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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to power tools,
e.g., table saws, miter saws and the like. Specifically,
techniques arc described for preventing a cutting tool
from making contact with objects other than work.

Description of the Related Art

[0002] U.S. unexamined patent application no.
17336/2002 describes a power tool that carries out an
emergency stop when a cutting tool has made contact
with a person (i.e., an object other than work). The known
power tool includes a contact detection system that de-
tects contact between a person and a cutting tool. The
contact detection system is electrically coupled to the
cutting tool and monitors an electrical potential of the
cutting tool in order to detect contact between a person
and the cutting tool. If contact between the person and
the cutting tool is detected by the contact detection sys-
tem, power supply to the motor is stopped, effecting an
emergency stop of the cutting tool.
[0003] US 3,785,230 discloses an automatic safety
brake for a rotary blade equipment which is instantane-
ously actuated by the capacitance effect of a human body
approaching the blade in such a way that cutting of the
body would always take place. An amplifier is connected
to an antenna positioned close to the blade so that the
blade becomes a part of the electronic circuit. The am-
plifier is electrically connected to a discriminator pulling
an indicator thereon and is in turn electrically connected
to an electronic relay. These components serve as a ca-
pacitance proximity sensor for actuating a bell and a
brake solenoid for the rotary blade. The speed of move-
ment of the user’s fingers is not taken into account when
judging whether an hazardous situation occurs or not.
[0004] US 5,436,613 discloses a system for detecting
a human presence in hazardous situations. Appropriately
shaped electrodes are placed in an area to be safeguard-
ed and a radio frequency signal of appropriate frequency
and voltage is applied on the electrodes creating an al-
ternating electric field around them. A bridge circuit is
used to measure the capacity of impedance created by
the electrodes and a dissipation factor is calculated from
the real and imaginary parts of the impedance. If a foreign
object is introduced into the electronic field, the charac-
teristics of the dielectric are modified creating a change
of the value of the dissipation factor. Accordingly, the
presence of a human body in a specified region is de-
tected. It is not considered whether the human body ap-
proaches the hazardous region or not.
[0005] EP 1 061 487 A1 discloses a method and a
device for automatically controlling a region in a space,
for example a museum environment or an environment

in which a dangerous machine or process is operating.
The respective room or region is monitored by image
signal generating means, such as video cameras, in or-
der to obtain a succession of images of objects in the
monitored region. The images are processed in such a
way as to obtain for each instant considered a volumetric
map of each body present in the region. Characteristics
of shape, position, volume and dimensions of the body
to which it refers are identified and compared to prestored
model situations. The movement speed of the objects
towards a specified area is not calculated or considered.
[0006] US 2002/0017336 A1, which forms the pream-
ble of claim 1, discloses an apparatus and a method for
detecting dangerous conditions in power equipments.
For this purpose a safety system including a detection
subsystem, a reaction subsystem and a control subsys-
tem is employed. The detection subsystem may be con-
figured to detect that a portion of a user’s body is dan-
gerously closed to or in contact with a portion of a cutting
tool. The reaction subsystem is configured to for example
stop the movement of the cutting tool, disconnect the
motor assembly from the power source or place a barrier
between the cutting tool and the user in the event that a
hazardous situation is detected by the detection subsys-
tem and the control subsystem. The detection subsystem
mainly detects any contact between the users body and
the blade by for example contact detection blades or elec-
trical circuitry. Dynamic parameters are not taken into
account.

SUMMARY OF THE INVENTION

[0007] However, in the known power tool, movement
of the cutting tool is halted only after contact between a
person and the cutting tool has been detected, and it is
not possible to prevent contact between the person and
the moving cutting tool.
[0008] It is, accordingly, one object of the present
teachings to provide improved power tools that can pre-
vent a cutting tool from making contact with objects other
than work (e.g., persons, etc.) This object is solved by a
power tool comprising the features of claim 1. Preferred
embodiments are defined by the dependent claims.
[0009] In one aspect of the present teachings, power
tools are taught that are capable of detecting abnormal
conditions before contact between the cutting tool and
objects other than work occurs. Therefore, if the abnor-
mal conditions are detected, the power tools can warn
operators and/or stop movement of the cutting tool.
[0010] Thus, in one embodiment of the present teach-
ings, power tools may include a cutting tool, such as a
circular blade or saw blade, and a drive source, such as
an electric motor, for driving the cutting tool. Such power
tools may also include a detecting device (e.g., a detect-
ing device using radio waves, a detecting device using
ultrasonic waves, a detecting device using infrared rays,
etc.) and a control device, such as a microprocessor or
processor, in communication with the detecting device.
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For example, the detecting device may detect the loca-
tion and speed of objects (e.g., work, etc.) moving within
a predetermined area near the cutting tool. On the basis
of the location and speed of the objects detected by the
detecting device the control device may determine
whether operating conditions are normal or abnormal.
For example, the control device may determine whether
the cutting tool and the objects detected by the detecting
device have a predetermined positional relationship
(e.g., whether the distance between the cutting tool and
the object is within a predetermined value), and also de-
termine whether the speed of the objects detected by the
detecting device towards the cutting tool exceeds a pre-
determined value. From the results of these determina-
tions it may be decided whether operating conditions are
normal or abnormal. For example, when a detected ob-
ject is moving at normal speed near the cutting tool and
in a direction approaching the cutting tool, it may be de-
termined that this is simply work being delivered for cut-
ting at a normal speed and that operating condition is
normal. However, when the detected object is moving at
rapid speed near the cutting tool and in a direction ap-
proaching the cutting tool, it may be determined that op-
erating conditions is abnormal. Since it can be deter-
mined whether operating conditions are normal or ab-
normal before contact between the object and the cutting
tool occurs, contact between the object and the cutting
tool can be prevented under abnormal operating condi-
tions.
[0011] When operating conditions have been deter-
mined to be abnormal, a warning may be given to the
power tool operator, and/or the movement of the cutting
tool may be automatically stopped. For example, the
power tools may also include a buzzer that generates a
warning sound. Further, the power tool may also include
a switch for cutting off power supply to the motor. As
another example, the power tool may also include a brake
mechanism that engages and stop the cutting tool, or
retracting mechanism that retract the cutting tool from its
operating position. Further, the power tool may also in-
clude a barrier that is placed between the cutting tool and
the operator when operating conditions have been de-
termined to be abnormal.
[0012] The detecting device may include a radar de-
vice that transmits radio waves towards the predeter-
mined area and receives the radio waves reflected there-
from. By using the radio waves, the location and speed
of the object can be detected accurately even if chips are
formed during the cutting operation.
[0013] Further, it is preferred that the frequency of the
radio waves transmitted from the radar device is 1 GHz
or above, and it is more preferred that the frequency is
in the range of 10 - 30 GHz. By using radio waves of this
frequency, directivity can be improved, and it is possible
to monitor only the surroundings of the cutting tool.
[0014] In another embodiment of the present teach-
ings, the power tools may further include a table on an
upper face of which the work is positioned. A portion of

