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1
METHOD OF PRODUCING A
HIGH-FREQUENCY HEAT TREATMENT
COIL

TECHNICAL FIELD

The present invention relates to a high-frequency heat
treatment coil, an outer joint member for a constant velocity
universal joint, and to a constant velocity universal joint.

BACKGROUND ART

In a constant velocity universal joint to be used in a power
transmission device of automobiles and various industrial
machines, a main portion includes an outer joint member
210, a tripod member 220 serving as an inner joint member,
and rollers 230 as illustrated in FIGS. 14 and 15. One shaft
(drive shaft) of two shafts on a drive side and a driven side
to be connected extends integrally from a bottom portion of
the outer joint member 210, and the other shaft (not shown)
thereof is connected to the tripod member 220.

The outer joint member 210 has a bottomed tubular shape
having one end opened, and three track grooves 212 extend-
ing in an axial direction are formed on an inner circumfer-
ence of the outer joint member 210 at equal intervals in a
circumferential direction. The tripod member 220 includes
three leg shafts 224 protruding from a cylindrical boss
section 222 to outside in a radial direction, and the leg shafts
224 are inserted in the track grooves 212 of the outer joint
member 210 to be engaged with the track grooves 212 to
transmit torque. The roller 230 is rotatably fitted externally
to each leg shaft 224 through intermediation of a needle-
shaped roller 240, and rolling of the roller 230 along a pair
of opposed roller guide surfaces 214 of the track groove 212
smoothens angular displacement and axial displacement
between the two shafts to be connected.

An outer circumferential surface of the leg shaft 224
forms an inner rolling surface of the needle-shaped roller
240, and an inner circumferential surface of the roller 230
forms an outer rolling surface of the needle-shaped roller
240. A plurality of needle-shaped rollers 240 are provided
between the outer circumferential surface of the leg shaft
224 and the inner circumferential surface of the roller 230 in
a full roller state.

Each of those needle-shaped rollers 240 is held in contact
with an inner washer 250 externally fitted to a root portion
of the leg shaft 224 on an inner side in a radial direction, and
is held in contact with an outer washer 260 externally fitted
to a tip end portion of the leg shaft 224 on an outer side in
a radial direction. The outer washer 260 is retained by fitting
a retaining ring 270 such as a round circlip to an annular
groove 226 formed in the tip end portion of the leg shaft 224.

Metal components such as the outer joint member of the
constant velocity universal joint as described above is sub-
jected to thermal hardening treatment for enhancing
strength. As the thermal hardening treatment, there is given
high-frequency heat treatment. In the high-frequency heat
treatment, a coil suitable for each product in terms of a
product shape, quenching depth, a quenching range, and the
like is to be used.

As the related art, there is given a metal tube made of
copper or the like to be used as a high-frequency induction
heating coil (JP 2010-86904 A). Such a metal tube is
assembled by brazing a plurality of components made of
copper with silver solder or the like.

Specifically, a high-frequency induction heating coil for
an outer joint member of a tripod type constant velocity
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universal joint, as illustrated in FIG. 14, and the like, is
obtained by forming a plurality of components illustrated in
FIG. 12 and brazing them for assembly.

In this case, a coil 10 includes heating sections 1a, 15, and
1c to be fitted into three track grooves. The heating sections
1a, 15, and 1c are hollow so that cooling water is allowed to
flow therethrough. That is, the respective heating sections
1a, 15, and 1c include heating section bodies 2 in an inverted
U-shape, connecting members 3a, 3b, 3¢, and 3d for con-
necting lower ends of the heating section bodies 2, cover
members 4a, 45, and 4c¢ for closing openings of upper wall
sections of the heating section bodies 2, cover members 5a,
5b, 5¢, and 5d for closing lower openings of the connecting
members 3a, 3b, 3¢, and 3d, and inner flanges 6a, 65, and 6¢
connected to the upper wall sections of the heating section
bodies 2. Therefore, the coil 10 includes a total of 17
components.

Further, as illustrated in FIG. 19, a fixed type constant
velocity universal joint generally includes an outer joint
member 303 in which a plurality of guide grooves (track
grooves) 302 are formed on an inner surface 301 thereof in
an axial direction, an inner joint member 306 in which a
plurality of guide grooves (track grooves) 305 are formed on
an outer surface 304 thereof, a plurality of balls 307 dis-
posed in ball tracks formed by the cooperation of the track
grooves 302 of the outer joint member 303 and the track
grooves 105 of the inner joint member 306, and a cage 308
having pockets 309 for accommodating the balls 307.

In this case, as illustrated in FIGS. 16 and 17, a hardened
layer 310 is formed on the inner surface 301 of the outer
joint member 303 by high-frequency heat treatment or the
like.

A coil 320 to be used for the high-frequency heat treat-
ment is assembled by, for example, brazing a plurality of
components made of copper with silver solder. That is, as
illustrated in FIG. 18, the coil includes components includ-
ing first and second members 311, 312 for forming a current
passage of a high-frequency current, a connector 313 for
connecting the first and second members 311, 312, a first
cover member 314 for closing an opening of the first
member 311, and a second cover member 315 for closing an
opening of the second member 312. In this case, the respec-
tive components are formed of copper or the like and are
joined by brazing or the like.

