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(57) ABSTRACT

The present invention provides a method of forming a solid
projection having excellent mechanical properties on a metal
member without supplying thermal energy from the outside,
and a projection-forming device and a metal part having a
projection manufactured thereby. The means for solving the
problems is characterized in that the means is comprised of
the processes of: pressing the distal end 13a of the processing
jig 13 having the hole-opening and a cavity 135 at the distal
end against the surface of the metal member workpiece 111
and rotating the metal member workpiece 111 and the pro-
cessing jig 13 in the direction relatively counter to the other to
generate friction heat causing thereby plastic flow into the
cavity through the hole-opening 134.
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FIG. 1
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FIG 2

A: MOUNT METAL MEMBER WORKPIECE
ON SUPPORTING BASE

11

B: PREPARE PROCESSING JIG

11l

C: PRESS PROCESSING JIG ONTO SURFACE OF METAL
MEMBER WORKPIECE AND GIVE ROTATION THERETO

1l

D: FRICTION STIR CAUSES PLASTIC FLOW

ge

E: METAL MEMBER WORKPIECE PLASTICALLY FLOWS INTO
CAVITY THROUGH HOLE-OPENING ON PROCESSING JIG

F: PROJECTION FORMED

1

G: DETACH PROCESSING JIG FROM METAL
MEMBER WORKPIECE
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FIG. 6

o 400+ -
£ ®
§ e e e Mo
= 300~ i
5
2 A
> 200+ -
&
< | |- AZ31 (RAW MATERIAL)
% 100- -
= | e ZKB0A(RAW MATERIAL)

0

J I 1
AZ31t2 AZ3 1$3 ZKo0A
TYPES OF MAGNESIUM ALLOYS



Patent Application Publication  Dec. 24, 2015 Sheet 7 of 10

US 2015/0367404 A1
« & 8 8 °
) X
© \ }
0~
b H ‘
N \ AN
Q) -
T~ ™
* K 5 9 E

(a)
7
[ 1

52
581
5
53
51



Patent Application Publication = Dec. 24, 2015 Sheet 8 0f 10 US 2015/0367404 A1

ZN

132 13a




Patent Application Publication = Dec. 24, 2015 Sheet 9 of 10 US 2015/0367404 A1

FIG. 9
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METHOD OF AND A DEVICE FOR FORMING
A PROJECTION ON A METAL MEMBER AND
A METAL PART PROCESSED BY THE
METHOD OF FORMING A PROJECTION

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a divisional application of U.S. patent appli-
cation Ser. No. 12/498,596, filed on Jul. 7, 2009, which claims
the benefit of Japanese Patent Application No. 2008-183276,
filed on Jul. 15, 2008, the entire disclosures of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] Thepresent invention relates to a method of forming
a projection (or projections) on a metal member by means of
a new kind of the friction stir processing and a projection-
forming device, wherein the projection is of the same material
as the metal member; and relates to a metal part that is pro-
cessed by the method of forming a projection.

[0003] A technique of forming a solid projection (a boss)
on the surface of a metal member has been widely used as a
means for positioning, supporting, fixing or securing, or cool-
ing. The technique is now an indispensable technology in,
such as, mobile information terminals like mobile telephones
and mobile personal computers, home appliances, automo-
tive parts, and railway cars. A known and currently in-use
method of forming a solid projection on the surface of a metal
member includes a method such that a projection-part pro-
vided in advance is welded, blazed, solid-phase welded, or
friction bonded onto a metal member; and a method in which
the metal member is pressed to form a projection using a die
assembly. Both the techniques of welding and brazing have
problems in that they are costly because they needs increased
number of steps in processing and in that almost all of these
techniques are not applicable to metals such as magnesium,
magnesium alloys, aluminum, or aluminum alloys which
have been increasingly used for weight reduction purpose of
devices. There are another problems in that friction welding
does not provide a good dimensional accuracy and in that
pressing is not applicable to the cases where the metal mem-
ber is small in size, thin in thickness, or complicated in struc-
ture.