the cutting tool may protrude above the table, this pro-
truding portion cutting the work. In this case, the area to
be monitored by the radar device may be restricted to
above the table. For example, it is possible to monitor
only an area that rises to a predetermined height above
the table and is within a predetermined range of distance
from side faces of the cutting tool. Further, it is preferred
that the radar device is disposed in positions so as to
sandwich the table and face towards a power tool oper-
ator. This type of configuration prevents the radar device
from obstructing the operations of the power tool opera-
tor.
[0015] Power tools may include a cutting tool and a
motor for driving the cutting tool. The power tool may
further include a radar device and a processor in com-
munication with the radar device. The radar device pref-
erably transmits radio waves towards a predetermined
area in the vicinity of a contacting location where an edge
of the cutting tool and work make contact, and receives
radio waves reflected therefrom. The processor prefer-
ably determines from the reflected radio waves received
by the radar device whether an object other than work is
in the predetermined area. For example, using the differ-
ence between the waves reflected when work is in the
predetermined area and the waves reflected when an
object other than work is in the predetermined area, the
processor can determine whether work or an object other
than work is in the predetermined area. When it has been
determined that an object other than work is in the pre-
determined area, a warning may be given to the power
tool operator, and/or the movement of the cutting tool
may be immediately stopped. By this means, contact be-
tween the cutting tool and an object other than work can
be prevented.
[0016] Preferably, the power tools may also include a
memory for storing the reflected radio waves created
when the work is disposed within the predetermined area.
The reflected waves can be stored as time series data
in the memory. Alternatively, only identification informa-
tion extracted from the reflected waves (e.g., peak values
of the reflected waves, waveform patterns, etc.) may be
stored. Further, the processor may determine whether
an object other than work is in the predetermined area
by using the reflected waves received by the radar device
and the reflected waves stored in the memory. For ex-
ample, the processor preferably determines that an ob-
ject other than work is in the predetermined area when
the absolute value of the difference between the peak
values of the reflected waves received by the radar de-
vice and peak values of the reflected waves stored in the
memory exceeds a predetermined threshold value.
Since the reflected waves created when the work is dis-
posed in the predetermined area are already stored, this
configuration allows an accurate determination of wheth-
er an object other than work is in the predetermined area.
[0017] Generally, the radio wave reflection coefficient
of materials varies according to frequency. As a result
the radio waves may be transmitted from the radar device
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as impulses (i.e., including many frequency elements),
and the processor may perform frequency analysis on
the reflected waveforms to determine whether an object
other than work is present within the predetermined area.
[0018] In the alternative, in the case where the work is
wood, the radio wave reflection coefficient characteristics
of wood can be taken into account and only radio waves
within a narrow frequency range can be transmitted (e.g.,
single frequency radio waves) to allow the determination
of whether an object other than work is present within
the predetermined area. For example, the frequency of
the radio waves transmitted from the radar device may
be established between the range of 1 - 30 GHz. Radio
waves with a frequency of 1 - 30 GHz have a low reflection
coefficient for wooden material that has a low moisture
content, and have a high reflection coefficient for objects
with a high moisture content (e.g., hands, fingers, etc.).
Consequently, it is possible to identify whether the object
from which the radio waves are reflected is work or an
object other than work (i.e., an object with a high moisture
content) even though radio waves within a narrow fre-
quency range are transmitted. That is, when the peak
values of the reflected waves received by the radar de-
vice exceed a predetermined threshold, it can be deter-
mined that an object other than work is present in the
predetermined area. Further, even in the case where the
frequency of the radio waves is within the range of 1 - 30
GHz, the frequency may be changed in accordance with
one’s aims. For example, it is preferred that a lower radio-
wave frequency is chosen for penetrating bulky wood,
and that a higher radio-wave frequency is chosen for im-
proving the directivity of the radio waves.
[0019] In another embodiment of the present teach-
ings, the power tools may further include a table on an
upper face of which the work is positioned. A portion of
the cutting tool may protrude above the table, this pro-
truding portion cutting the work. In this case, it is preferred
that the radar device may be disposed beneath the table
and that the table may have a penetrable window which
can allow the radio waves transmitted from the radar to
penetrate therethrough. The penetrable window can be
manufactured from a material (e.g., resin) through which
radio waves penetrate easily. Locating the radar device
beneath the table prevents the radar device from ob-
structing the operator.
[0020] In another embodiment of the present teach-
ings, the power tools may include a table on an upper
face of which work is positioned, and an arm slidably or
pivotably attached to the table. A cutting area for cutting
the work may be provided on the table. The cutting tool
may be rotatably attached to the arm. By moving the arm
relative to the table, the cutting tool can be moved be-
tween an operating position close to the cutting area and
a waiting position removed therefrom. In this case, it is
preferred that the radar device transmits the radio waves
towards the cutting area and receives the radio waves
reflected therefrom.
[0021] In another aspect of the present teachings, the

radar device may include a radio wave transmitting mem-
ber and a radio wave receiving member. Preferably, at
least one of the radio wave transmitting member and the
radio wave receiving member may have a plurality of
microstrip antennas. By using the microstrip antennas,
the radio wave transmitting member or the radio wave
receiving member can be miniaturized and can save
space. Further, by using a plurality of microstrip antennas
or patch antennas (i.e., a type of microstrip antenna), the
desired directivity can be obtained. Further, the radio
wave transmitting member and the radio wave receiving
member may have different antennas. Alternatively; the
radio wave transmitting member and the radio wave re-
ceiving member may have the same antenna.
[0022] Preferably, the microstrip antenna may include
a strip conductor, a ground conductor disposed in a po-
sition opposite the strip conductor, and a dielectric layer
disposed between the strip conductor and the ground
conductor. In this case, a groove may be formed in a
surface of the dielectric layer and that the strip conductor
may be disposed within the groove. Since the strip con-
ductor does not protrude from the surface of the dielectric
layer, damage to the strip conductor can be prevented.
Further, a groove may be formed in the ground conductor
and that the dielectric layer may disposed within the
groove formed in the ground conductor. By this means,
the dielectric layer does not protrude from the ground
conductor, and consequently damage to the dielectric
layer can be prevented. Preferably, the microstrip anten-
na may be disposed within a surface of a housing of the
power tools (e.g., a table, etc.).

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

FIG. 1 is a partial cross-sectional side view showing
a table saw according to a first representative em-
bodiment of the present teachings.
FIG. 2 is a partial cross-sectional plane view of the
table saw shown in FIG. 1.
FIG. 3 schematically shows the positional relation-
ship between a circular blade and a penetrable win-
dow.
FIG. 4 is a block diagram schematically showing a
representative circuit of a first radar device.
FIG. 5A schematically shows a waveform of an out-
put gate signal of the first radar device.
FIG. 5B schematically shows a waveform of output
signal from an oscillation circuit of the first radar de-
vice.
FIG. 5C schematically shows a waveform of a radio
wave received by the first radar device when only
wooden work is disposed in a first predetermined
area.
FIG. 5D schematically shows a waveform of a radio
wave received by the first radar device when work
W and a finger are disposed in the first predeter-
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mined area.
FIG. 6 is a block diagram showing a representative
circuit of a second radar device.
FIG. 7 schematically shows the relationship between
frequency and time of radio waves transmitted from
the second radar device.
FIG. 8 schematically shows an area monitored by
the second radar device.
FIG. 9 is a block diagram showing a representative
circuit of the table saw of the first embodiment.
FIG. 10 is a flowchart of a representative process for
cutting a work using the table saw.
FIG. 11 shows the positional relationship between
the circular blade and the area monitored by the sec-
ond radar device divided into zone I, zone II, and
zone III.
FIG. 12A shows a representative example for dis-
posing the second radar device relative to the table
saw of the first representative embodiment.
FIG. 12B shows another representative example for
disposing the second radar device relative to the ta-
ble saw of the first representative embodiment.
FIG. 12C shows another representative example for
disposing the second radar device relative to the ta-
ble saw of the first representative embodiment.
FIG. 13A shows a representative configuration of a
microstrip antenna used in a table saw of a second
representative embodiment of the present teach-
ings.
FIG. 13B shows another representative configura-
tion of a microstrip antenna used in the table saw of
the second representative embodiment of the
present teachings.
FIG. 13C shows another representative configura-
tion of a microstrip antenna used in the table saw of
the second representative embodiment of the
present teachings.
FIG. 13D shows another representative configura-
tion of a microstrip antenna used in the table saw of
the second representative embodiment of the
present teachings.
FIG. 13E shows another representative configura-
tion of a microstrip antenna used in the table saw of
the second representative embodiment of the
present teachings.
FIG. 13F shows another representative configura-
tion of a microstrip antenna used in the table saw of
the second representative embodiment of the
present teachings.
FIG. 13G shows another representative configura-
tion of a microstrip antenna used in the table saw of
the second representative embodiment of the
present teachings.
FIG. 14 schematically shows plane and side views
of the table saw of the second representative em-
bodiment.
FIG. 15 is a cross-sectional view of an antenna mem-
ber disposed within a table of the table saw shown

in FIG. 14.
FIG. 16 schematically shows a representative exam-
ple of an arrangement of patch antennas disposed
within the table.
FIG. 17 schematically shows another representative
example of an arrangement of patch antennas dis-
posed within the table.

