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BACKGROUND OF F._INVENTION
1. Field of the Invention

The present invention relates to a wire-seam-welding
method and an apparatus therefor.
2. Description of the Related Arts

In manufacturing the can body of a metallic container,
a thin plated steel sheet having a thickness of 0.5 mm or
less 1is welded by using a conventional wire-seam-welding
method in which the overlapping width of the steel sheet
is made longer than the welding bead width. The conventional
method was principally used for an earlier wire-seam-
welding method, and the inner and outer surfaces of the can
body were welded by wires having an identical shape. In the
conventional method, the 6verlapping width of the steel
sheet was made longer than the welding bead width since a
technique for controlling the positions of the welding beads
and the overlapping width of the steel sheet had not yet
been sufficiently established, and the overlapping width,
therefore, ocould not be reduced. According to the
conventional method, however, non-welded edge portions in
either of the peripheral regions of the thin sheet bend away

from the weld zone if the overlapping width is excessively



therefore, could not be reduced. According to the conventional nethod,
however, non-wel ded edge portions in either of the peripheral regions of
the,thin sheet bend away 25 fromthe weld zone if the overlapping width is
excessively 2 longer than the welding bead width, and it causes
i nconpl ete repair of the weld zone, or reduced corrosion resistance of the
can body. Further, since the welding conditions could not be nmade 5 stable,
the applicable steel sheets were principally tin plates, each of which had
a surface layer containing netallic tin, a low electric resistance (contact
resi stance), and an advantage agai nst variation in the welding electric
current. Moreover, in the case that a tin 10 free steel sheet with a high
cont act resi stongsyr thandihdevweiding head width ngndpeedavses inmcumplede nor e,
an insul ating
repair of the weld zone, or reduced corrosion resistance
of the can body.
Further, since the welding conditions could not be made
5 stable, the applicable steel sheets were principally tin
plates, each of which had a surface layer containing
metallic tin, a low electric resistance {contact
resistance), and an advantage against variation in the
welding electric current. Moreover, in the case that a tin
10 free steel sheet with a high contact resistance is welded
at a wire feeding speed of 5 m/min. or more, an insulating
film ( ametallic chromium layer and a chromium hydrate oxide
layer ) in the weld zone should be removed by a process such
as edge cleaning before welding in order to reduce the
15 contact resistance. Furthermore, since the subject of
welding is such amaterial which has a low contact resistance
and which is advantageous against variation in the welding
electric current, the welding electric current required for
appropriate heat generation becomes too large if the contact
20 area between the wire and the steel sheet is large. To
prevent such a problem from occurring, a wire has been used,
in which the external shape at the portion which is in
contact with the steel sheet is an arc in view of the width
direction of the weld zone, such that the contact area

25 between the wire and the steel sheet can stably be smaller.



he wel d zone should be renmoved by a process such as edge cleaning before
ding in order to reduce the 15 contact resistance. Furthernore, since
the subject of welding is such a material which has a | ow contact
resi stance and which i s advantageous against variation in the wel ding
electric current, the welding electric current required for appropriate
heat generation becones too large if tie contact 20 area between the wire
and the steel sheet is large. To prevent such a problemfromoccurring, a
wi re has been used, in which the external shape at the portion which is in
contact with the steel sheet is an arc in view of the width direction of
the wel d zone, sddh €RABETAAE deht the Akavesmpathenadt monyentigndl he st eel

sheet can stably be snal_ler. 3.In contrast tq the above nentioned
conventi on a|wire-seam-we1ding with the long-width overlap, the

\%jm( a netallic chromumIlayer and a chrom um hydrate oxide layer ) in

wire-seam-welding method for a can body, which is
predominant at the present, is disclosed in Japanese

5 Examined Patent Publication No. 54-26213. 1In this method,
the overlapping width of the steel sheet is narrowed to 1/2
or less times the welding bead width, and progress in the
overlap-controlling technique has actualized such a welding
method.

10 An advantage of such a wire-seam-welding method is the
fact that welding can be completed including the edge
portions at either of the peripheral regions of the thin
sheet since the overlapping width of the steel sheet is
shorter than the welding bead width, and therefore, there

15 are no problems such as incomplete repair of the weld zone
or reduced corrosion resistance of the can body. Further,
since the electric current is effectively concentrated onto
the sheet/sheet interface, an appropriate heat generation
can be achieved with a low amount of electric current even

20 1f the welded material has a low contact resistance.

In the meantime, regulations concerning co_ntamination
of containers with foreign substances have become strict
recently, and a cleaner welding environment is required.
As a result of this, although conventionally, tin free

25 steel sheets have been welded on condition that the portions



“\Wi re-seamwel ding with the long-width overlap, the wire-seam wel di ng nmet hod
for a can body, which is predoninant at the present, is disclosed in
Japanese 5 Exam ned Patent Publication No. 54-26213. In this nethod, the
overl apping width of the steel sheet is narrowed to 1/2 or less tines the
wel di ng bead wi dth, and progress in the overlap-controlling techni que has
actual i zed such a wel ding nethod. 10 An advant age of such a
wire-seamwel ding nmethod is the fact tha wel ding can be conpl eted
i ncluding the edge portions at either of the peripheral regions of the thin
sheet since the overlapping width of the steel sheet is shorter than the

wel di ng bead wi dth, d therefgore, there 15 are no problens such as
i nconpl ete r & e wpidad were Glsaned, Ipsh hekoke Meddiiog r Ehese HE AN t he

onto the shedriaisaaint, AeheRel 88 WaTaTha! Flthote Rodk e e c b
el eyl 11 TR el BUBH! HEGRUSEoDIoR R RErkdnl Loy I
5 In the case that a tin-free steel having a high contact
resistance ié welded at a high speed without edge cleaning
according to the above-described wire-seam-welding having
short-width overlap, however, weld defects referred to as
splash or hot weld are immediately generated on the
10 sheet/sheet interface. More specifically, in this welding
method, the entire overlapping portion including the edge
portions of the steel sheet is welded since the overlapping
width of the steel sheet is short, the weld zone are mashed
under a high pressure, and due to this, splash immediately
15 occur when an excessive heat is generated. As a result,
the wire-seam-welding having short-width overlap is
unsuitable for welding, at a high speed without edge

cleaning, a material having a high contact resistance.

20 On the other hand, in the casé that a tin free steel
sheet 1is welded at a high speed without edge cleaning
according to the wire-seam-welding having the long-width
overlap, splash occur on the wire/sheet interface under a
condition with an electric current capable of securing an

25 appropriate amount of heat generated on the sheet/sheet



orei gn substances have becone strict recently, and a cl eaner wel ding
ironment is required. As a result of this, although conventionally, tin
free 25 steel sheets have been wel ded on condition that the portions 4
to be wel ded were cl eaned just before welding, there is an increasing
demand for welding wthout edge cleaning, and in addition, at a high speed
in view of workability. 5 In the xase that a tin-free steel having a
hi gh contact resistance is welded at a high speed w thout edge cl eaning
according to the above-described w re-seamwel di ng having short-w dth
overl ap, however, weld defects referred to as splash or hot weld are
i mredi at el y ieberfacel. oThilscproblemdst athetbuted &of the famlr thapetdid i cal |y,

in this welding nmethod, the entire overlappi ng portion including the edge
current density on the wire/sheet interface becomes large

In the nmeantime, regul ations concerning contam nation of containers with
e

and an excessive amount of heat is generated in the
wire-seam-welding having the long-width overlap since the
5 current-application area on the sheet/sheet interface is
larger than that on the wire/sheet interface, which is in
contrast to the wire-seam-welding having the short-width
overlap in which the current density on the wire/sheet
interface can be reduced and heat generation can be
10 restricted since the current-application area on the
sheet/sheet interface 1is narrower than that on the

wire/sheet interface.

Further, in the wire-seam-welding method, since it is

15 difficult to improve the ability to cool the wire/sheet
interface on the inner side of the can body because of
limitations with regard to the structure of the welding
machine, splash readily occur particularly on the inner side

of the can body when high-speed welding is performed, and

20 such splash cause problems such that the inside of the can
is contaminated with foreign substances, or the current

range where welding is possible cannot be secured.



teel sheet is short, the weld zone are nmashed under a high pressure, and
to this, splash immediately 15 occur when an excessive heat is
generated. As a result, the wire-seamwel ding having short-width overlap is
unsui table for welding, at a high speed w thout edge cleaning, a materi al
havi ng a high contact resistance. 20 On the other hand, in the case
that a tin free steel sheet is welded & a high speed w thout edge cleaning
according to the wire-seamwel ding having the | ong-w dth overlap, splash
occur on the wire/sheet interface under a condition wth an electric
current capable of securing an 25 appropriate anount of heat generated on
t he sheet/sHEBMARY ©OF JHE JNVENTIONs problemis attributed to the fact that

the current denS|ty on the mnre/sheet i nterface becones | arge
It is an object of the present invention to provide a

\\\g:Ztions of the steel sheet is welded since the overlapping width of the

wire-seam-welding method which is capable of welding a steel
sheet at a high speed without causing problems such as
5 splash.

To attain the object, the present invention provides
a method for wire-seam-welding two overlapping edges of an
electrolytically chromate-treated steel sheet at a wire
feeding speed of at least 15 m/min. without cleaning the

10 edges, thereby manufacturing a can body.

Said method is characterized by the following:

(1) A first wire electrode is used inside the can body
and a second wire electrode 1ls used outside the can body.

(2) The first wire electrode has a sectional area of 0.5

15 to 3.0 mm® perpendicular to the longitudinal direction of
the can body.

(3) The first wire electrode has a linear portion in
contact with said.electrolytically'chromafe—treated steel
sheet to be welded relative to the width direction of the

20 ﬁeld zone, said linear portion having a length of 1.0 to
4.0 times the thickness of said electrolytically
chromate-treated steel sheet to be welded.

{4) The second wire electrode has an arc shape portion

in contact with said electrolytically chromate-treated

25 steel sheet to be welded relative to the width direction
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aﬁ'd an excessive anount of heat is generated in the wre-seam wel di ng
h&xing the long-width overlap since the 5 current-application area on the
shget/sheet interface is larger than that on the wire/sheet interface,
which is in contrast to the wire-seamwel ding having the short-w dth
overlap in which the current density on the wire/sheet interface can be
reduced and heat generation can be 10 restricted since the
current-application area on the sheet/sheet interface is narrower than that
on the wire/sheet interface. Further, in the wre-seam wel di ng net hod,
since it is 15 difficult to inprove the ability to cool the wre/sheet

I nterface on the _inner. side of the can body because of limtations with
regard to t h®LttMFIE #FOM&e wel di ng machi ne, splash readily occur

berformed, and $8)shol HpiGin o dose hr SOELRELEAcH: HAt THATIEHELS! The
can is cpntagg’ eﬁ:l ‘Ml:hl% fo ‘%gfa Pg AN 8 SppO" %he &Mrengfr anggid\,here
wel ding is posg'?%‘?e cannot %e sec‘t?]éjeo‘.S )
electrolytically chromate-treated steel sheet to be welded
5 and the length L (mm)} of said linear portion of said first
wire electrode.

It is preferable that the first wire electrode has arc
portions at both ends of the linear portion in contact with
said electrolytically chromate-treated steel sheet to be

10 welded relative to the width direction of the weld zone,
each of said arc portions having a radius R of curvature
of 0.1 mm or more. Also, it is desirable that a pressure
of 30 to 150 kgf is applied between the first wire electrode
and the second wire electrode and a nugget pitch is 0.6 to

15 1.8 mm in the weld zone.

Further, the present invention provides a method for
wire-seam-welding two overlapping edges of a tin free steel
sheet at a wire feeding speed of at least 15 m/min. without
cleaning the edges, thereby manufacturing a can body. Said

20 tin free steel sheet comprises a steel sheet and a coating
film, said coating film having a metallic chromium layer
on the steel sheet and a chromium hydrate oxide layer on
the metallic chromium layer. The total cocating weight of
said coating £ilm is 30 to 250mg/m? for each surface of the

25 steel sheet in terms of metallic chromium, and the coating



6 SUMMARY OF THE INVENTION It is an object of the present invention to
provi de 2 W re-seam wel di ng nethod which is capable of welding a steel’
sheet at"a high speed wi thout causing probl ems such as 5 splash. To attain
thé object, the present invention provides a nethod for wre-seam wel di ng
two overl appi ng edges of an electrolytically chromate-treated steel sheet
at a wire feeding speed of at least 15 mMmmn. wthout cleaning the 10
edges, thereby manufacturing a can body.s Said nethod is characterized by
the followng: (1) Afirst wire electrode is used inside the can body and a
second wire electrode is used outside the can body. (2) The first wre
el ectrode has a sectional area of 0.5 15 to 3.0 mjerr] perpend| cular to
t he | ongi t udiwedlghdi p€cdaioh chiromium hydrate oxide is 0.5 to 15 mg/m* for
each surface of the steel sheet in terms of metallic
chromium.

Said method is characterized by the following:

5 (1) A £first wire electrode 1s used inside the can body
and a second wire electrode is used outside the can body.

(2) The first wire electrode and the second wire
electrode have sectional areas of 0.5 to 3.0 mm’
perpendicular to the longitudinal direction of the can body.

10 (3) The first wire electrode and the second wire
electrode have linear portions in contact with said tin free
steel sheet to be welded relative to the width direction
of the weld zone, said linear portion having a length of
1.0 to 4.0 times the thickness of said tin free steel sheet

15 to be welded.

(4) L=W <L + 1.5 is satisfied in the relationship
between the overlapping width W (mm) of said tin free steel
sheet to be welded and the length L {mm) of said linear
portions of said first wire electrode and said second wire

20 electrode.

It is preferable that tlie first wire electrode and the
second wire electrode have arc portions at both ends of the
linear portion in contact with said tin free steel sheet

to be welded relative to the width direction of the weld

25 zone, each of said arc portions having a radius R of



the can body. (3) The first wire el ectrode has a linear portion in contact
with said electrolytically chromate-treated steel sheet to be welded
relative 'to the width direction of the 20 weld zone, said |inear portion
having a length of 1.0 to 4.0 tinmes the thickness of said electrolytically
chromate-treated steel sheet to be welded. (4) The second wire el ectrode
has an arc shape portion in contact with said electrolytically
chromate-treated 25 steel sheet to begnelded relative to the width
direction of the weld zone. (5) L [err] W< L + 1.5 is satisfied in the
rel ati onship between the overlapping wdth W (m) of said
electrolytically chromate-treated steel sheet to be welded 5 and the
length L (mjcwfvataing lofn8al porox awoxs. Adiso,f itsisvdesirdtehs riddst a

pressure of 30 to 150 kgf is applied between the first wire

electrode and the second wire electrqde and a nugget pitch

is 0.6 to 1.8 mm in the welded zone.

5 Furthermore, the present invention provides a welding
machine having a welding wire forming device. The welding
machine is characterized in that:

the welding wire forming device comprises a plurality
pair of welding wire forming rolls which are arranged in

10 the lengthwise direction of the welding wire:

the plurality pair of welding wire forming rolls have
different sectional shapes;

the pair of welding wire forming rolls comprises an

upper roll and a lower roll for holding and pressing the

15 welding wire, the upper roll being movable in a vertical
direction; and

the welding wire is held and pressed by any one of the
plurality of the welding wire forming rolls to form a welding
wire having a plurality of shapes.

20 BRIEF DESCRIPTION OF THE DRAWIN

Fig. 1 is a sectional view of a weld zone illustrating
a state of welding according to the Embodiment 1.

Fig. 2 1is another sectional view of a weld =zone
illustrating a state of welding according to the Embodiment

25 1.
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It"is preferable that the first wire electrode has arc portions at both
ends of the linear portion in contact with said electrolytically

chgomat e-treated steel sheet to be 10 welded relative to the width
direction of the weld zone, each of said arc portions having a radi us R of
curvature of 0.1 mmor nore. Also, it is desirable that a pressure of 30 to
150 kgf is applied between the first wire electrode and the second wire

el ectrode and a nugget pitch is 0.6 to¥5 1.8 mmin the weld zone. Further,
the present invention provides a nethod for wre-seamwel ding two
over | apping edges of a tin free steel sheet at a wire feeding speed of at

body. Sai d 20 i PLFr b 18t BoROCRERRAL IS 05sP FebPenbLrSaHER RSt | ng
(11 a0d cpaling Uk VIR SRR G WD AKEL OehiBaet ool sheet
ot Phoc ot 00 Skl SR GO aleb ey i SR il fox eocr
coating the inner side of the can body in the Embodiment 1.
5 Fig. 5 are sectional views of the wires used in the
Embodiment 1.
Fig. 6 is a sectional view of a weld zone illustrating
a state of welding according to the Embodiment 3.
Fig. 7 1is another sectional view of a weld zone
10 illustrating a state of welding according to the Embodiment
3.
Fig. 8{a) to 8(d) aresectional views of wires used for
the inner side of the can body in the Embodiment 3.
Fig. 9 are sectional views of the wires used in the
15 Embodiment 3.
Fig. 10 is a schematic illustration of a welding machine
having a welding wire forming device according to the
Embodiment 5.
Fig. 11 is a side view showing welding wire forming rolls
20 according to the Embodiment 5.
Fig. 12 is a sectional view showing welding wire forming
rolls for can material A in accordance with the Embodiment
5.
Fig. 13 is a sectional view showing welding wire forming

25 rolls for can material B in accordance with the Embodiment



wel ght of said chrom um hydrate oxide is 0.5 to 15 ng/nferr] for each
surface of the steel sheet in terns of netallic chromum Said nethod is
chgracterized by the followng: 5 (1) Afirst wire electrode is used
i nside the can body and a second wire electrode is used outside the can
body. (2) The first wire electrode and the second wire el ectrode have
sectional areas of 0.5 to 3.0 mjerr] perpendicular to the |ongitudinal
direction of the can body. 10 (3) The first wire electrode and the
second wire el ectrode have linear portions in contact with said tin free
steel sheet to be welded relative to the width direction of the weld zone,
sai d Iineare‘gortion having a length of 1.0 to 4.0 tinmes the thickness of
said tin free steel sheet 15 to be welded. (4) L [err] W< L + 1.51is
satisfied int he‘:?{ge l it4l fsn Sahslé)ctional view showing welding wire forming
rolls for can material C in accordance with the embodiment
5 of the present invention.
5 Fig. 15 is a sectional view showing a welding wire for
can material A.
Fig. 16 is a sectional view showing a welding wire for
can material B.
Fig. 17 is a sectional view showing a welding wire for

10 can material C.

DESCRIPTION OF THE EMBODIMENT
- EMBODIMENT 1
15 For the present invention, an investigation was
conducted on an overlapping width of the steel sheet which
is optimum for inhibiting splash on the sheet/sheet
interface when an electrolytically chromate-treated steel
sheet is welded at a high speed without edge cleaning. As
20 a result, in relation to the wire used on the inner side
of the can body, it has been concluded that the overlapping
width of the steel sheet should be equal to or longer than
the contact width of the wire/sheet interface along the
width of the weld zone in order to inhibit splash while

25 avoiding mashing of the sheet/sheet interface. When,



bet ween the overlapping wwdth W(mm of said tin free steel sheet t
wel ded and the length L (mm of said linear portions of said first
el.ectrode and said second wire 20 electrode. It is preferable that
first wire electrode and the second wire el ectrode have arc portions at
both ends of the linear portion in contact with said tin free steel
to be welded relative to the wwdth direction of the weld 25 zone,
said arc portions having a radius R of 12 9 curvature of 0.1 mm or

Also, it is

is 0.6 to 1.
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desirable that a pressure of 30 to 150 kgf is applied between
the first wire electrode and the second wire el ectrode and a nugget pitch

8 Mmin the wel ded zone. Furt hernore, the present
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than the contact width of the wire/sheet interface by 1.5
mm or more, repair of the weld zone becomes difficult since
problems occur, such as a warp at the edge portions of the
steel sheet. From this point of view, it is not suitable
to make the overlapping width of the steel sheet longer by
1.5 mm or more than the contact width of the wire/sheet
interface.

Here, when the overlapping width of the steel sheet
is, as described above, made to be equal to or longer than
the contact width of the wire/sheet interface along the
width of the weld zone, reduction of the quantity of the
electricity applied onto the wire/sheet interface will be
difficult, and particularly, excessive heat generation at
the wire/sheet interface on the inner side of the can body
will be a problem.