In the coil, a cooling water passage through which cooling
water flows is formed. That is, the cross-section of the coil
is formed into a tubular shape for reducing the influence of
self-heating and radiation heat from a heated product, and
during use, cooling water is constantly passed through a tube
(cooling water passage). However, the coil may be damaged
by a stress generated by repeating self-heating or heating
with radiation heat and cooling with the passage of cooling
water.

Then, there have been proposed various methods as a coil
life improving method. That is, heating time is extended by
lowering an output, or a coil shape is devised as shown by
JP 7-226292 A, JP 7-36395 A, etc.

Technical Problem

In the case of brazing respective components formed with
a copper material, for example, the components heated to
600° C. or more are brazed with silver solder. In this case,
in order to fix the components and prevent deformation and
distortion of the components by heating, it is preferred to
assemble the components through use of a jig 11 as illus-
trated in FIG. 13. The jig 11 is formed of a tubular body
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having an inner diameter section corresponding to a mouth
section inner diameter section of an outer joint member of a
tripod type constant velocity universal joint serving as a
member to be heated.

However, in the case of the coil 10 as illustrated in FIG.
12, the number of components is large, and the number of
portions to be brazed is large. Therefore, even when the
restraining jig 11 as illustrated in FIG. 13 is used, a skillful
brazing technology and long operation time are required to
entail high cost for performing assembly with high dimen-
sion accuracy.

Further, in the case of extending life by lowering the
output to extend heating time period so as to reduce the load
on the coil, there is a problem in that processing time period
becomes longer to degrade productivity.

Further, in the case of extending life by devising the coil
shape to reduce the load on the coil as described in JP
7-226292 A and JP 7-36395 A, the coil shape may become
complicated, with the result that electrical matching may be
impossible in existing facilities. A frequency can be calcu-
lated by a formula shown in the following Expression 1.

1 (D
2aVLC

f: Frequency
L: Inductance of coil
C: Capacitor capacitance

Therefore, when the coil shape becomes complicated, the
inductance of the coil changes greatly. Thus, when the
inductance of the coil changes, the coil is not oscillated at an
intended output and frequency. Then, it becomes necessary
to remodel an existing oscillator.

In the coil as illustrated in FIG. 18, due to the presence of
a boundary surface between the solder material and the
copper, cracking occurs from the boundary surface when the
boundary surface receives self-heating or radiation heat
repeatedly, with the result that cooling water leaks and the
coil comes to the end of life. Further, a current is likely to
be concentrated on a connector 313 313 for connecting the
first and second members 311, 312. In this case, there is a
boundary surface of a solder material and copper in the
connector 313, and cracking is likely to occur to shorten the
life of the coil.

SUMMARY OF INVENTION

In view of the above-mentioned problems, it is a first
object of the present invention to provide a high-frequency
heat treatment coil capable of being assembled with high
dimension accuracy and performing high-quality heat treat-
ment, and a method of producing the high-frequency heat
treatment coil. Further, it is a second object of the present
invention to provide a high-frequency heat treatment coil, an
outer joint member for a constant velocity universal joint,
and a constant velocity universal joint capable of effectively
preventing cracking and the like caused by a self-heating
amount. Further, it is a third object of the present invention
to provide a constant velocity universal joint subjected to
high-quality heat treatment, and a drive shaft and a propeller
shaft using the constant velocity universal joint.

Solution to Problem

A first method of producing a high-frequency heat treat-
ment coil of the present invention is a method of producing
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a high-frequency heat treatment coil including a heating
section for heating a heat treatment portion of an outer joint
member for a constant velocity universal joint, the method
comprising forming the heating section by machining in an
integrated manner and joining the heating section to another
section, to thereby complete the high-frequency heat treat-
ment coil.

A first high-frequency heat treatment coil of the present
invention is a high-frequency heat treatment coil comprising
a heating section for heating a heat treatment portion of an
outer joint member for a constant velocity universal joint,
wherein the heating section is formed by machining in an
integrated manner.

In the first high-frequency heat treatment coil of the
present invention, joining portions for assembly are pro-
vided outside the heating section, and hence the dimension
accuracy of the heating section is not degraded due to
joining (for example, joining by brazing). That is, a portion
required for heating is formed integrally by machine pro-
cessing, and the influence of deformation and distortion
involved in brazing can be suppressed, with the result that an
assembled coil can keep high accuracy.

In the first method of producing a high-frequency heat
treatment coil, the heating section may comprise a coil body
in which a current passage through which a high-frequency
current flows is formed, and the method may further com-
prise forming the coil body by machining in an integrated
manner, and joining a cover member serving as the another
section to the coil body to form a cooling water passage, to
thereby complete the high-frequency heat treatment coil.

Further, in the first high-frequency heat treatment coil of
the present invention, the heating section may comprise a
coil body in which a current passage through which a
high-frequency current flows is formed, the coil body may
be formed by machining in an integrated manner, and a
cover member may be joined to the coil body to form a
cooling water passage.

In the high-frequency heat treatment coil, the coil body in
which the current passage through which the high-frequency
current flows is formed is formed by machining in an
integrated manner. Therefore, the self-heating amount can
be reduced, and a boundary surface between the solder
material and the copper, which is likely to be an origin for
breakage, can be reduced.