DETAILED DESCRIPTION OF THE INVENTION

First Detailed Representative Embodiment

[0024] FIG. 1 shows a first detailed representative em-
bodiment of the present teachings, which is table saw 1
having table 5 on which to position wooden work W. A
portion of circular blade 3 protrudes above table 5, and
top and sides of this protruding portion are covered by
blade guard 7. Blade guard 7 is rotatably attached to
table 5 and is pushed open by work W during cutting.
[0025] As shown in FIGS. 1 and 2, a lower portion of
circular blade 3 may be disposed within blade hood 21
that is attached to table 5 in a manner whereby it can be
inclined. Openings 81 and 82 for allowing motor housing
23 to move up and down are formed in a side face of
blade hood 21. Motor housing 23 is attached, in a manner
whereby up and down movement is possible, to the side
face of blade hood 21 via two guide bars 25a and 25b.
Motor M is disposed within motor housing 23. Circular
blade 3 is attached to a drive shaft of motor M.
[0026] As shown in FIG. 1, splitting blade 9 for pre-
venting the closure of the hole cut in the work W by cir-
cular blade 3 may be attached at the posterior of circular
blade 3. Splitting blade 9 is fixed to a posterior end of
motor housing 23 by means of bracket 27 fastened by
bolts. Thus, as the height to which circular blade 3 is
exposed above table 5 changes as motor housing 23 is
moved up and down, splitting blade 9 moves up and down
therewith.
[0027] Next, the mechanism for moving motor housing
23 up and down will be explained. Motor housing 23 may
be moved up and down by means of rotating handle 31
that projects at the anterior of table 5. Shaft 33 of handle
31 is the same axis as shaft 37 of inclining dial 35. Bevel
gear 39 is connected to a tip of shaft 33. Bevel gear 43
engages bevel gear 39, bevel gear 43 being connected
to a lower end of threaded shaft 41 that extends in a
longitudinal direction.
[0028] The upper and lower ends of threaded shaft 41
are fixed to blade hood 21, threaded shaft 41 rotating in
one spot without moving up or down. A nut member (not
shown) having an inner thread is coupled to threaded
shaft 41, and the nut member is fixed to motor housing
23. As a result, when handle 31 is rotated, motor housing
23 is moved up or down by means of the thread feed
mechanism of threaded shaft 41 and the nut member.
Guide bars 25a and 25b function to guide the up-down
movement of motor housing 23.
[0029] Next, the mechanism for causing circular blade
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3 to incline will be explained. Blade hood 21 may be in-
clined by rotating inclining dial 35 that has the same axis
as handle 31. As shown in FIG. 2, plate 53 having arc-
shaped gear 51 fixed thereto is attached to an anterior
side of table 5. Arc-shaped slit 55 which follows arc-
shaped gear 51 is formed in the plate 53. Shaft 33 of
handle 31 passes through slit 55 to an inner side. Pinion
gear 57 that engages arc-shaped gear 51 is fixed to shaft
37 of inclining dial 35. As a result, when inclining dial 35
is rotated, pinion gear 57 moves along the arc of arc-
shaped gear 51, and blade hood 21 inclines therewith.
When blade hood 21 has inclined such that circular blade
3 has reached a desired angle, locking lever 83 is oper-
ated to fix blade hood 21.
[0030] As shown in FIG. 1, first radar device 86 (cor-
responding to the second radar device of the claims) and
second radar device 87 (corresponding to the first radar
device of the claims) may be disposed at the anterior and
posterior respectively of circular blade 3. First radar de-
vice 86 may monitor a first predetermined area (second
area of the claims) that is in the vicinity of a location where
an outer edge of circular blade 3 and work W make con-
tact. As shown in FIG. 1, first radar device 86 is disposed
to the anterior of circular blade 3 below table 5. As shown
in FIG. 3, table 5 may have penetrable window 5a,
through which radio waves penetrate, near the anterior
edge of circular blade 3. A plate made from resin may be
utilized to form penetrable window 5a.
[0031] Second radar device 87 may monitor a second
predetermined area (first area of the claims) that sur-
rounds the portion of circular blade 3 that protrudes above
table 5. As shown in FIGS. 1 and 2, second radar device
87 may be attached to the tip of arm 85 attached to the
posterior of table 5. As is clear from the figures, second
radar device 87 is disposed above and to the posterior
of circular blade 3.
[0032] Next, first radar device 86 and second radar
device 87 will be explained in more detail. First, first radar
device 86 will be explained. FIG. 4 is a block diagram
showing a representative circuit of the first radar 86. As
shown in FIG. 4, first radar device may include antenna
124 for transmitting and receiving radio waves. Oscilla-
tion circuit 122 for oscillating an electrical signal at a spec-
ified frequency and outputting this electrical signal may
be connected to antenna 124 (specifically, to a radio
wave transmitting member of antenna 124). Clock circuit
120 may be connected to oscillation circuit 122. Clock
circuit 120 is a circuit for periodically causing the output
of oscillation circuit 122 to be ON or OFF. Radio waves
are transmitted from antenna 124 only while clock circuit
120 causes the output of oscillation circuit 122 to be ON.
[0033] Waveform shaping circuit 132 may be connect-
ed to antenna 124 (specifically, to a radio wave receiving
member of antenna 124) via amplifying circuit 128 and
filter circuit 130. Amplifying circuit 128 amplifies the signal
of the radio waves received by antenna 124. Filter circuit
130 filters noise from the signal amplified by amplifying
circuit 128. Waveform shaping circuit 132 shapes the

waveform of the signal that was output from filter circuit
130, then outputs the shaped signal to control device 90.
[0034] Preferably, microwaves (i.e., frequency: 3 - 30
GHz) may be used in the radio waves that are output
from first radar device 86; in the first representative em-
bodiment, 10.5 GHz microwaves may be used. The radio
wave reflection coefficient of wooden work W and the
radio wave reflection coefficient of an object other than
work (e.g., a operator’s hand or finger, etc.) differ greatly
with the radio waves of this frequency band, and this
difference in radio wave reflection coefficients is utilized
to enable discrimination between work W and objects
other than work W. Specifically, with radio waves of this
frequency band, the radio wave reflection coefficient is
low with wood, which has a low moisture content, and
the radio wave reflection coefficient is high with objects
having a high moisture content. As a result, in the first
representative embodiment, the strength of the peak val-
ues of the reflected waves are used to determine whether
the reflected waves were reflected from work W or from
an object other than work which was located above the
work W.
[0035] FIGS. 5A ~ 5D shows radio waves transmitted
from first radar device 86 together with output waveforms
of radio waves received by first radar device 86. FIG. 5A
shows the waveform of an output gate for outputting the
signal of oscillation circuit 122 to antenna 124. FIG. 5B
shows the waveform of the signal that is actually being
output from oscillation circuit 122 to antenna 124. FIG.
5C shows the output waveform of a radio wave received
by first radar device 86 when only wooden work W is
located in the first predetermined area. FIG. 5D shows
the output waveform of a radio wave received by first
radar device 86 when work W and a finger are located
in the first predetermined area.
[0036] As shown in FIG. 5A, the output gate for out-
putting the signal of oscillation circuit 122 is ON only for
periodic time intervals Tp. As a result, as shown in FIG.
5B, a signal of 10.5 GHz is output from oscillation circuit
122 only while the output gate is ON, radio waves being
transmitted from the radio wave transmitting member of
antenna 124 on the basis of this output signal. After the
radio waves have been transmitted from antenna 124,
these transmitted radio waves and the reflected radio
waves are received by the radio wave receiving member
of antenna 124. In FIGS. 5C and 5D, ’a’ are waves that
were transmitted from the radio wave transmitting mem-
ber and received directly by the radio wave receiving
member, ’b’ and ’d’ are reflected waves that were reflect-
ed from objects in the first predetermined area. As is clear
from the figures, the reflected waves ’b’ reflected from
work W have a low peak voltage, whereas the reflected
waves ’d’ that penetrate work W and are reflected from
a finger have a high peak voltage. Consequently, it is
possible to determine, on the basis of the peak voltages
of the reflected waves received by first radar device 86,
whether only work W or an object other than work W is
in the first predetermined area. Furthermore, the distance
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between first radar device 86 and objects determines the
time taken until the reflected waves are observed (i.e.,
the period t0 ~ t1 shown in FIG. 5D). Consequently, the
time (t0 ~ t2) taken for the reflected waves to be observed
by first radar device 86 may be determined by the dis-
tance between first radar device 86 and the first prede-
termined area. As a result, it is acceptable for the time
for first radar device 86 to observe the reflected waves
to be up until t2.
[0037] Next, second radar device 87 will be explained.
FIG. 6 is a block diagram showing a representative circuit
of the second radar 87. As shown in FIG. 6, second radar
device 87 may have antenna 104 for transmitting and
receiving radio waves. Oscillation circuit 102 is connect-
ed to antenna 104 (specifically, to a radio wave transmit-
ting member of antenna 104), and clock circuit 100 is
connected to oscillation circuit 102. Clock circuit 100 pe-
riodically transfers the frequency of the signal that is out-
put from oscillation circuit 102 to two-phase, and also
switches the state of switch 108. As a result, as shown
in FIG. 7, the frequency of the signal that is output from
oscillation circuit 102 is periodically (1 period = 2 x ts)
switched from a high frequency H to a low frequency L.
Further, as the frequency of the signal that is output from
oscillation circuit 102 is switched, circuits (110a ∼ 114a
and 110b ∼ 114b) for processing the signal from a radio
wave receiving member of antenna 104 is simultaneously
switched. Further, as is clear from FIG. 7, second radar
device 87 differs from first radar device 86, in that it con-
tinuously transmits radio waves at one of the two fre-
quencies.
[0038] Moreover, diode mixer 106 is connected to an-
tenna 104 (specifically, to the radio wave receiving mem-
ber of antenna 104). Diode mixer 106 is a circuit that
mixes the radio waves received by antenna 104, that is,
the radio waves that are transmitted from the radio wave
transmitting member of antenna 104 and the radio waves
that have been reflected by a reflector, and outputs these
mixed waves (i.e., diode mixer 106 is a so-called wave-
form inspection circuit). The output from diode mixer 106
changes on the basis of whether or not a reflector is mov-
ing towards second radar device 87. That is, if the reflec-
tor is not moving, the radio waves reflected by the reflec-
tor have the same frequency as the radio waves trans-
mitted by antenna 104. On the other hand, due to the
Doppler effect, if the reflector is moving, the radio waves
reflected by the reflector have a frequency different from
that of the radio waves transmitted by antenna 104. As
a result, if the reflector is moving, radio waves having two
close but differing frequencies mutually interfere, causing
beats to appear in the output waveform of diode mixer
106. In second radar device 87 of the first representative
embodiment, the frequency of these beats is used to
measure the speed of movement of the reflector. Fur-
thermore, the output from diode mixer 106 also differs
from the frequency of the radio waves output from an-
tenna 104. In the second radar device 87 of the first rep-
resentative embodiment, the phase difference of the

