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(57) ABSTRACT

The purpose of one aspect of the present disclosure is to
provide: a cold rolled steel sheet for a flux-cored wire,
having excellent low temperature toughness, welding work-
ability and processability; and a manufacturing method
thereof. One embodiment of the present disclosure provides:
a cold rolled steel sheet for a flux-cored wire, comprising, by
wt %, 0.005-0.10% of C, 0.05-0.25% of Mn, 0.05% or less
of Si (excluding 0%), 0.0005-0.01% of P, 0.008% or less of
S (excluding 0%), 0.005-0.06% of Al, 0.0005-0.003% of N,
0.8-1.7% of Ni, 0.1-0.5% of Cr, and a balance of Fe and
inevitable impurities, and having 0.10-0.75 of WN defined
by Relationship 1 below; and a manufacturing method
therefor. Relationship 1: WN=(31xC+0.5xMn+20xAl)x
(N1)x(0.6xCr).
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COLD ROLLED STEEL SHEET FOR
FLUX-CORED WIRE, AND
MANUFACTURING METHOD THEREFOR

TECHNICAL FIELD

[0001] The present invention relates to a cold rolled steel
sheet for a flux-cored wire and a manufacturing method
thereof.

BACKGROUND ART

[0002] In the case of steel strip for welding rods applied to
a flux-cored wire, or the like, there have been the develop-
ment and application of steel sheets applied as raw steel
material and flux materials in order to correspond to various
purposes of use. There have been the development and
application of steel sheets and flux materials to steel strip for
welding rods applied to a flux cored wire, and the like, in
order to correspond to various purposes of use. There has
also been development of welded members for various
special purposes, for example, welded members for high
manganese steel having excellent abrasion resistance, cryo-
genic welded members having excellent cryogenic tough-
ness, a welded member for dustproof steel having excellent
dustproof performance. In this regard, materials for welding
rods corresponding to such steels for special welding have
been being developed.

[0003] In general, flux-cored welding (FCW) is a welding
method having the highest welding productivity and easiest
welding in various locations. Materials used in this method
are flux-cored wires, and the method involves processing a
strip drawn from a conventional cold rolled steel sheet in a
U shape and mixing and adding about 5 wt % to 50 wt % of
the flux and powder forms of alloying elements such as
manganese (Mg), nickel (Ni), and the like, in the processed
U-shaped pipe followed by processing and manufacturing
the mixture in a circular form. The flux component is added
to ensure weldability, and the alloying elements are added to
ensure characteristics suitable for use of the welding rods.
[0004] Various characteristics required for the welding rod
materials are accomplished by changing types and amounts
of alloy components added in a core in a powder form. For
example, alloying elements for improving cryogenic tough-
ness need to be mixed with the flux and added to a processed
wire core portion together with the flux and loaded in order
to produce welding members requiring excellent cryogenic
toughness.

[0005] Meanwhile, general carbon steel not containing a
large amount of alloying elements are conventionally used
as a cold rolled steel for wires used in manufacturing the
flux-cored wires. Stainless steel is in use in some special
applications.

[0006] A steel for general carbon steel-based wire has
excellent elongation and thus is not torn during drawing.
Also, due to low work hardening, continuous manufacturing
is feasible from forming to manufacturing of final wires
without an additional heat treatment. In this regard, the steel
for general carbon steel-based wire has been used in various
applications by advantage the above mentioned. However,
since carbon steel welding steel material is a low-alloy steel,
a flux for charging inside of the welding wire and an addition
of alloying elements are required to ensure welding rod
characteristics according to uses thereof. However, as an
appropriate level of flux needs to be added to ensure
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weldability, there are limitations to increase amounts of
alloying elements added to the core. That is, large amounts
of oxidants (Ti, Mn, Zr, Al, or the like), slag forming agents
(Ti0,, Si0,, Al,O;, ZrO,, MnO, or the like), arc stabilizers
(K, Na, or the like) and alloy components (Si, Mn, Ni, Zr,
Cr, or the like) need to be added to a center of the wire steel;
however, there is a limit that only about 30% to 60% of
capacity may be charged in the wire steel material, including
the flux. Although there are differences depending on pow-
ders, which are charged, the limit is known to be 15% to
25% in weight. In such case, there is a problem in that as a
content of an alloying element increases to ensure the
characteristics, it may be difficult to ensure stable weldabil-
ity as the flux component, and the like, are limited. In
addition, as the alloying elements are added in a powder
form, the core component melted during welding causes
segregation in the welded portion, thereby causing welding
failure.

