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Abstract

Provided is a projection bolt welding method, which involves
welding a projection bolt to a steel sheet component by electric
resistancewelding. Theprojectionboltincludesashank, acircular
enlarged diameter portion, and a welding projection including an
initial fusion portion with a tapered portion and a main fusion
portion. A ratio of a volume of the initial fusion portion to a
volume of a portion of the steel sheet component having the same
diameter as a diameter of the initial fusion portion is selected,
or a ratio of a circular area of the initial fusion portion to a

sheet thickness of the steel sheet component is selected.
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Description

Title of Invention: PROJECTION BOLT WELDING METHOD

Technical Field

[0001] The present invention relates to a method of welding,
to a steel sheet, a projection bolt comprising a shank, an enlarged
diameter portion formed integrally with the shank, and a welding

projection arranged at a center of the enlarged diameter portion.

Background Art

[0002] In Japanese Patent No. 4032313 (Patent Literature 1),
there is described that a projection bolt including a shank, an
enlarged diameter portion formed integrally with the shank, and
a welding projection arranged at a center of the enlarged diameter
portion is welded to a steel sheet component by electric resistance
welding.

[0003] The projection bolt disclosed in Patent Literature 1
has a shape illustrated in FIG. 10A. A projection bolt 20 of FIG.
102 is made of iron, and includes a shank 21 having an external
thread formed therein, acircularenlargeddiameter portion 22 formed
integrally with the shank 21 and having a diameter larger than a
diameterof the shank21, andacircularweldingprojection23arranged
at a center of the enlarged diameter portion on a side opposite
to the shank 21. The welding projection 23 is a circular bulged

portion having a diameter smaller than the diameter of the enlarged
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diameter portion 22, and includes a tapered portion 24 formed on
a distal end surface side thereof at a small inclination angle,
and a vertex 25 having a pointed center portion. An end surface
of the enlarged diameter portion 22 excluding the welding projection
23is formedintoataperedsurface26reducedinheight as approaching

to an outer peripheral side thereof.

Citation List

[0004] Patent Literature 1: JP 4032313 B2

Summary of Invention

Technical Problem

[0005] The invention described 1in Patent Literature 1
(hereinafter referred to as related invention) is put to practical
use by Yoshitaka Aoyama and Shoji Aoyama, who are inventors of the
invention of the subject patent application. The above-mentioned
inventors succeeded in putting the related invention to practical
use by welding the projection bolt to a steel sheet component of
a body of an automobile. That is, the welding projection 23 is
fusion-bonded to a steel sheet component 27 at the center portion
of the enlarged diameter portion 22, and the tapered surface 26
is held in close contact with a surface of the steel sheet component
27. The fusion bond at the center portion and the close contact
at the remaining portion, namely, "center fusion bond and entire

surface close contact" ensure welding quality that achieves a
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predetermined fusion state and welding strength.

[0006] Incidentally, for example, in the field of a body of
an automobile, as important measures to achieve a lightweight body,
thinning is promoted through increase in strength of a steel sheet
suchasahigh-tensilesteel sheet. Alongwiththisthinning, special
technical consideration is also needed in electric resistance
welding of the projection bolt.

[0007] The situation is illustrated in FIG. 10B. A reception
hole 29 is formed in a movable electrode 28 that is moved forward
and backward. The shank 21 is inserted into the reception hole 29
so that the projection bolt 20 is held in the movable electrode
28. On the othef hand, the steel sheet component 27 made of a
high-tensile steel sheet is placed on a stationary electrode 30.
The movable electrode 28 is moved forward toward the stationary
electrode 30 so that theweldingprojection 23 is pressurizedagainst
the steel sheet component 27 and welding current is caused to flow.
Inthismanner, theweldingprojectionZ23andthe steel sheet component
27 are fused, and the bolt 20 is welded to the steel sheet component
27 as illustrated in FIG. 10B.

[0008] The fusion-bonded state illustrated in FIG. 10B 1is
abnormal. In this case, a shaded fused portion 32 is formed in an
entire region of a sheet thickness of the steel sheet component
27. That is, in a thickness direction of the steel sheet component
27, the entire sheet thickness is once fused and then solidified.

Such a phenomenon of excessive fusion easily occurs when the sheet
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thickness is as small as, for example, 0.65 mm or 0.7 mm. Such a
phenomenon is considered to occur because a large amount of heat
on the projection bolt 20 side affects a small sheet thickness with
a small heat capacity. That is, a fusion volume on the projection
bolt 20 side is extremely large with respect to that of a thin sheet.
Further, even when correctly controlling the volume of the fused
metal and welding conditions such as a pressurization force, an
energization time period, and a current value, excessive fusion
occurs in the entire region of the sheet thickness due to the thin
sheet.

[0008] Normally, when a bolt or a nut is welded to the steel
sheet component by electric resistance welding, a fusion range of
the steel sheet in the sheet thickness direction of the steel sheet
component is set to fall within a half or two-thirds of the sheet
thickness, thereby ensuring required welding strength. That 1is,
a base material corresponding to an unfused portion is secured.
The reason why welding strength can be ensured in this manner is
considered as follows. Specifically, the fusion range fallswithin
the above-mentioned region, and hence an unfused base material
portion keeps strength of the steel sheet itself, and a boundary
area between the fused portion and the unfused‘porﬁion is widened,
with the result that joining strength between the fused portion
and the unfused portion has a sufficient value.

[0010] However, in a case of the fusion in the entire region

of the thickness as illustrated in FIG. 10B, there is a problem
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in that welding strength between the bolt 20 and the steel sheet
component 27 cannot be ensured sufficiently.

[0011] This problem is considered to occur for the following
reason. The fused portion (nugget) 32 is solidified by quenching
performed after completion of energization. Accordingly, the fused
porti§n32 is transformed into martensite structure, thereby having
significantly high hardness and brittle property. Further, a
structure transformed portion indicated by the dotted pattern in
FIG. 10B appears in a region near the fused portion 32. The region
indicated by the dotted pattern is generally known as a heat affected
zone (HAZ). The region is denoted by reference numeral 33. The
region 33 is less brittle than the fused portion 32, but has more
brittle property than that of the base material portion.

[0012] When a bending force is repeatedly applied to the bolt
20 so as to incline the bolt 20 with respéct to the fixed steel
sheet component 27, stress is concentrated on a boundary region
between the structure transformed portion 33 and the fused portion
32havinghighhardnessandbrittleproperty. Thus, afractureoccurs
in the boundary region due to fatigue. Alternatively, a fracture
occurs in the structure transformedportion33. Inaddition, acause
of this problem is considered as follows. Specifically, the steel
sheet component has a small sheet thickness, and hence the area
of the boundary portion between the fused portion 32 and the unfused
portion is small. Further, an interface is formed along the sheet

thickness direction, and hence a fracture is easily caused in the
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boundary portion, with the result that welding stfength is not
enhanced.

[0013] In addition, it is necessary to optimize the
above-mentioned fusion amount in the sheet thickness direction,
and to solve a problem of coating property at a vicinity of an outer
periphery of the enlarged diameter portion, thereby coping with
occurrence of rust.

[0014] The present inventionhas beenproposedinorder tosolve
the above-mentioned problems, and has an object to provide a
projection bolt welding method capable of preventing fusion in an
entire region of a sheet thickness of a steel sheet component with
a focus on a relationship between a volume of a partially shaped
po:tion.of a projection bolt and a volume of a predetermined region
of the steel sheet component, or on a relationship between a fusion
area of a welding projection and the sheet thickness of the steel
sheet component.

[0015] In the following description, the projection bolt is

sometimes simply referred to as a bolt.

Solution to Problem

[0016] According to a first aspect of the present invention,
there is provided a projection bolt welding method, which involves
welding a projection bolt to a steel sheet component made of a thin
steel sheet by electric resistance welding under a state in which

a circular welding projection of the projection bolt is pressurized
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against the steel sheet component between a pair of electrodes,
the projection bolt comprising:

a shank having an external thread formed therein;

acircularenlargeddiameter portionbeing formed
integrallywith the shank and having a diameter larger than adiameter
of the shank; and

the circular welding projection arranged at a
center of the circular enlarged diameter portion on a side opposite
to the shank, the circular welding projection comprising:

a cilrcular initial fusion portion
comprising a tapered portion that is formed on an end surface of
the circular initial fusion portipn and reduced in height as
approaching to an outer peripheral side of the circular initial
fusion portion at a small inclination angle; and

a main fusion portion continuous with the
circular initial fusion portion,

the pair of electrodes comprising an electrode for
holding the projection bolt and an electrode on which the steel
sheet component is to be placed, the electrodes being arranged
coaxially with each other,
the projection bolt welding method comprising:
adding fusion heat of the main fusion portion to the circular
initial fusion portion transformed into a flat fused region at an
initial stage of fusion, or progressing fusion of the steel sheet

component due to pressure of fused metal sealed between the main
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fusion portion and an unfused portion of the steel sheet component,
to thereby prevent excessive fusion or insufficient fusion of the
steel sheet component in a sheet thickness direction of the steel
sheet component; and

securing a clearance between a vicinity of an outer periphery
of the circular enlarged diameter portion and a surface of the steel
sheet component after completionof thewelding, to therebydischarge
air in the clearance to enable a coating liquid to adhere to portions
which define the clearance, including a lower surface of the circular
enlarged diameter portion, an outer peripheral surface of the main
fusion portion, an exposed portion of a fused portion, the surface

0of the steel sheet component.

Advantageous Effects of Invention

[0017] In the above-mentioned configuration, the adding the
fusion heat of the main fusion portion to the initial fusion portion
transformed into the flaﬁ fused region at the initial stage of the
fusion is abbreviated as "fusion heat addition". Further, in the
above-mentioned configuration, the progressing the fusion of the
steel sheet component due to the pressure of the fused metal sealed
between the main fusion portion and the unfused portion of the steel
sheet component is abbreviated as "pressure use".

[0018] As described above, the object of the invention of the
subject application is achieved by any one of a welding method

comprising the "fusion heat addition", and a welding method
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comprisingthe "pressureuse". The "fusionheataddition"iscarried
out in such a manner that fusion of the steel sheet component in
the sheet thickness direction is complemented by an amount of heat
fromthemain fusionportion. Further, the "pressureuse"”" iscarried
out in such a manner that fusion of the steel sheet component in
the sheet thickness direction is progressed due to the pressure
of the sealed fused metal.