beats produced by the two frequencies of the radio waves
created by the reflections from the reflector is used to
measure the position of the reflector (i.e., the distance
from the second radar device 87).
[0039] Two circuit groups are connected with diode
mixer 106 via switch 108. That is, the first circuit group
may comprise amplifying circuit 110a, filter circuit 112a
and waveform shaping circuit 114a. The second circuit
group may comprise amplifying circuit 110b, filter circuit
112b, and waveform shaping circuit 114b. The first circuit
group is connected to diode mixer 106 while antenna 104
is transmitting radio waves at the first frequency, and the
second circuit group is connected to diode mixer 106
while antenna 104 is transmitting radio waves at the sec-
ond frequency. The structure and effects of the circuits
is identical with the circuits used in first radar device 86.
[0040] The two waveform shaping circuits 114a and
114b are connected to phase difference measuring cir-
cuit 118, whereas only waveform shaping circuit 114a is
connected to speed measuring circuit 116. Phase differ-
ence measuring circuit 118 is a circuit for measuring the
phase difference of the beats observed when the radio
waves of both frequencies are transmitted (in other
words, measuring the distance of the reflector), and
speed measuring circuit 116 is a circuit for measuring
the phase difference of the beats observed when the ra-
dio waves of the first frequency is transmitted (in other
words, measuring the speed of the reflector). The output
of phase difference measuring circuit 118 and of speed
measuring circuit 116 are both output to control device
90.
[0041] Preferably, radio waves of 1 GHz or above may
be used in the radio waves output from second radar
device 87; in the first representative embodiment, 24.2
GHz microwaves may be used. This is because it is pre-
ferred that second radar device 87 monitors only the sur-
roundings of circular blade 3. In other words, as shown
in FIG. 8, this is because contact with circular blade 3 is
unlikely in locations at a distance greater than a prede-
termined value (w/2 or greater) from side faces of circular
blade 3. A further reason for using the above frequency
is that the higher the frequency of radio waves the shorter
the wavelength, which allows the location and speed of
the reflector to be detected accurately. Moreover, the an-
tenna shape and location of second radar device 87 is
determined so that the desired directivity (that is, a direc-
tivity adequate to observe the second predetermined ar-
ea) can be obtained when radio waves at the above fre-
quencies are transmitted.
[0042] A representative circuit diagram for controlling
table saw 1 will be explained with reference to FIG. 9. As
shown in FIG. 2, control device 90, which disposed below
table 5 (see FIG. 2), may include microcomputer 92 and
memory 94 (e.g., EEPROM). Microcomputer 92 may
preferably include a CPU, ROM, RAM and I/O (interface),
which are preferably integrated onto a single integrated
circuit chip. The ROM of microcomputer 92 may store
programs for automatically stopping the driving operation
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of motor M. Memory 94 is connected to microcomputer
92 and stores the waveforms observed by first radar de-
vice 86 when only work W is located in the first predeter-
mined area near the outer edge of circular blade 3. The
reflected waveforms stored in memory 94 change each
time the type (e.g., thickness, wood type, etc.) of work
W cut by table saw 1 changes.
[0043] First radar device 86 and second radar device
87 are connected to microcomputer 92, and the reflected
waveforms output from first radar device 86, and the
speed and location of the reflector output from second
radar device 87 are input to the microcomputer 92. Power
supply circuit 98 is connected to motor M via driving circuit
96, and is connected to microcomputer 92. Power supply
circuit 98 is capable of being connected to an external
commercial power source, and supplies the power sup-
plied from this external commercial power source to mi-
crocomputer 92 and motor M. Further, motor switch 97
for starting motor M is connected to microcomputer 92.
[0044] FIG. 10 shows a representative method for op-
erating microcomputer 92 in order to cut a work using
table saw 1. That is, FIG. 10 is a flowchart of the process
or program executed by microcomputer 92 during a cut-
ting operation. In order to cut the work using the table
saw 1, the operator first turns a power switch ON, power
supply to the microcomputer 92 thereby beginning. At
this time, motor switch 97 is OFF, consequently circular
blade 3 does not begin to rotate.
[0045] When the power switch has been turned ON,
as shown in FIG. 10, microcomputer 92 waits until motor
switch 97 is turned ON (step S10). The operator first po-
sitions the work in the first predetermined area (i.e., the
anterior of circular blade 3), then turns the motor switch
97 ON. When motor switch 97 has been turned ON (YES
in step S10), microcomputer 92 causes first radar device
86 to operate, and receives the waveforms of the signals
that are output from first radar device 86 (step S12). The
received waveforms are the reflected waveforms from
the radio waves reflected from the work. When the wave-
forms of the signals output from first radar device 86 have
been received, microcomputer 92 stores these received
waveforms in memory 94 (step S14).
[0046] Further, when motor switch 97 has been turned
ON (YES in step S16), microcomputer 92 outputs a ON
signal to driving circuit 96, this starting the supply of pow-
er to motor M from power circuit 98, and simultaneously
causing the operation of first radar device 86 and second
radar device 87. As a result, circular blade 3 begins to
rotate, and the measured results from first radar device
86 and second radar device 87 are periodically output.
Microcomputer 92 first reads in the output (i.e., the speed
and location of the object moving within the second pre-
determined area) from second radar device 87 (step
S18).
[0047] Then, microcomputer 92 determines whether
the distance from second radar device 87 to the object,
which was read in in step S18, is equal to or greater than
a predetermined value 1 (step S20). This predetermined

value 1 is shorter than the distance from second radar
device 87 to circular blade 3. If the measured distance
is below the predetermined value 1 (NO in step S20),
microcomputer 92 quickly stops motor M (step S30). Spe-
cifically, microcomputer 92 outputs an OFF signal to driv-
ing circuit 96, this cutting off the supply of power to motor
M. By this means, the rotation of motor M is halted.
[0048] As described above, the driving operation of
motor M is halted when the distance measured by second
radar device 87 is below the predetermined value 1 (that
is, when an object is between second radar device 87
and circular blade 3). Motor M is halted in this manner
because objects extremely close to second radar device
87 prevent second radar device 87 from monitoring the
surroundings of circular blade 3.
[0049] If the measured distance is equal to or greater
than the predetermined value 1 (YES in step S20), mi-
crocomputer 92 determines whether the distance from
second radar device 87 to the object, which was read in
in step S18, is equal to or less than a predetermined
value 2 (step S22). This predetermined value 2 is greater
than the predetermined value 1, and is longer than the
distance from second radar device 87 to circular blade
3. If the measured distance exceeds the predetermined
value 2 (NO in step S22), the process proceeds to step
S26. On the other hand, if the measured distance is equal
to or below the predetermined value 2 (YES in step S22),
microcomputer 92 determines whether the speed of the
object read in in step S18 is equal to or less than a pre-
determined speed (step S24). If the speed of the object
read in in step S18 is equal to or less than the predeter-
mined speed (YES in step S24), the process proceeds
to step S26. If the speed of the object read in in step S18
exceeds the predetermined speed (NO in step S24), mi-
crocomputer 92 quickly stops motor M (step S30).
[0050] Thus, in the case where the object measured
by second radar device 87 is within zone I shown in FIG.
11, (that is, in the case where the distance from second
radar device 87 is below the predetermined value 1), the
driving operation of motor M is halted. In the case where
the object measured by second radar device 87 is within
zone II (that is, in the case where the distance from sec-
ond radar device 87 is equal to or above the predeter-
mined value 1 and equal to or less than the predeter-
mined value 2), motor M is halted only when the speed
of the object exceeds a predetermined speed. Further,
in the case where the object measured by second radar
device 87 is within zone III (that is, in the case where the
distance from second radar device 87 exceeds the pre-
determined value 2), motor M is not halted since the like-
lihood of contact with circular blade 3 is low.
[0051] Microcomputer 92 proceeds to step S26 and
takes up the output waveforms from first radar device 86.
Then, microcomputer 92 determines whether the abso-
lute value of the difference between the peak values of
the output waveforms taken up in step S8 (that is, the
peak values of the reflected waves reflected from the
object in the first predetermined area) and the peak val-
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ues of the output waveforms stored in memory 94 in step
S2 (that is, the peak values of the reflected waves re-
flected from the work in the first predetermined area) is
equal to or below a predetermined value 3 (step S28).
[0052] If the absolute value of the difference between
the peak values of the two output waveforms is equal to
or below the predetermined value 3 (YES in step S28),
microcomputer 92 determines that an object other than
work is not present in the first predetermined area, and
returns to step S16. Consequently, if motor switch 97 is
in an ON state (YES in Step S16), the process after step
S18 is repeated. As a result, the rotation of circular blade
3 continues while being monitored by first radar device
96 and second radar device 87, and the operator can
perform the cutting operation by sending the work from
the anterior at a safe speed.
[0053] On the other hand, if the absolute value of the
difference between the peak values of the two output
waveforms exceeds the predetermined value 3 (NO in
step S28), microcomputer 92 determines that an object
other than work is present in the first predetermined area,
and stops the driving operation of motor M (step S30).
[0054] In summary, in the table saw of the first repre-
sentative embodiment, the surroundings of circular blade
3 are monitored by second radar device 87, and the vi-
cinity of the outer edge of circular blade 3 is monitored
by first radar device 86, this allowing the possibility of
contact between circular blade 3 and an object other than
work to be detected before this contact is made, and halt-
ing the driving operation of motor M. As a result, it is
possible to prevent contact between the object other than
work and the rotating circular blade 3.
[0055] Moreover, only radio waves of a single frequen-
cy are transmitted from first radar device 86 and second
radar device 87. Consequently, antennas 124 and 104
for receiving the reflected waves can be compact, and it
is possible to simplify, for example, the amplifying circuit
for amplifying the received reflected waves.
[0056] Moreover, in the table saw of the first represent-
ative embodiment, the use of blade guard 7 allows the
monitored area near circular blade to be restricted, thus
limiting the number of radar devices. In other words, by
using blade guard 7, all that is monitored is the move-
ment, in the direction in which work is sent, of objects
near the circular blade, and only the area near the outer
edge of the circular blade is monitored. As a result, op-
eration becomes safer using by means of both blade
guard 7 and first radar device 86 and second radar device
87.
[0057] Further, in the first representative embodiment,
second radar device 87 is attached to the tip of the arm
attached to table 5. However, second radar device 87 is
not restricted to this type of configuration. For example,
second radar device 87 may be disposed according to
the methods shown in FIGS. 12A∼12C. In FIG. 12A, arm
85 is attached to the lower portion of the table saw, sec-
ond radar device 87 being attached to the tip of arm 85.
Further, FIGS. 12B and 12C show cases where the table

