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DESCRIPTION

METHOD OF SPOT WELDING

Technical Field

[0001] The present invention relates to a spot welding
method for a plurality of steel sheets including a plated
steel sheet, more particularly relates to a spot welding
method suitable for a plurality of steel sheets including
a galvanized high strength steel sheet for automobile
use.

Background Art

[0002] In recent years, in the automotive field, in
order to improve fuel economy and slash CO, emissions,
reduction of the weight of the vehicle body has been
demanded. To improve crash safety, increasing the
strength of the members of the car body has also been
demanded. In order to satisfy these demands, it is
effective to use high strength steel sheet for members of
the vehicle body and various parts.

[0003] Further, from the viewpoint of increasing rust
prevention of the car body, it is necessary to construct
members from steel sheets excellent in corrosion
resistance. It 1is widely known that galvanized steel
sheets have good corrosion resistance. From the viewpoint
of reducing the weight and raising the strength, in
galvanized steel sheets used for automobiles, galvanized
high strength steel sheets using high strength steel
sheets for the plated sheets are being used.

[0004] In the assembly of automobile bodies and
attachment of parts etc., spot welding is mainly used. If
spot welding galvanized high strength steel sheets,
cracking may occur in the sheet thickness direction from
the outer surfaces of the steel sheets in contact with
the electrodes for spot welding use.

[0005] FIG. 1 shows an outline of cracking in a spot

welded location when spot welding galvanized high
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strength steel sheets. FIG. 1 is a cross-section in the
sheet thickness direction. When spot welding galvanized
high strength steel sheets 1, it 1s known that cracking 3
advancing from a surface of a steel sheet 1 in contact
with an electrode toward the melted and solidified part 2
(nugget) (below, referred to as "cracking right below an
electrode™), cracking 5 advancing from a portion of a
steel sheet 1 in contact with a shoulder portion of an
electrode to a heat affected zone 4 (below, referred to
as "cracking at a shoulder"), and cracking 6 advancing
from an outside of a portion where an electrode and a
steel sheet 1 come into contact to a heat affected zone 4
(below, referred to as "cracking outside of an
electrode") occur.

[0006] Below, when it is not particularly necessary to
differentiate them, "cracking right below an electrode",
"cracking at a shoulder"™, and "cracking outside of an
electrode"” will be collectively referred to as "external
cracking". Further, "cracking at a shoulder”™ and
"cracking outside of an electrode” will be collectively
referred to as "cracking near an outer circumference of a
weld™.

[0007] Such cracking is said to be cracking due to so-
called "liquid metal embrittlement". That is, it is said
that by applying the electrode pressing force and the
tensile stress due to thermal expansion and contraction
of the steel sheets to the weld zone, the molten
galvanized metal invades the grain boundaries of the
steel sheets and decreases the intergranular strength.
[0008] In automobile bodies, if the cracking in a
welded location is remarkable, the strength of the joint
decreases. There are known techniques for suppressing
cracking at a welded location by methods of controlling
the chemical composition and structure of the steel
sheets.

[0009] For example, PLT 1 discloses to adjust the

chemical composition of the steel sheets, render the



10

15

20

25

30

35

CA 02980692 2017-09-22

austenite phase generated during the spot welding to fine
crystal grains, and complicatedly interpose them with
crystal grains of other phases in the metal structure so
as to thereby make the paths for diffusion and
penetration of molten zinc to the crystal grain
boundaries complicated and make it difficult for molten
zinc to penetrate and thus prevent liquid metal
embrittlement cracking at the time of welding.

[0010] Further, PLT 2 teaches that by merely making
the crystal grain boundaries more complicated by
controlling the structures of the steel sheets, it 1s not
possible to sufficiently suppress the occurrence of
cracking at a welded location. It discloses to adjust the
chemical compositions of the steel sheets, make the

intergranular penetration depths of the hot rolled steel

sheets 5 um or less, and electroplate by Fe cold rolled
steel sheets before hot dip galvannealing so as to make

the infergranular penetration depths of the hot dip

galvannealed steel sheets 5 pm or less and thereby
suppress the occurrence of cracking at a welded location
of the hot dip galvannealed steel sheets.

Cited Reference List

Patent Literature

[0011] PLT 1: Japanese Patent Publication No. 2006-
265671A

PLT 2: Japanese Patent Publication No. 2008-231493A

PLT 3: Japanese Patent Publication No. 05-277552A
Summary of Invention

Technical Problem

[0012] In this way, countermeasures against cracking
at contact locations between steel sheets and electrodes
are being studied. However, in spot welded joints of some
galvanized steel sheets or in some spot welded joints of
some non-plated steel sheets and galvanized steel sheets,
cracking still occurs at contact locations between steel
sheets and electrodes and, even when cracking does not

occur, the desired tensile strength sometimes cannot be
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obtained.

[0013] The present inventors investigated the reason
why a desired tensile strength cannot be obtained in a
case where cracking at contact locations between steel
sheets and electrodes does not occur. FIG. 2 and FIG. 3
are schematic outlines of cracking at a spot welded
location and show a cross-section in the sheet thickness
direction including the nugget.

[0014] As shown in FIG. 2, in a spot welded joint in
which the desired tensile strength cannot be obtained,
sometimes cracking 7 occurred right outside the corona
bond at the mated surfaces of the steel sheets and
cracking 8 occurred at the nugget boundary of the corona
bond.

[0015] Further, as shown in FIG. 3, in a spot welded
joint of three or more steel sheets where the desired
tensile strength cannot be obtained, sometimes cracking 9
inside the nugget advancing from the corona bond into the
nugget occurred.

[0016] Below, when it 1is not particularly necessary to
differentiate them, "cracking right outside a corona
bond", "cracking at a nugget boundary of the corona
bond", and "cracking inside of a nugget" will be
collectively referred to as "internal cracking”.

[0017] Such cracking at the mated surfaces of the
steel sheets and cracking of contact locations between
steel sheets and electrodes do not always occur when spot
welding galvanized high strength steel sheets. Therefore,
in the case where the cracking occurs, it is desired to
prevent cracking by a simple method.

[{0018] In view of such circumstances, the present
invention has as its object to provide a spot welding
method which can easily prevent liquid metal
embrittlement cracking in spot welding of plated steel
sheets.

Solution to Problem

[0019] The present inventors investigated the
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relationship of welded locations with factors causing
liguid metal embrittlement cracking whereupon they found
that cracking easily occurs in the following cases (a) to
(g):

[0020] (a) the case of welding given an angle whereby
the axial center becomes 3° or more from perpendicular to
the surface of a steel sheet,

[0021] (b) the case of welding using an angled
electrode with an axial center of a welding electrode of
5° or more from perpendicular to the surface of a steel
sheet,

[0022] (c) the case of welding using a welding gun
with an axial center of an electrode bent 3° or more from
perpendicular to the surface of a steel sheet during
welding,

[0023] (d) the case of welding in a state with a
relative misalignment of the axial centers of facing
welding electrodes of 0.5 mm or more,

[0024] (e) the case of welding a welded location with
a gap between mated surfaces of 0.5 mm or more,

[0025] (f) the case of welding in the state with the
position of the fixed side welding electrode from a steel
sheet in the pressing direction having a clearance of 0.2
mm or more, and

[0026] (g) the case of welding sheets combination
including steel sheets with a strength ratio of over 2.5.
[0027] The present inventors thought that, in such a
case, in the welding process, there is a location where
the tensile stress becomes high at the position of
cracking and the molten plating metal invades the crystal
grain boundaries of the steel sheets at that location and
thereby causes cracking.

[0028] The present inventors examined means for
preventing liquid metal embrittlement cracking. As a
result, they came up with the idea of removing at least

the plating covered at a region of the inside of a
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welding heat affected zone at a surface at a side
contacting an electrode before actual spot welding to
thereby prevent external cracking or of removing at least
the plating covered at both sides of the mated surfaces
of the steel sheets at a ring-shaped region with an outer
circumference of the outer edge of the heat affected zone
and with an inner circumferences of a range of 0.8 time
the nugget diameter to thereby prevent internal cracking
at the mated surfaces of the steel sheets and thereby
completed the invention.