[0004] A technique proposed as a method of forming a
solid projection on the surface of a metal member is called as
a friction stir forming method (Patent Literature 1). In the
proposed method, a first object of an aluminum plate is placed
on a second object having a recess (a die assembly); a fric-
tional-heat-generation-stirring-means is abutted against the
first object; a relative motion is given between them to gen-
erate frictional heat to cause the first object to flow plastically
under non-molten state; and a shape of projection that corre-
sponds to the recessed portion on the second object is copied
onthe first object (so-called “coining™). One of other methods
proposed for the same purpose is defined in a method for
manufacturing magnesium alloy parts (Patent Literature 2).
In the method, a plate material is sandwiched between a pair
of upper and lower molds and heated to cause a part of the
plate material to flow plastically into a recess on the mold to
form a projection. The former method, a friction stir forming
method, can solve above-stated problems. This method does
not need any heating sources, wherein the recess formed on
the mold arranged opposite to the stirring means is filled by
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plastic flow caused by frictional heat. This (the former)
method however involves a problem left unsolved in that
projections formed with this method are poor in mechanical
properties (strength and ductility) with a little practicality.
This is because of the fact, according to an investigation by
the inventors of the present invention, that the structure in the
projection portion is not refined since the recess provided on
the second object is positioned apart from such a region where
the friction stirring given by the frictional heat generation
stirring means on the first object makes the structure fine-
grained. Further, it is difficult to form projections having
diameters of 3 mm or more with heights of 5 mm or more on
a thin plate (2 mm or thinner) with this method. The later
method enables forming a projection on a magnesium alloy
member that does not accept welding or brazing; the method
can solve the above-stated problems. In this method, how-
ever, the upper mold and the lower mold severally have a
built-in heater for heating the alloy to cause plastic flow. This
means that the method has problems in that the thermal
energy from outside is required, and besides, the mechanical
properties of the projection are not improved. The reason for
the poor properties is that a plastic flow occurs without stir-
ring produces only a small strain energy which is insufficient
to cause dynamic recrystallization, resulting in an inadequate
grain refinement of the structure.

[Patent Literature 1]

[0005] Publication of Japanese Unexamined Patent Appli-
cation, No. 2002-256453

[Patent Literature 2]

[0006] Publication of Japanese Unexamined Patent Appli-
cation, No. 2004-337935

BRIEF SUMMARY OF THE INVENTION

[0007] An advantage of the present invention is to provide
a method of forming a solid projection having excellent
mechanical properties (strength and ductility) on a metal
member without supplying thermal energy from the outside
and to provide a projection-forming device. Another advan-
tage ofthe present invention is to provide a method of forming
a solid projection having excellent mechanical properties on
a metal member to which welding or brazing is usually diffi-
cult to apply and to provide a projection-forming device.
Further another advantage of the present invention is to pro-
vide a metal part having a solid projection with excellent
mechanical properties.

[0008] A method of forming a solid projection on a metal
member according to the present invention is characterized in
that the method is comprised of the processes of: pressing the
distal end of a processing means having a hole-opening and a
cavity at the distal end against the surface of a metal member
workpiece; and rotating the metal member workpiece and the
processing means in the direction relatively counter to the
other. Rotation of the processing means with being pressed
against the metal member workpiece generates frictional
heat. This frictional heat raises temperature of such a part of
the metal member workpiece as abuts against the processing
means causing plastic flow to occur under low stress. The
metal member workpiece then flows into the cavity through
the hole-opening provided at the distal end of the processing
means to form a projection guided by a barrier effect appeared
in the surrounding region where almost no plastic flow occur.
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The time length during which the occurrence of plastic flow
lasts increases proportionally to the time length of the rotation
and consequently the volume part of the metal member work-
piece flowing plastically into the cavity through the hole-
opening on the processing means also increases with
increased height of the projection. Since the plastic flow
occurs while the metal member workpiece is under solid
state, the structure thereof does not coarsen. Further, since the
projection and the surface region of the metal member work-
piece near the projection are made to have a fine-grained
structure by the friction stirring given by the processing
means compared with other region, superplastic-like flow
occurs at a high temperature state (frequently defined as the
temperature not lower than %2 of the melting point of the metal
member workpiece expressed in the absolute temperature)
while processing with small deforming stress and very high
plastic flows. Thereby, the mechanical strength of the projec-
tion can be enhanced, after returned to the room temperature
on completion of processing. The frictional heat is generated
by rotating the metal member workpiece and the processing
means in the direction relatively counter to the other with
them abutted against each other. Practicable methods for gen-
erating the heat include: rotating the processing means with
the metal member workpiece kept stationary; rotating the
metal member workpiece with the processing means kept
stationary; and rotating the metal member workpiece and the
processing means in the counter direction to the other, or in
the same direction but with rotation speeds different from
each other.

