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FIG. 2:
AA Bonding load

(57) Abrege/Abstract:

The temperatures of respective bonding surfaces (Wa), (Ta) of a pair of metal components (W), (T) at the start time of a first
bonding step reach at least 20%, preferably at least 40%, of the melting point of the material of the metal components (W), (T), due
to a treatment Iin a heating step, and the heating depth (h) of the pair of metal components (W), (T) at the start time of the first
bonding step reaches at least 1.0 mm due to the treatment in the heating step.
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ABESTRACT

A heating process makes a temperature of Joining

surfaces Wa and Ta of a pair of metal parts W and T at the

start of a first Joining preocess edgual to' 20% or Qgreater,
preferably, 40% or greater of a melting point of material
of the metal parts W and T. The heating process makes a
heating depth h of the pair of metal parts W and T at the
start of the first Jjoining process equal to 1.0 mm or

greater.
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TITLE OF INVENTION

FRICTION JOINING METHOD AND JOINED STRUCTURE

TECHNICAL FIELD
The present invention relates to a friction joining
method and the like that utilize frictional heat generated

at each joining surface of a pair of metal parts (such as

engine parts) to join the joining surfaces of the pair of

metal parts to each other.

BACKGROUND ART

When manufacturing, for example, a bladed disk
(blisk), which 1s an integrated structure of a disk and
blades, serving as a rotor of a compressor or turbine of a
gas turbine engine, friction Jjoining is sometimes used
because the friction joining is able to reduce a material
cost and shorten a processing time compared with machining.
General friction joining will briefly be explained,

Joining surfaces of a pair of metal parts to be
integrated into a Jjoined structure such ag a bladed disk
are faced to each other. In this state, one of the metal
partga 1s moved relative to the other so that the joining
surfaces of the pair of metal parts come into contact with
each other. In the gstate that the joining surfaces of the
pair of metal parts face each other and are in contact with
each other, one of the metal parts is reciprocated relative

tec the other in a direction orthogonal to the facing
direction. At the same time, one of the metal parts is
pressed to the other until a movement (displacement) of the

pair of metal  parts reaches 2 target movement
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(displacement). This discharges burrs including oxides and
stains from the joining surfaces of the pair of metal parts
and softens with frictional heat the joining surfaces of
the palr of metal parts, thereby joining them together.
Related arts concerning the present invention are,
tor example, J“apanese Unexamined Patent Application
Publications No. 2009-~297788 (Patent Literature 1), No.
2005-190355 (Patent Literature 2), and Japanese Patent

Publication No. 3072239 {Patent Literature 3).

SUMMARY OF INVENTTON
Problems to be Solved by Invention
To secure sufficient joint strength between the pair

of metal parts, joining load (pressing load) for pressing

one of the metal parts to the ot.her rmust be increased so
that burrs are well discharged and the joining surfaces of
the pair of metal parts become activated when joined
together. To achieve thils, strength or rigidity of the
pair of metal parts must sufficiently be high. Otherwise,
the joining load is unable to be increased and the pair of
metal parts are hardly Joined together. Increasing the
joining load raises another problem of enlarging an
actuator (as an example of a pressing mechanism) to press
one Of the metal parts to the other, thereby making a

joining system (friction joining apparatus) massive as a

whole.

The present invention 1is capable of providing a
friction joining method that carries out a joining process
of pressing one metal part to another metal part without

increasing joining load, to quickly soften joining surfaces
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and smoothly discharge burrs.

Means to Solve Problems

To solve the above-mentioned problems, the inventors
of the present invention have made two novel findings
through a repetition of trial and error, and based on the
new findings, have completed the present invention. Before
explaining characteristics of the present invention, how
the novel findings have been made will be explained.

As 1llustrated in Figs. 6(a) and 6&(b), a joining
surface of a joining article i1s faced to and brought into
contact with an objective surface (a joining surface of an

opposite joining article). Frictional input heat per unit

volume 1s applied to the Jjoining surface of the Hoining
article, to join the joining surface of the joining article
to the objective surface. Assuming such a c¢ase, a
relationship between a temperature (heating temperature) at

the joining surface of the joining article at the start of

Joining and a start time of move of the joining article and

a relationship between the temperature and a moving

velocity are analyzed by an unsteady thermal elasto-plastic
analysis (first unsteady thermal elasto-plastic analysis)
based on a finite element method. Results of the unsteady
thermal elasto-plastic analysigs are as illustrated in PFigs.
7{a) and 7 (b).

