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(54) ELECTROSTATIC CAPACITANCE TYPE HEIGHT SENSOR, LASER MACHINING NOZZLE 
USING SAME, AND LASER MACHINING DEVICE

(57) Electrostatic capacitance type height sensor
(10) includes sensor electrode (11) attached to a tip of
laser machining nozzle (1), signal processor (13) that
transmits a voltage signal to sensor electrode (11) and
detects a signal from sensor electrode (11) to measure
a distance between a tip of sensor electrode (11) and

workpiece (5) electrically connected to a ground, and ca-
ble (12) electrically connecting sensor electrode (11) to
signal processor (13). Signal processor (13) includes a
disconnection determinator that determines that cable
(12) is broken if the signal from sensor electrode (11) is
higher or equal to a predetermined level.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to an electrostatic capacitance type height sensor used for laser machining
devices, and to a laser machining nozzle and a laser machining device that each include the electrostatic capacitance
type height sensor.

BACKGROUND ART

[0002] If a workpiece is cut or processed using a laser machining device, adjusting the focus of laser beams on or
near a surface of the workpiece is important in maintaining processing quality. Thus, it is necessary to keep the distance
between a tip of a laser machining nozzle disposed on a robot arm or a part of the laser machining device and the
workpiece at a desired amount. In general, an electrostatic capacitance type height sensor is used to measure this
distance.
[0003] PTL 1 discloses an electrostatic capacitance type height sensor that measures distance by applying alternating
current voltage between a sensor electrode attached to a tip of a laser machining nozzle and a workpiece electrically
connected to a ground, detecting a modulated voltage at a conversion circuit, and converting the voltage into a distance.
The modulated voltage is a voltage modulated in amplitude based on capacitance between the sensor electrode and
the workpiece. The electrostatic capacitance type height sensor is configured to measure distance without influence
from stray capacitance of a cable connected to the sensor electrode.

