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ELECTRODE FOR RESISTANCE SPOT 
WELDING 

INCORPORATION BY REFERENCE 

[ 0001 ] The disclosure of Japanese Patent Application No. 
2018-215358 filed on Nov. 16 , 2018 including the specifi 
cation , drawings and abstract is incorporated herein by 
reference in its entirety . 

BACKGROUND 

1. Technical Field 

[ 0002 ] The disclosure relates to an electrode for resistance 
spot welding . In particular , the disclosure relates to an 
improvement in an electrode tip portion . 

2. Description of Related Art 
[ 0003 ] As an electrode used for resistance spot welding of 
metal plate materials ( an electrode for resistance spot weld 
ing ) , there is known an electrode having an electrode tip 
portion ( a surface of the electrode tip portion ) where a 
projection portion and a recess portion are provided to 
destroy an oxidation film present on surfaces of the metal 
plate materials ( especially aluminum alloy plate materials ) 
( e.g. , see Japanese Patent Application Publication No. 2000 
288744 ( JP 2000-288744 A ) ) . 
[ 0004 ] The electrode disclosed in this Japanese Patent 
Application Publication No. 2000-288744 ( JP 2000-288744 
A ) has the electrode tip portion where a projection portion 
and a recess portion with the shape of sawteeth are provided . 
The projection portion and the recess portion spread in a 
concentric ripple shape in a circumferential direction at a 
small pitch that does not exceed a target nugget diameter . By 
recessing and projecting the electrode tip portion in this 
manner , the oxidation film can be destroyed over an exten 
sive range , and current can be kept from concentrating on 
part of each of the metal plate materials ( current can be kept 
from concentrating on a weak region of the oxidation film in 
a state where the oxidation film is not destroyed ) at the time 
of resistance spot welding ( when the metal plate materials 
are held by a pair of such electrodes ) . Thus , the temperature 
can be restrained from rising locally , and the electrode tip 
portion can be restrained from melting and adhering to each 
of the metal plate materials . 

A ) causes a new problem in that the welding current value 
for obtaining the target nugget diameter ( the amount of 
energy necessary for resistance spot welding ) significantly 
increases as a result of the contact area that has become 
small . That is , the configuration of this Japanese Patent 
Application Publication No. 2000-288744 ( JP 2000-288744 
A ) can restrain the electrode tip portion from melting and 
adhering to each of the metal plate materials , but causes a 
significant increase in the amount of energy needed to obtain 
the target nugget diameter . This significant increase in the 
necessary amount of energy is unfavorable because an 
electric power supply device is enlarged in size and envi 
ronmental deterioration is caused . 
[ 0007 ] The disclosure provides a configuration that can 
curtail an amount of energy needed to obtain a target nugget 
diameter in an electrode for resistance spot welding whose 
electrode tip portion has the projection portion and the 
recess portion . 
[ 0008 ] An aspect of the disclosure relates to an electrode 
for resistance spot welding that is adapted to hold a plurality 
of metal plate materials superimposed on one another along 
a plate thickness direction thereof and join the metal plate 
materials to one another through energization . Moreover , in 
this electrode for resistance spot welding , an electrode tip 
portion configured to hold each of the metal plate materials 
is provided with a projection portion and a plurality of recess 
portions , the plurality of the recess portions are independent 
of one another and are provided in the electrode tip portion 
in a dispersed manner , and the projection portion is a region 
other than regions where the recess portions are provided 
and is configured to be equipped with a continuous surface 
that continues in regions among the plurality of the recess 
portions without being divided by the recess portions . 
[ 0009 ] Owing to this configuration , when each of the 
metal plate materials is held by the electrode for resistance 
spot welding at the time of resistance spot welding , a film 
( e.g. , an oxidation film ) present on a surface of each of the 
metal plate materials can be destroyed over an extensive 
range by the projection portion that is provided on the 
electrode tip portion , current can be kept from concentrating 
on part of each of the metal plate materials ( current can be 
kept from concentrating on a weak region of the film in a 
state where the film is not destroyed ) , and the electrode tip 
portion can be restrained from melting and adhering to each 
of the metal plate materials . Besides , the plurality of the 
recess portions that are provided in the electrode tip portion 
are independent of one another , and are dispersed at the 
electrode tip portion . Therefore , current paths can be further 
restrained from being enlarged due to a fringing phenom 
enon at the projection portion ( the current paths can be 
further restrained from being enlarged in a direction per 
pendicular to the plate thickness direction of each of the 
metal plate materials ) , and a higher current density can be 
ensured in each of the current paths than in the configuration 
in which these recess portions are continuous along the 
circumferential direction ( the configuration of Japanese Pat 
ent Application Publication No. 2000-288744 ( JP 2000 
288744 A ) ) . Therefore , the respective metal plate materials 
can be joined to one another by efficiently melting the metal 
plate materials while keeping the welding current value low . 
Besides , this projection portion is the region other than the 
regions where the recess portions are provided , and hence 
reaches an outer edge portion of the electrode tip portion . In 
general , the outer diameter of the electrode tip portion is set 