According to the first unsteady thermal elasto-
plastic analysis, a heating depth of the joining article at

the start of joining is set to 2.0 mm. The frictional

input heat per unit volume is a thermal volume determined

by the product of joining load, a reciprocation amplitude
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of the joining article, and a reciprocation freguency of

the joining article. The start time of move is a time from

when the frictional input heat per unit volume is applied

to the Jjoining surface of the joining article to when the

joining article starts to be moved in a facing direction
(pressing direction). The moving velocity is a displacing

velocity of the Jjoining article in the facing direction

from the start of move of the joining article in the facing
direction until a target movement (target displacement) is
cbtained. The heating depth is a length in the facing
direction where temperature is ranging from 90 to 100% of a
temperature (centigrade temperature) at the joining surface.

According to the result of the first unsteady thermal
elasto-plastic analysis illustrated in Fig. 7(a), it is

understood that, if the temperature at the joining surface

of the joining article at the start of joining is equal to

20% or greater of a melting point (centigrade temperature)

of material of the jeining article, the start time of move
0f the joining article is shortened, i.e., the softening of
the joining surface of the jeining article is quickened to
improve the discharging (discharging velocity) of burrs
produced at the joining surface of the joining article. In
particular, as illustrated in Fig. 7(b), it 15 understood
that, 1f the temperature at the joining surface of the
jolning article at the start of joining is equal to 40% or
greater of the melting point (centigrade temperature) of
the material of the joining article, the moving velocity of

the joining article is improved, i.e., the softening of the

Jjoining surface of the joining article is quickened to

further improve the discharging of burrs.

_4..°



10

12

20

29

30

CA 02834021 2013-10-22

As a result, the inventors of the present application
have made the first novel finding that heating a Joining
surface of a Joining article 1in advance so that a
temperature at the Jjoining surface of the Jjoining article
at the start of joining becomes equal to 20% or (Jgreater,
preferably, 40% or greater of a melting point of material
of the joining article leads to quickening the scftening of

the Jjoining surface of the joining article and improving

the discharging of burrs without increasing joining load
(pressing load) for pressing the Jjoining article to an
objective surface.

As illustrated in Figs. 6(a) and 6(b), a Joining
surface of a joining article is faced to and brought 1nto
contact with an objective surface. Frictional i1nput heat
per unit volume 1is applied to the joining surface of the
joining article, to join the joining surface of the joining
article to the objective surface. Assuming such a case, a
relaticonship between a heating depth of the joining article
at the start of Jjoining and a start time of move of the
joining article and a relationship between the heating
depth and a moving velocity are analyzed by a second
unsteady thermal elasto-plastic analysis based on a finite
element method. Results of the second unsteady thermal
elasto-plastic analysis are as illustrated in Figs. B(a)
and 8 (b). For the second unsteady thermal elasto-plastic
analysis, a temperature at the Jjoining surface of the
joining article at the start of joining is set to 44% of a
melting peint of material of the joining article.

According to the results of the second unsteady

thermal elasto-plastic analysis illustrated in Figs. 8(a)
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and 8(b), 1t 1is understood that, if the heating depth of
the joining article at the start of jeining is equal to 1.0
mm or greater, the start time of move of the FJoining
article 1is shortened to improve the discharging of burrs.

In particular, as illustrated in Fig. 8(b), it is
understood that, if the heating depth is equal to 2.0 mm or
greater at the start of joining, the moving velocity of the
joining article is improved, i.e., the softening of the
joining surface of the Joining article is gquickened to
further improve the discharging of burrs. As a result, the

inventors of the present application have made the second

novel finding that heating a joining surface of a joining

article in advance so that a heating depth of the joining

article at the start of joining becomes equal to 1.0 mm or

greater, preferably, 2.0 mm or greater leads to quickening

the softening of the joining surface of the joining article

and Improving the discharging of burrs without increasing

joining load (pressing load) for pressing the joining
article to an objective surface,