[0029] The present invention was made based on the
above findings and has as its gist the following:

[0030] (1) A method of spot welding of a stacked
plurality of steel sheets, one or more of the stacked
plurality of steel sheets having a welding part coated
with plating on at least one surface, the method
comprising: removing the plating from a range at least
having in-circle area, an outer edge of the area being an
outer periphery of a weld heat affected zone formed at
the surfaces of the welding electrode side of the stacked
plurality of steel sheets, clamping the stacked plurality
of steel sheets with welding electrodes facing the steel

sheets, and spot welding the stacked plurality of steel

sheets.
[0031] (2) The method of a spot welding according to
(1), further comprising, after spot welding, coating by a

sealer part or all of the part from which the plating has
been removed.

[0032] (3) The method of a spot welding according to
(1) or (2), further comprising test spot welding before
removing the plating, confirming any occurrence of
cracking in the welded part, and, when confirming
cracking of the welding electrode sides of the stacked
plurality of steel sheets, removing the plating at the
surfaces of the steel sheets where cracking was
confirmed.

[0033] (4) A method of spot welding of a stacked
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plurality of steel sheets, one or more of the stacked
plurality of steel sheets having a welding part coated
with plating on at least one surface, the method
comprising: removing the plating from an in-circle area,
an outer edge of the area being an outer periphery of a
broadest weld heat affected zone formed at mated surfaces
of the stacked plurality of steel sheets, clamping the
stacked plurality of steel sheets with welding electrodes
facing the steel sheets, and spot welding the stacked
plurality of steel sheets.

[0034] (5) A method of spot welding of a stacked
plurality of steel sheets, one or more of the stacked
plurality of steel sheets having a welding part coated
with plating on at least one surface, the method
comprising: removing the plating from a circular ring
area, an outer edge of the area being an outer periphery
of a broadest weld heat affected zone formed at mated
surfaces of the stacked plurality of steel sheets, an
inner edge of the area being a circle sharing a center of
a scheduled position becoming a center of a nugget formed
at the mated surfaces of the steel sheets and having a
diameter of 0.8 time the diameter of the nugget; clamping
the stacked plurality of steel sheets with welding
electrodes facing the steel sheets; and spot welding the
stacked plurality of steel sheets.

[0035] (6) The method of a spot welding according to
(4) or (5), further comprising, before spot welding,
coating by a sealer or adhesive part or all of the part
from which the plating has been removed.

[0036] (7) The method of a spot welding according to
any one of (4) to (6), further comprising test spot
welding before removing the plating, confirming any
occurrence of cracking in the welded part, and, when
confirming cracking of the stacked plurality of steel
sheets, removing the plating at the cracked surfaces of
the steel sheets where cracking was confirmed and the

mated surfaces of the stacked steel sheets.
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[0037] (8) The method of a spot welding according to
claim (3) or (7) further comprising test spot welding
when the spot welding is performed under conditions

including at least one of (a) the case of welding with an

angle of the axial center of a welding electrode of 3° or
more from perpendicular to the surface of a steel sheet,

{(b) the case of welding using an angled electrode with an

axial center of a welding electrode of 5° or more from
perpendicular to the surface of a steel sheet, (c¢) the

case of welding using a welding gun with an axial center

of an electrode bent 3° or more from perpendicular to the
surface of a steel sheet during welding, (d) the case of
welding in a state with a relative misalignment of the
axial centers of facing welding electrodes of 0.5 mm or
more, (e) the case of welding a welding part with a gap
between mated surfaces of 0.5 mm or more, (f) the case of
welding in the state with the position of the fixed side
welding electrode from a steel sheet in the pressing
direction having a clearance of 0.2 mm or more, and (g)
the case of welding sheets combination including steel
sheets with a strength ratio of over 2.5.

[0038] (9) The method of a spot welding according to
(3), (7), or (8), further comprising removing the plating
of the steel sheets where no cracking was confirmed at
the test spot welding.

[0039] (10) The method of a spot welding according to
any one of (1) to (9), wherein the plating is removed by

at least one of mechanical removal and removal by

evaporation.

[0040] (11) The method of a spot welding according to
any one of (1) to (10), wherein the plating is galvanized
plating.

Advantageous Effect of Invention
[0041] According to the present invention, in the spot
welding, occurrence of liquid metal embrittlement

cracking can be easily prevented.
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Brief Description of Drawings

[0042] FIG. 1 is a cross-sectional view in the sheet
thickness direction showing an outline of cracks in a
spot welded location when spot welding a galvanized high-
strength steel sheet.

FIG. 2 is a cross-sectional view in the sheet thickness
direction including a nugget.

FIG. 3 is a cross-sectional view in the sheet thickness
direction including a nugget.

FIG. 4 is a cross-sectional view in the sheet thickness
direction showing a state of welding at an angle.

FIG. 5 is a cross-sectional view in the sheet thickness
direction showing a state of welding using angled
electrodes.

FIG. 6 1s a cross-sectional view in the sheet thickness
direction showing a state of welding using a flexible
welding gun.

FIG. 7 is a cross-sectional view in the sheet thickness
direction showing a state of welding while relative
misalignment of axial centers of facing welding
electrodes occurs.

FIG. 8 is a cross-sectional view in a sheet thickness
direction showing a state of welding a welded location
having a gap at mated surfaces.

FIG. 9 is a cross=-sectional view in a sheet thickness
direction showing a state of welding with inappropriate
positions of pressing directions of welding electrodes
with respect to a plurality of steel sheets.

FIG. 10 is a cross-sectional view showing a state of
welding three superposed sheets combination.

FIG. 11 is a cross-sectional view in the sheet thickness
direction explaining the range of galvanized plating to
be removed when confirming cracking in spot welding of
two sheets combination.

FIG. 12 is a cross-sectional view in the sheet thickness
direction explaining the range of galvanized plating to

be removed when confirming internal cracking of mated
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surfaces of steel sheets in spot welding a set of three
sheets.

Description of Embodiments

[0043] The spot welding method of the present
invention (below, referred to as the "welding method of
the present invention") is a method of removing the
plating before spot welding when it is predicted that
cracking will occur at a welded location before spot
welding a plurality of steel sheets including one or more
steel sheets covered with plating at a welded location on
one surface.

[0044] The occurrence of cracking can be confirmed by
test spot welding a plurality of steel sheets including
at least one sheet covered with plating to be actually
spot welded.

[0045] Particularly, when the spot welding is
performed under conditions that satisfy one or more of
conditions of the following (a) to (g), it is preferable
to perform test spot welding with the same sheets
combination before actually spot welding and starting
production.

[0046] (a) the case of welding with an angle of the
axial center of a welding electrode of 3° or more from
perpendicular to the surface of a steel sheet,

[0047] (b) the case of welding using an angled
electrode with an axial center of a welding electrode of
5° or more from perpendicular to the surface of a steel
sheet,

[0048] (c) the case of welding using a welding gun
with an axial center of an electrode bent 3° or more from
perpendicular to the surface of a steel sheet during
welding,

[0049] (d) the case of welding in a state with a
relative misalignment of the axial centers of facing
welding electrodes of 0.5 mm or more,

[0050] (e) the case of welding a welded location with
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a gap between mated surfaces of 0.5 mm or more,

[0051] (f) the case of welding in the state with the
position of the fixed side welding electrode from a steel
sheet 1in the pressing direction having a clearance of 0.2
mm or more, and

[0052] (g) the case of welding sheets combination
including steel sheets with a strength ratio of over 2.5.
[0053] First, the cases (a) to (g) in which the test
spot welding is preferably performed (cracking factors)
will be described with reference to the drawings.

[0054] (a) Case of welding with an angle of the axial

center of a welding electrode of 3° or more from
perpendicular to the surface of a steel sheet
FIG. 4 is a cross-sectional view in the sheet thickness

direction showing a state of welding given an angle of

the axial center of 3° or more with respect to the surface
of a steel sheet. The members to be welded shown in FIG.
4 are comprised of a steel sheet la and steel sheet 1b.
The steel sheet la is a steel sheet having a cross-
sectional channel shape having rising portions W. When
spot welding the steel sheet la and the steel sheet 1b in
the vicinity of such a rising portion W, the space around
the welded location becomes narrow and a part of the spot
welding gun may be blocked by the rising portion W.