Under such circumstances, an investigation was
conducted aiming to optimize the shape of the wire for
reducing the current density on the wire/sheet interface.
As a result, the followlng was founq to be effective for
reducing the current density at the wire/sheet interface
on the inner side of the can body: On the inner side of
the can body. a wire is used in which the external shape

at the site in contact with the steel sheet has a linear

portion in view of the width direction of the weld zone,
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mechine is characterized in that: the welding wire form ng device conprises
aplurality pair of welding wwire formng rolls which are arranged in 10 the
| apgt hwi se direction of the welding wire; the plurality pair of welding
wire formng rolls have different sectional shapes; the pair of welding
wire formng rolls conprises an upper roll and a lower roll for hol ding and
pressing the 15 welding wire, the upper roll being novable in a vertical
direction; and the welding wire is hel d3and pressed by any one of the
plurality of the welding wire formng rolls to forma welding wire having a
plurality of shapes. 20 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
sectional view of a weld zone illustrating a state of welding according to
t he Enbodi nenamaly Fi g wire sisymagéeins whiichniheysdlie oin socortact onth

illustrating a state of weldj ngl.accor ding to the Enbodinent 25 1.
the steel sheet is linear in Vview of the width direction

of the weld zone. Meanwhile, when a wire having an external
shape including a linear pprtion such as th&t described
5 above 1s used on the outer side of the can body, the
appearance of the weld zone is deteriorated since the area
discolored by welding is enlarged. Because of such a
problem, a conventionally-used wire should preferably be
used on the outer side of the can body, the wire's external
10 shape at the site in contact with the steel sheet being an
arc (a convex arc) in view of the width direction of the
weld zones. By this means, welding can be completed without
affecting the appearance of the weld zone.
Further, if the above-described wire having an arch
15 shape 1s used for the outer side of the can body, the current
density at the wire/sheet interface on the outer side of
the can body will increase. As a reSult. in combination
with the use of the above-described wire having a linear
portion for the inner side of the can body, an effect of
20 improving the balance of heat generation between the inner
surface and the outer surface of the can body can be obtained,
although in the conventional method the center of heat
generation has leaned towards the inner surface of the can
body.

25 Moreover, if wires, the external shape of each of which



10’bFig. 3 is a sectional view of a weld zone illustrating a state of
wel di ng according to a conventional nethod. Fig. 4(a) to 4(d) are sectional
views of wires used for the inner side of the can body in the Enbodi nent 1.
5 Fig. 5 are sectional views of the wires used in the Enbodi nent 1.
Fig. 6 is a sectional view of a weld zone illustrating a state of wel ding
according to the Enbodinent 3. Fig. 7 is another sectional view of a weld
zone 10 illustrating a state of weldingeaaccording to the Enbodi nent 3. Fig.
8(a) to 8(d) are sectional views of wires used for the inner side of the
can body in the Enbodinent 3. Fig. 9 are sectional views of the wires used
I n the 15 Enbodi nent 3. _
has a linear portion in view of the width direction of the
weld zone, are used for the inner side and the outer side
of the can body, the steel sheet cannot be in uniform contact
with the wires unless the positions of electrodes and others
5 are strictly adjusted, and cracking may occur in the process
of forming the can. In contrast, if a wire whose external
shape has a linear portion in view of the width direction
of the weld zone is used for the inner side of the can body
while a wire with an arc portion is used for the outer side
10 of the can body, the above-described ununiform contact by
the wires can be prevented.
In the case of wire-seam-welding a material having a
chromium hydrate oxide layer and a high contact resistance,
such as an electrolytically chromate-treated steel sheet,
15 1f the length L of the above-described linear portion of
the wire used for the inner side of the can body, the portion
being linear in view of the width direction of the weld zone,
is 1.0 or less times the thickness of the steel sheet, the
width of the nuggets formed is short, and a welding strength
20 necessary for a can in practical use cannot be sufficiently
achieved. Meanwhile, a length L of the above-described
linear portion that is more than 4.0 times the thickness
of the steel sheet 1is unsuitable, since the effect of
enlarging the nugget width is already saturated, and in

25 addition, the applied pressure and electric current



Fig. 10 is a schematic illustration of a welding machi ne having a wel di ng
wire formng device according to the Enbodinent 5. Fig. 11 is a side view
showi ng welding wire formng rolls 20 according to the Enbodi nment 5. Fig.

12 is a sectional view showing welding wire formng rolls for can materi al
A in accordance with the Enbodinent 5. Fig. 13 is a sectional view show ng
welding wwre formng 25 rolls for can material B in accordance with the

Enbodi nment 11 5. Fig. 14 is a sectidhal view showing welding wire
formng rolls for can material C in accordance with the enbodinent 5 of the
present invention. 5 Fig. 15 is a sectional view show ng a wel ding
wire for

necessary for welding wastefully increase.

Accordingly, in the welding method of the present
invention, the wire on the electrode used for the inner side
of the can body is specified such that its external shape

5 at the site in contact with an electrolytically
chromate-treated steel sheet being a sﬁbject of welding has
a linear portion in view of the width direction of the weld
zone, the linear portion having a length of 1.0 to 4.0 times
the thickness of the electrolytically chromate-treated

10 steel sheet which is the subject of welding. Further, the
overlapping width W (mm) in the weld zone of the
electrolytically chromate-treated steel sheet is specified
such that it satisfies L S W< L + 1.5 in the relation with
the length L of the above-described linear portion of the

15 wire on the electrode used for the innér side of the can
body. Additionally, the wire on the electrode used for the
outer side of the can body is specified such that its
external shape at the site 1in contact with the
electrolytically chromate-treated steel sheet to be welded

20 is an arc (convex arc) such as a circular arc, in view of
the width direction of the weld zone.

Fig. 1 is a sectional view of a weld zone in an example
of a state of welding according to such a method of the
present invention. 1 is awire electrode for the inner side

25 of the can body ( on an upper electrode welding roller ),



can materi al
mat eri al B.
material C.

present invention,

of the steel
sheet / sheet

A. Fig. 16 is a sectional view showng a welding wire for can

Fig. 17 is a sectional view showng a welding wire for 10

can

DESCRI PTI ON OF THE EMBODI MENT EMBODI MENT 1 15 For the

sheet which is optinmum for inhibiting splash on the

I nterface when an electrolytically chronmate-treated steel

is welded at a high speed without edge md eaning. As 20 a result, in
the wire used on the inner side of the can body, it has been

relation to

concl uded that the overlapping wdth of the steel
or longer than the contact wdth of the w re/sheet

wi dt h of the2wdsdazwhrei electrede cfomhthe touligrmsiidehioife the canobdfyg
mashi ng of the sheet/sheet interface. \Wen

10

15

20

25

( on a lower welding electrode roller ), and the external
shape of the wire electrode 1 at the site which should be
in contact with the steel sheet has a linear portion 3 which
is linear in view of the width direction of the weld zone.
On the other hand, the external shape of the wire electrode
2 at the site which should be in contact with the steel sheet
is an arc in view of the width direction of the weld zone.

Incidentally, for comparison, Fig. 3 shows a state of
welding (a section of a weld 2zone) according to a
conventional method. In Fig. 3, 5 is a wire electrode for
the inner side of the can body (on an upper welding electrode
roller), 6 is a wire electrode for the outer side of the
can body (on a lower welding electrode roller), and the
external shape of each of these wire electrodes 5 and 6 at
the site which should be in contact with the steel sheet

is an arc in view of the width direction of the weld zone.

Further, each of the edges of the above-described
linear portion of the wire electrode for the inner side
of the can body, the portion being linear in view of the
width direction of the weld zone, preférably has an arc
portion (convex arc portion) such as a circular arc portion.

Fig. 2 is another sectional view of a weld zone illustrating

a state of welding according to the Embodiment 1 using a

an investigation was conducted on an overl apping w dth

sheet

sheet shoul d be equal to
I nterface al ong the



12 "however, the overlapping wi dth of the steel sheet is |onger than the
contact width of the wire/sheet interface by 1.5 mmor nore, repair of the
wel d zone becones difficult since problenms occur, such as a warp at the
edge portions of the 5 steel sheet. Fromthis point of view, it is not
suitable to nake the overlapping wdth of the steel sheet longer by 1.5 mm
or nore than the contact wwdth of the wire/sheet interface. Here, when the
overl apping width of the steel sheet 1017s, as described above, made to be
equal to or longer than the contact width of the wire/sheet interface al ong
the width of the weld zone, reduction of the quantity of the electricity
applied onto the wire/sheet interface will be difficult, and particularly,
excessi ve heaingegdegtirodeahayinghsugh raye mantionssr aade 4odndiicaiteser si de
of the can body will be a problem
arc portions formed at the edges of the linear portion 3
of the wire 1. Unless the wire electrode 1 has such arc
portions 4, the edge portion of a welding bead may be damaged
5 1in the case, for example, that the vertical axes of the upper
and lower electrode rollers are deviated, and a crack may
be generated from such a damaged portion in the step of,
for example, forming flanges after welding. In particular,
when the electrolytically chromate-treated steel sheet is
10 a thin material having a thickness of 0.5 mm or less, such
a crack is readily generated, and therefore, both the edges
of the linear portion 3 should preferably be formed into
arc portions 4. Additionally, the radius R of curvature
of each arc portion should preferably be 0.1 mm or longer
15 1in order to obtain the above-described effects.
The sectional area of the wire electrode used for the
inner side of the can body (the area of a section
perpendicular to the longitudinal direction of the wire
electrode) is 0.5 to 3.0 mm*’. With a sectional area of the
20 wire electrode less than 0.5 mm?’, the thermal capacity is
too small to sufficiently cool the wire/sheet interface.
On the other hand, with a sectional area of the wire
electrode more than 3.0 mm®’, the cooling effect is saturated

in view of heat conduction, and in addition, the cost

25 efficiency is lowered since an expensive copper wire



Under such circunstances, an investigation was conducted aimng to optim ze
the shape of the wire for reducing the current density on the wre/sheet

interface. 20 As a result, the following was found to be effective for

reduci ng the current density at the wire/sheet interface on the inner side
of the can body: On the inner side of the can body, a wire is used in which
the external shape at the site in contact with the steel sheet has a |linear
25 portion in view of the width directi® of the weld zone, 13 nanely, a
wire is used in which the site in contact with the steel sheet is linear in
view of the width direction of the weld zone. Meanwhile, when a wi re having

an exter nal shape |nclud|ng a linear portion_such as that described 5 above
i s used on tPatsgial 1§ wes PfFﬂa%Y@fﬁ‘F od¥ncigentably, Xhedsrige sheuld| d zone

is deteri orated Si nci the a
referably contain copper as a principal ingredient in view

of heat conductivity.
Meanwhile, in the present invention, the sectional

5 shape of the wire electrode for the inner side of the can
body can be arbitrarily selected so long as the above-
described specifications are satisfied. For example, the
sectional shapes ( shapes of sections each being
perpendicular to the longitudinal direction of a wire

10 electrode ) shown in Fig. 4 may be adopted. Among them,
(a) and (b) are modified examples of the sectional shape
of the wire shown in Fig. 1 mentioned above, and {¢) and
(d) are modified examples of the sectional shape of the wire
electrode shown in Fig. 2 mentioned above.

15 In the practice of the wire-seam-welding method of the
present invention, in consideration of the fact that the
welding of a tin plate and the welding of an electrolytically
chromate-treated steel sheet with edge cleaning may be
performed using an identical welding machine in view of

20 operability, a plurality of different wire-forming rolls
should preferably be disposed just before each of both the
electrode for the inner side of the can body and the
electrode for the outer side of the can body in order to
achieve wire exchange as the occasion demands.

25 Alternatively, a forming roll having a plurality of grooves



di scol ored by welding is enlarged. Because of such a problem a
conventional l y-used wire should preferably be used on the outer side of the
can body, the wire' s external 10 shape at the site in contact with the

st éel sheet being an arc (a convex arc) in view of the width direction of
the weld zones. By this neans, welding can be conpleted w thout affecting

t he appearance of the weld zone. Further, if the above-described wre
having an arch 15 shape is used for th® outer side of the can body, the
current density at the wire/sheet interface on the outer side of the can
body will increase. As a result, in conbination with the use of the
above-described wire having a linear portion for the inner side of the can
body, an ef f 8@y @referapdyr bei 9 sprsedaitnstebefoneacagbnefabprsh bbeween the
i nner surface_and the outer surface of the can body can be obtai ned,

al t hough i n eHectRIENEPnatPeeiRBETt 9ddCeftfer the Feht RpdverardokbRas

| eaned toward gyﬁiphgﬂgégsﬁégﬁﬁg%féaﬁ?gﬁg Pl'?éjydanzl‘:i)ody. Mor eover, if

wires, the e

5 Example
- Wire-seam-welding for can bodies was performed using
the electrolytically chromate-treated steel sheets shown
in Table 5 as raw materials, and a Fuji-Welder-type welding
machine which achieved an overlapping width of the steel
10 sheet longer than the width of the welding wires. In this
example, 4 to 100 cans were manufactured continuously at
a welding speed of 10 to 30 m/min., and existence of an
acceptable current range ( ACR ) for welding and corrosion
resistance of the obtained can bodies were evaluated.
15 Incidentally, in the evaluation of the cans, the first can
and the last can (the initially manufactured can and the
finally manufactured can in the continuous process of
manufacturing can bodies) manufactured with unstable
electric currents were eliminated from the evaluation

20 subjects.

Regarding each of the wires on the electrodes, a
plurality of grooves were provided in the wire-forming foll
in a position just preceding the position where the wire
is fed to the electrode such that a desired wire sectional

25 shape could be obtained. Fig. 5 shows the sectional shapes



14-'has a |inear portion in view of the width direction of the weld zone,
the inner side and the outer side of the can body, the steel
sheet cannot be in uniformcontact with the wires unless the positions of

are used for

el ectrodes and others 5 are strictly adjusted, and cracking may occur
of formng the can. In contrast, if a wire whose external

t he process
has a |inear

contact by t

resi st ance,

the length L of the above-descr

10

15

20

25

in
shape

portion in view of the width direction of the weld zone is
used for the inner side of the can body20hile a wire with an arc portion is
used for the outer side 10 of the can body, the above-described ununiform
he wires can be prevented. In the case of wire-seamwelding a
mat eri al having a chrom um hydrate oxi de | ayer and a _high contact

h
sfichhagrireNsed: dnykhlnempodimens: bearR eI ther skaget, 15 it

L bed i r '
of a section perpenéit.)cglar eoa t eorltohggt%]:iinal direction

of the wire). Among them, A is a wire having a sectional
shape adopted in a conventional method, and B and C are wires
each having a sectional shape adopted in the method of the
present invention. In Examples according to the Embodiment
1, those wires A to C were used in the combinations shown
in Fig. 1 and Fig. 2.

The ACR was defined to be an electric current range
between the lower-limit current value below which an
appropriate welding strength could not be obtained, and the
upper-limit current value above which excessive heat was
generated. The lower-limit current was examined by a tear
test, and the upper-limit current was examined based on
whether splash or splash had occurred. The results were
evaluated as follows.

O: There was a sufficient acceptable current range
for welding.

/A\: There was an acceptable current range for welding,
though it was narrow.

X: There was no acceptable current range for
x&elding.

Meanwhile, as to corrosion resistance, containers
were manufactured from the can bodies other than the first

can and the last can, an agqueous content was packed in each



thé wire used for the inner side of the can body, the portion being |inear
in viewof the wwdth direction of the weld zone, is 1.0 or less tines the
t hickness of the steel sheet, the width of the nuggets fornmed is short, and
a welding strength 20 necessary for a can in practical use cannot be

sufficiently achieved. Meanwhile, a length L of the above-described |inear
portion that

unsui t abl e,

is nmore than 4.0 tines the thickness of the steel sheet is

since the effect of enlargi®y the nugget width is already
saturated, and in 25 addition, the applied pressure and electric current

necessary for welding wastefully increase. Accordingly, in the welding

met hod of the resent i nvention, the wire on the el ectrode used for the

i nner side of® €8Ht%ﬁ9rﬁ§1§)‘é€?ﬁ’%§°§@cﬁ°¥% atizoom tepparatyepe 5 at

the site

sheet being éméiulﬁh@clsté‘ftev\@ dPAfTagion in
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in _contact an electrolé/tlcallg:/tchro tetre%ted st eel

he repaired welded-potion
was evaluated as follows.

(O: No corrosion.

X : Corrosion was observed.

Incidentally, in the examples without acceptable
current ranges for welding, corrosion resistance could not
be evaluated since cans could not substantially be
manufactured.

The results of evaluations of ACR and corrosion
resistance are shown in Tables 1 to 4 together with the types
of the material steel sheets and the welding conditions.

Referring to Tables 1 to 4, in each of Examples
according to the Embodiment 1, there was a sufficient
acceptable current range for welding, and the manufactured
can bodies had superior corrosion resistance.

In contrast, in each of Comparative Examples 4 and 6
to 12, where a wire (Wire A} whose external shape at the
site in contact with the steel sheet was an arc in view of
the width direction of the weld zone was used on each of
both the electrode for the inner side of the can body and
the electrode for the outer side of the can body, an ACR
could not be appropriately obtained since an excessive

amount of heat was generated at the wire/sheet interface

on the inner side of the can body.



a I'i near portion in view of the width direction of the weld zone, the
| i near portion having a length of 1.0 to 4.0 tinmes the thickness of the

electrolytically chromate-treated 10 steel sheet which is the subject of

wel di ng.

el ectrolytically chromate-treated steel sheet is specified such that

satisfies L [err]

Further, the overlapping width W(m) in the weld zone of the

it

W< L + 1.5in the relation wwth the length L of the

above-descri bed linear portion of the P2 wre on the electrode used for

the inner side of the can body. Additionally,
used for the outer side of the can body is specified such that
shape at the site_in contact with the electrolytically chromate-treated

the wire on the el ectrode
its external

steel sheet to beFWEFRRR. Jdh pachphCompapabive Fxamplem 1o 3.cvhexear arc,

2 RS Al 8, bt el

a

Vi ew

net hod of t hgt%égjgggejtnyﬁat iaonli"ge?‘iel(s;tﬁ%}é\%i??\%%ﬁﬁtg&gg’fa|J$$rt)1;fehew-'i-£€§r si de

25 of the can
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0 on an upper
direction of the weld zone was used as the wire electrode

for the inner side of the can body while a wire whose external

shape at the site in contact with the steel sheet was an

‘arc in view of the width direction of the weld zone was used

as the wire electrode for the outer side of the can body,
the effects of the present invention were not sufficiently
achieved since other specifications did not satisfy the
ranges according to the Embodiment 1.

Among them, Comparative Example 2 was inferior in
corrosion resistance since the relationship between the
length L (mm) of the linear portion of the wire for the inner
side of the can body and the overlapping width W (mm) of
the steel sheet was W > L + 1.5, separation occurred in the
edge portions of the weld zone of the steel sheet, and there
was a problem with sealing properties in the weld zone.

In each of Comparative Examples 1 and 3, since the
sectional area of the wire for the inner side of the can
body was less than 0.5 mm?, the ability to cool the wire/ sheét
interface was insufficient, and splash were generated. Due
to this, an appropriate ACR could not be obtained.
Additionally, in Comparative Example 3, the length L of the

linear portion of the wire for the inner side of the can



162 is a wre electrode for the outer side of the can body ( on a | ower
wel ding electrode roller ), and the external shape of the wire electrode 1
at _the site which should be in contact with the steel sheet has a |inear
portion 3 which 5 is linear in view of the width direction of the weld
zone. On the other hand, the external shape of the wire electrode 2 at the
site which should be in contact with the steel sheet is an arc in view of
the width direction of the weld zone. I#identally, for conparison, Fig. 3
shows a state of 10 welding (a section of a weld zone) according to a
conventional nethod. In Fig. 3, 5is a wire electrode for the inner side of

the can body_(qn an upper wel ding el ectraode roIIer%¢ 6 is awre electrode
for the out ePOGYIEABLeBRCtRAM L By Fbe Tdhmans: of hecriel sheetol | or)

and the 15  oxt&ldAlg $08B8o0h el sty #5628 i $n PriT 1239 %use 20819 &
not be achieved. Further, in Comparative Example 3, the
relationship between the length L (mm) of the linear portion
5 of the wire for the inner side of the can body and the
overlapping width W {mm)} of the steel sheetwas W> L + 1.5,
which was out of the range according to the Embodiment 1.
In Comparative Example 5, a wire whose external shape
at the site in contact with the steel sheet was an arc in
1¢ view of the width length of the weld zone was used as the
wire electrode for the inner side of the can body, and a
wire whose external shape at the site in contact with the
steel sheet had a linear portion in view of the width
direction of the weld zone was used as the wire electrode
15 for the outer side of the can body. In this comparative
example, since the tendency towards an excessive amount of
heat being generated on the inner side of the can body was
accelerated, an approprlate ACR could not be obtained.
Incidentally, in Conventional Example, wire-seam-
20 weldingwas performed at a slowwelding speed below 15m/min.,
and this example revealed that an electrolytically
chromate-treated steel sheet can be welded without edge
cleaning in such a case of a slow welding speed even with
a conventional technique.

