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ABSTRACT

The present invention provides high strength thick-

gauge steel plate superior 1in weldability and having a

—

tensile strength of 780 MPa or more and provides a method

of production of the high strength thilick-gauge steel

plate by omitting tempering heat treatment 1n the

production.

The high strength thick—-gauge steel plate of the
present 1nvention 1s high strength thick-gauge steel
plate containing, by mass%s, C: 0.030 to 0.055%, Mn: 2.4
to 3.5%, P: 0.01% or less, S: 0.0010% or less, Al: 0.06
to 0.10%, B: 0.0005 to 0.0020%, and N: 0.0015 to 0.00060%,

having a weld cracking susceptibility parameter Pcm of

0.18% to 0.24%, and comprised mainly of martensite.
The method of production of high strength thick-
gauge steel plate of the present i1nvention comprises

heating a steel slab or cast slab having a predetermined
composition of ingredients to 950 to 1100°C, rolling it at
820°C or more, then starting accelerated cooling from

700°C or more by a cooling rate of 8 to 80°C/sec and

stopping the accelerated cooling at room temperature to

350°C.
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DESCRIPTION

HIGH STRENGTH THICK-GAUGE STEEL PLATE SUPERIOR IN

WELDABILITY AND HAVING TENSILE STRENGTH OF /80 MPA OR

MORE AND METHOD OF PRODUCTION OF SAME

Technical Field

The present invention relates to preheat-free high

strength thick-gauge steel plate superior in weldability

and having a tensile strength of 780 MPa or more and a

method of producing the same with a high productivity and

by a low cost.

The invention steel 1s suitably used as a structural

F

member of construction machines, industrial machinery,

bridges, buildings, ships, and other welded structures 1in

the form of thick-gauge steel plate of a plate thickness

of 12 mm to 40 mm.

Note that here, "preheat-free” means the state where

when using shilelded arc, TIG, MIG, or other welding at

room temperature for welding by a 2 kJ/mm or less heat

input in a JIS Z 3158 "y-groove weld cracking test", the

preheating temperature required for preventing weld

cracking 1s 25°C or less or preheating 1s not required at

all.

| — ]

Background Art

F

The high strength steel plate of a tensile strength

-

of 780 MPa or more used as members for construction

machines, industrial machinery, bridges, buildings,

ships, and other welded structures 1s now being reguired

to provide both high strength and high toughness of the

base material, satisfy the requirements of high

weldability by a preheat-free process, and be able to be

produced 1nexpensively 1n a short time in plate

pri™

thicknesses of 40 mm or so. That 1s, it is necessary to

satisfy the requirements of high strength and high

-

toughness o:

the base material and a preheat-free process
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at the time of shielded arc, TIG, and MIG welding or

other small heat input welding by an 1nexpensive system
of ingredients, a short work time, and an 1nexpensive

production process.

ﬁ

As the conventional method of production of high

F

strength thick-gauge steel plate of a tensile strength of

780 MPa or more giving high weldability, for example, as

disclosed in PLTs 1 to 3, there 1s the method of rolling
the steel plate, then immediately directly quenching it
on-line, then tempering it, that 1s, using direct
quenching and tempering.

Further, for a non-heat treatment type of method ot

P

production of high strength thick-gauge steel plate of a

tensile strength of 780 MPa or more not reguiring reheat

tempering heat treatment after rolling, for example,

there are the disclosures in PLTs 4 to 8. Each 1is a

method of production superior in production period and
productivity in the point that the reheat tempering heat
treatment can be omitted. Among these, the inventions

g

described in PLTs 4 to 7 relate to a method of production

by an accelerated cooling-interim stop process comprilsing
rolling steel plate, then accelerated cooling it, then
stopplng midway. Further, the 1nvention described 1n PLT

8 relates to a method of production of rolling, then air

cooling down to room temperature.