[0055] In order to avoid this interference, the
electrodes 10a and 10b may be positioned at an angle for
the welding. The electrodes 10a and 10b are not
positioned with their axial centers 1lla and 11lb
perpendicular to the surfaces of the steel sheets la and
Ib. In a state in which the front surfaces of the
electrodes 10a and 10b and the steel sheets la and lb are
in contact with each other, the electrode 10a for the
spot welding is inclined in a direction away from the
rising portion W.

[0056] In the case of welding given an angle of the

axial centers 1lla and 1lb of the welding electrodes of 3°
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or more from perpendicular with respect to the surfaces
of the steel sheets la and 1lb, in particular cracking
easily occurs right outside the corona bond and at the
nugget boundary of the corona bond of the mated surfaces
of the steel sheets la and 1lb. This is because if welding
in a state with an electrode not perpendicularly abutting
against a steel sheet surface, tensile stress 1is
generated at the time of release of the electrode right
outside the corona bond or inside the corona bond due to
springback and causes internal cracking.

[0057] (b) Case of welding using an angled electrode

with an axial center of a welding electrode of 5° or more
from perpendicular to the surface of a steel sheet

FIG. 5 is a cross-sectional view in the sheet thickness
direction showing a state of welding using angled
electrodes. The members to be welded shown in FIG. 5 are
comprised of a steel sheet la and steel sheet 1b. The
steel sheet la is a steel sheet having a cross-sectional
channel shape having rising portions W. In the case of
spot welding the steel sheet la and the steel sheet 1lb in
the vicinity of such a rising portion W, the space around
the welded location becomes narrow and the arm of the
spot welding gun or the like may be blocked by the rising
portion W.

[0058] In order to avoid this interference, angled
electrodes 10a and 10b are used. The angled electrodes
10a and 10b do not have axial centers 1lla and 11b
perpendicular to the surfaces of the steel sheets la and
lb. In the state where the front end faces of the angled
electrodes 10a and 10b and the steel sheets la and 1lb are
in contact, the electrodes for spot welding are inclined
in a direction away from the rising portion W.

[0059] In the case of welding using the angled
electrodes 10a and 10b with axial centers 1la and 11b 5°
or more from perpendicular with respect to the surfaces
of the steel sheets la and 1lb, in particular cracking

right below an electrode and cracking near the outer
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circumference of the weld easily occur at the contact
locations of the angled electrodes 10a and 10b and the
steel sheets la and 1b. This is because the electrodes do
not perpendicularly abut against the surfaces of the
steel sheets and the plating metal melts during welding
in a state where a stress component parallel to the steel
sheet surfaces is generated.

[0060] (c) Case of welding using a welding gun with an

axial center of an electrode bent 3° or more from
perpendicular to the surface of a steel sheet during
welding,

FIG. 6 is a cross-sectional view in the sheet thickness
direction showing the state of welding using a flexible
welding gun (electrodes attached to the front ends of the
welding gun). The welding electrodes 10a and 10b shown in
FIG. 6 are arranged with axial centers 1la and 11lb not
perpendicular to the surfaces of the steel sheets la and
1b and with front end faces not parallel to the surfaces
of the steel sheets la and 1lb. If the welding gun (not
shown) 1s bent by pressure by welding, the front end
sides of the welding electrodes 10a and 10b are displaced
in a direction away from holders (not shown) holding the
welding electrodes.

[0061] In the case of welding using a welding gun in

which the axial centers 1lla and 1llb of the welding

electrodes are bent by 3° or more from perpendicular to
the surfaces of the steel sheets la and 1lb, in particular
cracking right below an electrode and cracking near the
outer circumference of the weld easily occur at the
contact locations of the electrodes and steel sheets. If
the welding gun is bent during welding, in the same way
as the case of using angled electrodes, the electrodes
will no longer perpendicularly abut against the steel
sheet surfaces, stress components parallel to the
surfaces of the steel sheets will be generated, and if
the plating metal melts during welding, external cracking

will occur at parts with high stress.
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[0062] (d) Case of welding in a state with a relative
misalignment of the axial centers of facing welding
electrodes of 0.5 mm or more,

FIG. 7 is a cross-sectional view in the sheet thickness
direction showing a state of welding with relative
misalignment in axial centers of the facing welding
electrodes as is. As shown in FIG. 7, the welding
electrodes 10a and 10b may have a relative misalignment
12 between the axial centers 1lla and 1lb due to poor
mounting of the electrode tips (below, referred to as
"electrode misalignment”"). Further, in the case of a
flexible welding gun shown in FIG. © when the vertical
deflection is not uniform, an angle is generated at the
electrodes and misalignment of the axial centers occurs.
[0063] When welding with an electrode misalignment 12
of the facing welding electrodes 10a and 10b of 0.5 mm or
more as 1is, in particular, cracking right outside the
corona bond, cracking at the nugget boundary of the
corona bond, and cracking in the nugget easily occur at
the mated surfaces of the steel sheets. If the axial
centers of the electrodes are misaligned, the welding is
performed in a state where stress shearing the steel
sheets 1s generated. This being so, during application of
current for welding and when ending current and the
electrodes are opened, high stress is generated and
cracking right outside the corona bond, cracking at the
nugget boundary of the corona bond, and cracking in the
nugget occur.

[0064] (e) Case of welding a welded location with a
gap between mated surfaces of 0.5 mm or more

FIG. 8 1s a cross-sectional view in a sheet thickness
direction showing a state of welding a welded location
having a gap at the mated surfaces. As shown in FIG. 8,
when another member 13 is inserted between the steel
sheets la and 1b etc., a gap 14 may be formed between the
steel sheets la and 1lb at the mated surfaces of the

welded location (below, referred to as a "sheet gap").
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[0065] When welding with the sheet gap 14 of the
welded location of 0.5 mm or more as 1is, 1in particular
cracking right outside the corona bond easily occurs at
the mated surfaces of the steel sheets. When there is a
gap, the welding is performed in a state with tensile
stress acting on the surfaces on the mated surface sides
of the steel sheets. The tensile stress is eased if the
temperature of the steel sheets rises due to the
application of current for welding, but if the steel
sheets start to cool after the end of current, a strong
tensile stress will appear. If the stress of the cracking
limit is exceeded before the plating metal solidifies,
cracking right outside the corona bond will occur.

[0066] (f) Case of welding in the state with the
position of the fixed side welding electrode from a steel
sheet in the pressing direction having a clearance of 0.2
mm Or more

FIG. 9 1s a cross-section in fhe sheet thickness
direction showing a state of welding as is with
unsuitable positions of the welding electrodes with
respect to a plurality of steel sheets in the pressing
direction. In spot welding, in order to make the
positions of the welding electrodes with respect to the
plurality of steel sheets in the pressing direction
suitable, the welding electrode on the fixed side is made
to abut against a steel sheet and that position is taught
to the robot to perform the welding or an equalizing
mechanism 1is provided between the robot and the spot
welding gun so as to be able to move freely in the
pressing direction to perform the welding.

[0067] However, in the case of a teaching error to the
robot or in the case of not providing an equalizing
mechanism, as shown in FIG. 9, the position of the fixed
side welding electrode 10b with respect to the steel
sheet 1b in the pressing direction becomes unsuitable,
welding is performed with a clearance 15 remaining
between the steel sheet 1b and the welding electrode 10b,
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and tensile stress is generated at the weld.

[0068] For this reason, when welding with a clearance
15 of 0.2 mm or more, in particular cracking right
outside the corona bond and cracking at the nugget
boundary of the corona bond easily occur at the mated
surfaces of the steel sheets.

[0069] (g) Case of welding sheets combination
including steel sheets with a strength ratio of over 2.5.
FIG. 10 is a cross-section in the sheet thickness
directicon showing a state of welding a mild steel sheet
in the middle and high strength steel sheets at the top
and the bottom. In spot welding, three sheets are often
welded together. However, if the difference in the
tensile strengths of the steel sheets to be welded 1is
large, for example, in the case of FIG. 10, in the spot
welding process, the low strength mild steel sheet in the
middle is pushed out from right below the electrodes and
increased in thickness at the surroundings. At this time,
the upper and lower high strength steel sheets are
pressed at the top and bottom and tensile stress parallel
to the steel sheet surfaces is generated at the surfaces
of the high strength steel sheets.