25



the site

in view

is an arc

sheet
each of the edges of the

whi ch should be in contact 2 th the steel

Furt her,

of the width direction of the wgald zone.
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be Qenerat ed fromsuch a damaged por2Bon in the step of, for exanple,
formng flanges after welding. |In particular, when the electrolytically
chr.omate-treated steel sheet is 10 a thin material having a thickness of

0.5 mmor less, such a crack is readily generated, and therefore, both the
edges of the lingaf Qq,rtion 3 ishopul df prefefably be fiormed into arc portions
4. Additionally, tm1e.§r§acius R jof furpat ure}of |ea¢ch arc [portion shoul d
preferably be 0.1zpmegr [IOnger| O5 Onf O &y | | ah{ @ ) dhe above-descri bed
effects. The sec{izpnglg greq of| the wrejel ectrod¢ uged|for the ipner side
of the can body (the area df a sekctipn perpendicil af td t he | ond t udi nal
direction of the re. ellectirode) s P.5[to] 3.0 mifeqr].| WtIR & €ectional
area of the 20 wirp € eqt®@qde || @ssCt h@n| @ PO e Ohermalg Eacity is
too small to suf :‘inntly gooll t wrelsheetlinferfface. 018 %)ther hand,
with a sectional {a'ga of tHe Wirel electfode nmpre|than 3.0 &g, the
cooling effect is;.‘szagur,sltcgd I N vijew pof heat condbction,| and&@ 1§ addition,
the cost 25 effi :gﬁgygs_;loﬁ/erﬁd ginZet &h éj()@;@(;@(pperé\/\gg
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shape of the wire

in view of heat conductivity.
5

I nci denf&l |y, the wire should preferably
t he secti onal

I ngr edi ent

i nventi on,

I's wasteful | y used.
in the present

contain copper as a princi pal

mat eri a
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A an electrolytically

sheet with edge cl eaning nmay be perforned using an

wel ding of a tin plateand the wel di ng

chromat e-treat ed stee
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in Table 5 as raw materi al s,

and a Fuj??velder-type wel di ng machi ne whi ch

achi eved an overlapping width of the steel 10 sheet |onger than the width
of _the welding wifes. Tn this] exanpl e,] 4 fo [T0J cdns were nanufactured
continuously at aiwel ding speed jof |10 o {30 im'rfin.j, and existence of an
acceptabl e current| range ({ AGR )| kor kdi ng arld dorrosion resistance of
the obtained can Qodies wefe egal daft e .B158l|nci|denjtal Iy, in the evaluation
of the cans, the flirst canj an Sthg | ast =claf l(BHe i|nitially nanufactured can
and the finally mgnufactured can gn thegcogti youg process of manufacturing
can bodi es) manufgctured w th| gnsgabke Qleggrﬁc cyrrents were elimnated
fromthe eval uatidn 20 subj ects: &endr ds %gh off the wires on the
el ectrodes, a plurfality of| grpdves meriedprdviFdd iln the wire-fornming rol
in a position just pr%Fedlng L Be| gosEti g dhe®d tHe wire is fed to the
el ectrode such thgt aggesired ﬁirg sébtg ngl @5 sqape coul d be obt ai ned.
Fig. 5 shows the dectisgnal sha@es§ & % £15 %
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20 of the wires used in this enbodi nrent (each being the shape of a section
perpendi cul ar to the longitudinal direction of the wire). Anong them Ais
a wire having a sectional shape adopted in a conventional nethod, and B and
Care wires 5 each having a sectional shape adopted in the method of the
present invention. In Exanples according to the Enbodinent 1, those wires A
to C were used in the conbinations shown in Fig. 1 and Fig. 2. The ACR was
defined to be an electric current range29l0 between the lower-limt current
val ue bel ow whi ch an appropriate welding strength could not be obtained,
and the upper-limt current val ue above whi ch excessive heat was generated.
The lower-limt current was exam ned by a tear test, and the upper-limt

current was EBMBEDIMBENEaZ2ed on 15 whet her splash or splash had occurred. The

results were eval uated as foI Wi
Embodiment satisfies the following requirements:

(a) A first wire electrode is used inside the can body
and a second wire electrode is used outside the can body.
5 The first wire electrode has a sectional area of 0.5 to 3.0
mm® perpendicular to the longitudinal direction of the can
body.
(b) The first wire electrode has a linear portion in
contact with said electrolytically chromate-treated steel
10 sheet to be welded relative to the width direction of the
weld zone, said linear portion having a length of 1.0 to
4.0 times the thickness of said electrolytically
chromate-treated steel sheet to be welded.
(c) The second wire electrode has an arc shape portion
15 in contact with said electrolytically chromate-treated
steel sheet to be welded relative to the width direction
of the weld zone.
(d) L=W<K L+ 1.5 is satisfied in the relationship
between the overlapping width W {mm) of said
20 electrolytically chromate-treated steel sheet to be welded
and the length L (mm) of said linear portion of said first
wire.
(e) A pressure of 30 to 150 kgf is applied between the
first wire electrode and the second wire electrode and a

25 nugget pitch is 0.6 to 1.8 mm in the welded zone.



[e'?r]: There was a sufficient acceptable current range for welding. [err]:

There was an acceptable current range for wel ding, 20

t hough it

was narrow. X: There was no acceptable current range for wel ding.
Meanwhi |l e, as to corrosion resistance, containers were nmanufactured from

the can bodies other than the first 25 can and the | ast can,

an aqueous

content was packed in each 21 of the containers and stored for 3 nonths
at roomtenperature, and the state of @&&rrosion in the repaired

wel ded- poti on was evaluated as follows. 0: No corrosion.

5

X

Corrosi on was observed. Incidentally, in the exanples w thout acceptable

The nugget pitch is an important factor which

influences the airtightness of the container.

In a

10

15

20

25

material having a low contact resistance and a satisfactory
pressure adhesion, such as an edge-cleaned material derived
from an electrolytically chromate-treated steel sheet,
since the current application can be started even if the
applied pressure is low, the area where heat is generated
by the current application is wide, and the range of the
applicable nugget pitch for welding can be made large, for
example, 2 mm or more. Further, since cleaning is performed
just before welding, the distribution of contact resistance
on the surface of the steel sheet is stable, and ununiform
heat generation rarely occur even if the nugget pitch is
reduced.

In contrast, in the case of welding a material having
a high contact resistance, such as a material having a
chromium hydrate oxide layer, without edge cleaning, since
the current application can be started only when the applied
pressure is high, the area where heat is generated by the
current application is narrow, and an appropriate
airtightness cannot be obtained with a nugget pitch longer
than 1.8 mm since unheated portions remain. Further, in
welding without edge cleaning, since insulating foreign

substances and others inevitably exist on the surface of



current ranges for wel ding, corrosion resistance could not be eval uated
since cans could not substantially be manufactured. 10 The results of
eval uations of ACR and corrosion resistance are shown in Tables 1 to 4
together with the types of the material steel sheets and the wel ding
conditions. Referring to Tables 1 to 4, in each of Exanples according to
the Enbodinment 1, there was a sufficient 15 acceptable current range for
wel di ng, and the nmanufactured can bodi &8 had superior corrosion resistance.
In contrast, in each of Conparative Exanples 4 and 6 to 12, where a wire
(Wre A) whose external shape at the site in contact with the steel sheet
was an arc in view of 20 the width direction of the weld zone was used on
each of bot htReestgetiShrRt £ fhe HLOWHRE ediegdrdc cyEreatshbeywans t he

el ectrode for the out er sidg}of t he can bod an ACR coul d_not be

appr opr i at el PSR HEPIS hePanuRiEoTm ML SuRRIget midichdesgeihamt ed at

the wire/ she& te! ntfa réﬁi& eaprSrc%]rita % Iwrrler]l. 1nsé;| %%n 1t&g%scggngggybe

obtained even if the shapes of the wires are optimized.
5 ‘In a material having a high contact resistance and a
material having inferiority in the press adhesion
properties, decomposition of the coating £ilm and pressure
adhesion are accelerated by increasing the pressure loaded
onto the upper and lower electrodes, and the current pathway
10 can be stably secured and the welding strength can be
improved. Even if the shapes of the wires are optimized,
in the case that the pressure loaded between the upper and
lower electrodes is less than 30 kgf, the pressure adhesion
is insufficient even in a generally-used material which
15 contains a chromium hydrate oxide layer having a coating
weight of approximately 5 to 10 mg/m* in terms of metallic
chromium, and therefore, an ACR cannot be appropriately
obtained and a sufficient welding strength cannot also be
obtained. Meanwhile, when the pressure loaded onto the
20 upper and lowgr electrodes exceeds 150 kgf, the steel sheet
cannot be Eaught smoothly between the electrodes, and an
excessive amount of heat is generated at the leading edge
and the terminal edge of the welding portion in response
to variation in the welding speed.

25 For the above-described reasons, the present



22 Further, in each of Conparative Exanples 1 to 3, where a wire whose
external shape at the site in contact with the steel sheet had a |inear
partion in view of the width direction of the weld zone was used as the
wire electrode 5 f or the inner side of the can body while a wire whose
external shape at the site in contact with the steel sheet was an arc in
view of the width direction of the weld zone was used as the wire el ectrode
for the outer side of the can body, the2effects of the present invention
were not sufficiently 10 achieved since other specifications did not
satisfy the ranges according to the Enbodi nent 1. Anong them Conparative
Exanple 2 was inferior in corrosion resistance since the relationship

bet ween t he 1RVigRklon sRecidfiesnhthat g npeget dltah brcO v rt® Lof Mhe | nner

15 side of the can bqdy and the overl apping w dth W of
ang that 1(:}13/ pressure applie pbe ween the mtrodes for

the inner side of the can body and for the outer side of
the can body be 30 to 150 kgf.

5 In the practice of the wire-seam-welding method of the
present invention, in consideration of the fact that the
welding of a tin plate and the welding of an electrolytically
chromate-treated steel sheet with edge cleaning may be
performed using an identical welding machine in view of

10 operability, a plurality of different wire-forming rolls
should preferably be disposed just before each of both the
electrode for the inner side of the can body and the
electrode for the outer side of the can body in order to
achieve wire exchange as the occasion demands.

15 Alternatively, a forming roll having a plurality of grooves
may preferably be disposed just before each of both the
electrode for the inner side of the can body and the

electrode for the outer side of the can body.

20 Example

Wire-seam-weiding for can bodies was performed using
the electrolytically chromate-treated steel sheets shown
in Table 14 as raw materials, and a Fuji-Welder-type welding
machine which achieved an overlapping width of the steel

25 sheet longer than the width of the welding wires. In this



tHe steel sheet was W> L + 1.5, separation occurred in the edge portions
of the weld zone of the steel sheet, and there was a problemw th sealing
properties in the weld zone. In each of Conparative Exanples 1 and 3, since
the 20 sectional area of the wire for the inner side of the can body was
less than 0. 5 mmf{err], the ability to cool the wre/sheet interface was

i nsufficient, and splash were generated. Due to this, an appropriate ACR
could not be obtained. Additionally, i83Conparative Exanple 3, the length L

of the 25 linear portion of the wire for the inner side of the can 23
body was less than 1.0 tine the t hi ckness of the steel sheet, a welding
strength necessary for a can i ractical use could not be achleved

Further, in SEHReat |4\/§°E}QHpF’€n WeRe PRk dRtieaeusHy BEngth L

() of the J 530 P el B0 B9 0" /b0 | Mk PELo B8, e il can ooy

acceptable current range for welding ( ACR ), corrosion
resistance of the obtained can bodies and the appearances

5 of the weld zones were evaluated. Incidentally, in the
evaluation of the cans, the first can and the last can ( the
initially manufactured can and the finally manufactured can
in the continuous process of manufacturing can bodies )
manufactured with unstable electric currents were

10 eliminated from the evaluation subjects.

Regarding each of the wires on the electrodes, a
plurality of grooves were provided in the wire-forming roll
in a position just preceding the position where the wire
is fed to the electrode such that a desired wire sectional

15 shape could be obtained. Fig. 5 shows the sectional shapes
of the wires used in this embodiment ( each being the shape
of a section perpendicular to the longitudinal direction
of the wire ). Among them, A is a wire having a sectional
shape adopted in a conventional method, and B and C are wires

20 each having a sectional shape adopted in the method of the
present invention. In Examples according to the Embodiment
2, those wires A to C were used in the combinations shown
in_Fig. 1 and Fig. 2.

The ACR was defined to be an electric current range

25 between the lower-limit current value below which an



overl apping width W(nmm) of the steel sheet was W> L + 1.5, which was out
of the range according to the Enbodinent 1. In Conparative Exanple 5, a

wi re whose external shape at the site in contact with the steel sheet was
an arc in 10 view of the width length of the weld zone was used as the
wire electrode for the inner side of the can body, and a w re whose
external shape at the site in contact with the steel sheet had a |inear
portion in view of the width direction ¥ the weld zone was used as the
wire electrode 15 for the outer side of the can body. In this conparative
exanpl e, since the tendency towards an excessive anount of heat being
generated on the inner side of the can body was accel erated, an_appropriate

ACR coul d noPPBEOBhLaFRStEIAIRY GERERAFY CTH IBAT R PBRELDE ARG Ehe
e Seam 20 opes! fuggpeshettel el nb ol gosgectbg anlg - and
can e, ! UKl Buh  oUAf SERRNL 19, Suhufe VY eSndnBhly WPhLD0 Pt
test, and the upper-limit current was examined based on
5 whether splash or splash had occurred. The results were
evaluated as follows.
O: There was a sufficient acceptable current range
for welding.
/A: There was an acceptable current range for welding,
10 though it was narrow.

X : There was no acceptable current range for

welding.

Meanwhile, as to corrosion resistance, containers
15 were manufactured from the can bodies other than the first
can and the last can, an aqueous content was packed in each
of the containers and stored for 3months at room temperature,
and the state of corrosion in the repaired welded-potion
was evaluated as follows.
20 (O: No corrosion.
X: Corrosion was observed.
Incidentally, in the examples without acceptable
current ranges for welding, corrosion resistance could not
be evaluated since cans could not substantially be

25 manufactured.



25

[err]

10

15

20

25

25 [err] [err] 27 [err]

35

Further, as for the appearance of the weld zone, the
weld zone was visibly observed, and evaluated as follows.
O: There was no heterogeneous discoloration in the
weld zone.
X : There was heterogeneous discoloration in the
weld zone.

The results of evaluations of ACR and corrosion
resistance are shown in Tables 6 to 13 together with the
types of the material steel sheets and the welding
conditions.

Referring to Tables 6 to 13, in each of Examples
according to the present invention, there was a sufficient
acceptable current range for welding, aﬁd the manufactured
can bodies had superior corrosion resistance.

In contrast, in each of Comparative Examples 10 to 16,
where a wire (Wire A) whose external shape at the site in
contact with the steel sheet was an arc in view of the width
direction of the weld zone was used on each of both the
electrode for the inner side of the can body and the
electrode for the outer side of the can body, an ACR could
not be appropriately obtained since an excessive amount of
heat was generated at the wire/sheet interface on the inner
side of the can body.

Further, in each of Comparative Examples 1 to 8, where

a wire whose external shape at the site in contact with the



22 [err] 29 EMBODI MENT 2 Enbodi ment 2 satisfies the followi ng
requirenments: (a) Afirst wire electrode is used inside the can body and a
second wire electrode is used outside the can body. 5 The first wire

el ectrode has a sectional area of 0.5 to 3.0 nmferr] perpendicular to the

| ongi tudi nal direction of the can body. (b) The first wire electrode has a
| inear portion in contact wwth said electrolytically chronate-treated steel
10 sheet to be welded relative to the3®i dth direction of the

steel sheet had a linear portion in view of the width
direction of the weld zone was used as the wire on the
electrode for the inner side of the can body while a wire
whose external shape at the site in contact with the steel
5 sheet was an arc in view of the width direction of the weld

zone was used as the wire on the electrode for the outer
side of the can body, the effects of the present invention
weré not sufficiently achieved since other specifications
did not satisfy the ranges according to the present

10 invention.

Among them, Comparative Example 2 was inferior in
corrosion resistance since the relationship between the
length L {mm) of the linear portion of the wire for the inner
side of the can body and the overlapping width W (mm) of

15 the steel sheetwas W> L + 1.5, separation occurred in the
edge portions of the weld zone of the steel sheet, and there
was a problem with sealing properties in the weld zone.

In each of Comparative Examples 1 and 3, since the
sectional area of the wire for the inner side of the can

20 body was less than 0.5 mm’, the ability to cool the wire/sheet
interface was insufficient, and splash were generated. Due
to this, an appropriate ACR could not be obtained.
Additionally, in Comparative Example 3, the length L of the
linear portion of the wire for the inner side of the can

25 body was less than 1.0 time the thickness of the steel sheet,



wel d zone, said linear portion having a length of 1.0 to 4.0 times the
t hi ckness of said electrolytically chromate-treated steel sheet to be
wel ded. (c) The second wire el ectrode has an arc shape portion 15 in
contact with said electrolytically chromate-treated steel sheet to be
wel ded relative to the width direction of the weld zone. (d) L [err] W< L
+ 1.5 is satisfied in the relationship between the overlapping wdth W
(mm of said 20 electrolytically chremate-treated steel sheet to be
wel ded and the length L (mm) of said linear portion of said first wire. (e)
A pressure of 30 to 150 kgf is applied between the first wire el ectrode and
the second wire el ectrode and a 25 nugget pitch is 0.6 to 1.8 nmin the
wel ded zone.aweld@ing strength necessary for a can in practical use could
not be achieved. Further, in Comparative Example 3, the
relationship between the length L (mm) of the linear portion
of the wire for the inner side of the can body and the
5 overlapping width W (mm) of the steel sheetwasW> L + 1.5,
which was out of the range according to the present
invention.
In Comparative Example 4, since the pressure applied
between both the electrodes was less than 30 kgf, an ACR
10 could not be appropriately obtained due to the insufficient
pressure application, and the welding strength was also
insufficient.
In each of Comparative Examples 7 and 8, since the
pressure applied between both the electrodes exceeded 150
15 kgf, an excessive amount of heat was generated at the 1leading
edge and the terminal edge of the weld zone based on
variation in the welding speed accompanying the incomplete
capture of the steel sheet between both the electrodes, and
as a result, the appearance of the weld zone was inferior.
20 In Comp_aratiire Example 5, since the nugget pitch
exceeded 1.8 mm, non-weld zones remained between nugget
pitches, and as a result, an appropriate welding strength
could not be obtained. Further, regarding the appearance,

heterogeneous discoloration was generated.

25 In Comparative Example 6, since the nugget pitch was



The nugget pitch is an inportant factor which influences the airtightness
of the container. In a material having a | ow contact resistance and a
sgtisfactory 5 pressure adhesion, such as an edge-cl eaned material derived
froman electrolytically chromate-treated steel sheet, since the current
application can be started even if the applied pressure is |low, the area
where heat is generated by the current application is wde, and the range
of the 10 applicable nugget pitch for3&el ding can be made | arge, for
exanple, 2 mmor nore. Further, since cleaning is perforned just before
wel di ng, the distribution of contact resistance on the surface of the steel
sheet is stable, and ununiform heat generation rarely occur even if the

nugget pi t cHeF8 HHAD Pefiigheph was WRYRILormly genexsted: anrd gphash materi al

havi hi gh contact resi st h terial havi hr oni
nydr ate oxi AESPAYE SORRFRBRY e Hoa st i £ e SPBERFERappl | cat | o
can be star h%@g%ﬁbéx;&@% §08c8PBLLEHoR Wra ' §S0sH S dd, N 9N the area where

heat is genera
In Comparative Example 9, a wire whose external shape

5 at the site in contact with the steel sheet was an arc in
view of the width length of the weld zone was used as the
wire on the electrode for the inner side of the can body,

. and a wire whose external shape at the site in contact with

the steel sheet had a linear portion in view of the width
10 direction of the weld zone was used as the wire on the

electrode for the outer side of the can body. 1In this

comparative example, since the tendency towards an

excessive amount of heat being generated on the inner side

of the can body was accelerated, an appropriate ACR could
15 not be obtained.

Incidentally, in Conventional Example, wire-seam-
welding was performed at a slow welding speed below 15m/min.,
and this example revealed that an electrolytically
chromate-treated steel sheet can be welded without edge

20 cleaning in such a case of a slow welding speed even with
a conventiohal technique, although the appearance was

affected by heterogeneous discoloration.