It is preferred that a current flowing through a joining
section between the cover member and the coil body be set
to a minute current, and the joining section be provided
outside a position contributing to heating. Further, it is
preferred that the current passage of the coil body comprise
two passages of a first circumferential passage and a second
circumferential passage, and a connecting section between
the first circumferential passage and the second circumfer-
ential passage be inclined at a predetermined angle with
respect to a current flow direction. By setting as described
above, the concentration of a current in a corner portion
which tends to cause breakage can be alleviated.

The high-frequency heat treatment coil may be used for
high-frequency quenching and high-frequency tempering.
The high-frequency quenching refers to a quenching method
using high-frequency induction heating, which adopts the
principle involving supplying a portion required for quench-
ing in a coil through which a high-frequency current is
flowing, generating Joule heat by an electromagnetic induc-
tion function, and heating a conductive object with the Joule
heat. Further, the high-frequency tempering refers to a
tempering method using high-frequency induction heating,
which involves subjecting a product to induction heating and
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cooling it with a refrigerant (cooling water, etc.). That is, as
the high-frequency heat treatment, it is preferred that, for the
purpose of hardening an entire surface or a partial surface of
an iron steel product, the iron steel product be heated to an
appropriate temperature of Ac3 or Acl point or more by
induction heating and cooled (quenched) with an appropriate
refrigerant, and further for the purpose of adjusting the
hardness and increasing the toughness, the resultant be
heated to an appropriate temperature of Acl point or less in
an ordinary tempering furnace and cooled (tempered).

An outer joint member for a constant velocity universal
joint of the present invention is subjected to heat treatment
through use of the above-mentioned high-frequency heat
treatment coil.

The outer joint member for a constant velocity universal
joint may be an outer joint member for a tripod type constant
velocity universal joint in which three track grooves extend-
ing in an axial line direction are provided on an inner
circumference thereof, guide surfaces opposed to each other
are provided on inner walls of each of the three track
grooves, and a large inner diameter section is formed
between the guide surfaces.

The outer joint member for a constant velocity universal
joint may be an outer joint member for a fixed type constant
velocity universal joint including a mouth section in which
a track groove to which a ball serving as a torque transmit-
ting member is fitted is formed on an inner surface thereof.

A constant velocity universal joint of the present inven-
tion uses the above-mentioned outer joint member for a
constant velocity universal joint.

The drive shaft of the present invention uses the above-
mentioned constant velocity universal joint, and the propel-
ler shaft of the present invention uses the above-mentioned
constant velocity universal joint. The drive shaft is an axle
for transmitting a rotative force of an engine from a differ-
ential gear to a tire. The propeller shaft refers to a propulsion
shaft, which is a rotation shaft extending back and forth in
the center of a vehicle body of an FR car and a 4WD car. The
propeller shaft transmits a rotative force of an engine to a
differential gear and the like.

Advantageous Effects of Invention

In the first high-frequency heat treatment coil of the
present invention, the influence of deformation and distor-
tion involved in brazing can be suppressed. Therefore, the
assembled coil can keep high accuracy, and a skilled brazing
technology is not required. Further, a coil can be assembled
in a short period of time, and achieves excellent productivity
and low cost. Thus, the first high-frequency heat treatment
coil of the present invention is a coil with high accuracy;
hence a gap between a heating section which greatly influ-
ences heat treatment quality and a portion to be heated can
be kept to be a predetermined dimension stably, and high-
quality heat treatment can be performed.

In the case where a coil body in which a current passage
through which a high-frequency current flows is formed is
formed by machining in an integral manner, a self-heating
amount can be reduced, and cracking and the like caused by
a self-heating amount can be prevented effectively, with the
result that long life of the coil can be achieved. Further, the
number of components can be reduced as a whole, and the
assembly performance can be enhanced.

By setting a current flowing through a joining section
between the cover member and the coil body to be a minute
current and providing the joining section at a position which
does not contribute to heating, a current hardly flows in this
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section, and the influence of heat of radiation is small, with
the result that this section does not serve as an origin for
breakage. Therefore, long life of the coil can be achieved
stably.

In the current passage of the coil body, the concentration
of a current in a corner portion which is likely to cause
breakage can be alleviated by setting a connecting section
between the first circumferential passage and the second
circumferential passage to be inclined at a predetermined
angle with respect to a current flow direction.

The high-frequency heat treatment coil can be used for
high-frequency quenching and high-frequency tempering
and can perform stable high-frequency quenching and high-
frequency tempering operation.

Further, the outer joint member for a constant velocity
universal joint subjected to heat treatment through use of the
high-frequency heat treatment coil of the present invention
includes a high-quality thermally hardened layer and serves
as an outer joint member excellent in strength. Therefore, the
constant velocity universal joint using such an outer joint
member is excellent in strength and can exhibit a stable
function as a constant velocity universal joint for a long
period of time. Further, the drive shaft and the propeller shaft
using such a constant velocity universal joint can exhibit a
stable function.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a perspective view of each member of a
high-frequency heat treatment coil according to a first
embodiment of the present invention.

FIG. 2 is a sectional view of a drive shaft using an outer
joint member for a constant velocity universal joint sub-
jected to heat treatment through use of the high-frequency
heat treatment coil.

FIG. 3 is a transverse sectional view of the outer joint
member for a constant velocity universal joint which is
being subjected to heat treatment.

FIG. 4 is an enlarged vertical sectional view of main
portions of the outer joint member for a constant velocity
universal joint which is being subjected to heat treatment.

