
DESCRIPTION PROCESSING APPARATUS TECHNICAL FIELD [0001]The present invention relates
to a processing apparatus in which the tool side, where the tool is installed, rotates in respect to the
main body side, and relates especially to a processing apparatus in which an ultrasonic transducer is
equipped on the tool side and the vibration of the ultrasonic transducer is superimposed on the rotation
of the tool. 10BACKGROUND ART [0002]Conventionally, for example as stated in Japanese
Unexamined Paten Publication No. jP-A-2002-28808 (Patent Document 1) and PCT Japanese
Translation Patent Publication No. JP-A-2008-504 138(Patent Document 2) and the like, the
processing accuracy of a processing apparatus for cutting, grinding and so on is 15  improved by
providing the tool side with an ultrasonic transducer whose rotation is enabled in relation to the main
body side, and superimposing, on the tool, that rotational action with the vibration of the ultrasonic
transducer. With such processing apparatus, in order to supply drive power to the ultrasonic
transducer that rotates in relation to the main body side, a primary power coil and a secondary power
coil are 20  arranged in opposition to the rotating parts on the main body side and the tool side, and
power is supplied to the tool side from the main body side through utilization of the mutual induction
action of these power coils. [0003]Incidentally, an ultrasonic transducer is known to be considered as
being equivalent to an electrical circuit that has a resonant frequency In order to 25drive the ultrasonic
transducer efficiently, drive power is supplied with a resonant frequency or a frequency in that
neighborhood.However, in the processing 



apparatus, the ultrasonic transducer's resonant frequency changes along with changes in temperature
in the surroundings of the ultrasonic transducer, changes in temperature in the ultrasonic transducer
itself, and changes in the load applied to the 30  tool, etc. Therefore, it was possible that the ultrasonic'
transducer might not be driven efficiently solely by supplying drive power at a fixed frequency, and
there was a possibility of a drop in processing accuracy. [0004]Here, it may be proposed that the tool
side is provided with a detection means for detecting the state of vibration of the ultrasonic transducer,
and a signal coil is provided on both the main body side and the tool side. By utilizing the mutual
induction action of those signal coils, the detection signal from the detection means is transmitted as
an electrical signal from the tool side to the main body side, thereby adjusting the supplied power
based on the state of vibration of the ultrasonic transducer obtained from that detection signal.
[0005]owever, when signal coils are placed on the rotating parts of the main body side and the tool
side of the processing apparatus where the tool side is rotated in relation to the main body side, in
order to maintain the opposing states of the main body side signal coil and the tool side signal coil, it is
also necessary to install the signal coil coaxially with the tool side's rotating central axis along with the
power coil. Locating the power coil and signal coil coaxially, especially with the signal coil, presents a
possibility that the magnetic flux generated by the power coil will penetrate the signal coil and produce
noise electromotive force in that signal coil, thus mixing noise in with the electrical signal it transmits. I
0[0006]in order to cope with this type of problem, Japanese Unexamined Patent Publication No. JP-A-]
1-354348 (Patent Document 3) and Japanese Unexamined Patent Publication No. JP-A-11-313491
(Patent Document 4) propose structures that avoid interference of mutual magnetic paths by enlarging
the core component that forms the coil's magnetic path or that avoid interference of the mutual 15
magnetic paths by interposing a non-magnetic material between the coils. However, enlarging the core
component in the structures indicated in Patent Document 3 and Patent Document 4 leads to
enlargement especially of the tool side. Since the tool side is rotated at high speed, if the tool side is
enlarged, there is a possibility that it might be difficult to achieve stable rotation. 20BACKGROUND
ART DOCUMENTS [Patent Documents] [0007] Patent Document 1 jP-A-2002-28808 



Patent Document 2 JP-A-2008-504138 Patent Document 3 JP-A-11-354348 Patent Document 4
JP-A-11-313491 SUMMARY OF THE INVENTION PROBLEM THE INVENTION ATTEMPTS TO
SOLVE 30[0008]The present invention was established in view of the above background, and, it is one
object of the present invention to provide a processing apparatus with a novel structure in which the
tool side rotates in relation to the main body side, capable of producing excellent quality transmission
of the electrical signal from the tool side to the main body side with a simpler and more compact
composition, and capable of driving the ultrasonic transducer provided on the tool side more
effectively. MEANS FOR SOLVING THE PROBLEM              The modes of the present invention that
were established in order to solve that problem are described hereinafter. Furthermore, the
components used in each mode indicated below are, as much as possible, adoptable in the desired
combinations. [0010]A first mode of the present invention provides a processing apparatus, including:
a main body side equipped with a power supply unit that outputs AC voltage; a tool side rotatable in
relation to the main body side and equipped with an ultrasonic transducer to which the tool unit is
connected; a pair of a primary power coil and a secondary power coil, which are disposed between a
main body side and a tool side on a concentric axis with a rotating central axis of the tool side, wherein
a drive power is supplied via the primary and secondary power coils from the power supply unit on the
main body side to the ultrasonic transducer on the tool side, being 10 characterized in that: a pair of
signal coils are disposed between the main body side and the tool side such that the signal coils are
located on a concentric axis with the power coils and stacked in an axial direction, respectively on the
main body side and the tool side, a detection means is provided on the tool side for detecting a state of
ion of the ultrasonic transducer, and a detection signal from the detection means 15 is transmittable
via the signal coils from the tool side to the main body side, a power supply control means is provided
on the main body side for controlling a power supply frequency to the primary power coil based on the
detection signal from the detection means, and at least one of the signal coils on the main body side
and the tool side, is provided with a coil winding path that generates mutually reverse 



20  electromotive Ibrces in order to offset the electromotive forces generated in that signal coil due to
an effect of a magnetic flux produced by the power coils. [00111In the processing apparatus with a
structure in accordance with this mode, it is possible to transmit the electrical signal from the tool side
to the main body side in a contact-free state by providing both the main body side and the tool side
with 25 a signal coil and utilizing the mutual induction of those signal coils. That way, the vibration
state of the ultrasonic transducer detected using the detection means on the tool side can be
transmitted to the main body side using the signal coils, and the main body side's power supply control
means can be used to change the supplied power frequency from the received detection signal in
accordance with changes in the state 30 of vibration of the ultrasonic transducer. As a result, it
becomes possible to perform feedback control according to changes in the resonant frequency of the
ultrasonic transducer, the ultrasonic transducer can be driven more effectively, and it is possible to aim
at improving processing accuracy. [0012]Furthermore, at least one of the signal coils, either the one on
the main 5 body side or the one on the tool side, is formed with a coil winding path that offsets the
effect from the electric power coil. Owing to this, when the magnetic flux that is generated by the
power coil passes through the signal coils, the signal coils generate induced currents that are mutually
reversed and that mutually offset each other. Thus, noise electromotive force can be reduced at the
signal coils themselves without having  4 to provide a separate noise control coil component, or to
provide a power supply control device in order to negate that noise electromotive force. As a result, the
transmission quality of the electrical signal can be improved through a simple configuration [0013]In
addition, reducing the noise electromotive force at the signal coils themselves makes it possible to
transmit the electrical signal faster. That is, in the case of wireless communication, for example,
multi-stage processing is generally necessary wherein the received electrical signal is amplified after
detection, noise is removed, and the signal is reproduced, and that takes time. Therefore, especially
with 10 feedback control like that in the present invention, if, after generating the detection signal at the
tool side, it takes time to reproduce that signal at the main body side, it becomes necessary to take the
time delay for that detection signal into consideration, which thus leads to more complex control. With
the present invention, however, by providing a noise reduction effect in the very structure of the signal
coils, it is possible 15  to transmit the electrical signal faster and also improve the real-time quality of
the signal transfer. [0014]Further, because the effect from the power coils can be mitigated in the 



signal coils, it becomes possible to situate the signal coils in a more compact arrangement and stack
them on the concentric axis with those power coils. As a 20 result, it is possible to aim at
miniaturization of the processing apparatus, especially miniaturization of the tool side. Thus, it is
possible to achieve even faster rotation of the tool, and it is also possible to aim at improved stability of
rotation and improved processing accuracy. [0015]In this mode, "stacked" naturally means that the coil
winding of the power coil and the coil winding of the signal coil are arranged in such a way that they
overlap at the projection of those coils in the. axial direction and that the coil windings of both coils are
mutually contact-free. It does not mean that the coil windings of both coils are in a state of contact. In
addition, the coil winding of the power coil and the coil winding of the signal coil may be overlapped
generally over the whole of 30  the circumference or may alternatively be overlapped so as to partially
cross each other. [0016]The second mode of the present invention provides the processing apparatus
according to the first mode, wherein the coil winding path, which generates mutually reverse
electromotive forces, includes a first winding portion and a second winding portion that are wound in
mutually opposite directions [0017]Since, with this mode, the first winding portion and the second
winding portion are mutually wound in opposite directions, mutually reverse induced currents are
generated in relation to a common magnetic field in the first winding portion and the second winding
portion. Owing to this, when the magnetic flux from the power  coils passes through the signal coils,
mutually reverse electromotive forces are generated in the first winding portion and second winding
portion that mutually offset each other. As a result, it is possible to reduce the noise electromotive
force that is generated in the signal coils. [0018]Now, the winding direction of the mutually
opposite-wound first winding portion and second winding portion refers to the direction around the
center of the power coil. With the signal coil provided on the main body side, it means the direction
around the center of the primary power coil, and with the signal coil provided on the tool side, it means
the direction around the center of the secondary 