25



since insulating foreign

appropriate airtightness cannot be
an 1.8 nm since unheated portions

3

in welding without edge cleaning,

t application is narrow, and
Furt her,

obt ai ned with a nugget pitch | onge

clrren
remai n.

o

31 the steel

the flow of electric currents between nuggets tends to be ununiform
hayi ng

resi stance and a materi al

with a nugget pitch less than 0.6 mm and appropriate wel ding conditions
havi ng a hi gh cont act

cannot be obtained even if the shapes of the wires are optimzed. 5

25 substances and others inevitably exist on the surface of
In a materi al

sheet ,
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i mproved. Even if the shapes of theyres are optinized, in the case that
the pressure | oaded between the upper and |lower electrodes is |ess than 30
kgf, the pressure adhesion is insufficient even in a generally-used
material which 15 contains a chrom um hydrate oxide | ayer having a coating
wei ght of approximately 5 to 10 ng/nferr] in terns of nmetallic chrom um
and therefore, an ACR cannot be appropriately obtained and a sufficient
wel di ng strength cannot al so be obtai ned. Meanwhile, when the pressure

| oaded onto the 20 upper and | ower el ectrodes exceeds 150 kgf, the steel
sheet cannot be caught snoothly between the el ectrodes, and an excessive
anount of heat is generated at the | eading edge and the term nal edge of
the wel ding portion in response to variation in the welding speed. 25

For the above-described reasons, the present 32
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I nvention specifies that the nugget‘g'tch be 0.6 to 1.8 nm and that the
pressure applied between the electrodes for the inner side of the can body
and for the outer side of the can body be 30 to 150 kgf. 5 In the
practice of the wire-seam wel ding nethod of the present invention, in
consideration of the fact that the welding of a tin plate and the wel di ng
of an electrolytically chromate-treated steel sheet with edge cleaning may
be perforned using an identical welding nachine in view of 10 operability,
a plurality of different wire-fornmng rolls should preferably be disposed
just before each of both the electrode for the inner side of the@can body
and the electrode for the outer side of the can body in orde toﬁachleve

wi re exchange as_the occasion demands, 15 Alterpatively, a f@®®g roll
havi ng a pluralltygof grlooyes preferablly be Hi §poged Jusﬁ #ore each
of both the electEQQﬁ far thelinnerd side] off the pan b(dy andstgagelectrode
for the outer sijdptdfisE ﬁl*é‘?(ta‘h 9| R0BExBRe R [ R ® s
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Wr e-seam wel di ng for can bodi es waggper formed using the electrolytically
chromate-treated steel sheets shown in Table 14 as raw nmaterials, and a
Fuji-Wel der-type wel di ng machi ne whi ch achi eved an overl appi ng wi dth of the
steel 25 sheet longer than the width of the welding wires. In this 33
exanple, 4 to 100 cans were manufactured continuously at a wel ding speed of
10 to 30 mmn., and existence of an acceptable current range for welding (
ACR ), corrosion resistance of the obtained can bodi es and the appearances
5 of the weld zones were evaluated. Incidentally, in the evaluation of the
cans, the first can and the last can ( the initially manufactured can and
the finally manufactured can in the continuous process of manufacturing can
bodi es ) manufactured with unstable electric currents were 10 elin nated
fromthe eval uati on subjects.
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Among them A is

shapes of the

Hﬁ%trodes, a plurality of grooves were
In a position just preceding the position

Fig. 5 shows the sectional
direction of the wire ).

shape coul d be obtai ned.
wires used in this enbodi nent ( each being the shape of a section

perpendi cul ar to the | ongitudinal

Rébarding each of the wres on the e

provided in the wire-formng roll

where the wire is fed to the el ectrode such that a desired wire secti onal
15

and B and
'*2" The ACR was
imt current

nmet hod,
Ny 2, 8t hose wires A
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appropriate wel ding strength coul d noftbe obtai ned, and the upper-limt
current val ue above which excessive heat was generated. The lower-limt
current was exam ned by a tear test, and the upper-limt current was
exam ned based on 5 whether splash or splash had occurred. The results
were evaluated as follows. 0: There was a sufficient acceptable current
range for welding. [err]: There was an acceptable current range for
wel di ng, 10 though it was narrow. X: There was no acceptabl e
current range for welding. Meanwhile, as to corrosion resistance,
containers 15 were nmanufactured fromthe can bodies other than the first
can and the |last can, an aqueous content was packed in each of the
containers and stored for 3 nonths at roomtenperature, and the state of
corrosion in the repaired wel ded-potion was evaluated as follows. 20
[err]: No corrosion.
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I n the exanpl es w thout acceptable

corrosi on resistance could not be eval uat ed
the wel d zone was visibly observed,

and evaluated as follows. 0: There was no heterogeneous discoloration in
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X: There was het erogeneous discoloration in the

5
The results of evaluations of ACR and corrosion resi stance are

shown in Tables 6 to 13 together with the types of the materi al

sheets and the welding 10

the wel d zone.

wel d zone.
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Referring to Tables 6 to 13, in each pf Exanples according to the present
invention, there was a sufficient acceptable current range for wel ding, and
t he manuf actured can bodi es had superior corrosion resistance. 15 In
contrast, in each of Conparative Exanples 10 to 16, where a wire (Wre A
whose external shape at the site in contact with the steel sheet was an arc
in viewof the wwdth direction of the weld zone was used on each of both
the el ectrode for the inner side of the can body and the 20 el ectrode for
the outer side of the can body, an ACR could not be appropriately obtained
since an excessive amount of heat was generated at the wire/sheet interface
on the inner side of the can body. Further, in each of Conparative Exanpl es
1 to 8 where 25 a wire whose external shape at the site in contact with

t he 36
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steel sheet had a |inear portion in viéﬁ]of the width direction of the weld
el ectrode for the inner side of the can

zone was used as the wire on the

body while a wire
steel 5 sheet was
was used as the w
the effects of the
ot her specificatia
i nvention. Anong t
resi stance since t
portion of the wr
width W(m of 15
t he edge portions
problem w th seal
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20 body was less than 0.5 mjerr], the ability to cool the wire/sheet

I nterface was insufficient, and splash were generated. Due to this, an
appropriate ACR could not be obtained. Additionally, in Conparative Exanple
3, the length L of the linear portion of the wire for the inner side of the
can 25 body was less than 1.0 tine the thickness of the steel sheet, 37
a welding strength necessary for a can in practical use could not be
achieved. Further, in Conparative Exampde 3, the relationship between the
length L (mm of the linear portion of the wire for the inner side of the
can body and the 5 overlapping wwdth W(mm of the steel sheet was W> L +
1.5, which was out of the range according to the present invention. In
Conpar ative Exanple 4, since the pressure applied between both the

el ectrodes was | ess than 30 kgf, an ACR
EMBODIMENT 3

An investigation was conducted on an overlapping width

5 of the steel sheet which is optimum for inhibiting splash
on the sheet/sheet interface when a tin free steel sheet

is welded at a high speed without edge cleaning. As aresult,

it has been concluded that the overlapping width of the steel
sheet should be egqual to or longer than the contact width

10 of the wire/sheet interface along the width of the weld zone
in order to inhibit splash while avoiding mashing of the
sheet/sheet interface. When, however, the overlapping
width of the steel sheet is longer than the contact width

of the wire/sheet interface by 1.5 mm or more, repair of

15 the weld zone becomes difficult since problems occur, such
as a warp at the edge portions of the steel sheet. From
this point of view, it 1is not suitable to make the
overlapping width of the steel sheet longer by 1.5 mm or
more than the contact width of the wire/sheet interface.

20 Here, when the overlapping width of the steel sheet
1s, as described above, made to be equal to or longer than

the contact width of the wire/sheet interface along the
width of the weld zone, reduction of the quantity of the
electricity applied@ onto the wire/sheet interface will be

25 difficult, and excessive heat generation at the wire/sheet



10 could not be appropriately obtained due to the insufficient pressure
application, and the welding strength was also insufficient. In each of
Conparative Exanples 7 and 8, since the pressure applied between both the
el ectrodes exceeded 150 15 kgf, an excessive anopunt of heat was generated
at the |l eading edge and the term nal edge of the weld zone based on
variation in the wel ding speed acconpanyi ng the inconplete capture of the
steel sheet between both the el ectroded4? and as a result, the appearance of
the weld zone was inferior. 20 In Conparative Exanple 5, since the
nugget pitch exceeded 1.8 nm non-weld zones remai ned between nugget
pitches, and as a result, an appropriate wel ding strength could not be

obt ai ned. FiMYRFEage: §Hldi hs tahgré’ Brance, heterogeneous di scoloration

ﬁ: gener at ed. 2q]nder slu'?:hoo gg%@%}nls)égngég?pl §n6’ins\lr§scteig§aq:eior}1u9%%[s pi tch

conducted aiming to reduce the current density at the

wire/sheet interface. As a result, the following was found

5 to be effective for reducing the current density at the

wire/sheet interface: A wire is used in which the external

shape at the site in contact with the steel sheet has a linear

portion in view of the width direction of the weld zone,

namely, a wire is used in which the site in contact with

10 the steel sheet is linear in view of the width direction
of the weld zone.

If a wire in which the site in contact with the steel

sheet is linear as described above is used for welding a

tin plate or an edge-cleaned tin free steel sheet having

15 a low contact resistance, an extremely large electric

current is required since the current pathway becomes wide.

As a result, problems occur, such as the necessity for a

power source exceeding the capacity of the welding machine,

and appearance deterioration due to unnecessary enlargement

20 of the portion burned by welding. In contrast, in the case

of welding a material having a high contact resistance, such

as a non-polished tin free steel sheet, owing to the surface

resistance of the sheet, excessive extension of the current

pathway on the sheet/sheet interface does not occur even

25 if a wire in which the site in contact with the steel sheet



38 less than 0.6 mm heat was ununiformy generated, and splash readily
occurred. Further, regarding the appearance, heterogeneous discoloration
was generated. In Conparative Exanple 9, a wire whose external shape 5 at
the site in contact with the steel sheet was an arc in view of the width

| ength of the weld zone was used as the wire on the el ectrode for the inner
side of the can body, and a wire whose external shape at the site in
contact with the steel sheet had a lin&ar portion in view of the width 10
direction of the weld zone was used as the wire on the el ectrode for the
outer side of the can body. In this conparative exanple, since the tendency
towar ds an excessive anount of heat being generated on the inner side of

t he can bod;iﬁ/\/dé-nﬁé@eﬂéré?%@ri%da&ﬁﬂ‘tﬂ)risaﬂé‘eﬂG:R Bexithens sigicepdhebt ai ned.

I ncidental ly, in Conventional Exanp Wi re-seam wel din erfor med at
a sl ow wel di¥iFesgécBiagel by b i rﬂlﬁnaraﬁ'&nitﬁf% Bk Ehpthe ngﬁ?f}l eefat an

el ectrolyti %&H ¥he pressure is thereby uniformly applied, the area for

current application is more enlarged as compared with an

5 arc-shaped wire, and generation of splash on the wire/sheet
interface is inhibited.

In the case of wire-seam-welding a material having a
high contact resistance, such as a tin free steel sheet,
the width of the nuggets formed is shorter than in the cases

10 of a material having a low contact resistance, such as a
tin plate. Because of this, if the length L of the
above-described linear portion of the wire, the portion
being linear in view of the width direction of the weld zone,
is 1.0 or less times the thickness of the steel sheet, the

15 width of the nuggets formed is short, and a welding strength
necessary for a can in practical use cannot be sufficiently
achieved. If the length L of the linear portion is long,
the width of the nuggets becomes long, and a satisfactory
welding strength can be stably obtained even when the

20 conditions for welding are varied. In particular, since
the widths for current application are short in materials
having high contact resistances, it is significant to make
the width of the nugget long. Meanwhile, a length L of the
above-described linear portion that is more than 4.0 times

25 the thickness of the steel sheet is unsuitable, since the



chromate-treated steel sheet can be wel ded wi t hout edge 20 cleaning in such
a case of a slow welding speed even with a conventional technique,
t ke appearance was affected by heterogeneous discoloration. 25 39 [err]

40 [err]

10

15

20

25

[err]
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effect of enlarging the nugget width is already saturated,

al t hough

and in addition, the applied pressure and electric current _

necessary for welding wastefully increase.

Accordingly, in the welding method of the Embodiment
3, each of the wires on the electrodes used for the inner
side of the can body and for the outer side of the can body
is specifjed such that its external shape at the site in
contact with a tin fi‘ee steel sheet to be welded has a linear
portion in view of the width direction of the weld zone,
the linear portion having a length of 1.0 to 4.0 times the
thickness of the tin free steel sheet to be welded. Further,
the overlapping width W (mm) in the weld zone of the tin
free steel sheet as the subject of welding is specified such
that it satisfies L = W < L + 1.5 in the relation with the

length L of the above-~described linear portion of the wire.

Fig. 6 is a sectional view of a weld zone showing a
state of welding according to Embodiment 3. 1 is a wire
electrode for the inner side of the can body (upper welding
electrode roller), 2 is a wire electrode for the outer side
of the can body (lower electrode roll), and the external
shape of each of the aforementioned wire electrodes 1 and
2 at the site which should be in contact with the steel sheet
has a linear portion 3 which is linear in view of the width

direction of the weld zone.



[err]
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20
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[err] [err] [err]
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Incidentally, for comparison, Fig. 3 shows a state of
welding (a section of a wéld zone) according to a
conventional method. In Fig. 3, 5 is a wire electrode for
the inner side of the can body (on an upper welding electrode
roller), 6 is a wire electrode for the outer side of the
can body (on a lower electrode roller}, and the external
shape of each of these wires 5 and 6 at the site which should
be in contact with the steel sheet is an arc in view of the
width direction of the weld zone.

Further, each of the edges of the above-described
linear portion of the wire, the portion being linear in view
of the width direction of the weld zone, preferably has an
arc portion (convex arc portion) such as a circular arc
portion. Fig. 7 is a sectional view of a weld zone in an
example of a state of welding according to the Embodiment
3 using wires having such arc portions, and 4 indicates arc
portions formed at the edges of the linear portion 3 of each
of the wire electrodes 1 and 2. Unless the wire electrode
1 has such arc portions 4, the edge portion of a welding
bead may be damaged in the case, for example, that the
vertical axes of the upper and lower electrode rollers are
deviated, and a crack may be generated from such a damaged
portion in the step of, for example, forming flanges after
welding. In particular, when the tin free steel sheet is

a thin material having a thickness of 0.5 mm or less, such



[érr] [err] 48 EMBODI MENT 3 An investigation was conducted on an
overlapping width 5 of the steel sheet which is optimum for inhibiting
spl ash on the sheet/sheet interface when a tin free steel sheet is wel ded
at a high speed without edge cleaning. As a result, it has been concl uded
that the overlapping width of the steel sheet should be equal to or |onger
than the contact width 10 of the wire/sheet interface along the wdth of
the weld zone in order to inhibit splash while avoiding nashing of the
sheet/sheet interface. Wen, however, the overl apping

a crack is readily generated, and therefore, both the edges

of the linear portion 3 should preferably be formed into

arc portidns 4. Additionally, the radius R of curvature

of each arc portion should preferably be 0.1 mm or longer

5 in order to obtain the above-described effects.

A tin free steel sheet has a coating film on its steel
sheet surface, the coating film principally consisting of
ametallic chromium layer and a chromium hydrate oxide layer

10 thereon, and the high-speed non-edge cleaning weldability
of such a tin free steel sheet as a material principally
depends on the coating weight of the chromium hydrate oxide
and the total chromium coating weight in the surface layers.

In welding, the process in which the steel sheet is caught

15 Dbetween the electrodes, the insulating coating £ilm as the
surface layers are decomposed, and the current application
is started requires a time period depending on the amount
of the insulating coating film. Further, since chromium
is a refractory metal, its amount slightly influences the

20 weldability. From this point of view, in high-speed
welding at 15 m/min. or higher, there is an upper limit with
respect to the amount of the adhering coating £ilm, up to
which welding is possible.

More specifically, high-speed non-edge cleaning

25 welding requires that the total coating weight of the



w dth of the steel sheet is |onger than the contact width of the wire/sheet
interface by 1.5 mmor nore, repair of 15 the weld zone becones difficult
si.nce probl ens occur, such as a warp at the edge portions of the steel
sheet. Fromthis point of view, it is not suitable to nmake the overl appi ng
wi dth of the steel sheet longer by 1.5 nmor nore than the contact w dth of
the wire/sheet interface. 20 Here, when the overlapping width of the
steel sheet is, as described above, madé to be equal to or longer than the
contact width of the wire/sheet interface along the width of the weld zone,
reduction of the quantity of the electricity applied onto the w re/sheet

interface will be 25 difficult, and excessiye heat generation at the
wi r e/ sheet °°ﬁ§i’i‘91tfé11f“ai% WIS 9 Iaeﬁ?%ﬂ‘érﬁ\i’q?ﬁﬂé?“ gEEFla!:i Whces, an

' nvestigati Oanmom@r?t) be 250 mg/m® or less for each surface of the steel

sheet, and the coating weight of the chromium hydrate oxide

layer in terms of metallic chromium be 15 mg/m® or less for

5 each surface of the steel sheet. When the amounts exceed

the upper limits, there is no acceptable current range for
welding regardless of the conditions for welding.

Further, the corrosion resistance of the repaired weld

zone cannot be secured if the total coating weight of the

10 coating film in terms of metallic chromium (total chromium
amount) is less than 30 mg/m* for each surface of the steel
sheet, or the coating weight of the chromium hydrate oxide
layer in terms of metallic chromium is less than 0.5 mg/m?
for each surface of the steel sheet.

15 Accordingly, the tin free steel sheet used in the
present invention is specified such that the total coating
welight of the coating film in terms of metallic chromium
(total chromium amount) is 30 to 250 mg/m® for each surface
of the steel sheet, and the coating weight of the chromium

20 hydrate oxide layer in terms of metallic chromium is 0.5
to 15 mg/m®* for each surface of the steel sheet.

The sectional area of each of the wires used for the
inner side of the can body and for the outer side of the
can body (the area of a section perpendicular to the

25 longitudinal direction of the wire) is 0.5 to 3.0 mm*. With



conduct ed ai ni ng to reduce the current density at the wire/sheet interface.
As a result, the followng was found 5 to be effective for reducing the
cwrent density at the wire/sheet interface: Awre is used in which the
external shape at the site in contact with the steel sheet has a linear
portion in view of the width direction of the weld zone, nanely, a wire is
used in which the site in contact with 10 the steel sheet is linear in view
of the width direction of the weld zoné&5 If a wire in which the site in
contact with the steel sheet is |inear as described above is used for
welding a tin plate or an edge-cleaned tin free steel sheet having 15 a | ow

contact resistance, an extrenely large electric currenf is required since
the current %acteﬁ%gfnﬂgcﬁﬁﬁi‘ of & 9%!!‘%‘59 &S| Fl}a‘broo@’@ﬁ}s« sbethemmath as the
necessity for_a ppwer, squrce exceedi ng fhe cgpacity_of. the welding machine,
and appear an€ %‘gfﬂll(ﬁ |°oﬁmﬁﬁg ‘F% *ﬂﬁ#e‘c"eiseé% ERPar REASHTHFRACY he I
portion bur di ng. r i he case of .welding a teria
havi ng a hi S%Sj%% ga}% I‘g‘gll E]ltl%r?%g{é&s%%éld' Wg‘th a séctional area Og eacrﬂa

wire more than 3.0 mm*, the cooling effect is saturated in

5 view of heat conduction, and in addition, the cost
efficiency is lowered since an expensive copper wire
material is wastefully used. Incidentally, the wires
should preferably contain copper as a principal ingredient
in view of heat conductivity.

10
Meanwhile, in the Embodiment 3, the sectional shape
of each of the wires used on the electrodes for the inner
side of the can body and for the outer side of the can body
can be arbitrarily selected so long as the above-described
15 specifications are satisfied. For example, the sectional
shapes (shapes of sections each being perpendicular to the
longitudinal direction of a wire) shown in Fig. 8 may be
adopted. Among them, (a) and (b) are modified examples of
the sectional shape of the wire shown in Fig. 6 mentioned
20 above, and {(c¢) and (d) are modified examples of the sectional
shape of the wire shown in Fig. 7 mentioned above.
In the case of welding a material having a low contact
resistance, such as a tin plate or an edge-cleaned tin free
steel sheet, under the welding conditions of the Embodiment

25 3, the appearance may be damaged since the nugget width may



as a non-polished tin free steel sheet, owing to the surface resistance of
the sheet, excessive extension of the current pathway on the sheet/sheet
interface does not occur even 25 if a wire in which the site in contact
with the steel sheet 50 is linear as described above is used. Further,
since the wire is made to be in planar contact with the steel sheet and the
pressure is thereby uniformy applied, the area for current application is
more enlarged as conpared with an 5 ar%-shaped wire, and generation of
splash on the wire/sheet interface is inhibited. In the case of

W re- sean}melding a material having a high contact resistance, such as a

UM G RTECLE- QO R LSRN AT LG R
plate. Bex%ggﬁingfméjp 'be’ exceghgvefyg.{abré‘e %nd wglding may rarely be
completed since an extremely large amount of electric
current is required. Accordingly, in the practice of the
5 wire-seam-welding method of the Embodiment 3 while using
a preexisting welding machine, in consideration of the fact
that the welding of tin plate and the welding of an
edge-cleaned material derived from a tin free steel sheet
may be performed using an identical welding machine in view
10 of operability, a plurality of different wire-~forming rolls
should preferably be disposed just before each of both the
electrode for the inner side of the can body and the
electrode for the outer side of the can body in order to
achieve wire exchange as the occasion demands.
15 Altermatively, a forming roll having a plurality of grooves
may preferably be disposed just before each of both the
electrode for the inner side of the can body and the

electrode for the outer side of the can body.