[0009] A metal member to which the method of forming a
solid projection on the metal member by the present invention
is applicable is not limited to magnesium alloys or aluminum
alloys, however, applications to these are preferable. Such
magnesium alloys include such a magnesium alloy as con-
tains at least one of aluminum (Al), zinc (Zn), zirconium (Zr),
manganese (Mn), lithium (L1), iron (Fe), silicon (Si), copper
(Cuw), nickel (Ni), calcium (Ca), and rare metals. Also such
aluminum alloys include such an aluminum alloy as contains
at least one of copper (Cu), manganese (Mn), silicon (Si),
magnesium (Mg), zinc (Zn), nickel (Ni), chromium (Cr), and
titanium (Ti).

[0010] A projection-forming device according to the
present invention is characterized in that the device is com-
prised of: a holding means for holding a metal member work-
piece; a processing means having a hole-opening and a cavity
at its distal end; a means for rotating the processing means; a
means for moving at least one of the holding means and the
processing means along the line that connects both the hold-
ing means and the processing means; and a means for press-
ing the processing means against the surface of the metal
member workpiece. This configuration enables forming a
projection on a metal member workpiece by the plastic flow
without supplying thermal energy from the outside, wherein
the projection has the same material as the metal member
workpiece. This processing device may be used as a single-
function machine for forming a projection on a metal member
or may be used as a processing section in a progressive press
that includes plural processing steps.

[0011] Processing jigs for the projection-forming device by
the present invention are required to have heat resistivity,
abrasion resistivity, and low wettability (accepts no adhe-
sives). Usable materials for the jigs are, for example: stainless
steel (SUS), tool steel (carbon tool steel, or SK-steel, for
example), super alloy (Ni-based, Fe-bases, and Co-based),
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ceramics (cubic boron nitride (CBCN), ZrO,, SiC, Siz;N,,
SiALON, Al,O;, and composite material of these), and
metal-ceramic composite (cermet for example).

[0012] A metal part having a projection by the present
invention is characterized in that the metal part has a projec-
tion formed integrally on the surface of a metal member,
wherein the material of the projection is the same as the
material of the metal member; and the projection and the
surface region of the metal member near the projection are
made to have a fine-grained structure compared with other
region. This metal part having a projection is suitable for the
use in mobile information terminals, home appliances, auto-
motive parts, and railway cars as their projection-having
parts.

[0013] According to the method of forming a projection on
a metal member by the present invention, the related volume
part of the metal member is made flow into the cavity through
the hole-opening on the processing means in the state of
plastic flow caused by frictional heat; the projection is formed
with the same material as the metal member; the surface
region of the projection is made to have a fine-grained struc-
ture; and, thereby, a solid projection having excellent
mechanical properties is provided. The processing device by
the present invention provides a means for actualizing a
method of forming a projection on a metal member of the
present invention. The device enables forming a projection on
a metal member workpiece by the plastic flow without sup-
plying thermal energy from the outside, wherein the projec-
tion has the same material as the metal member workpiece.
Further, the metal part having a projection by the present
invention enables actualizing a projection having excellent
mechanical properties, because the projection and the surface
region of the metal member near the projection are made to
have a fine-grained structure compared with other region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a schematic cross sectional diagram to
explain a method of forming a projection on a metal member
according to the present invention.

[0015] FIG. 2 is a block diagram to explain processes in a
method of forming a projection on a metal member according
to the present invention.

[0016] FIG. 3 is an enlarged schematic diagram to explain
the working of a method of forming a projection on a metal
member according to the present invention.

[0017] FIG. 4 is a schematic cross sectional diagram to
explain that the projection formed on a metal member by the
method defined in the present invention has enhanced
mechanical properties.

[0018] FIG. 5 is a microphotograph to show the state of the
structure of the base portion and its neighboring region of the
projection formed on the metal member by the method
defined in the present invention.

[0019] FIG. 6 shows measurements of impact value
(strength), which is a mechanical property, of the projection
formed on the metal member by the method defined in the
present invention.

