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(57) ABSTRACT

To enable a first welding target member imncluding a projec-
tion on a welding target portion having short sides and long
sides and a second welding target member to be bonded by
resistance welding with high welding strength. A manufac-
turing method for manufacturing a welded article by bond-
ing a first welding target member including an elongated
projection portion on a welding target portion having short
sides and long sides that are longer than the short sides and
a second welding target member by resistance welding, 1n
which the projection portion of the first welding target
member 1s subdivided by forming subdividing grooves
extending in the direction of the short sides in the projection
portion to reduce the intluence of skin effect on the welding
current flowing through the subdivided projection portions
and 1mprove the unmiformity of the current values in the
direction of the long sides.
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FROVIDE FIRST WELDING TARGET MEMBER
HAVING ELONGATED PROJECTION

PORTION HAVING SUBDIVIDING GROOVES

PROVIDE SECOND WELDING TARGET
MEMBER TO BE BONDED TO FIRST
WELDING TARGET MEMBER
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WELDED ARTICLE AND METHOD FOR
MANUFACTURING WELDED ARTICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a divisional of U.S. application
Ser. No. 15/349,623, filed on Aug. 8, 2017, which 1s the
National Stage of International Application No. PCT/
JP2016/0514°/78, filed on Jan. 19, 2016, which claims priority
to Japanese Patent Application No. JP 2015-023431 filed on
Feb. 9, 2015. The contents of these applications are incor-
porated by reference herein in their entirety.

TECHNICAL FIELD

[0002] This mvention relates to a manufacturing method
for manufacturing a welded article by bonding one welding
target member having a projection formed on a welding
target portion having short sides and long sides that are
longer than the short sides and the other welding target
member by resistance welding, and a welded article.

BACKGROUND

[0003] In the process of manufacturing a gear portion for
an automobile, for example, a leg portion of a carrier cover
and a disk-shaped member 1n the gear portion are often
mechanically bonded to each other by electrical press-fit
bonding called arc welding or ring mash (trademark) weld-
ing. In the case of arc welding, the leg portion of the carrier
cover 1s fitted 1nto a welding hole formed 1n the disk-shaped
member and the entire circumierence or a part of the fitted
part 1s welded by arc welding. However, 1n the case of arc
welding, because the period of time for which thermal
energy 1s injected 1mnto the welding target part 1s much longer
than that 1n a capacitor stored-energy welding method in
which welding 1s carried out by discharging energy stored in
a capacitor within a short period of time, thermal strain
occurs 1 a shalt member of the carrier cover and the
disk-shaped member as welding target objects, resulting 1n
a lower dimensional accuracy. Another drawback 1s that the
welded part between the metal materials and 1ts vicinity
undergo significant thermal deterioration or color change.

[0004] To solve such problems, an electrical press-it
bonding method has been proposed including positioning,
several divided leg portions of a carrier cover at bonding
holes formed 1n a disk-shaped member, applying a bonding,
current to the leg portions under a pressing force to cause
end parts of the leg portions of the carrier cover to undergo
plastic flow and enter the bonding holes to solid-phase bond
them to the disk-shaped member (see Patent Document 1,
for example). However, 1n the bonding method and structure
disclosed 1n Patent Document 1, the bonding holes are
formed at the center of the disk-shaped member and the
divided leg portions of the carrier cover are press-1it into the
welding holes at a plurality of positions. Thus, when the
welding target objects are employed 1n a mechanism in
which large torque 1s applied between the disk-shaped
member and the leg portions of the carrier cover, a large
rotative force, i other words, torque 1s applied in such a
direction as to shear the solid-phase bonded parts between
the disk-shaped member and the leg portions of the carrier
cover, 1n other words, 1n a direction parallel to the bonded
surfaces between the disk-shaped member and the leg por-
tions of the carrier cover.
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[0005] In the case of the above-mentioned solid-phase
bonding, the surfaces of the welding target objects are
simply bonded 1n a plastic flow state. Thus, the bonding area
1s small and 1ts mechanical strength 1s not high because the
bonding depth of the bonded portion 1s shallow compared to
the case of resistance welding where the surfaces are melted
to form a nugget. In a bonded article obtaimned by such a
bonding method, the mechanical strength 1n such a direction
as to shear the bonded portion between the disk-shaped
member and the several divided leg portions of the carrier
cover cannot be high. Thus, the torque that can be applied to
the bonded article 1s significantly limited. To remove such a
drawback, a bonding method 1s disclosed 1n which leg
portions of a carrier cover are press-fit bonded to the short
sides of rectangular bonding holes of a plate-like bonding
target member and not to the long sides thereof (see Patent
Document 2, for example). In this bonding method, because
the bonding current can be concentrated at the short side
parts of the both members, the bonding depth of the bonded
portion at the short side parts can be large to increase the
bonding strength. The problem, however, 1s that higher
strength cannot be obtained when the short side parts are
short, 1n other words, the plate thickness at the short side
parts 1s small.