10 power coil. The number of winds for the first winding portion and the second winding portion is set
as desired in consideration of the electromotive force generated in the first winding portion and
electromotive force generated in the second winding portion. Ideally, it is set so that electromotive
threes in mutually opposite directions that are equal in size are generated in the first winding portion
and the second winding IS portion in relation to the common magnetic field. Therefore, the number of
winds for the first winding portion and the number of winds for the second winding portion may be
mutually different. [0019]The third mode of the present invention provides the processing apparatus
according to the second mode, wherein the first winding portion and the 20second winding portion,
which is turned back from the first winding portion and wound conversely along the first winding
portion, are formed on a same plane. [0020]With this mode, it is possible to give the signal coils a thin
form. Also, since the signal coils can also have a flat shape, setup work can be simplified, such as
arranging them stacked together with the power coils. 25[0021]The fourth mode of the present
invention provides the processing apparatus according to any one of the first through third modes,
wherein a pot core, which is made from a permeable-magnetic material and has a groove extending
circumferentially, is provided on at least one of the main body side and the tool side, and both of the
power coils and signal coils are housed in the groove. 30[0022]With this mode, using a pot core to fin
the magnetic paths of the power coils and signal coils enables the transmission efficiency of both the
power and the electrical signal to be improved. In addition, with the present invention, since, the
adoption of a specially-configured coil winding path for the signal coils is able to reduce the effect from
the power coils, the power coils and signal coils can be seated within the same groove in the pot core
in order to aim at greater compactness. Furthermore, with the signal coils seated in the pot core
groove, it is possible to protect the signal coils from disturbance due to magnetism, such as from a
motor installed in close proximity. [0023]The 0fth inode of the present invention provides the
processing  apparatus according to the fourth mode therein the pot core is provided solely on the main
body side. [0024]As mentioned above, it is known that an ultrasonic transducer is 



considered equivalent to the resonant circuit shown in FIG 26 near a resonant  5 frequency. The
equivalent circuit shown in FIG 26 consists of the damping capacitance (Cd) produced from the
piezoelectric element, a part of the ultrasonic transducer and working as a capacitor, being connected
in parallel with an LCR circuit, on which the coil section (L) and capacitor (C) that indicate the
mechanical vibration characteristics (series resonance characteristics) and the resistance section (R)
that 10indicates the mechanical load are connected in series. [0025]Here, as this mode, by providing a
pot core made from a perineable-magnetic material solely on the main body side and not including a
core component on the tool side's secondary power coil, it is possible to avoid an increase in
inductance (L) in the equivalent circuit on the tool side's ultrasonic transducer.  IS Owing to that, it is
possible to avoid large variations in resonant frequency f,.= / (27n,i(LC)). An increase in inductance
(L), generally, appears as a drop in the resonant frequency f" so, by avoiding that increase in
inductance (L), it is possible to suppress a drop in the resonant frequency G. This way, a high
resonant frequency can be maintained for the ultrasonic transducer, the ultrasonic transducer can be
driven at a  20 high frequency, and a further improvement in processing accuracy can be aimed at.
Also, because it is possible to avoid large changes in the resonant frequency G, the resonant
frequency of the ultrasonic transducer can be easily brought close to the tool side's mechanically
unique vibration frequency, the ultrasonic transducer's vibration can be effectively transmitted to the
tool, and a more effective stroke can be obtained 25for the tool. [0026]Furthermore, by not including a
pot core on the tool side's secondary power coil, leakage flux can be aggressively produced between
the primary power coil and the secondary power coil, and the coupling coefficient thus can be lowered.
This can prevent a rapid drop in power transmission efficiency due to a slight  30 displacement in
relation to the main body side and improve the stability of power transmission. In addition, for example
as shown in Ho. 27, when the drive power is oscillated from the main body side as a square wave, the
power waveform input into the ultrasonic transducer on the tool side can be brought close to the sine
wave, which is the mechanical vibration of the ultrasonic transducer that is also indicated in FIG  35
27. It thus becomes easy to tune the vibration in the ultrasonic transducer with changes in the applied
voltage and to reduce the deviations in the ultrasonic transducer that are thought to originate in rapid
changes to the applied voltage, and it is possible to vibrate the ultrasonic transducer stably. Along with
that, generation of the surplus energy that is indicated in FIG. 27 with slanted lines can be suppressed
and 



7 the generation of heat can be suppressed as well. [0027]And, by not including a pot core on the tool
side's secondary power coil, the weight of the tool side can also be lightened and faster rotation is thus
achieved. In this mode, in order to adjust the interlinkage flux on the tool side's signal  5 coil, the tool
side can be provided with a core component made of permeable-magnetic material and the tool side's
signal coil can be attached to the core component. However, preferably, a mode is adopted that does
not include a core component inclusive of a pot core on the tool side. That is to say, since, when the
core component is formed from sintering particulates of iron and the like, the risk of  10 cracking or
breakage increases at high-speed r.p.m.s of around the lOs of thousands. So, here, by not installing a
core component on the tool side, it is possible to avoid the problem of the core component on the tool
side being damaged. [0028]The sixth mode of the present invention provide the processing apparatus
according to any fourth or fifth mode, wherein a distance of separation 15between the first winding
portion and the second winding portion is greater than a distance of separation to walls of the groove
from both sides of the signal coil. [0029]In this mode, the first winding portion of the signal coil is
situated close to either the groove's outer wall or inner wall, and the second winding portion is situated
close to the remaining outer wall or inner wall. The first winding portion and  20 second winding portion
are also situated closer to one of the groove's walls than to the other winding portion. Owing, to this,
the magnetic flux from the first winding portion and the magnetic flux from the second winding portion
passes easily through each wall of the groove, and interference between the magnetic path of the first
winding portion and the magnetic path of the second winding portion can be reduced. As a 25result, dr
transmission quality of the electrical signal from the signal coil can be 



heightened [0030]The seventh mode of the present invention provides the processing apparatus
according to any one of the first through sixth modes, wherein the ultrasonic transducer is a Langevin
transducer with multiple piezoelectric elements $0layered, and the detection means is composed of a
piezoelectric element layered on those multiple piezoelectric elements. [00$1]With this mode, it is
possible to use the piezoelectric effect of that piezocicctric element as a detection means to detect the
vibration of the ultrasonic transducer as voltage and, therefore, achieve a detection means using a
simple  35 structure. Furthermore, because the piezoelectric element can be positioned as the
detection means coaxially with the multiple piezoelectric elements that make up the Langevin
transducer, that detection means can be provided with an efficient use of space, and the stability of
tool side rotation can also be improved by suppressing deviations in the tool side's weight balance.
EFFECT OF THE INVENTION [0032]In the present invention, power is transmitted by the primary
power coil and secondary power coil in a contact-free state from the main body side to the ultrasonic
transducer located on the tool side. Besides, the signal coils installed on the main body side and the
tool side turn the state of vibration of the ultrasonic transducer into an electrical signal and transmit it to
the main body side. Since the power supply frequency to the ultrasonic transducer can be controlled
by the power supply control means based on the electrical signal obtained through those signal coils,
the supplied power frequency can be adjusted in accordance with changes in the 10 ultrasonic
transducer's resonant frequency, and processing quality can be improved. Furthermore, the signal coil
on at least one side, either the main body side or the tool side, is given a coil winding path that offsets
the electromotive force generated by the magnetic flux effect coming from the power coil. In this way, it
is possible, using an extremely simple structure, to reduce the noise electromotive force that is
generated in 15 the signal coil due to the effects from the power coil. As a result, it is possible to
improve the transmission quality of the electrical signal and, because the signal coils can be situated in
close proximity to the power coil, downsizing of the main body side and the tool side can be pursued. 



20BRIEF DESCRIPTION OF THE DRAWINGS [0033] FIG I is a view depicting in model form a
processing apparatus desc bed aecordin to a first embodiment of the present invention.       FIG 2 is a
longitudinal cross sectional view of a principle part of the rocessing 25apparatus shown in FIG I. FIG. 3
is a perspective view of a main body side transmission unit and a tool unit. FIG. 4 is a perspective view
of the main body side transmission unit and the tool unit from a different direction than FIG 3. FIG 5 is
an exploded perspective view of a primary power coilsecondary  power coil, signal coils and a pot
core. FIG 6 is a view depicting in model form the signal coil shownFIG 5. FIG 7 is a front view of a
main body side coil head. FIG 8 is a view of a vibration unit equipped with an ultrasonic transducer.
FIG 9 is a block diagram that summarizes a contact-free power supply unit used in the processing
apparatus according to the first embodiment of the present invention. FIG 10 is a graph that displays
the ultrasonic transducer's impedance characteristics. FIG 11 is a graph that displays the results of
measurement of the electrical current that flows through the ultrasonic transducer. Era 12 is a graph
that displays the results of measuremcnt of the voltage and  electrical current in the neighborhood of
the ultrasonic transducers resonant frequency. FIG 13 is a graph that displays the results of
measurement of the voltage and electrical current in a frequency range outside the neighborhood of
the ultrasonic transducer's resonant frequency when a square wave voltage is applied. 



FIG 14 is a graph that displays the results of measurement of the voltage and electrical current in a
frequency range outside the neighborhood of thes transducer's resonant frequency when a sine wave
voltage is applied. FIGS. 15A and 1513 are views that indicate the circumstances of the changes in
the 10voltage and electrical current when the ultrasonic transducer's resonant frequency changes,
wherein FIG 15A indicates when the amplitude of the electrical current changes, and FIG 15B
indicates when the phase of the electrical current changes. FIGS. I 6A and 1613 are views that
indicate the direction of the induced current generated in the signal coil, wherein FIG 16A indicates at
the time of electrical signal transmission, and FIG. 16B indicates at the time of noise generation. FIGS.
I 7A and 1 713 are longitudinal cross sectional views that indicate the direction of the induced current
generated in the signal coil, wherein FIG I 7A indicates at the time of electrical signal transmission,
and FIG 17B indicates at the time of noise generation. 20FIG 18 is a graph that measures the
transmission timing of the detection signal on the tool side and the reception timing of the detection
signal on the main body side. FIG 19 is a photograph that shows both the hole formed when the tool is
vibrated and rotated and the hole formed when the tool is rotated without vibration.      FIG. 20 is a
view that displays the multiple tool units of the processing apparatus 95shown in FIG 1. FIG 21 is a
vie'.v suitable for explaining an embodiment of the connection of processing apparatus shown in FIG I
to a computer network. FIG. 22 is a view that shows a detection means of a processing apparatus
according to a second embodiment of the present invention. 30FIG 23 is an exploded perspective view
that shows primary o Ter coil, a sinaI coil and a pot core of a processing apparatus according to a third
embodiment of the present invention.    FIG 24 is a longitudinal cross sectional view of a primary
power coil, a secondary power coil, signal coils and a pot core of a processing apparatus according
toa fourth 35embodiment of the present invention. 



