser beam is projected onto the surface of the base 130, 

that is, the molten pool 130a on the surface of the base 130.  The discharged 

cladding material powder 132 is heated with the laser beam and the molten 

pool 130a on the base 130 to form a clad layer 144 on the surface of the base 

130 opposite to the moving direction of the welding torch 104 (See an arrow 

Y). 

[0065] 

 The shield gas feed pipe 137 is disposed on the concentric outer side 

(coaxial outer side) of the cladding material powder feed pipe 133 on the 

horizontal plane with respect to the laser beam path X, is converged from an 

upper end to the optical axis X following condensing of the laser beam, and 

communicates with the vicinity of the irradiation port 116.  Accordingly, the 

shield gas feed pipe 135 discharges the inert gas 136 such as argon gas 

flowing from the upper end at the lower end.  The discharged inert gas 18 is 

sprayed to the cladding material powder 132 (and the clad layer 144), 

thereby stacking the clad layer 144 on the surface of the base 130 to apply an 

anti-oxidation processing. 

[0066] 

 The cooling water feed pipe 137 is further disposed on the concentric 
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outer side of the shield gas feed pipe 135, and its upper end communicates 

with the position above the lower end of the welding torch 104 by a 

predetermined distance.  The clad layer 144 is rapidly cooled so as not to 

make the molten pool 13a on the base 130b large due to the laser beam, to 

form the uniformly distributed clad layer 144. 

[0067] 

(Configuration of tool holder 102) 

 The tool holder 102 is rotatable around the rotating axis X, and has 

the hollow through hole 120 extending from its upper end to its lower end 

along the rotating axis.  The tool holder 102 is integrally connected to the 

welding torch 104 at the lower end.  The tool holder 102 has a 

communication hole 141 that communicates with the through hole 120 at its 

outer circumferential section.  As illustrated in Fig. 10, the communication 

hole 141 extends substantially orthogonal to the axial length of the tool 

holder 102. 

[0068] 

(Configuration of temperature measurement unit 142) 

 The temperature measurement unit 142 may be formed of a 

temperature measurement element such as a thermocouple, a thermistor, or 

a platinum resistance thermometer sensor, and can be attached to a position 

in the through hole (hollow hole) 105 of the welding torch 104, the 

temperature of which is to be measured.  Since the through hole 105 

includes the optical axis of the laser beam, the temperature measurement 

unit 142 is attached to an inner wall or the like of the through hole 105 so as 

not to interfere with the laser beam.  With being attached to the through 
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hole 105, the temperature measurement unit 142 can measure the 

temperature of the welding torch 104 located at a desired position, which 

rotates coaxially with the tool holder 102.  The temperature measurement 

unit 142 can transmit a measurement result to the electronic substrate 106 

via the electric wiring 141. 

[0069] 

(Configuration of electronic substrate 106) 

 With being covered with the cover member 108, the electronic 

substrate 106 is provided on the outer circumferential section of the tool 

holder 102.  The electronic substrate 106 includes a temperature reception 

unit (reference number 60 in Fig. 2) and a transmission unit (reference 

number 61 in Fig. 2).  The temperature reception unit can receive the 

temperature of the welding torch 104 from the temperature measurement 

unit 142 via the electric wiring 141 in real time.  The transmission unit can 

wirelessly transmit the temperature of the welding torch 104, which is 

received by the temperature reception unit, to an external unit. 

[0070] 

(Configuration of power feeding unit 107) 

 With being covered with the cover member 108, the power feeding 

unit 107 is provided on the outer circumferential section of the tool holder 

102.  The power feeding unit 107 may be formed of a charging or 

non-charging battery, and can feed power to the electronic substrate 106. 

[0071] 

 Modification examples of the temperature measurement device 1 for 

the cutting tool 4 in the second to fourth embodiments can be applied to the 
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temperature measurement unit 142, the electronic substrate 106, and the 

power feeding unit 107 of the temperature measurement device 100 

illustrated in Fig 9.  For example, as in second embodiment, a storage unit 

for the electronic substrate 106 and so on may be provided in the tool holder 

102.  As in the fifth embodiment illustrated in Fig. 6, a piezoelectric element 

may be provided in the tool holder 102 to measure a stress exerted to the 

welding torch 104. 

[0072] 

(Flow of electric signal indicating cutting tool temperature measured by 

temperature measurement unit) 

 For the temperature measurement device 100 in Fig. 9, the block 

diagram in Fig. 2 illustrating the flow of the electric signal indicating the 

temperature of the cutting tool 4 of the temperature measurement device 1 is 

referred.  In this example, the flow of the electric signal is indicated in a 

case where a thermocouple constitutes the temperature measurement unit 5.  

Each arrow in Fig. 2 represents a flow of the electric signal indicating the 

temperature of the cutting tool 4, which is measured by the thermocouple, 

and according to the mode of the signal transmission path, wire 

communication is expressed as a solid line, and wireless communication is 

expressed as a broken line.  In this example, a zero contact compensation 

circuit, a potential difference amplification unit, an A/D (analog/digital) 

converter, and an intra-device control circuit constitute the temperature 

reception unit 60.  In this example, a controller and a wireless 

communication device constitute the transmission unit 61. 

[0073] 
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 As illustrated in Fig. 2, in this example, a wireless reception and 

record output apparatus constitutes the external unit.  The wireless 

reception and record output apparatus includes a wireless reception device, a 

serial USB (Universal Serial Bus) converter, a record and calculation device 

such as a personal computer, and an output device such as a display or a 

printer, from the upstream side to the downstream side along the flow of the 

electric signal.  Examples of the wireless communication standard 

expressed as a broken line between the wireless reception devices in Fig. 2 

include Wi-Fi (Wireless Fidelity), Blue-tooth (Bluetooth), wireless LAN 

(Local Area Network), and ZigBee (ZigBee). 