According to a first technical aspect of the present
invention, there is provided a friction joining method of
connecting Jjoining surfaces of a pair of metal parts to
each other with the use of frictional heat generated at the
joining surfaces of the pair of metal parts. The method
includes (1) a heating process that heats at least one of
the Jjoining surfaces of the pair of metal parts, (2) a
contact process that, after the completion of the heating
process wlth the jolning surfaces of the pair of metal
parts being faced to each other, relatively moves one of

the metal parts toward the other to bring the Jjoining

G-



10

15

23

30

CA 02834021 2013-10-22

surfaces of the pair of metal parts into contact with each

other, and (3) a joining process that, after the completion
of the contact process with the joining surfaces of the
palr of metal parts being faced to and in contact with each

other, reciprocates one of the metal parts relative to the

other in a direction parallel tc¢ the joining surfaces, and
at the same time, relatively presses one of the metal parts
to the other until a movement (displacement) of the pair of
metal parts reaches a target movement, thereby softening
with frictional heat the joining surfaces of the pair of
metal parts and joining the joining surfaces together. The
method 1s characterized in that the heating process makes a

tLemperature at any one of the joining surfaces of the metal

parts at the start of the joining process equal to 20% or

greater of a melting point of material of the metal part.

In the specification and claims of this application,
the "metal part” means any engine part of an engine such as
& gas turbine engine or any other metallic mechanical part.
The "facing direction” means a directicn in which joining
surfaces of a palr of metal parts face each other. The

melting point is expressed based on units of centigrade.

A second technical aspect of the present invention is
characterized in that, in addition to the characteristics
of the first technical aspect, the heating process makes a
heating depth (a length in the facing direction where
temperature is 90 to 100% of a temperature at the joining
surface) of any one of the metal parts at the start of the

Jjoining process equal to 1.0 mm or greater.

BRIEF DESCRIPTION OF DRAWINGS
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Figures 1(a), 1(b), and 1(c) are schematic views
explaining a heating process of a frictien joining method

according to an embodiment of the present invention.

Figure 2(a) 1s a schematic view explaining a contact

> process of the friction joining method according to the
embodiment of the present invention and Figs. 2(b) and 2{¢)
are schematic views explaining a first joining process of
the friction joining method according to the embodiment of
the present invention.

10 Figure 3(a) 1s a schematic view explaining a second

joining process of the friction joining method according to

the embodiment of the present invention and Fig. 3(b) is a

schematic view illustrating a joined structure Fjoined

according to the friction joining method of the embodiment
15 of the present invention.

Figure 4 is a schematic view explaining a friction
joining apparatus concerning the embodiment of the present
invention.

Figure 5 1s a view illustrating a relationship among

20 Cime, jolning load, and a movement of a pair of metal parts.

Figure 6 (a) 1s a schematic view illustrating
frictional input heat per unit volume applied to a joining
surface of a joining article and Fig. 6(b) is a schematic
view illustrating the 3Jjoining surface of the Fjoining

20 article frictionally joined to an objective surface.

Figure 7{a) is a view illustrating a relationship

between a temperature at the joining surface of the joining

article at the start of joining and a start time of move of

the jolining article and Fig. 7(b) is a view illustrating a

30 relationship between the temperature at the joining surface
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of the joining article at the start of jeining and a moving
velocity of the Jjoining article.

Figure 8(a) 1s a wview illustrating a relationship
between a heating depth ¢f the joining article at the start
of joining and a start time of move of the joining artacle
and Fig. 8(b) is a view illustrating a relationship between
the heating depth of the joining article at the start of

joining and a moving velccity of the joining article.

MODE QF IMPLEMENTING INVENTION

An embodiment of the present 1invention will be
explained with reference t¢ Figs. 1 to 5. in the
explanation, "arranged"” means that some object is directly
or indirectly arranged. In the drawings, "FF" is a front
direction and "FR" is a rear direction.

Before explaining a friction joining method according
to the embodiment of the present invention, a friction
joining apparatus 1 used for carrying out the friction
joining method according to the embodiment of the present
invention will briefly be explained with reference to Fig.

4.

The friction Jjoining apparatus 1 according to the
embodiment of the present invention 1is an apparatus Ifor
nniting joining surfaces Wa and Ta of a pair of rectangular

plate-like metal parts W and T and includes a bed 3
extending in a front-rear directien and a column 5
uprightly arranged at a rear part of the bed 3, the bed 3
and column 5 serving as a base.

At a front part of the bed 3, there is arranged a

first holding head (first holder) 7 that holds the first
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metal part W and is movable through a first guide member 9
in the front-rear direction. At a proper position 3a on

the bed 3, there is arranged a first actuator 11 such as a

hydraulic cylinder to move the first holding head 7 in the
front-rear direction. When the first actuator 11 is driven
with the first metal part W attached to (held by) the first
holding head 7, the first metal part W is moved together
wilth the first holding head 7 in the front-rear direction.