[0070] If the strength difference of the steel sheets
exceeds 2.5 times, cracking at the nugget boundary of the
corona bond and cracking inside the nugget easily occur
at the mated surfaces of the steel sheets.

[0071] Next, the welding method of the present
invention will be described.

[0072] First, a plurality of steel sheets including at
least one steel sheet covered with plating at least at
the welded location are prepared. For example, two or
more steel sheets with tensile strengths of 780 MPa or
more, C contents of 0.15 mass% or more, and sheet
thicknesses of 0.5 to 3.0 mm covered with galvanized
plating at both surfaces are prepared.

[0073] Further, in actual production, when spot

welding under conditions including one or more cracking
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factors of the above (a) to (g), test spot welding should
be performed in advance.

[0074] In the test spot welding, two or more steel
sheets are superposed under conditions including at least
one of the cracking factors of the above (a) to (g) which
occurs in actual production, electrodes comprised of a
copper alloy etc. are pressed against the two or more
steel sheets from the two sides to clamp them, and
current is applied to form molten metal. After ending the
current, heat 1s removed by the water-cooled electrodes
and the heat conducted to the steel sheets themselves
whereby the molten metal is rapidly cooled and made to
solidify and a cross-sectional elliptical shaped nugget
is formed between the steel sheets.

[0075] After the test spot welding, any occurrence of
cracking at the welded location is checked for. The
cracking on the welding electrode side of the plurality
of superposed steel sheets, that is, external cracking,
is checked for by for example visual observation of the
contact location. External cracking is checked for, as
shown in FIG. 1, by cutting in the sheet thickness
direction to include the nugget and checking the cross-
section. Small cracking can also be checked for using a
magnifying glass.

[0076] Cracking at the mated surfaces of the steel
sheets, that 1is, internal cracking, can be checked for,
for example, by cutting in the sheet thickness direction
50 as to include the nugget as shown in FIG. 2 and FIG. 3
and checking the cross-section. Small cracking can also
be checked for using a magnifying glass.

[0077] When spot welding a plurality of steel sheets
where cracking of the welded location has been recoghized
and under conditions including a cracking factor, it is
preferable to remove the plating before the spot welding.
[0078] In order to check the sizes of the weld heat
affected zones, nugget, and corona bond, the joint is cut

in the sheet thickness direction through the center of
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the depression resulting from the spot welding, is
polished, then is etched by Nital or another chemical.
[0079] After that, two or more steel sheets from which
plating has been removed are superposed and spot welded
under conditions adjusting the current based on the
welding conditions of the test spot welding. This current
value is adjusted for correcting a change in the required
current value due to removal of the plating so that a
target nugget diameter can be obtained. It is usually
necessary to adjust it to the low current side. Due to
this, since there is no molten zinc present at the
location where cracking occurs at the welded location, it
is possible to prevent occurrence of liquid metal
embrittlement cracking at the contact locations of the
steel sheets with the electrodes and the mated surfaces
of the steel sheets.

[0080] Next, the welding method of the present
invention and, further, the necessary requirements and
preferable requirements will be sequentially explained.
[0081] Plurality of Steel Sheets

The plurality of steel sheets to be spot welded are not
particularly limited as long as a plurality of steel
sheets including at least one steel sheet covered with
plating at a welded location of at least one surface. For
example, a combination of steel sheets covered with
plating on the surfaces on the sides where the steel
sheets and the electrodes contact, a combination of steel
sheets covered with plating on the surfaces on the sides
where the steel sheets and electrodes contact and steel
sheets not covered with plating, a combination of steel
sheets covered with plating on the surfaces where the
steel sheets and electrodes contact and surfaces where
the steel sheets are superposed, etc. may be illustrated.
Further, considering the corrosion resistance of the
welded joint, the surfaces at the sides where the steel
sheets and electrodes contact and the surfaces where the

steel sheets are superposed are preferably covered by
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plating.

[0082] The welding method of the present invention is
suitable for spot welding steel sheets including
galvanized steel sheets plated with an alloy including
zinc. However, according to the principles of the present
invention, even in the case of other plating such as Cu-
based plating, it is clear that it is possible to obtain
similar effects.

[0083] The plating covered on the steel sheets to be
welded is not particularly limited so long as a plating
containing zinc in the case of galvanized plating. For
example, as the type of plating, galvannealed plating,
hot dip galvanized plating, electrogalvanized plating,
and zinc-nickel electroplating may be exemplified.
Further, it can also include plating of a zinc-aluminum-
magnesium system.

[0084] As a plurality of steel sheets to be spot
welded, in FIG. 1 and FIG. 2, two steel sheets are
described, but depending on the form of structural parts
to be joined, a plurality of three of more steel sheets
such as shown in FIG. 3 is also possible. The sheet
thicknesses of the steel sheets which are spot welded are
not particularly limited, but for example may be 0.5 to
3.0 mm. Further, the total sheet thickness of the
plurality of steel sheets is also not particularly
limited, but, for example, may be 1.0 to 7.0 mm.

[0085] Further, the plurality of steel sheets to be
spot welded are not particularly limited in chemical
composition, metal structure, etc. However, when using a
low alloy TRIP steel sheet or steel sheet containing 0.15
mass% or more of C having a tensile strength of 780 MPa
or more for steel sheets covered with galvanized plating
on the surface at the side where the steel sheet and
electrode contact or surface where steel sheets are
superposed or for steel sheets superposed with steel
sheets covered with galvanized plating through a

galvanized plating, cracking at the welded locations
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easily occurs, so the welding method of the present
invention is particularly effective for such steel
sheets.

[0086] Further, the steel sheets need only have sheet-
shaped parts at least at part and have parts where the
sheet-shaped parts are stacked with each other. They need
not be sheets as a whole. Further, the plurality of steel
sheets are not limited to ones comprised of separate
steel sheets. They may also be formed by a single steel
sheet formed into a tubular shape or other predetermined
shape and then superposed.

[0087] Test Spot Welding

Next, the test spot welding will be explained. The test

spot welding is preferably carried out when satisfying
one or more of the above (a) to (g) occurring in actual
production.

[0088] . The test spot welding is performed under the
welding conditions used in actual production under
conditions including the targeted sheets combination and
the cracking factors of the above (a) to (g) occurring in
actual production.

[0089] For the welding conditions, the welding
conditions used in actual production are employed. For
example, it 1s possible to make the electrodes dome
radius types with front end diameters of 6 to 8 mm, the
pressure 2.5 to 8.0 kN, the current-carrying time 5 to 99
cycles, and the current-carrying current 4 to 15 kA.
However, for the value of the current-carrying current,
it is desirable to employ the current value which is
around the value set in actual production. This is
because in a test at a pinpoint current-carrying current
value, sometimes cracking of the welded locations will be
overlooked. This is to deal with the fact that the
electrode surfaces become worn with repeated welding and
the current density falls even with the same current
value, whereby the nugget size becomes close to the

minimum nugget size targeted and the tensile stress



10

15

20

25

30

35

CA 02980692 2017-09-22
- 21 -

generated in the weld and the range of melting of the
plating metal change.
[0090] Confirmation of Cracking of Welded Location

In the spot welded joint obtained by the test spot
welding, any occurrence of cracking at the welded
location is checked for. The method of checking for any
occurrence of cracking is not particularly limited. It
can be performed by visual observation or penetrant
inspection, observation of the cross-section in the sheet
thickness direction including the melted and solidified
part, judgment if a predetermined tensile strength is
obtained after running a tensile test on the spot welded
joint, etc. Alternatively, it may be checked for by
performing an X-ray transmission test in addition to
observation of the cross-section in the sheet thickness
direction including the spot welded part.

[0091] The cracking right below the electrodes at the
contact locations of the steel sheets and the electrodes
occurs right below the electrodes at the contact
locations of the steel sheets and the electrodes (near
the center part), while cracking at the shoulders and
cracking outside the electrodes occur in the vicinity of
the outer circumference of the weld.