As stainless steel for a welding wire conventionally includes
larger amounts of alloying elements such as nickel (Ni),
chromium (Cr), or the like, present in a steel component,
compared to conventional carbon steel, an amount of a core
alloying element added together with the flux may be
reduced. However, because the stainless steel is basically a
high-alloy material and high costs, the stainless steel may
only be applied to special purposes of use. Besides, in the
case of stainless welding raw steel material, wire breakage
is highly likely to occur due to work hardening when
processing welding rod wires, which requires additional
annealing heat treatment between manufacturing processes,
and may cause increased manufacturing costs.

[0007] Currently, as for steel for cryogenic welding wire
requiring drawability and low temperature toughness, high-
cost alloying elements are manufactured in a powder form
having high purity and introduced together with other flux
components to improve low temperature toughness when the
flux is charged after pipemaking using conventional carbon
steel. In this case, however, the added alloy powder is highly
pure and expensive, and thus has a problem in that there are
limitations on the addition of the flux components to ensure
welding stability due to large amounts of the added flux
components. Moreover, the expensive alloying elements
cause segregation in the flux and thus are partially concen-
trated in the welding rod, thereby giving rise to deteriorated
workability such as tearing, and the like, during welding rod
processing.

[0008] Accordingly, there has been demand for develop-
ment of steel for welding wires having excellent low tem-
perature toughness and weldability to be preferably applied
to a cryogenic environment. For example, to secure charac-
teristics of a cold rolled steel sheet for a flux-cored wire,
which is appropriate for cryogenic use, there have been
efforts being made to achieve elongation of at least 40%, a
welded portion segregation index of less than 0.15%, and an
impact energy value of at least 50 J at —40° C.

[0009] For example, Patent Document 1 discloses a
method for manufacturing steel for a welding rod having
excellent impact toughness and strength by adding Cr, Mo,
Ti, and the like, to steel containing 1.4% to 2.4% of Mn,
0.2% to 0.4% of Si and 2.8% to 6.4% of Ni. Patent
Document 1, however, has a problem of high manufacturing
costs as large amounts of expensive alloying elements are
comprised. Although high strength can be achieved by
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adding the alloying elements, ductility is low, thereby mak-
ing it difficult to obtain drawability.

[0010] In addition, Patent Document 2 discloses technol-
ogy of reducing welding defects by adding Ti, Mg, or the
like, to a flux raw material and accelerating deoxidation of
a molten metal. To ensure sufficient deoxidation effect of the
molten metal, large amounts of alloying elements need to be
added to the flux. When such large amounts of the alloying
elements are added to the flux, however, there may be a
problem in that spatter, a phenomenon in which fine particles
splash around during welding, thereby deteriorating weld-
ability.

[0011] Therefore, there is a need to develop a welded steel
strip using a cold rolled steel sheet for a flux-cored wire
having excellent weldability and drawability and capable of
securing a welded portion having excellent low temperature
toughness in a cryogenic environment.

PRIOR ART

[0012] (Patent Document 1) Korean [Laid-Open Publica-
tion Application No. 2006-107910

[0013] (Patent Document 2) Japanese Laid-Open Publica-
tion Application No. 60-46896

DISCLOSURE

Technical Problem

[0014] An aspect of the present disclosure cold rolled steel
sheet for a flux-cored wire having excellent low temperature
toughness, and a manufacturing method thereof.

[0015] Meanwhile, the technical problem of the present
disclosure is not limited to the above. The technical problem
of the present disclosure will be clearly understood by those
skilled in the art through the following description without
difficulty.

Technical Solution

[0016] An aspect of the present disclosure provides a cold
rolled steel sheet for a flux-cored wire, containing, by wt %:
0.005% to 0.10% of carbon (C), 0.05% to 0.25% of man-
ganese (Mn), 0.05% or less of silicon (Si) (excluding 0%),
0.0005% to 0.01% of phosphorus (P), 0.008% or less of
sulfur (S) (excluding 0%), 0.005% to 0.06% of aluminum
(Al), 0.0005% to 0.003% of nitrogen (N), 0.8% to 1.7% of
nickel (N1), 0.1% to 0.5% of chromium (Cr), and a balance
of iron (Fe) and inevitable impurities, and having 0.10 to
0.75 of W, defined by Relationship 1 below,

[0017] Relationship 1: W,=(31xC+0.5xMn+20xAl)x
(N1)x(0.6xCr),
[0018] where a unit for a content of each element in

Relationship 1 is weight %.