BRIEF SUMMARY OF THE INVENTION

[0006] An object of the present mvention 1s how to
improve the welding strength of a welded portion between
a first welding target member having projection formed on
a welding target portion having short sides and long sides
that are longer than the short sides and a second welding
target member bonded to each other by resistance welding.
[0007] With reference to FIG. 6, an aspect of a method for
manufacturing a welded article according to the present
invention 1s described. This aspect provides a manufacturing
method for manufacturing a welded article by bonding a first
welding target member including an elongated projection
portion on a welding target portion having short sides and
long sides that are longer than the short sides and a second
welding target member by resistance welding, in which
subdividing grooves are provided in the direction of the
short sides 1n the projection portion of the first welding
target member to subdivide the projection portion, thereby
improving the umiformity of the current values of the weld-
ing currents tlowing through the subdivided projection por-
tions 1n the directions of the long sides. In this manufactur-
ing method, a first welding target member having an
clongated projection portion having subdividing grooves 1s
first provided (step S1). Here, the eclongated portion 1is
clongated 1n the direction of the long sides. Next, a second
welding target member to be bonded to the first welding
target member 1s provided (step S2). The projection portion
of the first welding target member 1s brought mto contact
with the second welding target member (step 3). A pressing
force 1s applied and a welding current 1s applied to the first
and second welding target members to bond the first and
second welding target members by resistance welding (step
4).

[0008] According to such a method for manufacturing a
welded article, because the influence of skin eflect can be
reduced, the non-uniformity of the current distribution in the
direction of the long sides of the welding current tlowing
through the projection can be reduced and the welding
strength of the welded portion between the first and second
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welding target members can be increased. In the above
method for manufacturing a welded article, stopper portions
may be provided 1n the subdividing grooves or at both ends
of the first welding target member so that the stopper
portions can contact the second welding target member at
completion of welding to stop progress of welding and allow
a portion of the welding current to escape through the
stopper portions. Welded articles having uniform welding
strength can be obtained. In addition, 1n the method for
manufacturing a welded article, the subdividing grooves,
which are multi-dividing the projection portion, 1.e., divid-
ing 1nto a plurality of pieces, may be provided with changing
the inclination angle of the subdividing grooves. The depth
or width and the number of the subdividing grooves can be
casily adjusted.

[0009] In the method for manufacturing a welded article
according to an embodiment of the present invention, the
first welding target member may be a carrier cover with a
plurality of leg portions 1 a gear portion; the second
welding target member may be a base plate 1n the gear
portion, each of the plurality of leg portions may have the
projection portion subdivided by the subdividing grooves on
an end face of the leg portion; and the subdivided projection
portion may be bonded to a welding target portion of the
base plate by resistance welding. When a welded article 1s
manufactured by such a method, a gear portion having high
welding strength can be obtained. In the method for manu-
facturing a welded article according to an embodiment of the
present invention, the first welding target member may be a
metal plate having a flat or curved face, the metal plate
having a thickness defined by the short sides, the flat or
curved face of the metal plate having a length defined by the
long sides, the metal plate having the plurality of subdivided
projection portions formed by the subdividing grooves on a
tace of the metal plate, the face of the metal plate defining
its thickness, and the projection portions being a welding
target portion; and the subdivided projection portions of the
metal plate may be bonded to a welding target portion of the
second welding target member by resistance welding. Such
a method for manufacturing the welded article enables a
metal plate with a relatively small thickness to be success-
tully bonded by stud resistance welding.

[0010] A welded article according to an embodiment of
the present invention may be obtained by bonding a carrier
cover having a plurality of leg portions and a base plate 1n
a gear portion by resistance welding, wherein each of the leg
portions of the carrier cover includes a plurality of subdi-
vided projection portions on a face to be welded to the base
plate, and the plurality of subdivided projection portions are
in contact with and bonded to a welding target portion of the
base plate by resistance welding. According to such a
welded article, because the influence of skin eflect can be
reduced, the non-uniformity of the current distribution of the
welding currents flowing through the projection portions can
be reduced. This enables each leg portion of the carrier cover
to be bonded to the welding target portion of the base plate
by resistance welding with desired welding strength.

[0011] According to the present invention, welding target
portions of a first welding target member including a pro-
jection portion on a welding target portion having short sides
and long sides that are longer than the short sides and a
second welding target member can be bonded by resistance
welding with high welding strength.
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BRIEF DESCRIPTION OF DRAWINGS

[0012] FIG. 1A 1s a drawing for explaining welding target
members that constitute a welded article according to a first
embodiment of the present invention, showing first and
second welding target members.

[0013] FIG. 1B is a drawing for explaining welding target
members that constitute a welded article according to a first
embodiment of the present invention. showing the second
welding target member.

[0014] FIG. 2 1s a drawing for explaining the welded
article according to the first embodiment of the present
invention.

[0015] FIG. 3 1s a drawing for explaining a manufacturing
apparatus that implements a manufacturing method accord-
ing to the first embodiment of the present invention.
[0016] FIG. 4 1s a drawing for explaining a welded article
according to a second embodiment of the present invention.
[0017] FIG. 5 1s a drawing for explaining a welded article
according to a third embodiment of the present invention.
[0018] FIG. 6 1s a flowchart showing a method for manu-
facturing a welded article according to an embodiment of the
present 1vention.

[0019] FIG. 7 1s a drawing for explaining a conventional
welded article.