saw is fixed to a floor. In FIG. 12B, arm 85 is fixed to a
wall to the posterior of the table saw and second radar
device 87 is attached to the tip of arm 85, and in FIG.
12C, arm 85 is fixed to a ceiling and second radar device
87 is attached to the tip of arm 85.
[0058] Further, in the first representative embodiment,
motor M immediately halts when the results measured
by first radar device 86 and second radar device 87 fulfill
predetermined conditions. However, a configuration is
also possible wherein decision criteria are set at two stag-
es; first, the operator is warned when the first stage of
the decision criteria is exceeded, then the driving oper-
ation of the circular blade is halted when the second stage
of the decision criteria is exceeded. For example, the
region to the anterior of circular blade 3 in zone II of FIG.
11 is divided into a further two regions. If it is determined
that an object is anomalously in the region further from
circular blade 3, the warning is sounded, and if it is de-
termined that an object is anomalously in the region clos-
er to circular blade 3, an emergency stop of the motor is
performed. With this type of configuration, the operator
can be alerted by the warning, thus avoiding interruptions
to the cutting operation.
[0059] Moreover, in the first representative embodi-
ment, single frequency radio waves are transmitted from
first radar device 86. However, it is also possible that first
radar device 86 transmits radio waves that include all
frequencies, such as impulses, and analyzes the fre-
quencies of the reflected waves to more precisely identify
objects in the first predetermined area.
[0060] Furthermore, in the first representative embod-
iment, motor M halts when it is determined that there is
a likelihood of contact occurring between circular blade
3 and objects other than work. However, it is also possible
to provide a retracting mechanism whereby the circular
blade is retracted from above to below the table at times
of emergency, or to provide a brake mechanism that en-
gages and stop the circular blade at times of emergency.

Second Detailed Representative Embodiment

[0061] The table saw of the second representative em-
bodiment has substantially the same configuration as the
table saw of the first representative embodiment, differing
only in using a microstrip antenna in place of the antenna
104 of second radar device 87 of the first representative
embodiment. Consequently, in the following description
only the points differing from the first representative em-
bodiment will be explained.
[0062] First, the configuration of the microstrip antenna
will be explained with reference to FIGS. 13A - 13G. As
shown in FIG. 13A, microstrip antenna 130a may com-
prise strip line 132a, dielectric substrate 134a, and flat
conductor 136a. Flat conductor 136a may have an area
greater than strip line 132a. In the case where a body
(e.g., a table of a table saw) of a power tool is formed
from a conductive material (e.g., a metal plate made from
aluminum), the body may be used as the flat conductor
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136a. Flat conductor 136a is connected to a ground. Fur-
ther, flat conductor 136a need not necessarily be flat.
Dielectric substrate 134a may be disposed on a surface
of flat conductor 136a. Dielectric substrate 134a is a
plate-shaped dielectric substance that utilizes, for exam-
ple, teflon resin, fiberglass epoxy resin, or the like. In
particular, in the case where the frequency of radio waves
to be transmitted and received is 1 GHz or above, teflon
resin is preferably utilized. The thickness of the dielectric
substrate 134a may be, for example, up to 1 mm. Strip
line 132a may be disposed on a surface 134s of dielectric
substrate 134a. Strip line 132a may be formed from a
conductive material, such as, for example, copper foil
(thickness up to 35 Pm). Strip line 132a is connected to
a feeder line.
[0063] When signals are input to strip line 132a from
an oscillation circuit, the voltage between strip line 132a
and flat conductor 136a fluctuates. By this means, radio
waves are transmitted between strip line 132a and flat
conductor 136a. The transmitted radio waves are sent
to the surface 134s of dielectric substrate 134a. Thus,
microstrip antenna 130a may be disposed on the power
tool such that the objects to be measured approach the
surface 134s of dielectric substrate 134a. For example,
microstrip antenna 130a may be disposed on a surface
of the power tool opposite the objects to be measured.
[0064] Preferably, the radio waves transmitted from
microstrip antenna 130a may be approximately 1 GHz
or above. For example, 24.2 GHz microwaves may be
used. The reason is that having the radio waves at a
higher frequency improves the directivity thereof, allow-
ing the objects to be measured to be detected with greater
accuracy. Furthermore, the frequency of the radio waves
transmitted from microstrip antenna 130a may be mod-
ified so as to be adapted to the properties of the objects
to be measured.
[0065] In the example shown in FIG. 13A, strip line
132a is copper foil and, due to a surface thereof protrud-
ing, may be damaged by abrasion. In this case, it is pre-
ferred that microstrip antenna 130a may be disposed
within a housing of the power tool. Further, the housing
may include a penetrable window through which the radio
waves transmitted from microstrip antenna 130a pene-
trate.
[0066] FIGS. 13B - 13G show another example of
microstrip antennas. The example shown in FIG. 13B
utilizes strip conductor 132b in place of strip line 132a in
FIG. 13A. Strip conductor 132b may be formed from a
conductive material (e.g., a metal plate made from alu-
minum). The use of strip conductor 132b increases the
strength thereof against abrasion or impact. In this case,
it is preferred that microstrip antenna 130b may be dis-
posed on the surface of the power tool. Furthermore,
microstrip antenna 130b may have a certain degree of
thickness (e.g., up to 1 mm). As a result, it is possible to
form a groove in dielectric substrate 134b and to dispose
strip conductor 132b within this groove. When strip con-
ductor 132b is in a disposed state within the groove, it is