Citation List

Patent Literature

[0004] PTL 1: Unexamined Japanese Patent Publication No. H09-331089

SUMMARY OF THE INVENTION

[0005] The conventional height sensor disclosed in PTL 1 measures distance without influence from the stray capac-
itance of the cable connected to the sensor electrode. This configuration eliminates the need for readjusting the height
sensor when the cable is replaced with another one.
[0006] The laser machining nozzle moves together with the robot arm and other parts. As a result, tension is often
applied to the cable connected to the sensor electrode. This can disconnect the cable from the sensor electrode or cause
a break in the cable. A break in the cable prevents the measurement of distance between the tip of the laser machining
nozzle and the workpiece and may result in a processing defect. Meanwhile, the conventional height sensor described
above may fail to properly detect a break in the cable. This is because in the actual height sensor, capacitance components
due to elements other than the cable are electrically coupled to the conversion circuit and such capacitance components
cause detection of a constant voltage even in a case of the broken cable.
[0007] The technique of the present disclosure has been developed in view of the above problem. It is an object of
the present disclosure to provide an electrostatic capacitance type height sensor that is able to readily and reliably detect
a break in a cable.
[0008] According to the technique of the present disclosure, to achieve the above object, an electrostatic capacitance
type height sensor is designed to determine that a cable is broken if a signal detected by the electrostatic capacitance
type height sensor is higher or equal to a predetermined level.
[0009] Specifically, an electrostatic capacitance type height sensor according to the present disclosure includes a
sensor electrode attached to a tip of a laser machining nozzle, a signal processor transmitting a voltage signal to the
sensor electrode and detecting a signal from the sensor electrode to measure a distance between a tip of the sensor
electrode and a workpiece electrically connected to a ground, and a cable electrically connecting the sensor electrode
to the signal processor. The signal processor includes a disconnection determinator that determines that the cable is
broken if the signal from the sensor electrode is higher or equal to a predetermined level.
[0010] This configuration allows the disconnection determinator to readily determine presence or absence of a break
in the cable from a value of the signal sent from the sensor electrode.
[0011] Preferably, the predetermined level is within a range from a value of the signal sent from the sensor electrode
when the distance between the tip of the sensor electrode and the workpiece is a predetermined distance that is longer
than a maximum distance set for laser processing to a value of the signal sent from the sensor electrode when the cable
is not connected to the signal processor, inclusive.
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[0012] This configuration prevents erroneous determination of a break in the cable and enables reliable detection of
the presence or absence of a break in the cable.
[0013] A laser machining nozzle according to the present disclosure includes a first nozzle electrically connected to
the sensor electrode of the electrostatic capacitance type height sensor described above and a second nozzle disposed
so as to surround an outer periphery of the first nozzle with a space provided between the first and the second nozzles.
The first nozzle defines a path for laser beam emission and a flow channel for assist gas fed during laser processing.
The second nozzle is electrically insulated from the first nozzle and the sensor electrode with an insulator.
[0014] This configuration enables the electrostatic capacitance type height sensor to readily determine a break in the
cable and enables the second nozzle to shield the sensor electrode from external electromagnetic noise.
[0015] Preferably, the first nozzle and the second nozzle are at an identical electric potential.
[0016] This configuration enables the second nozzle to reliably shield the sensor electrode from external electromag-
netic noise.
[0017] Preferably, the laser machining nozzle further includes a structure that adds certain capacitance to the sensor
electrode.
[0018] This configuration provides improved accuracy with which a break in cable is detected.
[0019] A laser machining device according to the present disclosure includes a laser light source that emits laser
beams, an optical fiber that guides the laser beams, the laser machining nozzle described above to project the laser
beams guided through the optical fiber onto a workpiece, a robot arm that moves the laser machining nozzle attached
to an end of the robot arm, and a controller that controls the laser light source and an operation of the robot arm. The
controller includes at least a robot controller that transmits signals to drive or stop an articular axis of the robot arm such
that the tip of the laser machining nozzle draws a predetermined locus and a laser controller that controls the laser light
source and stops laser oscillation at the laser light source when the disconnection determinator determines that the
cable is broken. The robot controller includes at least a position controller that responds to a distance between the tip
of the sensor electrode and the workpiece measured by the electrostatic capacitance type height sensor to control a
position of the laser machining nozzle so as to ensure that the measured distance is a target value.
[0020] According to this configuration, the laser machining device stops laser oscillation upon detection of a break in
the cable and thus prevents defective processing from extending over the workpiece.
[0021] As described above, an electrostatic capacitance type height sensor according to the present disclosure is able
to readily and reliably determine a break in a cable connecting a sensor electrode to a signal processor of the electrostatic
capacitance type height sensor.

BRIEF DESCRIPTION OF DRAWINGS

[0022]

FIG. 1 is a drawing illustrating a configuration of a laser machining nozzle according to a first exemplary embodiment.
FIG. 2 is a block diagram illustrating a functional configuration of a signal processor of an electrostatic capacitance
type height sensor.
FIG. 3 is a drawing illustrating an example of a circuit formed in the signal processor of the electrostatic capacitance
type height sensor.
FIG. 4 is a drawing illustrating a configuration of a laser machining nozzle according to a second exemplary em-
bodiment.
FIG. 5 is a drawing illustrating a configuration of a laser machining device according to a third exemplary embodiment.

DESCRIPTION OF EMBODIMENTS

[0023] Hereinafter, exemplary embodiments of the present disclosure will be described in detail with reference to the
drawings. The following description of preferred exemplary embodiments is merely illustrative in nature and is in no way
intended to limit the technique of the present disclosure, its application, or uses.

(First exemplary embodiment)

[Configuration of laser machining nozzle]