[0019] Another aspect of the present disclosure provides a
method for manufacturing a cold rolled steel sheet, includ-
ing heating a slab comprising, by wt %, 0.005% to 0.10% of
C, 0.05% to 0.25% of Mn, 0.05% or less of Si (excluding
0%), 0.0005%-0.01% of P, 0.008% or less of S (excluding
0%), 0.005% to 0.06% of Al, 0.0005% to 0.003% of N, 0.8%
to 1.7% of Ni, 0.1% to 0.5% of Cr, and a balance of Fe and
inevitable impurities, and having 0.10 to 0.75 of W, defined
by Relationship 1 below to 1100° C. to 1300° C.; hot rolling
the heated slab such that a finish rolling temperature is 880°
C. 10 950° C. to obtain a hot rolled steel sheet; coiling the
heated hot rolled steel sheet in a temperature range of 550°
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C. to 700° C.; cold rolling the coiled hot rolled steel sheet at
a rolling reduction ratio of 50% to 85% to obtain a cold
rolled steel sheet; and continuously annealing the cold rolled
steel sheet in a temperature range of 700° C. to 850° C.,

[0020] Relationship 1: W,=(31xC+0.5xMn+20xAl)x
(N1)x(0.6xCr),
[0021] where a unit for a content of each element in

Relationship 1 is weight %.

[0022] The technical solutions above are not all features of
the present disclosure. Various features of the present dis-
closure and advantages and effects thereof can be under-
stood in more detail with reference to the following specific
embodiments.

Advantageous Effects

[0023] According to an aspect of the present disclosure,
the present disclosure can provide a cold rolled steel sheet
for a flux-cored wire having excellent low temperature
toughness, weldability and workability to provide a welding
rod for a flux-cored wire capable of all position welding,
used in the shipbuilding, materials and construction indus-
tries.

BRIEF DESCRIPTIONS OF DRAWINGS

[0024] FIG. 1 is a photographic image of a microstructure
of Inventive Example 2 in Example of the present disclo-
sure; (a) is a photographic image of a flux-cored wire
manufactured using Inventive Example 2, and (b) is an
enlarged image of a sheath of (a).

[0025] FIG. 2 is a photographic image of a microstructure
of Comparative Example 5 in Example of the present
disclosure; (a) is a photographic image of a flux-cored wire
manufactured using Inventive Example 2, and (b) is an
enlarged image of a sheath of (a).

BEST MODE

[0026] Preferred embodiments of the present disclosure
will now be described. However, the present disclosure may
be embodied in many different forms and should not be
construed as being limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the disclosure to those skilled in the art.
[0027] Hereinafter, a cold rolled steel sheet for a flux-
cored wire will be described in detail.

[0028] The cold rolled steel sheet for a flux-cored wire of
the present disclosure includes, by wt %, 0.005% to 0.10%
of C, 0.05% to 0.25% of Mn, 0.05% or less of Si (excluding
0%), 0.0005%-0.01% of P, 0.008% or less of S (excluding
0%), 0.005% to 0.06% of Al, 0.0005% to 0.003% of N, 0.8%
to 1.7% of Ni, 0.1% to 0.5% of Cr, and a balance of Fe and
inevitable impurities, and having 0.10 to 0.75 of W, defined
by Relationship 1 below.

[0029] The alloy composition of the present disclosure
will be described in detail. In the following description, the
unit of a content of each element is given in wt %, unless
otherwise indicated.

[0030] C: 0.005% to 0.10%

[0031] Carbon (C) is an element conventionally added to
improve strength of steel and to make a weld heat affected
zone of have similar characteristics to a base material. When
C is contained in an amount of less than 0.005%, said effects
may not be sufficiently achieved. In contrast, when C is
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contained in an amount exceeding 0.10%, problems such as
wire breakage may occur during a drawing process due to
high strength or work hardening. Further, it is disadvanta-
geous that low temperature cracking or reduced impact
toughness may occur in a welding joint, and multiple heat
treatments may be required to process a final product due to
high hardness. Accordingly, the C content is preferably
0.005% to 0.10%, and in order to improve the characteristics
of the weld heat-affected zone, it may more preferably be
0.01 to 0.06%.

[0032] Mn: 0.05% to 0.25%

[0033] Manganese (Mn), as a solid solution strengthening
element, increases strength of steel and improves hot rolling
workability. When an excessive amount of Mn is added, a
large amount of manganese-sulfide (MnS) precipitates are
formed, thereby reducing ductility and workability of the
steel. An amount of Mn less than 0.05%, may cause red
shortness and makes it difficult to contribute to austenite
stabilization. In contrast, a Mn amount exceeding 0.25%
may reduce ductility and cause center segregation, thereby
inducing wire breakage may occur during the drawing
process. In this regard, the amount of Mn may preferably be
0.05% to 0.25%, more preferably 0.06% to 0.24%.

[0034] Si: 0.05% or less (excluding 0%)

[0035] Silicon (Si) binds to oxygen, or the like, and forms
an oxide layer, thereby reducing surface quality and corro-
sion resistance. Si also accelerates transformation of a hard
phase in a welded metal, thereby deteriorating low tempera-
ture toughness characteristics. In this regard, the amount of
Si is limited preferably to 0.05% or less, more preferably
0.04% or less.