20 Example

Wire-seam-welding for can bodies was performed using
non-edge-cleaned tin free steel sheets and a tin plate, and
a Fuji-Welder-type welding machine which achieved an
overlapping width of the steel sheet longer than the width

25 of the welding wires. In this example, 4 to 100 cans were



above-described linear portion of the wire, the portion being linear in
view of the width direction of the weld zone, is 1.0 or less tines the

t hi ckness of the steel sheet, the 15 width of the nuggets forned is short,
and a wel ding strength necessary for a can in practical use cannot be
sufficiently achieved. If the length L of the |inear portion is long, the
wi dth of the nuggets becones |ong, and a satisfactory welding strength can
be stably obtained even when the 20 coaditions for welding are varied. In
particular, since the widths for current application are short in nmaterials
havi ng hi gh contact resistances, it is significant to nake the width of the
nugget |long. Meanwhile, a length L of the above-described |inear portion
that is nordamiactured eeatinuonslyhatkaecwelding hereedof sibdio 39

unsui tabl e, since the 51 effect of enlarging the nugget width is already
sat ur at ed, m/min., and existence of an acceptable current range for

welding (ACR) and corrosion resistance of the obtained can
bodies were evaluated. Incidentally, in the evaluation of

5 the cans, the first can and the last can (the initially
manufactured can and the finally manufactured can in the
continuous process of manufacturing can bodies)
manufactured with unstable electric currents were
eliminated from the evaluation subjects.

10 Regarding each of the wire electrodes, a plurality of
grooves were provided in the wire-forming rolil in a position
just preceding the position where the wire is fed to the
electrode such that a desired wire sectional shape could
be obtained. Fig. 9 shows the sectional shapes of the wires

15 used in this embodiment (each being the shape of a section
perpendicular to the longitudinal direction of the wire).

Among them, A is a wire having a sectional shape adopted
in a conventional method, and B and C are wires each having
a sectional shape adopted in the method of the Embodiment

20 3. In Examples according to the Embodiment 3, those wires
A to C were used in tﬁe combinations shown in Fig. 6 and
Fig. 7.

The ACR was defined to be an electric current range
between the lower-limit current value below which an

25 appropriate welding strength could not be obtained, and the



and in addition, the applied pressure and electric current necessary for
wel ding wastefully increase. Accordingly, in the welding nethod of the
Enbodi nrent 5 3, each of the wires on the el ectrodes used for the inner side
of the can body and for the outer side of the can body is specified such
that its external shape at the site in contact wwth a tin free steel sheet
to be welded has a linear portion in view of the wdth direction of the
wel d zone, 10 the linear portion havieg a length of 1.0 to 4.0 tines the
t hi ckness of the tin free steel sheet to be welded. Further, the
overlapping width W(m) in the weld zone of the tin free steel sheet as
the subject of welding is specified such that it satisfies L [err] W< L +
1.5 in the ragR8Y 'dr?—%gq furgent salagahoveothidie hepdveas estessddelliynear
portion of the wre. 6 is a sectional view of a weld zone showi ng a
state of wel9fRfRFaEDr d'ﬁhg %W@m’@dﬂ%ﬁurgent vas gxpniaed byta dearf or t he

I nner side qf the ¢ ody Id|n electrode roller), 2 is a
wire el ectrod®or a‘ﬂé&tﬁj p%péé' @é‘ﬁ Wa§, eMegidede basedo®R rol | ),
and the ext %ﬂ@her splash or splash had occurred. The results were

5 evaluated as follows.
O: There was a sufficient acceptable current range
for welding.
A There was an acceptable current range for welding,
though it was narrow.
10 X: There was no acceptable current range for

welding.

Meanwhile, as to corrosion resistance, containers
were manufactured from the can bodies other than the first
15 can and the last can, an agueous content was packed in each
of the containers and stored for 3 months at room temperature,
and the state of corrosion in the repaired welded-potion
was evaluated as follows.
(O: No corrosion.
20 X: Corrosion was observed.

Incidentally, | in the examples without acceptable
current ranges for welding, corrosion resistance could not
be evaluated since cans could not substantially be
manufactured.

25 The results of evaluations of ACR and corrosion



shape of each of the aforenentioned wire electrodes 1 and 2 at the site

whi ch should be in contact with the steel sheet has a |inear portion 3
which is linear in view of the width 25 direction of the weld zone. 52
Incidentally, for conparison, Fig. 3 shows a state of welding (a section of
a weld zone) according to a conventional nethod. In Fig. 3, 5is a wre

el ectrode for the inner side of the can body (on an upper wel ding el ectrode
5 roller), 6 is awre electrode for ¥he outer side of the can body (on a
| ower el ectrode roller), and the external shape of each of these wires 5
and 6 at the site which should be in contact wth the steel sheet is an arc

in view of the width direction of t | d zope. 10 . Furt her, each of
the edges. off SBHS LAEGSAT SEPRBCLR IRRLEF Tobp @ BRoePieR ¥ty B tRBeRor 1 on
being li nearof I%h\é' xen\évterial steel sheets and the welding conditions.

Referring to Tables 15 to 20, in each of Examples
5 according to the Embodiment 3, there was a sﬁfficient
acceptable current range for welding, and the manufactured
can bodies had superior corrosion resistance.
In contrast, in each of Comparative Examples 4 and 5,
where a wire (Wire A) whose external shape at the site in
10 contact with the steel sheet was an arc in view of the width
direction of the weld zone was used on each of both the
electrode for the inner side of the can body and the
electrode for the outer side of the can body, an ACR could
not be appropriately obtained since an excessive amount of
15 heat was generated at the wire/sheet interface.
Further, in each of Comparative Examples 1 to 3 and
6 to 10, where a wire whose external shape at the site in
contact with the steel sheet had a linear portion in view
of the width direction of the weld zone was used as each
20 of the wires on the electrodes for the inner side of the
can body and for the outer side of the can body, the effects
of the present invention were not sufficiently achieved
since other specifications did not satisfy the ranges
according to the present invention.

25 Among them, Comparative Example 2 was inferior in



of the width direction of the weld zone, preferably has an arc portion
(convex arc portion) such as a circular arc portion. Fig. 7 is a sectional
view of a weld zone in an 15 exanple of a state of welding according to
t he Enbodi nent 3 using wires having such arc portions, and 4 indicates arc
portions formed at the edges of the linear portion 3 of each of the wire
el ectrodes 1 and 2. Unless the wire electrode 1 has such arc portions 4,
the edge portion of a welding 20 beadsoray be damaged in the case, for
exanple, that the vertical axes of the upper and | ower electrode rollers
are deviated, and a crack nmay be generated from such a damaged portion in
the step of, for exanple, formng flanges after welding. In particular,
when the ti FOEFOSionc@esiméances sipcg then nededionshipybegweenhitbeness of
0.5 mMmor |ess, such 53 a crack is readily generated, and therefore,
bot h t he ed&@ggth L (mm) of the linear portidn of each wire and the
overlapping width W (mm) of the steel sheet was W> L + 1.5,
separation occurred in the edge portions of the weld zone
5 of the steel sheet, and there was a problem with sealing
properties in the weld zone.
In each of Comparative Examples 1 and 3, since the
sectional area of each wire was less than 0.5 mm?, the ability
to cool the wire/sheet interfaces was insufficient, and
10 splash were generated. Due to this, an appropriate ACR
could not be obtained. Additionally, in Comparative
Example 3, the length L of the linear portion of each wire
was less than 1.0 time the thickness of the steel sheet,
awelding strength necessary for a can in practical use could
15 not be achieved. Further, in Comparative Example 3, the
relationship between the length L (mm) of the linear portion
of each wire and the overlapping width W (mm) of the steel
sheet was W > L. + 1.5, which was out of the range according
to the present invention.
20
In each of Comparative Examples 6 and 7, both the amount
of chromium hydrate oxide and the amount of metallic
chromium (total chromium amount) in the tin free steel sheet
exceeded the upper 1limits specified in the present invention,

25 and therefore, an appropriate ACR could not be obtained.



of the linear portion 3 should preferably be fornmed into arc portions 4.
Additionally, the radius R of curvature of each arc portion should
preferably be 0.1 nmor longer 5 in order to obtain the above-descri bed
effects. Atin free steel sheet has a coating filmon its steel sheet
surface, the coating filmprincipally consisting of a netallic chrom um

| ayer and a chrom um hydrate oxide | ayer 10 thereon, and the high-speed
non- edge cl eaning weldability of such @ tin free steel sheet as a naterial
principally depends on the coating weight of the chrom um hydrate oxide and
the total chrom umcoating weight in the surface layers. In welding, the
process in which the steel sheet is caught 15 between the electrodes, the

i nsul ating cY8RPRELEEr ih&arheok GompaEy éi”@r%x%ﬁ‘%l%@oﬁ’b‘és"&} siRget he
Count of "¢ RELERER the ARREE, P AT Ay EFEFe T dR B R AROPSta
refractory (gt %?iifc gﬁgﬂﬂiﬁﬁlgﬂhtqpct ghpéxjfl%@ﬁ%ﬁl%uhﬁ :ﬁr? th‘éﬁl:ﬂiazb. eét y.

Fromthis poin VI ew, g at | gher,
there is angyppgr dddd Middhed the lower limits specified in the

5 present invention, corrosion resistance was inferior.
Further, in Comparative Example 9, although a tin plate
was welded under the welding conditions specified in the
present invention, an appropriate ACR could not be obtained
in contrast to Examples according to the present invention
10 in which non-polished tin free steel sheets were the
subjects.
Incidentally, in Conventional Example, wire-seam-
welding was performed at a slow welding speed below 15 m/min. .
and this example revealed that a tin free steel sheet can
15 be welded without edge cleaning in such a case of a slow

welding speed even with a conventional technique.

20

25



respect to the anount of the adhering coating film up to which welding is
possi bl e. Mre specifically, high- §|2eed non- edge cl eani ng 25 wel di ng
requires that the total coating weight of the 54 coating filmin terns
of nmetallic chromum (total chrom um anount) be 250 ng/nferr] or less for
each surface of the steel sheet, and the coating weight of the chrom um
hydrate oxide layer in terns of nmetallic chromumbe 15 ng/nferr] or |ess
for 5ganh gurface of the steel sheet. \Wen the anounts exceed the upper
limts, there is no acceptable current range for welding regardl ess of the

condi ‘-r—tm?-f-m-—wet tHng—Furtirerp =t i 1= el e

wel d zone,gcannot %gl gsﬁurte@ I%nﬁ&‘%&n %g 1§§§WF Eb %1 Y \J% tﬁ

filmin t&°s of i PE ¢RF lf f’?ﬁ gTe

ng/ nerr] for each surface of t he j/mz) *9 (glmz)_
Example 1 | Non-Cleaned TFS 100 5 0
Example 2 | Non-Cleaned TFS 100 5 0
Example 3 | Non-Cleaned TFS 100 5 0
Example 4 | Non-Cleaned TFS 100 5 0
Example 5 | Non-Cleaned TFS 100 5 0
Example 6 | Non-Cleaned TFS 100 5 0
Example 7 | Non-Cleaned TFS 100 5 0
Example 8 | Non-Cleaned TFS 100 5 0
Example 9 | Non-Cleaned TFS 100 5 0
Example 10 ] Non-Cleaned TFS 100 5 0

*1 Coating Weight of total chrominm in the coating film.
*2 Coating Weight in terms of metallic chromium.
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capacity is too small to sufficientlg cool the wire/sheet interface. On the
ot her hand, with a sectional area of "éach wire nore than 3.0 nmmjerr], the
cooling effect is saturated in 5 view of heat conduction, and in addition,
the cost efficiency is |lowered since an expensive copper wire material is
wasteful |y used. Incidentally, the wires should preferably contain copper
as a principal ingredient in view of heat conductivity. 10 Meanwhile, in
the Efqed ggnt 3, the sectional shape of each of the wires used on the

el ectrodes for the inner side of the can body and for the outer side of the

can b GL)F cat—be arblflaHlT set 7O the—abayerdeser S prran srw e
speci fi catj ons arsﬁ #‘ tf] t 11? flrng I%E"ra“geé (#?i %g f
Spect | Calons Bt Eshal vk, [ikatic 4 ri h‘le MRUE BITRLs Jof WRigRt 8l
shown|in Fig. 8/my be adopt ed. AmSH‘& and(élg 188 o nodilf i eq >0
exanpf-es—ef—thetseeti-enal—shapg—ef—t-he—wire—shpwi—F renti-oncd By
above|Exawiplec] 1 MNbn( Gleaared 'BESl fied et@@pl es of the secbi onal 0
Example 12 { Non-Cleaned TFS 100 5 0
Example 13 | Non-Cleaned TFS 100 5 0
Example 14 | Non-Cleaned TFS 100 5 0
Example 15| Non-Cleaned TFS 100 5 0
Example 16 | Non-Cleaned TFS 32 15 0
Example 17} Non-Cleaned TFS 245 1 0
Example 18 { Non-Cleaned TFS 80 i0 0
Example 19 | Non-Cleaned TFS 80 4 0

*1 Coating Weight of total chromium in the coating film.
*2 Coating Weight of adhesion in terms of metallic chromium.
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In the case of welding a

such as atin plate or an

under the wel ding conditions of the

7 nmenti oned above.

shape of the wire shown in Fig.

resi sttdnce,

sheet
t he appearance may be damaged since the nugget w dth may

or the load to the power source of the wel ding nmachi ne may

havi ng a | ow cont act

mat eri al

be excessively large and welding may rarely be conpleted since an extrenely

edge-cl eaned tin free steel

Enbodi nent 25 3,
56 be too | ong,

[
o oO._
(&) C -
w T ®©C
-
Ss280n
o oo o C
ece _£0 g JuewITpoquy oY} Jo 2doos oYy JO JNO ale SIN[EA [EIIWNU PUe SUSLS pourIopuUn oYy, 3
~5._92 £ 5 *9U0Z P[oM Y} JO WOTIOAATP YIPIA o) JO MaTA Ut xwauy| Sureq woryrod xeaur] oy}
S 1By e o yyram pejouzuos oyts oxp ut woryxod Tesur] oY) Jo suorod PUe Yjoq UT pewLIoy suoptod dI8 0Y3 JO SINJBAIND JO Y SMIPBI AL, P
_— *+ $Lubnyrod aeeury oy Jo 17 y33us] oY) sTenbs 41 ‘oU0Z pros S} JO UOTIISIIP YIPIA S1} JO MITA UY worytod Jesur] © SBY J9oYs [9998 oY) YILM

25 perthto oys o1y ut adeys [BUI0IXD 8,02TM O} JBY) 9580 83 U) 199YS [39)S OY) YIIA JOBJUOO UL ST OXLM SU) STOYM 9318 5Y3 JO [IPIM 8T, €,
2 o ,m 0 m o °q ‘81,1 ur umoys sadeys [eu0As SUTARY ) 03 YV SOATAL Ty
5 o o = W "6T S1qe], UI Paqrossp Ff 03 V §199Ys [90]8 PoyBax}-9)smIoIyo A[[edrA[01)00[o o], T«
o o tJMm.C _
R59cd5 0 8T 2€°0 83 9'1 - 01 01 q q 61 epdmrexy
EEBHIL O 81 2€'0 Q1 9'1 - 0’1 0’1 q q g1 eydurexy
Ew ___r.l e —
MLW ®ocads O 81 [4Y g1 91 - 01 0’1 dq q LT ardurexy
Wt.®m mfm O 8’1 38’0 GI 9’1 - 0’1 0’1 d d 91 erdurexy
% © @ e m W, O g1 Ge'0 G1 ral | I'0 L0 80 D 9) g1 opdwmexy

0..Q.C
L 28 g3 O 81 3870 0z 9'1 10 6'0 1 0 0 71 ordwexy
P E€p°820 81 28°0 02 9’1 10 60 | 11 0 0 e1 erdmexy
EogeT
L < m..m gcO 81 30 (43 91 - 01 01 q 2 51 odwexyy
) g -
m mw % M m W ° {urur) (war) ( w:“v : F4 OQ“EQ L« [«

- - oWy ) ¥ £, (W) * (ww) | spog uep yo | £pog uen jo
Q@w@mmym SHOV 10948 1o01s Auﬁa\m PUM | yespy | 2 kg jo | opig aauup | epis aaing ‘oN
e 9 9015 JO YIPLM | [P9I§ 30 ol Jo waay sary | o WP | 20 sa1p 203 o1 gL

R guiddejisap SSaUNOIY L [Buo13dag 3083IU0Y) : 0 adiy, 10 0dA],
S o W S Q <4
e 05° 81 °1q®.L
S o  w
> cC @®© m (@]
m To RSN °
o m nhu c ._& —
DCc o o=
= 000




shoul d preferably be disposed just before each of both the el ectrode for
the inner side of the can body and thggl ectrode for the outer side of the

can body in order to achieve
15 Alternatively,

Wi
a formng rol

re

exchange

as the

occasi on

denmands.

| having a plurality of grooves may
preferably be disposed just before each of both the electrode for the inner
side of the can body and the electrode for the outer side of the can body.
20 Examgbfe YYre-seamwel ding for can bodies was perfornmed using
non- edge-cl eaned tin free steel sheets and a tin plate, and a

FUj i - \\etder -tyPC wet-ch g e el ft egran—oyert 19 Hethof —the
steel fsheef | onggr tthftg the#/vi gt ?%e??l%? 8B4 SF g aﬁcﬁgﬁfé}f i ls gg?ﬁ%r%
4 to 100 cARs wereSteel Sheqtlised - 3(&:3}1% gﬁb‘b’ﬂn 5°fm’8'x§§e|y “RY spe CF1'§m iy
to 30 . (mg/m?) *2 (g/m?)
Comparative| \yo\ Gleaned TFS 100 5 0
Example 1
Comparative| (., Gleaned TFS 100 5 0
Example 2
Comparative Non-Cleaned TFS " 100 5 0
Example 3
Comparative| n., Gleaned TFS 100 5 °
Example 4
Comparative| y \\ (leaned TFS 100 5 0
Example §
Comparative| \ro\ Cleaned TFS 100 17 0
Example 6
Comparative| \o\ cleaned TFS 260 12 0
Example 7 -
Comparative| n \\ ciegned TFS 100 0.2 0
Example 8
Comparative| \; Gleaned TFS 0 5 2.8
Example 9
Comparative Non-Cleaned TFS 27 2 0
Example 10
Convention- |\, Cleaned TFS 100 5 0
al Example

*]1 Coating Weight of total chromium in the coating film.

*2 Coating Weight in terms of metallic chromium.




mmn., and existence of an acceptable cyrrent range for wel ding (ACR) and
corrosi on resistance of the obtained cdn’/bodi es were eval uat ed.
Incidentally, in the evaluation of 5 the cans, the first can and the |ast
can (the initially manufactured can and the finally manufactured can in the
continuous process of manufacturing can bodies) manufactured with
unstable electric currents were elimnated fromthe eval uati on subjects. 10

£ -

Regar di ng each the—wre gteptTypdes,—a piurgtTty U[f—g“ooves wer e provided
inthe wire-forfm g rjol I|{ i nj a Bos'ti%njust prlecegdi ng the positign where
the wire is fed t¢dhe.el gctr.ofe such that |axdesijred wfe sggtiopal shape
coul d be obtaineds #Fijg. 9 showF t he $ecti onal jshapes| of| the ®ixed 15 used
in this enbodi ment S dach| bei nglthe shapé ofl alsedtion perpendiguiar to the
| ongi t udi nal directiﬂn orf the Wre). |Anong thﬁm A il a| wireSHRvieng a
sectional shapd addptled i o pxcprvent il cnalx meyHod, @ndoB and %@rﬁ W res
each having a ﬁect’ronal Shape adopt ecﬁ i n the method jof | he ®dfment 20
3. | n Exanpl eg—aceording—+p—the—trbodi-reny—3—t —wY es ,g,ﬁ‘é
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Ato C were used in the conbinations shown in Fig. 6 and Fig. 7. The ACR
was defined to be an electric current range between the lower-limt current
val ue bel ow whi ch an 25 appropriate wel ding strength could not be obtained,
and the upper-limt current val ue above which heat was excessively
generated. The lower-limt current was exam ned by a tear test, and the
upper-limt current was exam ned based on whet her splash or splash had
occurred. The results were 5 eval uatedf®s follows. [err]: There was a
sufficient acceptable current range for welding. [err]: There was an
acceptabl e current range for welding, though it was narrow. 10 X:
There was no acceptable current range for wel ding.