[0024] FIG. 1 illustrates a configuration of laser machining nozzle 1 according to the present exemplary embodiment.
This laser machining nozzle 1 is attached to an end of robot arm 33 (not shown, see FIG. 5). Laser machining nozzle 1
includes sensor nozzle 2 (a first nozzle), shield nozzle 3 (a second nozzle), insulator 4 (a first insulator), and electrostatic
capacitance type height sensor 10 (hereinafter, simply referred to as height sensor 10).
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[0025] In the following description, a side of laser machining nozzle 1 from which laser beams enter may be referred
to as "up" or "upper", whereas a side of laser machining nozzle 1 from which laser beams are emitted, i.e. a side on
which workpiece 5 is disposed, may be referred to as "low" or "lower".
[0026] Sensor nozzle 2 is a metallic component including a conical part and cylindrical parts disposed respectively on
upper and lower sides of the conical part. The conical part is formed so as to decrease in diameter along with a shift of
the circular cross-section toward a lower side. The cylindrical part beneath the conical part is electrically connected to
sensor electrode 11 of height sensor 10. A space inside sensor nozzle 2 is both a path for emission of laser beams
indicated with a dash-dot-dot line in the figure and a flow channel for assist gas blown on workpiece 5 during laser
processing. In other words, sensor nozzle 2 defines the path for laser beam emission and the flow channel for assist gas.
[0027] In a similar way to sensor nozzle 2, shield nozzle 3 is a metallic component including a conical part and cylindrical
parts disposed respectively on upper and lower sides of the conical part. The conical part is formed so as to decrease
in diameter along with a shift of the circular cross-section toward a lower side. Shield nozzle 3 is disposed so as to
surround an outer periphery of sensor nozzle 2 with a space provided between the two nozzles. Shield nozzle 3 is
configured so as to be at an electric potential identical to that of sensor nozzle 2 and sensor electrode 11. This configuration
enables shield nozzle 3 to shield sensor nozzle 2 and sensor electrode 11 from external electromagnetic noise and
protect sensor nozzle 2 from mechanical impact.
[0028] Insulator 4 (the first insulator) is an annular flanged component having a collar and being made of a heat-
resistant resin or a similar material. An inner peripheral surface of insulator 4 is in contact with an outer peripheral surface
of the lower cylindrical part of sensor nozzle 2. A lower surface of shield nozzle 3 is in contact with an upper surface of
the collar. A lower surface of insulator 4 is in contact with sensor electrode 11. Insulator 4 electrically insulates sensor
nozzle 2 and sensor electrode 11 from shield nozzle 3. Insulator 4 serves to seal a space between sensor nozzle 2 and
shield nozzle 3.
[0029] Height sensor 10 includes sensor electrode 11, coaxial cable 12, and signal processor 13.
[0030] Sensor electrode 11 is a metallic component that is shaped into a substantially cone so as to decrease in both
inside and outside diameters along with a shift of the circular cross-section toward a lower side. Sensor electrode 11 is
attached to a tip of laser machining nozzle 1 so as to constitute a part of laser machining nozzle 1. An opening of a tip
of sensor electrode 11 is equivalent to an outlet for emitting laser beams and an outlet for blowing assist gas. Disposition
of workpiece 5 at a predetermined location causes a capacitance component to be electrically coupled to sensor electrode
11 in accordance with distance to workpiece 5.
[0031] Coaxial cable 12 is a cable of typical construction that includes inner wire 12a (an inner conductor), a dielectric
substance covering inner wire 12a, shielding wire 12b (an outer conductor) covering the dielectric substance, and an
insulating jacket covering shielding wire 12b. Coaxial cable 12 has coaxial connector 12c at an end. Inner wire 12a is
electrically connected with sensor nozzle 2 through coaxial connector 12c. Shielding wire 12b is electrically connected
with shield nozzle 3 through coaxial connector 12c. This configuration ensures that inner wire 12a and shielding wire
12b of coaxial cable 12 are at an identical electric potential. Shielding wire 12b acts as a shield against external elec-
tromagnetic noise.
[0032] Signal processor 13 has exterior terminal T that servers as both a signal transmission terminal to transmit
voltage signals generated inside to sensor electrode 11 and a signal detection terminal to receive signals returned from
sensor electrode 11. Exterior terminal T is connected to an end of coaxial cable 12. As described later, signal processor
13 has a function of measuring a distance between the tip of laser machining nozzle 1, i.e. the tip of sensor electrode
11, and workpiece 5 electrically connected to the ground based on a signal from sensor electrode 11. The signal
transmission terminal and the signal detection terminal may be disposed separately from each other.