Citation List
Patent Literature
PLT 1: Japanese Patent Publication (A) No. 03-232923
PLT Z: Japanese Patent Publication (A) No. 09-263828
PLT 3: Japanese Patent Publication (A) No. 2000-
160281
PLT 4: Japanese Patent Publication (A) No. 2000-
319726
PLT 5: Japanese Patent Publication (A) No. 2005-

15859
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PLT 6: Japanese Patent Publication (A) No. 2004-

52063
PLT 7: Japanese Patent Publication (A) No. 2001-

226740
PLT 8: Japanese Patent Publication (A) No. 08-188823

Summary of Invention

Technical Problem

However, for example, in the inventions described in
PLTs 1 to 3, reheat tempering heat treatment becomes
necessary, so there are problems in production period,

productivity, and production costs. Against such prior

art, there are strong demands for a so-called non-heat
treatment method of production enabling reheat tempering

heat treatment to be omitted.

As a non—-heat treatment method of production, 1n the

invention described in PLT 4, as described in the

examples, preheating at 50°C or more is necessary at the

time of welding and therefore there is the problem that

—

the requiremént of preheat-free high weldability cannot

be satisfied. Furthermore, in the invention described in

H

PLT. 5, 0.6% or more of Ni has to be added; so the system

el .
pra—

of ingredients becomes expensive and there is a problem

1n production costs. In the invention described in PLT 6,
1t 1s only possible to produce up to the plate thickness

15 mm described in the examples. The requirement for a

plate thickness of up to a thickness of 40 mm cannot be

satisfied. Furthermore, even with a plate thickness of 15

mm, There are the problems that the content of C 1is

prete.

small, the microstructure of the joint becomes coarse

grained, and sufficient low temperature toughness of the

jolnt cannot be obtained.

In the invention described in PLT 7, as described in

the examples, addition of 1.0% or so of Ni is necessary,
so the system of ingredients becomes expensive and there
are problems 1n production costs. In the invention

described in PLT 8, production is only possible up to the
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plate thickness 12 mm described in the examples. Demand

gr—

for plate thicknesses of up to thicknesses of 40 mm

cannot be satisfied. Furthermore, as a feature of 1ts

rolling conditions, 1in the dual phase temperature range

of ferrite and austenite, the rolling 1s performed by a

pr——

cumulative reduction rate of 16 to 30%, so the ferrite

grains easily become coarser. Even in production of a
plate thickness of 12 mm, there 1s a problem in that the

strength and toughness easily fall.
As explained above, high strength thick-gauge steel

plate of up to a plate thickness of 40 mm able to satisfy

P
p—

the requirements of high strength and high toughness of

the base material and of high weldability while limiting

the contents of expensive alloy elements of Ni, Mo, V,

Cu, and Nb, preferably not adding them, and eliminating
the reheat tempering heat treatment after rolling and

ga— ~—n

cooling, and a method of production of the same, have yet

to be invented despite the strong demand from users.

In thick-gauge steel plate with a base material

tensile strength of the 780 MPa class, the effect of the
plate thickness on the ability to realize a preheat-free

process 1s extremely great. With less than a plate

thickness of 12 mm, a preheat-free process can be easily
achlieved. This 1s because 1f the plate thickness is less

than 12 mm, 1t 1s possible to 1ncrease the cooling rate

of the steel plate at the time of water cooling to

ﬁ

100°C/sec or more even at the center part of plate

thickness. In this case, 1t 1s possible to make the

sStructure of the base material a martensite structure and

o [—

. strength of

to obtain a tensile strength 780 MPa class o:

the base material with a smaller amount of addition of

alloy elements. Since the amount of addition of alloy

elements 1s small, 1t 1is possible to keep down the

hardness of the weld heat affected zone even without

preheating and possible to prevent weld cracking even by

a preheat-free process.

On the other hand, i1if the plate thickness becomes
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e

greater, the cooling rate at the time of water cooling

inevitably becomes smaller. For this reason, with the

same 1ngredients as thin-gauge steel plate, the gquenching

-

becomes i1insufficient, so thick-gauge steel plate falls in

strength and the requlirement of a 780 MPa class tensile

strength can no longer be satisfied. In particualar, the

drop in strength 1s remarkable at the center part of

plate thickness (1/2t part) where the cooling rate
pecomes the smallest. With thick-gauge steel plate with a

plate thickness of over 40 mm where the cooling rate

becomes lower than 8°C/sec, large addition of alloy

1)

elements becomes essential for securing the strength o:

the base material and achieving a welding preheat-free

process becomes extremely difficult.