[0020] FIG. 7 is schematic front and side views of an
example of the projection-forming device to be used for
implementing the method of forming a projection on a metal
member according to the present invention.

[0021] FIG. 8 is a schematic cross sectional diagram to
illustrate a modification example of the processing jig to be



US 2015/0367404 Al

used for implementing the method of forming a projection in
a metal member according to the present invention.

[0022] FIG. 9 is a schematic cross sectional diagram of the
processing jig to be used in forming two projections and is a
cross sectional diagram of the metal part having two projec-
tions formed using the jig.

[0023] FIG. 10 is a schematic diagram of front views and
bottom views of typical constructions of the processing jigs
used in the method of and the device for forming a different
shape projection on a metal member according to the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0024] Thebestmode of implementing the method of form-
ing a solid projection on a metal member by the present
invention is the embodiment such that the metal member
workpiece is magnesium alloy and the projection is formed
on the alloy thereof by the frictional heat using a processing
jigmade of stainless steel. Magnesium and magnesium-based
alloys are lightweight metals and are on a trend of wide-use in
metal parts for mobile information terminals, home appli-
ances, automotive parts, and railway cars. These alloys, how-
ever, include problems of being incompatible with welding or
brazing with matters left to be solved for the spread of use.
The present invention solves these problems.

Embodiment 1

[0025] FIG. 1 and FIG. 2 are schematic diagrams of pro-
cessing to illustrate the method of forming a projection on a
metal member in an embodiment of the present invention. In
FIG. 1, numeral 111 denotes a metal member workpiece on
which a projection is to be formed; numeral 12 a processing
table on which the metal member workpiece 111 is mounted
and fixed; numeral 13 a processing jig having a hole-opening
1354 at its distal end 13a, wherein the external shape of the jig
13 is such that the cross section thereof is circular; and
numeral 14 a holding jig that holds the processing jig 13. The
processing jig 13 is rotated by a rotary drive source and has a
means for pressing in the direction of the distal end 134 with
a predetermined thrust velocity and pressure. Forming the
projection on the metal member workpiece 111 is as follows:
The metal member workpiece 111 is placed on the processing
table 12 at the predetermined position and fixed thereon
mechanically or electro-statistically or by vacuum (FIG. 2,
Process A). The processing jig 13 having the hole-opening
135, of which dimension meets the size of the projection to be
formed, is mounted on the holding jig 14 (FIG. 2, Process B)
as illustrated in FIG. 1(a). The processing jig 13 is rotated and
the distal end 13a is pressed against the surface of the metal
member workpiece 111 with a predetermined thrust velocity
and pressure (FIG. 2, Process C) as illustrated in FIG. 1(b).
Pressing the distal end 13a of the processing jig 13 with
rotation against the metal member workpiece 111 makes the
temperature of the material in the surface region of the metal
member workpiece 111 where the distal end 13« of the pro-
cessing jig 13 abuts rise by the frictional heat causing the
metal member workpiece to be softened. Thereby, the metal
member workpiece is stirred by the rotation of the processing
jig under the abutting pressure and then changes to a severe
plastic deformation (SPD) state to have the fine-grained struc-
ture through such as dynamic recrystallization. The structure
thus made fine-grained exhibits occurrence of a superplastic-
like phenomenon, which causes plastic deformation easily to
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take place at high temperatures. The occurrence of the super-
plastic-like phenomenon causes plastic flow and further
causes the softening of an un-refined region to plastically flow
athigh temperatures (FI1G. 2, Process D). As will be discussed
later, the plastic flow goes into the hole-opening 135 of the
processing jig 13 (FIG. 2, Process E), filling to the position
higher than the surface of the metal member workpiece 111 as
illustrated in FIG. 1 () to form a projection 112 (FIG. 2,
process F). Thereafter, the processing jig 13 is detached from
the surface of the metal member workpiece 111 (FIG. 2,
Process G). Thereby, a metal part 11 that has the solid pro-
jection 112 and a surrounding annular depression 113 due to
the rotational processing is formed from the surface of the
metal member 111 as illustrated in FIG. 1(c).