[Functional blocks of signal processor of height sensor]

[0033] FIG. 2 is a block diagram illustrating a functional configuration of signal processor 13 of height sensor 10.
[0034] Signal processor 13 of height sensor 10 includes signal generator 14, signal detector 15, distance calculator
16, and disconnection determinator 17.
[0035] Signal generator 14 generates voltage signal Vo having predetermined frequency f and an amplitude and
transmits voltage signal Vo to sensor electrode 11 through exterior terminal T and coaxial cable 12.
[0036] Signal detector 15 has exterior terminal T and detects voltage signal Vin returned from sensor electrode 11.
Signal detector 15 has impedance adjustment resistor 18 (see FIG. 3) that is connected to exterior terminal T. Impedance
adjustment resistor 18 is satisfactorily in direct connection with a path between signal generator 14 and exterior terminal T.
[0037] Distance calculator 16 calculates a distance between the tip of sensor electrode 11 and workpiece 5 based on
voltage signal Vin detected by signal detector 15 and sends a value of the distance to an external controller or a storage
unit (neither is shown). As described later, laser machining device 30 (see FIG. 5) controls a position of laser machining
nozzle 1 in response to a difference between the distance calculated by distance calculator 16 and a target value.
[0038] Disconnection determinator 17 monitors voltage signal Vin detected by signal detector 15 and determines a
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break in coaxial cable 12 if signal Vin is higher than or equal to predetermined threshold level Vth. If a break in coaxial
cable 12 is determined, disconnection determinator 17 sends a cable break detection signal directly to the external
controller or the storage unit (neither is shown) or indirectly to the external controller or the storage unit via distance
calculator 16.
[0039] Voltage signal Vin is a modulated signal modulated in amplitude from voltage signal Vo transmitted to sensor
electrode 11 owing to factors such as capacitance components electrically coupled to exterior terminal T (the signal
detection terminal). A relationship between an amplitude of the voltage signal |Vo| and an amplitude of the modulation
signal |Vin| is represented by Equation (1):
[Mathematical Equation 1]

where

R is a resistance value of impedance adjustment resistor 18,
C is a sum total of values of capacitance components electrically coupled to exterior terminal T, and
ω is an angular frequency of voltage signal Vo and satisfies ω = 2πf.

[0040] As is clear from Equation (1), voltage signal Vo sent from exterior terminal T (the signal detection terminal) is
modulated in amplitude by a typical low-pass filter that depends on resistance value R, capacitance value C, and
frequency f of voltage signal Vo. Voltage signal Vo modulated in amplitude is detected as modulation signal Vin at
exterior terminal T.
[0041] Capacitance value C is represented by Equation (2) including C0, C1, and CW shown in FIG. 2: 

where

C0 is a value of a capacitance component inside signal processor 13 electrically coupled to exterior terminal T,
C1 is a value of stray capacitance of coaxial cable 12, and
CW is a value of capacitance between the tip of sensor electrode 11 and workpiece 5.