preferred that a surface of strip conductor 132b extends
along the same plane as a surface of dielectric substrate
134b.
[0067] In the example shown in FIG. 13C, dielectric
substrate 134c does not have a thickness sufficient to
provide a groove therein. Consequently, the portions of
dielectric substrate 134c not having strip conductor 132c
disposed thereon may have a filling material 138c dis-
posed thereon. Filling material 138c allows a surface of
strip conductor 132c and a surface of Filling material 138c
to extend along one plane. Filling material 138c may be
preferably an insulating material, and a material with little
dielectric loss. Filling material 138c may be formed from,
for example, resin, cement, or the like.
[0068] Further, in cases where it is not desirable to
provide a width like that of dielectric substrate 134b in
the example shown in FIG. 13B, or a width like that of
filling member 138c in the example shown in FIG. 13C,
configurations like those shown in FIGS. 13D and 13E
are also possible. That is, in the example shown in FIG.
13D, a groove may be formed in flat conductor 136d, and
dielectric substrate 134d and strip conductor 132d may
be disposed within the groove. By this means, the area
of a surface of dielectric substrate 134d can be reduced.
Similarly, in the example shown in FIG. 13E, flat conduc-
tor 136e may have a groove, dielectric substrate 134e
and strip conductor 132e may be disposed within the
groove, and remaining portions may be filled with filling
material 138e.
[0069] Moreover, the configurations shown in FIGS.
13F and 13G are also possible. In the examples shown
in FIGS. 13F and 13G, side walls of flat conductors 136f
and 136g are inclined faces 137f and 137g. In this case,
the radio waves that are transmitted are easily delivered
at the side with inclined faces 137f and 137g, and a de-
sirable electromagnetic field (i.e., detecting area) can be
formed.
[0070] The microstrip antennas configured as de-
scribed above may be disposed in a table surface of the
table saw. FIG. 14 shows an example of an arrangement
wherein a microstrip antenna is disposed in a surface of
table 144. Located in the surface of table 144 shown in
FIG. 14 are: a transmitting and receiving device 152 for
transmitting and receiving radio waves; and a plurality of
microstrip antennas or patch antennas 154a - 154d
(hereafter referred to simply as patch antennas). Trans-
mitting and receiving device 152 fulfils the functions of
the circuits 100, 102, 106, 108, 110a, 110b, 112a, 112b,
114a, 114b, 116, and 118 shown in FIG. 6. Transmitting
and receiving device 152 may be disposed to the poste-
rior (i.e., the direction opposite the operator side) of cir-
cular blade 142. Patch antennas 154a ∼ 154d are a type
of microstrip antenna and fulfill the functions of antenna
104 shown in FIG. 6. Two each of the patch antennas
154a ∼ 154d may be disposed on left and right sides of
circular blade 142, being separated from one another in
an anterior-posterior direction.
[0071] FIG. 15 is a cross-sectional view of patch an-
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tenna 154a. As shown in FIG. 15, patch antenna 154a
comprises strip or patch 156 (hereafter referred to simply
as patch), dielectric substrate 158, and table 144. That
is, patch 156 corresponds to the strip conductor of FIGS.
13A ∼ 13G, dielectric substrate 158 corresponds to the
dielectric substrate of FIGS. 13A ∼ 13G, and table 144
corresponds to the flat conductor of FIGS. 13A - 13G.
[0072] A groove is formed in table 144, and dielectric
substrate 158 is disposed within this groove. Further, a
groove is formed in dielectric substrate 158, and patch
156 is disposed within this groove. As is clear from FIG.
15, surfaces of table 144, dielectric substrate 158, and
patch 156 all extend along one plane. As a result, patch
156 or dielectric substrate 158 do not form an obstruction
when the work is slid across the table 144. Moreover, by
being disposed within table 144, patch antenna 154a
does not obstruct a design where mechanisms are dis-
posed beneath table 144 (e.g., a inclining mechanism for
inclining circular blade 142, etc.). Further, remaining
patch antennas 154b, 154c, and 154d may have the
same configuration as patch antenna 154a described
above.
[0073] As shown in FIG. 14, transmitting and receiving
device 152 and patch antennas 154a - 154d are connect-
ed with a feeder line L. Feeder line L may include two
phase shifters 156a. That is, one of phase shifters 156a
is disposed between patch antenna 154a and patch an-
tenna 154c, and other phase shifter 156a is disposed
between patch antenna 154b and patch antenna 154d.
By this means, as shown in the figure on the right in FIG.
14, the transmitting and receiving direction of the radio
waves of patch antennas 154a ∼ 154d is altered towards
the operator. As a result, radar device 150 can monitor
objects to be measured that move in the area surrounding
circular blade 142 protruding above table 144 (particu-
larly the area towards the operator). Furthermore, the
dimensions, number, location, etc. of patch antennas
154a ∼ 154d may be adapted to correspond to the char-
acteristics of the objects to be measured.
[0074] As is clear from the above description, using
the microstrip antenna allows the antenna to be minia-
turized, and allows the antenna to be disposed in the
surface of the power tool. By this means, a greater degree
of design freedom can be obtained concerning the loca-
tion of the antenna.
[0075] The second representative embodiment de-
scribed above can be embodied with a variety of trans-
formations or improvements thereto. For example, in the
example shown in FIG. 16, transmitting device 170 is
disposed to the posterior of circular blade 142 and re-
ceiving device 176 is disposed to the anterior of circular
blade 142. Transmitting device 170 may include trans-
mitting machine 174 and patch antennas 172a and 172b,
these being connected via a feeder line L. Further, re-
ceiving device 176 may include receiving machine 180
and patch antennas 178a and 178b, these being con-
nected via a feeder line L. This type of configuration al-
lows the detection of objects to be measured between

transmitting device 170 and receiving device 176 (that
is, in the vicinity of circular blade 142).
[0076] Further, as shown in FIG. 17, it is also possible
to locate transmitting and receiving device 184 to the
posterior of circular blade 142, and to locate patch an-
tennas 186a ~ 186c, and 188a ~ 188c to the left and right
sides respectively of circular blade 142. In other words,
the location, number, etc. of the patch antennas can be
varied. Moreover, in the second representative embodi-
ment, the microstrip antenna is used in the antenna of a
radar device(corresponding to second radar device 87
of the first representative embodiment) that detects the
objects to be measured by means of Doppler radar. How-
ever, the microstrip antenna may be used in a different
type of radar (for example, first radar device 86 in the
first representative embodiment).
[0077] Although the first and the second representa-
tive embodiment have been described in terms of a table
saw, the present teachings can naturally be applied to
other power tools, such as a miter saw, a slide-type table
saw, a slide-type circular saw, etc.
[0078] Further, a detecting device which performs ra-
dio wave sensing by means of a microstrip antenna have
been described in detail above. However, this type of
detecting device can also be applied to the power tools
described below.
[0079] The detecting device described above can also
be applied to a demolition hammer. During operation, the
vibration of a demolition hammer causes the vibration of
not only the tool, but also of the operator’s body. In par-
ticular, if the vibration is great, the head of the operator
is also caused to vibrate. On the other hand, the force
with which the hammer strikes the work can be reduced,
thereby decreasing the vibration transmitted to the oper-
ator; however, in this case, operating efficiency falls as
the force with which the hammer strikes the work is re-
duced. To deal with this problem, the vibration, etc. being
transmitted to the operator’s head can be detected by
means of the detecting device, and a structure can be
formed for canceling the vibration. Specifically, the dem-
olition hammer may include a counter-balance and a can-
celing mechanism for canceling the vibration transmitted
to the operator via the counter-balance. The demolition
hammer may further include the detecting device which,
by means of transmitting radio waves towards the oper-
ator, detects the movement of the operator relative to the
hammer. Doppler radar, for example, can be used as the
radio wave sensing method. Further, an antenna (e.g.,
a microstrip antenna) of the detecting device can be dis-
posed in a location from where the radio waves can be
transmitted towards the operator. For example, the an-
tenna may be disposed within an upper face of a housing.
The demolition hammer may further include a control de-
vice that can control the canceling mechanism in re-
sponse to the vibration of the operator’s head, the vibra-
tion having been detected by the detecting device. More-
over, a pick up may be disposed separately within the
housing, measured values from this pick up and the de-
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tected values from the detecting device being compared,
and the counter-balance being adjusted appropriately.
[0080] The detecting device described above can be
applied to a jig saw. The jig saw cuts wood by pressing
the wood against an inner face of a shoe and moving the
jig saw while the wood is in this state. The cutting load
varies according to the moisture content and thickness
of the wood. Accordingly, the moisture content and thick-
ness of the wood can be detected by means of the de-
tecting device and the detected values used as feedback
for the rotation speed of a motor, thereby improving cut-
ting operation. Specifically, a microstrip antenna may be
disposed within the inner face (preferably, in a cutting
direction viewed from saw blade) of the shoe. The method
of radio wave sensing may be, for example, a pulse meth-
od whereby radio waves are transmitted in pulses, and
the reflected waves therefrom are received. A control de-
vice may determine the moisture content or the thickness
of the work on the basis of peak values of the reflected
waves received by the microstrip antenna. The control
device then controls the rotation speed of the motor in
accordance with this moisture content and thickness.
Furthermore, the moisture content and thickness may be
displayed to the operator by means of an indicator or the
like. Further, in the case where the saw blade is on the
point of cutting the support for the work, or foreign ma-
terials such as nails etc. are discovered, a warning may
be given and the motor halted.
[0081] The detecting device described above can be
utilized for preventing the theft of power tools (e.g., a
compressor). That is, a microstrip antenna can be dis-
posed within an upper face of a housing of the compres-
sor. Doppler radar, for example, can be used as the meth-
od of radio wave sensing. Power for the microstrip an-
tenna can be supplied from a battery that can be remov-
ably attached to the compressor. If a person approaches
the compressor, or tries to move the compressor, this is
detected by the microstrip antenna, an alarm is sounded,
and the compressor is disabled. By this means, the theft
of the compressor can be prevented. On the other hand,
the owner of the compressor carries a transmitter. When
the compressor receives radio waves transmitted from
this transmitter, the alarm is not sounded, and the com-
pressor is not disabled.
[0082] Finally, although the preferred representative
embodiment has been described in detail, the present
embodiment is for illustrative purpose only and not re-
strictive. It is to be understood that various changes and
modifications may be made without departing from the
scope of the appended claims.