SUMMARY 

[ 0005 ] When a projection portion and a recess portion are 
provided in the electrode tip portion as described previously , 
the contact area between the electrode and each of the metal 
plate materials is small ( the contact area is smaller than in 
the case where the entire electrode tip portion is a flat 
surface ) , and current concentrates on a contact region 
between the electrode and each of the metal plate materials . 
However , the target nugget diameter can be obtained by 
setting the diameter of the projection portion and the recess 
portion ( the projection portion and the recess portion assum 
ing the shape of sawteeth spreading like concentric ripples 
in the circumferential direction ) in accordance with the 
target nugget diameter in the configuration of Japanese 
Patent Application Publication No. 2000-288744 ( JP 2000 
288744 A ) . 
[ 0006 ] However , the configuration of this Japanese Patent 
Application Publication No. 2000-288744 ( JP 2000-288744 
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in accordance with the target nugget diameter . As a result , 
the amount of energy needed to obtain the target nugget 
diameter can be curtailed in the electrode for resistance spot 
welding whose electrode tip portion has the projection 
portion and the recess portions . 
[ 0010 ] Besides , the continuous surface that constitutes the 
projection portion may be formed as a projecting curved 
surface that bulges most at a position on an electrode 
centerline . 
[ 0011 ] According to this , the current flowing through each 
of the metal plate materials at the time of resistance spot 
welding can be more appropriately distributed ( the degree of 
bias in current distribution can be made lower ) than in the 
case where the entire electrode tip portion is a flat surface 
( the electrode tip portion actually has a low degree of 
flatness and is likely to be in one - sided contact with each of 
the metal plate materials ) . Besides , a central portion of the 
electrode tip portion first comes into contact with each of the 
metal plate materials , so the film can be reliably destroyed . 
Furthermore , the current can be further restrained from 
becoming excessive than in the case where a tip of the 
projection portion is steepled . Owing to these , the reliability 
can be enhanced in curtailing the amount of energy needed 
to obtain the target nugget diameter . 
[ 0012 ] Besides , the plurality of the recess portions may be 
dispersed at positions that are point - symmetric to each other 
with respect to a symmetric center respectively . 
[ 0013 ] According to this , the current can be restrained 
from concentrating locally , an odd - shaped nugget can be 
restrained from being formed , and the reliability can be 
further enhanced in obtaining the target nugget diameter . 
[ 0014 ] Besides , the plurality of the recess portions may be 
dispersed at the positions that are point - symmetric with 
respect to the position on the electrode centerline at the 
electrode tip portion . 
[ 0015 ] According to this , the current can be more uni 
formly distributed at the electrode tip portion , and the 
materials to be joined ( the metal plate materials ) can be 
efficiently energized . 
[ 0016 ] Besides , a depth of the recess portions may be 
equal to or greater than 30 um and equal to or smaller than 

when the distance between the central positions of those of 
the recess portions which are adjacent to each other is longer 
than 1200 um . 
[ 0020 ] Besides , an opening end of each of the recess 
portions at the electrode tip portion may be square , and a 
length of one side of the opening end may be equal to or 
longer than 80 um and equal to or shorter than 350 um . 
[ 0021 ] This is because the transfer plate may be damaged 
( the protrusions for molding the recess portions may be 
damaged in molding the recess portions ) when the length of 
one side of the opening end of each of the recess portions is 
shorter than 80 um . Besides , this is because local concen 
tration of the current is promoted due to too small a contact 
area between the electrode and each of the metal plate 
materials and the adhesion through melting may be caused 
when the length of one side of the opening end of each of the 
recess portions is longer than 350 um . 
[ 0022 ] In the aspect of the disclosure , the electrode tip 
portion is provided with the projection portion and the recess 
portions , the plurality of the recess portions are independent 
of one another and are dispersed at the electrode tip portion , 
and the projection portion is the region other than the regions 
where the recess portions are provided and is configured to 
be equipped with the continuous surface that continues in 
the regions among the plurality of the recess portions 
without being divided by the recess portions . Thus , the 
current paths can be restrained from being enlarged due to 
the fringing phenomenon at the projection portion , and a 
high current density can be ensured in each of the current 
paths . Therefore , the respective metal plate materials can be 
joined to one another by efficiently melting the metal plate 
materials while keeping the welding current value low , and 
the amount of energy needed to obtain the target nugget 
diameter can be curtailed . 

BRIEF DESCRIPTION OF THE DRAWINGS 

150 um 
[ 0017 ] This is because the film present on the surface of 
each of the metal plate materials cannot be sufficiently 
destroyed due to an insufficiency in the protrusion amount of 
the projection portion and the adhesion through melting may 
be caused when the depth of the recess portions is smaller 
than 30 um . Besides , this is because a working tool ( a 
transfer plate ) for molding the recess portions may be 
damaged ( protrusions for molding the recess portions may 
be damaged in molding the recess portions ) when the depth 
of the recess portions is greater than 150 um . 
[ 0018 ] Besides , a distance between central positions of 
those of the recess portions which are adjacent to each other 
may be equal to or longer than 400 um and equal to or 
shorter than 1200 um . 
[ 0019 ] This is because it is difficult to prepare the transfer 
plate when the distance between the central positions of 
those of the recess portions which are adjacent to each other 
is shorter than 400 um . Besides , this is because the film 
cannot be sufficiently destroyed due to too large a contact 
area between the electrode and each of the metal plate 
materials and the adhesion through melting may be caused 

[ 0023 ] Features , advantages , and technical and industrial 
significance of exemplary embodiments of the disclosure 
will be described below with reference to the accompanying 
drawings , in which like numerals denote like elements , and 
wherein : 
[ 0024 ] FIG . 1 is a schematic configuration view showing 
a welding gun of a resistance spot welding device according 
to one of the embodiments ; 
[ 0025 ] FIG . 2 is a view showing the schematic configu 
ration of a control device of the welding gun ; 
[ 0026 ] FIG . 3 is a perspective view of an upper electrode 
as viewed from below ; 
[ 0027 ] FIG . 4 is a bottom view of the upper electrode ; 
[ 0028 ] FIG . 5 is a cross - sectional view along a line V - V of 
FIG . 4 ; 
[ 0029 ] FIG . 6 is a schematic view showing the flow of 
current through respective metal plate materials in the case 
where an electrode having an electrode tip portion that is 
entirely a flat surface is used ; 
[ 0030 ] FIG . 7 is a schematic view showing the flow of 
current through respective metal plate materials in the case 
where the electrode according to the embodiment is used ; 
[ 0031 ] FIG . 8 is a perspective view of an upper electrode 
according to Japanese Patent Application Publication No. 
2000-288744 ( JP 2000-288744 A ) as viewed from below ; 
[ 0032 ] FIG . 9 is a view for illustrating a contact region 
between the electrode and each of the metal plate materials 



US 2020/0156178 A1 May 21 , 2020 
3 

according to Japanese Patent Application Publication No. 
2000-288744 ( JP 2000-288744 A ) ; 
[ 0033 ] FIG . 10 is a view for illustrating a contact region 
between the electrode and each of the metal plate materials 
according to the embodiment ; 
[ 0034 ] FIG . 11 is a view showing an experimental result 
obtained by measuring a relationship between a current 
value and a nugget diameter in the case where the metal 
plate materials are welded by each of the electrode having 
the electrode tip portion that is entirely the flat surface , the 
electrode according to Japanese Patent Application Publica 
tion No. 2000-288744 ( JP 2000-288744 A ) , and the elec 
trode according to the embodiment ; 
[ 0035 ] FIG . 12 is a view corresponding to FIG . 4 in a first 
modification example ; and 
[ 0036 ] FIG . 13 is a view corresponding to FIG . 4 in a 
second modification example . 