DETAILED DESCRIPTION

[0020] The present ivention will become more fully
understood from the detailed description given hereinbelow.
The other applicable fields will become apparent with ret-
erence to the detailed description given hereinbelow. How-
ever, the detailed description and the specific embodiment
are 1llustrated of desired embodiments of the present inven-
tion and are described only for the purpose of explanation.
Various changes and modifications will be apparent to those
ordinary skilled in the art on the basis of the detailed
description.

[0021] The applicant has no intention to give to public any
disclosed embodiments. Among the disclosed changes and
modifications, those which may not literally fall within the
scope of the patent claims constitute, therefore, a part of the
present invention 1n the sense of doctrine of equivalents.
[0022] Before embodiments of the present imnvention are
described, the reason why it 1s conventionally difficult to
bond a first welding target member having a projection on a
welding target portion having short sides and long sides that
are longer than the short sides and a second welding target
member by resistance welding 1s described and the back-
ground of how the present invention has been made 1is
described. Conventionally, when a welding target portion of
a metal plate as a first welding target member having short
sides extending in the direction of the thickness of the metal
plate and long sides defining an elongated welding target
face together with the short sides 1s bonded to a flat face of
the other welding target member by stud resistance welding,
a projection 1s formed on the elongated welding target
portion of the first welding target member. The projection
naturally has an elongated shape, and, in particular, the
projection has an elongated distal end face with a small

width.

[0023] It was found that when a welding target member A
including an ordinary projection portion P on a welding
target portion having an elongated welding target face
defined by short sides W equal 1n length to the thickness
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thereol and long sides L along the main face as shown in
FIG. 7 1s bonded to the other welding target member B by
stud resistance welding achieved by pressing the welding
target member A against a flat face of the welding target
member B and applying a welding current thereto, the
projection portion P of the welding target member A 1s
melted 1n the vicinity of both end portions (both end in the
direction of the long sides) but 1s not easily melted at a
central portion, and this tendency 1s stronger as the projec-
tion portion P 1s thinner and longer. Various experiments
were conducted by changing the length of the long sides L
ol the one welding target member A to change the length of
the projection portion P or adjusting the magnitude of the
welding current, and 1t was, consequently, found that the
tendency for the projection portion P of the welding target
member A to be melted more easily 1n the vicinity of both
end portions and less easily at the central portion 1s stronger
and satisfactory stud resistance welding 1s therefore more
difficult to achieve as the projection portion P 1s longer.

[0024] In other words, the welding target part correspond-
ing to a central portion of the projection portion P of the
welding target member A does not generate sutlicient heat to
melt 1itself suthiciently and functions as a stopper, resulting in
insuihicient welding strength. In addition, when a sufliciently
high current to melt the welding target part corresponding to
a central portion of the projection portion P of the welding
target member A 1s applied, the welding target parts corre-
sponding to the vicimity of both end portions of the projec-
tion portion P of the welding target member A may be
excessively melted to the extent that 1t 1s spattered, resulting

in poor welding quality.

[0025] Then, the welding currents that flow from the other
end of the welding target member A through various parts of
the elongated projection portion P were measured. As a
result, 1t was found that the value of the welding current
flowing through the center of the welding target member A
1s the lowest and the value of the welding current 1s getting
higher as the measuring part 1s closer to the both ends. In
other words, 1t was confirmed that when welding target
member A, such as a metal plate, 1s bonded to the other
welding target member B by stud resistance welding utiliz-
ing an elongated projection portion P formed on a welding
target portion defining the thickness of the welding target
member A, the current value of the welding current flowing
through the center of the welding target member A 1s the
lowest and the current value of the welding current 1s getting
higher as the measuring part 1s closer to the both ends, by the
influence of skin effect as indicated by the thicknesses of
arrows 1 1n FIG. 7. It 1s also confirmed that the intfluence of
skin effect further increases and the ratio of the difference
between the current value of the welding current flowing
through the center of the one welding target member A and
the current value of the welding currents flowing through the
both end portions thereotf turther increases as the pulse width
of the welding current 1s shorter or the frequency of the
welding current 1s hugher. This may be the reason why 1t 1s
considered impossible to bond a face defining the thickness
of a metal plate having long sides with a certain length or
longer to another metal plate by stud resistance welding. It
should be noted that, in the case of a ring projection, because
the projection 1s endless, it 1s not affected by the influence
of skin effect in 1ts length direction and welding currents
with almost equal current values flow the entire ring pro-
jection without the influence of skin effect.
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[0026] In the present invention, 1 view of the above
phenomenon, subdividing grooves are provided at least in
the direction of the short sides of an elongated projection
portion to subdivide the projection portion 1nto a plurality of
projection portions with a shorter length. By subdividing an
clongated projection portion as described above, the mflu-
ence of skin eflect can be reliably reduced, and the ratio of
the ditference between the welding currents tlowing through
a central portion and both end portions of the subdivided
projection portion can be smaller. In other words, the
uniformity of the current distribution in the direction of the
length of the subdivided projection portion can be improved.
[0027] In embodiments the present invention, a projection
portion of a welding target member refers to a distal end part
of the welding target member consisting of a projection and
a part that 1s located adjacent to the projection and forms
even a small nugget between 1t and the other welding target
member to contribute to welding. The expression “subdivi-
s10n of the projection portion” refers to the fact that only the
projection portion 1s divided mto short and small projection
portions by subdividing grooves formed 1n the direction of
the short width of the projection portion or that subdividing
grooves are formed deeply 1nto a part that does not contrib-
ute to welding together with the projection portion.