EMBODIMENT 4
Embodiment 4 satisfies the following requirements:

5 (a) The Embodiment 4 is a method for wire-seam-welding
two overlapping edges of a tin free steel sheet at a wire
feeding speed of at least 15 m/min. without cleaning the
edges, thereby manufacturing a can body. Said tin free steel
sheet comprises a steel sheet and a coating f£ilm, said

10 coating film having a metallic chromium layer on the steel
sheet and a chromium hydrate oxide layer on the metallic
chromium layer. The total coating weight of said coating
film is 30 to 250 mg/m® for each surface of the steel sheet
in terms of metallic chromium, and the coating weight of

15 said chromium hydrate oxide is 0.5 to 15 mg/m* for each
surface of the steel sheet in terms of metallic chromium.

{b) A £first wire electrode is used inside the can body
and a second wire electrode is used outside the can body.
The first wire electrode and the second wire electrode have

20 sectional areas of 0.5 to 3.0 mm’ perpendicular to the
longitudinal direction of the can body. The first wire
electrode and the second wire electrode have 1linear portions
in contact with said tin free steel sheet to be welded
relative to the width direction of the weld zone, said linear

25 portion having a length of 1.0 to 4.0 times the thickness



Meanwhi | e, as to corrosion resistance, containers were manufactured from
the can-sbodi es other than the first 15 can and the |ast can, an aqueous
content was packed in each of the containers and stored for 3 nonths at
roomtenperature, and the state of corrosion in the repaired wel ded-potion
was evaluated as follows. [err]: No corrosion. 20 X: Corrosion was
observed. Incidentally, in the exanples w thout acceptable current ranges
for wel ding, corrosion resistance coul 89not be eval uated since cans could
not substantially be manufactured. 25 The results of eval uations of
ACR and corrosion 59 resistance are shown in Tables 1 to 6 together with

the types of the naterial steel sheets and the wel ding conditions.
of said tin free steel sheet to be welded.

(c) L=W<L+1.51s satisfied in the relationship
between the overlapping width W (mm) of said tin free steel
sheet to be welded and the length L (mm) of said linear

5 portions of said first wire electrode and said second wire
electrode.

{d) A pressure of 30 to 150 kgf is applied between the
first wire electrode and the second wire electrode and a
nugget pitch is 0.6 to 1.8 mm in the welded zone.

10
The nugget pitch is an important factor which
influences the airtightness of the container. In a
material having a low contact resistance and a satisfactory
pressure adhesion, such as a tin plate or aNedge-cleaned
15 tin free steel sheet, since the current application can be
started even if the applied pressure is low, the area where
heat is generated by the current application is wide, and
the range of the applicable nugget pitch for welding can
be made large, for example, 2 mm or more. Further, since
20 the time from when the steel sheet is caught between the
electrodes up to the start of the current application is
short, the nugget pitch can also be made short.
In contrast, in the case of welding a material having
a high contact resistance, such as a tin free steel sheet,

25 without edge cleaning, since the current application can



Referring to Tables 15 to 20, in each of Exanples 5 according to the
Enbodinent 3 , there was a sufficient acceptable current range for wel ding,
ard the manufactured can bodi es had superior corrosion resistance. In
contrast, in each of Conparative Exanples 4 and 5, where a wire (Wre A)
whose external shape at the site in 10 contact with the steel sheet was an
arc in view of the width direction of the weld zone was used on each of
both the electrode for the inner side agb the can body and the el ectrode for
the outer side of the can body, an ACR could not be appropriately obtained
since an excessive anmount of 15 heat was generated at the w re/sheet
interface. Further, in each of Conparative Exanples 1 to 3 and 6 to 10,
where a W rebmt@ﬁt ent¥|whamtbeapphied pressnreats adighyi the tareast eel
sheet had a |inear portion in view of the wwdth direction of the weld zone
was used as %Pﬁea'éfiscﬂ%n%?%%d by theccureent appidicationd.s mawsrow, de of

the can body (?d for the g.aé: I de of the can body, the effects of the
present inveMiy &P FEPEORE F%ﬂ}[‘?‘}e%ﬁ:rﬁ% be obtained with a

nugget pitch longer than 1.8 mm since unheated portions
5 ©remain. Further, since the time from when the steel sheet

is caught between the electrodes up to the start of the
current application is long, the acceptable current range
for welding becomes narrow with a nugget pitch less than
0.6 mm, and appropriate welding conditions cannot be

10 obtained even if the shapes of the wires and the amount of
the adhering coating film are optimized.

In a material having a high contact resistance, such
as a tin free steel sheet, decomposition of the coating £ilm
and pressure adhesion are accelerated by increasing the

15 pressure loaded onto the upper and lower electrodes, and
the current pathway can be stably secured and the welding
strength can be improved. Even if the shapes of the wires
and the amount of the adhering coating f£ilm are optimized,
since pressure adhesion is insufficient when the pressure

20 loaded between the upper and lower electrodes is less than
30 kgf, an appropriate ACR cannot be obtained, and a
sufficient welding strength cannot also be obtained.
Meanwhile, when the pressure loaded onto the upper and lower
electrodes exceeds 150 kgf, the steel sheet cannot be caught

25 smoothly between the electrodes, and an excessive amount



since other specifications did not satisfy the ranges according to the
present invention. 25 Anmong them Conparative Exanple 2 was inferior
i 60 corrosion resistance since the relationship between the length L
(m) of the linear portion of each wire and the overlapping width W(m) of
the steel sheet was W> L + 1.5, separation occurred in the edge portions
of the weld zone 5 of the steel sheet, and there was a problemw th sealing
properties in the weld zone. In each d1 Conparative Exanples 1 and 3, since
the sectional area of each wire was less than 0.5 njerr], the ability to
cool the wire/sheet interfaces was insufficient, and 10 splash were
generated. Due to this, an appropriate ACR could not be obtai ned.

Addi ti onal | §f heat dengenenafedeainphe beading edan mrd Shet kerpinahr portion

f h wir
of eac gdge of the welding portion in response to variation in the

welding speed.
" For the above-described reasons, the present
5 invention specifies that the nugget pitch be 0.6 to 1.8 mm,
and that the pressure applied between the electrodes for
the inner side of the can body and for the outer side of
the can body be 30 to 150 kgf.
In fhe case of welding a material having a low contact
10 resistance, such as a polished material derived from a
tinplate or tin free steel sheet, under the welding
conditions of the present invention, the appearance may be
damaged since the nugget width may be too long, or the load
to the power source of the welding machine may be excessively
15 large and welding may rarely be completed since an extremely
large amount of electric current is required. Accofdingly,
in the practicé of the wire-seam-welding method of the
present invention while using a preexisting welding machine,
in consideration of the fact that the welding of tin plate
20 and the welding of an edge-cleaned material derived from
a tin free steel sheet may be performed using an identical
welding machine in view of operability, a plurality of
different wire-forming rolls should preferably be disposed
just before each of both the electrode for the inner side

25 of the can body and the electrode for the outer side of the



was less than 1.0 tinme the thickness of the steel sheet, a welding strength
necessary for a can in practical use could 15 not be achieved. Further, in
Conparative Exanple 3, the relationship between the length L (nm) of the

| i near portion of each wire and the overlapping width W(nmm of the steel
sheet was W> L + 1.5, which was out of the range according to the present
i nvention. 20 In each of Conparative Exanples 6 and 7, both the anount of
chrom um hydrate oxide and the anount & netallic chrom um (total chrom um
anount) in the tin free steel sheet exceeded the upper limts specified in
the present invention, 25 and therefore, an appropriate ACR could not be

obt ai ned. 61 I\/banvx/m l e, in each of Conparative Exanples 8 and 10, since
nei ther i he CAROBRBYoIN GHASH G AGRLEY® WHIaleXshangReat flis pcoasion

demands. Alternatively, a forming roll having a plurality
of grooves may preferably be disposed just before each of
both the electrode for the inner side of the can body and

5 the electrode for the outer side' of the can body.

Example
Wire-seam-welding for can bodies was performed using
non-polished tin free steel sheets and a tin plate, and a
10 Fuji-Welder-type v;elding machine which achieved an
overlapping width of the steel sheet longer than the width
of the welding wires. In this embodiment, 4 to 100 cans
were manufactured continuously at a welding speed of 10 to
30 m/min., and existence of an acceptable current range for
15 welding (ACR) and corrosion resistance of the obtained can
bodies were evaluated. Incidentally, in the evaluation of
the cans, the first can and the last can (the initially
manufactured can and the finally manufactured can in the
continuous process of manufacturing can bodies)
20 manufactured with unstable electric currents were
eliminated from the evaluation subjects.
Regarding each of the wires on the electrodes, a
plurality of grooves were provided in the wire-forming roll
in a position just preceding the position where the wire

25 is fed to the electrode such that a desired wire sectional



of nmetallic chromum (total chromi umanmount) in the tin free steel sheet
reached the lower |imts specified in the 5 present invention, corrosion
resi stance was inferior. Further, in Conparative Exanple 9, although a tin
pl ate was wel ded under the welding conditions specified in the present

i nvention, an appropriate ACR could not be obtained in contrast to Exanpl es
according to the present invention 10 in which non-polished tin free steel
sheets were the subjects. Incidentally?3in Conventional Exanple, wre-seam
wel ding was perfornmed at a sl ow wel ding speed below 15 mimn., and this
exanpl e revealed that a tin free steel sheet can 15 be wel ded w thout edge

cleaning in such a case of a slow welding speed even with a conventi onal
t echni que. shape could be obtained. Fig. 9 shows the sectional shapes

of the wires used in this embodiment {each being the shape
of a section perpendicular to the longitudinal direction
of the wire). Among them, A is a wire having a sectional

5 shape adopted in a conventional method, and B and C are wires
each having a sectional shape adopted in the method of the
present invention. In Examples according to the present
invention, those wires A to C were used in the combinations
shown in Fig. 6 and Fig. 7.

10 The ACR was defined to be an electric current range
between the lower-limit current value below which an
appropriate welding strength could not be obtained, and the
upper-limit current value above which heat was excessively
generated. The lower-limit current was examined by a tear

15 test, and the upper-limit current was examined based on
whether splash or splash had occurred. The results were
evaluated@ as follows.

O: There was a sufficient acceptable current range
for welding.

20 /A: There was an acceptable current range for welding,

though it was narrow.
X : There was no acceptable current range for
welding.
Meanwhile, as to corrosion resistance, containers

25 were manufactured from the can bodies other than the first



62 Table 15 Coating Wight of Coating Wi ght of Coati ng No. St eel
Sheet Used Metallic Chrom um Chrom um Hydrate Weight of (ng/nferr]) *1

Xxi de Tin (mg/nferr]) *2 (g/mMerr]) Exanple 1

Non- Cl eaned TFS 100 5 0 Exanple 2
Non- Cl eaned TFS 100 5 0 Exanple 3
Non- Cl eaned TFS 100 5 0 Exanple 4
Non- Cl eaned TFS 100 74 5 0 Exanple 5
Non- Cl eaned TFS 100 5 0 Exanple 6
Non- Cl eaned TFS 100 5 0 Exanple 7
Non- Cl eaned TFS 5 0 Exanple 8

100
Non- C eaned ¢ppsand the iggt can, an aqueous cpntent was packed g.nEgaﬁ)m e 9

Non- Cl eaned TF 100 0 Exanple 10
Non- Cl eaned oﬁ;éxe containexg@nd stored for 3 montgms at room temperatjxe, g ating

vei ght of tobal L ORLY b8 LHE-S9R Nth ehldrephPRA LBYaYEL gBL1 bR ter s Of
was evaluated as follows.
5 O: No corrosion.
X: Corrosion was observed.

Incidentally, in the examples without acceptable
current ranges for welding, corrosion resistance could not
be evaluated since cans could not substantially be

10 manufactured.

Further, as for the appearance of the weld zone, the

weld zone was visibly observed, and evaluated as follows.
O: There was no heterogeneous discoloration in the
weld zone.

15 X: There was heterogeneous discoloration in the

weld zone.

The results of evaluations of ACR and corrosion
resistance are shown in Tables 21 to 28 together with the
20 types of the material steel sheets and the welding
conditions. |
Referring to Tables 21 to 28, in each of Examples
according to the present invention, there was a sufficient
acceptable current range for welding, and the manufactured

25 can bodies had superior corrosion resistance.



63 [err] Table 17 Coating Weight of Coating Wight of  Coating No.
Steel Sheet Used Metallic Chrom um Chrom um Hydrate Wei ght of

(rg/nmerr]) *1 i de Tin (mg/nferr]) *2 (g/m
[err]) Exanple 11 Non-C eaned TFS 100 5

0 Exanple 12 Non-C eaned TFS 100 5

0 Exanple 13 Non-C eaned TFS 100 5

0 Exanpl e 14 Non-C eaned TFS 780 5

0 Exanpl e 15 Non-C eaned TFS 100 5

0 Exanple 16 Non-C eaned TFS 32 1?

8 Exanple 17 Non- Iqx %%rr]x%czj:ast in each of 2C4o?nparative Examples 9 and 10,

where a wire (Wire A) whose external shape at the site in
contact with the steel sheet was an arc in view of the width
direction of the weld zone was used on each of both the
5 electrode for the inner side of the can body and the
electrode for the outer side of the can body, an ACR could
not be appropriately obtained since an excessive amount of
heat was generated at the wire/sheet interface.
Further, in each of Comparative Examples 1 to 8 and
10 Comparative Examples 11 to 15, where a wire whose external
shape at the site in contact with the steel sheet had a 1inear
portion in view of the width direction of the weld zone was
used as each of the wire electrodes for the inner side of
the can body and for the outer side of the can body, the
15 effects of the Embodiment 4 were not sufficiently achieved
since other specifications did not satisfy the ranges
according to the Embodiment 4.
Among them, Comparative Example 2 was inferior in
corrosion resistance since the relationship between the
20 length L (mm) qf the linear portion of each wire and the
overlapping width W (mm) of the steel sheetwas W> L + 1.5,
separation occurred in the edge portions of the weld zone
of the steel sheet, and there was a problem with sealing
properties in. the weld zone.

25 In each of Comparative Examples 1 and 3, since the



Exanpl e 18 Non-Cl eaned TFS 80 10 0
Exanpl e 19 Non-C eaned TFS 80 4 0
*1 Coating Weight of total chromumin the coating film *2 Coating Wi ght
of adhesion in terns of netallic chrom um [err] Tabl e 19 Coati ng

Wei ght of Coating Weight of Coating No. St eel Sheet Used
Metallic Chrom um Chrom um Hydrate Wei ght of (ng/nferr]) *1

i de Tin (my/nferr]) *276 (g/merr]) Conmparative
Non- Cl eaned TFS 100 5 0 Example 1
Conparative Non-C eaned TFS 100 5

0

10

15

20

25

sectional area of each wire was less than 0.5 mm?, the ability
to cool the wire/sheet interfaces was insufficient, and
splash were generated. Due to this, an appropriate ACR
could not be obtained. Additionally, in Comparative
Example 3, the length L of the linear portion of each wire
was less than 1.0 time the thickness of the steel sheet,
a welding strength necessary for a can in practical use could
not be achieved. Further, in Comparative Example 3, the
relationship between the length L (mm) of the linear portion
of each wire and the overlapping width W (mm) of the steel
sheet was W > L + 1.5, which was out of the range according
to the Embodiment 4.

In Comparative Example 4, since the pressure applied
between both the electrodes was less than 30 kgf, an ACR
could not be appropriately obtained due to the insufficient
pressure application, and the welding strength was also
insufficient.

In each of Comparative Examples 7 and 8, since the
pressure applied between both the electrodes exceeded 150
kgf, an excessive amount of heat was generated at the leading
edge and the terminal edge of the weld zone based on
variation in the welding speed accompanying the incox_nplete
capture of the steel sheet between both the electrodes, and
as a result, the appearance of the weld zone was inferior.

In Comparative Example 5, since the nugget pitch



CEmpar ative Non-C eaned TFS 100 5

0 Exanpl e 3 Conparative Non-C eaned TFS 100 5

0- Exanpl e 4 100

0 Conparative Non-Cl eaned TFS 100 5

0 Exanple 5 Conparative Non-C eaned TFS 100 17

0 Exanple 6 Non-C eand TFS 100 0 Conparative Non-C eaned TFS
260 12 W Example 7 Conparative

Non- Cl eaned TFS 100 0.2 0 Exanple 8
Conpar ati ve Non-C eaned TFS 5

2.8 Exanpl e |veN0nC| nedTF

7 ° PO excacdgBET Rumd” DOB-¥BRGcroroh. CARALAG hpkreRss nugget 10

g oating fil Ritcheg aémd gsx e rleesu J{: C%gt e'z;r)] opr:gahte %;eltdg:[n% s%?:regg%ﬂm 'n the

could not be obtained. Further, regarding the appearance,
heterogeneous discoloration was generated.

5 In Comparative Example 6, since the nugget pitch was
less than 0.6 mm, heat was ununiformly generated, and splash
readily occurred. Further, regarding the appearance,
heterogeneous discoloration was generated.

In each of Comparative Examples 11 and 12, both the

10 amount of chromium hydrate oxide and the amount of metallic
chromium (total chromium amount) in the tin free steel sheet
exceeded the upper limits specified in the present invention,
and therefore, an appropriate ACR could not be obtained.
Meanwhile, in each of Comparative Examples 13 and 15, since

15 neither the amount of chromium hydrate oxide and the amount
of metallic chromium (total chromium amount) in the tin free
steel sheet reached the lower limits specified in the
present invention, corrosion resistance was inferior.

Further, in Comparative Example 14, although a tin

20 plate was welded under the welding conditions specified in
the Embodiment 4, an appropriate ACR could not be obtained
in contrast to Examples according to the Embodiment 4 in
which non-edge-cleaned tin free steel sheets were the
subjects.

25 Incidentally, in Conventional Example, wire-seam-



*2 Coating Weight in terns of nmetallic chrom um 67 [err] 68

EVMBODI MENT 4 Enbodi nent 4 satisfies the followng requirenents: 5 (a)
Fhe Enbodinent 4 is a nmethod for wire-seamwel ding two overl appi ng edges of
atin free steel sheet at a wire feeding speed of at |east 15 nimn.

wi t hout cl eaning the edges, thereby manufacturing a can body. Said tin free
steel sheet conprises a steel sheet and a coating film said 10 coating
filmhaving a metallic chromiumlayer ©h the steel sheet and a chromi um
hydrate oxi de layer on the netallic

welding was performed at a slow welding speed below 15m/min.,
and this example revealed that a tin free steel sheet can
be welded without edge cleaning in such a case of a slow
welding speed even with a conventional technique, although

5 the appearance was affected by heterogeneous discoloration.

10

15

20

25



chrom um | ayer.
ng/ nferr] for
chromum and t
to 15 ng/nferr]
chromum (b) A
second wire el eq

el ectrode and t he=~

3.0 mjerr] perj
The first wire ﬁ

in contact with

The t ot al

: . 79 : : : :
coating weight of said coating filmis 30 to 250

width direction
of 1.0 to 4.0 ti
wel ded.

Table 21

each surface of t he st eel sheet in ternms of netallic
3 f safrd—¢trpnrymhydrate oxide is 0.5
for each{sur ;f hefst ¢el {sheet|in|terns of netallic
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(c) L [err] W< L + 1.5 is satisfied i8.the relationship between the
overlapping wwdth W(m) of said tin free steel sheet to be wel ded and the
length L (mm) of said |linear 5 portions of said first wire el ectrode and
said second wire electrode. (d) A pressure of 30 to 150 kgf is applied
between the first wire electrode and the second wre el ectrode and a nugget
pitchis 0.6 to 1.8 mmin the welded zone. 10 The nugget pitch is an

i mportant factor which influences the airtightness of the container. In a

mat eri al havi ng afTow qontJactf r epi s an,e ndja gati[stgctory pressure
adhesion, such asjadin pllateg or} anedgp-cleahedil5| tijn free*&teel sheet
since the current appllt:@ti(% 6nb sg>r1 dae,r@if heg;a l-ged pressure
is low, the area hWhefe|hedt™ils g@e@t DY 1 rr@r ra:atlonls
wi de, and the ranpe ®f |thg adplifcabl e 1ugﬁt piﬁchfor can be nmade
| arge, for exanplg, 2 nmdr rel. Furthper] sinceg 2 tlhe marepfromv\,hen t he
steel sheet is ca jet ieen| t h £ RS
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81 _ : :
el ectrodes up to the start of the current application is short, the nugget
pitch can also be nade short. In contrast, in the case of welding a

mat eri al havi ng taptyesfstanceTsteh—as tin free steel sheet,
25 wi thout edge [l eaning,| sincel the currlent aqplication can 70 be
started only V\/nen_é app ied pressurle ifs Wi gh, tlhe Jarea where heat is
generated by the| G ep] Lcjati oo fi narfr v o3 Qﬁ an appropriate
ai rtightness canp % obai ed wi [t A jJacriugdet: |pkt | onger than 1.8 nm
si nce unheated pprti%®ns 5| remailn. [Furlt her, [sirce fthg time from when the
steel sheet is cpught betmeeln tlhe |el gctrlodgs yp tjo tlhe start of the current
application is |lpng, the jaccleptjablie durrjent] rgnggq fdr wel di ng becones
narrow with a nugdgq; pitch ljesy tHan |0.§ nmqy dnd {apgropri ate wel di ng
condi tions cannok 510 obt & ndd gver i ff t e ghages fof the wires and the
anmount of a‘gpg
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t he adhering coating filmare optinié@%. In a material having a high
contact resistance, such as a tin free steel sheet, deconposition of the
coating filmand pressure adhesion are accel erated by increasing the 15
pressure | oaded onto the upper and | ower el ectrodes, and the current

pat hway can be stably secured and the wel ding strength can be i nproved.