DETAILED DESCRIPTION OF EMBODIMENTS 

[ 0037 ] One of the embodiments of the disclosure will be 
described hereinafter based on the drawings . In the present 
embodiment , a case where the disclosure is applied to an 
electrode for use in a resistance spot welding device for 
subjecting two aluminum alloy plate materials to resistance 
spot welding ( which may be referred to hereinafter simply as 
welding ) ( an electrode for resistance spot welding ) will be 
described . 
[ 0038 ] Configuration of Resistance Spot Welding 
Device 
[ 0039 ] FIG . 1 is a schematic configuration view showing 
a welding gun G of a resistance spot welding device in 
which electrodes 2 and 3 according to the present embodi 
ment are used . Besides , FIG . 2 is a view showing the 
schematic configuration of a control device 10 that is used 
to control the welding gun G. 
[ 0040 ] The welding gun G is configured to include , as 
main components , a gun body 1 that is retained by a robot 
arm RA , an upper electrode 2 , a lower electrode 3 that is 
erected at a lower portion la of the gun body 1 , an 
electrically - operated upper electrode raising / lowering 
device ( hereinafter referred to simply as an electrode raising 
lowering device ) 4 that retains and raises / lowers the upper 
electrode 2 , an electrode position detection device 5 , and a 
current adjustment device 6 that adjusts a value of welding 
current caused to flow between the upper electrode 2 and the 
lower electrode 3 ( which may be referred to hereinafter 
simply as a current value ) . Incidentally , in FIGS . 1 , W1 and 
W2 denote metal plate materials ( aluminum alloy plate 
materials ) . 
[ 0041 ] As shown in FIG . 1 , the gun body 1 is a substan 
tially U - shaped member , and the lower electrode 3 is remov 
ably erected on an upper surface of the lower portion la of 
the gun body 1. Besides , the electrode raising / lowering 
device 4 is mounted at a tip of an upper portion 1b of the gun 
body 1 . 
[ 0042 ] The electrode raising / lowering device 4 is 
equipped with a servomotor 41 that is mounted at the tip of 
the upper portion 1b of the gun body 1 , and a raising / 
lowering member 42 that is linked with a drive shaft ( not 
shown ) of this servomotor 41. The upper electrode 2 is 
removably mounted at a lower end portion 42a of this 
raising / lowering member 42 . 
[ 0043 ] The electrode position detection device 5 is con 
figured as , for example , an encoder , and is mounted at an 

upper end portion 41a of the servomotor 41. Moreover , a 
detection value of the electrode position detection device 5 
is transmitted to the control device 10 . 
[ 0044 ] The current adjustment device 6 adjusts a value of 
current caused to flow between the upper electrode 2 and the 
lower electrode 3 , in accordance with a current command 
value that is transmitted from the control device 10. As this 
current adjustment device 6 , a well - known device , for 
example , a device that is equipped with a variable resistor , 
a device that is equipped with a converter , or the like is 
applied 
[ 0045 ] The control device 10 is equipped , as main units , 
with an input unit 11 that acquires information from an input 
device 7 ( see FIG . 2 ) to which plate thicknesses of the metal 
plate materials W1 and W2 and the like are input , an 
electrode position calculation unit 12 that calculates an 
electrode position from a detection value of the electrode 
position detection device 5 , a current value calculation unit 
13 that calculates a current value in carrying out energization 
between the upper electrode 2 and the lower electrode 3 , a 
pressurizing force setting unit 14 that sets a pressurizing 
force necessary for welding ( a pressurizing force applied to 
the metal plate materials W1 and W2 by the upper electrode 
2 and the lower electrode 3 ) , and an output unit 15 that 
outputs information on the current value calculated by the 
current value calculation unit 13 and information on the 
pressurizing force set by the pressurizing force setting unit 
14 . 

[ 0046 ] This control device 10 is realized by storing a 
program corresponding to the function described above into 
a ROM , in a unit that is mainly composed of a CPU and that 
is equipped with the ROM , a RAM , an input / output inter 
face , and the like . Besides , the detection value from the 
electrode position detection device 5 and information on the 
plate thicknesses and the like are temporarily stored into the 
RAM . Incidentally , the control device 10 is identical in other 
configurational details to those conventionally used for the 
welding gun G , so detailed description thereof will be 
omitted . 
[ 0047 ] Configuration of Electrodes 
[ 0048 ] Next , the configuration of the electrodes 2 and 3 as 
the feature of the present embodiment will be described . The 
upper electrode 2 and the lower electrode 3 are identical in 
configuration to each other . Therefore , the upper electrode 2 
will now be described as a representative of both the 
electrodes . 

[ 0049 ] FIG . 3 is a perspective view of the upper electrode 
2 as viewed from below . FIG . 4 is a bottom view of the upper 
electrode 2. FIG . 5 is a cross - sectional view along a line V - V 
of FIG . 4 . 