First Embodiment

[0028] First, a first embodiment of the present invention 1s
described with reference to FIG. 1A to FIG. 3. A first
welding target member 1 1s a carrier cover of a gear portion
for an automobile as described above, 1.e., a metal member
having a circular main body portion 10 and four separate leg
portions 11, 12, 13 and 14 bent at a substantially right angle
from the main body portion 10. The four leg portions 11 to
14 are provided at substantially equal intervals and have
generally the same size and shape. In FIG. 1A, the leg
portion 13 1s behind the leg portion 11 and invisible. A
second welding target member 2 to which the four leg
portions 11 to 14 are bonded by projection welding 1s a
disk-shaped metal plate. The main body portion 10 has a
central hole 15 indicated by broken lines. In embodiments of
the present invention, the central hole 135 1s also utilized as
a positioning hole as shown 1in FIG. 3. In FIG. 1A, a first
welding electrode 3 and a second welding electrode 4 show
ordinary welding electrodes that apply a pressing force to
the first welding target member 1 and the second welding
target member 2 and apply a welding current to the welding
target members 1 and 2.

[0029] In FIG. 1B, four rectangular area 21, 22, 23 and 24
indicated by broken lines on a welding target face 20 of the
second welding target member 2 as a base metal plate to
which the leg portions 11 to 14 of the carrier cover are
welded exemplify the spots where the four leg portions 11 to
14 are bonded by projection welding. The symbols W and L
at the rectangular area 21 represent a short side and a long
side, respectively, of the leg portion 11. The same applies to
the rectangular areas 22, 23 and 24. A central hole 25 formed
at the center of the second welding target member 2, while
it has no direct relationship with the welding of the present
invention and 1s provided for a different purpose, 1s also
utilized as a positioning hole 1 the first embodiment as

shown in FIG. 3.

[0030] In FIG. 2, while only the leg portion 11 1s shown as
a representative of the four leg portions 11 to 14 of the
carrier cover, the other leg portions 12, 13 and 14 are the
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same as the leg portion 11 with regard to the subdividing
grooves, projection portions, stopper portions and so on,
which are described later. The leg portion 11 has short sides
W extending 1n 1ts thickness direction and long sides L
extending in 1ts length direction. The long sides L are
preferably arcuate but may be straight. The leg portion 11 of
the first welding target member 1 has a projection portion P
on a welding target portion thereof. The projection portion
P, which 1s an ordinary one and 1s not therefore described, 1s
distinctly different from conventional ones in that two
subdividing grooves V1 and V2 extending across the pro-
jection portion P into a part of the leg portion adjacent to the
projection portion P are formed to at least subdivide the

projection portion P into three projection portions P1, P2 and
P3.

[0031] In this first embodiment, the subdividing grooves
V1 and V2 are formed beyond the projection portion P in the
leg portion 11 and extend deeply nto a part that 1s located
adjacent to the projection portion P and does not contribute
to welding. In addition, stopper portions S1 and S2 are
formed 1n the subdividing grooves V1 and V2, respectively.
The stopper portions S1 and S2 extend from bottom faces of
the subdividing grooves V1 and V2 1n the direction of the
projection portions P1, P2 and P3. The stopper portions S1
and S2 have the same level of height. Because the projection
portions P1, P2 and P3 are melted during welding until the
stopper portions S1 and S2 contact the welding target face
20 of the second welding target member 2, the stopper
portions S1 and S2 almost determines the height of the
projection portions P1, P2 and P3. The stopper portions S1
and S2 have a function of making the welding depth uniform
and making the welding strength unmiform. The subdividing
grooves V1 and V2 also serve to receive molten metal

material and therefore improve the appearance of the welded
part.

[0032] In FIG. 2, the flow of welding currents 1s shown by
arrows 1 1n a simulative fashion to explain the influence of
skin eflect on the welding currents. The thickness of each
arrow 1 represents how large or small the value of the
welding current 1s. When the projection portion P 1s subdi-
vided 1nto three projection portions P1, P2 and P3 by the
subdividing grooves V1 and V2, the length of the projection
portions P1 to P3 in the direction of the long sides L 1s
naturally shorter than ¥4 the length of the projection portion
P before the subdivision in view of the width of the
subdividing grooves V1 and V2 in the direction of the long
sides L and the influence of skin effect decreases accord-
ingly.

[0033] Although the influence of skin effect on the weld-
ing current flowing through each of the projection portions
P1 to P3 decreases, the tendency for the welding current that
flows through the center of each of the projection portions
P1, P2 and P3 to be smaller and for the welding currents that
flow through both ends of each of the projection portions P1,
P2 and P3 to be larger as indicated by the thickness of the
arrows 1 1s created 1n the direction of the long sides L of each
of the projection portions P1 to P3 by the influence of skin
cllect. However, because the length of each of the projection
portions P1, P2 and P3 i1s much smaller than %5 the length of
the projection portion P before the subdivision as described
above, the influence of skin eflect 1s much smaller and the
difference between the welding current tflowing through a
central portion of the projection portions P1, P2 and P3 and
the welding currents flowing through both end portions
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thereol becomes much smaller accordingly. Thus, the uni-
formity of the welding currents that flow through each of the
projection portions P1, P2 and P3 improves. This 1s dem-
onstrated by the fact that the difference between the welding
current flowing through the central portion of the projection
portion P2 located at the center and the welding currents
flowing through the outer end portions of the projection
portions P1 and P3 i1s much smaller than the difference
between the welding current flowing through the central
portions of the projection portion P and the welding currents
flowing through both end portions thereol before the sub-
division, and the uniformity of the welding currents flowing
through each of the projection portions P1 to P3 is signifi-
cantly improved.