[0036] P: 0.0005% to 0.01%

[0037] Phosphorus (P) is an element present as a solid
solution element in steel and improving strength and hard-
ness of steel by causing solid solution strengthening. It is
preferable that P be added in an amount of at least 0.0005%
to maintain a predetermined level of rigidity. When P is
contained in an amount exceeding 0.01%, center segregation
may occur during casting, and ductility may be lowered,
thereby deteriorating wire workability. Accordingly, P is
preferably added in an amount of 0.0005% to 0.01%, more
preferably 0.001% to 0.009%.

[0038] S: 0.008% or less (excluding 0%)

[0039] Sulfur (S) is a factor forming non-metallic inclu-
sions by combining with Mn and causing red shortness. In
this regard, it is preferable to reduce an S content to be as
low as possible. Further, when a large amount of S is
contained, toughness of a base material of a steel sheet may
be reduced. Accordingly, the S content is preferably 0.008%
or less, more preferably 0.0075% or less.

[0040] Al: 0.005% to 0.06%

[0041] Aluminum (Al) is an element added to aluminum-
killed steel to prevent deterioration of a material caused by
a deoxidizer and aging and advantageous in ensuring duc-
tility. Such effects are more significant at an extremely low
temperature. When Al is contained in an amount of less than
0.005%, said effects are insufficiently achieved. In contrast,
an Al amount exceeding 0.06% sharply increases surface
inclusions such as aluminum-oxide (Al,O;), thereby dete-
riorating surface characteristics of a hot-rolled material and
workability. Further, ferrite may be locally formed in grain
boundaries of the weld heat-affected zone, thereby deterio-
rating mechanical properties, and a shape of beads may be
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deteriorated after welding. Accordingly, the Al amount is
preferably 0.005% to 0.06%, more preferably, 0.007% to
0.050%.

[0042] N: 0.0005% to 0.003%

[0043] Nitrogen (N) is an element present in a solid
solution state in steel and is effective for strengthening a
material. To ensure target rigidity, it is necessary to add
0.0005% or more of N.In contrast, when an N content
exceeds 0.003%, not only are the aging characteristics
drastically deteriorated, but also a burden due to denitrifi-
cation is increased in manufacturing processes of the steel,
thereby deteriorating steelmaking workability. Accordingly,
the N content is preferably 0.0005% to 0.003%, more
preferably 0.008% to 0.0029%.

[0044] Ni: 0.8% to 1.7%

[0045] Nickel (Ni) is an element effective in improving
ductility to improve drawability and necessary to form a
stable structure at extremely low temperatures to improve
low-temperature toughness characteristics. It is necessary to
include Ni in an amount of at least 0.8% to achieve such
effects and stably operate a flux composition. In contrast,
when Ni is added in an amount greater than 1.7%, drawabil-
ity may be deteriorated due to increased strength and surface
defects may occur. In addition, as Ni is an expensive
element, manufacturing costs may increase. Accordingly,
the Ni content is preferably 0.8% to 1.7%, more preferably
0.085% to 1.65%.

[0046] Cr: 0.1% to 0.5%

[0047] Chromium (Cr) is an element favorable to strength
of a welding joint and serves to form a stable rust layer to
contribute to improving corrosion resistance. In order to
secure such effects, Cr is preferably added in an amount of
0.1% or more. In contrast, when Cr is added in an amount
exceeding 0.5%, Cr-based carbides are formed and cause
brittleness, which may result in poor workability. Accord-
ingly, the Cr content preferably satisfies 0.1% to 0.5%, more
preferably 0.13% to 0.45%.

[0048] The remaining ingredient of the cold rolled steel
sheet of the present disclosure is Fe; however, in conven-
tional manufacturing processes, undesired impurities from
raw materials or manufacturing environments may be inevi-
tably mixed, and thus cannot be excluded. Such impurities
are well-known to those of ordinary skill in the art, and thus,
specific descriptions thereof will not be mentioned in the
present disclosure.