[ 0050 ] This upper electrode 2 is configured as a copper 
material in which a copper alloy such as Cu - Cr , Cu - Cr 
Zr or the like , and a hard material such as A1203 or the like 
are dispersed . 
[ 0051 ] As shown in FIGS . 3 to 5 , the upper electrode 2 is 
a substantially cylindrical member , and an electrode tip 
portion ( a surface of the electrode tip portion ) 20 for holding 
the metal plate materials W1 and W2 assumes the shape of a substantially spherical projection having a predetermined 
curvature radius . Besides , this upper electrode 2 has an outer 
diameter that is set in advance in accordance with a target 
nugget diameter at the time of welding . 
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[ 0052 ] Moreover , this electrode tip portion 20 is provided 
with recess portions 21 and a projection portion 22. These 
recess portions 21 and this projection portion 22 will be 
described hereinafter . 
[ 0053 ] As a method of molding these recess portions 21 
and this projection portion 22 , molding according to transfer 
processing through the use of a transfer plate ( not shown ) is 
carried out . That is , a plurality of protrusions for molding the 
recess portions 21 are provided on this transfer plate . The 
electrode tip portion 20 ( the electrode tip portion that 
assumes the shape of the substantially spherical projection 
as described previously ) of the upper electrode 2 in which 
the recess portions 21 are not molded , or the electrode tip 
portion 20 of the upper electrode 2 that has become worn by 
being used for resistance spot welding is pressed against the 
transfer plate , and the protrusions on the transfer plate are 
transferred to the electrode tip portion ( the surface of the 
electrode tip portion ) 20 ( subjected to transfer processing ) . 
Thus , the recess portions 21 are molded , and a region other 
than these recess portions 21 is molded as the projection 
portion 22 . 
[ 0054 ] The plurality of the recess portions 21 are inde 
pendent of one another , and are provided at the electrode tip 
portion 20 in a dispersed manner . These recess portions 21 
are disposed ( arranged ) in a plurality of rows along a lateral 
direction ( an X - direction ) and a vertical direction ( a Y - di 
rection ) in FIG . 4. In concrete terms , three of the recess 
portions 21 are disposed along the vertical direction ( the 
Y - direction ) in the first row at a right end in the lateral 
direction ( the X - direction ) in FIG . 4. Besides , three of the 
recess portions 21 are disposed along the vertical direction 
( the Y - direction ) in the fifth row at a left end in the lateral 
direction ( the X - direction ) as well . Five of the recess por 
tions 21 are disposed along the vertical direction ( the 
Y - direction ) in each of the other rows ( the second to fourth 
rows ) in the lateral direction ( the X - direction ) . These recess 
portions 21 are provided , in a dispersed manner , in a region 
inside an outer edge portion of the electrode tip portion 20 . 
The central one of the five recess portions 21 in the third row 
( the third recess portion 21 from above in the Y - direction ) is 
located on a centerline of the upper electrode 2 ( at a center 
of the electrode tip portion 20 ) . 
[ 0055 ] Each of the recess portions 21 is molded as a recess 
portion assuming the shape of a quadrangular pyramid . Each 
of the recess portions 21 is configured such that an outer 
edge shape ( a square outer edge shape ) thereof on a cross 
section in a direction perpendicular to the centerline of the 
upper electrode 2 ( the electrode centerline ) gradually 
decreases in area ( area of the square ) toward a depth 
direction of each of the recess portions 21. Besides , each of 
the recess portions 21 is disposed such that respective sides 
of the square extend along the X - direction and the Y - direc 
tion . Furthermore , each of the recess portions 21 is shaped 
such that the centerline thereof ( a straight line extending in 
a direction perpendicular to a virtual bottom surface of the 
quadrangular pyramid ) extends along a direction along the 
centerline of the upper electrode 2 ( a direction in which the 
upper electrode 2 is raised / lowered by the electrode raising 
lowering device 4 ) . 
[ 0056 ] Besides , those of the recess portions 21 which are 
adjacent to each other are spaced apart from each other by 
the same distance in both the lateral direction ( the X - direc 
tion ) and the vertical direction ( the Y - direction ) . For 
example , this distance is set longer than the length of one 