[0026] Thereasonhow theplastic flow forms the projection
is described below referring to FIG. 3, which is an enlarged
schematic diagram of FIG. 1(54). The diagram illustrates such
a state that a surface region 1114 of the metal member work-
piece 111 abutting against the distal end 13a ofthe processing
jig 13 exhibits occurrence of superplastic-like phenomenon
causing plastic flow in the direction shown with black arrows.
In contrast, the lower region where no stirring occurs is soft-
ened by temperature rise caused from frictional heat and the
pressure generated by the processing jig 13 produces plastic
flow in the direction shown with white arrows (this behavior
is close to a hot processing under ordinary conditions). In the
surface region 111a of the metal member workpiece 111 that
is exhibiting superplastic-like phenomena, the lateral area
thereof is pressed in the direction of Y12 by a surrounding
region 1115 that envelopes the lateral area exhibiting no
superplastic-like phenomenon; and the upper area thereof is
pressed in the directions of arrows Y13 and Y14 by the distal
end 13a of the processing jig 13 and the holding jig 14 causing
pressing in the directions of the black arrow Y111a and the
white arrow Y112a; thereby the direction of the hole-opening
135 of the processing jig 13 indicated by the black arrow
Y1114a,Y1115 and the white arrow Y1125 are left as the main
flow direction. The flow into the hole-opening 135 continues
in proportion to the time length during which the friction
stirring by the processing jig 13 goes on with increased height
of'the projection 112.

[0027] Forming a projection on the surface of a metal mem-
ber by plastic flow incurs a concave, so-called a shrinkage
recede, appeared in the backside of the projection; the degree
of'this shrinkage recede increases with the projection height.
Occurrence of the shrinkage can be prevented by giving the
processing jig 13 a circular or linear movement on a plane
parallel to the surface of the metal member. In almost all the
cases, the surface of the metal member on which the projec-
tion is to be formed is such a face as will not be visibly
exposed to the outside in the finished product and a face
opposite to the surface where the projection is to be formed is
such a face as externally appears in the finished product.
Therefore, appearing the shrinkage recede is a bad situation in
that the external face does not conform to the designed flat-
ness or in that the appearance is not commercially fine.

[0028] An important matter in forming a projection on a
metal member according to the present invention is how to
determine the processing conditions. When processing the
metal member workpiece of magnesium, magnesium-based
alloys, aluminum, or aluminum-based alloys at a room tem-
perature, the rotating speed of the processing jig will be 200
to 20000 rpm, preferably 500 to 5000 rpm and the press-in
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pressure is preferred to be 50 kg/cm? or larger under a prede-
termined thrust velocity of the processing jig.

[0029] Hereunder provided is an explanation for the excel-
lence in the mechanical properties of the projection formed
on a metal member by the method defined in the present
invention. The region in the metal member workpiece 111
friction stirred by the processingjig 13 is refined considerably
(occurrence such as dynamic recrystallization). The fine-
grained region easily deforms at high temperatures and exhib-
its superplastic-like phenomenon causing plastic flow that
goes into the cavity of through the hole-opening 135 on the
processing jig 13 to form the projection 112. The projection
112 and the shaded area in its vicinity illustrated in FIG. 4 (5)
are such regions as have the fine-grained structure by the
friction stirring. In general, the grain refinement of structure
provides enhanced mechanical properties. In forming a pro-
jection on a metal member, concentration of stress occurs at
the joining portion between the metal member and the pro-
jection frequently causing mechanical breakage at such point.
Forming a projection by the invented method can provide
improved mechanical strength, because the fine-grained
structure comes to exist in the area covering the projection
and the base portion between the projection and the metal
member, reaching a portion in the metal member beyond the
base portion.

[0030] FIG.5 is a microphotograph to show the state of the
structure of the proximal portion (the base portion between
the metal member workpiece 111 and the projection 112
shown in FIG. 4) of the projection formed on the metal mem-
ber by the method defined in the present invention. The pho-
tograph tells that the structure of such regions as correspond
to the shaded area in FIG. 4 (b) are made refined grains
compared with other region.