FIG 25 is a front view that shows in model form a signal cod of a processing apparatus according to a
fifth embodiment of the present invention. FIG 26 is a view suitable for explaining the ultrasonic
transducer. FIG 27 is a view suitable for explaining the voltage applied to the ultrasonic  - 10 -
transducer and the state of vibration of the ultrasonic transducer. EMBODIMENTS FOR CARRYING
OUT THE INVENTION [0034]The following describes the embodiments of the present invention with
reference to the drawings. [0035]First, a processing apparatus 10 according to a first embodiment of
the present invention is shown in model form in FIG. 1. The processing apparatus 10 is given a
structure wherein a tool unit 20, equipped with a tool 18 and functioning as a tool side, is connected to
a spindle 16 of a spindle head 14, which is situated in an 10 equipment main body 12 functioning as a
main body side. By rotating the spindle 16, the tool unit 20, which is connected to the spindle 16, can
be rotated in relation to the spindle head 14. [0036]The equipment main body 12 is supported by a
base 22. A table 26, which holds a workpiece 24 being processed in a manner that enables
attachment and 



15 detachment, is installed on the base 22 facing the tool 18 (below the tool 18 in FIG, 1). The table 26
is supported by a drive mechanism 28 on the base 22 and, with a guide rail and servo motor, etc. (not
shown in the drawing), provided inside the drive mechanism 28, it can be relatively offset in relation to
the tool 18 in the orthogonal directions of the X-axis direction and Y-axis direction orthogonal to the
d-backward direction (up-down direction in FIG 1) of the tool 18 and of the Z-axis direction, which is
the forward-backward direction of the tool 18. In this way, a relative offset of the tool 18 in relation to
the workpiece 24 in the orthogonal triaxial directions is made possible. It would also be acceptable
that, in the processing apparatus 10, the table 26, for example, can be made movable in the
orthogonal 25biaxial directions of the X-axis and Y-axis and the spindle head 14 can be made movable
in the Z-axis direction. [0037]FIG 2 shows the longitudinal section of the spindle head 14 and the tool
unit 20 in model form. In the spindle head 14, a motor 32 is situated within a casing 30 as a means of
rotational drive. By affixing the spindle 16 to the output shaft 30of the motor 32, the spindle 16 can be
rotated around central axis 0. The spindle I 6 is supported by the casing 30 via bearings 34, 34, and its
tip is positioned nearly equal to ge of the easing 30 of the tool unit 20 side. Also, a labyrinth seal 36 is
provided          )1' the spindle 16 between the spindle 16 and the casing 30, so that foreign
substances, such as particulates, are prevented from infiltrating inside the casing 30 from the outside.
[0038]A unit attachment hole 38, which has a tapered inner circumferential            ig towards the tip
edge of the spindle 16, is formed at the tip of the spindle 16. A pull chuck 40, which holds a pull stud
106 installed in the tool unit 20 (to be described later), is installed inside the spindle 16, namely, on the
inside surface  of the end of the unit attachment hole 38 in the axial directionthe spindle 16 where 



the diameter decreases. [0039]A main body side transmission unit 42 is attached to the edge of the
casing 30 of the tool unit 20 side. HG. 3 and FIG 4 show bothmain body side  5 transmission unit 42
and the tool unit 20. The main body side transmission unit 42 is configured with a main body side coil
head 46 (see FIG. 2) situated in a main body side housing 44. The main body side housing 44 is an
integrally molded part, made of for example, stainless steel, including a center section 48 of generally
cylindrical external form and a flange-shaped portion 50 projecting from one axial edge of the  10
center section 48 outward in a radial direction over the whole of the circumference. A rod insertion hole
52, which penetrates through the central axis, is formed in the center section 48. Furthermore, a main
body side seatin ove 54 is !brined around the circumference of the rod insertion hole 52 in the center
section 48, opening to the tool unit 20 side (bottom of FIG 2), and continuously extending over the
whole of the 15circumference around the central axis of the center section 48. [0040]The main body
side coil head 46 is seated in the main body side seating groove 54. As shown in FIG. 5 along with a
tool side coil head 96 (to be described later), the main body side coil head 46 has a structure in which
a primary power cod 56a and, as the signal coil, a main body side signal coil 58a, are held in the  20
core component, a pot core 60. The primary power coil 56a is formed by a lead wire 62 as a coil
winding, which is made of copper or the like, being circularly wound a specified number of times. The
size and number of winds of the primary power coil 56a can be set as desired in consideration of the
size of the power being transmitted, etc. In this embodiment, the primary power coil 56a is formed by
the lead wire 62 being wound around a generally cylindrical bobbin 64, which is made of a synthetic
resin or the like, but the bobbin 64 is not necessarily required [0041]Meanwhile, the main body side
signal coil 58a is formed by a lead wire 66 as a coil winding, which is made of copper or the like. As
shown in model ffirm in FIG. 6, the main body side signal coil 58a is, on the whole, cylindrically
shaped, and a  30 first winding portion 68, wound on radially outside, and a second winding portion 70,
wound on radially inside and in the opposite direction from that of the first winding portion 68, are
composed of the single lead wire 66. [0042.1Concretely, starting from Point A in FIG 6, the lead wire
66 is wound 



approximately half-way around to form an outer winding portion 72a. It is then turned inward in the
radial direction and, in the direction opposite from that of the outer winding portion 72a
(counter-clockwise in FIG 6), wound on radially inside approximately one full circle to form an inner
winding portion 74a. The lead wire 66 is then turned outward in the radial direction from the inner
winding portion 74a and, in the direction opposite from that of the inner winding portion 74a (clockwise
in FIG  6), wound on radially outside approximately half-way around, returning to Point A to form an
outer winding portion 72b. An outer winding portion 72c, an inner winding portion 74b, and an outer
winding portion 72d are also formed, in that order, by repeating this procedure. In this way, the first
winding portion 68 is formed by outer winding portions 72a to 72d and the second winding portion 70 is
formed by inner winding portions 74a and 74b. In short, the lead wire 66 is wound on the outside
approximately half-way around, turned inward, wound in the opposite direction approximately one full
circle on the inside, turned outward and wound approximately half-way around the remaining outside
distance. By so doing, the first winding 10 portion 68, which is wound in a single direction, is formed on
the outside of the main body side signal coil 58a (clockwise in FIG 6), while the second winding portion
70, which is turned inward from the first winding portion 68 and wound, along but in the opposite
direction to that of the first winding portion 68 (counter-clockwise in FIG, 6), is formed on the inside of
the main body side signal coil 58a. The number of winds for 15 the main body side signal coil 58a can
be set as desired by then repeating this procedure. Though, in order to facilitate understanding, FIG 6
shows the lead wire 66 as not overlapping, the lead wire 66 may overlap on each of the first winding
portion 68 and the second winding portion 70. [0043]In this embodiment, the main body side signal coil
58a has a circular 70 shape of a size approximately equivalent to that of the primary power coil 56a.
Besides, the first winding portion 68 and the second winding portion 70 are each wound in a generally
circular shape and are formed on the same plane and on the concentric axis. As shown in FIG 5, the
winding shape of the main body side signal coil 58a is maintained by having the lead wire 66 fixed with
adhesive or the like to a 25  thin, annular-shaped retainer plate 76, which is made of a synthetic resin
or the like. However, the retainer plate 76 is not necessarily required. [0044]The primary power coil
56a and the main body side signal cod 58a are seated in the pot core 60. The pot core 60 is made of a
permeable-magnetic mater for example iron, silicon steel, permalloy, or ferrite. The pot core 60 has a
cylindrical 30 shape that is pierced by a center hole 78, which extends over the central axis, and
includes a circular groove 80 formed as a groove that opens in one axial direction and extends around
the central axis. The circular groove 80 is a retaining recess that holds the primary power coil 56a and
the main body side signal coil 58a. Various forms can be adopted as the concrete shape of the pot
core 60; i.e., the pot core 60 can be an integrally molded part or can be made from multiple
components, for example, the 3 portions of an external wall 82, an internal wall 84 and the bottom wall
of the circular groove 80 being adhered together. In addition, the external wall 82 can be circum
erentially divided into multiple portions, for example, and the materials forming the pot core 60 can be
arranged in close proximity to the primary power coil  56a and the main body side signal coil 58a.
[0045]The main body side coil head 46 is formed with the primary power coil 56a and the main body
side signal coil 58a being seated in the circular groove 80. In this embodiment, the primary power coil
56a and the main body side signal coil 58a 