side of an opening end of each of the recess portions 21 by 
a predetermined dimension . Furthermore , the outermost 
ones of these recess portions 21 ( which are located beside 
the outer edge portion of the electrode tip portion 20 ) are 
located inside , apart from the outer edge portion of the 
electrode tip portion 20 by the predetermined dimension . No 
recess portion is provided at the outer edge portion of this 
electrode tip portion 20 . 
[ 0057 ] The projection portion 22 is a region other than 
regions where the recess portions 21 are provided , and is 
configured to be equipped with a continuous surface that 
continues in regions among the plurality of the recess 
portions 21 without being divided by the recess portions 21 . 
That is , the entire region of the electrode tip portion 20 
where the plurality of the recess portions 21 are not provided 
is configured as the projection portion 22. As described 
previously , the electrode tip portion 20 assumes the shape of 
the substantially spherical projection having the predeter 
mined curvature radius . Therefore , this projection portion 22 
has a surface that also assumes the shape of a substantially 
spherical projection having a predetermined curvature 
radius . That is , the upper electrode 2 is formed as a project 
ing curved surface that bulges ( protrudes ) most at a position 
on the centerline thereof ( on the electrode centerline ) , and is 
shaped such that the bulging amount ( the protrusion amount ) 
thereof gradually decreases toward an outer peripheral side 
thereof . 
[ 0058 ] A concrete example of the dimensions of the recess 
portions 21 will now be described . The following respective 
dimensions are applied to a general electrode for resistance 
spot welding ( e.g. , an electrode for resistance spot welding 
that has an outer diameter of about 15 mm ) . 
[ 0059 ] The depth of each of the recess portions 21 is set 
within a range that is equal to or greater than 30 um and 
equal to or smaller than 150 um . Besides , the distance ( a 
pitch ; a dimension t1 in FIG . 4 ) between central positions of 
those of the recess portions 21 which are adjacent to each 
other ( adjacent to each other in the X - direction or the 
Y - direction ) is set within a range that is equal to or longer 
than 400 um and equal to or shorter than 1200 um . Besides , 
the length ( a dimension t2 in FIG . 4 ) of one side of the 
opening end of each of the recess portions 21 is set within 
a range that is equal to or longer than 80 um and equal to or 
shorter than 350 um . 
[ 0060 ] The reason why the respective dimensions are thus 
set will be described . In the case where the depth of each of 
the recess portions 21 is smaller than 30 um , an oxidation 
film present on the surfaces of the metal plate materials W1 
and W2 cannot be sufficiently destroyed due to an insuffi 
ciency in the protrusion amount of the projection portion 22 , 
and the adhesion through melting may be caused . In the case 
where the depth of each of the recess portions 21 is greater 
than 150 um , the transfer plate for molding the recess 
portions 21 may be damaged ( the protrusions for molding 
the recess portions 21 may be damaged in molding the recess 
portions 21 ) . In the case where the distance between the 
central positions of those of the recess portions 21 which are 
adjacent to each other is shorter than 400 um , it is difficult 
to prepare the transfer plate . In the case where the distance 
between the central positions of those of the recess portions 
21 which are adjacent to each other is longer than 1200 um , 
the oxidation film cannot be sufficiently destroyed due to too 
large a contact area between the electrode and each of the 
metal plate materials W1 and W2 , and the adhesion through 
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melting may be caused . In the case where the length of one 
side of the opening end of each of the recess portions 21 is 
shorter than 80 um , the transfer plate may be damaged ( the 
protrusions for molding the recess portions 21 may be 
damaged in molding the recess portions 21 ) . In the case 
where the length of one side of the opening end of each of 
the recess portions 21 is longer than 350 um , the local 
concentration of current is promoted due to too small a 
contact area between the electrode and each of the metal 
plate materials W1 and W2 , and the adhesion through 
melting may be caused . The respective dimensions are set in 
consideration of the foregoing points . 
[ 0061 ] -At Time of Resistance Spot Welding 
[ 0062 ] Next , the time of resistance spot welding through 
the use of the upper electrode 2 configured as described 
previously and the lower electrode 3 configured in the same 
manner as this upper electrode 2 will be described . 
[ 0063 ] In carrying out resistance spot welding by holding 
the metal plate materials W1 and W2 by these electrodes 2 
and 3 , the oxidation film present on the surfaces of the metal 
plate materials W1 and W2 is destroyed over an extensive 
range by the projection portion 22 , when the metal plate 
materials W1 and W2 are held by these electrodes 2 and 3 . 
That is , the plurality of the recess portions 21 are provided 
in the electrode tip portion 20 , and the electrode tip portion 
20 is partially in contact with each of the metal plate 
materials W1 and W2 ( only the projection portion 22 is in 
contact with each of the metal plate materials W1 and W2 ) . 
Therefore , the stress applied to that region of each of the 
metal plate materials W1 and W2 with which the projection 
portion 22 is in contact is enhanced , and the oxidation film 
is destroyed over an extensive range . 
[ 0064 ] In the case where the oxidation film has not been 
destroyed , current concentrates on a weak region of the 
oxidation film at the time of welding , and the electrode tip 
portion may melt and adhere to each of the metal plate 
materials as a result of a local rise in temperature . In 
contrast , according to the present embodiment , the oxidation 
film is destroyed over an extensive range . Therefore , current 
can be kept from concentrating on part of each of the metal 
plate materials W1 and W2 , and the electrode tip portion can 
be restrained from melting and adhering to each of the metal 
plate materials W1 and W2 . 
[ 0065 ) Moreover , with the metal plate materials W1 and 
W2 held by the electrodes 2 and 3 as described previously , 
energization is carried out between the electrodes 2 and 3 , 
the metal plate materials W1 and W2 are partially melted to 
form a nugget , and the respective metal plate materials W1 
and W2 are joined to each other . In this case , the recess 
portions 21 that are provided in the electrode tip portion 20 
as described previously are independent of one another , and 
are dispersed at the electrode tip portion 20. Therefore , the 
current paths can be further restrained from being enlarged 
due to a fringing phenomenon at the projection portion 22 
( the current paths can be further restrained from being 
enlarged in a direction perpendicular to a plate thickness 
direction of the metal plate materials W1 and W2 ) , and a 
higher current density can be ensured in each of the current 
paths , than in the configuration in which the recess portions 
are continuous along the circumferential direction ( the con 
figuration of Japanese Patent Application Publication No. 
2000-288744 ( JP 2000-288744 A ) ) . Therefore , the respec 
tive metal plate materials W1 and W2 can be joined to each 

other by efficiently melting the metal plate materials W1 and 
W2 while keeping the current value ( the welding current 
value ) low . 
[ 0066 ] FIG . 6 is a schematic view showing the flow of 
current through the respective metal plate materials W1 and 
W2 in the case where an electrode a having an electrode tip 
portion that is entirely a flat surface is used . Besides , FIG . 
7 is a schematic view showing the flow of current through 
the respective metal plate materials W1 and W2 in the case 
where the electrode ( the upper electrode ) 2 according to the 
present embodiment is used . Both of these drawings FIGS . 
6 and 7 show the flow of current in the case where the 
electrodes 2 of the same diameter are used respectively . 
Besides , in each of these drawings FIGS . 6 and 7 , only the 
upper electrode is shown as each of the electrodes a , 2 . 
[ 0067 ] As shown in FIG . 6 , in resistance spot welding , the 
fringing phenomenon causing enlargement of the current 
paths in the respective metal plate materials W1 and W2 
occurs . In FIG . 6 , the current paths are enlarged to a 
dimension dl in FIG . 6 due to this fringing phenomenon . 
Meanwhile , in FIG . 7 , the current paths are restrained from 
being enlarged beyond a dimension d2 in FIG . 7 due to this 
fringing phenomenon ( the reason for this will be described 
later ) . 
[ 0068 ] On the cross - section of the upper electrode 2 
shown in FIG . 7 , the projection portion 22 is divided by the 
respective recess portions 21 ( the projection portion 22 is 
not divided by the respective recess portions 21 at the 
electrode tip portion 20 as a whole as shown in FIG . 4 , 
although being divided on the cross - section shown in FIG . 
7 ) , and there are a plurality of contact regions ( regions that 
are in contact with the metal plate material W1 ) . Current 
flows through each of the metal plate materials W1 and W2 
in each of these contact regions ( each of current paths is 
produced ) , and there is a region through which no current 
flows between some of the current paths that are adjacent to 
each other . Besides , the current paths are estimated to be 
further restrained from being enlarged due to the fringing 
phenomenon as the width of the contact regions that are in 
contact with the metal plate material W1 ( the contact regions 
of the electrode tip portion 20 ) decreases . Thus , the current 
paths are estimated to be restrained from being enlarged 
beyond the dimension d2 due to the fringing phenomenon at 
the projection portion 22 as described previously . Therefore , 
a high current density can be ensured in each of the current 
paths , and the respective metal plate materials W1 and W2 
can be joined to each other by efficiently melting the metal 
plate materials W1 and W2 while keeping the welding 
current value low . Besides , this projection portion 22 is the 
region other than the regions where the recess portions 21 
are provided , and hence reaches the outer edge portion of the 
electrode tip portion 20. That is , a contact range sufficient to 
obtain a target nugget diameter is ensured . As a result , the 
amount of energy needed to obtain the target nugget diam 
eter can be curtailed . 