[0019] Further, as described later, the "fusion heat addition"
and the "pressure use" can be combined so as to be utilized as
concurrent phenomena.

[0020] Firstly, operations and effects of the welding method
comprising the former "fusion heat addition" are described.
[0021] The welding projection comprises the initial fusion
portion comprising the tapered portion formed on the end surface
thereof and reduced in height as approaching to the outer peripheral
side thereof at the small inclination angle, and the main fusion
portion continuous with the initial fusion portion. Accordingly,
fusion of the surface of the steel sheet component is started
simultaneously with fusion of a voluminal portion of the initial
fusion portion. At the same time, fusion of the main fusion portion
is also progressed. At this time, when the volume of the initial
fusion portion is large, an amount of fusion heat of the initial
fusion portion itself is large. Accordingly, in proportion to the
amount of fusion heat, a fusion amount on the steel sheet component

side is also increased. In addition to the increase of the fusion
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amount on the steel sheet component side, a larger amount of fusion
heat of themain fusionportion is appliedto the steel sheet component
viathe initial fusionhportionhaving the large volume. As described
above, when the fusion heat of the initial fusion portion having
the large volume and the fusion heat of the main fusion portion
are synergistically applied to the steel sheet component, the steel

sheet component is fused in an entire region of the sheet thickness

thereof. That is, it is essential to avoid setting the volume of
the initial fusion portion to an extremely large volume with respect
to that of the steel sheet component.

[0022] On the other hand, as described above, the fusion of

the surface of the steel sheet component is started simultaneously
withthe fusionof thevoluminal portionoftheinitial fusionportion,

and the fusion of the main fusion portion is also progressed. At

this time, when the volume of the initial fusion portion is small,

the amount of fusion heat of the initial fusion portion itself is

small. Accordingly, in proportion to the amount of fusion heat,

the fusion amount on the steel sheet component side is also reduced.

In addition to the reduction of the fusion amount on the steel sheet

component side, a smaller amount of the fusion heat of the main
fusionportionis appliedto the steel sheet component via the initial

fusion portion having the small volume. As described above, when

the fusion heat of the initial fusion portion having the small volume

and the fusion heat of the main fusion portion are synergistically

applied to the steel sheet component, an amount of heat applied

10
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to the steel sheet component is extremely small, and the steel sheet
component is only slightly fused in the sheet thickness direction.
That 1s, it is essential to avoid setting the volume of the initial
fusion portion to an extremely small volume with respect to that
of the steel sheet component.

[0023] In this case, importance is placed on such a point that
the volume of the initial fusion portion is matched to a volume
of which portion of the steel sheet component. In the present
invention, the volume of a portion of the steel sheet component
having the same diameter as that of the circular initial fusion
portion is matched to the volume of the initial fusion portion.
The volume of the portion of the steel sheet component having the
same diameter as that of the circular initial fusion portion is
most directly and thermally affected at the time of start of fusion
of the initial fusion portion. The steel sheet component is matched
to the initial fusion portion and marked off into a circular portion
in this manner. Thus, a thermal effect from the initial fusion
portion side can be quantitatively specified. In other words, the
importance of the present invention lies in finding that the volume
of the initial fusion portion itself, which is matched to the volume
of the portion of the steel sheet component having the same diameter
as that of the circular initial fusion portion, directly affects
a fused region of the steel sheet component.

[0024] In view of the above, a ratio of the volume of the initial

fusion portion to the volume of the portion of the steel sheet

11
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component having the same diameter as that of the circular initial
fusion portion is set to a predetermined value. The predetermined
ratio is set to from 0.08, which corresponds to a lower limit
predetermined value of the fusion amount of the steel sheet component
in the sheet thickness direction obtained by addition of fusion
heat of the main fusion portion, to 0.20, which corresponds to a
value not exceeding an upper limit predetermined value of the fusion
amount of the steel shget component in the sheet thickness direction
obtained by addition of fusion heat of the main fusion portion.
When the fusion heat of the main fusion portion is applied to the
steel sheet component via the initial fusion portion, the voclume
of the initial fusion portion is properly selected for the volume
of the circular portion of the steel sheet component, thereby being
capable of ensuring the above-mentioned satisfactory fusion amount
in the sheet thickness direction.

[0025] The volume of the portion of the steel sheet component
having the same diameter as that of the circular initial fusion
portion is hereinafter abbreviated as "steel sheet volume".
[0026] As described above, welding is performed under a
condition that the ratioc of the volume of the initial fusion portion
to the "steel sheet volume" is set to from 0.08, which corresponds
to the lower limit predetermined value of the fusion amount of the
steel sheet component in the sheet thickness direction obtained
by addition of fusion heat of the main fusion portion, to 0.20,

which corresponds to a value not exceeding the upper limit

12
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predetermined value of the fusion amount of the steel sheet component
in the sheet thickness direction obtained by addition of fusion
heat of the main fusion portion. Accordingly, the fused portion
and the structure transformed portion present near the fused portion
are not formed in the entire region of the sheet thickness, and
an unfused base material portion is secured between the surface
of the steel sheet and the structure transformed portion present
near the fused portion. Therefore, the base material portion
functions to maintain strength of the steel sheet component, and
hence weld joining strength of the bolt can be ensured sufficiently.
Further, a boundary area between the structure transformed portion
and the base material portion can be ensured over a wide region,
and hence joining strength of the boundary area portion can be kept
high. Thus,evenwhenanexternalforceisappli@dtobendthebolt,
a fracture or the like does not occur easily.

[0027] Before fusion, a shape of the initial fusion portion
is a flat conical shape. However, at an initial stage of fusion,
the conical shape disappears and transforms into a flat fused region
integrated with the fused portion of the surface pértion of the
steel sheet component. The abqve—mentioned phenomenon in which
fusion heat of the main fusion portion is added to the steel sheet
component, or fusion heat of the main fusion portion is transferred
to the steel sheet component via the initial fusion portion means
that fusion heat of the main fusion portion is transferred to the

above-mentioned flat fused region and then transferred to an unfused

13
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region of the steel sheet component, thereby enlarging a fusion
range of the steel sheet component.

[0028] In order to obtain a proper fusion amount of the steel
sheet component in the sheet thickness direction, the numerical
value range of from 0.08 to 0.20 set as described above is practically
important. However, selection of those values is based on a basic
phenomenon involving the "fusion heat addition™.

[0029] Aftercompletionof thewelding, theclearanceissecured
between the vicinity of the outer periphery of the enlarged diameter
portion and the surface of the steel sheet component. Thus, the
alr in the clearance is discharged so that the coating ligquid can
adhere to portions which define the clearance, including the lower
surface of the enlarged diameter portion, the outer peripheral
surface of the main fusion portion, the exposed portion of the fused
portion, the surface of the steel sheet component.

[0030] When the clearance between the vicinity of the outer
periphery of the enlarged diameter portion and the surface of the
steel sheet component is extremely narrow, fluidity of the coating
liquid in the clearance cannot be obtained due to viscosity of the
coating liquid. Accordingly, the air stagnating in the clearance
is not discharged so that the air is sealed due to the coating liquid.
Consequently, there arises a problem in that the sealed air causes
rust.

[0031] However, as in the present invention, the clearance

having a size large enough to prevent air bubbles from being sealed

14
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therein due to the coating liquid is secured between the vicinity
of the outer periphery of the enlarged diameter portion and the
surface of the steel sheet component, thereby solving the
above-mentioned problem of occurrence of rust. That is, the
clearance defined between the vicinity of the outer periphery of
the enlarged diameter portion and the surface of the steel sheet
component can be ensured as a sufficient space owing to a height
dimension of themain fusionportion in the sheet thickness direction
of the steel sheet component, and hence the coating liguid flows
into the clearance actively. This flow causes discharge of the air
from the clearance, and the coating liguid adheres to the enlarged
diameter portion, the main fusion portion, the exposed portion of
the fused portion, the surface of the steel sheet component, and
the like, which define the clearance. As a result, air bubbles are
not sealed, and the above-mentioned problem of occurrence of rust
is solved.

[0032] Secondly, operations and effects of the welding method
comprising the latter "pressure use" are described with emphasis
on the "pressure use".

[0033] When the ratio of the circular area (mm’) of the initial
fusionportiontothe sheet thickness (mm) of the steel sheet component
is set to, for example, 100, a ratio of the fusion area to the sheet
thickness of the steel sheet is large. The fused metal having the
wide area and region is pressurized, and hence internal pressure

of the liquefied metal is kept low. Accordingly, an amount of heat

15
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transferred from the fused metal to the unfused portion of the steel
sheet per unit area is reduced, and a penetration amount in the
sheet thickness direction of theunfusedportionissmall. Further,
the fgsion range in a surface direction of the steel sheet is large,
and hence fusion heat is transferred from a long fusion outer
peripheral edge to the wide region. Consequently, the amount of
heat transferred in the sheet thickness direction is reduced, and
progress of penetration in the sheet thickness direction is slowed
down. Therefore, when the above-mentioned ratio of the circular
area of the initial fusion portion to the sheet thickness of the
steel sheet component is set as large as 100, progress of penetration
in the sheet thickness direction is slowed down, and excessive fusion
can be prevented. Thus, welding strength of the projection bolt
is maintained properly.

[0034] In the following description, the "ratio of the circular
area of the initial fusion portion to the sheet thickness of the
steel sheet component" 1is sometimes abbreviated as "sheet
thickness-area ratio".

[0035] When the above-mentioned "sheet thickness-area ratio"
is set to, for example, 50, the ratio of the fusion area to the
sheet thickness of the steel sheet is small. The fusedmetal having
the small area and region is pressurized, and hence the internal
pressureoftheliquefiedmetal is kepthigh. Accord?ngly,theamount
of heat transferred from the fused metal to the unfused portion

of the steel sheet per unit area is increased, and the penetration

16
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amount in the sheet thickness direction of the unfused portion is
large. Further, the fusion range in the surface direction of the
steel sheet is small, and hence fusion heat is transferred from
a short fusion outer peripheral edge to the small region.
Consequently, the amount of heat transferred in the sheet thickness
direction is increased, and progress of penetration in the sheet
thickness direction 1is accelerated. Therefore, when the
above-mentioned "sheet thickness-area ratio" is set as small as
50, progress of penetration in the sheet thickness direction is
accelerated, and a large fusion depth is obtained. Thus, welding
strength of the projection bolt is maintained properly.