Therefore, the present invention

provides for a high strength steel plate able to

satisfy the requirements of high strength and high

toughness of the base material and of high weldability

while limiting the contents of expensive alloy elements

of Ni, Mo, V, Cu, and Nb, preferably not adding them, and

eliminating the reheat tempering heat treatment after

’* "

rolling and cooling, and a method of production of the

same. Specifically, 1t provides high strength thick-gauge

steel plate superior in weldability and having a tensile

strength of 780 MPa or more which has, at the center part

g —

of plate thickness of the base material, a tensile

strength /80 MPa or more, preferably 1000 MPa or less,

and a yield stress of 685 MPa or more, has a -20°C Charpy

absorption energy of 100J or more, and satisfies the

—

requlirement of the preheating temperature required at the

time of a JIS Z 3158 "y-groove weld cracking test" at

room temperature being 25°C or less, and a method of

’h
g—
P

production of the same. Therefore, the plate thickness of

the steel plate covered by the present invention is 12 mm

to 40 mm.
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Solution to Problem

To solve the above problem, the inventors engaged in

numerous studies on base materials and weld joints

assuming production by rolling, then direct quenching of

systems of ingredients not having Ni, Mo, V, Cu, or Nb

added. Among these, for systems of 1ngredients not having

Ni, Mo, V, Cu, or Nb added but having B added, they

engaged 1n studiles relating to the added ingredients for

realization of a preheat-free process at the time of

small heat input welding. As a result, they learned that

1t becomes possible to achieve a preheat-free process by

P

restricting the amount of addition of C and the weld

cracking sensitivity parameter able to be evaluated as

the Pcm value. Specifically, they learned that by

striCtly restricting the amount of addition of C to

0.055% or less and restricting the Pcm value to 0.24% or

less, 1t 1s possible to make the preheating temperature

P

required at the time of a JIS 7Z 3158 "y-groove weld

cracking test" at room temperature 25°C or less.

However, the inventors proceeded with further

studies and as a result learned that assuming a Pcm value

of 0.24% or less and a low amount of C of 0.055% or less,

1t 1s extremely'diﬁficult to achieve both strength and

toughness of the base material across the entire

thickness 1n the plate thickness direction up to a plate

thickness of 40 mm while restricting the contents of Ni,

Mo, V, Cu, and Nb effective for improving strength and

toughness, preferably while not adding them.

As opposed to this, the inventors engaged in

numerous detailed studies on the amounts of addition of
Mn, S, Al, N, and Ti in boron steel and, furthermore, the

heating, rolling, and cooling conditions. As a result,

P

they newly discovered that by making the amount of

P

addition of Mn a large amount of 2.4% or more, strictly
limiting S to 0.0010% or less, and adding Al in 0.06% or

more and by making N 0.0015% to 0.00060%, furthermore not
adding Ti, making the heating temperature 950°C to 1100°C,
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rolling at 820°C or more, then immediately water cooling from
700°C or more to room temperature LO 350°C by a cooling rate
of 8°C/sec to 80°C/sec, it 1s first possible to achieve both
strength and toughness of rhe base material across the entire
rhickness in the plate thickness direction up to a thickness
of 40 mm, specifically, TO satisfy the requirements of a
rensile strength of 780 MPa Or more, 4 vield stress of 685

MPa or more, and a -20°C Charpy absorption energy of 100J or

more.

The present invention was made based on the above new
discovery and has as its gist the following:

(1) Steel plate having weldability and a tensile
strength of 780 MPa Or mOrE, the steel plate containing,
by mass%, C: 0. 030% or more and 0.055% Or less, Mn: 2.55%
or more and 3.5% or less, P: 0.01% or less, S: 0.0010% oOr
legs, Al: 0.063% Or mOIXe and 0.10% or less, B: 0.0005% oxr
more and 0.0020% OY less, N: 0.0015% Oor more and 0.0060%