Effect of Embodiment 

[ 0069 ] As described above , in the present embodiment , the 
electrode tip portion 20 is provided with the projection 
portion 22 and the recess portions 21 , the plurality of the 
recess portions 21 are made independent of one another and 
dispersed at the electrode tip portion 20 , and the projection 
portion 22 is the region other than the regions where the 
recess portions 21 are provided , and is configured to be 
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equipped with the continuous surface that continues in the 
regions among the plurality of the recess portions 21 without 
being divided by the recess portions 21. Thus , the current 
paths can be restrained from being enlarged due to the 
fringing phenomenon at the projection portion 22 , and a high 
current density can be ensured in each of the current paths . 
Therefore , the respective metal plate materials W1 and W2 
can be joined to each other by efficiently melting the metal 
plate materials W1 and W2 while keeping the welding 
current value low , and the amount of energy needed to obtain 
the target nugget diameter can be curtailed . 
[ 0070 ] Besides , in the present embodiment , the continuous 
surface that constitutes the projection portion 22 is formed 
as the projecting curved surface that bulges most at the 
position on the electrode centerline . Therefore , the current 
flowing through the metal plate materials W1 and W2 at the 
time of resistance spot welding can be more appropriately 
distributed ( distributed in a more unbiased manner ) than in 
the case where the entire electrode tip portion is a flat 
surface . Besides , a central portion of the electrode tip 
portion 20 first comes into contact with each of the metal 
plate materials W1 and W2 , so the oxidation film can be 
reliably destroyed . Furthermore , excessive current can be 
further restrained from flowing than in the case where the tip 
of the projection portion is steepled . Owing to these , the 
reliability can be enhanced in curtailing the amount of 
energy needed to obtain the target nugget diameter . 
[ 0071 ] Besides , in the present embodiment , the plurality of 
the recess portions 21 are dispersed at the positions of the 
electrode tip portion 20 that are point - symmetric with 
respect to the position on the electrode centerline . Thus , the 
current flowing through the metal plate materials W1 and 
W2 at the time of resistance spot welding can be uniformly 
distributed . Therefore , current can be restrained from con 
centrating locally , and the metal plate materials W1 and W2 
can be efficiently energized . As a result , an odd - shaped 
nugget can be restrained from being formed , and the reli 
ability can be further enhanced in obtaining the target nugget 
diameter . Incidentally , the technical concept of the disclo 
sure is not limited to the case where the plurality of the 
recess portions 21 are dispersed at the positions of the 
electrode tip portion 20 that are point - symmetric with 
respect to the position on the electrode centerline , but 
includes a case where the plurality of the recess portions 21 
are dispersed at positions that are point - symmetric to each 
other respectively with respect to a symmetric center ( the 
plurality of the recess portions 21 are not point - symmetric 
with respect to the position on the electrode centerline ) . This 
is because the plurality of the recess portions 21 are dis 
persed at the positions that are point - symmetric to each other 
respectively with respect to the symmetric center instead of 
being dispersed at the positions that are point - symmetric 
with respect to the position on the electrode centerline at the 
electrode tip portion 20 if the central position of the transfer 
plate and the position on the electrode centerline of the 
electrode tip portion 20 deviate from each other . 

foregoing Japanese Patent Application Publication No. 
2000-288744 ( JP 2000-288744 A ) and the electrodes 2 and 
3 according to the present embodiment . 
[ 0073 ] FIG . 8 is a perspective view of an upper electrode 
( which may be referred to hereinafter simply as an elec 
trode ) b according to Japanese Patent Application Publica 
tion No. 2000-288744 ( JP 2000-288744 A ) as viewed from 
below . As shown in this FIG . 8 , the electrode b according to 
Japanese Patent Application Publication No. 2000-288744 
( JP 2000-288744 A ) has an electrode tip portion c where 
recesses d and projections e are provided in such a manner 
as to spread like concentric ripples . Besides , FIG.9 is a view 
for illustrating a contact region between the electrode b 
according to this Japanese Patent Application Publication 
No. 2000-288744 ( JP 2000-288744 A ) and the metal plate 
material W1 . Besides , FIG . 10 is a view for illustrating a 
contact region between the upper electrode ( which may be 
referred to hereinafter simply as the electrode ) 2 according 
to the present embodiment and the metal plate material W1 . 
In each of this FIG . 9 and this FIG . 10 , the contact region 
between each of the electrodes b and 2 and the metal plate 
material W1 is dotted . 
[ 0074 ] A comparison between these reveals that the 
amount of energy needed to obtain the target nugget diam 
eter was larger when welding was carried out through the 
use of the electrode b according to Japanese Patent Appli 
cation Publication No. 2000-288744 ( JP 2000-288744 A ) 
than when welding was carried out through the use of the 
electrode 2 according to the present embodiment . This is 
considered to be ascribable to the fact that the current paths 
were further restrained from being enlarged due to the 
foregoing fringing phenomenon when the electrode 2 
according to the present embodiment was used . In addition , 
when the electrode b according to Japanese Patent Applica 
tion Publication No. 2000-288744 ( JP 2000-288744 A ) was 
used , the recess portions d and the projection portions e 
formed concentric circles , and the current density was also 
distributed in the form of concentric circles , so the amount 
of necessary energy is considered to have increased as a 
result of the continuous occurrence of contrasting density . In 
contrast , when the electrode 2 according to the present 
embodiment was used , the amount of necessary energy is 
estimated to have been restrained from increasing because 
the materials to be joined could be efficiently energized 
through the entire region of the electrode tip portion 20 as a 
result of uniform distribution of current at the electrode tip 
portion 20 by the recess portions 21 . 