[0031] FIG. 6 shows measurements of the impact value
(strength), which is a mechanical property, of the projection
formed by the method defined in the present invention. The
measuring was conducted on three magnesium alloys of the
projections formed under the same conditions at the room
temperature (20° C.), using an Izod impact tester (WR=3
kg-m), Tester Sangyo Co., Ltd. Vertical axis in the figure
represents impact values (strengths) and horizontal axis type
of magnesium alloys. The dotted line and the dot-dash line in
the figure respectively indicate impact values of raw materials
AZ31 and ZK60A. The test pieces were prepared using plates
of AZ31 having a thickness of 2 mm (AZ31t2) and a thickness
of' 3 mm (AZ3113), and a plate of ZK60A having a thickness
of'3.1 mm; and then projections each having a diameter of 3
mm with a height of about 4 mm were formed thereon by the
invented method. As can be known from FIG. 6, all the impact
values of the projections formed by the invented method were
larger than those impact values of their raw materials. This is
ascribable to the fact that the surface of the area covering the
projection and the base portion between the projection and
the metal member, reaching a portion in the metal member
beyond the base portion, was made to have a fine-grained
structure.

Embodiment 2

[0032] FIG. 7 is schematic front and side views of an
example of the projection-forming device to be used for
implementing the method of forming a projection on a metal
member according to the present invention. In the figure,
numeral 51 denotes a base on which the device is mounted;
numeral 52 a frame secured on the base 51; numeral 53 a
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work-holding head retained on the frame 52 movably in the
XY-directions on the horizontal plane; numeral 531 a tem-
perature and pressure sensor embedded near the surface of the
work-holding head 53; and numeral 54 a driving shaft driven
by a driving motor, not illustrated, to move the work-holding
head 53 vertically.

[0033] Numeral 55 denotes a work holder supported on the
work-holding head 53; numeral 56 a rotary tool comprised of
the processing jig 13 and the holding jig 14; numeral 57 a tool
holder that holds the rotary tool 56; numeral 58 a tool holder
driving motor that retains the tool holder 57 and moves the
tool holder 57 in the vertical direction; numeral 581 a constant
velocity and low load control unit retained on the tool holder
driving motor; and numeral 59 a tool rotating motor to drive
the rotary tool 56, supported on the frame 52 retaining the tool
holder driving motor 58. The rotary tool 56 may be composed
only of the processing jig 13 illustrated in FIG. 1.

[0034] Informing a projectionon ametal member using the
projection-forming device of this style of configuration, the
metal member is mounted and fixed on the work holder 55
and then the projection-forming position on the metal mem-
ber is made face to the rotary tool 56 moving the work-
holding head 53 in the XY-directions. Thereafter, the tool
holder 57 is moved downward by the tool holder driving
motor 58 with the rotary tool 56 rotated by the tool rotating
motor 59 to make the rotary tool 56 contact with the surface of
the metal member and thrust into it at a predetermined thrust
velocity and pressure of the rotary tool. Thereby, plastic flow
is caused on the metal member by the frictional heat to form
the projection. On completion of the projection-forming, the
tool holder 57 is moved upward by the tool holder driving
motor 58 to detach the rotary tool 56 from the metal member
and the projection, and then the tool rotating motor 59 is
stopped to terminate the working of the rotary tool 56.

[0035] Asamethod of control for making the rotary tool 56
contact with the surface of the metal member at a predeter-
mined pressure, a pressure control and a position control are
usable technique. The pressure and position control of the
rotary tool have an advantage in that a boss height can be
controlled with constancy. To detail, this system is actualized
by mounting a strain gauge and a load-cell on the stage and
the rotary shaft. However, variation of the applying-load may
occur while forming the boss because of the heat, requiring a
measure against this. The position control can be actualized
by the use of a servomotor control for the stage and the rotary
shaft with the advantage in that the control is relatively easy.
The system however has a disadvantage in that the boss will
have lower dimensional accuracy (accuracy of height) if the
thickness of the workpiece prepared is not uniform. It may be
a solution for this to make a positional adjustment on every
boss forming with a continuous thickness control by the use
of a laser displacement meter.

Embodiment 3

[0036] FIG. 8 is a schematic cross sectional diagram to
show a modification example of the processing jig. In this
embodiment, the processing jig 13 illustrated in FIG. 1 is
comprised of: a cylindrical member 131 having a hole 131a
that corresponds to the hole-opening 135, a pressure member
132 being inserted in the hole 131a on the cylindrical member
131, and a spring 133 to press the pressure member 132
toward the distal end 13a of the cylindrical member 131
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guided by the hole 131a of the cylindrical member 131. The
configuration of the processing jig 13 in this manner offers
effects of:

[0037] (1) an air escape is provided while forming the
projection since a small gap is formed between the hole
131a of the cylindrical member 131 and the pressure
member 132, and

[0038] (2) a projection having a flat-shaped distal end
can be formed because the distal end of the projection is
pressed during forming the projection.