[0034] Here, because the four leg portions 11, 12, 13 and
14 are bent almost at a right angle from the circular main
body portion 10, the outer periphery of the main body
portion 10 1s endless. Thus, the welding currents that flow
through the four leg portions 11, 12, 13 and 14 are not
allected by the influence of skin effect, and the magnitudes
of the welding currents that flow through the four leg
portions 11, 12, 13 and 14 are not made different by the
influence of skin efiect.

[0035] This first embodiment 1s described with the

description of FIG. 3 showing a welding apparatus for
implementing a resistance welding method according to an
embodiment the present invention. This welding apparatus
includes, in addition to the first welding electrode 3 and the
second welding electrode 4 described above, a welding
power source 200 having an AC power source 30, such as a
commercial AC power source or AC power generator, a DC
power source circuit 60 that converts AC mnto DC, an energy
storage capacitor 70 having a plurality of capacitors con-
nected 1n parallel, a switch circuit 80 that converts the
clectrical energy stored in the energy storage capacitor 70
into one or more large current pulses and discharges the
current pulses, such as a discharge switch or inverter circuit,
and a welding transformer 90 including a secondary winding
having 1 or 2 turns and a primary winding having a larger
number ol turns than the secondary winding. The first
welding electrode 3 and the second welding electrode 4 are
connected to the secondary winding of the welding trans-
former 90. The welding apparatus also includes a position-
ing mechanism 100 for positioning the first welding target
member 1 and the second welding target member 2, and a
deformation prevention mechanism 110 for preventing the
four leg portions 11, 12, 13 and 14 of the first welding target
member 1 from being detformed outward. The positioning
mechanism 100 and the deformation prevention mechanism
110 are made of an electrically insulating maternal or elec-
trically insulated from other components so that a portion of
the welding current cannot flow therethrough during weld-
ing. A drive mechanism or pressure mechanism that
increases and decreases the distance between the first weld-
ing electrode 3 and the second welding electrode 4 and so on
are omitted from illustration.

[0036] InFIG. 3, the first welding target member 1 and the
second welding target member 2 have the structures shown
in FIG. 1A, 1B and FIG. 2. The positioning mechanism 100
includes a large-diameter portion 101 with a diameter that 1s
slightly smaller than that of the central hole 25 of the second
welding target object 2, and a small-diameter portion 102
with a diameter that 1s slightly smaller than that of the
central hole 15 of the first welding target member 1. The
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positioning mechanism 100 has such a structure that the
small-diameter portion 102 extends from the center of an
upper face of the large-diameter portion 101, and the center
of the small-diameter portion 102 and the center of the
large-diameter portion 101 are located on the central axis
X-Y. It should be noted that only the leg portion 11 1s shown
among the direct welding target members, the leg portions
11 to 14, and a part of the main body portion 10 1s cut away
so that the small-diameter portion 102 1s visible 1n FIG. 3.

[0037] First, the large-diameter portion 101 of the posi-
tioming mechanism 100 1s inserted into the central hole 25 of
the second welding target member 2 to place the second
welding target member 2 1n a predetermined position on the
second welding electrode 4. Next, the small-diameter por-
tion 102 of the positioning mechanism 100 1s inserted into
the central hole 15 of the first welding target member 1 to
place the first welding target member 1 1n a predetermined
position on the second welding target member 2. At this
time, the four leg portions 11, 12, 13 and 14 of the first
welding target member 1 contacts the second welding target
member 2 at positions corresponding to the rectangular areas
21, 22, 23 and 24 shown by broken lines on the welding
target face 20 of the second welding target member 2 1n FIG.
1B. Actually, as shown 1n FIG. 2, the leg portion 11 contacts
the welding target face 20 of the second welding target
member 2 at end faces of the three subdivided projection
portions P1, P2 and P3. The leg portions 12, 13 and 14 are
the same as the leg portion 11 1n this regard. The deforma-
tion prevention mechanism 110, which 1s not shown in
detail, includes four diameter increasing/decreasing mem-
bers that simultaneously move radially mmward or outward,
for example. These members are structured to prevent the
corresponding leg portions 11, 12, 13 and 14 from being
deformed outward beyond a predetermined deformation
amount. However, the diameter increasing/decreasing mem-
bers substantially do not press the leg portions 11,12, 13 and
14 radially inward 1n an ordinary condition not to interfere
with the resistance welding.