Second Experimental Example 
[ 0075 ] Next , a second experimental example will be 
described . This experimental example was conducted by 
measuring the relationship between the current value ( the 
welding current value ) and the nugget diameter when the 
metal plate materials ( the aluminum alloy plate materials ) 
were welded by each of an electrode having an electrode tip 
portion that is entirely a flat surface ( hereinafter referred to 
as a first comparative example ) , the electrode according to 
the foregoing Japanese Patent Application Publication No. 
2000-288744 ( JP 2000-288744 A ) ( hereinafter referred to as 
a second comparative example ) , and the electrode according 
to the present embodiment . 
[ 0076 ] FIG . 11 is a view showing an experimental result of 
the second experimental example . Each triangle in this FIG . 
11 indicates the use of the electrode of the first comparative 

First Experimental Example 
[ 0072 ] Next , a first experimental example conducted to 
confirm the foregoing effect will be described . This experi 
mental example was conducted by measuring the amount of 
energy needed to obtain the target nugget diameter when the 
metal plate materials ( the aluminum alloy plate materials ) 
W1 and W2 were welded by the electrode according to the 
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example , each square in this FIG . 11 indicates the use of the 
electrode of the second comparative example , and each 
circle in this FIG . 11 indicates the use of the electrode of the 
present embodiment . 
[ 0077 ] As is apparent from this FIG . 11 , when the current 
value remains the same , the nugget diameter increases in the 
sequence of the second comparative example , the present 
embodiment , and the first comparative example . In other 
words , the current value for obtaining the same nugget 
diameter decreases in the sequence of the second compara 
tive example , the present embodiment , and the first com 
parative example . However , in the case of the electrode of 
the first comparative example , the adhesion through melting 
may be caused because the oxidation film is not destroyed as 
described previously . For example , in the case where weld 
ing is successively carried out , the adhesion through melting 
may be caused after carrying out welding about 20 times 
( when welding is carried out more or less for the 20th time ) . 
In contrast , in the cases of the electrode of the second 
comparative example and the electrode of the present 
embodiment , the adhesion through melting is not caused 
even when welding is successively carried out several tens 
of times . 
[ 0078 ] The foregoing has confirmed that the amount of 
energy needed to obtain the target nugget diameter can be 
made smaller without causing the adhesion through melting 
when the electrode of the present embodiment is used than 
when the electrode of the second comparative example is 
used . 

center of the electrode tip portion 20 ) . The present modifi 
cation example is identical in the other configurational 
details to the foregoing embodiment . 
[ 0082 ] The upper electrode 2 in the present modification 
example can also achieve an effect similar to that of the 
foregoing embodiment . Besides , the number of recess por 
tions 21 in the present modification example is larger than 
the number of recess portions 21 in the foregoing embodi 
ment . In the present modification example , therefore , the 
dimensions ( the dimension in the X - direction and the dimen 
sion in the Y - direction ) of the projection portion 22 between 
those of the recess portions 21 which are adjacent to each 
other can be made short , the current paths can be restrained 
from being enlarged ( the current paths can be restrained 
from being enlarged in the direction perpendicular to the 
plate thickness direction of the metal plate materials W1 and 
W2 ) due to the fringing phenomenon , and the materials to be 
joined can be efficiently energized through the entire region 
of the electrode tip portion 20. Thus , the amount of energy 
needed to obtain the target nugget diameter can be further 
curtailed . 

Second Modification Example 
[ 0083 ] Next , a second modification example will be 
described . The present modification example is also different 
from the foregoing embodiment in the manner in which the 
recess portions 21 that are provided in the electrode tip 
portion 20 are arranged . Accordingly , only the manner in 
which the recess portions 21 are arranged will be described 
hereinafter as well . 
[ 0084 ] FIG . 13 is a view corresponding to FIG . 4 in the 
present modification example . As shown in this FIG . 13 , the 
upper electrode 2 according to the present modification 
example is configured such that the respective recess por 
tions 21 are disposed on a plurality of virtual circular loci on 
concentric circles . Besides , the recess portions 21 are dis 
posed such that the distance between those of the recess 
portions 21 which are adjacent to each other decreases as the 
distance thereof to the central side decreases . 
[ 0085 ] The upper electrode 2 in the present modification 
example can also achieve an effect similar to that of the 
foregoing embodiment . 

First Modification Example 
[ 0079 ] Next , a first modification example will be 
described . The present modification example is different 
from the foregoing embodiment in the manner in which the 
recess portions 21 that are provided in the electrode tip 
portion 20 are arranged . Accordingly , only the manner in 
which the recess portions 21 are arranged will be described 
hereinafter . 
[ 0080 ] FIG . 12 is a view corresponding to FIG . 4 in the 
present modification example . As sho in this FIG . 12 , in 
the upper electrode 2 according to the present modification 
example as well , the plurality of the recess portions 21 are 
independent of one another , and are provided at the electrode 
tip portion 20 in a dispersed manner . 
[ 0081 ] Moreover , in the present modification example , 
three of the recess portions 21 are disposed along the vertical 
direction ( the Y - direction ) in the first row at the right end in 
the lateral direction ( the X - direction ) in FIG . 12. Besides , 
three of the recess portions 21 are disposed along the vertical 
direction ( the Y - direction ) in the seventh row at the left end 
in the lateral direction ( the X - direction ) as well . Besides , 
five of the recess portions 21 are disposed along the vertical 
direction ( the Y - direction ) in the second row at the second 
position from the right end in the lateral direction ( the 
X - direction ) . Besides , five of the recess portions 21 are 
disposed along the vertical direction ( the Y - direction ) in the 
sixth row at the second position from the left end in the 
lateral direction ( the X - direction ) as well . Moreover , seven 
of the recess portions 21 are disposed along the vertical 
direction ( the Y - direction ) in each of the other rows ( the third 
to fifth rows ) in the lateral direction ( the X - direction ) . 
Besides , the central one ( the fourth from above in the 
Y - direction ) of the seven recess portions 21 in the fourth row 
is located on the centerline of the upper electrode 2 ( the 