8 are placed in the pot core 60 in that order, but the order in which they are arranged in the pot core 60
may be reversed. Thus, as shown in FIG 2, the primary power coil 56a is encased in the pot core 60,
and the primary power coil 56a and the main body side signal coil 58a are seated in the circular
groove 80 on approximately concentric axis and with their respective lead wires 62 and 66 (see FIG 5)
overlapping in the axial  10 direction (up-down direction in FIG 2). By thus arranging the primary power
coil 56a and the main body side signal coil 58a on approximately concentric axis, the first winding
portion 68 and the second winding portion 70 of the main body side signal coil 58a are wound in
mutually opposite directions around the center of the primary power coil 56a. And, as the bobbin 64
intervenes between the primary power coil 56a  I5 and the main body side signal coil 58a, the primary
power coil 56a and the main body side signal coil 58a are separated by that gap, preventing contact of
their mutual lead wires, 62 and 66. [0046]Also, as shown in FIG. 7, with the main body side signal coil
58a seated in the circular groove 80, the first winding portion 68 of the main body side  20 signal coil
58a is situated on the external wall 82 side of the circular groove 80, and the second winding portion
70 is situated on the internal vall 84 side of the circular groove 80. This way, the first winding portion
68 and the second winding portion 70 are positioned apart, and the distance D between the first
winding portion 68 and the second winding portion 70 in the radial direction of the pot core 60 is larger
than both the distance dl between the external wall 82 and the first winding portion 68, situated on the
outer portion of the main body side signal coil 58a, and the distance d2 between the internal wall 84
and the second winding portion 70, situated on the inner portion of the main body side signal coil 58a.
In other words, the first winding portion 68 is positioned closer to the external wall 82 side than to the
second winding portion 70, and the second winding portion 70 is positioned closer to the internal wall
84 side than to the first winding portion 68. [0047]This main body side coil head 46 is seated in theody
side seating groove 54 of the main body side housing 44 and affixed through adhesion, press fitting,
etc., with the circular groove 80 of the pot core 60 facing open to the tool  35 unit 20 side. This way,
the outside of the main body side coil head 46 is covered with the main body side housing 44, which is
made of, for example, stainless steel or the like, and, with the main body side housing 44 functioning
as a shield component, the leakage flux from the pot core 60 is reduced and the main body side signal
coil 58a especially is protected from being disturbed by magnetism such as from the external  - I 4 -
motor 32. It is also possible to provide the shield component separately, for example, by forming a
shield component of a non-magnetic material like an aluminum alloy, copper alloy, titanium alloy,
nickel alloy, ceramic, or synthetic resin, and the main body side coil head 46 may be seated in the
main body side seating groove 54 with its exterior covered by that shield component. [0048]As above,
the main body side transmission unit 42 is fixed firmly to the casing 30 by overlaying the flange-shaped
portion 50 on the casing 30 and inserting fixing bolts 90 into bolt holes 88 that are opened at multiple
locations on the flange-shaped portion 50. 10[0049]On the other hand, as shown in FIG 2 to FIG 4,
the20 has a 



structure in which parts like a vibration unit 94 and the tool side coil head 96 are installed on a rotation
housing 92. The rotation housing 92 is made, for example, of stainless steel or the like. A coil head
holder 98, which has a generally cylindrical external shape, is foniied in the rotation housing 92. The
external dimensions of the 15 coil head holder 98 are substantially the same as the external
dimensions of the center section 48 of the main body side transmission unit 42. A rotation side seating
groove 100 is formed in the coil head holder 98 so as to open to the main body side transmission unit
42 side (upper side in FIG 2) and extend continuously over the whole of the circumference around the
central axis of the coil head holder 98. 20 Furthermore, a rod section 102 is formed in the rotation
housing 92 on the central axis of the coil head holder 98 and projecting from the coil head holder 98
toward the side of the main body side transmission unit 42. The rod section 102 has a slightly smaller
outside diameter than the inner diameter of the rod insertion hole 52 on the main body side
transmission unit 42, and it is of a cylindrical shape with an axial direction length 25 substantially the
same as the length of the rod insertion hole 52 in the axial direction (up-down directional length in FIG
2). Equipped with a tapered circumference surface, a shank 104 is formed on the central axis at the tip
of the rod section 102, which protrudes from the coil head holder 98, and projects further into the main
body side transmission unit 42, adhering to the inner circumferential surface of the tapered unit 30
attachment hole 38, which is formed in the spindle 16. A screw hole is provided on the central axis of
the shank 104 and the rod-shaped pull stud 106 is screwed into that screw hole. Furthermore, a
generally cylindrical housing 108 is formed in the rotation housing 92, projects from the coil head
holder 98 in the opposite direction from the shank 104, and extends along the central axis. A
groove-shaped V-flange 109 is 35formed on the circumference surface of the housing 108 and is held
by the arm of an /Automatic Tool Changer (AT(?) (not shown in the drawing). A vibration unit seating
hole 110, which opens onto the opposite side of the main body side trans! 42 (bottom in FIG 2), is
formed by the inner cavity of the housing 108 connecting to a cavity formed in the center of the coil
head holder 98.  - IS - [0050]The vibration unit 94 is situatedand partially held by the vibration unit
seating hole 110. FIG. 8 shows the vibration unit 94 in model form. The vibration unit 94 includes the
tool 18 connected to an ultrasonic transducer 112 through a horn 114. The ultrasonic transducer 112 is
a so-called bolt-clamped Langevin transducer,  5 including annular-shaped multiple piezoelectric
elements 116 formed from, for example, a ceramic sheet with a piezoelectric effect, and
annular-shaped electrodes 118a and 118b externally fitted around and alternately layered on a bolt
120. Also, the ultrasonic transducer 112 is sandwiched between a metal block 122 and the horn 114
and screwed into the bolt 120 from both sides. Each of the electrodes 118a and 11 8b,  10 which are
alternately layered, is connected to a secondary power coil 56b (to be described later). The number of
layers of the piezoelectric elements 116 is set as desired in consideration of the required stroke for the
tool 18. 



[00511Also, especially in this embodiment, insulating layers 124 and 124 are respectively provided
between the metal block 122 and the electrode 118a of  15 piezoelectric element 116, and between
the horn 114 and the electrode 118a of the piezoelectric elements 116, which are the two sides that
sandwich the layered piezoelectric elements 116. These insulating layers 124 are formed from a
non-conducting material that does not easily deform elastically, for example, a ceramic brittle material.
Due to this, the vibration of the ultrasonic transducer 112 is effectively transmitted to the horn 114, and
the danger of electric shock, etc., can be avoided. The tool 18 is attached to the tip of the horn 114
through a chuck mechanism 125 like a collet or shrink fitting. In this way, the vibration of the ultrasonic
transducer 112 is amplified at the horn 114 and transmitted to the tool 18. Various items can be
adopted for use as the tool 18, for example, an endmill or a drill. Also, the concrete  25 shape and
material of the horn 114 can be appropriately set in consideration of the quality of the material of the
workpiece 24 or the vibration conditions of the tool 18. For example, the horn 114 can be Ibrmed in
multiple levels or can be formed individually. Various forms can also be adopted for the shape of horn
114, for example, stepped, exponential, catenoidal, or conical, and various materials can also be
adopted as the material of the horn 114, for example, titanium, an aluminum alloy, steel, a copper
alloy, or a non-metal such as synthetic resin. [00521This vibration unit 94 is attached to the rotation
housing 92. For example, in this embodiment, as shown in FIG. 2, with the ultrasonic transducer 112
side of the vibration unit 94 seated within the vibration unit seating hole 110 on the  35 rotation housing
92, a flange-shaped portion 126, which is fomied in the vibration unit 94, is laid on top of the open
edge of the vibration unit seating hole 110, and attached to the rotation housing 92 by screwing fixing
bolts 130 through bolt holes 128 penetrating the flange-shaped portion 126 and into the open edge of
the vibration unit seating hole 110. However, there are no restrictions to the concrete structure 'for  -
16 - attaching the vibration unit 94 to the rotation lousing, 92. Thus, the ool 18 on the vibration unit 94
projects from the rotation housing 92 and is installed on the concentric axis as the shank 104 and the
coil head holder 98. [00531Also, as shown in FIG 5, the tool side coil head 96 includes the secondary
power coil 56b and, as the signal coil, a tool side signal coil 58b. Because the secondary power coil
56b and the tool side signal coil 58b are respectively of a similar structure to the primary power coil
56a and the main body side signal coil 58a provided on the main body side coil head 46, the same
numbering has been used in the drawings and separate explanations have been omitted. Specifically,
the tool side 10 coil head 96 corresponds to the main body side coil head 46 without the pot core 60,
and has a similar structure to the main body side coil head 46, excluding the pot core 60. Therefore,
while the pot core 60 is provided as the core component encasing the primary power coil 56a in the
spindle head 14, a core component encasing the secondary power coil 56b is not provided in the tool
unit 20. The tool side coil head 15 96 positions the tool side signal coil 58b on the main body side coil
head 46 side, and is seated in the rotation side seating groove 100 of the coil head holder 98 in the
rotation housing 92 and affixed through pressure and adhesion, etc. Although a detailed drawing has
been omitted, multiple pin insert holes 131 (see FIG. 4) are opened circumferentially at appropriate
intervals on the bottom of the coil head holder 20 98 in the rotation housing 92, and, by inserting
whirl-stop pins (not shown in the drawing) into these pin insert holes 131 and engaging them to the
tool side coil head 96, rotation of the tool side coil head 96 inside the rotation side seating groove 100
is prevented. 