[0036] The above-mentioned phenomena cause a state in which
the fused metal is sealed between the initial fusion portion and
the unfused portion of the steel sheet at the initial stage of fusion,
whereas the fused metal is sealed between the main fusion portion
and the unfused portion of the steel sheet at the latter stage of
fusion. Accordingly, a pressure condition of the liquefied metal
influences progress of fusion in the unfused portion. That is, such
phenomena are important that heat is actively conducted from the
high-pressure fused metal to the unfused portion, whereas heat is
slowly conducted from the low-pressure fused metal to the unfused
portion. The phenomena as described above occur as in the case of
the above-mentioned examples based on the "sheet thickness-area
ratio", and hence excessive fusion and insufficient fusion in the

sheet thickness direction can be prevented. Thus, proper welding

17
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strength can be ensured.

[0037] In order to obtain a proper fusion amount of the steel
sheet component in the sheet thickness direction, the numerical
values such as 100 and 50 specified as the "sheet thickness-area
ratio" as described above are practically important. However, the
selection of those values 1s based on the basic phenomenon involving
the "pressure use".

[0038] The same operations and effects, which are obtained by
securing the clearance between the vicinity of the outer periphery
of the enlarged diameter portion and the surface of the steel sheet
component after completion of the welding, are attained both in
the method comprising the "pressure use" and the method comprising
the "fusion heat addition™.

[0039] According to a second aspect of the present invention,
there is provided a projection bolt welding method, wherein the
adding the fusion heat of the main fusion portion to the circular
initial fusion portion transformed into the flat fused region at
the initial stage of the fusion is carried out through selection
of a ratio of a volume of the circular initial fusion portion to
a volume of a portion of the steel sheet component having the same
diameter as a diameter of the circular initial fusion portion, or
the progressing the fusion of the steel sheet component due to the
pressure of the fused metal sealed between the main fusion portion
and the unfused portion of the steel sheet component is carried

out through selection of a ratio of a circular area of the circular

18
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initial fusion portion to a sheet thickness of the steel sheet
component.

[0040] In a case of the "fusion heat addition", the adding the
fusion heat of the main fusion portion to the initial fusion portion
transformed into the flat fused region at the initial stage of the
fusion is carried out through the selection of the ratio of the
volume of the initial fusion portion to the volume of the portion
of the steel sheet component having the same diameter as the diameter
of the circular initial fusion portion.

[0041] Before the fusion, the shape of the initial fusion
portion is the flat conical shape. However, at the initial stage
of the fusion, the conical shape disappears and transforms into
the flat fusedregion integratedwith the fusedportionof the surface
portion of the steel sheet component. Due to the above-mentioned
phenomenon in which the fusion heat of the main fusion portion is
added to the steel sheet component, or the fusion heat of the main
fusion portion is transferred to the steel sheet component via the
initial fusion portion, the fusion heat of thé main fusion portion
is transferred to the above-mentioned flat fused region and then
transferred to the unfused region of the steel sheet component,
thereby enlarging the fusion range of the steel sheet component.
As described above, the relationship of the volume of the initial
fusion portion to the vqlume of of the portion of the steel sheet
component having the same diameter as the diameter of the circular

initial fusion portion is essential.

19



CA 02916590 2015-12-22

[0042] In a case of the "pressure use", the above-mentioned
phenomena cause the state in which the fusedmetal is sealed between
the initial fusion portion and the unfused portion of the steel
sheet at the initial stage of fusion, whereas the fused metal is
sealed between the main fusion portion and the unfused portion of
the steel sheet at the latter stage of fusion. Accordingly, the
pressure condition of the ligquefied metal influences the progress
of fusion in the unfused portion. That is, such phenomena are
important that heat is actively conducted from the high-pressure
fused metal to the unfused portion, whereas heat is slowly conducted
from the low-pressure fused metal to the unfused portion. The
phenomena as described above occur as in the case of the
above-mentioned examples based on the "sheet thickness-area ratio”,
and hence the excessive fusion and the extremely insufficient fusion
in the sheet thickness direction can be prevented. Thus, proper
welding strength can be ensured. As described above, the
relationship of the circular area of the initial fusion portion
to the sheet thickness of the steel sheet component is essential.
[0043] According to a third aspect of the present invention,
there is provided a projection bolt welding method, wherein the
ratio of the volume of the circular initial fusion portion to the
volume of of the portion of the steel sheet component having the
same diameter as the diameter of the circular initial fusion portion
is set to from 0.08 to 0.20, or the ratio of the circular area (mmz)

of the circular initial fusion portion to the sheet thickness (mm)
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of the steel sheet component is set to from 45 to 105.

[0044] In the case of the "fusion heat addition", as described
above, when the ratio of the volume of the initial fusion portion
to the "steel sheet volume" is set to 0.08, the fusion amount of
the steel sheet component in the sheet thickness direction obtained
by addition of the fusion heat of the main fusion portion exhibits
the 1lower limit predetermined value. Further, when the
above-mentioned ratio is set to 0.20, the fusion amount of the steel
sheet component in the sheet thicknessdirectionobtainedbyaddition
of the fusion heat of the main fusion portion exhibits the upper
limit predetermined value. Therefore, the fused portion and the
structure transformed portion present near the fused portion are
not formed in the entire region of the sheet thickness, and the
unfused base material portion 1is secured between the structure
transformed portion present near the fused portion and the surface
of the steel sheet. Therefore, the base material portion functions
to maintain the strength of the steel sheet component, and hence
the weld bonding strength of the bolt can be ensured sufficiently.
Further, the boundary areabetween the structure transformedportion
and the base material portion can be ensured over a wide region,
and hence the joining strength of the boundary area portion can
be kept high. Thus, even when an external force is applied to bend
the bolt, a fracture or the like does not occur easily.

[0045] In the case of the 'pressure use", when the

above-mentioned "sheet thickness-area ratio" is set as small as
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45, the progress of penetration in the sheet thickness direction
is accelerated, and a large fusion depth is obtained. Thus, the
welding strength of the projection bolt is maintained properly.
When the above-mentioned "sheet thickness-area ratio" is set as
large as 105, the progress of penetration in the sheet thickness
direction is slowed down, and the excessive fusion can be prevented.
Thus, the welding strength of the projection bolt is maintained
properly.

[0046] As described above, based on an overall consideration
of the "fusion heat addition™ and the "pressure use" according to
the first to third aspects of the present invention, the "fusion
heat addition” and the "pressure use" are common in being capable
of preventing the excessive fusion and the extremely insufficient
fusion of the steel sheet component in the sheet thickness direction
and ensuringproper welding strength. Accordingly, the "fusionheat
addition™ and the "pressure use" can be combined so as to be utilized

as concurrent phenomena.

Brief Description of Drawings
[0047] FIG. 1A is a side view of a projection bolt.

FIG. 1B is an enlarged view of a head part of the projection
bolt of FIG. 1A.

FIG. 2 is a sectional view for illustrating a state in which
theprojectionbolt anda steel sheet component are sandwichedbetween

a stationary electrode and a movable electrode.
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FIG. 3A is a side view for illustrating a relationship between
the steel sheet component and an initial fusion portion.

FIG. 3B is a plan view of FIG. 3A.

FIG. 4A is a sectional view for illustrating a fusion bonding
process in an initial stage of welding.

FIG. 4B is a sectional view for illustrating the fusion bonding
process in the midst of welding.

FIG. 4Cis a sectional view for illustrating the fusionbonding
process at the time of fiﬁish of welding.

FIG. 4D 1is a partially enlarged view of FIG. 4C.

FIG. 5 is a graph for showing a relationship between a volume
ratio and thicknesses T1 and T2.

FIG. 6 is a sectional view for illustrating a state after a
tensile test 1s conducted.

FIG. 7A is a sectional view for illustrating a fusion bonding
process in an initial stage of welding.

FIG.7Bjjsasectionalviewforillustratingthequionbonding
process in the midst of welding.

FIG. 7Cis a sectional view for illustrating the fusion bonding
process at the time of finish of welding.

FIG. 7D is a partially enlarged view of FIG. 7C.

FIG. 8A is a sectional view for illustrating a state before
welding is performed when a "sheet thickness-area ratio" is large.

FIG. 8B is a sectional view for illustrating a state after

the bolt and the steel sheet member illustrated in FIG. 8A are welded
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to each other.

FIG. 8C 1s a sectional view for illustrating a state before
welding is performed when the "sheet thickness-area ratio" is small.

FIG. 8D is a sectional view for illustrating a state after
the bolt and the steel sheet member illustrated in FIG. 8C are welded
to each other.

FIG. 9 is a graph for showing a relationship between the "sheet
thickness-area ratio" and thicknesses Tl and T2.

FIG. 10A is a side view of a related-art projection bolt.

FIG. 10B is a sectional view for illustrating a fusion-bonded

state of the related-art bolt.

Description of Embodiments

[0048] Next, description is made of a projection bolt welding
method according to embodiments of the present invention.

First Embodiment

[0049] FIG. 1A to FIG. 6 are illustrations of a first embodiment

of the present invention based on "fusion heat addition".

[0050] First, dimensions and a shape of a projection bolt are
described.
[0051] A shape of an iron projection bolt 1 is illustrated in

FIG. 1A. The bolt 1 comprises a shank 2 having an external thread
formed therein, a circular enlarged diameter portion 3 formed
integrally with the shank 2 and having a diameter larger than a

diameter of the shank 2, and a circular welding projection 4 arranged
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at a center of the enlarged diameter portion on a side opposite
to the shank 2. Reference numeral 5 denotes the external thread
formed in an outer peripheral surface of the shank 2, and the external
thread comprises roots and crests.