[0042] Capacitance value C0 is a value that depends on factors such as a disposition of and a wiring layout of elements
inside signal processor 13 and is substantially constant. Similarly, capacitance value C0 is substantially constant if a
disposition of laser machining nozzle 1 and coaxial cable 12 is fixed. Meanwhile, capacitance value Cw changes in
accordance with the distance between the tip of sensor electrode 11 and workpiece 5. Hence, capacitance value CW
can be calculated from a value of signal Vin and thus the distance between the tip of sensor electrode 11 and workpiece
5 can be calculated from the capacitance value.
[0043] In this exemplary embodiment, capacitance values C0, C1 are around 5 pF, and capacitance value CW ranges
from 0 pF to several pF in accordance with the distance between the tip of sensor electrode 11 and workpiece 5. However,
these values may be appropriately changed depending on factors such as a size and an interior layout of signal processor
13, a length of coaxial cable 12, or laser processing conditions.
[0044] Further, the signal processor is able to determine a break in coaxial cable 12 from a value of signal Vin. In this
exemplary embodiment, a range of threshold level Vth that is specified to determine presence or absence of a break in
coaxial cable 12 is represented by Inequality (3). If the value of signal Vin is higher or equal to threshold level Vth, the
signal processor determines that coaxial cable 12 is broken:
[Mathematical Inequality 2] 
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where
CW1 is a capacitance value calculated when the distance between the tip of sensor electrode 11 and workpiece 5 is
longer by a predetermined length than the distance set for laser processing.
[0045] In this exemplary embodiment, the distance between the tip of sensor electrode 11 and workpiece 5 associated
with CW1 is set within an approximate range of several tens of cm to 1 m, whereas the distance set during laser processing
is normally around several mm. In other words, in Inequality (3), Cwi is a value of a capacitance component electrically
coupled to exterior terminal T when the distance between the tip of sensor electrode 11 and workpiece 5 is set to a
predetermined distance that is longer than a maximum distance set for laser processing. Capacitance value CW gets
smaller along with an increase in distance between the tip of sensor electrode 11 and workpiece 5, and hence the value
of Vin associated with the capacitance value gets larger as is clear from Equations (1), (2).
[0046] The height sensor according to this exemplary embodiment is able to readily determine presence or absence
of a break in coaxial cable 12 from the value of signal Vin that exterior terminal T acting as the signal detection terminal
receives from sensor electrode 11. A lower limit of threshold level Vth is selected so as to include capacitance value
CW1 that is calculated when the distance between the tip of sensor electrode 11 and workpiece 5 is satisfactory longer
than the distance for normal laser processing. Hence, the lower limit of Vth is satisfactory greater than the intensity of
voltage signals detected at exterior terminal T (the signal detection terminal) during normal laser processing. This reliably
prevents erroneous determination of a break in the cable.
[0047] As is clear from Equations (1), (2), an upper limit of Vth in Inequality (3) is a value of a voltage signal detected
at exterior terminal T (the signal detection terminal) when coaxial cable 12 is not connected to exterior terminal T. If
threshold level Vth is specified within the range shown by Inequality (3), the height sensor is able to reliably determine
the presence or absence of a break in coaxial cable 12. Data can be acquired for the upper and lower limits of threshold
level Vth beforehand and be used continuously. This allows the height sensor to readily determine a break in cable only
from modulation signal values without addition of dedicated hardware or other devices.
[0048] Threshold level Vth may be changed freely within the range shown by Inequality (3) depending on laser process-
ing conditions, especially the distance set between the tip of sensor electrode 11 and workpiece 5. As a matter of course,
if the disposition, internal configuration or other factors of parts in laser machining nozzle 1 are changed, the specified
range of threshold level Vth is changed in accordance with a change in conditions such as capacitance values of
capacitance components electrically coupled to exterior terminal T (the signal detection terminal).
[0049] FIG. 3 illustrates a specific example of a circuit formed in signal processor 13 of height sensor 10. The circuit
of signal processor 13 shown in FIG. 3 includes central processing unit (CPU) 20, digital-to-analog converter 21 (here-
inafter referred to as DAC 21), analog-to-digital converter 22 (hereinafter referred to as ADC 22), impedance adjustment
resistor 18, and exterior terminal T.
[0050] CPU 20 reads a control program or other instructions from the storage unit (not shown) and outputs a pulse
train signal having a predetermined period. In response to a signal from ADC 22, CPU 20 calculates a distance between
the tip of sensor electrode 11 and workpiece 5. If the number of waves included in a pulse train signal sent from ADC
22 per unit time is greater than or equal to a predetermined count, CPU 20 determines that coaxial cable 12 is broken
and sends a cable break detection signal to the external controller or the storage unit (neither is shown). In other words,
CPU 20 corresponds to distance calculator 16 and disconnection determinator 17 shown in FIG. 2.
[0051] DAC 21 converts a pulse train signal transmitted from CPU 20 into an analog voltage signal having a prede-
termined frequency and amplifies the analog voltage signal within a predetermined range to output the amplified signal
as voltage signal Vo. In other words, DAC 21 corresponds to signal generator 14 shown in FIG. 2.
[0052] ADC 22 detects modulation signal Vin sent from sensor electrode 11 through coaxial cable 12. ADC 22 converts
modulation signal Vin into a pulse train signal having a count of waves in accordance with the amplitude of signal Vin
and transmits the pulse train signal to CPU 20. ADC 22 corresponds to a part of signal detector 15 shown in FIG. 2.
[0053] Signal processor 13 of height sensor 10 has the circuit shown in FIG. 3 and is hence allowed to diminish an
effect of signal offset. The circuit also allows the signal processor to detect contact between sensor electrode 11 and
workpiece 5.
[0054] The circuit of signal processor 13 shown in FIG. 3 is only an example and may have any other configuration.
For instance, the circuit may include an alternating-current power source instead of DAC 21 or may include an analog
filter instead of ADC 22.
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(Second exemplary embodiment)