[0092] Cracking right outside the corona bond and at
the nugget boundary of the corona bond at the mated
surfaces of the steel sheets occurs at the mated surfaces
of the steel sheets covered with plating or the mated
surfaces of steel sheets not covered with plating
superposed with steel sheets covered with plating.
Further, it occurs inside the corona bond or its vicinity
at these mated surfaces. Further, cracking inside the
nugget occurs in spot welded joints of three or more
steel sheets from the corona bond toward the nugget.
[0093] Removal of Plating

The welding method of the present invention is
characterized by removing the plating of the steel sheets

to be welded prior to the spot welding. The range of
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removal of the plating may be made the following ranges
depending on the position of the cracking confirmed in
the test spot welding.

[0094] When Cracking Confirmed at Contact Locations of

Steel Sheets and Electrodes and Their Vicinity

When confirming external cracking by the test spot
welding, the range of the plating to be removed is made
at least the range of the plating covered on the welding
electrode side of a steel sheet at which external
cracking is confirmed in the stacked plurality of steel
sheets inside the circle with an outer circumference of
the outer edge of the weld heat affected zone of the
welding electrode side. Due to this, even if several
cracking factors are superposed and strong stress is
generated at the surface of the steel sheet at the side
contacting the electrode, there is no molten plating
metal present, so no external cracking occurs any longer.
[0095] External cracking includes cracking right below
an electrode, cracking at a shoulder, and cracking
outside of an electrode. For example, when no cracking
right below an electrode can be confirmed and therefore
not removing plating at the parts where the axial centers
of the electrodes contact, if performing repeated spot
welding, the molten plating metal or alloy of the plating
metal and copper of the electrodes deposits through the
electrodes on the surfaces of the steel sheets from which
plating was removed due to cracking and cracking again
occurs. For this reason, even if just one type of
cracking occurs, it 1s necessary to remove the plating in
the entire region inside the circle with an outer
circumference of the outer edge of the weld heat affected
zone at the welding electrode side.

[0096] Using FIG. 11, the range of plating
specifically removed will be explained. FIG. 11 is a
cross-sectional view in the sheet thickness direction
explaining the range of plating removed when confirming

cracking at the contact surface sides of the steel sheets



10

15

20

25

30

35

CA 02980692 2017-09-22
- 23 -

with the electrodes and the mated surfaces of the steel
sheets in two sheets combination. FIG. 11 shows by broken
lines the scheduled location 102 of nugget formation, the
scheduled location 103 of corona bond formation, the
location 105 where cracking right below an electrode is
predicted, the location 106 where cracking at an
electrode shoulder is predicted, and the location 107
where cracking outside an electrode is predicted.

[0097] FIG. 11 also shows the scheduled position 104
of formation of the outer edge of a heat affected zone by
dotted lines. The range of removal of plating for
prevention of external cracking is made the inside of a
circle of the diameter Dyaz1 with an outer circumference of
the outer edge of the heat affected zone. The scheduled
position of formation of the outer edge of a heat

affected zone of a steel sheet is a position where the

steel sheet is heated to about 700°C. Therefore, in the
welding process, the plating metal in this range melts
and has sufficient liquidity. Therefore, even if removing
the plating at only the portions where cracking occurs in
order to prevent the external cracking, the surrounding
plating becomes wet and spreads to the portions from
which plating has been removed and the effect of removal
of the plating is lost.

[0098] Due to the targeted precision of the welding
position, the range for removing the plating may also be
larger than the inside of a circle of the diameter Dy,
that is, for example, the inside of a circle having a
diameter of Dy, x 1.5. However, the corrosion resistance
decreases, so it should be as narrow as possible.

[0099] Note that positions at the outer edge of the
heat affected zone differ in distance from the nugget
center Cn in the sheet thickness direction. This is
because the sides where the steel sheets and electrodes
contact are cooled by the electrodes, while such a
cooling action does not act at the mated surfaces. The

diameter Dy, of the range of removal of plating to
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prevent external cracking is preferably determined by the
outer edge of the heat affected zone in the vicinity of
the electrode side surfaces of the steel sheets.

[0100] Further, in order to determine the scheduled
position of formation of the outer edge of the heat
affected zone, Nital or another corrosive liquid may be
used to observe the cross-section of the test spot weld
zone.

[0101] When Confirming Cracking at Mated Surfaces of

Steel Sheets (Internal Cracking)

When confirming by test spot welding cracking inside the
nugget or cracking at the nugget boundary of the corona
bond or cracking right outside the corona bond, the range
of removal of plating is made the range at the mated
surfaces of the steel sheets to be welded inside a circle
with an outer circumference of a diameter of the broader
outer edge of the weld heat affected zone of the mated
surfaces of Dpgzz. By removing the plating of this range,
even 1f several cracking factors overlap and strong
stress 1s generated in the mated surfaces of the steel
sheets, there is no molten plating metal, so no internal
cracking occurs.

[0102] Further, the range of removal of plating may
also be made the range of the inside of a ring with an
outer circumference of the broader outer edge of the weld
heat affected zones formed at the mated surfaces of the
superposed steel sheets and with an inner circumference
of a circle sharing a center with a scheduled position
becoming the center of the nugget formed at the mated
surfaces of the steel sheets and having a diameter of 0.8
time the nugget diameter. This is because the plating
inside the circle having a diameter of 0.8 time of the
nugget diameter does not substantially contribute to the
internal cracking.

[0103] By limiting the range of removal of plating in
this way, it is possible to suppress to a maximum the

change in welding conditions caused by the removal of the
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plating.

[0104] Using FIGS. 11 and 12, the range of plating
specifically removed will be explained. FIG. 11 is a
cross—-sectional view in the sheet thickness direction
explaining the range of plating removed when confirming
cracking at mated surfaces of the steel sheets in two
sheets combination. FIG. 11 shows by broken lines the
scheduled location 102 of nugget formation, the scheduled
location 103 of corona bond formation, and the location
108 where cracking is predicted right outside the corona
bond at the steel sheets 101 welded superposed.

[0105] FIG. 12 shows by broken lines a location 109
where occurrence of cracking at the nugget boundary of
the corona bond is predicted and a location 110 where
occurrence of cracking inside the nugget is predicted.
[0106] Internal cracking is caused in the welding
process by the plating metal melted between steel sheets
remaining at a portion where tensile stress acts.

[0107] The cracking right outside the corona bond is
caused by the molten plating metal melted at the
scheduled location of corona bond formation and ejected
by pressing by the electrodes and the molten plating
metal at the inside of the heat affected zone and outside
of the corona bond being wet right outside the corona
bond and the action ¢f tensile stress in that state.
[0108] The cracking inside the corona bond and
cracking at the nugget boundary of the corona bond is
caused by the molten plating metal melted near the outer
edge of the scheduled position of nugget formation and
ejected by pressing by the electrodes and the molten
plating metal at the scheduled location of corona bond
formation being sealed inside the corona bond and the
action of tensile stress in that state.

[0109] That 1is, internal cracking is caused in the
welding process by the molten plating metal in the heat
affected zone and the molten plating metal melted at the

mated surfaces of the steel sheets and successively
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ejected in a direction away from the center of the nugget
(outward direction). Therefore, the plating has to be
removed not only near the position of occurrence of
internal cracking, but also at the heat affected zone at
the outside from the nugget center and a range including
the scheduled position of nugget formation near the
nugget center. Here, the "molten plating metal" of course
also includes plating metal which liquefies after
evaporation and vaporization.

[0110] When confirming the internal cracking, the
range of the plating to be removed is made the mated
surfaces of the steel sheets to be welded in a range of
the inside of a circle with an outer circumference of a
circle equivalent diameter Dy, of the broader outer edge
of the heat affected zone of the mated surfaces and
centered on the center Cn of the scheduled location 102
of nugget formation. Note that the "circle equivalent
diameter of an outer edge of a weld heat affected zone"
1s the diameter of a circle of the same area as the area
of the broader outer edge of the heat affected zone at
the mated surfaces of two superposed steel sheets.