[0052] As illustrated in FIG. 1A, FIG. 3A, etc., the welding
projection 4 comprises an initial fusion portion 4A and amain fusion
portion 4B. The initial fusion portion 4A is a flat conical portion
shaped by forming, on an end surface of the welding projection 4,
a tapered portion 6 reduced in height as approaching to an outer
peripheral sidethereofatasmall taperinclinationangle. Apointed
vertex 7 is formed at a center portion of the initial fusion portion
4A. The main fusion portion 4B is a truncated cone portion formed
continuously with the initial fusion portion 4A. The bolt 1 is
subjected to die molding, rolling, and the like. Accordingly, when
observed in an enlarged manner, actually, the shape of the
above-mentioned vertex 7 is not sharply pointed but is slightly
rounded.

[0053] For easy understanding of a dimensional condition of
this embodiment, dimensions of components and an inclination angle
are illustrated in FIG. 1B. As illustrated in FIG. 1B, the diameter
(crest diameter) of the shank 2 is 5.5 mm, a length of the shank
2is24.5mm, and the diameter and a thickness of the enlargeddiameter
portion 3 are 13.2 mm and 1.0 mm, respectively. Further, a diameter
of the end surface of the welding projection 4 (tapered portion

6) is 9.0 mm, and a height (thickness) of the initial fusion portion
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47 is 0.32 mm. A height (thickness) of the main fusion portion 4B
is 0.9 mm, and an inclination angle 8 of the tapered portion 6 is
4.5 degrees.

[0054] Next, a welding state of the bolt 1 is described.
[0055] FIG. 2 is a sectional view for illustrating a state in
which the bolt 1 is welded to a steel sheet component 8. A movable
electrode 9 is moved forward and backward by an air cylinder, an
electric motor of a forward-backward movement output type, or the
like (not shown). A reception hole 10 is formed in a center portion
of anendsurfaceof themovableelectrode Stoextendinalongitudinal
direction of the movable electrode 9, and a permanent magnet 11
is fixed on an inner portion of the reception hole 10. The steel
sheet component 8 is placed on a stationary electrode 12 arranged
coaxially with the movable electrode 9.

[0056] The shank 2 is inserted into the reception hole 10 of
the movable electrode 9 by an operator or a feeding rod, and the
shank 2 is attracted by the permanent magnet 11 so that the bolt
1 is held in the movable electrode 9. At this time, an end surface
13 of the movable electrode 9 is held in close contact with a back
surface of theenlargeddiameter portion3. FIG.2isanillustration
of a state in which the movable electrode 9 holding the bolt 1 therein
is moved forward and the welding projection 4 is pressurized against
the steel sheet component 8. Although not shown, due to the
pressurization, the vertex 7 and the tapered portion 6 formed near

the vertex 7 sink into a surface of the steel sheet component 8.

26



CA 02916590 2015-12-22

That is, a tip of the tapered portion 6 of the initial fusion portion
47 slightly bites into the surface of the steel sheet component
8, thereby increasing a contact area between the welding projection
4 and the steel sheet component 8. A welding current is caused to
flowin this state, andthebolt iswelded to the steel sheet component
8.

[0057] Next, a relationship between the initial fusion portion
and the steel sheet component is described.

[0058] Arelationship of a volume of a partially shaped portion
of the projection bolt 1 to a volume of a predetermined portion
of the steel sheet component 8 closely relates to a fusion state
of the steel sheet component 8. That is, the above-mentioned
relationship refers to a relationship between a volume of a portion
of the steel sheet component 8 having the same diameter as that
of the circular initial fusion portion 4A and a volume of the initial
fusion portion 4A. The steel sheet component 8 having the same
diameterasthatof thecircularinitial fusionportion4Acorresponds
to a circular sheet portion 82, and a volume of the circular sheet
portion 8A corresponds to the above-mentioned "steel sheet volume”.
In this case, the steel sheet component 8 has a sheet thickness
of 0.65 mm.

[0059] The diameter of the circular sheet portion 8A is 9.0
mm as described above, and hence the volume of the circular sheet
portion 8A, namely, the "steel sheet volume" is 41.33mm’. Further,

the initial fusion portion 4A has the height of 0.32 mm and the
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diameter of 9.0 mm as described above, and hence the initial fusion
portion 4A has a volume of 6.79 mm®. Therefore, a ratio of the volume
of the initial fusion portion 4A to the volume of the circular sheet

portion 8A, namely, to the "steel sheet volume" is 0.16.

[0060] Next, pressurization and energization conditions are
described.
[0061] Apressurization force exerted by themovable electrode

9, namely, a force of pressurizing the welding projection 4 onto
the steel sheet component 8 is 2,300 N, a welding current is 14,000
A, andanenergizationtimeperiodiseight cycles. Theenergization
time period of eight cycles corresponds to a time period from start
of energization to finish of fusion of the main fusion portion 4B
subsequent to start of fusion of the initial fusion portion 4A after
an elapse of a predetermined time period since the start of the
energization. Note that, one cycle is 1/60 second.

[0062] Satisfactory welding can be attained under the
above-mentioned conditions, and satisfactory setting ranges of the
respective conditions are as follows. The pressurization force is
from 2,000 N to 3,000 N, the welding current is from 10,000 A to
15,0002, and the energization time period is from five to tencycles.
{0063] Next, a fusion bonding process in a case of the volume
ratio of 0.16 is described.

[0064] FIG. 4Ato FIG. 4Dareillustrations of the fusionbonding
process. FIG. 4A to FIG. 4C are sectional views, but hatching of

a sectional portion is omitted for the clarity of the illustrations.

28



CA 02916590 2015-12-22

FIG. 4A is an illustration of an initial stage of energization at
which the welding current is caused to flow in the pressing state
illustrated in FIG. 2, and an illustration of a state in which the
vicinity of the vertex 7 and the steel sheet component 8 corresponding
thereto (circular sheet portion 8A) are slightly fused. The fused
portion is denoted by reference numeral 14.

[0065] When pressurization and energization are further
continued, along the inclination angle of the tapered portion 6,
the fusedportionl4 isenlargedintoacircular fusionrange extending
in a diameter direction in a radial and substantially planar manner.
A transient state of the enlargement is illustrated in FIG. 4B.
{0066] Then, when pressurization and energization are still
further continued, subsequently to fusion of the entire initial
fusion portion 4A, fusion of the main fusion portion 4B is started
simultaneously. AsillustratedinFIG. 4C, the fusionof theinitial
fusion portion 4A causes fusion of an entire surface of the steel
sheet component 8 corresponding to the circular range of the initial
fusion portion 4A, namely, fusion of a portion close to the surface
of the circular sheet portion 8A. At a point in time when the
above-mentioned energization time period of eight cycles elapses,
a fusion state illustrated in FIG. 4C is attained.

[0067] As is apparent from FIG. 4C and FIG. 4D, not an entire
range of the main fusion portion 4B in a thickness direction, but
one-third to a half of the range of the main fusion portion 4B in

the thickness direction is fused. The above-mentioned welding
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conditions, such as the pressurization force, the current value,
and the energization time period, are set so that the main fusion
portion 4B is fused within this range. As described later, heat
of the above-mentioned fusion of the main fusion portion 4B is added
to fusion heat of the initial fusion portion 4A and applied to the
steel sheet component 8, thereby properly ensuring a fusion range
state of the steel sheet component 8.

[0068] Before fusion, the shape of the initial fusion portion
47 is a flat conical shape as illustrated in the drawings. However,
at the initial stage of fusion, the conical shape disappears and
transforms into a flat fusedregion integratedwith the fusedportion
of the surface portion of the steel sheet component 8. The
above-mentioned phenomenon in which fusion heat of the main fusion
portion 4B is added to the steel sheet component 8, or fusion heat
of the main fusion portion 4B is transferred to the steel sheet
component 8 via the initial fusion portion 4A means that fusion
heat of the main fusion portion 4B 1is transferred to the
above-mentioned flat fused region and then transferred to an unfused
region (solidphase) of the steel sheet component 8, therebyenlarging
a fusion range of the steel sheet component 8.

[0069] FIG. 4D is a partially enlarged sectional view for
illustrating a structural state after completion of fusion bonding.
In FIG. 4D, a shaded portion corresponds to the fused portion 14,
and corresponds to the above-mentioned nugget. A layered portion

appearing near the fused portion 14 corresponds to a structure
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transformed portion 15, and corresponds to the above-mentioned heat
affected zone (HAZ). The structure transformed portion 15 is
indicated by the dotted pattern in FIG. 4D.

[0070] Reference numeral 16 denotes an unfused portion of the
circular sheet portion 8A. The unfused portion is formed of the
structure transformed portion 15 and a base material 17 of the steel
sheet that is not subjected to a thermal effect, and a thickness
of the unfused portion is denoted by Tl. Further, a thickness of
the base material 17 alone is denoted by T2.

[0071] The above-mentioned fusion process proceeds as a
composite fusion phenomenon of the initial fusion portion 4A and
the main fusion portion 4B. This point is observed in detail. The
fusion of the surface of the steel sheet component 8 is started
simultaneouslywiththe fusionof thevoluminal portionoftheinitial
fusion portion 4A. At the same time, the fusion of the main fusion
portion 4B is also progressed. At this time, when the volume of
the initial fusion portion 4A is large, an amount of fusion heat
of the initial fusion portion 4A itself is large. Accordingly, in
proportion to the amount of fusion heat, the fusion amount on the
steel sheet component 8 side is also increased. In addition to the
increase of the fusion amount on the steel sheet component 8 side,
a larger amount of the fusion heat of the main fusion portion 4B
is applied to the steel sheet component 8 via the initial fusion
portion 4A having the large volume. As described above, when the

fusion heat of the initial fusion portion 4A having the large volume
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and the fusion heat of themain fusion portion 4B are synergistically
applied to the steel sheet component 8, the steel sheet component
8 is fused in the entire region of the sheet thickness thereof.
That is, it is essential to avoid setting the volume of the initial
fusion portion 4A to an extremely large volume with respect to that
of the steel sheet component 8.