On the front side of the column 5, there is arranged
a second holding head (second holder) 13 that holds the
second metal part T and is movable through a second guide
mémper 15 in an up-down direction. When the second holding
head 13 1is positicned at a reference height position, the
second holding head 13 1s concentriec with respect to the
first holding head 7. At a proper position on the column 5,
there 1is érranged a second actuator 17 such as an electric
motor to recliprocate the second holding head 13 in the up-
down direction around the reference height position. When
the second actuator 17 is driven with the second metal part
T attached to (held by) the second holding head 13, the
gecond metal part T is reciprocated together with the
second holding head 13 in the up-down direction arcund the
reference height position.

Above the bed 3, there is arranged a support frame 19

provided with a slider 21. The slider 21 1s movable
through a third guide member 23 in the up-down direction.

AL a proper position 1%9a on the support frame 19, there is

arranged a third actuator 25 such as an electric motor to
move the slider 21 in the up-down direction.

The slider 21 has a support rod 29 that supperts a

—10—
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heating coil 27 to induction-heat the joining surfaces Wa
and Ta of the pair of metal parts W and T with high-
frequency waves. The heating coil 27 is connected to a
high-frequency  source (not 1llustrated) capable of
supplying a high-frequency current. The heating coil 27 is
moved into and out of a region between the joining surfaces
Wa and Ta of the pair of metal parts W and T when the third
actuator 2o 1s driven to move the slider 21 in the up-down
direction.

The friction Joining method according to the
embodiment of the present invention is a method that uszes
frictional heat generated at the joining surfaces Wa and Ta
cf the pair of metal parts W and T, to join the SJoining
surfaces Wa and Ta of the pair of metal parts W and T to
each other. The method includes a heating process, a
contact process, a f[irst joining process, a second joining
process, and a burr removing process. The details of the
processes will be explained below. According to the
embodiment, ©of tThe present invention, the pair of metal

parts W and T are made of materials of the same kind. The

metal parts may beée made from materials of different kinds.

(1) Heating process
As 1llustrated in Fig. 1(a), the first metal part W
Ls attached to the first holding head 7 and the second

metal part T to the gecond holding head 13 s¢ that the

joining surfaces Wa and Ta of the pair of metal parts W and

T face each other. The third actuator 25 is driven to move
the slider 21 in a downward direction so that, as

illustrated in Fig. 1(b), the heating coil 27 enters the

-11-
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region between the joining surfaces Wa and Ta of the pair
of metal parts W and T, The high-frequency source supplies
a high-frequency current to the heating coil 27 to heat, as
1llustrated in Fig. 1l(c), the joining surfaces Wa and Ta of

the pair of metal parts W and T (refer to Fig. 5). To

prevent the pair of metal parts W and T from deteriorating,
a2 temperature at the joining surfaces Wa and Ta of the pair
cf metal parts W and T is controlled not to exceed a
crystal growth temperature or transformaticn temperature of
the material of the metal parts W and T.

Areas depicted with hatched lines on the pair of

metal parts W and T are parts where temperature is high.

(11) Contact process

After the completion of the heating process, the
third actuator 25'is driven to move the slider 21 in an
upward direction to move the heating coil 27 away from the
region between the joining surfaces Wa and Ta of the pair
of metal parts W and T as illustrated in Fig. 2(a). With

the joining surfaces Wa and Ta of the pair of metal parts W

and T faced to each other, the first actuator 11 is driven

to move the first metal part W with the first holding head
7 toward (in the rear direction) the second metal part T,
so that the joining surfaces Wa and Ta of the pair of metal
parts W and T come into contact with each other (refer to

Fig. 5).

(Li1) First jolning process
After the completion of the contact process, the

joining surfaces Wa and Ta of the pair of metal parts W and

~12-~
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T are facing each other and in contact with each other as
illustrated in Fig. 2(b). In this state, the second
actuator 17 1is driven to reciprocate (at a reclprocating
frequency of alpha) the second metal part T together with
the second holding head 13 in the up-down direction around
the reference height position. The direction of the
reciprocation is parallel to a virtual plane defined by the
Joining surfaces that are facing each other and in contact
with each other. According to the embodiment, the
reciprocating direction is orthogonal to the facing
direction (the direction of a normal of the Joining

surfaces).