[0111] The plating has to be removed from both the
plating of the superposed steel sheets. This is because
if superposing plated steel sheets, even if removing just
the plating of the cracked steel sheet, molten plating
metal will be supplied from the other superposed steel
sheet. By removing the plating of this range of plating
in this way, several cracking factors become superposed.
Even if a strong tensile stress occurs at the mated
surfaces of the steel sheets, there is no molten plating
metal present, so no internal cracking occurs.

[0112] Further, the range of removal of the plating
may be made a range of the inside of a ring with an outer
circumference of a circle centered at the center Cn of
the scheduled location 102 of nugget formation and having
a diameter of Dy Or Duas and with an inner circumference

of a circle centered at the center Cn of the scheduled
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location 102 of nugget formation formed at the mated
surfaces of the steel sheets and having a diameter of a
diameter 0.8 time the nugget Dn formed at the mated
surfaces. This is because the plating inside the circle
with a diameter 0.8 time the nugget does not
substantially contribute to internal cracking.

[0113] The plating metal covered at the outside of a
circle of 0.8 time the circle equivalent diameter Dn of
the scheduled location of nugget formation is in large
part ejected into the corona bond in the welding process.
Therefore, in order to suppress internal cracking, it is
necessarily to reliably remove the plating covered in
this range. On the other hand, the plating metal covered
inside of the circle of 0.8 time the circle equivalent
diameter Dn of the scheduled location of nugget formation
is in small part discharged in the corona bond, so need
not be proactively removed.

[0114] Furthermore, by leaving without removal the
plating at the inside of a circle of a diameter 0.8 time
the nugget diameter Dn, it is possible to prevent the
welding conditions from greatly changing due to removal
of the plating metal.

[0115] Note that, if the range of removal of plating
becomes broader, there is a possibility that corrosion
will occur from the removed location. It is not
preferable to blindly remove the plating, but this does
not stop removal of plating beyond the range defined in
the present invention in order to prevent weld cracking.
[0116] The plating covering a range exceeding the
circle equivalent diameter Dy Or Duazz 0f the scheduled
location of formation of the outer edge of the heat
affected zone may also be removed considering the
positional accuracy of the spot welding, but the
corrosion resistance would fall, so in the case of
removal, an effort should be made to improve the
positional accuracy of the spot welding and the range

made all of the part of 5.0 times or less the circle
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equivalent diameter Dy ©r Duazz ©f the scheduled location
of formation of the outer edge of the heat affected zone.
[0117] The plating to be removed can be made all of
the part of 2.0 times or less the circle equivalent
diameter Dy Or Dy, more preferably 1.5 times or less.
[0118] Further, the equivalent circle diameters D gz
and D a3 of the scheduled location of formation of the
outer edge of the heat affected zone and circle
equivalent diameter Dn of scheduled location of nugget
formation are circle equivalent diameters observed at the
time of determining the welding conditions by coupons
(test pieces) before spot welding the plurality of steel
sheets. In actual spot welding as well, the weld lengths
are not necessarily all the same, but if the range of
removal of plating of the welding method of the present
invention, it 1s possible to sufficiently cover error in
this.

[0119] Spot Welding After Plating Removal

In spot welding a plurality of steel sheets including a
steel sheet from which plating at a specific position is
removed, when confirming cracking of a location of
contact of the steel sheets and electrodes or cracking of
the mated surfaces of the steel sheets, the current value
is adjusted so that the nugget diameter becomes the same
as the time of test spot welding. Due to this, it is
possible to secure the stfength of the spot welded joint
originally targeted.

[0120] Coating Sealer or Adhesive

By removing the plating, the corrosion resistance of the
welded locations of the steel sheets and electrodes and
the mated surfaces of the steel sheets may become
insufficient. Therefore, when removing the plating of the
scheduled locations of contact of the steel sheets and
the welding electrodes, after spot welding, preferably
part or all of the parts from which plating is removed
are coated with a sealer, while when removing the plating

of the mated surfaces of the steel sheets, before spot
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welding, preferably part or all of the parts from which
plating is removed is coated with a sealer or adhesive.
[0121] The sealer or adhesive is not particularly
limited. A known one used in assembly of car bodies may
be used. Further, mixing metal particles made of zinc
etc. with the sealer or adhesive in advance is also
effective in securing the corrosion resistance.

[0122] Method of Removing Plating

The method of removing the plating may employ at least
one of mechanical removal and removal by evaporation. As
mechanical removal, a rotating tool can be used to grind
away the plating. At this time, if grinding by a tool
with a projection at the circle equivalent center such as
the scheduled location of contact, the center of rotation
is determined and the plating can be precisely removed.
By making the projection sufficiently small, it is
possible to bury the hole formed by the projection by
welding.

[0123] Removal by evaporation 1is the method of firing
a laser beam having a circular shape, ring shape, square
shape, or other focused shaped exceeding the range which
must be removed so as to remove plating by evaporation.
According to this, it is possible to selectively remove
zinc, magnesium, and other low-boiling metals that cause
liquid metal embrittlement.

[0124] In firing the laser beam, it is important to
fire it at an angle so that the reflected beam does not
return to the oscillator. From the viewpoint of
environmental protection, it is preferable to provide a
device for sucking in the vaporized metal. Further, the
laser beam focused to tens of um may be used to remove
the plating by ablation. Further, by firing plasma, the
plating can be removed by evaporation.

Examples

[0125] Next, a description will be given of examples
of the present invention. The conditions in the examples

are illustrations of conditions employed for confirming
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the workability and effects of the present invention. The
present invention is not limited to these illustrations
of conditions. The present invention may employ various
conditions so long as not deviating from the gist of the
present invention and achieving the object of the present
invention.

[0126] Table 1 shows the steel sheets used. The
galvanized steel sheets A to E are galvannealed steel
sheets covered at both surfaces with galvanization.

[0127] Table 1

C Tensile Sheet Ga%iiiifed
Steel type content | strength | thickness P +nd
(mass$%) (MPa) (mm) dep051glon
(g/m?)
Galvanized steel
.2 .
cheet A 0.20 1200 1.0 50
Galvanized steel 0.24 980 1.6 55
sheet B
Cold-rolled steel 0.18 1200 1.6 None
sheet
Galvanized steel 0.22 1200 1.0 50
sheet C
Galvanized steel 0.003 270 1.0 50
sheet D
Galvanized steel
sheet E 0.16 440 1.0 50
[0128] Two or three steel sheets shown in Table 1 were
used for spot welding.
[0129] Test No. 1 is a comparative example of spot

welding without removing the galvanization in a state

where the axial center of the welding electrode is 3° from
perpendicular to the surface of the steel sheet. The spot
welding was performed from both sides by using dome
radius-type electrodes with front end diameters of 6 mm
to sandwich two steel sheets and press against them by a
pressing force of 4 kN and by welding by a current-
carrying time of 18 cycles and a current-carrying current
of 9 kA. As a result, internal cracking right outside a

corona bond was confirmed.
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[0130] The subsequent examples were the same in the
conditions of the spot welding as in Test No. 1.

[0131] Test Nos. 2 to 6 are examples of removing the
galvanization for spot welding in view of the results of
Test No. 1.

[0132] Test No. 7 is a comparative example using an
angled electrode with an axial center of 5° from
perpendicular to the surface of a steel sheet during
welding to spot weld the sheets without removing the
galvanization in the state of a gap of the mated surfaces
of 0.5 mm. In Test No. 7, internal cracking right outside
the corona bond was confirmed.

[0133] Test No. 8 1is an example of removing the
galvanization for spot welding in view of the results of
Test No. 7.

[0134] Test No. 9 is a comparative example of spot
welding a combination of steel sheets with a large
strength ratio without removing the galvanization. In
Test No. 9, internal cracking was observed at the nugget
boundary inside the corona bond.

[0135] Test Nos. 10 to 12 are examples of removing the
galvanization for spot welding in view of the results of
Test No. 9.

[0136] Test No. 13 is a comparative example of spot
welding without removing the galvanization in the state
with the axial centers of the facing welding electrodes
being relatively misaligned by 0.5 mm and in the state
with the fixed side welding electrode being positioned
0.2 mm from a steel sheet in the pressing direction. In
Test No. 13, internal cracking advancing from inside the
corona bond to inside the nugget was confirmed.