or less, limiting Ti to 0.002% or less, having a weld

Fe and unavoidable impurities as its composition otf

ingredients, and having a microstructure of the steel

comprised of martensite and of a balance, by an area

fraction of 3% or less, of one or more of ferrite,

bainite and cementite, and having a plate thickness of 14

to 40mm,
Pcm=[C]+[Si]/30+[Mn]/20+[Cu]/20+[Ni]/60+[Cr]/20+

(Mo] /15+[V]/10+5[B],
wherein, [C], [si], [Mn], [Cu], [Ni], [Cr]l, [Mo],

[v]l, and [B] respectively mean contents of C, Si, Mn, Cu,

Ni, Cr, Mo, V, and B expressed by masss.
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(2) Steel plate having weldability and a tensile
strength of 780 MPa Or more as set forth in the above
(1), the steel plate further containing, by mass%, one OT
more of Cu: over 0.05% and 0.50% or less, Ni: over 0.03%
and 0.50% or less, MO: oOvVer 0.03% and 0.30% or less, Nb:
over 0.003% and 0.05% or less, v: over 0.005% to 0.07%,
si. 0.05% to 0.40%, Cr: 0.10% to 1.5%, Mg: 0.0005% to
0.01% and Ca: 0.0005% to 0.01lw.

(3) A method of production ot steel plate having
weldability and a tensile strength of 780 MPa Or more
comprising a method of production of steel plate as set
forth in the above (1) or (2), and comprising heating a
steel slab or cast slab having a composition of ingredients
2s set forth in claim 1 or 2 tO 950°C to 1100°C, rolling at
820°C or more, then starting accelerated cooling from 700°C
or more by a cooling rate of goC/sec to 80°C/sec and
stopping the accelerated cooling at room temperature tO
350°C.

Note that, the high strength thick-gauge steel plate of
the present invention sometimes contains Si used as a
deoxidizing agent, Ccu, Ni, Cr, Mo, Nb, Or Vv included in the

scrap or other raw materials, and Mg, Ca, etc. included 1n

rhe refractories etc. Even if these are contained in fine
amounts, they will not have any particular efrect and also

will not impair the properties. Therefore, inclusion of Si:

less than 0.05%,
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Cu: 0.05% or less, Ni: 0.03% or less, Cr: less than
0.10%, Mo: 0.03% or less, Nb: 0.003% or less, V: 0.005%
or less, Mg: less than 0.0005%, and Ca: less than 0.0005%

1s allowed.

Advantageous Effects of Invention
According to the present invention, it 1is possible

to produce high strength thick-gauge steel plate superior

in preheat-free weldability, having a tensile strength of
780 MPa or more, and having a plate thickness of 12 mm to

40 mm sultable as a structural member for welded

structures for which there is a strong need for higher
strength such as construction machines, industrilal

machinery, bridges, buildings, and ships without using
expensive Ni, Mo, V, Cu, and Nb and without requiring

reheat tempering heat treatment after rolling and thereby

by a high productivity and at a low cost. The effect on

the industry is extremely great.

Description of Embodiments

F

Below, the reasons for limitation of the

compositions of ingredients, microstructures, rolling
conditions, and other aspects of the method of production
of the steel plate in the present i1nvention will be

explained.

C has to be added in 0.030% or more to satisfy the
base material strength. To make the base material
strength higher, the lower limit of C may be set at
0.035% or 0.040% as well.

If the amount of addition exceeds 0.055%, the

preheating temperature reguired at the time of welding

exceeds 25°C and a preheat-free process cannot be

realized, so the upper limit value 1s made 0.055%. To

F

further improve the weldability, the upper limit of C may
be set at 0.050% as well.

Mn has to be added in 2.4% or more to achieve both

strength and toughness of the base material. More
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g

. Mn may be set to 2.55%,

preferably, the lower limit o:

£2.060%, or 2.75%. If added over 3.5%, coarse MnS harmful

Lo toughness i1s formed at the center segregated part of

the steel slab or cast slab and the toughness of the base

material at the center part of plate thickness falls, so

the upper limit is made 3.5%. To stabilize the toughness

of the base material at the center segregated part, the

upper limit of Mn may also be set to 3.30%, 3.10%, or
3.00%.