[0072} On the other hand, as described above, the fusion of
the surface of the steel sheet component 8 is started simultanecusly
with the fusion of the voluminal portionof the initial fusionportion
4n. At the same time, the fusion of the main fusion portion 4B is
also progressed. At this time, when the volume of the initial fusion
portion 4A is small, the amount of fusion heat of the initial fusion
portion 4Aitself is small. Accordingly, inproportion to the amount
of fusion heat, the fusion amount on the steel sheet component 8
side is also decreased. In addition to the decrease of the fusion
amount on the steel sheet component 8 side, a smaller amount of
the fusion heat of the main fusion portion 4B is applied to the
steel sheet component 8 via the initial fusion portion 4A having
the small volume. As described above, when the fusion heat of the
initial fusion portion 4A having the small volume and the fusion
heat of the main fusion portion 4B are synergistically applied to
the steel sheet component 8, the amount of heat applied to the steel
sheet component 8 is excessively small, and the steel sheet component
8 is only slightly fused in the sheet thickness direction. That

is, it is essential to avoid setting the volume of the initial fusion
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portion 4A to an extremely small volume with respect to that of
the steel sheet component 8.

[0073] The fusion amount of the steel sheet component 8 depends
on the above-mentioned heat flow process, and hence the volume ratio
of the initial fusion portion 4A to the circular sheet portion 8A
serves as an important factor. The volume ratio is set to 0.16 as
in this embodiment. Thus, the amount of fusion heat of the initial
fusion portion 4A itself and the amount of heat supplied from the
main fusion portion 4B are properly converged, with the result that
the fusion amount on the steel sheet component 8 side is set as
illustrated in FIG. 4D. That is, it is possible to ensure that the
unfusedportionléandthebasemateriall7are appropriately secured.
[0074] The above-mentioned phenomenon is described
inclusively. The above-mentioned volume of the initial fusion
portion 4A is extremely large or small with respect to the volume
of the steel sheet component 8. Accordingly, the volume of the
initial fusion portion 4A is set within a predetermined range in
consideration of a correlation with the volume on the steel sheet
component 8 side, and an insufficient amount of heat for proper
fusion of the steel sheet component is complementarily supplied
from the main fusion portion 4B. In other words, the volume of the
initial fusion portion 4A is set in consideration of a correlation
with the "steel sheet volume" within a range causing no actual harm
toinitial fusion of the steel sheet component 8, and the insufficient

amount of heat for proper fusion of the steel sheet component 8
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is complemented by the main fusion portion 4B.

[0075] Fusion heat of the above-mentioned main fusion portion
4B is complementarily applied to the steel sheet component 8 via
the initial fusion portion 424, and hence it is necessary to adjust
the fusion amount of the main fusion portion 4B. That is, when an
excessive amount of heat is added from the main fusion portion 4B,
the steel sheet component 8 is fused excessively. Further, when
an extremely small amount of heat i1s added from the main fusion
portion 4B, the steel sheet component 8 is fused to an extremely
small degree.

[0076] In this case, the volume of the main fusion portion 4B
having the dimensions illustrated in FIG. 1B is about 58.54 mm3,
and one-third to a half of the volume of about 58.54 mm’ of the main
fusion portion 4B is fused subsequently to the fusion of the initial
fusion portion 4A. The one-third to the half of the volume of the
main fusion portion 4B is fused in the sheet thickness direction
of the steel sheet component 8. The reason why "about” is added
asinthedescriptionofabout58.54mm3isbecausetheouterperipheral
surface of the main fusion portion 4B is the tapered surface.
[0077] The bolt having the above-mentioned volume ratioof 0.16
was welded under the above-mentioned welding conditions,
specifically, the pressurization force of 2,300 N, the welding
current of 14,0002, and the energizationtime periodofeight cycles.

As a result, the thickness Tl of the unfused portion 16 was 0.4

mm, and the thickness T2 of the base material 17 was 0.3 mm.
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[0078] Next, specific values of the thicknesses Tl and T2 are
described.

[0079] FIG. 5 is a graph for showing a relationship between
the thickness Tl or T2 and the ratio of the volume of the initial
fusion portion to the "steel sheet volume". When the volume ratio
is 0.16, as described above, the thickness Tl is 0.4 mm, and the
thickness T2 1s 0.3 mm. When those values are shown, a penetration
amount of the steel sheet component 8 in the thickness direction
and the thickness of the base material 17 are proper.

[0080] Simultaneously with ensuring of the above-mentioned
values of the thicknesses Tl and T2, after completion of the welding,
a clearance C having a size large enough to prevent air bubbles
from being sealed therein due to a coating liquid is secured between
a vicinity of an outer periphery of the enlarged diameter portion
3 and the surface of the steel sheet component 8. The size of the
clearance C is 0.5 mm. Further, the welding conditions such as the
pressurization force, the current value, and the energization time
period are changed, thereby being capable of adjusting the size
of the clearance C to 0.4 mm, 0.6 mm, or the like.

[0081] As illustrated in FIG. 6, there was conducted a test
of pulling the bolt 1 in an axial direction under a state in which
the steel sheet component 8 was fixed by a jig (not shown). As a
result, the base material 17 and the fused portion 14 were sheared
off the steel sheet component 8 so that the bolt broke, and it was

recognized that a cut-out hole 8B corresponding to the circular
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sheet portion 8A was formed. This breakage occurs when the pulling
force is in a range of from 3,000 N to 3,500 N.

[0082] Further, there was conducted a bending test of inclining
the shank 2 repeatedly. As a result, a fracture did not occur at
a boundary portion between the fused portion 14 and the structure
transformed portion 15, at the structure transformed portion 15
itself, or at a boundary portion between the structure transformed
portion 15 and the base material. Based on those results, it is
determined that sufficient welding strength is obtained when the
bolt 1 having this size is welded to the steel sheet component 8
having an extremely small thickness of 0.65 mm.

[0083] As is apparent from FIG. 5, when only the volume ratio
was changed to 0.11, the thickness Tl was 0.53 mm, and the thickness
T2 was 0.43 mm. In this case, satisfactory welding strength was
obtained similarly to the case of the volume ratio of 0.16. Values
of the thickness Tl or values of the thickness T2 obtained by
sequentially changing the volume ratio in this manner are connected
in line, thereby drawing correlation lines for the thicknesses T1
and T2 of FIG. 5.

[0084] The welding conditions suchas thepressurization force,
the current value, and the energization time périod are changed
within the above-mentioned range under the condition that the volume
ratio is 0.16. Thus, for example, the thickness T1=0.4 mm is
adjustable to the thickness T1=0.28 mm, and the thickness T2=0.3

mm is adjustable to the thickness T2=0.18 mm.
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[0085] Next, a lower limit predetermined value and an upper
limit predetermined value of the volume ratio are de;cribed.
[00806] As described above, the values of the thicknesses Tl
and T2 can be set to various values through change of the volume
ratio. However, when the volume ratio is smaller than 0.08, the
thickness Tl is extremely large, that is, the penetration amount
of the fused portion 14 in the sheet thickness direction may be
insufficient, oronlythecenterportionoftheinitial fusionportion
4A may be fused so that the initial fusion portion is not entirely
fused. Therefore, predeterminedwelding strength cannot be ensured.
That 1s, the volume ratio of 0.08 corresponds to the lower limit
predetermined value. Further, when the volume ratio exceeds 0.20,
the thickness Tl is extremely small, and hence the thickness of
the base material 17 is extremely small or the thickness Tl 1is
substantially zero. As a result, predetermined welding strength
cannot be ensured. That is, the volume ratio of 0.20 corresponds
to the upper limit predetermined value.

[0087] The thickness T1 of 0.62 mm and the thickness T2 of 0.56
mm correspond to the above-mentioned lower limit predeterminedvalue
of 0.08. The thickness Tl of 0.18 mm and the thickness T2 of 0.11
mm correspond to the above-mentioned upper limit predeterminedvalue
of 0.20.

(0088] Next, a case of changing the sheet thickness of the steel
sheet component is described.

[0089] In the above-mentioned embodiment, the sheet thickness
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is 0.65 mm. However, as a result of various experiments, it was
confirmed that the thickness Tl and the thickness T2 were able to
be properly ensured in a thin sheet having a thickness of from 0.6
mm to 1 mm through change of the welding conditions within a volume
ratio range of from 0.08 to 0.20.

[0090] Note that, the initial fusion portion 4A has the volume
of 6.79 mm®, whereas the main fusion portion 4B has the volume of
about 58.54 mm®. From such a viewpoint that the fusion heat of the
main fusion portion 4B is complementarily supplied to the steel
sheet component 8 via the initial fusion portion 4A, it is preferred
that the volume of the initial fusion portion 4A be set within a
range of from 10% to 20% of the volume of the main fusion portion
4B. When the volume of the initial fusion portion 4A is 10% of the
volume of the main fusion portion 4B, the fusion heat can be
sufficiently supplied, and strength and rigidity of a root portion
of the shank 2 can be sufficiently maintained. On the other hand,
when the volume of the initial fusion portion 4A exceeds 20% of
the volume of the main fusion portion 4B, there are fears in that
the fusion heat is supplied excessively, and in that a material
of the root portion of the shank 2 is extremely large, which is
disadvantageous in cost.

[0091] In the first embodiment, the shape of the initial fusion
portion 4A is a conical shape including the tapered portion 6 and
the vertex 7, but a spherical shape may be employed instead of the

conical shape. In a case of the spherical shape, a portion
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corresponding to the vertex 7 is pressurized against the steel sheet
component 8, and fusion is started from the pressurized portion.
The other fusion bonding process is performed similarly to the case
of the conical shape.