[0137] Test Nos. 14 to 17 are examples of removing the
galvanization for spot welding in view of the results of
Test No. 9.

[0138] Test No. 18 is a comparative example using a

welding gun with an axial center bent 3° from

perpendicular with respect to the surface of the steel
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sheet and spot welding without removing the
galvanization. In Test No. 18, external cracking was
confirmed right below the electrode and at the shoulder.
[0139] Test Nos. 19 to 20 are examples of removing the
galvanization for spot welding in view of the results of
Test No. 18.

[0140] Test No. 21 is a comparative example using a
welding gun bent so that its axial center becomes 3° from
perpendicular to the surface of a steel sheet during
welding and, further, spot welding a welded location
having a gap of the mated surfaces of 0.5 mm or more
without removing the galvanization. In Test No. 21,
external cracking was confirmed outside of the electrode.
[0141] For removal of the galvanized plating, removal
by evaporation or mechanical removal was used.

[0142] For removal by evaporation, the galvanization
was heated by laser or plasma.

[0143] For removal of the galvanization using
evaporation by a laser, a laser focused to a diameter of
9.5 mm was fired at the galvanization by an output of 1
kWw for 0.1 second to remove the galvanization in the
removal range.

[0144] For removal of the galvanization by laser

ablation, a laser focused to a diameter of 40 pm was
fired at the galvanization by an average output of 9W, a
number of repetitions of 50 kHz, a pulse width (time
emitting the laser) of 20 ns, 10 shots at the same point
and the entire area of the removal range was scanned to
remove the galvanization.

[0145] For removal using plasma, discharge was caused
by a current of 200A and a voltage of 20V to heat the
galvanization for 0.2 second. The plasma had a
distribution of energy density, so the targeted range of
galvanization was completely removed and the surroundings
were also partially removed.

[0146] In mechanical removal, a rotary tool was used

for grinding to remove the galvanization in the
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removalrange.
[0147] The test pilece was subjected to a combined

cycle corrosion test (CCT test) to confirm the corrosion
resistance and checked for cracks at the welded location.
The results are shown in Tables 2 to 4. Note that letters
for the cracking factors in Tables 2 to 4 correspond to
the cases where the above-mentioned test spot welding is
preferably performed (cracking factors).

[0148] The CCT test was performed based on the
corrosion testing method for automobiles (JASO M609-91)
by repeatedly treating the test piece for 8 hours per
cycle for 30 cycles. One cycle consisted of a salt spray
test (2 hours, 5% NaCl, 35°C}, drying (4 hours, 30% RH,
60°C), and a wetting test (2 hours, 95% RH, 50°C).

[0149] The spot weld was evaluated as "Very Good" when
no changes could be seen around the spot weld zone
between the steel sheets, "Good" when white rust could be
observed, and "Poor" when red rust formed. Further,
cracking was checked by cutting a test piece in the sheet
thickness direction to include the nugget and observing
the cross-section.

[0150] The results c¢f removing the galvanization and
then spot welding were as follows:

[0151] Test Nos. 2 to 3, 8, 10, 14 to 15, 19 to 20,
and 22 to 23 removed the galvanization in the range
defined in the present invention and then spot welded the
sheets. As a result, no cracks formed at the weld and the
corrosion resistance was good. In Test No. 2, the
location from which the galvanization was removed was
coated with an adhesive. In Test No. 20, the part from
which the plating was removed was coated with a sealer
after welding. Therefore, particularly good corrosion
resistance was exhibited,

[0152] Test Nos. 4 to 6 removed the galvanization, but
the removal range was narrow and internal cracking
occurred right outside the corona bond.

[0153] Test Nos. 11 to 12 removed the galvanization,
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advancing from the corona bond to the nugget boundary was

formed.
[0154]

but the removal zone was narrow and internal cracking

Test

Nos.

16 to 17 removed the galvanization,

advancing from the corona bond to the inside of the

nugget occurred.
Table 2

[0155]

Plating . CCT .
[Adhesive/ . Cracking [Crackin
Tz;t Class|Set of sheets|removal Remcval range sealer test [Cracking positiog factorg
number method results
Internal
steel t A cracking
ee ype A, :
Comp. Very right
- - Y , a
1 ox . 2 sheetsd None Good es outside
superpose corona
bond
Plating layers on both sides
of mated surfaces, inside
! h W .
2 tnv. Ditto Laser |[circle with outer Adhesive ery Nothing - a
ex. - Good
circumference formed by outer
edge of heat atfected zone
Plating layers on both sides
of mated surfaces, inside ring
Tn with inner circumference at
3 N Ve Ditto Laser |least 0.8 time nugget diameter None Good |[Nothing - a
® and outer circumference formed
by outer edge of heat affected
zone
Plating layers on bqth‘51de§ Tnternal
of mated surfaces, inside ring crackin
Com with inner circumference at Adhesive Ver ri htg
4q - Ditto Laser |least 0.9 time nugget diameter ¥ Yes 9% a
ex. . Good outside
and outer circumference formed corona
by outer edge of heat affected bond
zone
Plating layers on both sides
of mated surfaces. Inside ring
. . Internal
with inner circumference crackin
Com having diameter of at least i htg
5 b Ditto Laser (0.8 time nugget diameter and None Good Yes 9 a
ex. X : outside
with outer circumference corona
having diameter of 0.9 time bond
diameter of outer edge of heat
affected zone.
Plating layer of side where Internal
crack is seen at mated cracking
. . f . i i i igh
5 Comp Ditto Laser sur ace§ Inside circle with None Good ves rlg‘t a
ex. outer circumference formed by outside
outer edge of heat affected corona
zone. bond
Two sheets of
Internal
Galvanized rackin
Com steel sheet D ver crl Hi 9
7 - and cold- - None 4 Yes d b, e
ex. Good outside
rolled steel
sheet corona
3 bond
superposed
Plating layers of mated
surfaces. Inside circle with
Inv. . Laser .
8 Ditto outer circumference formed by None Good None - b, e
ex. ablation
outer edge of heat affected
zone.




[0156]

Table 3

CA 02980692 2017-09-22

35

(Continuation of

Table 2)