FIG. 5 is an explanatory diagram of a state of heat
treatment of an outer joint member for a constant velocity
universal joint by a second high-frequency heat treatment
coil of the present invention.

FIG. 6 is a sectional view taken along the line A-A of FIG.
5.

FIG. 7 is an exploded perspective view of a high-fre-
quency heat treatment coil of the present invention.

FIG. 8A is a schematic plan view illustrating the high-
frequency heat treatment coil of the present invention.

FIG. 8B is a schematic bottom view illustrating the
high-frequency heat treatment coil of the present invention.

FIG. 9A is a perspective view of a base material, illus-
trating a method of forming a coil body of a second
high-frequency heat treatment coil of the present invention.

FIG. 9B is a perspective view during machining, illus-
trating the method of forming the coil body of the second
high-frequency heat treatment coil of the present invention.

FIG. 9C is a perspective view at the end of machining,
illustrating the method of forming the coil body of the
second high-frequency heat treatment coil of the present
invention.

FIG. 10A is a side view of a state in which the base
material is held by a machining center, illustrating the
method of forming the coil body of the second high-
frequency heat treatment coil of the present invention.
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FIG. 10B is a side view during machining, illustrating the
method of forming the coil body of the second high-
frequency heat treatment coil of the present invention.

FIG. 10C is a side view at the end of machining, illus-
trating the method of forming the coil body of the second
high-frequency heat treatment coil of the present invention.

FIG. 11A is a visualized model view of a related-art
high-frequency heat treatment coil, illustrating current den-
sity when a high-frequency current is flowing.

FIG. 11B is a visualized model view of a high-frequency
heat treatment coil of the present invention, illustrating
current density when a high-frequency current is flowing.

FIG. 12 is a perspective view of each member of a
related-art high-frequency heat treatment coil.

FIG. 13 is a perspective view illustrating an assembled
state of the related-art high-frequency heat treatment coil.

FIG. 14 is a transverse sectional view of a tripod type
constant velocity universal joint.

FIG. 15 is a vertical sectional view of the tripod type
constant velocity universal joint.

FIG. 16 is an explanatory diagram of a state of heat
treatment of an outer joint member for a constant velocity
universal joint by another related-art high-frequency heat
treatment coil.

FIG. 17 is a sectional view taken along the line B-B of
FIG. 16.

FIG. 18 is an exploded perspective view of the related-art
high-frequency heat treatment coil.

FIG. 19 is a sectional view of a fixed type constant
velocity universal joint.

DESCRIPTION OF EMBODIMENTS

Now, embodiments of the present invention are described
with reference to the drawings.

FIG. 2 illustrates a drive shaft of the present invention,
and the shaft comprises a hollow shaft 20, a fixed type
constant velocity universal joint 23 connected to one end
portion of the shaft 20, and a plunging type constant velocity
universal joint 24 connected to the other end portion of the
shaft 20.

The fixed type constant velocity universal joint 23 com-
prises, as main components, an outer joint member 25, an
inner joint member 26, a plurality of balls 27 serving as
torque transmitting elements, and a cage 28 for holding the
balls 27. Note that, although the fixed type constant velocity
universal joint in this case is of a Rzeppa type, other fixed
type constant velocity universal joints such as an undercut
free type having a linear portion in a groove bottom of a
track groove may be used.

The outer joint member 25 comprises a mouth section 31
and a shaft section (stem section) 32. The mouth section 31
has a cup shape opened at one end, and a plurality of track
grooves 34 extending in an axial direction are formed at
equal intervals in a circumferential direction on a spherical
inner circumferential surface (inner spherical surface) 33
thereof.

The inner joint member 26 is connected to the shaft 20 so
as to transmit torque by being spline-fitted to a spline 21 in
an end portion of the shaft 20 in a spline hole 26a in a shaft
center portion. The inner joint member 26 has a spherical
outer circumferential surface (outer spherical surface) 35,
and a plurality of track grooves 36 extending in an axial
direction are formed at equal intervals in a circumferential
direction.

The track grooves 34 of the outer joint member 25 and the
track grooves 36 of the inner joint member 26 are paired, and
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one ball 27 is provided so as to roll in a ball track formed by
each pair of the track grooves 34, 36. The ball 27 is
interposed between the track groove 34 of the outer joint
member 25 and the track groove 36 of the inner joint
member 26 to transmit torque.

An opening of the mouth section 31 is closed with a boot
40. The boot 40 comprises a large diameter section 40q, a
small diameter section 405, and a bellows section 40c¢ for
connecting the large diameter section 40a¢ and the small
diameter section 406 to each other. The large diameter
section 40a is mounted to the opening of the mouth section
31 to be fastened thereto with a boot band 41. The small
diameter section 405 is mounted to a boot mounting section
43 of the shaft 20 to be fastened thereto with a boot band 42.

As the plunging type constant velocity universal joint 24,
a tripod type is illustrated herein. However, other plunging
type constant velocity universal joints such as a double offset
type can also be adopted. The constant velocity universal
joint 24 comprises, as main components, an outer joint
member 51, a trunnion 52 serving as an inner joint member,
and rollers 53 serving as torque transmitting elements.