[0054]In this type of structure,the shank 104 side of the tool unit 20 is inserted into the rod insertion
hole 52 in the main body side transmission42, as shown in FIG. 2, using an ATC or the like, for
example (not shown in the drawing). The shank 104 penetrates the main body side transmission unit
42, and is inserted into the unit attachment hole 38, which is formed in the spindle 16. With the pull
stud 106 being held by the pull chuck 40, the tool unit 20 is affixed to the spindle 16. In this 30 way, the
main body side transmission unit 42 and the tool unit 20 are positioned in opposition in the direction of
rotating central axis 0 of the spindle 16. The main body side transmission unit 42 and the tool unit 20
are arranged in a contact-free state with a slight gap between them, and an airflow path 132 is formed
by the gap between the rod insertion hole 52 on the main body side transmission unit 42 and the rod
section 35 102 on the tool unit 20 as well as the gap between the main body side coil head 46 on the
main body side transmission unit 42 and the tool side coil head 96 on the tool unit 20. With this
arrangement, the main body side coil head 46 and the toot side coil head 96 are coaxially situated with
each other on the central axis 0 of the spindle 16, and positioned with a gap and in opposition in the
axial direction of the spindle 16  - 17 - (up-down direction in FIG 2). By rotating the spindle 16 with the
motor 32, the tool unit 20 rotates in relation to the spindle head 14, thus rotating the tool 18, and the
tool side coil head 96 rotates relative to the main body side coil head 46 around the central axis 0 of
the spindle 16. That way, the primary power coil 56a and the main body side  5 signal coil 58a,
provided on the main body side coil head 46, and the secondary power coil 56b and the tool side
signal coil 58b, provided on the tool side coil head 96, are arranged in opposition, separated by a gap,
on the concentric axis with the central axis 0 of the spindle 16, which is the rotational center of the tool
unit 20, and are allowed relative rotation around central axis 0. 10[0055]With the main body side coil
head 46 and the tool side coil lead 96, for example, as shown in FIG 9. a power circuit 134, which
supplies DC power, is connected to the primary power coil 56a via an inverter 136 on the equipment
main body 12 side where the spindle head 14 is provided. The power circuit 134 and the inverter 136
are both arranged on the equipment main body 12 side. A control device  15 140 is connected to the
main body side signal coil 58a through a communication circuit 138, which is equipped with a
demodulator circuit. The communication circuit 138 and the control device 140 are also located on the
equipment main body 12 side. The control device 140 is equipped with a CPU, ROM and RAM, etc.,
and it adjusts the drive frequency of the inverter 136 in accordance with the electrical signal
30received from the communication circuit 138 and a predetermined program. [0056] On the other
hand, on the tool unit 20 side, the ultrasonic transducer 112 is connected to the secondary power coil
56b. As mentioned above, the ultrasonic transducer 1]2 can be considered as equivalent to the
resonant circuit shown in FIG 9. And, as also shown in FIG 9, a correcting capacitor 142 may be
provided in parallel  25 with the ultrasonic transducer 112 as necessary to offset the electrical current
that flows through the damping capacity (Cci) of the ultrasonic transducer 112. Furthermore, a
detection circuit 144 is connected to the ultrasonic transducer 112 as a detection means, and the
detection circuit 144 is connected to the tool side signal coil 58b through an amplifier circuit 146. The
detection circuit 144 is, for example,  30 configured with a Hall element or the like: and detects the
voltage applied to the ultrasonic transducer 112, as well as the electrical current that flows through the
ultrasonic transducer 112, as the state of vibration of the ultrasonic transducer 112. The detection
circuit 144 and the amplifier circuit 146 are installed on the tool unit 20 side. 



35100571The contact-free power supply unit includes the main body side coil head 46, the tool side
coil head 96, the power circuit 134, the invcrtcr 136, the communication circuit 138, the control device
140, the detection circuit 144 and the amplifier circuit 146, and the power supply unit that outputs AC
voltage to the primary power coil 56a is composed of the power circuit 134 and the inverter 136.
[0058]With the processing apparatus 10 in this embodiment, drive power can be supplied from the
equipment main body 12 as the main body side to the ultrasonic transducer 112, installed on the tool
unit 20, as the tool side. By detecting the state of vibration of the ultrasonic transducer 112, if the
resonant frequency of the ultrasonic transducer 112 has changed due to a mechanical load applied to
the ultrasonic transducer 112 or due to changes in temperature conditions, it is possible to efficiently
drive the ultrasonic transducer 112 by performing feedback control that cha frequency of the applied
voltage to the ultrasonic transducer 112. Hereafter is an example of the supply of drive power to the
ultrasonic transducer 112 and of feedback 10control. [0059]First of all, the premisethat the ultrasonic
transducer 111 composed ofe multiple piezoelectric elements 116, can be considered as equivalent,in
the neighborhood of the resonant frequency, to the circuit shown in FIG. 9. That equivalent circuit is
known to have the impedance characteristics shown in Ha 10, 15 and the frequency with the least
amount of impedance (Z) is the resonant frequency 11 of the ultrasonic transducer 112. The ultrasonic
transducer 112 vibrates with the most efficiency when the AC voltage of resonant frequency fr is
applied and a large amplitude can be achieved. At resonant frequency fr, the phase difference of the
voltage and the electrical current that flows through the ultrasonic transducer 112 is 0 20  and the
largest electrical current flows through the ultrasonic transducer 112. Also, the frequency at which the
impedance (Z) is largest is antiresonant frequency fn. [0060] Here, as prior preparation, an AC voltage
is applied to the ultrasonic transducer 112, for which the frequency is changed gradually at the
predetermined intervals of, for example, 0.1 kHz, 0.5 kHz and 1 kHz over a predetermined range that
25 sandwiches the resonant frequency estimated to a certain degree from the make-up of piezoelectric
element 116, and the electrical current that flows through the ultrasonic transducer 112 is measured.
For example, if it is supposed that the resonant frequency G of the ultrasonic transducer 112 resides in
the neighborhood of 20 kHz, the electrical current that flows through the ultrasonic transducer 112 is
measured by changing the SO applied voltage from 10 kHz to 40kHz. An example of the results of
measuring the electrical current that flows through the ultrasonic transducer 112 is shown in FIG. II
From the measurement results obtained, we can suppose that the resonant frequency G of the
ultrasonic transducer 112 exists near the frequency (approx. 23 kHz in FIG. 11) at which the largest
electrical current flowed. 



35[006]]As mentioned above, the ultrasonic transducer 112driven most efficiently at nant frequency G.
However, as is clear from FIG. 10. the eh impedance (Z) near resonant frequency fr is steep, and the
state of vibration ultrasonic transducer 112 changes sharply with only a slight deviation from resonant
frequency fr. Thus, in thisembodiment, a position slightly shifted from resonant  frequency T., and
between resonant frequency T and antiresonant frequency ff, in FIG 10, is set as drive frequency fd in
order to ensure stability in driving the ultrasonic transducer 112. Concretely, a voltage is applied
wherein the phase difference between the voltage and electrical current is within the range of
(m/2):E(rul4) and, in this  5 embodiment, as the actual measurement results in FIG. 12 show, an AC
voltage of drive frequency fd is applied for which the phase difference is m/2. FIG 13 and FIG 14 show
actual measurement results for the ultrasonic transducer 112 when the voltage of a frequency range
that is outside the neighborhood of the resonant frequency is applied. FIG 13 shows the results when
a square wave is input as AC voltage and the  10 amplitude of the electrical current is small. FIG 14
shows the results when a sine wave is input as AC voltage and, because the electrical oscillation is
unstable, a stale of dissonance can be confirmed. [0062]Now the motor 32 (see FIG 2) of e spindled
14 is drivend, with the tool unit 20 being in a state of rotation in relation to the spindle head 14, the  15
DC voltage of the power circuit 134 shown in FIG 9 is converted to high-frequency voltage by the
inverter 136 and supplied to the primary power coil 56a. Here, the drive frequency of the inverter 136
is controlled by the control device 140, and the AC voltage of drive frequency fd obtained above is
supplied to the primary power coil  56a.  20[0063]By so doing, a magnetic flux is generated in the
primary power coil 56a that penetrates the primary power coil 56a and changes in accordance with the
output frequency. The applied magnetic flux is focused at the pot core 60, and the magnetic flux that
exits the pot core 60 is interlinked with the secondary power coil  56b. As a result, the primary power
coil 56a and the secondary power coil 56b are electromagnetically coupled, and induced electromotive
Ibrce is generated in the secondary power coil 56b through mutual induction. In this way, power
transmission between relatively rotating the primary power coil 56a and the secondary power coil Sob
is possible in a contact-free state, and the high-frequency voltage generated in the secondary power
coil 56b is supplied to the ultrasonic transducer 112 as drive power.  30 Accordingly, the ultrasonic
transducer 112 is vibrated, the rotation driven by the motor 32 and the vibration of the ultrasonic
transducer 112 are superimposed in the tool 18, and processing of the workpiece 24 (see FIG I) can
be performed with greater precision. 



[00641During processing of the workpiece 24, rc onant lrcqucncyof the ultrasonic transducer 112 is
changed in accordance with the changes in the mechanical load applied through the tool 18 and the
changes in temperature conditions. Changes in resonant frequency G of the ultrasonic transducer 112,
for example, appear as the size (amplitude) of the voltage applied to the ultrasonic transducer 112, the
size (amplitude) of the electrical current flowing through the ultrasonic transducer 112,  - 20 - and a
change in the phase difference between these voltage and electrical current. For example, as
indicated as 1 in FIG 15A, when the load increases, the amplitude of the electrical current becomes
smaller and, as indicated as I' in FIG 1513, when the load increases, a phase difference is generated
that differs from the phase difference to that point. With the processing apparatus 10 according to this
embodiment, feedback control that changes the frequency of the AC voltage applied to the ultrasonic
transducer 112 in response to changes in the resonant frequency T. of the ultrasonic transducer 112
can also be performed. [0065]First, the state of vibration of the ultrasonic transducer 112 is detected
10 by the detection circuit 144 shown in FIG 9. In the detection circuit 144, for example, a Hall element
or the like is provided, and, for example, the amplitude of the voltage applied to the ultrasonic
transducer I 12, the amplitude of the electrical current flowing through the ultrasonic transducer 112,
and the phase of these voltage and electrical current etc. are detected as the state of vibration of the
ultrasonic transducer 112. IS [0066] Detected by the detection circuit 144, the amplitude and phase,
etc., of the voltage and electrical current in the ultrasonic transducer 112 is amplified at the amplifier
circuit 146 as a detection signal and applied to the tool side signal coil 58b as AC voltage. Due to that,
magnetic flux is generated that penetrates the tool side signal coil 58b and changes in accordance
with the output frequency, and that 20 magnetic flux is interlinked with the main body side signal coil
58a. As a result, induced electromotive force is generated in the main body side signal coil 58a
through the mutual induction with the tool side signal coil 58b, and the detection signal transmitted
from the detection circuit 144 is taken from the main body side signal coil 58a by the communication
circuit 138. Transmission of the electrical signal between the relatively rotating the tool side signal coil
581) and the main body side signal coil 58a in a contact-free state is made possible in this way.
[0067]The detection signal taken from the main body side signal coil 58a is input into the control
device 140. The control device 140 compares the amplitude of the voltage and the amplitude of the
electrical current of the ultrasonic transducer 112, 30 and the phase difference between that voltage
and electrical current, etc., which are all obtained from the detection signal, with the conditions prior to
receiving the detection signal. When there is a change from those conditions prior to receiving the
detection signal, in order to return to the conditions prior to receiving the detection signal, the control
device 140 changes the drive frequency of the inverter 136 so as to change the 35 power supply
frequency to the primary power coil 56a. The amount of change in the drive frequency of the inverter
136 may be set by first recording in the control device 140, as a table and in advance, the amount of
change in the amplitude of the voltage and the electrical current, as well as the amount of change in
the drive frequency in accordance with the amount of change in the phase difference, and then
searching for  the desired setting from that table. Alternatively, for example, adjustment can be made
by receiving the amplitude of the voltage and the amplitude of the electrical current of the ultrasonic
transducer 112, as well as the phase of the voltage and electrical current, etc., from the detection
circuit 144, and then changing the drive frequency of the inverter 136 gradually in 0.1 kHz or 0.5 kHz
increments, etc. This way, the AC voltage of drive frequency fi can be applied to the ultrasonic
transducer 112 in accordance with the post-change resonant frequency fr in order to return to the
expected state of vibration shown in FIG. 12. A power supply control means that includes the control
device 140 and the inverter 136 is configured in this embodiment in this way. [0068]With the
processing apparatus 10 according to this embodiment, 