pPlating . CCT B . .
Test Adhesive/ Cracking |Crackling
Class|Set of sheets|removal Removal range test |jCracking .
le osition | factor
number method sealer results P *
Galvanized
steel sheet Nugget
) oundar
g Comp.| C/Galvanized _ None Very Yes boundary g
ex steel sheet Good of corona
E/Galvanized bond
steel sheet C
Plating layers of both sides
of mated surfaces. Inside
cylindrical tube with inner
In circumference of diameter of Ver
10 v Ditto plasma |at least 0.8 time nugget Yes 4 None - g
ex X . Good
diameter and with outer
circumference of diameter
forming outer edge of heat
affected zone.
Plating layers on both sides
of mated surfaces. Inside
cylindrical tube w;th inner Nugget
circumference of diameter of
Comp . . . boundary
11 Ditto Plasma |at least 0.9 time nugget None Good Yes g
ex. X . of corona
diameter and with outer
. . bond
circumference of diameter of
outer edge of heat affected
zene.
Plating layers on both sides
of mated surfaces. Inside
cylindrical tube with inner
: R Nugget
com circumference of diameter of Ver poundar
12 - pitto Plasma |at least 0.8 time nugget None Y Yes Y g
ex : X Good of corona
diameter and with outer
. bond
circumference of diameter of
0.9 time diameter of outer
edge of heat affected zone
. rackin
Galvanized ;;vgjzls
steel sheet from g
. G anized
13 comp D/Galvanize - None Good Yes corona d, f
ex. steel sheet
R bond to
C/Galvanized A
inside
steel sheet C
nugget
pPlating layers on both sides
of mated surfaces. Inside
cylindrical tube with inner
Inv circumference of diameter of Ver
14 ) Ditto Laser lat least 0.6 time nugget Yes Y | Nothing - d, f
ex. X ; Good
diameter and with outer
circumference of diameter of
1.1 times diameter of outer
edge of heat affected zone.
Plating layers on both sides
of mated surfaces. Inside
cylindrical tube with inner
Tav circumference of diameter of
15 ox ) Ditto Laser lat least 0.8 time nugget None Good | Nothing - d, £
) diameter and with outer
circumference of diameter of
outer edge of heat affected
zone
Plating layer on both sides of
mated surfaces. Inside Cracking
cylindrical tube with inner advancing
Comp circumference of diameter of from
16 ox ) Ditto Laser lat least 0.9 time nugget None Good Yes corona d,
: diameter and with outer bond to
circumference of diameter of inside
outer edge of heat affected nugget
zone.
Plating layers of both sides c «
of mated surfaces. Inside ring racking
R e advancing
with inner circumference of from
rol
Comp . diameter of at least 0.8
17 e Ditto Laser b ed Q time None Good Yes corona d, f
ex. nugget dlameter and with outer bond
circumference of diameter of on ‘;O
0.9 time diameter of ocuter Lnst i
edge of heat affected zone. nugge
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[0157] Table 4 (Continuation of Table 3)
gy
Plating . CCT R
Test [Adhesive/ . Cracking |Cracking
Class|Set of sheets|removal Remcoval range test |[Cracking .
f
number method sealer results position actor
Cracking
Two shegts of right
Saﬂyaﬁ:Zﬁ? 5 below
steel shee
Ver electrode
18 |“°™ | and cola- - None 4 Yes c
ex. 1 Good and
rolled stee cracking
sheet at
superposed shoulder
Galvanized layer in contact
T L with electrode, inside circle
19 o Ditto abf:??;nWith cuter circumference of None Good None - c
ex. outer edge of heat affected
zone.
Welding
Galvanized layer in contact plating
with electrode, inside circle removal
Inv. . Laser ) Very
20 Ditto ablationWlth outer circumference of part, Good None - c
e%- outer edge of heat affected then
zone. coating
sealer
Cracking
at
21 comp.. Ditto - None Very Yes outside c, e
ex., Good
of
electrode
Galvanized layer in contact
Inv with electrode, inside circle
22 ox ) Ditto Grindingjwith outer circumference of None Good |Nothing - c, e
) outer edge of heat affected
zone.
Galvanized layer in contact Crackin
with electrode, inside circle at 9
23 comp .. Ditto Grinding w}th outer c1rcum§erenge of None Good Yes outside c, e
ex. diameter of 0.9 time diameter
of
of outer edge of heat affected
electrode
zone.
Industrial Applicability
[0158] According to the present invention, 1in spot

welding, it is possible to simply prevent the occurrence
of liquid metal embrittlement cracking. Accordingly, the
present invention is high in industrial applicability.
Reference Signs List

[0159] 1, la, 1lb. steel sheets

2. nugget

3. cracking right below electrode

4, heat affected zone

5. cracking at shoulder

6. cracking outside electrode

7. cracking right outside corona bond

8. crack at nugget boundary of corona bond

9. cracking inside nugget

10a, 10b. electrodes

11a, 1llb. axial centers

12. electrode misalignment
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101.

steel sheet

102. scheduled location of formation of nugget

103. scheduled position of formation of corona bond
104. scheduled position of formation of outer edge of
heat affected zone

105. scheduled location of occurrence of cracking right
below electrode

106. scheduled location of occurrence of cracking at
shoulder of electrode

107. scheduled location of occurrence of cracking outside
of electrode

108. scheduled location of occurrence of cracking right

outside of corona bond

109. scheduled location of occurrence of cracking at

nugget boundary of corona bond

110. scheduled location of occurrence of cracking inside

nugget

Cn. center of scheduled location of formation of nugget

Dc. circle equivalent diameter of scheduled location of

formation of corona bond

Dn. circle equivalent diameter of scheduled location of

formation of nugget

D ypzi. diameter of
external cracking
D pz.. diameter of
internal cracking
D unzy. diameter of
internal cracking

W. rising portion

range for removing plating to avoid

range for removing plating to avoid
in two superposed sheets combination
range for removing plating to avoid

in three superposed sheets combination
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CLAIMS

Claim 1. A method of spot welding of a stacked
plurality of steel sheets, one or more of the stacked
plurality of steel sheets having a welding part cocated
with plating on at least one surface,

the method comprising:

removing the plating from a range at least
having in-circle area, an outer edge of the area being an
outer periphery of a weld heat affected zone formed at
the surface of the welding electrode side of the stacked
plurality of steel sheets,

clamping the stacked plurality of steel sheets
with welding electrodes facing the steel sheets, and

spot welding the stacked plurality of steel
sheets.

Claim 2. The method of a spot welding according to
claim 1, further comprising, after spot welding, coating
by a sealer part or all of the part from which the
plating has been removed.

Claim 3. The method of a spot welding according to
claim 1 or 2, further comprising test spot welding before
removing the plating, confirming any occurrence of
cracking in the welded part, and, when confirming
cracking of the welding electrode sides of the stacked
plurality of steel sheets, removing the plating at the
surfaces of the steel sheets where cracking was
confirmed.

Claim 4. A method of spot welding of a stacked
plurality of steel sheets, one or more of the stacked
plurality of steel sheets having a welding part coated
with plating on at least one surface,

the method comprising:

removing the plating from an in-circle area, an
outer edge of the area being an outer periphery of a
broadest weld heat affected zone formed at mated surfaces
of the stacked plurality of steel sheets,

clamping the stacked plurality of steel sheets
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with welding electrodes facing the steel sheets, and
spot welding the stacked plurality of steel
sheets.

Claim 5. A method of spot welding of a stacked
plurality of steel sheets, one or more of the stacked
plurality of steel sheets having a welding part coated
with plating on at least one surface, the method
comprising:

removing the plating from a circular ring area,
an outer edge of the area being an outer periphery of a
broadest weld heat affected zone formed at mated surfaces
of the stacked plurality of steel sheets, an inner edge
of the area being a circle sharing a center of a
scheduled position becoming a center of a nugget formed
at the mated surfaces of the steel sheets and having a
diameter of 0.8 time the-diameter of the nugget;

clamping the stacked plurality of steel sheets
with welding electrodes facing the steel sheets; and

spot welding the stacked plurality of steel
sheets.

Claim 6. The method of a spot welding according to
claim 4 or 5, further comprising, before spot welding,
coating by a sealer or adhesive part or all of the part
from which the plating has been removed.

Claim 7. The method of a spot welding according to
any one of claims 4 to 6, further comprising test spot
welding before removing the plating, confirming any
occurrence of cracking in the welded part, and, when
confirming cracking of the stacked plurality of steel
sheets, removing the plating at the cracked surfaces of
the steel sheets where cracking was confirmed and the
mated surfaces of the stacked steel sheets.

Claim 8. The method of a spot welding according to
claim 3 or 7 further comprising test spot welding when
the spot welding is performed under conditions including
at least one of

(a) the case of welding with an angle of the axial
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center of a welding electrode of 3° or more from
perpendicular to the surface of a steel sheet,

(b) the case of welding using an angled electrode

with an axial center of a welding electrode of 5° or more
from perpendicular to the surface of a steel sheet,

(c) the case of welding using a welding gun with an

axial center of an electrode bent 3° or more from
perpendicular to the surface of a steel sheet during
welding,

(d) the case of welding in a state with a relative
misalignment of the axial centers of facing welding
electrodes of 0.5 mm or more,

(e) the case of welding a welding part with a gap
between mated surfaces of 0.5 mm or more,

(f) the case of welding in the state with the
position of the fixed side welding electrode from a steel
sheet in the pressing direction having a clearance of 0.2
mm or more, and

(g) the case of welding sheets combination
including steel sheets with a strength ratio of over 2.5.

Claim 9. The method of a spot welding according to
claim 3, 7, or 8, further comprising removing the plating
of the steel sheets where no cracking was confirmed at
the test spot welding.

Claim 10. The method of a spot welding according to
any one of claims 1 to 9, wherein the plating is removed
by at least one of mechanical removal and removal by
evaporation.

Claim 11. The method of a spot welding according to
any one of claims 1 to 10, wherein the plating is

galvanized plating.
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