[0074] 

 Modification examples (second to fourth embodiments) (See Fig. 5, 

Fig. 7, and Fig. 8) of the temperature measurement device 1 for the cutting 

tool 4 can be applied to a flow of the electric signal in the temperature 

measurement device 100 illustrated in Fig. 9. 

[0075] 

(Features of temperature measurement method and temperature 

measurement device in fifth embodiment) 

 In the fifth embodiment, since the temperature measurement unit 

142 is attached in a hollow region (through hole 105) in the welding torch 

104 integrally connected to the lower end of the tool holder 102 that is 

rotatable around the rotating axis, by receiving a measurement result of the 

temperature measurement unit 142 by the electronic substrate 106, the 

temperature of the welding torch 104 during the actual processing of 

rotating coaxially with the tool holder 102 (actual welding) can be 
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ascertained in real time.  Thus, using the welding torch temperature 

ascertained in real time, the cooling performances of the cooling water 134 

and the cladding material 132 can be evaluated. 

[0076] 

 Although the embodiments of the present invention have been 

describe with reference to the drawings, specific configuration is not limited 

to the embodiments.  The scope of the present invention is defined in 

CLAIMS rather than in description of the embodiments, and includes all 

modifications within equivalents to CLAIMS in meaning. 

INDUSTRIAL APPLICABILITY 

[0077] 

 The temperature measurement method and the temperature 

measurement device of the present invention can preferably apply to 

measurement of the temperature of various industrial rotating tools such as 

a cutting tool that cuts a target and a welding torch. 

REFERENCE SIGNS LIST 

[0078] 

 1: Temperature measurement device 

 2: Tool holder 

 4: Cutting tool 

 5: Temperature measurement unit 

 6: Electronic substrate 

 7: Power feeding unit 

 8: Cover member 

 9: Stress measurement unit 
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 10: Stress reception unit 

 20: Hollow hole 

 21: Outer circumferential section 

 22: Communication hole 

 40: Through hole 

 60: Temperature reception unit 

 61: Transmission unit 

 S1 to S5: Step 
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CLAIMS 

1. A real time temperature measurement method that uses: a tool holder 

that is rotatable at high speed around a rotating axis and has a hollow hole 

inside along the rotating axis; and a rotating tool that is connected to the tool 

holder, rotates coaxially with the hollow hole, and has a semi-through hole 

extending from an upper end on a way to a lower end and connecting at the 

upper end to a lower end of the hollow hole, the method comprising steps of: 

attaching a thermocouple in the semi-through hole by inserting at an upper 

end of the semi-through hole; 

measuring the temperature of the rotating tool during actual processing that 

rotates at high speed coaxially with the tool holder and is held by the tool 

holder using the thermocouple in real time; and 

receiving an electric signal from the thermocouple by an electronic substrate, 

and amplifying a potential difference and digital converting by the electronic 

substrate; and transmitting wirelessly the digital converted electric signal 

from the thermocouple during actual processing to an external unit in real 

time, 

and wherein the tool holder is a tubular tool holder that can hold the rotating 

tool at a front end, 

and wherein the electronic substrate is provided on an outer circumferential 

section of the tool holder and is connected to the thermocouple by an electric 

wiring, 

and wherein the external unit receives, records and calculates the wireless 

transmitted electric signal from the thermocouple. 
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2. A real time temperature measurement device comprising: 

a tool holder that is rotatable at high speed around a rotating axis and has a 

hollow hole inside along the rotating axis of a rotating processing device on 

which the tool holder is attached and replaceable; 

a rotating tool that is connected to the tool holder, rotates coaxially with the 

hollow hole, and has a semi-through hole extending from an upper end on a 

way to a lower end and connecting at the upper end to a lower end of the 

hollow hole; 

a thermocouple that is attached in the semi-through hole by inserting at an 

upper end of the semi-through hole and that measures the temperature of 

the rotating tool during actual processing that rotates at high speed coaxially 

with the tool holder and is held by the tool holder using the thermocouple in 

real time; 

an electronic substrate that receives an electric signal from the thermocouple 

and that amplifies a potential difference and converts to a digital signal; 

a transmitting means that transmits wirelessly the digital converted electric 

signal from the thermocouple during actual processing to an external unit in 

real time, 

 

and wherein the tool holder is a tubular tool holder that can hold the rotating 

tool at a front end, 

and wherein the electronic substrate is provided on an outer circumferential 

section of the tool holder and is connected to the thermocouple by an electric 

wiring, 

and wherein the external unit receives, records and calculates the wireless 
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transmitted electric signal from the thermocouple. 

 

3. The temperature measurement device according to claim 2, further 

comprising a power feeding unit that is provided on an outer circumferential 

section of the tool holder, and can feed power to the electronic substrate. 

 

4. The temperature measurement device according to claim 2 or 3, further 

comprising a cover member that is provided on an outer circumferential 

section of the tool holder, and covers at least the electronic substrate. 

 

5. The temperature measurement device according to claim 2, 3 or 4, further 

comprising a stress measurement unit that is attached to an outer 

circumferential section of the tool holder, and can measure an external stress 

exerted on the rotating tool rotating coaxially with the tool holder, wherein 

the electronic substrate includes a stress reception unit that can receive a 

measurement result of the stress measurement unit. 
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