The outer joint member 51 comprises a mouth section 51a
and a stem section 515 and is connected to an output shaft
of a final drive gear through the stem section 515 so as to
transmit torque. The mouth section 51a has a cup shape
opened at one end, and track grooves 56 extending in an
axial direction are formed at three equally divided positions
in a circumferential direction of an inner circumference
thereof. Therefore, the transverse cross-section of the mouth
section 51a exhibits a corolla shape.

The trunnion 52 comprises a boss 58 and leg shafts 59 and
is connected to the spline 21 of the shaft 20 through a spline
hole 58a of the boss 58 so as to transmit torque. The leg
shafts 59 protrude in a radial direction from three equally
divided positions in a circumferential direction of the boss
58. The roller 53 is supported by each leg shaft 59 so as to
rotate.

An opening of the outer joint member 51 is also closed
with a boot 60 mounted thereto. The boot 60 comprises a
large diameter section 60a, a small diameter section 605, and
abellows section 60c between the large diameter section 60a
and the small diameter section 60b. The large diameter
section 60q is mounted to an end portion of the opening of
the mouth section 51a to be fastened thereto with a boot
band 61, and the small diameter section 605 is mounted to
a boot mounting section 63 of the shaft 1 to be fastened
thereto with a boot band 62.

As illustrated in FIG. 3, the track groove 56 of the outer
joint member 51 of the plunging type constant velocity
universal joint 24 is formed of guide surfaces 65 opposed to
each other in a circumferential direction and a large inner
diameter section 66 provided between the guide surfaces 65,
65. A hardened layer S is formed on the guide surfaces 65,
65 and in the vicinity of the guide surfaces of the large inner
diameter section 66.

The hardened layer S is formed through use of a high-
frequency heat treatment coil 70 as illustrated in FIG. 1. The
high-frequency heat treatment coil 70 comprises three heat-
ing sections 71a, 71b, 71c, and the heating sections 71a,
71b, T1c are respectively fitted to track grooves 56a, 565,
56c.

The high-frequency heat treatment coil 70 in this case is
obtained by forming a plurality of components and then
connecting those components by brazing with silver solder
or the like for assembly. The high-frequency heat treatment
coil 70 comprises a body section 72 including the heating
sections 71a, 715, T1c.
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The heating sections 71a, 715, 71c each comprise a pair
of vertical frames 73, 73, an upper frame 74 for connecting
upper portions of the vertical frames 73, 73, and a lower
frame 75 for connecting lower portions of the vertical
frames 73, 73. Further, in the heating sections 71a, 715, 71c,
the upper frames 74, 74, 74 are connected with an upper
connecting frame 76, and the lower frames 75, 75, 75 are
connected with a lower connecting frame 77.

The heating sections 71a, 715, 71c¢ are hollow so that
cooling water circulates therein. Each upper frame 74 of the
heating sections 71a, 715, 71c¢ is provided with an opening
90 which is opened outwardly, and the lower connecting
frame 77 is provided with an opening (not shown) which is
opened downwardly.

Thus, the body section 72 is formed by integrally forming
the heating sections 71a, 715, 71c, the upper frames 74, 74,
74, and the lower frames 75, 75, 75. Further, the upper
openings 90 are closed with cover members 78a, 78b, 78c¢,
and the lower openings are closed with cover members 79a,
79b, 79¢, 79d. The cover members 78a, 78b, 78¢ have a
rectangular plate shape. The cover members 79a, 795 are
each formed of a plate-shaped first section 80a and second
sections 805, 805 which are connected to both end portions
of'the first section 80a and inclined at a predetermined angle
with respect to the first section 80a. Further, the cover
members 79¢, 79d are each formed of a first section 81a and
a second section 815, and the respective second sections 815
are opposed to the second sections 806 of the cover members
79a, 79b.

Therefore, the coil 70 comprises one body section 72
including the heating sections 71a, 7156, 71c¢, three cover
members 78a, 785, 78¢ and four cover members 79a, 795,
79¢, 79d. That is, the coil 70 comprises 8 components.

The body section 72 can be machined in an integrated
manner by processing from various angles through use of a
machining center having a multiaxial control function. That
is, the body section 72 having the heating sections 71a, 715,
71c can be machined in an integrated manner through use of
a machining device which has been known and used pub-
licly.

Thus, the coil 70 can be assembled by joining the heating
sections 71a, 71b, 71c, the cover members 78a, 785, 78c¢,
and the cover members 79a, 7956, 79¢, 79d, which have been
formed, to each other by brazing with silver solder or the
like.

The coil 70 thus assembled has a configuration in which
the respective heating sections 71a, 715, 71c¢ are fitted in the
track grooves 56 of the outer joint member 51 as illustrated
in FIG. 3. In this case, an outer surface 73a of the vertical
frame 73 of each of the heating sections 71a, 715, 71c¢ is
opposed to the guide surface 65 and a part of the large inner
diameter section 66 on the guide surface 65 side with a
predetermined gap.

A high-frequency current is allowed to flow through the
coil 70 in this state, and a portion to be heated is heated to
appropriate temperature of Ac3 or Acl point or more by
induction heating caused by the high-frequency current.
After that, the portion to be heated is cooled (quenched) with
cooling water, and further heated to appropriate temperature
of Acl point or less, followed by cooling (quenching). Thus,
the hardened layer S can be formed as illustrated in FIGS.
3 and 4.