[0055] FIG. 4 illustrates a configuration of laser machining nozzle 1 according to the present exemplary embodiment.
A configuration shown in this exemplary embodiment differs from the configuration shown in the first exemplary embod-
iment in that laser machining nozzle 1 further includes conductive part 7. Conductive part 7 is electrically insulated from
sensor nozzle 2 and shield nozzle 3 by insulator 6 (a second insulator) having an annular shape and is electrically
connected to a ground such that conductive part 7 is put at ground potential. Insulator 6 also acts as a gasket to prevent
assist gas from leaking out from laser machining nozzle 1.
[0056] Since the laser machining nozzle includes insulator 6 and conductive part 7, sum total C of capacitance values
of capacitance components electrically coupled to exterior terminal T (a signal detection terminal) is represented by
Equation (4): 

where
C2 is a value of capacitance between conductive part 7 and sensor electrode 11.
[0057] A range specified for threshold level Vth is represented by Inequality (5):
[Mathematical Inequality 3] 

[0058] In this way, certain capacitance is added to sensor electrode 11 and sum total C of capacitance values in this
exemplary embodiment is thereby greater than the sum total of capacitance values shown in the first exemplary em-
bodiment. Thus, as is clear from Equations (1), (4), and Inequality (5), a rate of change in modulation signal Vin due to
presence or absence of a break in coaxial cable 12 is higher in this exemplary embodiment than in the first exemplary
embodiment. In other words, this exemplary embodiment makes it easier to determine the presence or absence of a
break in cable and provides improved accuracy with which a break in cable is detected.
[0059] In this exemplary embodiment, the laser machining nozzle has insulator 6 (the second insulator) and conductive
part 7 to add certain capacitance to sensor electrode 11. This configuration, however, should not be construed to limit
a way of adding certain capacitance. The laser machining nozzle may have a separate structure that adds certain
capacitance to sensor electrode 11 to increase sum total C of capacitance values. For instance, a separate capacitor
may be connected between sensor electrode 11 and the ground. Preferably, capacitance value C2 is lower than each
capacitance value C0, C1, CW to maintain sensitivity with which distance between a tip of sensor electrode 11 and
workpiece 5 is measured.

(Third exemplary embodiment)