power can be supplied between the relatively displaced the spindle head 14 and the tool unit 20, from
the spindle head 14 to the ultrasonic transducer 112 provided on the tool unit 20. Furthermore, it
becomes possible to transmit the state of vibration of the 15 ultrasonic transducer 112 from the tool
unit 20 to the spindle head 14 as an electrical signal, enabling feedback control that changes the
frequency of the AC voltage applied to the ultrasonic transducer 112 in response to changes in
resonant frequency IT of the ultrasonic transducer 112. As a result, a more stable stroke is ensured Ibr
the tool 18, enabling greater processing accuracy to be obtained. Also, if, for some reason, 20 a short
circuit or disconnection is generated on that tool unit 20 side, by varying the applied voltage from the
resonant frequency through a change in the resonance conditions of the ultrasonic transducer 112, it is
possible to prevent large amounts of energy from being supplied to the tool unit 20 side. [0069]Further,
with the processing apparatus 10 in this embodiment, the first winding portion 68 and the second
winding portion 70, wound in mutually opposite directions, are provided in each of the main body side
signal coil .58a and the tool side       coil 58b. With this arrangement, the induced noise electromotive
force to the main body side signal coil 58a and the tool side signal coil 58b that comes from the
magnetic flux generated by supplying power to the primary power coil 56a can be reduced, and
transmission of the electrical signal can thus be performed with greater accuracy. [0070]In other
words, as shown in model forms in FIG I6A and FIG. I 7A, when transmitting an electrical signal from
the tool side signal '1 58b to the main body side signal coil 58a, by first applying AC voltage to the tool
side signal coil 58b, electrical current is() flows to the first winding portion 68 of the tool side signal coil
58b and electrical current is; flows to the second winding portion 70. FIGS. 17A and 17E3 show the
electrical currents that flow to the near side of the paper surface as arrows that extend diagonally
downward, and the electrical currents that flow to the back side of the paper surface as arrows that
extend diagonally upward. These,  electrical current Ise and electrical current G, are the same
electrical current and both flow in the same direction in the lead wire 66 of the tool side signal coil 58b.
Furthermore, due to electrical current ise and electrical current is; flowing to the tool side signal coil
58b, magnetic flux hi is generated on the inside of the second winding portion 70, magnetic flux b. is
generated between the second winding portion 70 and the first winding portion 68, and magnetic flux
be is generated on the outside of the first winding portion 68. Here, the first winding portion 68 and the
second winding portion 70 are wound in mutually opposite directions, so, when viewing from the
exterior of the lead wire 66, the flows of electrical current is, and electrical current 10 are mutually
reversed. As a result, the lines of magnetic force of magnetic flux bi and magnetic flux b" move in the
same direction, while the line of magnetic force of magnetic flux be moves in the opposite direction to
the lines of magnetic force of magnetic flux bi and magnetic flux b," [0071]Here, magnetic flux rbe,
flowing in the opposite direction to magnetic I5 flux b", is generated by electrical current is; flowing
through the second winding portion 70 on the outside of the first winding portion 68. Meanwhile,
magnetic flux rim flowing in the opposite direction to magnetic flux h, is generated by electrical current 



ugh the first winding portion 68 on the inside of the second winding portion 70. However, because the
first winding portion 68 and the second winding 20 portion 70 are positioned apart, and there is some
distance from the second winding portion 70 to the outside of the first winding portion 68 and from the
first winding portion 68 to the inside of the second winding portion 70, magnetic fluxes rlx, and rbi
affect magnetic flux be and hi to such a small degree as to be almost inconsequential. [0072]Also, due
to the magnetic fluxes 1)1, b. and be generated by the tool side 25signal co 58b, induced current ire is
generated at the first winding portion 68 of the opposing main body side signal coil 58a and induced
current is generated at the second winding portion 70. These induced currents ir" and ir; both flow in
the same direction in the lead wire 66 of the main body side signal coil 58a and do not offset each
other. An electrical current can be transmitted from the tool side signal coil 58b 30 to the main body
side signal coil 58a in this way. Especially in this embodiment, because the main body side signal coil
58a is included in the pot core 60, the first winding portion 68 is arranged close to the external wall 82
of the pot core 60, and the second winding portion 70 is arranged close to the internal wall 84. Thus,
induced currents it,-, and rj, which both flow in the same direction in the lead wire 66, can be effectively
generated respectively in the first winding portion 68 and the second winding portion 70 by focusing
magnetic flux lx and brespectively at the external wall 82 and the internal wall 84. [0073]On the other
hand, as shown in model form in FIG I 611 and FIG 1713, if AC volLige is applied to the primary power
coil 56a, magnetic 11/X 13i is generated  inside the primary power coil 56a and magnetic flux
B,outside. The direction oldie line of magnetic force of magnetic flux F31 and the direction of the line of
magnetic force of magnetic flux B" are mutually opposed. These magnetic fluxes 131 and Bo pass
through the inside of the second winding portion 70 and the outside of the first winding portion 68
respectively in each of the main body side signal coil 58a and the tool side signal coil 581). Due to this,
and using the main body side signal coil 58a as an example for explanation, induced current in", which
becomes noise current, is generated in the first winding portion 68, and induced current i1, which
becomes noise current, is generated in the second winding portion 70. Because magnetic flux I 0 131
and magnetic flux BO move in mutually opposite directions, sandwiching both sides of the first winding
portion 68 and the second winding portion 70, induced current and induced current i01 both flow in the
same direction when viewing from the exterior of the lead wire 66 of the main body side signal coil
58a. And, because the first winding portion 68 and the second winding portion 70 are wound in
mutually I5 opposite directions, induced current i"" and induced current in; are electrical currents of
mutually opposite directions within the lead wire 66, and mutually reverse electromotive forces are
generated in relation to the common magnetic field in the first winding portion 68 and the second
winding portion 70. As a result, induced current i," and induced current i1 cancel each other out, and,
by changing the size and 20 number of winds on the first winding portion 68 and the second winding
portion 70 so that the size of induced current in" and induced current i111 are as close as possible, it is
possible to offset the electromotive forces that become noise and that are generated in the main body
side signal coil 58a due to the effect of magnetic fluxes 131 and BO generated by the primary power
coil 56a. It is thus possible to transmit the electrical signal while reducing the noise caused by the
effect of the primary power coil 56a in this way. 10074IHere, as shownboth FIG 1613 and FIG 1713, it
is possible to similarly reduce noise electromotive force in the tool side signal coil 58b as well, and, 



in this embodiment, noise can be reduced in both the electrical signal's transmission 30 side (the tool
side signal coil 58b) and reception side (the main body side signal coil 58a). It is also possible to
improve the transmission quality of the electrical signal by adopting a specific coil winding path like
that described above for each of the main body side signal coil 58a and the tool side signal coil 58b, in
an extremely simple configuration and without separately providing any special control device or noise
suppression coil material. Furthermore, because using a specially configured coil winding path
produces offsetting electromotive forces of opposite directions, even when the amount of magnetic flux
that affects the main body side signal coil 58a and the tool side signal coil 58b changes, it is possible
to automatically counter the changes in the amount of magnetic flux without the need for retuning and
the like, and  - 24 - an outstandn.ng noise supp-ession effect can be achieved. [0075]And, since the
effect from the primary power coil 56a can be offset becomes possible to locate the main body side
signal coil 58a in a position extremely close to the primary power coil 56a. In this embodiment, the
main body side signal coil 58a is seated together with the primary power coil 56a in the same circular
groove 80 in the pot core 60. This way, mutual lead wires 62 and 66 can also be arranged in an
overlapping manner, which was conventionally difficult due to the mutual interference of their magnetic
paths, so that enlargement and complexity of the core components can be avoided, and outstanding
space efficiency can be achieved. Also, 10 by seating the main body side signal coil 58a inside the pot
core 60, it is possible, for example, to protect the main body side signal coil 58a from the disturbance
caused by magnetism from the motor 32, etc. [0076]Furthermore, in the processing apparatus 10,
which is structured in accordance with this embodiment, the pot core 60 is situated only on the spindle
head 15 14 side; it is not situated on the tool unit 20 side where the ultrasonic transducer 112 is
located. From this, an increase in the inductance of the. resonant circuit in the ultrasonic transducer
112 can be avoided, and a decrease in the resonant frequency of the ultrasonic transducer 112 can be
avoided as well. As a result, the ultrasonic transducer 112 can be driven at a high frequency, and
greater processing accuracy can 20 be attained. Furthermore, by preventing large changes in the
resonant frequency of the ultrasonic transducer 112, that resonant frequency of the ultrasonic
transducer 112 can be easily brought in line with the mechanically unique vibration frequency of the
tool unit 20, which includes the horn 114 and the tool 18. Tuning thus becomes easy and the effective
stroke of the tool 18 can he obtained. 115[0077]In addition, because, by adopting a specific coil
winding path for the main body side signal coil 58a and the tool side signal coil 58b, noise
electromotive lbrce can be reduced through the very structure of the main body side signal coil 58a
and the tool side signal coil 58b, the detection signal transmitted from the tool unit 20 side can be
quickly reproduced at the equipment main body 12 side without the need 30 for a special noise
eliminating means. Furthermore, the timing at which noise electromotive force is generated in the main
body side signal coil 58a and the tool side signal coil 58b can be precisely controlled through the
timing at which power is supplied to the primary power coil 56a and the secondary power coil 56b.
Thus, the real-time quality of the signal transfer from the tool unit 20 to the equipment main 35 body 12
can be improved, and feedback control can be performed with better responsiveness. Ha 18 shows
the measured results of the transmission timing of the detection signal at the tool unit 20 side
("Transmission Signal" in the drawing) and the reception timing at the equipment main body 12 side
("Reception Signal" in the drawing). As indicated as AX at the bottom of the graph in FIG 18, the time
required 