In this embodiment, the high-frequency heat treatment
coil is provided to form the hardened layer S of the outer
joint member 51 of the plunging type constant velocity
universal joint 24 of the drive shaft. However, the high-
frequency heat treatment coil may be provided to form a
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hardened layer of the outer joint member of the plunging
type constant velocity universal joint of a propeller shaft.

In the high-frequency heat treatment coil, joining portions
for assembly are located at positions outside the heating
sections 71a, 71b, 71c¢, and hence the dimension accuracy of
the heating sections 71a, 715, 71c is not degraded due to
joining (for example, joining by brazing). That is, a portion
required for heating is formed integrally by machine pro-
cessing, and the influence of deformation and distortion
involved in brazing can be suppressed, with the result that an
assembled coil can keep high accuracy. Therefore, a skilled
brazing technology is not required. Further, a coil can be
assembled in a short period of time, and achieves excellent
productivity with low cost. Thus, the coil of the present
invention is a coil with high accuracy; hence a gap between
the heating sections 71a, 715, 71c¢ which greatly influence
heat treatment quality and a portion to be heated can be kept
to be a predetermined dimension stably, and high-quality
heat treatment can be performed.

The high-frequency heat treatment coil can be used for
high-frequency quenching and high-frequency tempering
and can perform stable high-frequency quenching and high-
frequency tempering operation.

Further, the outer joint member for a constant velocity
universal joint subjected to heat treatment through use of the
high-frequency heat treatment coil comprises the high-
quality thermally hardened layer S and serves as the outer
joint member excellent in strength. Therefore, the constant
velocity universal joint 24 using the outer joint member 51
is excellent in strength, and can exhibit a stable function as
the constant velocity universal joint 24 for a long period of
time. Further, a drive shaft or a propeller shaft using the
constant velocity universal joint 24 can exhibit a stable
function.

Next, another embodiment of the present invention is
described with reference to FIGS. 5 to 11. FIGS. 5 and 6
illustrate a state of heat treatment of an outer joint member
133 for a constant velocity universal joint by a high-
frequency heat treatment coil 130 according to the present
invention. FIG. 7 is a perspective view illustrating a sepa-
rated state of the high-frequency heat treatment coil 130.

The outer joint member 133 comprises a mouth section
134 in which a plurality of guide grooves (track grooves)
132 are formed on an inner surface 131 thereof in an axial
direction. A cured surface S is formed on the inner surface
131 including the track grooves 132 by heat treatment
performed by the high-frequency heat treatment coil 130.

The high-frequency heat treatment coil 130 comprises a
coil body 136 in which a current passage 135 through which
a high-frequency current flows is formed and a pair of cover
members 137, 138 for closing openings of the coil body 136.

As illustrated in FIGS. 7, 8A, 8B, and the like, the coil
body 136 comprises an outer circumferential wall 140 and
an inner circumferential wall 141. The outer circumferential
wall 140 comprises a ring-shaped body section 140a corre-
sponding to an intermediate portion in an axial direction, a
first cone section 1405 whose diameter decreases upwardly
from an upper edge of the body section 140a, and a second
cone section 140c¢ whose diameter decreases downwardly
from a lower edge of the body section 140a. Further, the
inner circumferential wall 141 is formed of a cylindrical
body.

As illustrated in FIG. 8A, the inner circumferential wall
141 and the first cone section 1405 are respectively provided
with slits 142, 143, and the slits 142, 143 are connected to
each other through connecting pieces 144, 145. Further, as
illustrated in FIG. 8B, the inner circumferential wall 141 and
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the second cone section 140c¢ are respectively provided with
slits 146, 147, and the slits 146 and 147 are connected to
each other through connecting pieces 148, 149.

As illustrated in FIG. 7, a gap between the connecting
pieces 144, 145 forms a slit section 150 which is inclined at
a predetermined angle with respect to an axial center of the
coil, and a gap between the connecting pieces 148, 149
forms a slit section 151 which is inclined at a predetermined
angle with respect to the axial center of the coil. The slit
sections 150, 151 are set so as to be parallel to each other.
Further, a partition wall 146 is provided in the body section
140a between the outer circumferential wall 140 and the
inner circumferential wall 141, and the slit sections 150 and
151 communicate with a separation slit section 152 formed
in the partition wall 146. In this case, the formation of the
separation slit section 152 is omitted in a predetermined
range between the slit sections 150 and 151. That is, by
leaving a remaining portion in the separation slit section
152, the connector 313 of the related-art coil illustrated in
FIG. 18 is formed.

Thus, a first circumferential passage 153 comprising a
double ring portion extending from the connecting piece 144
to the connecting piece 145 is formed, and a second cir-
cumferential passage 154 comprising a double ring portion
extending from the connecting piece 148 to the connecting
piece 149 is formed. Then, the first circumferential passage
153 and the second circumferential passage 154 are con-
nected through a connecting section 155 between the slit
section 150 and the slit section 151.

Specifically, the first circumferential passage 153, the
connecting section 155, and the second circumferential
passage 154 form a coil-shaped body wound in a so-called
spiral shape. Further, a ring-shaped upper opening 153a of
the first circumferential passage 153 is closed with the cover
member 137, and a ring-shaped lower opening 154a of the
second circumferential passage 154 is closed with the cover
member 138. Note that, the cover member 137 is provided
with a slit 137a which corresponds to a gap between the
connecting pieces 144, 145, and the cover member 138 is
provided with a slit 1384 which corresponds to a gap
between the connecting pieces 148, 149. Further, the slit
137a of the cover member 137 forms a cooling water inlet
of'a cooling water passage 165 (see FIG. 7), and the slit 138«
of the cover member 138 forms a cooling water outlet of the
cooling water passage 165.