[0038] In this state, the first welding electrode 3 1s moved
downward to apply a pressure in a direction along the central
axis X-Y to the main body portion 10 of the first welding
target member 1. As a result, a pressing force 1s applied
between the three subdivided projection portions P1, P2 and
P3 of each of the leg portions 11, 12, 13 and 14 and the
welding target face 20 of the second welding target member
2. In this state, the switch circuit 80 1s turned on. Then, the
clectric charge preliminarily charged in the energy storage
capacitor 70 1s discharged, and a welding current with a
single wavetform flows between the three subdivided pro-
jection portions P1, P2 and P3 of each of the leg portions 11,
12, 13 and 14 and the welding target face 20 of the second
welding target member 2. By the welding current, heat 1s
rapidly generated at the spots where the three subdivided
projection portions P1, P2 and P3 of each of the leg portions
11, 12, 13 and 14 are 1n contact with the welding target face
20 of the second welding target member 2 and the metal
materials of both the members are melted and mixed
together to form a nugget. As a result, good projection
welding 1s achieved.

[0039] Here, the three subdivided projection portions P1,
P2 and P3 of each of the leg portions 11 to 14 are melted.
Because the projection portions P1, P2 and P3 and the
welding target face 20 of the second welding target member
2 are pressed against each other by the pressing force with
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their contact regions melted, the stopper portions S1 and S2
shown 1n FIG. 2 are brought into contact with the welding
target face 20 of the second welding target member 2. This
completes the substantial resistance welding. The stopper
portions S1 and S2 not only have a function of making the
welding depth uniform and making the welding strength
uniform but also, if a welding current 1s still flowing through
the welded portion when the stopper portions S1 and S2
contact the welding target face 20 of the second welding
target member 2, allows a portion of the welding current to
escape through them. This helps to prevent the welded
portion from being excessively melted to improve the weld-
ing quality and welding strength even when there are
variations 1n the first welding target member 1 and the
second welding target member 2.

[0040] Because the projection portion of each of the leg
portions 11, 12, 13 and 14 1s subdivided into three projection
portions P1, P2 and P3 by the subdividing grooves V1 and
V2 as descnbed above, the non-uniformity of the magnitude
of the welding currents caused by the influence of skin effect
1s remarkably reduced. The diflerence in magnitude between
the welding current flowing through the central portion of
the projection portion P2 located at the center of each of the
leg portions 11 to 14 and the welding currents tlowing
through the outer end portions of the projection portions P1
and P3 1s much smaller than the difference 1in magnitude
between the welding currents flowing through the central
portion and the welding currents flowing through the both
end portions of each of the leg portions 11 to 14 when the
projection portion P of the leg portions 11 to 14 1s not
subdivided. Here, the magmitude of a welding current refers
to the peak value of the welding current or the amount of
current that contribute to the welding.

[0041] Thus, 1n an embodiment of the present invention,
the magnitudes of welding currents that flow through the
outer end portions of the projection portions P1 and P3 can
be selected such that a welding current with a suflicient
magnitude to allow the formation of a satisfactory nugget
without causing incomplete or excessive melting of the
central portion of the projection portion P2 located at the
center of each of the leg portions 11 to 14 flows and a good
nugget 1s formed without causing excessive melting of the
outer end portions of the projection portions P1 and P3 of
cach of the leg portions 11 to 14. The embodiment of the
present invention, in which the influence of skin effect on the
welding current 1s decreased by subdividing the projection
portion of each of the leg portions 11 to 14 as described
above, enables resistance welding that can provide both the
central portion and the end portions of each of the leg
portions 11 to 14 with satisfactory welding strength. While
an example in which the leg portion of the carrier cover 1s
divided 1nto four parts 1s described 1n this first embodiment,
the leg portion may be divided almost equally into two or
three parts, or into five or more parts.

Second Embodiment

[0042] A second embodiment according to the present
invention 1s next described with reference to FIG. 4. The first
welding target member 1 1s a metal plate having a flat face,
or a metal plate having a curved face, such as an arcuate face
or wavy lface. The metal plate has a thickness which 1is
sufliciently smaller than the straight or curved length of the
curved face. Thus, the face of the metal plate that defines 1ts
thickness 1s a straight or curved, elongated face. The thick-
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ness of the first welding target member 1 1s represented by
a short side W, and the length of the flat or curved face 1s
represented by a long side L. The long sides L are straight
or curved depending on the shape of the metal plate. The
second welding target member 2 1s a metal member having
a flat face. The first welding target member 1 1s bonded to
the tlat face of the second welding target member 2 by stud
resistance welding.

[0043] Subdivided projection portions P1, P2, P3, P4, P5,
P6 and P7 are provided on a welding target portion of the
first welding target member 1 defined by the short sides W
and the long sides L. These projection portions P1 to P7 are
formed by subdividing a projection formed 1n a similar
manner to conventional one with subdividing grooves V1,
V2,V3, V4, V5 and V6. The subdividing grooves V1 to V6
have a trniangular shape. While the second embodiment
shows an example 1n which the subdividing grooves V1, V2,
V3, V4, V5 and V6 are formed, 1t shows that an arbitrary
number of subdividing grooves may be basically provided
depending on the length of the long sides L. While the
projection portions P1 to P7 has a height H that 1s almost
equal to the depth of the subdividing grooves V1 to V6 as
indicated by broken lines 1n FIG. 4, the width or depth of the
grooves can be easily adjusted by changing the inclination
angle of the subdividing grooves V1 to V6. In addition,
because a multiplicity of subdividing grooves can be easily
formed at arbitrary positions, the mfluence of skin effect can
be further decreased to make the bonding currents uniform.
[0044] Also 1n this second embodiment, the influence of
skin effect on the welding current can be significantly
reduced and the uniformity of the welding currents flowing,
through each of the projection portion P1 to P7 can be
improved because each projection portion P 1s subdivided
into seven projection portion P1 to P7 by the subdividing
grooves V1 to V6, and the projection portion P1 to P7 have
a length which 1s much smaller than /7 1n view of the width
of the subdividing grooves V1 to V6. Thus, according to this
embodiment, a metal plate having straight or curved long
sides L. with a considerable length can be bonded to the
second welding target member 2 by stud resistance welding
by selecting the number and width of the subdividing
grooves within a range 1n which a welding target portion
with an area that provides a necessary welding strength can
be formed.