_ for signal transfer from time XI, when the detection signal at the tool unit 20 side was transmitted, to
time X2, when the detection signal was received at the equipment main body 12 side, is 64.0 ns, thus
confirming that an extremely rapid signal transfer is possible. [0078] Furthermore, by not providing the
pot core 60 on the tool unit 20 side, like, for example, in the case that the core components are
installed on both the spindle head 14 and the tool unit 20, there is no focusing of the magnetic flux
from the primary power coil 56a between opposing surfaces of the core components. This can avoid a
10 sudden drop in the interlink magnetic flux of the secondary power coil 56b due to only a slight shift
of the tool unit 20 in relation to the spindle head 14 and stable power transmission can be carried out.
Also, by aggressively generating leakage flux between the primary power coil 56a and the secondary
power coil 56b, as shown in FIG 27, for example, the AC voltage received at the secondary power coil
Sob side 15 can be brought closer to the sine wave of the mechanical vibration of the ultrasonic
transducer 112 when AC power is transmitted from the primary power coil 56a as a square wave. As a
result, the drive of the ultrasonic transducer 112 can be manifested more stably, the deviations in the
ultrasonic transducer 112 can be minimized, and greater processing accuracy can be obtained. It is
also possible to reduce the 20 generation of heat caused by surplus power. In addition, by not
installing a core component on the tool unit 20 side, the weight of the tool unit 20 can be lightened for
'faster rotation, and problems such as damage to the core component at high-speed rotation can be
avoided. [0079} 25Here, FIG 19 shows when the present invention was employed in the head portion
of an NC lathe and shows both a hole 150, which -d in the workpiece 24 when the tool 18 was vibrated
and rotated, and, as a comparative example, a hole 152, which formed when the tool 18 was rotated
without vibration. Both eases were carried out under the same conditions: the workpiece 24 was a
glass plate, the tool 18 was an 30 endmill with a blade diameter of olOmm, the drilling time was
approximately 20 sec, rotation was 5000 rpm, and, when the tool 18 was vibrated, vibration was
performed with a specific vibration stroke of a few nm to a few um. As shown in FIG 19, when the tool
18 was vibrated and rotated, the workpiece 24 did not crack and the smooth hole 150 was formed. On
the other hand, when the tool 18 rotated without vibration to form the hole 152, the workpiece 24
cracked and a smooth hole could not be formed. [0080] Further, as shown in model Farm in FIG 20,
the processing apparatus 10 according to this embodiment can be equipped with multiple tool units 20
and 154 (shown as two in FIG 20), and those multiple tool units 20 and 154 can be selectively
attached to the  



- 26- spindle head 14, for example, using an ATC (not shown in the drawing)manually.               -caller,
for the structure of the tool unit 154 that is similar to the tool unit 20, the same numbering has been
used in the drawing and a separate explanation has been omitted. [008]1 The tool unit 154
corresponds to the tool unit 20 with the tool side signal coil 58b removed from the tool side coil head
96. That is to say, a tool side coil head 155 on the tool unit 154 is equipped only with the secondary
power coil 561, and the secondary power coil 56b is connected to the ultrasonic transducer 112. Also,
the 10 detection circuit 144 and the amplifier circuit 146 (see FIG. 9), which are on the tool unit 20, are
not included with the tool unit 154. Therefore, when the tool unit 154 is installed on the spindle head
14, the main body side signal coil 58a is not used and the ultrasonic transducer 112 is driven at the
specified frequency by, for example, transmitting the AC voltage of frequency preset in the control
device 140 to the tool 15unit 154. Furthermore, the tool 18 on the tool unit 154 may be different than
the tool 18 on the tool unit 20, or it may be the same. [00821 By doing this, various processing can be
accomplished by preparing multiple tool units equipped with different types of tools. For example, the
tool unit 20 can be used 20when it is desirable to detect the state of vibration of the tool 18 and
perffirm feedback control, or the tool unit 154 can be used when feedback control is not necessary.
[0083] Furthermore,in FIG 21, the processing apparatus 10 according to this embodiment can be
operated remotely by connecting with a 



25 computer network 156, such as a LAN, WAN, or the Internet. For example, by connecting a
network interface 157 to the control device 140 provided on the equipment main body 12, the control
device 140 can be connected to the computer network 156 via the network interface 157. A client 158
and a server 160 composed of computers are also connected to the computer network 156. 30[0084]
As shown by arrov,, R1 in FIG 21, the client 158 is connected to the server 160 via the computer
network 156 and, as shown by arrow R2, the processing apparatus 10 is connected as a client to the
server 160. Thus client 158 and the processing apparatus 10 are connected to each other through the
server 160 and, by installing a routing device that buffers bidirectional data packets at the server 160
and transmits them reciprocally to the client 158 and the processing apparatus 10, it is possible to use
the client 158 to remotely operate the processing apparatus 10, which is on a network environment
isolated by a firewall, and the vibration characteristics of the ultrasonic transducer 112 on the
processing apparatus 10 can then be remotely  monitored at the client 158. Further, it is also possible
to provide a database 162 on the server 160, in which the vibration characteristics of the ultrasonic
transducer 112 on the processing apparatus 10 and the operating conditions of the processing
apparatus 10 are memorized. This allows the database 162 on the server 160 accessible from the
processing apparatus 10 in order to set operating conditions, or accessible from the client 158 in order
to control the operation of the processing apparatus 10 in accordance with the obtained vibration
characteristics and operating conditions. A control program installed in the control device 140 on the
processing apparatus 10 can also be updated remotely from the client 158 and the server 160 over 10
the computer network 156. Also, as shown in arrow R3 in FIG 21, for example, by providing a server
function in the control device 140 itself on the processing apparatus 10, the client 158 can be
connected directly to the processing apparatus 10 without Mg through the server 160. [0085] One
embodiment of the 1.resent invention is described in deiail abovs embodiments of the presentnot I
imbed to that above. Hereafter, some different embodiments for the present inventionshown, but these
are ultimately    exemplifications and do not indicate that the present invention is limited to the
following concrete embodiments. Also, for those components and parts of the 20Ibllowing
embodiments that are equivalentembodiment above, the same numbering has been used in the
drawiseparate explanations have been omitted. 10086] 1, FIG 22 sho''170 in model thrill equi Piled
with the ans used in the processing apparatus according to a second embodiment 



45  the present invention. In this embodiment, the multiple piezoelectric elements 116 that make up
the ultrasonic transducer 112 are provided along with a piezoelectric element 172 as the detection
means. The piezoelectric element 172, functioning as the detection means, is sandwiched between
electrodes 174a and 174b and these electrodes I 74a and 174b are connected to the amplifier circuit
146 (see FIG 9). This 30  piezoelectric element 172 as the detection means is, similarly to the multiple
piezoelectric elements 116 that compose the ultrasonic transducer 112, externally fitted onto the bolt
120. fastened with the metal block 122 and the horn 114, which are screwed onto both sides of the
bolt 120, and layered together with the piezoelectric elements 116 that compose the ultrasonic
transducer 112. An insulation 176 intervenes between the adjacent electrode I 18a of piezoelectric
element 116 and the electrodes 174a of the piezoelectric element 172. which is the detection means
they are mutually insulated. [0087] With this kind of structure when the ultrasonic transducer II 2 is
driven, the vibration  - of the ultrasonic transducer 112 is transferred to the piezoelectric element 172,
the detection means, and voltage is generated in the piezoelectric element 172. By supplying this
voltage that is generated in the piezoelectric element 172 from the electrodes I74a and 174b through
the amplifier circuit 146 to the tool side signal coil 58b and transmitting it to the main body side signal
coil 58a, the state of vibration of the ultrasonic transducer 112 can be detected by the control device
140 on the main body side as a change in voltage. Further, with this embodiment, the detection means
can be realized with a simple structure. In addition to that, because the detection means can be
coaxially installed within the ultrasonic transducer 112, the detection 10 means can be provided via an
efficient use of space and, by suppressing deviations in the tool side's weight balance, the rotational
drive of the tool side can be performed more stably. [0088] Next, FIG 23 shows a disassembled main
body side coil head 182, equipped with the 15 primary power coil 56a and a signal coil 180, that are
part of the processing apparatus according to a third embodiment of the present invention. With the
signal coil 180, after winding the lead wire 66 circularly to form the first winding portion 68, the lead
wire 66 is extended out from the first winding portion 68, and the second winding portion 70 is formed
by winding in the opposite direction from the first winding 20 portion 68. Further, the first winding
portion 68 is first seated in the circular groove 80 of the pot core 60, and, after that, the primary power
coil 56a and the second winding portion 70 are seated, in that order. The first winding portion 68 and
the second winding portion 70 are thus arranged, sandwiching the primary power coil 56a on both
sides in the axial direction. 15[0089] As in this embodiment,it is possible to torm theding portion 68 and
the second winding portion 70 for the signal coil 180 on different planes. By doing so, a large area for
ibrming the first winding portion 68 and a large area for forming the 