Claims

1. A power tool (1), comprising:

a cutting tool (3);
a motor (M) for driving the cutting tool;

means (87) for detecting the location of objects
other than work moving within a first predeter-
mined area in the vicinity of the cutting tool;
a processor (90) in communication with the de-
tecting means, wherein the processor deter-
mines whether the object detected by the de-
tecting means has a predetermined positional
relationship relative to the cutting tool,

characterized in that the detecting means (87)
comprises a first radar for transmitting radio waves
towards the predetermined area and for receiving
waves reflected therefrom, and detects the speed of
approach of the objects towards the cutting tool; and
the processor (90) determines whether the detected
speed exceeds a predetermined value.

2. A power tool (1) according to claim 1, wherein the
processor (90) stops the motor (M) when the proc-
essor determines that the object detected by the de-
tecting means has the predetermined positional re-
lationship relative to the cutting tool and that the de-
tected speed exceeds the predetermined value.

3. A power tool (1) according to claim 1 or 2, wherein
the first radar is disposed in a position such that the
cutting tool (3) is sandwiched therebetween, and
such that the fist radar faces the operator.

4. A power tool (1) according to any one of the preced-
ing claims, wherein the first radar comprises a radio
wave transmitting member and a radio wave receiv-
ing member, at least one of the radio wave transmit-
ting member and the radio wave receiving member
including one or a plurality of microstrip antennas
(130a).

5. A power tool (1) according to claim 4, wherein the
microstrip antenna (130a) comprises:

a strip conductor (132a);
a ground conductor (136a) disposed in a posi-
tion facing the strip conductor; and
a dielectric layer (134a) disposed between the
strip conductor and the ground conductor.

6. A power tool (1) according to claim 5, wherein the
dielectric layer (134a) has a groove, and the strip
conductor (132a) is disposed within the groove of
the dielectric layer.

7. A power tool (1) according to claim 5 or 6, wherein
the ground conductor (136a) has a groove, and the
dielectric layer (134a) is disposed within the groove
of the ground conductor.

8. A power tool (1) according to any one of claims 4 to
7, further comprising a table (15), wherein a portion

21 22 



EP 1 422 022 B9

13

5

10

15

20

25

30

35

40

45

50

55

of the cutting tool (3) protrudes above the table,
wherein the cutting tool cuts the work positioned on
an upper face of the table, wherein the microstrip
antenna (130a) is disposed within a surface of the
table.

9. A power tool (1) according to anyone of the preceding
claims, further comprising a second radar (86) for
transmitting radio waves towards a second prede-
termined area in the vicinity of a contacting location,
this being a location wherein a blade edge of the
cutting tool and work make contact, and for receiving
radio waves reflected therefrom, wherein the proc-
essor (90) further determines based upon the reflect-
ed waves received by the second radar whether an
object other than work is in the second predeter-
mined area.

10. A power tool according to claim 9, wherein the proc-
essor (90) stops the motor (M) when the processor
determines that an object other than work is in the
second predetermined area.

11. A power tool according to claim 9 or 10, further com-
prising a memory, wherein the memory stores the
reflected radio waves created when the work (W) is
located within the second predetermined area,
wherein the processor (90) determines whether an
object other than work is in the second predeter-
mined area by using the reflected waves received
by the second radar (86) and the reflected radio
waves stored in the memory.

12. A power tool according to claim 11, wherein the proc-
essor (90) determines the presence of an object oth-
er than work (W) in the second predetermined area
when the absolute value of the difference between
the peak values of voltages of the reflected waves
received by the second radar (86) and peak values
of voltages of the reflected radio waves stored in the
memory (96) exceeds a predetermined threshold
value.

13. A power tool according to any one of preceding
claims, further comprising a table (5), wherein a por-
tion of the cutting tool (3) protrudes above the table
(5), wherein the cutting tool cuts the work positioned
on an upper face of the table.

14. A power tool according to claim 13, wherein the sec-
ond radar (86) is disposed beneath the table (5),
wherein the table comprises a penetrable window
(5a), the penetrable window allowing the radio waves
transmitted from the second radar to pentetrate
therethrough.

15. A power tool according to any one of the preceding
claims, wherein the work is preferably wooden ma-

terial and the frequency of the radio waves transmit-
ted from the radar is 1 GHz or above, preferably with-
in the range of 1 to 30 GHz, more preferably within
the range of 10 ~ GHz.

Patentansprüche

1. Kraftwerkzeug (1), enthaltend:

ein Schneidwerkzeug (3);
einen Motor (M) zum Antreiben des Schneid-
werkzeugs;
Mittel (87) zum Erfassen der Position von Ob-
jekten außer einem Werkstück, die sich inner-
halb eines ersten vorbestimmten Gebiets in der
Umgebung des Schneidwerkzeugs bewegen;
einen Prozessor (90) in Verbindung mit dem Er-
fassungsmittel, wobei der Prozessor bestimmt,
ob das durch das Erfassungsmittel erfasste Ob-
jekt ein vorgegebnes Positionsverhältnis relativ
zu dem Schneidwerkzeug aufweist;
dadurch gekennzeichnet, dass das Erfas-
sungsmittel (87) ein erstes Radar zum Übertra-
gen von Funkquellen in Richtung auf das vor-
bestimmte Gebiet und zum Empfangen von da-
von reflektierten Wellen hat, und die Annähe-
rungsgeschwindigkeit von den Objekten in Rich-
tung auf das Schneidwerkzeug bestimmt; und
der Prozessor (90) bestimmt, ob die erfasste
Geschwindigkeit einen vorgegebenen Wert
übertrifft.

2. Schneidwerkzeug (1) nach Anspruch 1, wobei der
Prozessor (90) den Motor (M) stoppt, wenn der Pro-
zessor bestimmt, dass das durch das Erfassungs-
mittel erfasste Objekt das vorgegebene Positions-
verhältnis relativ zu dem Schneidwerkzeug aufweist
und dass die erfasste Geschwindigkeit den vorge-
gebenen Wert übertrifft.

3. Kraftwerkzeug (1) nach Anspruch 1 oder 2, wobei
das erste Radar in einer Position so angebracht ist,
dass das Schneidwerkzeug (3) dazwischen sand-
wichartig eingebracht ist und dass das erste Radar
in Richtung auf den Bediener gerichtet ist.

4. Kraftwerkzeug (1) nach einem der vorhergehenden
Ansprüche, wobei das erste Radar ein Funkwellen
übertragendes Element und ein Funkwellen empfan-
gendes Element enthält, wobei zumindest ein Ele-
ment aus dem Funkwellen übertragenden Element
und dem Funkwellen empfangenden Element eine
Mikroskopantenne (130a) oder eine Mehrzahl von
Mikrostreifenantennen (130a) enthält.

5. Kraftwerkzeug (1) nach Anspruch 4, wobei die Mi-
krostreifenantenne (130a) enthält:
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einen Streifenleiter (132a);
einen Erdungsleiter (136a), der in einer Position
gerichtet auf den Streifenleiter angebracht ist;
und
eine dielektrische Schicht (134a), die zwischen
dem Streifenleiter und dem Erdungsleiter ange-
bracht ist.

6. Kraftwerkzeug (1) nach Anspruch 5, wobei die di-
elektrische Schicht (134) eine Nut aufweist und der
Streifenleiter (132a) innerhalb der Nut der dielektri-
schen Schicht angebracht ist.

7. Kraftwerkzeug (1) nach Anspruch 5 oder 6, wobei
der Erdungsleiter (136a) eine Nut aufweist und die
dielektrische Schicht (134a) innerhalb der Nut des
Erdungsleiters angebracht ist.

8. Kraftwerkzeug (1) nach einem der Ansprüche 4 bis
7, weiter enthaltend einen Tisch (15), wobei ein Be-
reich des Schneidwerkzeugs (3) über den Tisch vor-
steht, wobei das Schneidwerkzeug das auf einer
oberen Fläche des Tischs positionierte Werkstück
schneidet, wobei die Mikrostreifenantenne (130a) in-
nerhalb einer Oberfläche des Tischs angebracht ist.