As illustrated in FIGS. 9A and 10A, the coil body 136 is
formed by machining a copper base material 160 in an
integrated manner. In this case, as illustrated in FIG. 10A, a
machining center M having a multiaxial control function can
be used. The base material 160 is made of a block body
having a rectangular cross-section, and as illustrated in FIG.
10A, one end portion 160a is held by a vise 161 of the
machining center M. In this case, the base material 160 is
disposed with one wide side surface upward. As illustrated
in FIGS. 9B and 10B, machining is performed in this state
with a machining tool 162. First, the first cone section 1405
and the body section 140a of the outer circumferential wall
140, an upper half of the inner circumferential wall 141, the
slit section 150, the separation slit section 152, and the like
are machined. After that, as illustrated in FIGS. 9C and 10C,
the base material 160 is inverted, and the second cone
section 140¢ of the outer circumferential wall 140, a lower
half of the inner circumferential wall 141, the slit section
151, and the like are machined. Then, the coil body 136 is
completed by being cut away from the end portion 160a of
the base material 160.
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The cover members 137, 138 which have been separately
formed are joined with the thus configured coil body 136 by
brazing with silver solder or the like. Consequently, the
current passage 135 comprising the first circumferential
passage 153, the second circumferential passage 154, and
the connecting section 155 is formed, and the cooling water
passage 165 is formed in an inner portion, that is, between
the outer circumferential wall 140, the inner circumferential
wall 141, and the cover members 137, 138. The cooling
water passage 165 comprises a first cooling water passage
165a configured in the first circumferential passage 153 and
a second cooling water passage 1655 configured in the
second circumferential passage 154. Note that, an opening
hole is provided in the remaining portion (that is, a portion
corresponding to the related-art connector 313) of the par-
tition wall 146, and the first cooling water passage 165a and
the second cooling water passage 1655 communicate with
each other.

Next, a heat treatment method using the high-frequency
heat treatment coil 130 configured as described above is
described. In this case, leads are connected to an upstream
end of the first circumferential passage 153 of the current
passage 135 and a downstream end of the second circum-
ferential passage 154 of the current passage 135. Further, a
cooling water supply path is connected to the first cooling
water passage 165a of the cooling water passage 165, and a
cooling water discharge path is connected to the second
cooling water passage 1655 of the cooling water passage
165.

In this state, the high-frequency heat treatment coil 130 is
internally fitted in the outer joint member 133 as illustrated
in FIG. 5. Then, a high-frequency current is caused to flow
to the first circumferential passage 153 of the current pas-
sage 135 through the lead. Consequently, the high-frequency
current is supplied from the upstream side of the first
circumferential passage 153, flows through the first circum-
ferential passage 153 along this passage in a circumferential
direction, enters the second circumferential passage 154
through the connecting section 155, flows through the sec-
ond circumferential passage 154 along this passage in a
circumferential direction, and flows out from the second
circumferential passage 154 through the lead.

Thus, Joule heat is generated in the high-frequency heat
treatment coil 130 by an electromagnetic induction function
to heat a portion to be heated (inner surface including the
track grooves of the outer joint member 133) of the outer
joint member 133. That is, the portion to be heated is heated
to an appropriate temperature of Ac3 or Acl point or more
by induction heating, and thereafter is cooled with cooling
water for quenching (quenching). Further, the portion to be
heated is heated to an appropriate temperature of Acl point
or less, and thereafter is cooled (tempering). Consequently,
as illustrated in FIGS. 5 and 6, the hardened layer S can be
formed. Note that, the cooling water is caused to flow to the
first cooling water passage 165a through the cooling water
supply path and flow out from the second cooling water
passage 1655 to the cooling water discharge path.

As illustrated in FIG. 5, the cover member 137 is opposed
to a bottom wall 134a of the mouth section 134, and the
cover member 138 is disposed outside of the opening of the
mouth section 134. Therefore, it is not necessary to heat the
portion to be heated at the cover members 137, 138 and
connecting sections therefor. Thus, a current flowing
through a joining section between the cover members 137,
138 and the coil body 136 can be set to a minute current.

In the high-frequency heat treatment coil 130 illustrated in
FIGS. 5 to 7 and the like, the coil body 136 in which a
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current passage through which a high-frequency current
flows is formed by machining in an integrated manner, and
hence self-heating amount may be small. Further, the bound-
ary surface between the solder material and the copper can
be reduced. Therefore, cracking and the like caused by
self-heating amount can be prevented effectively, and the life
of the coil can be extended. Further, the number of compo-
nents can be reduced as a whole, and assembly performance
can be enhanced.

By setting a current flowing through the joining section
between the cover members 137, 138 and the coil body 136
to be a minute current and providing the joining section at
a position which does not contribute to heating as illustrated
in FIG. 1, a current hardly flows through this section and the
influence of radiation heat is small, with the result that this
section does not serve as an origin for breakage. Therefore,
the life of the coil can be extended stably.