Even if the shapes of the wires and the anount of the adhering coating film
are optim zed, since pressure adhesion is insufficient when the pressure 20

| oaded between thE uppgr end’ldﬂgr eTectrpded 1$ Tess than 30 kgf, an
appropriate ACR chnrfot [be |obtlai ned,| and ajsuffi ¢i et wel dieng strength
cannot al so be obtmsuﬂL h%@”W@il , &peﬂ) Ef gfw zre eaged onto the upper
and | ower el ectrofleg ex@4d< {150 of 7 t el st e et sedhgot be caught 25
snoot hly bet ween Fh@-electrodes, and an e<ceasi¢earml§ﬂg«§ 71
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of heat is generated at the |eading egge and the term nal edge of the
wel di ng portlon I n response to variation in the welding speed. For the

above- descri bedTeasons, T tHg prEsSemnt T i fies that the nugget
pitch be 0.6 tg 1.8 mm Jand{tha] the pfess bet ween t he
el ectrodes for ftheg nner] side of the can b the outer side of the
can body be 30 tggs’g‘ kgf = l|next hew qase | ob smpt eri al having a | ow
contact 10 resfi glange, (sech @s|a goH ¢$hed erived froma tinplate
or tin free stele §heet under {he [wel ¢i ng of the present
i nvention, the jappearance nmgy bg dqmag,ds hjget wi dth may be too
| ong, or the |0 cL'rn thel poger kourlce _ rachi ne nmay be
excessively 15 gﬁa wel di hg Hayrare et ed since an
extrenely | arge tafﬂ) f ellectfic jcurfdentfi d. Accordingly, in the
practice of the :ﬁ’ -se mwgl di hg net h¢d o Nt i nvention while
using a preexi sf¥ iy @ in:g mnminm(i,m'n o of the fact that the
wel ding of tin pte &
o
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72 can body in

Al ternatively,

derived froma tin free
wel di ng machi ne in view of

g of an edge-cl eane84mat eri al

sheet may be perforned using an identi cal
a plurality of different wire-formng rolls should preferably

be di sposed just before each of both the electrode for the inner side 25 of

the can body and the el ectrode for the outer side of the

20 and the weldin

st eel

operability,

a

sheets and a
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dVerIapping wi dth of the steel sheet S§nger than the width of the wel ding
' 100 cans were nanufactured conti nuously at

n acceptabl e current
pf t he obtai ned can

h of the cans, the

j can and the finally
uring can bodies) 20
m nated fromthe

ne el ectrodes, a

roll in a position

to the el ectrode such

wres. In this enbodinent, 4 to
a wel di ng speed f—10—tor 3o mm—ang—ex rcetof
range for 15 wFldlng (ACR) [andjcorf osijon gesijstarnce
bodi es were eva teed. Ipcidentally, in the evialugtio
first can and th @ chis (t Be|idit icl|l » hasuf actuse
manuf act ur ed ca”llg Ehe pot|i RUpUS prodess|of jmenyf ec
manuf act ured w thstabl e dl ecqric| currents relel
eval uati on subj pcts. Regprdijng ¢ach| of Jt hejw rles ﬁn t
plurality of grpoves were provided jn tihe W rebfonmn
j ust preceding Qe»p05|t on whete the Jﬁre 25 tis|fed
that a desired Ag@%é%ect ond| 73
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i nventi on,

I n Exanpl es according to the present

those wires Ato

The

C were used in the conbinations shown in Fig. 6 and Fig. 7. 10
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20 [err]: There was an acceptable current range for wel ding, though
it was narrow. X: There was no acceptable current range for wel ding.
Meanwhi | e, as to corrosion resistance, containers 25 were manufactured from
the can bodies other than the first 74 can and the | ast can, an aqueous
content was packed in each of the containers and stored for 3 nonths at
roomtenperature, and the state of corrosion in the repaired wel ded-potion
was evaluated as follows. 5 [e#%]: No corrosion. X: Corrosion was
observed. Incidentally, in the exanples w thout acceptable current ranges
for welding, corrosion resistance could not be evaluated since cans could
not substantially be

EMBODIMENT 5

Embodiment 5 provides a welding machine comprising a

welding wire forming apparatus which is capable of forming

5 a welding wire having a plurality of shapes, wherein the
welding wire forming apparatus comprises a plurality of
welding wire forming rolls consisting of upper and lower
rolls arranged in the lengthwise direction of the welding
wire and having different sectional shapes, for holding and

10 pressing the welding wire, and the upper roll of the welding
wire forming rolls is provided so that it can be moved upward
and downward and brought into contact or non-contact with
the welding wire, whereby the welding wire having a
plurality of shapes can be formed by holding and pressing

15 the welding wire by any one of the plurality of welding wire
forming rolls.

In a resistance welding machine for a can material,
welding wire forming rolls comprising plural pairs of upper
and lower rolls are arranged on the same line in the

20 lengthwise direction of the welding wire, the upper roll
of each pair of the rolls can be moved upward and downward
by providing a lifting mechanism, and the upper and lower
rolls of each of the pairs can be driven by providing a
driving function so that a welding wire can instantaneously

25 be formed by holding and pressing between only one pair of



10 manufactured. Further, as for the appearance of the weld zone, the weld
Zone was Vi sibly observed, and evaluated as follows. [err]: There was no
het er ogeneous di scol oration in the weld zone. 15 X: There was

het er ogeneous di scoloration in the weld zone. The results of eval uations of
ACR and corrosion resistance are shown in Tables 21 to 28 together with the
20 types of the material steel sheets and the wel ding conditions. Referring
to Tables 21 to 28, in each of Exanpl e88 according to the present invention,
there was a sufficient acceptable current range for welding, and the

manuf actured 25 can bodi es had superior corrosion resistance. 75

rolls of the plural pairs of rolls according to the shape

of the welding wire, thereby solving the above problem.

An embodiment of the present invention will be

5 described below with reference to the drawings.

Fig. 10 is a drawing showing the whole construction
of an example of welding wire forming rolls in accordance
with an embodiment of the present invention, and Fig. 11
is a side view.

10 First, a welding wire 101 sent by a feeding device is
formed by holding and pressing between a pair of upper and
lower rolls 103 and 104 each having a wire forming groove
under tension by a tension applying roll 102. The formed
welding wire 101 is rotated through 180E by a wire reversing

i5 device 105, passed through supporting rolls 106 and 107,
further rotated through 180° by awire reversing device 108,
and supplied to a lower electrode roller 109. The wire 101
used for welding the outside of a can by the lower electrode
ring 109 is passed through supporting rolls 10 and 11 and

20 acleaning device 112, rotated for 180° by a wire reversing
device 113, ;nd supplied to an upper electrode roller 114
where the wire is used for welding the inside of the can.

After use, the wire 101 is guided to the outside of the
welding machine by a supporting roll 115 and the like, cut

25 by a wire cutting device 116 and then recovered.



fn contrast, in each of Conparative Exanples 9 and 10, where a wire (Wre
A) whose external shape at the site in contact with the steel sheet was an
arc in viewof the width direction of the weld zone was used on each of
both the 5 electrode for the inner side of the can body and the el ectrode
for the outer side of the can body, an ACR could not be appropriately
obt ai ned since an excessive anount of heat was generated at the w re/sheet
interface. Further, in each of Conparad¥ ve Exanples 1 to 8 and 10
Conparative Exanples 11 to 15, where a wire whose external shape at the
site in contact with the steel sheet had a linear portion in view of the
width direction of the weld zone was_used as each of the wire el ectrodes

for the inner siddafienifl £2n toRRvakdefds eartbuansly §gappiereedan body,
TR JUMES S v R EEE S M AL SN BTl
4 ond 58 HEREA' LAS FARP! nd WESLE"SY e bk "N Fbui! o ance
electrode rollers 114 and 109 to form a can body.
5 Each pair of the welding wire forming rolls which
constitute the welding wire forming apparatus H comprises
two rolls (103 and 104, 118 and 119, or 120 and 121) disposed
above and below the welding wire 101. Each pair of the
welding wire forming rolls are arranged on the same line
10 in the lengthwise direction of the welding wire 101. The
welding wire forming upper roll (on the side in contact with
a material) 103 for can material A, the welding wire forming
upper roll (on the side in contact with a material) 118 for
can material B, and the welding wire forming upper roll (on
15 the side in contact with a material) 120 for can material
n or C are provided with lifting mechanisms 122, 123 and
124, respectively, so that these rolls can be moved upward
and downward. The welding wire forming lower roll {on the
side in contact with the electrode roller) 104 for can
20 material A, the welding wire forming lower roll {on the side
in contact with the électrode roller) 119 for can material
B, and the welding wire forming lower roll (on the side in
contact with the electrode roller) 121 for can material n
or C are provided with driving mechanisms 122, 123 and 124,

25 respectively, having the same function so that these rolls



26 length L (nm) of the linear portion of each wire and the overlapping
wrdth W(nmm) of the steel sheet was W> L + 1.5, separation occurred in the
edge portions of the weld zone of the steel sheet, and there was a problem
with sealing properties in the weld zone. 25 In each of Conparative
Examples 1 and 3, since the 76 sectional area of each wire was |ess than
0.5 mMmm the ability to cool the wire/sheet interfaces was insufficient, and
spl ash were generated. Due to this, an sppropriate ACR could not be
obtained. Additionally, in Conparative 5 Exanple 3, the length L of the
l'inear portion of each wire was less than 1.0 tine the thickness of the
steel sheet, a welding strength necessary for a can in practical use could
not be achi e¢ad. bematisdied synchbrpacusly eviBtuibeesfeed ef thleawe bty p
between the length L (mm of the linear portion
wire 101.
The present invention comprising the plural pairs of
the welding wire forming rolls (103 and 104, 118 and 119,
5 and 120 and 121) arranged on the same line as the welding
wire 101, and the lifting devices 122, 123 and 124
respectively provided on the pairs has the excellent
functions that any desired welding wire shape can be
instantaneousiy selected and formed, that the time of
10 production stop for changing the wire shape is not required,
that excess wire is not used for changing the wire shape,
and that can materials having different welding properties
can easily be used for welding steel fabrication.
Next, the apparatus for forming a welding wire having
15 a plurality of shapes in the welding machine of the present
invention will be described with reference to Figs. 10 to
17 with respect to a case wherein the Embodiment 5 is applied
to a welding machine for 18-liter cans. Fig. 12 is a
sectional view showing welding wire forming rolls for can
20 material A in accordance with the Embodiment 5, Fig. 13 is
a sectional view showing welding wire forming rolls for can
material B, Fig. 14 is a sectional view showing welding wire
forming rolls for can material C, Fig. 15 is a sectional

view showing a welding wire for can material A, Fig. 16 is

'25 a sectional view showing a welding wire for can material



10 of each wire and the overlapping width W(mm of the steel sheet was W>
"+ 1.5, which was out of the range according to the Enbodinent 4. In
Gonparative Exanple 4, since the pressure applied between both the

el ectrodes was | ess than 30 kgf, an ACR 15 could not be appropriately
obt ai ned due to the insufficient pressure application, and the wel ding
strength was also insufficient. In each of Conparative Exanples 7 and 8,
since the pressure applied between botH the el ectrodes exceeded 150 20

kgf, an excessive amount of heat was generated at the | eading edge and the
term nal edge of the weld zone based on variation in the wel ding speed

cpcompany g, BSg PESTLELE SRRHESoRh: RS Ay BIES StUE IO Che
25 '”f89”8353h5¥8rféi”8[e 5, since the nugget pitch
Specifically, description will be made of an
embodiment in which in welding steel fabrication using n

5 types of can materials A, B and n having different welding
properties, the different welding wire shapes A, B and n
are required for the respective materials.

The method of using the plural pairs of the welding
wire forming rolls is as follows.

10 First, in welding sfeel fabrication using a first type
of can material A, the upper roll 103 of the welding wire
forming rolls A shown in Figs. 10 to 12 is moved downward
to hold and press the wire between the upper roll 103 and
the lower roll 104 to form welding wire 101A having a desired

15 shape. At this time, the upper forming rolls 118 and 120
of the welding wire forming roll B and n, respectively, are
moved upward so as not to contact the welding wire 101.
The lower rolls 104, 119 and 121 of the welding wire forming
rolls A, B and n, respectively, are rotated synchronously

20 with the speed of_' the welding wire to perform welding steel
fabrication using can material A.

Next, in welding steel fabrication using a second type
of can material B, the upper roll 118 of the welding wire
forming rolls B shown in Figs. 10 to 12 is moved downward

25 to hold and press the wire between the upper roll 118 and



7; exceeded 1.8 mm non-wel d zones renai ned between nugget pitches, and as
aresult, an appropriate welding strength could not be obtained. Further,
regardi ng the appearance, heterogeneous discoloration was generated. 5

In Conparative Exanple 6, since the nugget pitch was less than 0.6 mm heat
was ununiformy generated, and splash readily occurred. Further, regarding
t he appearance, heterogeneous discol oration was generated. In each of
Conparative Exanples 11 and 12, both thke 10 anmount of chrom um hydrate

oxi de and the anmpbunt of netallic chrom um (total chrom um anmount) in the
tin free steel sheet exceeded the upper limts specified in the present

I nvention, and therefore, an appropriate ACR could not be obtai ned.

Meanwhi | e, | FR@Aowest rebhdd EPif\E))‘KﬂE}(’aﬁﬁﬁ-Eg wirea@lBhavwing e dssirmd t her the
amount of chroniun1h¥%rate oxj de and the ampunt of netallic chrom um (total

chrom um amotRERei n fhethif $ime dbhecrpeREcformiRg @llise 108vend| 120 t s
speci fied i Nt RgePhERThg AR Eb 2 nG oS PP hOMnd 5 $hanS8 1081, e O
moved upward so as not to contact the welding wire 101.

5 The lower rolls 104, 119 and 121 of the welding wire forming
rolls A, B and n, respectively, are rotated synchronously
with the speed of the welding wire to perform welding steel
fabrication using can material B.

Finally, a type n of can material n is welded by the

10 same method as described above.
Example

Description will be made of an example in which the
apparatus for forming a welding wire having different shapes
in the welding machine of the Embodiment 5 is applied to

15 a welding machine for 18-liter cans with reference to Pigs.
10 to 17.

Specifically, description will be made of an example
in which in welding steel fabrication using three types of
canmaterials A, Band C having different welding properties,

20 the welding wire shapes A, B and C respectively shown in
Fig. 15 to 17 are required for the respective materials.

The method of using the plural pairs of the welding
wire forming rolls is as follows.

First, in welding steel fabrication using a first type

25 of can material A, the upper roll 103 of the welding wire



Further, in Conpar ati ve Exanple 14, although a tin 20 plate was wel ded

uhder the wel ding conditions specified in the Enbodi nent 4, an appropriate
ACR could not be obtained in contrast to Exanples according to the

Enbodi ment 4 in which non-edge-cleaned tin free steel
25
wel ding was perforned at a sl ow wel di ng speed bel ow 15 m m n.
exanpl e revealed that a tin free steel ggheet can be wel ded w t hout edge
cl eaning in such a case of a slow wel ding speed even with a conventi onal

subj ect s.

t echni que,

al though 5 the appearance was affected by heterogeneous

di scol oration. 10 15 20

1o

15

20

25

forming rolls A shown in Figs. 10 to 12 is moved downward
to hold and press the wire between the upper roll 103 and
the lower roll 104 to form welding wire 101A (refer to Fig.
15) having a desired shape. At this time, the upper forming
rolls 118 and 120 of the welding wire forming roll B and
C, respectively, are moved upward so as not to contact the
welding wire 101. The lower rolls 104, 119 and 121 of the
welding wire forming rolls A, B and n, respectively, are
rotated synchronously with the speed of the welding wire
to perform welding steel fabrication using can material A.

Next, in welding steel fabrication using a second type
of can material B, the upper roll 118 of the welding wire
forming rolls B is moved downward to form welding wire 101B
{refer to Fig. 16) having a desired shape. At this time,
the upper forming rolls 103 and 120 of the welding wire
forming roll A and C, respectively, are moved upward so as
not to contact the welding wire 101. The lower rolls 104,
119 and 121 of the respective welding wire forming rolls
are rotated synchronously with the speed of the welding wire
to perform welding steel fabrication using can material B
(refer to Figs. 10, 11 and 13).

Finally, in welding steel fabrication using a second
type of can material C, the upper roll 120 of the welding
wire forming rolls C is moved downward to form welding wire

101C (refer to Fig. 17) having a desired shape. At this

sheets were the
I ncidentally, in Conventional Exanple, wre-seam
and this

78



25
[®rr]

[err]

[err]

[err]

10

15

20

25

94

time, the upper forming rolls 103 and 118 of the welding
wire forming rolls A and B, respectively, are moved upward
s0 as not to contact the welding wire 101, The lower rolls
104, 119 and 121 of the respective welding wire forming rolls
are rotated synchronously with the speed of the welding wire
to perform welding steel fabrication using can material C
(refer to Figs. 10, 11 and 14).

In order to prevent the use of excess welding wire,
the fall timing for these forming rolls 103, 118 and 120
can be set so that the second type of welding wire shape
is changed to the third type of welding wire shape
immediately after completion of last can welding of the
second type of material. As an example of the set time,
if the completion time of last can welding of the second
type of material is tl, the distance between the lower
electrode ring 109 and the wire forming roll 118 is L1, and
the speed of the welding wire is V., the fall time t2 of the
welding wire forming roll 120 for the third type of material
isset tot2=t1l - L1/V, so that optimumwelding can be carried
out without using excess welding wire for continuous steel
fabrication using different materials.

When a common driving device is used for the forming
rolls 103, 104, 118, 119, 120 and 121, the synchronous
function and driving mechanism can be minimized, and the

installation space and installation cost can also be



[garr]

10

15

84 [err] [err] [err] 87

95

minimized.

As described above, in the Embodiment 5, an apparatus
for forming a welding wire having different shapes in a
resistance welding machine for can materials comprises a
plurality of welding wire forming rolls which are arranged
on the same line in the lengthwise direction of a welding
wire so that each of the upper rolls of the welding wire
forming rolls can be moved upward and downward. Therefore,
it is possible to instantaneously change the wire shape,
prevent deterioration in productivity of welding steel
fabrication, eliminate the use of excess welding wire,
significantly decrease the time and labor required for
changing the welding wire shape, which are great problems
of a conventional machine, prevent deterioration in
productivity due to the change of the welding wire shape,
and permit industrial production of can materials having
different welding properties, thereby causing a useful

industrial effect.