[

Third Embodiment

[0045] A third embodiment according to the present inven-
tion 1s next described with reference to FIG. 5. While the
first welding target member 1 1s similar to the metal plate
used 1n the second embodiment, the projection portions at
both ends are removed to form stopper portions S1 and S2
at both ends and cause them to have a function of increasing
the heat capacity at both ends. The spaces formed by
removing the projection portions at both ends are designated
as al and a2. The size of the spaces al and a2 1s determined
based on the area of the welding target portion that can
provide desired contact strength and so on. The projection
portion 1s subdivided into projection portions P1, P2, P3, P4,
P5 and P6 by subdividing grooves V1, V2, V3, V4 and V5.
The subdividing grooves V1 to V3 are formed deeper or
higher than the height of the projection portions P1 to P6
(wedge shaped portion). The reference numerals vl and v2
designate clearance grooves that receive a part of the pro-
jection portions P1 and P6 when they are melted.
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[0046] Also 1n the third embodiment, the influence of skin
cellect on the welding current i1s reduced to improve the
uniformity of the welding currents that flow through the
projection portions P1 to P6 as described above by subdi-
viding the projection portion into the projection portions P1
to P6 with the subdividing grooves V1 to V5. The reduction
of the influence of skin eflect 1s the same as in the first and
second embodiments described above. The main difference
of the third embodiment from the first and second embodi-
ments 1s that the both end portions of the first welding target
object member 1 are formed 1nto the stopper portions S1 and

S2.

[0047] While the welding method, which 1s carried out 1n
the same manner as 1n the first and second embodiments, 1s
not described 1n detail, the projection portions P1 to P6 are
almost melted to form a nugget together with a molten
portion of the second welding target object member 2 when
the projection welding approaches completion. The molten
portions ol both the welding target members are mixed
together and pressed against each other by the pressing
force, and the resistance welding 1s substantially completed
when the stopper portions S1 and S2 contact the welding
target face 20 of the second welding target object member 2.

[0048] In embodiments of this invention, the shape of the
subdividing grooves 1s not specifically limited. The subdi-
viding grooves may have a structure easy to form. The width
and the number of the subdividing grooves are not limited as
long as a welding target area that provides required welding
strength can be enshured. The width (length) of the subdi-
viding grooves and the width (length) of each subdivided
projection portion in the direction of the long sides L may
not be uniform. For example, the subdividing grooves close
to the center of the first welding target member 1 may be
formed to have a smaller width than the subdividing grooves
on both sides to increase the heat generation therein caused
by the welding current close to the center. The second
welding target member, which 1s described as a metal plate
having a flat face in the embodiments described above, may
be a metal pipe or the like. In addition, when the long sides
L. of the first welding target member 1 are so long, 1n other
words, the projection portion 1s so long that good welding
quality cannot be achieved simply by subdividing the pro-
jection portion to reduce the influence of skin effect, the
measures such as increasing the leakage inductance or
circuit inductance of the welding transformer to increase the
pulse width of the welding current are effective.

[0049] All references, including publications, patent appli-
cations, and patents, cited herein are hereby incorporated by
reference to the same extent as 1f each reference were
individually and specifically indicated to be incorporated by
reference and were set forth 1n 1ts entirety herein.

[0050] The use of the terms “a” and “an” and “the” and
similar referents in the context of describing the imvention
(especially 1n the context of the following claims) 1s to be
construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by con-
text. The terms “comprising,” having,” “including,” and
“containing’” are to be construed as open-ended terms (i.e.,
meaning “including, but not limited to,”) unless otherwise
noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring indi-
vidually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value 1s

incorporated into the specification as 1t 1t were individually
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recited herein. All methods described herein can be per-
formed 1n any suitable order unless otherwise indicated
herein or otherwise clearly contradicted by context. The use
of any and all examples, or exemplary language (e.g., “such
as’’) provided herein, 1s intended merely to better 1lluminate
the invention and does not pose a limitation on the scope of
the mnvention unless otherwise claimed. No language in the
specification should be construed as indicating any non-
claimed element as essential to the practice of the invention.
[0051] Preferred embodiments of this 1nvention are
described herein, including the best mode known to the
inventors for carrying out the invention. Vanations of those
preferred embodiments may become apparent to those of
ordinary skill 1n the art upon reading the foregoing descrip-
tion. The inventors expect skilled artisans to employ such
variations as appropriate, and the inventors intend for the
invention to be practiced otherwise than as specifically
described herein. Accordingly, this invention includes all
modifications and equivalents of the subject matter recited in
the claims appended hereto as permitted by applicable law.
Moreover, any combination of the above-described elements
in all possible variations thereof 1s encompassed by the
invention unless otherwise indicated herein or otherwise
clearly contradicted by context.