When a connecting section 116 between a first member
111 and a second member 112 is orthogonal to a current flow
direction as in the related art, the concentration of current
density is recognized in a corner portion of the connecting
section 116, as illustrated in a range H1 of FIG. 11A.

In contrast, in the coil of this embodiment, the current
passage 135 of the coil body 136 is set so that the connecting
section 155 between the first circumferential passage 153
and the second circumferential passage 154 is inclined at a
predetermined angle 6 with respect to a current flow direc-
tion. Therefore, as illustrated in a range H2 of FIG. 11B, the
concentration of a current in a corner portion which is likely
to cause breakage can be alleviated. An inclination angle 0
of the connecting section 155 in this case is set to, for
example, about 30° to about 70°. That is, it is only required
that the concentration of a current in a corner portion which
is likely to cause breakage may be alleviated.

Even the high-frequency treatment coil 130 illustrated in
FIGS. 5 to 7 and the like can be used for high-frequency
quenching and high-frequency tempering and is capable of
performing stable high-frequency quenching and tempering
operation.

Further, the outer joint member 133 for a constant velocity
universal joint subjected to heat treatment through use of the
high-frequency heat treatment coil 130 illustrated in FIGS.
5 to 7 and the like includes a high-quality thermally hard-
ened layer and serves as the outer joint member 133 excel-
lent in strength. Therefore, the constant velocity universal
joint using such an outer joint member is excellent in
strength and can exhibit a stable function of a constant
velocity universal joint for a long period of time.

Although the embodiments of the present invention have
been described above, the present invention can be variously
modified without being limited to the above-mentioned
embodiments. For example, the material for a frequency
heat treatment coil is not limited to copper. In the case of
assembling a high-frequency heat treatment coil, silver
brazing is used in the above-mentioned embodiments; how-
ever, if possible, other brazing such as copper brazing, brass
brazing, and phosphor copper brazing may be used depend-
ing on a material to be used. Although a single roller type is
used as the tripod type constant velocity universal joint in
the above-mentioned embodiments, a double roller type may
be used. Further, the fixed type constant velocity universal
joint is not limited to a Rzeppa type, and an undercut free
type fixed type constant velocity universal joint may be
used. Further, the fixed type constant velocity universal joint
may be used for a propeller shaft or a drive shaft. Further, the
number of track grooves of the outer joint member is not
limited to eight.
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Further, although a high-frequency current is caused to
flow from the first circumferential passage 153 side in the
above-mentioned embodiments, the high-frequency current
may be caused to flow from the second circumferential
passage 154 side. Cooling water may also be caused to flow
from the second cooling water passage 1655 side instead of
from the first cooling water passage 165a side. Further, the
high-frequency current flow direction and the cooling water
flow direction may be the same or opposite.

INDUSTRIAL APPLICABILITY

The high-frequency heat treatment coil of the present
invention can be assembled with high dimension accuracy
and can perform high-quality heat treatment. The constant
velocity universal joint subjected to high-quality heat treat-
ment, and the drive shaft and the propeller shaft using the
constant velocity universal joint can be further provided.

REFERENCE SIGNS LIST

51 outer joint member

56 track groove

66 large inner diameter section
70 high-frequency heat treatment coil
71a, 71b, 71c heating section
130 high-frequency heat treatment coil
131 inner surface

132 track groove

133 outer joint member

134 mouth section

1344 bottom wall

135 current passage

137 cover member

138 cover member

153 circumferential passage
153a upper opening

154a lower opening

154 circumferential passage
155 connecting section

165 cooling water passage
165a cooling water passage
1655 cooling water passage

The invention claimed is:

1. A method of producing a high-frequency heat treatment
coil including a heating section for heating a heat treatment
portion of an outer joint member for a constant velocity
universal joint, wherein:

the heating section comprises a coil body in which a

current passage through which a high-frequency cur-
rent flows is formed, the coil body being formed by
machining in an integrated manner;

a cover member is joined to the coil body to form a

cooling water passage;

the current passage of the coil body comprises two

passages of a first circumferential passage and a second
circumferential passage, and a connecting section
between the first circumferential passage and the sec-
ond circumferential passage is inclined at a predeter-
mined angle with respect to a current flow direction;
and

the method comprises: forming the heating section com-

prising the coil body by machining in the integrated
manner; and joining the cover member serving as
another section to the coil body to form the cooling
water passage, to thereby complete the high-frequency
heat treatment coil.



US 9,445,461 B2
15

2. A method of producing a high-frequency heat treatment
coil including a heating section for heating a heat treatment
portion of an outer joint member for a constant velocity
universal joint, wherein:

the heating section comprises a coil body in which a 5

current passage through which a high-frequency cur-
rent flows is formed, the coil body being formed by
machining in an integrated manner;
a cover member is joined to the coil body to form a
cooling water passage; 10

a current flowing through a joining section between the
cover member and the coil body is set to a minute
current, the joining section being disposed at a position
independent of contributing to heating;

the current passage of the coil body comprises two 15

passages of a first circumferential passage and a second
circumferential passage, and a connecting section
between the first circumferential passage and the sec-
ond circumferential passage is inclined at a predeter-
mined angle with respect to a current flow direction; 20
and

the method comprises: forming the heating section com-

prising the coil body by machining in the integrated
manner; and joining the cover member serving as
another section to the coil body to form the cooling 25
water passage, to thereby complete the high-frequency
heat treatment coil.
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