Other Embodiments 
[ 0086 ] Incidentally , the disclosure is not limited to the 
foregoing embodiment and the respective modification 
examples , but can be subjected to all the modifications and 
applications that are encompassed by the claims and those 
equivalent in scope thereto . 
[ 0087 ] For example , in each of the foregoing embodiment 
and the respective modification examples , the case where the 
disclosure is applied to the electrodes 2 and 3 for use in the 
resistance spot welding device for welding the two alumi 
num alloy plate materials W1 and W2 to each other has been 
described . The disclosure is not limited to this , and can also 
be applied to the electrodes 2 and 3 for use in a resistance 
spot welding device for welding other metal plate materials 
to each other . For example , the disclosure can be applied to 
the electrodes 2 and 3 for use in a resistance spot welding 
device for welding ultra - high tensile strength steel plates 
( hot stamp materials ) , which are prepared by being subjected 
to special processing ( press working ) while being heated , to 
each other . Besides , the disclosure can also be applied to the 
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electrodes 2 and 3 for use in a resistance spot welding device 
for welding three or more metal plate materials to one 
another . 
[ 0088 ] Besides , in each of the foregoing embodiment and 
the respective modification examples , the electrode tip por 
tion 20 is provided with the recess portions 21 and the 
projection portion 22 for the purpose of destroying the 
oxidation film . The disclosure is not limited to this , and may 
be applied to metal plate materials where there is no oxi 
dation film , and the electrode tip portion 20 may be provided 
with the recess portions 21 and the projection portion 22 for 
the purpose of eliminating the influence of a mold releasing 
agent and an oil film present on the surfaces of the metal 
plate materials . 
[ 0089 ] Besides , in each of the foregoing embodiment and 
the respective modification examples , each of the recess 
portions 21 is molded as a recess portion assuming the shape 
of a quadrangular pyramid . The disclosure is not limited to 
this , and each of the recess portions 21 may be molded as a 
recess portion assuming the shape of a circular cone , a 
triangular pyramid or the like . 
[ 0090 ] Besides , in each of the foregoing embodiment and 
the respective modification examples , the recess portions 21 
and the projection portion 22 with which the electrode tip 
portion 20 is provided are molded through transfer process 
ing through the use of the transfer plate . The disclosure is not 
limited to this , and the recess portions 21 and the projection 
portion 22 may be molded according to other processing 
methods ( e.g. , cutting and the like ) . 
[ 0091 ] Besides , in each of the foregoing embodiment and 
the first modification example , the plurality of the recess 
portions 21 are disposed and dispersed in the X - direction 
and the Y - direction . Besides , in the second modification 
example , the plurality of the recess portions 21 are disposed 
on the plurality of the virtual circular loci of the concentric 
circles at the electrode tip portion 20. The disclosure is not 
limited to these , and the plurality of the recess portions 21 
may be dispersed randomly , for example , at positions that 
are non - symmetric with respect to the position on the 
electrode centerline at the electrode tip portion 20 . 
[ 0092 ] Besides , in each of the foregoing embodiment and 
the respective modification examples , the electrode tip por 
tion 20 assumes the shape of the substantially spherical 
projection having the predetermined curvature radius . The 
disclosure is not limited to this , and the electrode tip portion 
20 may be a flat surface . That is , it is possible to adopt a 
configuration in which the recess portions 21 and the pro 
jection portion 22 are provided in / on the flat surface . 
[ 0093 ] The disclosure can be applied to an electrode for 
resistance spot welding for welding aluminum alloy plate 
materials . 

What is claimed is : 
1. An electrode for resistance spot welding that is adapted 

to hold a plurality of metal plate materials superimposed on 
one another along a plate thickness direction thereof and join 
the metal plate materials to one another through energiza 
tion , wherein 

an electrode tip portion configured to hold each of the 
metal plate materials is provided with a projection 
portion and a plurality of recess portions , 

the plurality of the recess portions , which are independent 
of one another , are provided in the electrode tip portion 
in a dispersed manner , and 

the projection portion is a region other than regions where 
the recess portions are provided , and is configured to be 
equipped with a continuous surface that continues in 
regions among the plurality of the recess portions 
without being divided by the recess portions . 

2. The electrode for resistance spot welding according to 
claim 1 , wherein 

the continuous surface that constitutes the projection 
portion is formed as a projecting curved surface that 
bulges most at a position on an electrode centerline . 

3. The electrode for resistance spot welding according to 
claim 1 , wherein 

the plurality of the recess portions are dispersed at posi 
tions that are point - symmetric to each other with 
respect to a symmetric center respectively . 

4. The electrode for resistance spot welding according to 
claim 3 , wherein 

the plurality of the recess portions are dispersed at the 
positions that are point - symmetric with respect to a 
position on an electrode centerline at the electrode tip 
portion . 

5. The electrode for resistance spot welding according to 
claim 1 , wherein 

a depth of the recess portions is equal to or greater than 
30 um and equal to or smaller than 150 um . 

6. The electrode for resistance spot welding according to 
claim 1 , wherein 

a distance between central positions of those of the recess 
portions which are adjacent to each other is equal to or 
longer than 400 um and equal to or shorter than 1200 
um . 

7. The electrode for resistance spot welding according to 
claim 1 , wherein 

an opening end of each of the recess portions at the 
electrode tip portion is square , and 

a length of one side of the opening end is equal to or 
longer than 80 um and equal to or shorter than 350 um . 