[0060] FIG. 5 illustrates a configuration of a laser machining device according to the present exemplary embodiment.
This laser machining device 30 includes laser light source 31, optical fiber 32, robot arm 33, laser machining nozzle 1,
and controller 34. Illustration and description of various parts other than the component described above will be omitted
for explanatory convenience. Laser machining device 30 also includes a feed line (not shown) to feed assist gas to laser
machining nozzle 1.
[0061] Laser light source 31 includes a power source (not shown), a laser resonator (not shown) that generates laser
beams in response to the supply of electricity from the power source, and an optical system (not shown) that concentrates
and couples the laser beams into optical fiber 32.
[0062] Optical fiber 32 receives laser beams that have been generated by the laser resonator and concentrated by
the optical system and guides the laser beams into laser machining nozzle 1. Optical fiber 32 may be an optical fiber of
a single-clad, a double-clad or other type that is appropriately selected depending on the type of laser machining, laser
beam intensity, and other conditions. Similarly, a core diameter or a cladding diameter of optical fiber 32 may be changed
as appropriate.
[0063] Laser machining nozzle 1 is attached to an end of robot arm 33. Robot arm 33 receives signals based on a
processing program or other instructions from controller 34 and moves laser machining nozzle 1 so as to draw a pre-
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determined locus. During laser processing, robot arm 33 is used to control a position of laser machining nozzle 1 so as
to ensure that the distance between a tip of sensor electrode 11, i.e. a tip of laser machining nozzle 1, and workpiece
5 is a predetermined distance.
[0064] Controller 34 includes laser controller 35 that controls quantity and others of light emitted from laser light source
31 and robot controller 36 that controls an operation of robot arm 33.
[0065] Laser controller 35 controls electric power supplied from the power source and temperature and other properties
of the laser resonator to ensure emission of laser beams with desired intensity.
[0066] Robot controller 36 transmits signals based on the processing program or other instructions to drive or stop an
articular axis of robot arm 33 such that the end of robot arm 33, i.e. the tip of laser machining nozzle 1, draws a
predetermined locus. Robot controller 36 includes position controller 37. In response to the distance between the tip of
sensor electrode 11 and workpiece 5 measured by height sensor 10, position controller 37 transmits a signal to robot
arm 33 to control the position of laser machining nozzle 1, specifically a position of robot arm 33, so as to ensure that
the measured distance is a target value.
[0067] Next, an operation of laser machining device 30 will be described.
[0068] First, a power source for overall laser machining device 30 is turned on to supply electric power to laser
machining device 30. A predetermined laser processing program starts automatically or by an operator’s control. Robot
arm 33 moves to a predetermined initial position, and height sensor 10 is supplied with electric power to be ready for
measurement. The power source of laser light source 31 is turned on.
[0069] Next, workpiece 5 is put into position. Laser machining device 30 moves robot arm 33 to shift laser machining
nozzle 1 to near workpiece 5. Height sensor 10 measures an actual distance between laser machining nozzle 1 and
workpiece 5. Position controller 37 compares the actual distance with a target value that is specified in the program for
a target distance between the tip of sensor electrode 11 and workpiece 5. Determining a target position associated with
a difference between these distances, position controller 37 drives robot arm 33 to shift laser machining nozzle 1 to the
target position.
[0070] Laser machining device 30 feeds assist gas into laser machining nozzle 1 and lets laser light source 31 generate
laser beams. The laser beams are guided into laser machining nozzle 1 by optical fiber 32 and are projected onto
workpiece 5. This starts laser processing. During laser processing, height sensor 10 always measures distance between
the tip of sensor electrode 11 and workpiece 5. Position controller 37 controls the position of laser machining nozzle 1,
i.e. the position of robot arm 33, in response to an actual measured distance.
[0071] When needed processing is completed, laser oscillation stops in laser light source 31 and then the feeding of
assist gas stops. Robot arm 33 moves to the predetermined initial position and is put on standby at the position until
next processing starts.
[0072] If a break occurs in coaxial cable 12 connected to height sensor 10 during the laser processing described
above, disconnection determinator 17 of signal processor 13 immediately detects the break in the cable and sends a
cable break detection signal to controller 34.
[0073] In response to the signal, laser controller 35 of controller 34 immediately stops laser oscillation at laser light
source 31. At the same time, robot controller 36 of controller 34 moves robot arm 33 to the predetermined initial position.
[0074] In this exemplary embodiment, height sensor 10 always measures distance between the tip of sensor electrode
11 and workpiece 5 and concurrently determines the presence or absence of a break in coaxial cable 12 during laser
processing. As for conventional laser machining devices, coaxial cable 12 has been inspected for the presence or
absence of a break in the cable at opportunities such as periodic checks on the laser machining device. The conventional
laser machining device has never allowed real-time detection of a break in coaxial cable 12.
[0075] Laser machining device 30 according to this exemplary embodiment determines the presence or absence of
a break in coaxial cable 12 in real time. Upon the detection of a break in the cable, laser machining device 30 immediately
stops an operation. This prevents defective processing from extending over workpiece 5. A break in the cable disables
height sensor 10 from measuring distance. Accordingly, this laser machining device prevents laser machining nozzle 1
from colliding with workpiece 5. This protects laser machining nozzle 1 from breakage or damage.
[0076] If laser controller 35 immediately stops laser oscillation upon receiving a cable break detection signal, laser
light source 31 may break down. In such a case, laser controller 35 can be configured to control laser light source 31 to
gradually stop laser oscillation. Similarly, if immediate movement of robot arm 33 to the initial position may cause robot
arm 33 to go out of order, the speed of movement of robot arm 33 can be controlled to avoid such failure.
[0077] If movement of robot arm 33 to the initial position may cause robot arm 33 only to go out of order, the robot
controller can be configured to control robot arm 33 to stay at a position where the robot arm is situated when the
controller has received a cable break detection signal.
[0078] In the first to the third exemplary embodiments, sensor electrode 11 and signal processor 13 of height sensor
10 are connected through coaxial cable 12. However, the cable is not particularly limited to this example and may be a
cable of any other type.
[0079] In the third exemplary embodiment, signal processor 13 of height sensor 10 may be built into controller 34 in
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laser machining device 30. However, heed needs to be taken to ensure that the length of coaxial cable 12 is not longer
than necessary.
[0080] Preferably, sensor nozzle 2, shield nozzle 3, and conductive part 7 are made of copper or a copper-based
material in terms of lower electrical resistance and higher thermal conductivity. However, these components may be
made of other material such as an aluminum-based material.