[0092] Operations and effects of the first embodiment obtained
based on the "fusion heat addition" described above are as follows.
[0093] In the first embodiment, importance is placed on such
a point that the volume of the initial fusion portion 4A is matched
to a volume of which portion of the steel sheet component 8. In
the first embodiment, the volume of the portion the steel sheet
component 8 having the same diameter as that of the circular initial
fusion portion 4A is matched to the volume of the initial fusion
portion 4A. The volume of of the portion the steel sheet component
8 having the same diameter as that of the circular initial fusion
portion 4A is most directly and thefmally affected at the time of
start of fusion of the initial fusion portion 4A. The steel sheet
component 8 is matched to the initial fusion portion 4A and marked
off into a circular portion in this manner. Thus, a thermal effect
from the initial fusion portionv4A side can be quantitatively
specified. In other words, the volume of the initial fusion portion
4A itself, which is matched to the volume of the portion of the
steel sheet component 8 having the same diameter as that of the
circular initial fusion portion 4A, directly affects a fused region
of the steel sheet component 8, and a satisfactory fusion state

of the steel sheet component 8 is ensured.
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[0094] Before the fusion, the shape of the initial fusion
portion 4A is the flat conical shape. However, at the initial stage
of the fusion, the conical shape disappears and transforms into
the flat fused region integratedwith the fusedportionof the surface
portion of the steel sheet component 8 (see FIG. 4C). Due to the
above-mentioned phenomenon in which the fusion heat of the main
fusion portion 4B is added to the steel sheet component 8, namely,
the phenomenon in which the fusion heat of the main fusion portion
4B is transferred to the steel sheet component 8 via the initial
fusion portion 44, the fusion heat of the main fusion portion 4B
is transferred to the above-mentioned flat fused region and then
transferred to the unfused region of the steel sheet component 8,
thereby properly enlarging the fusion range of the steel sheet
component 8.

[0095] As described above, welding is performed under a
condition that the ratio of the volume of the initial fusion portion
AR to the "steel sheet volume" is set to from 0.08, which corresponds
to the lower limit predetermined value of the fusion amount of the
steel sheet component 8 in the sheet thickness direction obtained
by addition of fusion heat of the main fusion portion 4B, to 0.20,
which corresponds to a value not exceeding the upper limit
predetermined value of the fusion amount of the steel sheet component
8 in the sheet thickness direction obtained by addition of fusion
heat of the main fusion portion 4B. Accordingly, the fused portion

14 and the structure transformed portion 15 present near the fused
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portion 14 are not formed in the entire region of the sheet thickness,
and the unfused base material portion 17 is secured between the
surface of the steel sheet and the structure transformed portion
15 present near the fused portion 14. Therefore, the base material
portionl7 functions tomaintainstrengthof the steel sheet component
8, and hence weld joining strength of the bolt 1 can be ensured
sufficiently. Further, a boundary area between the structure
transformedportion 15 and the basematerial portionl7 canbe ensured
over a wide region, and hence joining strength of the boundary area
portioncanbe kepthigh. Thus, evenwhenanexternal forceisapplied
to bend the bolt 1, a fracture or the like does not occur easily.
[0096] In addition to setting the volume ratio of the initial
fusion portion 4A to the "steel sheet volume" to from 0.08 to 0.20,
the volume ratio of the initial fusion portion 4A to the main fusion
portion 4B is specified, thereby being capable of attaining a
satisfactory result. That is, the volume of the initial fusion
portion 4A is set to the range of from 10% to 20% of the volume
of the main fusion portion 4B. When the volume of the initial fusion
portion 4A is 10% of the volume of the main fusion portion 4B, the
fusion heat canbe sufficiently supplied fromthemain fusion portion
4B to the steel sheet component 8, and strength and rigidity of
the root portion of the shank 2 can be sufficiently maintained.
On the other hand, when the volume of the initial fusion portion
43 exceeds 20% of the volume of the main fusion portion 4B, there

are fears in that the fusion heat is supplied excessively from the
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main fusion portion 4B to the steel sheet component 8, and in that
the material of the root portion of the shank 2 is extremely large,
which is disadvantageous in cost. Therefore, the volume of the
initial fusion portion 4A is set to 20% or less of the volume of
the main fusicn portion 4B, thereby being capable of avoiding those
fears.

[0097] After completion of welding, the clearance is secured
between the vicinity of the outer périphery of the enlarged diameter
portion and the surface of the steel sheet component. Thus, the
air in the clearance is discharged so that the coating liquid can
adhere to a lower surface of the enlarged diameter portion, an outer
peripheral surface of the main fusion portion, an exposed portion
of the fused portion, the surface of the steel sheet component,
and the like, which define the clearance.

[0098] When the clearance C between the vicinity of the outer
periphery of the enlarged diameter portion 3 and the surface of
the steel sheet component isextremelynarrow, fluidityof the coating
liquid in the clearance C cannot be obtained due to viscosity of
the coatingliquid. Accordingly, theairstagnatingintheclearance
C is not discharged so that the air is sealed due to the coating
liquid. Consequently, there arises a problem in that the sealed
alr causes rust.

[0099] However, as in this embodiment, the clearance C having
a size large enough to prevent air bubbles from being sealed therein

due to the coating liquid is secured between the vicinity of the
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outer periphery of the enlarged diameter portion 3 and the surface
of the steel sheet component, thereby solving the above-mentioned
problem of occurrence of rust. That is, the clearance C defined
between the vicinity of the outer periphery of the enlarged diameter
portion 3 and the surface of the steel sheet component can be ensured
as a sufficient space C owing to a height dimension of 0.9 mm of
the main fusion portion 4B in the sheet thickness direction of the
steel sheet component 8, and hence the coating liquid flows into
the clearance C actively. This flow causes discharge of the air
from the clearance C, and the coating liquid adheres to the lower
surface of the enlarged diameter portion 3, the outer peripheral
surface of the main fusion portion 4B, the exposed portion of the
fused portion 14, the surface of the steel sheet component 8, and
the like (see FIG. 4D), which define the clearance C. As a result,
air bubbles are not sealed, and the above-mentioned problem of
occurrence of rust is solved.

Second Embodiment

f0100] FIG. 1A, FIG. 1B, FIG. 2, and FIG. 6 to FIG. 9 are
illustrations of a second embodiment of the present invention based
on "pressure use". FIG. 1A, FIG. 1B, FIG. 2, and FIG. 6 are common
between the second embodiment and the first embodiment. Further,
in order to facilitate reading through the description, the same
illustrations of FIG. 4A to FIG. 4D are applied to FIG. 7A to FIG.
7D.

[0101] First, dimensions and a shape of a projection bolt are
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described.

[0102] A shape of an iron projection bolt 1 is illustrated in
FIG. 1A. The bolt 1 comprises a shank 2 having an external thread
formed therein, a circular enlarged diameter portion 3 formed
integrally with the shank 2 and having a diameter larger than a
diameter of the shank 2, anda circular welding projection 4 arranged
at a center of the enlarged diameter portion on a side opposite
to the shank 2. Reference numeral 5 denotes the external thread
formed in an outer peripheral surface of the shank 2, and the external
thread comprises roots and crests.

[0103] As illustrated in FIG. 1A, FIG. 7A, etc., the welding
projection 4 comprises an initial fusionportion 4A and amain fusion
portion 4B. The initial fusion portion 4A is a flat conical portion
shaped by forming, on an end surface of the welding projection 4,
a tapered portion 6 reduced in height as approaching to an outer
peripheral sidethereofatasmall taperinclinationangle. Apointed
vertex 7 is formed at a center portion of the initial fusion portion
47. The main fusion portion 4B is a truncated cone portion formed
continuously with the initial fusion portion 4A. The bolt 1 is
subjected to die molding, rolling, and the like. Accordingly, when
observed in an enlarged manner, actually, the shape of the
above-mentioned vertex 7 is not sharply pointed but is slightly
rounded.

[0104] For easy understanding of a dimensional condition of

this embodiment, dimensions of components and an inclination angle
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are illustrated in FIG. 1B. As illustrated in FIG. 1B, the diamefer
(crest diameter) of the shank 2 is 5.5 mm, a length of the shank
2is 24.5mm, and the diameter and a thickness of the enlarged diameter
portion 3 are 13.2mm and 1.0 mm, respectively.. Further, a diameter
of the end surface of the welding projection 4 (tapered portion
6) 1s 9.0 mm, and a height (thickness) of the initial fusion portion
4p is 0.32 mm. A height (thickness) of the main fusion portion 4B
is 0.9 mm, and an inclination angle 8 of the tapered portion 6 1is
4.5 degrees.

[0105] Next, a welding state of the bolt 1 is described.
[0106] FIG. 2 is a sectional view for illustrating a state in
which the bolt 1 is welded to a steel sheet component 8. A movable
electrode 9 is moved forward and backward by an air cylinder, an
electric motor of a forward-backward movement output type, or the
like (not shown). A reception hole 10 is formed in a center portion
of anend surfaceof themovableelectrode 9toextendina longitudinal
direction of the movable electrode 9, and a permanent magnet 11
is fixed on an inner portion of the reception hole 10. The steel
sheet component 8 is placed on a stationary electrode 12 arranged
coaxially with the movable electrode 9.

[0107] The shank 2 is inserted into the reception hole 10 of
the movable electrode 9 by an operator or a feeding rod, and the
shank 2 is attracted by the permanent magnet 11 so that the bolt
1 is held in the movable electrode 9. At this time, an end surface

13 of the movable electrode 9 is held in close contact with a back
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surfaceof theenlargeddiameter portion3. FIG.2isanillustration
of a state in which the movable electrode 9 holding the bolt 1 therein
is moved forward and the welding projection 4 is pressurized against
the steel sheet compenent 8. Although not shown, due to the
pressurization, the vertex 7 and the tapered portion 6 formed near
the vertex 7 sink into a surface of the steel sheet component 8.
That is, a tip of the tapered portion 6 of the initial fusion portion
47 slightly bites into the surface of the steel sheet component
8, thereby increasing a contact area between the welding projection
4 and the steel sheet component 8. A welding current is caused to
flowinthisstate,andtheboltisweldedtothesteelsheetcomponent
8. Note that, a sheet thickness of the steel sheet component 8 falls

within a range of from 0.6 mm to 1 mm.

[0108] Next, pressurization and energization conditions are
described.
[0109] Apressurization force exertedby the movable electrode

9, namely, a force of pressurization the welding projection 4 onto
the steel sheet component 8 is 2,300 N, a welding current is 14,000
A, and anenergizationtime periodiseight cycles. Theenergization
time period of eight cycles corresponds to a time period from start
of energization to finish of fusion of the main fusion portion 4B
subsequent to start of fusion of the initial fusion portion 4A after
an elapse of a predetermined time period since the start of the
energization. Note that, one cycle is 1/60 second.