DESCRIPTION OF REFERENCE NUMERALS
AND SYMBOLS

[0052] 1: first welding target member

[0053] 10: main body portion of carrier cover as first
welding target member 1

[0054] 11 to 14: leg portion of carrier cover as first
welding target member 1

[0055] 13: central hole of main body portion 10 of carrier
cover

[0056] W: short side of first welding target member 1

[0057] L: long side of first welding target member 1

[0058] P: projection portion of first welding target member
1

[0059] P1 to P7: subdivided projection portion

[0060] V1 to Vé6: subdividing groove for subdividing

projection portion P

[0061] S1, S2: stopper portion of first welding target
member 1
[0062] al, a2: space formed by removing both ends of

projection portion P

[0063] 2: second welding target member

[0064] 20: welding target face of second welding target
member 2

[0065] 21 to 24: rectangular area indicating the spots

where leg portions 11 to 14 are welded
[0066] 25: central hole of disk-shaped metal plate as
second welding target member 2

[0067] 3: first welding electrode

[0068] 4: second welding electrode

[0069] 50: AC power source

[0070] 60: DC power source circuit

[0071] 70: energy storage capacitor

[0072] 80: switch circuit

[0073] 90: welding transformer

[0074] 100: positioning mechanism

[0075] 101: large-diameter portion of positioning mecha-
nism 100

[0076] 102: small-diameter portion of positioning mecha-
nism 100
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[0077] 110: deformation prevention mechanism
[0078] 200: welding power source

[0079] 1: welding current

[0080] v1, v2: clearance groove for molten metal

1. A method for manufacturing a welded article, compris-
ing the steps of:

providing a first welding target member including an
clongated projection portion on a welding target por-
tion having short sides and long sides that are longer
than the short sides:

providing a second welding target member to be bonded
to the first welding target member by welding; and

bringing the projection portion into contact with the
second welding target member and bonding the first
and second welding target members by resistance weld-
12,

wherein the projection portion has subdividing grooves 1n
the direction of the short sides to form subdivided
projection portions in order to improve the uniformity
of current values 1n the direction of the long sides of
welding currents flowing through the subdivided pro-
jection portions;

wherein the subdividing grooves are multi-dividing the
projection portion with changing the inclination angle
of the subdividing grooves.

2. A method for manufacturing a welded article, compris-

ing the steps of:

providing a first welding target member including an
clongated projection portion on a welding target por-
tion having short sides and long sides that are longer
than the short sides:

providing a second welding target member to be bonded
to the first welding target member by welding; and

bringing the projection portion into contact with the
second welding target member and bonding the first
and second welding target members by resistance weld-
ng,

wherein the projection portion has subdividing grooves 1n
the direction of the short sides to form subdivided
projection portions in order to improve the uniformaity
of current values 1n the direction of the long sides of
welding currents flowing through the subdivided pro-
jection portions;

wherein stopper portions are provided in the subdividing
grooves or at both ends of the first welding target
member so that the stopper portions can contact the
second welding target member at completion of weld-
ing to stop progress of welding and allow a portion of

the welding current to escape through the stopper
portions.

3. The method for manufacturing a welded article accord-
ing to claim 2,
wherein the first welding target member 1s a carrier cover
with a plurality of leg portions 1n a gear portion;
the second welding target member 1s a base plate 1n the
gear portion,
cach of the plurality of leg portions has the projection

portion subdivided by the subdividing grooves on an
end face of the leg portion; and

the subdivided projection portion 1s bonded to a welding
target portion of the base plate by resistance welding.

4. The method for manufacturing a welded article accord-
ing to claim 2,
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wherein the first welding target member 1s a metal plate
having a flat or curved face, the metal plate having a

side, and includes a plurality of subdivided projection
portions on a face to be bonded to the base plate, the

thickness defined by the short sides, the flat or curved subdivided projection portions are subdivided with
face of the metal plate having a length defined by the subdividing grooves,

long sides, the metal plate having the plurality of the subdivided projection portions are in parallel, the
subdivided projection portions formed by the subdivid- subdividing grooves extend into a part located adjacent

ing grooves on a face of the metal plate, the face of the
metal plate defining 1ts thickness, and the projection
portions being a welding target portion; and

to the subdivided projection portions where the part
located adjacent to the subdivided projection portions
does not contributing to welding, and the part located

adjacent to the subdivided projection portions 1s a part
extended in parallel from the subdivided projection
portion to the bottom of the subdividing grooves, and

5. A bonded article obtained by bonding a carrier cover the plurality of subdivided projection portions are in

having a plurality of leg portions and a base plate in a gear contact with and bonded to a b(ijnding.target portion of
portion, the base plate, a bonded portion being of a welded

structure.

the subdivided projection portions of the metal plate 1s
bonded to a welding target portion of the second
welding target member by resistance welding.

wherein each of the leg portions of the carrier cover has
a short side and a long side that 1s longer than the short £k k% ok
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