[0049] Meanwhile, the cold rolled steel sheet of the pres-
ent disclosure satisfies the alloy composition previously
described, and it is preferable that W, defined by Rela-
tionship 1 below be 0.10 to 0.75. A unit of a content of each
element in Relationship 1 is weight %,

[0050] Relationship 1: W,=(31x C+0.5x Mn+20x Al)x
(Ni)x (0.6xCr).
[0051] Relationship 1 is designed in consideration of a

correlation of each element to weldability and drawability.
When W, is less than 0.10, it may be advantageous in terms
of workability in due to an insignificant amount of trans-
formation of a room temperature structure into a hard phase.
In order to secure low temperature toughness, however,
weldability may be deteriorated in accordance with an
increased amount of alloy added as an alloying element of
a flux. In contrast, when the W, is greater than 0.75, a
fraction of the hard-transformed structure increases, which
may give rise to problems that breakage of a welded member
occurs at the time of pipemaking and drawing, as well as
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increased manufacturing costs due to an addition of a large
amount of expensive alloying elements. Accordingly, W,
satisfies preferably 0.10 to 0.75, more preferably 0.11 to
0.73.

[0052] Meanwhile, it is preferable that the cold rolled steel
sheet has a microstructure containing, by area %, 1% to 6%
of cementite and a balance of ferrite. A fraction of the
cementite less than 1% may act as a factor inducing defor-
mation aging defects caused by solid solution elements in
steel as precipitation of carbides is not accelerated. In
contrast, the fraction of cementite exceeding 6% may cause
cracking during drawing and causes deterioration of resis-
tance corrosion. Accordingly, the fraction of cementite is
preferably in the range of 1% to 6%, more preferably in the
range of 1.3% to 5.8%.

[0053] The cold rolled steel sheet according to the present
disclosure may have elongation of 40% or more. By satis-
fying such properties, the cold rolled steel sheet may be
preferably applied as a flux-cored wire material. When the
elongation is less than 40%, a cross-sectional reduction rate
decreases during welding wire drawing, thereby causing
deteriorated pipe workability and cracking such as tearing.
[0054] Further, the cold rolled steel sheet manufactured
according to the present disclosure may have a segregation
index of a welded portion less than 0.15% and an impact
energy of 50 J or greater at -40° C. More specifically, the
segregation index refers to a segregation index of a welded
portion welded using a flux-cored wire manufactured using
the cold rolled steel sheet according to the present disclosure
and is represented by a ratio of an area occupied by
segregation by the added elements to a total area of the
welded portion. When segregation occurs in the welded
portion, stress is concentrated in the segregation portion
during processing, which may cause fracturing. In order to
prevent tearing due to segregation of the welded portion
during second processing after welding, the segregation
index of the welded portion is preferably 0.15% or less,
more preferably 0.125% or less. Convention flux-cored
wires have a problem of an increased segregation index
according to an addition of an element such as Ni as an
alloying element of the flux, not the base material, to secure
low temperature toughness. In the case of the cold rolled
steel sheet of the present disclosure, however, segregation-
inducing factors are significantly reduced, thereby enabling
to secure the segregation index of the welded portion as
0.15% or less. Further, it is necessary to secure the impact
energy of 50 J or greater at —40° C. during an impact
experiment evaluating low temperature stability of a weld-
ing rod. When an impact energy obtained during the experi-
ment at —40° C. falls below 50 J, the welded portion may
have cracks due to a low temperature shock in a low-
temperature environment and may have a safety issue. In
this regard, at least 50 J needs to be secured. It is more
preferable that the low temperature impact energy be 55 J or
above at —40° C.

[0055] Herein below, a method for manufacturing the cold
rolled steel sheet for a flux-cored wire of the present
disclosure will be described in detail.

[0056] The method for manufacturing the cold rolled steel
sheet for a flux-cored wire of the present disclosure includes
heating the slab satisfying the previously described alloy
composition to 1100° C. to 1300° C.; hot rolling the heated
slab such that a finish rolling temperature is 880° C. to 950°
C. to obtain a hot rolled steel sheet; coiling the heated hot
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rolled steel sheet in a temperature range of 550° C. to 700°
C.; cold rolling the coiled hot rolled steel sheet at a rolling
reduction ratio of 50% to 85% to obtain a cold rolled steel
sheet; and continuously annealing the cold rolled steel sheet
in a temperature range of 700° C. to 850° C.

[0057] The slab is heated to 1100° C. to 1300° C. This is
to allow the subsequent hot rolling process to be smoothly
carried out and to homogenize the slab. When the slab-
heating temperature is below 1100° C., a load may drasti-
cally increase during the subsequent hot rolling, whereas the
temperature exceeding 1300° C. increases not only energy
costs but also an amount of surface scale, thereby leading to
loss of materials. Accordingly, the slab-heating temperature
is preferably 1100° C. to 1300° C., more preferably 1150° C.
to 1280° C.

[0058] The heated slab is hot-rolled such that a hot finish
rolling temperature reaches 880° C. to 950° C. to obtain a
hot rolled steel sheet. When the finish rolling temperature is
less than 880° C., hot rolling is terminated in a low tem-
perature region, resulting in reduction of hot rolling prop-
erties and workability due to rapid granulation of grains. In
contrast, when the finish rolling temperature exceeds 950°
C., hot rolling is not carried out uniformly over an entire
thickness, which gives rise to insufficient refinement of the
grains. This may result in reduced impact toughness due to
the increased grain size.