INDUSTRIAL APPLICABILITY

[0081] An electrostatic capacitance type height sensor according to the present disclosure is able to readily and reliably
determine presence or absence of a break in a cable connected to a sensor electrode. This technique can be usefully
applied to devices such as laser machining devices.

REFERENCE MARKS IN THE DRAWINGS

[0082]

1: laser machining nozzle
2: sensor nozzle (first nozzle)
3: shield nozzle (second nozzle)
4: insulator (first insulator)
5: workpiece
6: insulator (second insulator)
7: conductive part
10: electrostatic capacitance type height sensor
11: sensor electrode
12: coaxial cable (cable)
13: signal processor
14: signal generator
15: signal detector
16: distance calculator
17: disconnection determinator
30: laser machining device
31: laser light source
32: optical fiber
33: robot arm
34: controller
35: laser controller
36: robot controller
37: position controller
T: exterior terminal (signal detection terminal)

Claims

1. An electrostatic capacitance type height sensor comprising:

a sensor electrode attached to a tip of a laser machining nozzle;
a signal processor that transmits a voltage signal to the sensor electrode and detects a signal from the sensor
electrode to measure a distance between a tip of the sensor electrode and a workpiece electrically connected
to a ground; and
a cable electrically connecting the sensor electrode to the signal processor,
wherein the signal processor includes a disconnection determinator that determines that the cable is broken
on condition that the signal from the sensor electrode is higher or equal to a predetermined level.

2. The electrostatic capacitance type height sensor according to claim 1, wherein the predetermined level is within a
range from a value of the signal sent from the sensor electrode when the distance between the tip of the sensor
electrode and the workpiece is a predetermined distance that is longer than a maximum distance set for laser
processing to a value of the signal sent from the sensor electrode when the cable is not connected to the signal
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processor, inclusive.

3. A laser machining nozzle comprising:

a first nozzle electrically connected to the sensor electrode of the electrostatic capacitance type height sensor
according to claim 1 or 2, the first nozzle defining a path for laser beam emission and a flow channel for assist
gas fed during laser processing; and
a second nozzle disposed so as to surround an outer periphery of the first nozzle with a space provided between
the first and the second nozzles, the second nozzle being electrically insulated from the first nozzle and the
sensor electrode with an insulator.

4. The laser machining nozzle according to claim 3, wherein the first nozzle and the second nozzle are at an identical
electric potential.

5. The laser machining nozzle according to claim 3 or 4, further comprising a structure that adds certain capacitance
to the sensor electrode.

6. A laser machining device comprising:

a laser light source that emits laser beams;
an optical fiber that guides the laser beams;
the laser machining nozzle according to any one of claims 3 to 5 that projects the laser beams guided through
the optical fiber onto the workpiece;
a robot arm that moves the laser machining nozzle attached to an end of the robot arm; and
a controller that controls the laser light source and an operation of the robot arm,
wherein the controller includes:

a robot controller that transmits signals to drive or stop an articular axis of the robot arm in such a way that
the tip of the laser machining nozzle draws a predetermined locus; and
a laser controller that stops laser oscillation at the laser light source when the disconnection determinator
determines that the cable is broken, and

wherein the robot controller includes
a position controller that responds to a distance between the tip of the sensor electrode and the workpiece
measured by the electrostatic capacitance type height sensor to control a position of the laser machining nozzle
so as to ensure that the measured distance is a target value.
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