In other woxds, the first metal part W 1s

reciprocated in the up~down direction relative to the

second metal part T, and at the same time, the first

actuator 11 is driven to press the £first metal part W to

Le

-he second metal part T. As a result, as iliustrated in
Fig., 2(c), oxides and stains are discharged as burrs B from
the joining surfaces Wa and Ta of the pair of metal parts W

and T and a temperature increase caused by frictional heat

softens the joining surfaces Wa and Ta of the pair of metal

parts W and T. When a movement (displacement) m of the

pair of metal parts W and T reaches a pre-target movement
t2 (refer to Fig. 5) that is set to be smaller than a
target movement tl (refer to Fig. 5), the second actuator
17 is stopped to stop the reciprocation of the second metal
part T (refer to Fig. 5).

Here, the heating process has made the temperature at
the joining surfaces Wa and Ta of the pair of metal parts W

and T at the start of the first 3joining process (at the

~13-
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start of Joining) equal to 20% or greater of the melting

point (centigrade temperature) of the material of the metal

parts W and T. More precisely, if the pair of metal parts

W and T are made of titanium alloy, the temperature

(centigrade temperature) at the joining surfaces Wa and Ta
of the pair of metal parts W and T at the start of the

first jolning process is 320 to 400 degrees centigrade.

The reason why the temperature at the joining surfaces Wa
and Ta of the pair of metal parts W and T at the start of
Che first joining process is set to 20% or greater of the
melting point of the material of the metal parts W and T is
to adopt the abeove-mentioned first novel finding.
Accordingly, without increasing the Jjoining load
(pressing leoad) to press one of the metal parts to the
othexr, the softening of the joining surfaces of the pair of

metal parts 1s dquickened to improve the discharging of

burrs from the joining surfaces of the pair of metal parts.

The heating process makes a heating depth h of the
palr of metal parts W and T at the start of the first
joining process equal to 1.0 mm or greater, preferably, 2.0
mm or greater. To make the heating depth h of the pair of
metal parts W and T equal to 1.0 mm or greater, a high-
frequency current supplied to the heating coil 27 or =a
supply time 1s controlled during the heating process, or a

time from when the heating process ends to when the first

joining process starts is controlled. The reason why the

heating depth & of the pair of metal parts W and T at the
start of the first joining process is set to 1.0 mm or

greater 1s to adopt the above-mentioned second novel

finding.

~14-
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Accordingly, without increasing the joining load to
press one of the metal parts to the cother, the softening of
the Joining surfaces of the pair of metal parts is

quickened to improve the discharging of burrs.

(1v) Second joining process

After the completion of the first joining process,
the first actuator 11 is driven to continue the pressing
operation of the first metal part W as illustrated in Fig.
3(a) until the movement m of the pair of metal parts W and
T reaches the target movement tl (refer to Fig. 5) 80 that
the joining surfaces Wa and Ta of the pair of metal parts W
and T are set into each other. As a result, as illustrated
in Fig. 3(b), the burrs B are discharged from the joining

o

surfaces Wa and Ta of the pair of metal parts W and T, ahd

at the same time, the joining surfaces Wa and Ta of the

palr of metal parts W and T are joined together. Namely, a

Joined structure JS made of the pair of metal parts W and T
1s manufactured.

With this, the friction joining method according to

the embodiment of the present invention completes.

kffects of the embodiment of the present invention

will be explained.
The friction joining method according to the

embodiment of the present 1nvention includes the heating
process as a preprocess of the Jjoining process, i.e. a
preprocess of the first joining process. The heating
process makes a temperature at the joining surfaces Wa and
Ta of the pair of metal parts W and T at the start of the

first Jjoining process equal to 20% or greater of the

~15—
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melting point of the material of the metal parts W and T.

By adopting the above-mentioned first novel finding,
the first and second joining processes are able to improve
the discharging of burrs B from the joining surfaces Wa and

5 Ta of the pair of metal parts W and T without increasing
joining Jleoad (pressing load) to press the first metal part
W to the second metal part T. In particular, the heating
process makes a heating depth from the joining surfaces Wa
and Ta of the pair of metal parts W and T at the start of

10 the first joining process equal to 1.0 mm or greater. By
adopting the above-mentioned second novel finding, the
softening of the joining surfaces Wa and Ta of the pair of
metal parts W and T is quickened to improve the discharging
of burrs.

15 According to a friction joining test carried out on
the pair of metal parts W and T, as illustrated by Fig. 5,
1t is confirmed that the friction joining method according
to the embodiment of the present invention greatly reduces
Joining load compared with a case without the. heatlng

20 process, l.e., no heating i1s carried out.