Embodiment 4

[0039] FIG. 9 is a schematic cross sectional diagram of the
processing jig 13 to be used in forming two projections at a
time and is a cross sectional diagram of the metal part 11
having two projections formed using the jig. This configura-
tion is such that two processing jigs are installed side-by-side
on the holding jig 14 illustrated in FIG. 1. The processing jig
13 is such a processing jig as is suitable for forming closely
placed projections 112 and has an advantage in that the pro-
cessing time is reduced to %2. The explanation of this embodi-
ment has been provided taking the case of forming two pro-
jections 112 as an example, embodiments however should not
be limited to two projections; the number of the processing jig
13 can be increased according to the desired number of the
adjoining projections. In a preferable embodiment style, an
adjusting means capable of optionally varying the distance
between projections would be provided.

Embodiment 5

[0040] FIG. 10 is a schematic diagram of front views and
bottom views of typical constructions of the processing jig13
used in the method of and the device for forming a projection
having different shapes and sizes on a metal member accord-
ing to the present invention. Part (a) of the figure illustrates the
processing jig 13 used in forming one projection having a
cylindrical shape, wherein one hole-opening 135 is formed.
The portion indicated with dotted line in the upper portion of
the processing jig 13 may be cut to make the upper portion
thin. This modification is applicable to those processing jigs
indicated below. Part (b) of the figure illustrates the process-
ing jig 13 used in an example of modified application of
forming one columnar projection, wherein one hole-opening
135 is formed to have such a composite shape that a small
diameter column is combined on a large diameter column.
Part (c) of the figure illustrates the processing jig 13 used in
forming one columnar projection with a ring-like shaped
protrusion, wherein the hole-opening 135 is formed to have a
ring-like shape. Part (d) of the figure illustrates the processing
jig 13 used in forming a conic projection, wherein the hole-
opening 135 is formed to have a conical shape. Part (e) of the
figure illustrates the processing jig 13 used in forming one
hemispherical projection, wherein the hole-opening 135 is
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formed to have a hemispherical shape. Part (f) of the figure
illustrates the processing jig 13 used in forming a circular
truncated cone projection. The processing jigs 13 in these
styles are applicable with other manner of modifications or in
various combinations and the present invention does not limit
the jig to these processing jigs.

[0041] A method of and a device for forming a projection
on a metal member and a metal part manufactured thereby are
not limited to those methods or configurations explained in
the embodiments, and various modification can be practiced
within the scope of the technical idea of the present invention.

What is claimed is:

1. A projection-forming device comprised of:

a holding means for holding a metal member workpiece;

a processing means having a hole-opening and a cavity at
its distal end;

a means for rotating said processing means;

a means for moving at least one of said holding means and
said processing means along the line that connects both
said holding means and said processing means; and

a means for pressing said processing means against the
surface of said metal member workpiece.

2. A projection-forming device comprised of:

a processing table to hold a metal member workpiece;

a rotary tool including a processing jig column having a
distal end facing the processing table;

a rotary drive source to rotate the processing jig relative to
the metal member workpiece; and

a vertical drive source to move one of the processing table
or processing jig toward the other of the processing table
or processing jig and initiate pressing contact with rela-
tive rotation between the distal end of the processing jig
and the metal member workpiece, causing a plastic flow
of metal from said metal member workpiece into a space
between the processing jig column and a structure sur-
rounding the processing jig column at the metal member
workpiece surface on which the pressing contact was
initiated.

3. The projection-forming device of claim 2, wherein the
plastic flow into the space is caused without the processing
table being bonded to the workpiece by the pressing.

4. The projection forming device of claim 2, further com-
prising a rotary tool that includes the structure and the pro-
cessing jig column, wherein the space is a ring-like gap
between the processing jig column and the structure at the
metal member workpiece surface on which the pressing con-
tact was initiated.

5. A metal part having a projection formed integrally on a
metal member, wherein the material of said projection is the
same as the material of said metal member; and said projec-
tion and the surface region of said metal member near said
projection are made to have a fine-grained structure compared
with other region.