[0059] The hot rolled steel sheet is then coiled in a
temperature range of 550° C. to 700° C. The cooling of the
hot-rolled steel sheet before the coiling after the hot rolling
may be carried out on a run-out-table (ROT). When the
coiling temperature is less than 550° C., behavior formation
of the low-temperature precipitates vary during cooling and
maintaining due to temperature discrepancy and deviations
in mechanical properties are induced, thereby negatively
affecting workability. In contrast, when the coiling tempera-
ture is above 700° C., a structure of a final product is
coarsened, and problems of softened surface material and
deteriorated pipe workability may arise. Accordingly, the
coiling temperature is preferably 550° C. to 700° C., more
preferably 555° C. to 690° C.

[0060] The coiled hot-rolled steel sheet is cold-rolled at a
rolling reduction ratio of 50% to 85% to obtain a cold rolled
steel sheet. When the reduction ratio is less than 50%,
driving force for recrystallization is low, and local structure
growth occurs, thereby making it difficult to obtain a uni-
form material. Further, a thickness of the hot rolled steel
sheet needs to be reduced considering a thickness of the final
product, and this may significantly deteriorate the hot rolling
workability. In contrast, when the reduction ratio exceeds
85%, the material solidifies and causes cracking during the
drawing. Moreover, the cold rolling workability is reduced
due to a load of a rolling mill. Accordingly, the rolling
reduction ratio is preferably 50% to 85%, more preferably
65% to 80%.

[0061] Pickling of the coiled hot rolled steel sheet may
further be included before cold rolling.

[0062] To ensure workability and rigidity, the cold rolled
steel sheet is continuously annealed. Annealing to remove
deformation is carried out in a state in which the strength is
increased by the deformation introduced during the cold
rolling, thereby ensuring target strength and workability.
The continuous annealing may be carried in a temperature
range of 700° C. to 850° C. At an annealing temperature
below 700° C., deformation formed by the cold rolling is not
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sufficiently removed, thereby significantly deteriorating the
workability. In contrast, at an annealing temperature exceed-
ing 850° C., passability of the continuous annealing furnace
may be problematic due to high temperature annealing.
Accordingly, the continuous annealing temperature is pref-
erably 700° C. to 850° C., more preferably 730° C. to 845°
C

[0063] Skin-pass rolling of the continuously annealed cold
rolled steel sheet may further be included. The cold rolled
steel sheet may be used in manufacturing of welding wires
after skin-pass rolling.

MODE FOR INVENTION

[0064] Hereinafter, the present disclosure will be
described more specifically through the following exem-
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components to manufacture a welding material having a
diameter of 3.1 mm. Thus-manufactured welding material
was drawn to manufacture a flux-cored wire having a
diameter of 1.2 mm and was then subject to a low tempera-
ture impact experiment. The result is shown in Table 3
below.

[0067]
portion of a welded member welded with the flux-cored wire

In addition, a segregation index of the welded

was measured, and a result thereof is shown in Table 3
below. The result is for the experiment carried out for a
welded member drawn with a wire having a diameter of 1.4
mm and manufactured using a pilot (Pilot) welder at a
voltage of 29V, current of 150 A to 180 A, and a welding
speed of 14 cm/min.

TABLE 1

Alloy composition (wt %)