Accordingly, the embodiment of the present invention
1ls capable of joining the paixr of metal parts W and T to
each other even if the strength or rigidity of the pair of
metal parts W and T i1s not sufficiently high. In addition,

22 the embodiment is capable of suppressing an increase in the

size of the first actuator 11, as an example of a pressing

mechanism, to press the first metal part W to the second
metal part T and reducing the size of the friction joining
apparatus 1 as a whole.

30 The present invention 1s not limited to the above-
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menticned embediment. The present invention allows proper
moditications and 1s executable in various ways as
mentioned below.

Instead of evenly heating the joining surfaces Wa and
Ta of the pair of metal parts W and T in the heating

process, any one (Wa or Ta) of the joining surfaces of the

metal parts W and T may evenly be heated. Instead of using

high-frequency waves from the heating coil 27 for heating,
laser beams, for example, may be used for heating.
Although the friction Jjoining method according to the

embodiment 0of the present invention joins general metal

parts W and T to each other, the method is able to join
engine parts (as examples of metal parts) of a gas turbine
engine instead of the general metal parts W and T.

The friction 3joining method according to the

S

embodiment of the present invention may be considered as a

method of manufacturing the joined structure JS. The scope
of rights covered by the present invention is not limited
to the above-mentioned embodiment and modifications.
According to the present invention, the joining
process 1s capable of quickening the softening of joining
surfaces of a pair of metal parts and improving the
discharging of burrs without increasing Jjoining load to
press ocone of the metal parts to the other. Accordingly,
even 1f the strength or rigidity of the pair of metal parts
is not sufficiently high, the present invention is capable
of Jjoining the pair of metal parts to each other,
suppressing an lncrease in the size of a pressing mechanism
Lo press one of the metal parts to the other, and reducing

the size of a Joilining apparatus (friction Joining
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apparatus) as a whole.

(United States Designation)

In connection with United States designation, this
international ypatent application c¢laims the benefit of
priority wunder 35 U.S.C, 119(a) to Japanese Patent
Application No. 2011-097456 filed on April 25, 2011 whose

disclosed contents are cited herein.
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1. A friction Joining methced of connecting Jjoining
surfaces of a palr of metal parts to each other with the
use of frictional heat generated at the joining surfaces of
the pair of metal parts, comprising:

a heating process heating at least one of the joining

surfaces of the pair of metal parts;

a contact process, after the completion of the
heating process with the joining surfaces of the pair of
metal parts being faced to each other, relatively wmoving
one o0f the metal parts toward the other to bring the
joining surfaces of the palr of metal parts Into contact
with each other; and

a joining procesgs, after the completion of the

contact process with the joining surfaces of the pair of
metal parts being faced to and 1n contact with each other,
reciprocating one of the metal parts relative to the other
in a direction parallel to the joining surfaces, and at the
same time, relatively pressing one of the metal parts to
the other until & movement of the pair of metal parts
reaches a  target movement, thereby  softening  with
frictional heat the joining surfaces of the pair of metal
parts and joining the joining surfaces together, wherein

the heating process makes a temperature at any one of

the joining surfaces of the metal parts at the start of the
Jjoining process equal to 20% or greater of a melting point

of material of the metal part.

2. The friction Jjoining method according te claim 1,

_19_
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wherein the heating process makes a heating depth of any
one ©f the metal parts at the start of the joining process

equal to 1.0 mm or greater.

3. The fricticon joining method according to c¢laim 1 or 2,
wherein the heating process heats each of the Joining

surfaces of the pair of metal parts.

4. The frictional joining method according to any one of
claims 1 to 3, wherein the joining process includes:

a first joining process, after the completion of the

contact process with the Jjoining surfaces o©of the pair of

metal parts being faced to and in contact with each other,
reciprocating one of the metal parts relative to the other
in a direction parallel to the joining surfaces, pressing

at the same time one of the metal parts to the other to

scften with frictional heat the Jjoining surfaces of the
palir of metal parts, and stopping  the relative
reciprocation of the metal parts upon the movement of the
palir of metal parts reaching a pre-target movement that 1s
cset to be smaller than the target movement; and

a second joining process, after the completion of the
first joining process, continuocusly pregsing the metal part
to the other until the movement of the pair of metal parts
reaches the target movement so that the jecining surfaces of
the pair of metal parts are set into each other and are

1oined together.

D, The friction joining method according to any one of

claims 1 to 5, wherein the metal parts are engine parts

—20—
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used for a gas turbine engine.

0. A joined structure formed according to the friction

joining method according to any one of claims 1 to 5.
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FIG. 2
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FIG. 3
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FlG. 6
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FIG. 7
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