ERVBODI MENT 5 Embodi ment 5 provi des a wel di ng machi ne conprising a wel di ng
wre formi ng apparatus which is capable of forming 5 a welding wire having
a.plurality of shapes, wherein the welding wire form ng apparatus conprises
a plurality of welding wire formng rolls consisting of upper and 1 ower

rolls arranged in the | engthwi se direction of th ' | havi ng
different sectional shapes, for holding and 10 ar‘mnfﬂ"ﬂ“l{mllﬂg’rng wre,
and the upper roll of the welding wiregborm ng roldscistprovided so that it
can be noved upward and downward and brought into contact or non-contact
with the welding wire, whereby the welding wire having a plurality of
shapes can be forned by holding and pressing 15 the welding wire by any
one of the plurality of welding wire formng rolls. In a resistance wel di ng
machine for a can materjal, welding wire formng rolls conprising plural
pairs of uppfia > are arranged on the sane line in the 20

| engt hwi se direction of the welding wire, the upper roll

1. A method for wire-seam-welding two overlapping edges
5 of an electrolytically chromate-treated steel sheet at a
wire feeding speed of at least 15 m/min. without c¢leaning
the edges, thereby manufacturing a can body,
characterized in that:
a first wire electrode is used inside the can body and

10 a second wire electrode is used outside the can body:

the first wire electrode has a sectional area of 0.5
to 3.0 mm® perpendicular to the longitudinal direction of
the can body:

the first wire electrode has a linear portion in contact

15 with said electrolytically chromate-treated steel sheet to
be welded relative to the width direction of the weld zone,
said linear portion having a length of 1.0 to 4.0 times the
thickness of said electrolytically chromate~treated steel
sheet to be welded;

20 the second wire electrode has an arc shape portion in
contact with said electrolytically chromate-treated steel
sheet to be welded relative to the width direction of the
weld zone; and

L =< W<L+1.51is satisfied in the relationship between

25 the owverlapping width W (mm) of said electrolytically



o;f each pair of the rolls can be noved upward and downward by providing a
I3 fting mechani sm and the upper and lower rolls-of~each of the pairs can
be driven by providing a driving function so tha can
I nstant aneously 25 be fornmed by hol ding and pres C!mg mg m)“'m\ one pair
of 88 rolls of the plural pairs of rolls accordé ng to the sshape of the
wel ding wire, thereby solving the above problem An enbodi nent of the
present invention will be 5 described below with reference to the draw ngs.
Fig. 10 is a drawing show ng the whol e construction of an exanpl e of
welding wire formng rolls in accordance with an enbodi mrent of the present
I nvention, and Fig. 11 is a side view 10 First, a welding wwre 101
sfent by a fg@ﬂiﬁl@t&-\/ﬁmﬂeﬂ fsteiedd shgeltobdi bg wallied easd tthd diameh a pai r
of upper an

PP L (mm) of said linear portion of said first wire electrode.

2. The method of claim 1, characterized in that the first
5 wire electrode has arc portions at both ends ¢f the linear
portion in contact with said electrolytically chromate-
treated steel sheet to be welded relative to the width
direction of the weld zone, each of said arc portions having

a radius R of curvature of 0.1 mm or more.

10
3. The method of claim 1, characterized in that
a pressure of 30 to 150 kgf is applied between the first
wire electrode and the second wire electrode; and
a nugget pitch is 0.6 to 1.8 mm in the welded zone.
15

4. The method of claim 3, characterized in that the first
wire electrode has arc portions at both ends of the linear
portion in contact with said electrolytically chromate-
treated steel sheet to be welded relative to the width
20 direction of the weld zone, each of said arc portions having

a radius R of curvature of 0.1 mm or more.

5. A method for wire-seam-welding two overlapping edges
of a tin free steel sheet at a wire feeding speed of at least

25 15 m/min. without cleaning the edges, thereby manufacturing



|1Bwer rolls 103 and 104 each havi ng a wire form ng groove under tension by
a'tension applying roll 102. The formed welding wire 101 is rotated

trough 180E by a wire reversing 15 device 105, passed through stpporting
rolls 106 and 107, further rotated through 180[er”“lmmﬁlmmﬂmﬂmr si ng
device 108, and supplied to a | ower el ectrode rol e 101
used for welding the outside of a can by the | ower*electrode finty 109 is
passed t hrough supporting rolls 10 and?4l1 and 20 a c¢l eaning device 112,
rotated for 180[err] by a wire reversing device 113, and supplied to an
upper electrode roller 114 where the wire is used for welding the inside of
the can. After use, the wire 101 is guided to the outside of the welding
machi ne by & S@hdodvngspdd tinsfrag sheel| gheet gomprising g ste@di ting
device 116 and then_recovered. . 89 Amaterial 125 to be welded.is
cont i nuousl fl{ere(fnglpglarcé%atlng film, said coating filmhaving ametallic
chromium layer on the steel sheet and a chromium hydrate
oxide layer on the metallic chromium layer, the total
5 coating weight of said coating film being 30 to 250 mg/m®
for each surface of the steel sheet in terms of metallic
chromium, and the coating weight of said chromium hydrate
oxide being 0.5 to 15 mg/m®’ for each surface of the steel
sheet in terms of metallic chromium,
10 characterized in that:
a first wire electrode is used inside the can body and
a second wire electrode is used outside the can body:;
the first wire electrode and the second wire electrode
have sectional areas of 0.5 to 3.0 mm’ perpendicular to the
15 longltudinal direction of the can body:
the first wire electrode and the second wire electrode
have linear portions in contact with said tin free steel
sheet to be welded relative to the width direction of the
weld zone, said linear portion having a length of 1.0 to
20 4.0 times the thickness of said tin free steel sheet to be
welded; and
L S W<L+1.51is satisfied in the relationship between
the overlapping width W {mm) of said tin free steel sheet

to be welded and the length L (mm) of said linear portiomns

25 of said first wire electrode and said second wire electrode.



by a transfer device in the horizontal direction, i.e., fromthe left to
tRe right and wel ded by the upper and | ower electrode rollers 114 and 109
ter forma can body. 5 Each pair of the welding wire forming rolls

whi ch constitute the welding wire form ng apparaiﬂu D] w wo rolls
(103 and 104, 118 and 119, or 120 and 121) dispo mmmﬂ Eulow t he
wel ding wire 101. Each pair of the welding wire fdrnfng*rdl | $ are arranged
on the sane line 10 in the lengthwi se®irection of the welding wire 101.
The wel ding wire form ng upper roll (on the side in contact with a
material) 103 for can material A, the welding wire form ng upper roll (on

the side in contact wwth a material) 118 for can material B, and the .
wel ding wire form ng upper roll (on 15 the side in contact with a material)

and 124, 1 oshoot FRIReeRe P Tah Y, PhRres %ﬁ'i'afsﬁreo%ﬁ%&pﬁﬁ' k3 1t22 t12_‘°’t h
ontact w
ouminr o, JREraebb00sihe obar Tha dGUSla Lk 81pkbEafLIRAR SO ot 1

| ower roll (ﬁkﬁi’tﬁxss h€&oth ends of the linear portions in contact with

5 sald tin free steel sheet to be welded relative to the width
direction of the weld zone, each of said arc portions having

a radius R of curvature of 0.1 mm or more.

7. The method of claim 5, characterized in that
1o a pressure of 30 to 150 kgf is applied between the first
wire electrode and the second wire electrode; and

a nugget pitch is 0.6 to 1.8 mm in the welded zone.

8. The method of claim 7, characterized in that the first
15 wire electrode and the second wire electrode have arc
portions at both ends of the linear portions in contact with
said tin free steel sheet to be welded relative to the width
direction of the weld zone, each of said arc portions having
a radius R of curvature of 0.1 mm or more.
20
9. A welding machine ha;ving a welding wire forming device,
characterized in that:
the welding wire forming device comprises a plurality
palr of welding wire forming rolls which are arranged in

25 the lengthwise direction of the welding wire;



i?\ contact with the electrode roller) 119 for can material B, and the
welding wire formng lower roll (on the side in contact wth the el ectrode

reller) 121 for can material n or C are provided with driving Aechani sms
122, 123 and 124, 25 respectively, having the sarTﬁWﬂH t these
rolls 90 can be rotated synchronously with thell§ ﬂﬂ’ ding wire

101. The present invention conprising the plural pair’s &f fheSwetding wire
forming rolls (103 and 104, 118 and 1892 5 and 120 and 121) arranged on
the sane line as the welding wire 101, and the lifting devices 122, 123 and
124 respectively provided on the pairs has the excellent functions that any
neousl y_sel ected_and_forned, that

the time of 10 Thr BINEPRORYSPBHEIOF ERLAGIAUITR HETALTEh 04 1os BT
required, different sectional shapes;
the pair of welding wire forming rolls comprises an
upper roll and a lower roll for holding and pressing the
5 welding wire, the upper roll being movable in a vertical
direction; and
the welding wire is held and pressed by any one of the
plurality of the welding wire forming rolls to form a welding

wire having a plurality of shapes.

10

15

20



tﬁat excess wire is not used for changing the wire shape, and that can
materials having different wel ding properties can easily be used for

Wwel di ng steel fabrication. Next, the apparatus for formng a welding wire
having 15 a plurality of shapes in the wel ding machi ne of the present

i nvention will be described with reference to Figs. 10 to 17 with respect
to a case wherein the Enbodinent 5 is applied to a wel ding nachine for
18-liter cans. Fig. 12 is -a sectionalloi ew show ng wel ding wire formng
rolls for can 20 material A in accordance with the Enbodi nent 5, Fig. 13
Is a sectional view showing welding wire formng rolls for can material B,
Fig. 14 is a sectional view showing welding wire formng rolls for can
material C, Fig. 15 is a sectional view showing a welding wire for can
material A, Fig. 16 is 25 a sectional view showing a welding wire for can
mat eri al 91

ABSTRACT OF THE DISCLOSURE
In a method for wire-seam-welding two overlapping edges
5 of a steel sheet, the wire electrode has a sectional area
of 0.5 to 3.0 mm’perpendicular to the longitudinal direction
of the can body: and the wire electrode has a linear portion
in contact with said steel sheet to be welded relative to
the width direction of the weld zone, said linear portion
10 having a length of 1.0 to 4.0 times the thickness of said
steel sheet to be welded.
LWL+ 1.5 is satisfied in the relationship between
the overlapping width W (mm) of said steel sheet to be welded
and the length L (mm) of said linear portion.
15

Fig. 1
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B, and Fig. 17 is a sectional view i?g{ﬂ ng a welding wire for can nateri al
-C. Specifically, description wll de of an enbodi nent in which in

wel di ng steel fabrication using n 5 types of can materials A, B and n

-havi ng different welding properties, the different welding wre shapes A B
%and n are required for the respective materials. The method of using the
plural pairs of the welding wire.formng rolls is as follows. 10

First, in welding steel fabrication using a first type of can material A,
the upper roll 103 of the welding wire forming rolls A shown in Figs. 10 to

12 is no dTwnward to hold and press the wire between the upper roll 103
and t he roll 104 to formwekding wire 101A having a desired 15
shape. At thlstlne the upper fg¥rmng rolls 118 and 120 of the welding
wire formng roll B noved upward so as not to
contact the wel di ng OVPFER'WHLDSNGI£CTHAIE ROMIER 21 of the
I |nﬁ%ﬁﬂggrmr r /%?ctlvely, are rotated
~ k i‘/\_/‘l
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20 with the speed of the welding wire2 8 perform wel ding steel fabrication
using can material A Next, in welding é eel fabrication using a second
type of can material B, the upper roll 118 of the welding wire form ng
rélls B shown in Figs. 10 to 12 is noved downward 25 to hold and press the
W re between the upper roll 118 and 92 the lower roll 19 to form wel ding
wi.re 101B having a desired shape. ‘At this tinme, the upper formng rolls
103 ,and 1205?§%p2§ welding wire formng roll A and n, respectively, are
noved upwar s not to contact the welding wire 101. 5 The lower rolls
104, 119 and 121 of the welding wire formng rolls A B and n,

respectively, are rotated synchronously with the speed of the welding wire
to performwelding steel fabrication using can material B. Finally, a type
n of can material n is welded by the 5
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10- sanme nmethod as descri bed above. :'1%9 e Description will be made of an
exanpl e in which the apparatus for for g a welding wire having different
shapes in the wel ding machi ne of the Enbodinent 5 is applied to 15 a

wel di ng machine for 18-liter cans with reference to Figs. 10 to 17.
Specifically, description will be made of an exanple in which in welding
steel fabrication using three types of can materials A, B and C having

di fferent wel di ng properties, 20 the welding wire shapes A, B and C
respectivel¥' in Fig. 15 to 17 are required for the respective
materials. The rrethod of using the plural pairs of the welding wire formng
rolls is as follows. Fjrs in welding steel fabrication using a first type
25 of can material A élﬁbSupper roll 103 of th?yejdi ng wire

3

L= =

FIG. 5
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93 formng rolls A shown in Figs. 104y8 12 is noved downward to hold and
press the wire between the upper roll 103 and the lower roll 104 to form
wel ding wire 101A (refer to Fig. 15) having a desired shape. At this tineg,
the upper formng 5 rolls 118 and 120 of the welding wire formng roll B
and C, respectively, are noved upward so as not to contact the welding wire
101. The lower rolls 104, 119 and 121 of the welding wire formng rolls A
B and n, respectively, are rotated synchronously with the speed of the
wel:ding wire 10 to performwelding steel fabrication using can material A
Next, in welding steel fabrication using a second type of can material B,

t he upperFl€}.16118 of the welding wire fornming rolls Bis noved dowward to
formwelding wire 101B (refer to Fig. 16) having a desired shape. At this
time, 15 the upper formng rolls 103 gnd 120 of the welding wire form ng
roll A and C, respectively, are noved, #pward so as not to contact the
welding wire 101. T nd 121 of the respective

wel di ng wre formng/ UPPER WELDING ELECTRODE ROLLER
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are rotated synchronously with the speggdgof the welding wire 20 to perform
wel di ng steel fabrication using can material B (refer to Figs. 10, 11 and"
13). Finally, in welding steel fabrication using a second type of can
mterial C, the upper roll 120 of the welding wire formng rolls Cis noved
downward to formwelding wire 25 101C (refer to Fig. 17) having a desired
shape. At this 94 tinme, the upper formng rolls 103 and 118 of the
welding wire formng rolls A and B, respectively, are noved upward so as
not-to cont%&t the welding wire 101. The lower rolls 104, 119 and 121 of

t he respect .81 di ng wire formng rolls 5 are rotated synchronously with
the speed of the weldi ng vmre to performwel ding steel fabrication using
can material C (refer t E! s. 10, 11 and 14). IrCBr)der to prevent the use
of excess welding wre,

3
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the fall timng for these formng roll /803, 118 and 120 10 can be set so
that the second type of welding wire shape is changed to the third type of
we] ding wire shape imediately after conpletion of last can welding of the
sectond type of material. As an exanple of the set time, if the conpletion
time of last can welding of the second 15 type of material is t1, the

di stance between the | ower electrode ring 109 and the wire formng roll 118
is L1, and the speed of the welding wire is V,, the fall time t2 of the
welding wire formng roll 120 for the third type of material is set to t2 =
tl - L1/ V[err] so that optinmum ing can be carried 20 out w thout using
excess welding wire for copt | fabrication using different
materials. Wen a common {Iri s used for the formng rolls 103,
104, 118, 119, 120 and 12 IS funck}pn and driving nmechani sm
can be mnimzed, and th spacegand installation cost can
al so be '

§§’i* ?; . .

~

25 i nst

-~~~
e

112 113

|10

102

1M1

_Ats '
(gj
leki
CP Q 05
119 121

106

101754/

e
Sy
G

104

FIG. 10

This Sheet Has Been eﬂlaced

AT



95 m nimzed. As described above, in y?g Enbodi nent 5, an apparatus for
formng a welding wire having different shapes in a resistance wel di ng )
machine for can materials conprises a 5 plurality of welding wire form ng
rolls mmﬁffgf'ﬁ arranged on the sane line in the lengthw se direction of a
wel di ng *S 1that each of the upper rolls of the welding wire form ng
rolls can be noved upward and downward. Therefore, it is possible to

i nst ant aneously change the wire shape, 10 prevent deterioration in
productivity of welding steel fabrication, elimnate the use of excess

wel ding wire, significantly d@gease the time andli2bor required for
changi ng t he meldlng wire shape, which are great pr &bl ens of a conventi onal
_machi ne, preﬂ deterloratgf T 15 pro uctivity qde to the dhange of the

wel ding wire sRape, and per luu: product gf’can materi al s
havi ng d|ffer§Ht meldlng]pr ereby caus
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industrial effect. 96 What is claimgggds: 1. A nethod for wire -
seam wel ding two overl apping edges 5 of an electrolytically
chromate-treated steel sheet at a wire feeding speed of at |east 15 nmimn.
wi t hout cleaning the edges, thereby nanufacturing a can body, characterized
inthat: a first wire electrode is used inside the can body and 10 a
second wire electrode is used outside the can body; the first wire
el ectrode has a sectional area of 0.5 to 3.0 nmmferr] perpendicular to the
| ongi tudi nal direcFIGh b# the can body; t wire el ectrode has a

d ele

3

| inear portion in contact 15 wth sai fro]jytically chromate-treated

;teel sheet to bé wel ded rel ative tp20 th direction of the meLd zone,
101C
121~
FIG. 15
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said linear portion having a length of 1.0 t]
said electrolytically chromate;treated stee
the second wire el ectrode has an arc shape «p
el ectrolytically chromate-treated steel shee
width direction of the meld zone; and L [err
the rel ati onshi p between 25 the overl appi ng

el ectrolytically 97 chromate-treatedt®tee]l sheet to be wel d}% %th
I'ength L (nmm) of said linear portion of said fDABE QFrecereqt ép _________
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nethod of claim1l, characterized in that the frrst 5 WTre thectTrode—tas
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wi dt h

ABSTRACT OF THE DISCLOSURE
In amethod for wire-seam-weiding two overlapping edges
5 of a steel sheet, the wire electrode has a sectional area
of 0.5 to 3.0 mm? perpendicular' to the longitudinal direction
of the can body; and the wire electrode has a linear portion
in contact with said steel sheet to be welded relative to
the width direction of the weld zone, said linear portion
10 having a length of 1.0 to 4.0 times the thickness of said
steel sheet to be welded. |
LWL + 1.5 is satisfied in the relationship between
the overlapping width W (mm) of said steel sheet to be welded
and the length L (mm) of said linear portion.
15 |

Fig. 1

17FEB B8




direction of the weld zone, each of said arc portions having a radi us R of
curvature of 0.1 mmor nore. 10 3. The nethod of claim1, characterized in
that a pressure of 30 to 150 kgf is applied between the first wire

el ectrode and the second wire el ectrode; and a nugget pitch is 0.6 to 1.8
mmin the welded zone. 15 4. The nethgd of claim3, characterized in that
-the first wire electrode has arc portisas at both ends of the |inear
portion in contact with said electrolytically chromate- treated steel sheet
to be welded relative to the width 20 direction of the weld zone, each of
‘said arc portion¥Iaving a radius R of curvature of 0.1 mmor nore. 5. A
met hod for wire-seamwel ding two overl appighg edges of a tin free steel
sheet at a wire feeding spe of a t {25 mn. wthout cleaning

t he edges, thereby nmanufactlyri
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98 a can body, said tin free steel sheet conprising a steel sheet and a
coating film said coating filmhaving a netallic chromum | ayer on the
steel sheet and a chrom um hydrate oxide |layer on the netallic chrom um
layer, the total 5 coating weight of said coating filmbeing 30 to 250

ng/ nferr] for each surface of the stggl sheet in terns of netallic

- chromum and the coating wei ght of id chrom um hydrate oxide being 0.5
to 15 ng/nferr] for each surface of the steel sheet in terns of netallic
chromium 10 FI(@hdracterized in that: a first wire electrode is used

i nside the can body and a second wire electrode is used outside the can
body; the first wire el ectrode and the second wire el ectrode have secti onal
areas of 0.5 to 3.0 mjerr] perpendicular to the 15 |I|ongitudinal direction
of the can body; the first wire electrode andghe second wire el ectrode
have |inear portions in contact wth said tywitree steel

. e VA aw av e
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sheet to be welded relative to the wdth direction of the weld zone, said
| i near portion having a length of 1.0 to 20 4.0 tines the thickness of
said tin free steel sheet to be welded; and L [err] W< L + 1.5 1is
satisfied in the rel ationship between the overlapping wwdth W(mm of said
tin free steel sheet to be welded and the length L (mm of said linear
portions 25 of said first wire electrode-and said second wire el ectrode.
99 6. The nmethod of claim5, characterized in that the first wire

el ectrode and thpJ€eepnd wire el ectrode have arc portions at both ends of
the Iinear portions in contact wwth 5 said tin free steel sheet to be
wel ded relative to the wdth direction of the weld zone, each of said arc
portions having a radius R(dﬂ%kurvature of 0.1 nn10f re. 7. The method
of claimb5, characterized inpathat 5?3
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10 a pressure of 30 to 150 kgf is applied between the first wre

el ectrode and the second wire el ectrode; and a nugget pitch is 0.6 to 1.8
mmin the wel ded zone. 8. The nethod of claim?7, characterized in that the
first 15 wre electrode and the second wire el ectrode have arc portions at
both ends of the linear portions in conj act wth said tin free steel sheet
to be welded relative to the wdth direetion of the weld zone, each of said
arc portions having a radius R of curvature of 0.1 mmor nore. 20 9. A
wel di ng machi ne having a welding wire form ng device, characterized in

that: the wel di ?‘qgm.;l\ﬁe form ng device conprises a plurality pair of welding
wire formng rofl ich are arranged in 25 the | engthw se direction of the

wel ding wire; 100
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the plurality pair of welding wire formng rolls have different sectiona
shapes; the pair of welding wire formng rolls conprises an upper roll and
a lower roll for holding and pressing the 5 welding wire, the upper rol
bei ng novable in a vertical direction; and the welding wire is held and
pressed by any one of the plurality of t welding wire formng rolls to
forma welding wire having a plurality of~shapes. 10 15 20

FIG. 8
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FIG. 11
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