second winding portion 70 can be separately secured, and thus the level of freedom in 30 setting the
number of winds for the first winding portion 68 and the second winding portion 70 can be improved.
This configuration can also be applied to the tool side coil head 96 (see FIG. 5, etc.), and, in that case,
the first winding portion 68 and the second winding portion 70 of the signal coil 180 can be arranged
sandwiching the secondary power coil 56b on both sides without using the pot core 60. Also, in this
embodiment, the signal coil 180 may be used on both the main body side and the tool side, or used
only on one of those sides, with the other side adopting a signal coil having different configuration such
as the one mentioned in the first embodiment above. 100901  79 _ Next, FIG 24 shows a signal coil
190, which is part of the processing apparatus according to a fourth embodiment of the present
invention. The signal coil 190 is installed on the main body side coil head 46, and the lead wire 66,
which is seated in the circular groove 80 of the pot core 60, extends out to the exterior of the pot core
60 and is wound around a circumference surface 192 of the pot core 60. A circumferential winding
portion 194 is formed by the lead wire 66 wound on the circumference surface 192. The winding
direction of the circumferential winding portion 194 is set in the same direction as either the first
winding portion 68 or the second winding portion 70. 10[0091] In this embodiment, a coil winding path
that generates mutually reverseelectromotive  forces is formed by the First winding portion 68, the
second winding portion 70, and the circumferential winding portion 194. Through this, it is possible to
adjust the noise reduction effect more precisely. It is also possible to form a coil winding path in 15
which mutually reverse electromotive forces are generated by the circumferential winding portion 194
and either the first winding portion 68 or the second winding portion 70. Also, in this embodiment, a
signal coil 196 of the tool side coil head 96 is wound in only one direction and given the annular-shape
that is conventionally in wide use. In this way, a coil winding path that generates mutually reverse 20
electromotive forces can be formed on at least one of the signal coils on the main body side or the tool
side [0092] FiCi. 25 shows a signal coil 200 in model form, which is part of the processing apparatus
according to a fifth embodiment of the present invention. With the signal 25 coil 200, an outer winding
portion 202 is formed by extending the lead wire 66 circumferentially, in radially outside, less than one
circle (approx. 1/6 of a circle in this embodiment) and turning it back from the outer winding portion
202. An inner winding portion 204 is formed by extending the lead wire 66 circumferentially in the
opposite direction from the outer winding portion 202, in radially inside, 30 approximately the same
length circumferentially as the outer winding portion 202 (approx. 1/6 of a circle in this embodiment). A
small loop portion 206 is formed by this outer winding portion 202 and the inner winding portion 204.
This kind of small loop portion 206 is created repeatedly to form multiple small loop portions 206
circumferentially and in sequence. Also, the number of winds in each small loop portion 206 can be set
as desired. Thus, the outer winding portions 202 of the respective small loop portions 206 are formed
on approximately the same circumference, and a first winding portion 208 is formed by these multiple
outer winding portions 202. The inner winding portions 204 of the respective small loop portions 206
are formed on approximately the same circumference on the inside of the  



- 30 - outer winding portions 202, and a second winding portion 210 is formed by the multiple inner
winding portions 204. [0093] Even with this kind of winding path, the outer winding portions 202 and
the inner winding portions 204 are wound in mutually opposite directions (the outer winding portion
202: clockwise, the inner winding portion 204: counter-clockwise in Fl (11 25) around center o of the
primary power coil and the secondary power coil (neither shown in the drawing), which are arranged
on the concentric axis with the signal coil 200. Thus, the first winding portion 208 and the second
winding portion 210 wound in 10 mutually opposite directions can be formed by the multiple outer
winding portions 202 and the multiple inner winding- portions 204. And, since, with this embodiment,
the number of winds for each small loop portion 206 can be changed, for example, in accordance with
a variance in the amount of local magnetic flux change that occurs circumferentially in the signal coil
200, the noise electromotive force reduction effect 15 can be adjusted more precisely. Further, the
form-stability of the signal coil 200 can be heightened by making multiple circularly-shaped small loop
portions 206 that extend partially around in a circumferential direction. [0094]    Embodiments of the
present invention are described in detail above, but these are 20ultimately exemplifications, and the
concrete description of those embodiments should not be construed as limiting the present invention in
any way. [0095] For example, with each of the embodiments above, the core component is provided
only on the main body side, but, in cases such as when it is desirable to enlarge the 25 gap between
the main body side and the tool side, namely, to adjust the interns* magnetic flux of the signal coil, the
core component can be included on the tool side's signal coil, etc. In such a case, it is preferable to
arrange the core component without an exterior encompassing the tool side's secondary power coil,
thus avoiding an increase in the secondary power coil's inductance while also being able to include the
$0tool side's signal coil in that core component. [0096] Also, various types of embodiments canb
adopted as concr 



control the power supply frequency to the primary power coil in response to changes in the resonant
frequency of the tool side's ultrasonic transducer, without being limited to arithmetic processing with a
CPU. For example, a feedback means using a Phase Locked Loop (PLI...) can be adopted. Also, the
detection targets for detecting changes in the ultrasonic transducer's resonant frequency do not need
to be limited to voltage and electrical current, etc., as in the embodiments above; the surrounding
ambient temperature, or the ultrasonic transducer's mechanical amplitude or distortion,  31 for
examplealsoidopted. Therefore, a thermometer, accelerometer or the like can be used as detection
means to detect the ultrasonic transducer's state of vibration. [0097] Furthermore, the winding shape
of the power coil and signal coil can also be made, for example, rectangular or elliptical without limiting
them to being circular. In addition, in the signal coil, the concrete form of the coil winding path that
generates mutually reverse electromotive forces is not limited to those forms in the above
embodiments. [0098] Also, in the first embodiment above, the electrical signal is transmitted from the
tool side's signal coil to the main body side's signal coil, but it is naturally possible to use these signal
coils to transmit the electrical signal conversely from Me main body side to the tool side. For example,
multiple detection means can also be provided on the tool side to detect the ultrasonic transducer's
state of vibration and have an electrical 15 signal that specifies which of those multiple detection
means to use transmitted from the main body side to the tool side, while also transmitting the results of
the specified detection means from the tool side to the main body side as an electric signal, etc. In
such a case, for example, it is possible to detect the switching timing of the inverter that transmits
power from the primary power coil to the secondary power coil in order 20 to control the timing of
transmission of the electrical signal in accordance with that switching timing, i.e., the timing of applying
voltage to the signal coil. Also, by using half-duplex serial communication, the pair of signal coils on
the main body side and the tool side can be used to both transmit an electrical signal from the main
body side to the tool side and conversely transmit an electrical signal from the tool side to the main
body side. [0099] In addition, modulation methods used to transmitelectrical signal withof signal coils
are not limited at all; various modulation methods can be adopted, for example, analog modulation like
amplitude modulation (AM), frequency modulation (FM) and phase modulation (PM), digital modulation
like phase-shift keying (PS K), binary phase-shift keying (Manchester encoding, BPSK), and
frequency-shift keying (FSK), and pulse modulation like pulse width modulation (PWM). [0100] In
addition, without particularly 'sthe present implemented in embodiments to which a variety changes,
revisions,improvements, etc., are applied based on the knowledge of the corresponding expert. And,
as lom- 



as such an embodiment does not deviate from the purport of the present invention, they are all
naturally contained within the scope of the present invention.  KEYS TO SYMBOLS [0101] 10:
processing apparatus, 12: equipment main body, 14. spindle head 18: tool, 20: tool unit, 24:
workpiece, 36: labyrinth seal, 42: main body side transmission unit, 46: main body side coil head, 56a:
primary power coil, 56b: secondary power coil, 58a: main body side signal coil, 58b: tool side signal
coil, 60: pot core, 68: first winding portion, 70: second winding portion, 94: vibration unit, 96: tool side
coil head, 112: ultrasonic transducer, 114: horn, 116: piezoelectric element, 120: bolt, 124: insulating
layer, 125: chuck mechanism, 132: airflow path, 172: piezoelectric element (detection 10means), 176:
insulation  CLAIMS A processing apparatus comprising: a main body side equipped with a power
supply unit that outputs AC voltage;        a tool side rotatable in relation to the main body side and
equipped with an ultrasonic transducer to which a tool is connected;        a pair of a primary power coil
and a secondary power coil, which are disposed between the main body side and the tool side on a
concentric axis with a rotating central axis of the tool side, wherein a drive power is supplied via the
primary and 10secondary power coils from the power supply unit on the main body side to the
ultrasonic transducer on the tool side, being characterized  in that:        a pair of signal coils are
disposed between the main body side and the tool side such that the signal coils are located on a
concentric axis with the power coils and stacked in an axial direction, respectively on the main body
side and the tool side, 15  a detection means is provided on the tool side for detecting a state of
vibration of the ultrasonic transducer, and a detection signal from the detection means is transmittable
via the signal coils from the tool side to the main body side, 



a power supply control means is provided on the main body side for controlling a power supply
frequency to the primary power coil based on the detection 20signal from the detection means, and
at least one of the signal coils on the main body side and the tool side, is provided with a coil winding
path that generates mutually reverse electromotive forces in order to offset the electromotive forces
generated in that signal coil due to an etThet of magnetic flux produced by the power coils. 7).,._
processing, apparatus according to claim I, whereincoil winding path, which generates mutually
reverse electromotive forces, includes a first winding portion and a second winding portion that are
wound in mutually opposite directions. 30processing apparatus according to claim 2, wherein the first
winding portion and the second winding portion, which is turned back from the first winding portion and
wound conversely along the first portion, are formed on a same plane. 4.The processingapparatus
according to any one of claims 1-3, wherein a pot core, which made from a permeable-magnetic
material and has a groove extending  5.The processing apparatus according to claim 4, wherein the
pot core is provided solely on the main body side. 56.The processing apparatus according to claim 4
or 5, wherein a distance of separation between the first winding portion and the second winding portion
is greater than a distance of separation to walls of the groove from both sides of the signal coil. 7.The
processing apparatus according to any one of claims 1-6, wherein the 10 ultrasonic transducer is a
Langevin transducer with multiple piezoelectric elements layered, and the detection means is
composed of a piezoelectric element layered on those multiple piezoelectric elements. 