9. Kraftwerkzeug (1) nach einem der vorhergehenden
Ansprüche, weiter enthaltend ein zweites Radar (86)
zum Übertragen von Funkwellen in Richtung auf ein
zweites vorgegebenes Gebiet in der Umgebung ei-
nes Berührungsortes, wobei dies ein Ort ist, an dem
eine Schneidklingenkante des Schneidwerkzeugs
und das Werkstück miteinander in Berührung gelan-
gen, und zum Empfangen von davon reflektierten
Funkwellen, wobei der Prozessor (90) weiter basie-
rend auf den durch das zweite Radar empfangenen
Funkwellen bestimmt, ob ein Objekt au-βer dem
Werkstück in dem zweiten vorbestimmten Gebiet ist.

10. Kraftwerkzeug nach Anspruch 9, wobei der Prozes-
sor (90) den Motor (M) stoppt, wenn der Prozessor
bestimmt, dass ein Objekt außer einem Werkstück
in dem zweiten vorgegebenen Gebiet ist.

11. Kraftwerkzeug nach Anspruch 9 oder 10, weiter ent-
haltend einen Speicher, wobei der Speicher die re-
flektierten Funkwellen speichert, die erzeugt wer-
den, wenn das Werkstück (W) innerhalb des zweiten
vorgegebenen Gebiets positioniert ist, wobei der
Prozessor (90) bestimmt, ob ein Objekt außer dem
Werkstück in dem zweiten vorgegebenen Gebiet ist
unter Verwendung der reflektierten Wellen, die
durch das zweite Radar (86) empfangen werden,
und der reflektierten Funkwellen, die in dem Spei-
cher gespeichert sind.

12. Kraftwerkzeug nach Anspruch 11, wobei der Pro-
zessor (90) das Vorhandensein eines Objekts außer

einem Werkstück (W) in dem zweiten vorbestimmten
Gebiet bestimmt, wenn der Absolutwert der Diffe-
renz zwischen den Spitzenwerten von Spannungen
der reflektierten Wellen, die durch das zweite Radar
(86) empfangen werden, und den Spitzenwerten von
Spannungen der reflektierten Funkwellen, die in
dem Speicher (96) gespeichert sind, einen vorgege-
benen Schwellenwert übertrifft.

13. Kraftwerkzeug nach einem der vorhergehenden An-
sprüche, weiter enthaltend einen Tisch (5), wobei
ein Bereich des Schneidwerkzeugs (3) über den
Tisch (5) vorsteht, wobei das Schneidwerkzeug das
Werkstück schneidet, das auf einer oberen Fläche
des Tischs positioniert ist.

14. Kraftwerkzeug nach Anspruch 13, wobei das zweite
Radar (86) unter dem Tisch (5) angebracht ist, wobei
der Tisch ein durchdringbares Fenster (5a) enthält,
wobei es das durchdringbare Fenster erlaubt, dass
die von dem zweiten Radar übertragenen Funkwel-
len durch es durchdringen.

15. Kraftwerkzeug nach einem der vorhergehenden An-
sprüche, wobei das Werkstück vorzugsweise aus
Holzmaterial ist und die Frequenz der von dem Ra-
dar übertragenen Funkwellen 1 GHz oder darüber
ist, vorzugsweise innerhalb des Bereichs von 1 bis
30 GHz, weiter vorzugsweise innerhalb des Be-
reichs von 10 ∼ GHz.

Revendications

1. Outil motorisé (1), comportant :

un outil de coupe (3),
un moteur (M) pour entraîner l’outil de coupe,
des moyens (87) pour détecter l’emplacement
d’objets autres que la pièce à usiner se dépla-
çant dans une première zone prédéterminée à
proximité de l’outil de coupe,
un processeur (90) en communication avec les
moyens de détection, dans lequel le processeur
détermine si l’objet détecté par les moyens de
détection a une relation de position prédétermi-
née par rapport à l’outil de coupe,
caractérisé en ce que les moyens de détection
(87) comportent un premier radar pour émettre
des ondes radio vers la zone prédéterminée, et
pour recevoir des ondes réfléchies à partir de
celle-ci, et détectent la vitesse d’approche des
objets vers l’outil de coupe, et
le processeur (90) détermine si la vitesse détec-
tée dépasse une valeur prédéterminée.

2. Outil motorisé (1) selon la revendication 1, dans le-
quel le processeur (90) arrête le moteur (M) lorsque
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le processeur détermine que l’objet détecté par les
moyens de détection a la relation de position prédé-
terminée par rapport à l’outil de coupe, et que la vi-
tesse détectée dépasse la valeur prédéterminée.

3. Outil motorisé (1) selon la revendication 1 ou 2, dans
lequel le premier radar est disposé dans une position
telle que l’outil de coupe (3) est enserré par celui-ci,
et telle que le premier radar fait face à l’opérateur.

4. Outil motorisé (1) selon l’une quelconque des reven-
dications précédentes, dans lequel le premier radar
comporte un élément d’émission d’ondes radio et un
élément de réception d’ondes radio, au moins un
parmi l’élément d’émission d’ondes radio et l’élé-
ment de réception d’ondes radio comportant une ou
une pluralité d’antenne(s) en microruban (130a).

5. Outil motorisé (1) selon la revendication 4, dans le-
quel l’antenne en microruban (130a) comporte :

un conducteur en ruban (132a),
un conducteur de terre (136a) disposé dans une
position en vis-à-vis du conducteur en ruban, et
une couche diélectrique (134a) disposée entre
le conducteur en ruban et le conducteur de terre.

6. Outil motorisé (1) selon la revendication 5, dans le-
quel la couche diélectrique (134a) a une gorge, et le
conducteur en ruban (132a) est disposé dans la gor-
ge de la couche diélectrique.

7. Outil motorisé (1) selon la revendication 5 ou 6, dans
lequel le conducteur de terre (136a) a une gorge, et
la couche diélectrique (134a) est disposée dans la
gorge du conducteur de terre.

8. Outil motorisé (1) selon l’une quelconque des reven-
dications 4 à 7, comportant en outre une table (15),
dans lequel une partie de l’outil de coupe (3) fait
saillie au-dessus de la table, dans lequel l’outil de
coupe découpe la pièce à usiner positionnée sur une
face supérieure de la table, dans lequel l’antenne en
microruban (130a) est disposée dans une surface
de la table.

9. Outil motorisé (1) selon l’une quelconque des reven-
dications précédentes, comportant en outre un se-
cond radar (86) pour émettre des ondes radio en
direction d’une seconde zone prédéterminée à proxi-
mité d’un emplacement de contact, emplacement
dans lequel un bord de lame de l’outil de coupe et
la pièce à usiner viennent en contact, et pour recevoir
des ondes radio réfléchies à partir de celle-ci, dans
lequel le processeur (90) détermine en outre, sur la
base des ondes réfléchies reçues par le second ra-
dar, si un objet autre que la pièce à usiner est dans
la seconde zone prédéterminée.

10. Outil motorisé selon la revendication 9, dans lequel
le processeur (90) arrête le moteur (M) lorsque le
processeur détermine qu’un objet autre que la pièce
à usiner est dans la seconde zone prédéterminée.

11. Outil motorisé selon la revendication 9 ou 10, com-
portant en outre une mémoire, dans lequel la mé-
moire mémorise les ondes radio réfléchies créées
lorsque la pièce à usiner (W) est positionnée dans
la seconde zone prédéterminée, dans lequel le pro-
cesseur (90) détermine si un objet autre que la pièce
à usiner est dans la seconde zone prédéterminée
en utilisant les ondes réfléchies reçues par le second
radar (86), et les ondes radio réfléchies mémorisées
dans la mémoire.

12. Outil motorisé selon la revendication 11, dans lequel
le processeur (90) détermine la présence d’un objet
autre que la pièce à usiner (W) dans la seconde zone
prédéterminée, lorsque la valeur absolue de la dif-
férence entre les valeurs de crête des tensions des
ondes réfléchies reçues par le second radar (86) et
les valeurs de crête des tensions des ondes radio
réfléchies mémorisées dans la mémoire (96) dépas-
sent une valeur de seuil prédéterminée.

13. Outil motorisé selon l’une quelconque des revendi-
cations précédentes, comportant en outre une table
(5), dans lequel une partie de l’outil de coupe (3) fait
saillie au-dessus de la table (5), dans lequel l’outil
de coupe découpe la pièce à usiner positionnée sur
une face supérieure de la table.

14. Outil motorisé selon la revendication 13, dans lequel
le second radar (86) est disposé en dessous de la
table (5), dans lequel la table comporte une fenêtre
pénétrable (5a), la fenêtre pénétrable permettant
aux ondes radio émises par le second radar de pé-
nétrer à travers celle-ci.

15. Outil motorisé selon l’une quelconque des revendi-
cations précédentes, dans lequel la pièce à usiner
est de préférence un matériau en bois, et la fréquen-
ce des ondes radio émises par le radar est de 1 GHz
ou plus, de préférence dans la plage allant de 1 à
30 GHz, et tout à fait de préférence dans la plage
d’environ 10 GHz.
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