[0110] Satisfactory welding can Dbe attained under the
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above-mentioned conditions, and satisfactory setting ranges of the
respective conditions are as follows. The pressurization force is
from 2,000 N to 3,000 N, the welding current is from 10,000 A to
15,000 A, and the energization time periodis from five to tencycles.
[0111] Next, a fusion bonding process 1s described.

[0112] FIG. 7TARto FIG. 7Dareillustrations of the fusionbonding
process. FIG. 7A to FIG. 7C are sectional views, but hatching of
a sectional portion is omitted for the clarity of the illustrations.
In this case, the sheet thickness of the steel sheet component 8
is 0.65mm, and the steel sheet component 8 is a general high-tensile
steel sheet. FIG. 7A is an illustration of an initial stage of
energization at which the welding current is caused to flow in the
pressing state illustrated in FIG. 2, and an illustration of a state
in which the vicinity of the vertex 7 and the steel sheet component
8 corresponding thereto (circular sheet portion 8A) are slightly
fused. The fused portion is denoted by reference numeral 14. The
pressurization force exerted by the movable electrode 9 is applied
to liquefied fused metal of the fused portion 14, and hence the
fused portion 14 is sealed between the initial fusion portion 4A
and the unfused portion of the steel sheet component 8.

[0113] When pressurization and energization are further
continued, along the inclination angle of the tapered portion 6,
thefusedportion14isenlargedintoacircularfusionrangeextending
in a diameter direction in a radial and substantially planar manner.

A transient state of the enlargement is illustrated in FIG. 7B.
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Also in this case, the fused portion 14 is sealed between the initial
fusionportion 4A and the unfusedportionof the steel sheet component
8.

[0114] Then, when pressurization and energization are still
further continued, subsequently to fusion of the entire initial
fusion portion 4A, fusion of the main fusion portion 4B is started
simultaneously. AsillustratedinFIG. 7C, the fusionof the initial
fusion portion 4A causes fusion of an entire surface of the steel
sheet component 8 corresponding to the circular range of the initial
fusion portion 4A, namely, fusion of a portion close to the sﬁrface
of the circular sheet portion 8A. At a point in time when the
above-mentioned energization time period of eight cycles elapses,
a fusion state illustrated in FIG. 7C is attained.

[0115] As is apparent from FIG. 7C and FIG. 7D, not an entire
range of the main fusion portion 4B in a thickness direction, but
one-third to a half of the range of the main fusion portion 4B in
the thickness direction is fused. The above-mentioned welding
conditions, such as the pressurization force, the current value,
and the energization time period, are set so that the main fusion
portion 4B is fused within this range.

[0116] Before fusion, the shape of the initial fusion portion
47 is a flat conical shape as illustrated in the drawings. However,
at the initial stage of fusion, the conical shape disappears and
transforms into a flat fused region 14 integrated with the fused

portion of the surface portion of the steel sheet component 8.
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[0117] FIG. 7D is a partially enlarged sectional view for
illustrating a structural state after completion of fusion bonding.
In FIG. 7D, a shaded portion corresponds to the fused portion 14,
and corresponds to the above-mentioned nugget. A layered portion
appearing near the fused portion 14 corresponds to a structure
transformed portion 15, and corresponds to the above-mentioned heat
affected zone (HAZ). The structure transformed portion 15 is
indicated by the dotted pattern in FIG. 7D.

[0118] Reference numeral 16 denotes an unfused portion of the
circular sheet portion 8A. The unfused portion is formed of the
structure transformed portion 15 and a base material 17 of the steel
sheet that is not subjected to a thermal effect, and a thickness
of the unfused portion is denoted by Tl. Further, a thickness of
the base material 17 alone is denoted by TZ2.

[0119] Next, a relationship between the circular area of the
initial fusion portion and the steel sheet component is described.
{0120] As described above, the sheet thickness of the steel
sheet component 8 is 0.65 mm. On the other hand, the circular area
of the initial fusion portion 4A is calculated as 63.59 mm® based
on the diameter dimension of 9 mm illustrated in FIG. 1B. In this
case,whenearathaofthecircularareaoftheinitialfusionportion
to the sheet thickness of the steel sheet component, namely, the
"sheet thickness—-area ratio” is obtained, the "sheet thickness-area
ratio" is 97.83. Further, when the sheet thickness is changed from

0.65mmto 0.7mmand then the "sheet thickness-arearatio" isobtained,
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the "sheet thickness-area ratio" is 90.81.

[0121] The bolt having the above-mentioned "sheet
thickness-area ratio" of 77.83 was welded under the above-mentioned
welding conditions, specifically, the pressurization force of 2,300
N, the welding current of 14,000 A, and the energization time period
of eight cycles. Asaresult, the thickness Tl of theunfusedportion
16 was 0.62 mm, and the thickness T2 of the base material 17 was
0.55mm. Further, the bolt having the "sheet thickness-area ratio"
of 90.81 was welded to the steel sheet component having the sheet
thickness of 0.7 mm under the same conditions as the above-mentioned
welding conditions. As a result, the thickness Tl of the unfused
portion 16 was 0.55 mm, and the thickness T2 of the base material
17 was 0.48 mm. Those values can be read from a graph shown in FIG.

9, which 1is described later.

(01221} Next, specific values of the thicknesses Tl and T2 are
described.
[0123] FIG. 9 is a graph for showing a relationship between

the thickness Tl or T2 and the ratio of the circular area of the
initial fusion portion to the sheet thickness of the steel sheet
component ("sheet thickness-area ratio"). The thicknesses Tl and
T2 when the "sheet thickness-area ratio" is 90.81 or 97.83 are
described above. When those values are shown, a penetration amount
of the steel sheet component 8 in the thickness direction and the
thickness of the base material 17 are proper.

[0124] Simultaneously with ensuring of the above-mentioned
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values of the thicknesses Tl and T2, after completion of the welding,
a clearance C having a size large enough to prevent air bubbles
from being sealed therein due to a coating liquid is secured between
a vicinity of an outer periphery of the enlarged diameter portion
3 and the surface of the steel sheet component 8. The size of the
clearance C is 0.5 mm. Further, the welding conditions such as the
pressurization force, the current value, and the energization time
period are changed, thereby being capable of adjusting the size
of the clearance C to 0.4 mm, 0.6 mm, or the like.

[0125] Next, a magnitude of the "sheet thickness-area ratio”
and progress of fusion are described.

[0126] In FIG. 8A and FIG. 8B, thediameter of theinitial fusion
portion 4A is 9 mm, the sheet thickness is 0.7 mm, andAthe "sheet
thickness-area ratio” is 90.81. As described above, the thickness
Tl of the unfused portion 16 is 0.55 mm, and the thickness T2 of
the base material 17 is 0.48mm. In FIG. 8C and FIG. 8D, the diameter
of the initial fusion portion is 6.5 mm, the sheet thickness is
0.7mm, and the "sheet thickness-arearatio™ is 47.38. The thickness
Tl of the unfused portion 16 is 0.24 mm, and the thickness T2 of
the base material 17 is 0.18 mm. Note that, FIG. 8A to FIG. 8D are
sectional views, but hatching is omitted for easy understanding.
[0127] A fusion process from FIG. 8A to FIG. 8B is the same
as that described with reference to FIG. 7A to FIG. 7D. The fused
portion 14 is sealed between the main fusion portion 4B and the

unfused portion 16 of the steel sheet, and the movable electrode
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9 is moved forward to perform pressurization, with the result that
pressure of the fusedmetal is kept high. In this case, the circular
area of the initial fusionportion 4A ismuch larger than the circular
area 1llustrated in FIG. 8C and FIG. 8D, and hence the pressure
of the fused metal is kept low. Owing to the pressure condition,
progress of the fusion in the sheet thickness direction of the steel
sheet is slowed down, and excessive fusion is avoided. That is,
in the fusion process from FIG. 8A to FIG. 8B, the ratio of the
fusion area to the sheet thickness of the steel sheet is large.
The fused metal having the wide area and region is pressurized,
and hence the internal pressure of the liquefied metal is kept low.
Accordingly, the amount of heat transferred from the fused metal
to the unfused portion of the steel sheet per unit area is reduced,
and the penetration amount in the sheet thickness direction of the
unfused portion is small.

[(0128] A fusion process from FIG. 8C to FIG. 8D is the same
as that described with reference to FIG. 7A to FIG. 7D. The fused
portion 14 is sealed between the main fusion portion 4B and the
unfused portion 16 of the steel sheet, and the movable electrode
9 is moved forward to perform pressurization, with the result that
pressure of the fusedmetal is kept high. Inthis case, the circular
areaoftheinitialfusionportion4Aismuchsmallerthanthecircular
area illustrated in FIG. 8A and FIG. 8B, and hence the pressure
of the fused metal is kept high. Owing to the pressure condition,

progress of fusion in the sheet thickness direction of the steel
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sheet is accelerated, and a large fusion depth is obtained. That
is, in the fusion process from FIG. 8C to FIG. 8D, the ratio of
the fusion area to the sheet thickness of the steel sheet is small.
The fused metal having the small area and region is pressurized,
and hence the internal pressure of the liquefied metal is kept high.
Accordingly, the amount of heat transferred from the fused metal
to the unfused portion of the steel sheet per unit area is increased,
and the penetration amount in the sheet thickness direction of the
unfused portion is large.

[0129] Next, a proper range of the "sheet thickness-area ratio”
is described.

[0130] As described with reference to FIG. 10A and FIG. 10B,
with regard to the sheet thickness of the steel sheet component,
it is important to prevent abnormal fusion, namely, fusion in the
entire sheet thickness, and to obtain a proper fusion depth. Thus,
a range intended for the sheet thickness is from 0.6 mm to 1 mm.
The steel sheet having a thickness of 0.6 mm was subjected to welding
under a condition that the "sheet thickness-area ratio" was set
within a range of from 45 to 105. As a result, satisfactory values
were able to be obtained as the thicknesses Tl and T2. Further,
the steel sheet having a thickness of 1 mm was subjected to welding
under a condition that the "sheet thickness-area ratio" was set
within the range of from 45 fo 105. As a result, satisfactory values
were able to be obtained as the thicknesses Tl and TZ2.