Steel C Mn Si P s Al N Ni  Cr Wy
IS1 0.014 013 0011 0006 0.005 0.021 0.0022 092 024 0.122
IS 2 0.018 0.07 0009 0008 0.002 0.014 00013 123 041 0.264
IS 3 0.047 0.2  0.008 0.005 0.004 0.009 0.0027 148 0.6 0.241
IS 4 0.035 023 0011 0004 0.006 0.034 0.0018 1.63 035 0.644
IS5 0.064 021 0021 0003 0.003 0.028 00011 1.13 028 0.503
cs1 0.003 0.14 0008 0.006 0.006 0.025 00024 043 0 0
CS2 0036 003 0014 0009 0004 0038 00014 009 019 0019
CS 3 0.049 0.2 0011 0008 0016 0019 0.0029 0 029 0
CS4 0028 0118 0009 0032 0005 0.084 00068 1.03 092 1500
Ccs's 0.016 021 0024 0006 0.007 0.027 00022 221 003 0.045
CS6 0164 0.84 0352 0009 0004 0036 00023 098 142 5197
Wy =031xC+0.5x%x Mn + 20 x Al) x (Ni) x (0.6 x Cr)
*IS: Inventive Steel
*#*C8§: Comparative Steel
plary examples. However, the exemplary examples are for TABLE 2
clearly explaining the present disclosure and are not
intended to limit the scope of the present disclosure. ~ Fimsh  Cold rolling .
Reheating rolling Coiling  reduction  Annealing
ramples e AT
[0065] After heating a slab having a component compo- E1  IS1 1250 900 660 68 750
sition shown in Table 1 below to 1250° C., a cold rolled steel IE2 1250 900 660 75 800
sheet was manufactured under the manufacturing conditions IE3 1250 900 660 78 820
described in Table 2 below. A microstructure of the cold g‘; 52 328 ggg 228 ;2 57518
rolled steel sheet was observed to have a ferrite structure. IE6 IS 3 1250 935 640 20 780
The cold rolled steel sheet was measured in terms of a type, IE7 IS4 1250 930 620 78 780
a fraction, elongation, passability and drawability of the 1E8 185 1250 910 680 72 780
microstructure, and the results are shown in Table 3 below. IE9 1250 910 680 7 830
R 1 . . CE1 IS1 1250 780 660 75 580
The symbol “0” indicates passability of the case in which CE 2 1250 900 660 40 750
there was no rolling load during cold and hot rolling and CE3 IS2 1250 890 500 90 820
there was no defect such as heat buckling during continuous CE4 1S3 1250 925 720 70 880
annealing. The symbol “x” indicates passability of the case CES  CSl 1250 920 660 7 820
. . . CE6 CS2 1250 900 660 70 820
in which there was a rolling load or a defect such as heat CE7 ©S3 1250 900 660 70 820
buckle when continuous annealing. The drawability was CE8 CS4 1250 900 660 70 800
indicated as “bad” for the case when there was a processing CE9 CS5 1250 910 660 70 800
CE10 CS6 1250 890 580 48 800

defect, such as tearing, during drawing of the flux-cored
wire at a cross-sectional reduction ratio of 61%, and as
“fine” for the case in which there was no defect occurred.
[0066] The manufactured cold rolled steel sheet was uti-
lized to manufacture a strip having a width of 14 mm. The
strip was then bent and charged with the flux and the alloy

*[E: Inventive Example,

*#*CE: Comparative Example,
##+]S: Inventive Steel,

#*#£%(C8: Comparative Steel
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TABLE
Cementite Welded portion Impact
fraction Elongation segregation index toughness
Type (area %) Passability (%) (%) (J, @-40° C.) Drawability
IE 1 35 o 44 0.08 65 Fine
IE 2 3.1 o 47 0.09 58 Fine
IE 3 1.6 o 46 0.11 63 Fine
IE 4 3.8 o 44 0.07 92 Fine
IE 5 2.5 o 47 0.08 85 Fine
IE 6 4.7 o 42 0.03 87 Fine
IE 7 4.0 o 45 0.05 104 Fine
IE 8 5.3 o 41 0.06 97 Fine
IE 9 3.8 o 45 0.09 113 Fine
CE1 0.4 X 25 0.09 43 Bad
CE2 6.4 X 33 0.08 61 Bad
CE3 0.9 X 36 0.13 45 Bad
CE4 6.8 X 44 0.17 39 Fine
CE>5 0.1 o 42 0.53 41 Bad
CE6 2.3 o 38 0.34 31 Bad
CE7 3.1 o 36 0.42 35 Bad
CE8 2.8 o 33 0.21 46 Bad
CE?9 0.7 o 37 0.46 28 Bad
CE 10 7.8 X 26 0.64 33 Bad

*[E: Inventive Example,
**CE: Comparative Example

[0068] As shown in Tables 1 to 3 above, Inventive
Examples satisfying all of the alloy composition and manu-
facturing conditions proposed in the present disclosure have
not only fine passability but also target elongation of 40% or
more, a material standard of the cold rolled steel sheet for a
flux-cored wire. The segregation index of the wire manu-
factured as the welded member was less than 0.15%. In this
regard, no tearing or cracking occurred in the welded portion
during second processing, thereby securing excellent work-
ability. In addition, the impact energy was at least 50 J at
-40° C., thus securing excellent low temperature toughness.
[0069] In contrast, Comparative Examples 1 to 4 satisfied
the alloy composition suggested in the present disclosure but
not the manufacturing conditions and had problems of
deteriorated rolling passability (Comparative Examples 1 to
3) and annealing passability (Comparative Example 4). It
was also confirmed that elongation was lower than the target
elongation, the impact energy was -50 J at —-40° C., and the
drawability was poor.