[0131] When the "sheet thickness-area ratio" is smaller than
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45, which corresponds to an upper limit predetermined value of the
fusion amount of the steel sheet component in the sheet thickness
direction obtained depending on the magnitude of the pressure of
the fused metal, as described with reference to FIG. 8C and FIG.
8D, the pressure of the liquefied fused metal is kept extremely
high. Accordingly, penetration in the sheet thickness direction
of the steel sheet is progressed extremely, and hence the thicknesses
Tl and T2 are extremely small or reduced to substantially zero.
Therefore, it is proper to set the above-mentioned upper limit
predetermined value to be smaller than 45.

[0132] On the other hand, when the "sheet thickness—-area ratio”
exceeds 105 to be equal to or larger than 106, which corresponds
to a lower limit predetermined value of the fusion amount of the
steel sheet component in the sheet thickness direction obtained
depending on the magnitude of the pressure of the fused metal, as
described with reference to FIG. 8A and FIG. 8B, the pressure of
the liquefied fused metal is kept extremely low. Accordingly,
penetration in the sheet thickness direction of the steel sheet
is extremely slow, and hence the thicknesses T1 and T2 are extremely
large. Therefore, it is proper to set the above-mentioned lower
limit predetermined value so as not to exceed 105.

[0133] Note that, the focus is placed on the above-mentioned
matterthatthepressumaoftheliquefiedmetalischangeddepending
on the magnitude of the "sheet thickness-area ratio", but the

applicant may not measure the pressure of the liquefied metal at
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the time of welding. Accordingly, operations and effects are
described in view of a relationship between the magnitude of the
pressure and a degree of progress of the fusion of the steel sheet.
[0134] Welding strength tests were conducted on the bolt 1 that
was subjected to welding under the above-mentioned condition that
the "sheet thickness-area ratio" was set to 90.81 or 97.83. As
illustrated in FIG. 6, there was conducted a test of pulling the
bolt 1 in the axial direction under a state in which the steel sheet
component 8 was fixed by a jig (not shown). As a result, the base
material 17 and the fused portion 14 were sheared off the steel
sheet component 8 so that the bolt broke, and it was recognized
that a cut-out hole 8B corresponding to the circular sheet portion
8A was formed. Thus, it is determined that sufficient welding
strength is obtained. This breakage occurs when the pulling force
is in a range of from 3,000 N to 3,500 N.

[0135] Further, there was conducted a bending test of inclining
the shank 2 repeatedly. As a result, a fracture did not occur at
the boundary portion between the fused portion 14 and the structure
transformed portion 15, at the structure transformed portion 15
itself,oreﬂ:theboundaryportionbetweenthesfructuretransformed
portion 15 and the base material 17. Based on those results, it
is determined that sufficient welding strength is obtained when
the bolt 1 having this size is welded to the steel sheet component
8 having an extremely small thickness of 0.65 mm.

[0136] Further, the welding strength tests were conducted on
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the bolt 1 that was subjected to welding under the above-mentioned
condition that the "sheet thickness-area ratio" was set to 47.38.
As a result, satisfactory values were able to be obtained both in
the tensile test and the repeated bending test.

(013771 For example, the welding conditions such as the
pressurization force, the current value, and the energization time
period are changed within the above-mentioned range under the
condition that the "sheet thickness-area ratioc" 1s 97.83. Thus,
for example, the thickness T1=0.62 mm is adjustable to the thickness
T1=0.53mm, andthe thickness T2=0.55mmis adjustable to the thickness
T2=0.44 mm.

[0138] In the second embodiment, the shape of the initial fusion
portion 4A is a conical shape including the tapered portion 6 and
the vertex 7, but a spherical shape may be employed instead of the
conical shape. In a case of the spherical shape, a portion
corresponding to the vertex 7 is pressurized against the steel sheet
component 8, and fusion is started from the pressurized portion.
The other fusion bonding process is performed similarly to the case
of the conical shape.

[0139] Operations andeffects of the secondembodiment obtained
based on the "pressure use" described above are as follows.
[0140] When the ratio of the circular area of the initial fusion
portion 4A to the sheet thickness of the steel sheet component 8
("sheet thickness-area ratio") is set to, for example, 100, a ratio

of the fusion area to the sheet thickness of the steel sheet 8 is
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large. The fused metal 14 having the wide area and region is
pressurized, and hence the internal pressure of the liquefied metal
is kept low. Accordingly, an amount of heat transferred from the
fused metal 14 to the unfused portion 16 of the steel sheet 8 per
unit areais reduced, andthepenetrationamount inthe sheet thickness
direction of the unfused portion 16 is small. Further, the fusion
range in a surface direction of the steel sheet 8 is large, and
hence fusion heat is transferred from a long fusion outer peripheral
edgetothewideregion. Consequently, theamountofheattransferred
in the sheet thickness direction is reduced, and progress of
penetration in the sheet thickness direction is slowed down.
Therefore, when the above-mentioned ratio of the circular area of
the initial fusion portion 4A to the sheet thickness of the steel
sheet component 8 is set as large as 100, progress of penetration
in the sheet thickness direction is slowed down, and excessive fusion
can be prevented. Thus, welding strength of the projection bolt
1 is maintained properly.

[0141] When the above-mentioned "sheet thickness-area ratio”
is set to, for example, 50, the ratio of the fusion area to the
sheet thickness of the steel sheet 8 is small. The fused metal 14
havingthesmallareaandregionispressurized,andhencetheinternal
pressureof theliquefiedmetal iskepthigh. Accordingly, theamount
of heat transferred from the fused metal 14 to the unfused portion
16 of the steel sheet 8 perunit area is increased, and the penetration

amount in the sheet thickness direction of the unfused portion 16
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is large. Further, the fusion range in the surface direction of
the steel sheet 8 is small, and hence fusion heat i1s transferred
from a short fusion outer peripheral edge to the small region.
Consequently, the amount of heat transferred in the sheet thickness
direction is increased, and progress of penetration in the sheet
thickness direction 1is accelerated.v Therefore, when the
above-mentioned "sheet thickness-area ratio" is set as small as
50, progress of penetration in the sheet thickness direction is
accelerated, and a large fusion depth is obtained. Thus, welding
strength of the projection bolt 1 is maintained properly.

[0142] The above-mentioned phenomena cause a state in which
the fused metal 14 is sealed between the initial fusion portion
47 and the unfused portion 16 of the steel sheet 8 at the initial
stage of fusion, whereas the fused metal 14 is sealed between the
main fusion portion 4B and the unfused portion 16 of the steel sheet
at the latter stage of fusion. Accordingly, a pressure condition
of the liquefied metal influences progress of fusion in the unfused
portion 16. That is, such phenomena are important that heat is
activelyconductedfromthehigh—pressurefusedmetaltotheunfused
portion 16, whereas heat is slowly conducted from the low-pressure
fused metal to the unfused portion 16. The phenomena as described
above occur as in the case of the above-mentioned examples based
on the "sheet thickness-area ratio", and hence excessive fusion
and extremely insufficient fusion in the sheet thickness direction

can be prevented. Thus, proper welding strength can be ensured.
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[0143] In order to obtain a proper fusion amount of the steel
sheet component in the sheet thickness direction, it is practically
important to specify the numerical values such as 100 and 50 as
the above-mentioned "sheet thickness-area ratio". However, the
selection of those values is based on the basic phenomenon involving

the "pressure use".

Industrial Applicability

[0144] The method according to the present invention involves
the "fusion heat addition" or the "pressure use" described above.
Accordingly, the excessive fusion and the extremely insufficient
fusion of the steel sheet can be prevented, thereby being capable
of subjecting the bolt to electric resistance welding 1in a
satisfactory state. Thus, the present invention is applicable in
a wide variety of industrial fields such as a process of welding
a body of an automobile and a process of welding a metal plate of

a home appliance.

Reference Signs List

[0145] 1 projection bolt
2 shank

3 enlarged diameter portion

4 welding projection

4n initial fusion portion

4B main fusion portion
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8B

14

15

16

17

Tl

T2

CA 02916590 2015-12-22

tapered portion

vertex

steel sheet component
circular sheet portion

cut-out hole

fused portion (fused metal or fused region)

structure transformed portion

unfused portion

base material portion

(heat affected zone)

thickness dimension of unfused portion

thickness dimension of base material portion

clearance
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Claims
1. A projection bolt welding method comprising:

preparing a projection bolt comprising a shank having
anexternal thread formedtherein, acircularenlargeddiameter
portion being formed integrally with the shank and having a
diameter larger than a diameter of the shank, and a circular
welding projection arranged at a center of the circular
enlarged diameter portion on a side opposite to the shank,
wherein the circular enlarged diameter portion has a surface
surrounding the circular welding projection on the side
opposite to the shank, and the circular welding projection
comprises amain fusionportion formedon the circular enlarged
diameter portion on the side opposite to the shank, and a
circularinitial fusionportioncontinuouswiththemainfusion
portion and having a tapered portion that is reduced in height
as approaching to an outer peripheral side of the circular
initial fusion portion at an inclination angle;

preparing a pair of electrodes comprising an electrode
for holding the projection bolt and an electrode on which a
steel sheet component having a thickness of 0.6 mm to 1 mm
istobeplaced, thepairofelectrodesbeingarrangedcoaxially
with each other;

welding the projection bolt to the steel sheet component
byelectricresistanceweldingwhilepressurizingthecircular

welding projection of the projection bolt against the steel

ol
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sheet component between the pair of electrodes such that, upon
completion of the welding at which welding energization and
the pressurizing of the circular welding projection of the
projectionbolt against the steel sheet component are stopped,
one third to a half in a thickness direction of the main fusion
portion is fused, and an unfused portion of the main fusion
portion forms a clearance between the surface of the circular
enlarged diameter portion surrounding the circular welding
projection and a surface of the steel sheet component facing
the surface of the circular enlarged diameter portion,
wherein the preparing of the projection bolt comprises
settingarateofacircularareaof thecircular initial fusion
portion to a sheet thickness of the steel sheet component of

45 to 105.

2. The projection bolt welding method of claim 1, wherein the
surface o©of the <circular enlarged diameter portion
surrounding the circular welding projection is perpendicular

to a central axis of the projection bolt.

3. The projection bolt welding method of claim 1, wherein the

clearance is 0.4 mm — 0.6 mm.
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