[0070] Comparative Examples 5 to 9 satisfied all manu-
facturing conditions suggested in the present disclosure but
not the alloy composition. Comparative Example 10 is the
case in which the alloying composition and the manufac-
turing conditions were not satisfied. Most of Comparative
Examples 5 to 10 did not satisfy the target elongation,
welded portion segregation index, impact energy, and the
like, and had poor passability. Further, tearing or cracking
occurred during the drawing process.

[0071] FIGS. 1 and 2 are photographic images of micro-
structures of Inventive Example 2 and Comparative
Example 5; (a) is a photographic image of a flux-cored wire
manufactured using Inventive Example 2, and (b) is an
enlarged image of a sheath of (a). In the case of FIG. 1, the
sheath was observed to be comparatively homogenized and
accordingly capable of ensuring drawability. In contrast, it
was observed in FIG. 2 that the sheath was not homogenized
and it was difficult to ensure fine drawability.

[0072] As previously described, the alloying composition
and the manufacturing conditions were appropriately con-
trolled to significantly improve occurrence of segregation of

the welded portion and reduce the alloying elements in the
flux, thereby increasing an amount of the flux for weldabil-
ity. This enabled obtaining of the cold rolled steel sheet for
a flux-cred wire having excellent low temperature toughness
and the weldability. Accordingly, use of the cold rolled steel
sheet of the present disclosure can reduce an amount of the
alloying element added in the flux, which may cause
increased processing costs, and ensure stable workability of
the welded member, thereby reducing occurrence of material
deviations of products. It was effective in saving costs and
improving workability.

[0073] While embodiments have been shown and
described above, it will be apparent to those skilled in the art
that modifications and variations could be made without
departing from the scope of the present disclosure as defined
by the appended claims.

1. A cold rolled steel sheet for a flux-cored wire, com-
prising, by wt %:
0.005% to 0.10% of carbon (C), 0.05% to 0.25% of
manganese (Mn), 0.05% or less of silicon (Si) (exclud-
ing 0%), 0.0005% to 0.01% of phosphorus (P), 0.008%
or less of sulfur (S) (excluding 0%), 0.005% to 0.06%
of aluminum (Al), 0.0005% to 0.003% of nitrogen (N),
0.8% to 1.7% of nickel (Ni), 0.1% to 0.5% of chro-
mium (Cr), and a balance of iron (Fe) and inevitable
impurities, and having 0.10 to 0.75 of W, defined by
Relationship 1 below,

Relationship 1: W,o=(31xC+0.5xMn+20x Al)x (Ni)x
(0.6xCr),

where a unit for a content of each element in Relationship
1 is weight %.

2. The cold rolled steel sheet of claim 1, wherein the cold
rolled steel sheet comprises a microstructure consisting of,
by area %, 1% to 6% of cementite and a balance of ferrite.

3. The cold rolled steel sheet of claim 1, wherein the cold
rolled steel sheet has elongation of 40% or above.

4. The cold rolled steel sheet of claim 1, wherein the cold
rolled steel sheet has a segregation index of a welded portion
is less than 0.15%.
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5. The cold rolled steel sheet of claim 1, wherein the cold
rolled steel sheet has an impact energy of 50 J or greater at
-40° C.
6. A method for manufacturing a cold rolled steel sheet
comprising:
heating a slab comprising, by wt %, 0.005% to 0.10% of
carbon (C), 0.05% to 0.25% of manganese (Mn),
0.05% or less of silicon (Si) (excluding 0%), 0.0005%
to 0.01% of phosphorus (P), 0.008% or less of sulfur
(S) (excluding 0%), 0.005% to 0.06% of aluminum
(Al), 0.0005% to 0.003% of nitrogen (N), 0.8% to 1.7%
of nickel (Ni), 0.1% to 0.5% of chromium (Cr), and a
balance of iron (Fe) and inevitable impurities, and
having 0.10 to 0.75 of W, defined by Relationship 1
below to 1100° C. to 1300° C.;

hot rolling the heated slab such that a finish rolling
temperature is 880° C. to 950° C. to obtain a hot rolled
steel sheet;
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coiling the heated hot rolled steel sheet in a temperature
range of 550° C. to 700° C.;

cold rolling the coiled hot rolled steel sheet at a rolling
reduction ratio of 50% to 85% to obtain a cold rolled
steel sheet; and

continuously annealing the cold rolled steel sheet in a

temperature range of 700° C. to 850° C.,

Relationship 1: W,=(31x C+0.5x Mn+20x Al)x (Ni)x

(0.6x Cr),
where a unit for a content of each element in Relationship
1 is weight %.

7. The manufacturing method of claim 6, further com-
prising pickling the coiled hot rolled steel sheet before the
cold rolling.

8. The manufacturing method of claim 6, further com-
prising skin-pass rolling the continuously annealed cold
rolled steel sheet.