Al, 1n addition to its role as a deox1dizing

element, has the important role of forming AIN with N at

—

the time of heating and rolling so as to suppress the

formation of BN, control the B to a solid solution state

F

. cooling, and raise the hardenability of

at the time o

the steel. If making the amount of addition of Mn 2.4% or

more, then strictly controlling the amount of Al and

amount of N, N will precipitate as AIN at the time of
heating before rolling and at the time of rolling, so the

N for forming the BN will become smaller and the amount

of solid solution boron required for raising the

hardenability can be secured. To form AIN at the time of

heating and rolling, Al has to be added in an amount of

0.006% or more. If added over 0.10%, coarse alumina

inclusions are formed and the toughness 1s reduced in

some cases, so the upper limit is made 0.10%. To prevent

the formation of coarse alumina inclusions, the upper

ﬁ

limit of Al may be set to 0.08%. Note that, 1f the amount
of addition of Mn falls below 2.4%, AIN will be hard to

precipitate at the time of heating and rolling, the

F

amount of boron in solid solution will be reduced, and

the hardenability will fall, so in addition to

.

controlling the amount of Al and the amount of , 1t 1is

necessary to add 2.4% or more of Mn.

g

N precipitates as AIN at the time of heating and

makes the y-grain size finer to thereby improve the

toughness.

In the invention steel limited in contents of
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expensive Nb and Ti harmful to toughness and preferably

F ﬁ
p——

not containing Nb or Ti, the effect of refinement of the

”

ficient or else cannot

Y—grain size by NbC or Ti1iN 1s 1nsu:

be utilized. For this reason, in the invention steel, the

F

fect of refinement of the y-grain size by AlN 1s

F
—

e'l

essenti1al for improvement of the toughness. To obtain

this effect, addition of 0.0015% or more of N 1is

necessary. If adding over 0.0060%, boron is caused to

preciplitate as BN and the amount of solid solution boron
1s reduced resulting in a drop in hardenability, so the
upper limit 1s made 0.0060%.

P causes the base material and joint to drop 1in low

temperature toughness, so 1s preferably not included. The
allowable value as an i1mpurity element unavoidably
included in the steel 1s 0.01% or less. To improve the
low temperature toughness of the base material and joint,
P may be limited to 0.008% or less.

S forms coarse MnS and lowers the toughness of the

base material and joint 1n the present invention where a

large amount of Mn 1is added, so preferably is not

included. Furthermore, in the present invention, the

contents of the expensive Ni, Mo, V, Cu, and Nb effective

for achieving both high strength and high toughness are
restricted or these elements are not used, so the coarse
MnS 1s extremely harmful. The allowable value as an
impurlty element unavoidably entering the steel 1is
0.0010% or less. Strict control 1s required. To improve
the low temperature toughness of the base material and
joint, S may be restricted to 0.0008% or less, 0.0006% or

less, or 0.0004% or less.

B has to be added in 0.0005% or more to improve the

hardenability and obtain a high strength and high

toughness of the base material. If added over 0.0020%,

the hardenability falls and a good low temperature

P

toughness of the joint or sufficient high strength and

F
P

high toughness of the base material cannot be obtained in

some cases, so the upper limit was made 0.0020%. The
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upper limit of B may be set to 0.0015%.

Ti forms brittle phase TiN particles in the base

material and jolnt which act as starting poilnts of

embrittlement fracture and greatly lower the toughness in

high strength steel like i1in the present invention, so 1S

harmful. In particular, 1n steel like the present
invention where the expensive Ni, Mo, V, Cu, and Nb

effective for achieving both high strength and high

toughness are restricted i1in content and preferably are

not used, TiN 1s very harmful. For this reason, 1t 1s
necessary that Ti not be added. The allowable value as an
impurity element unavoidably entering the steel 1s 0.004%

or less.

In the present invention, Ni, Mo, V, Cu, and Nb are

preferably not added. When Ni, Mo, V, Cu; and Nb

unavolidably enter from the raw materials etc., even 1if
included, the cost does not become higher. The upper
limit values of the Ni, Mo, V, Cu, and Nb unavoidably
entering the steel are Ni, Mo: 0.03% or less, V: 0.005%

or less, Cu: 0.05% or less, Nb: 0.003% or less.

However, due to the addition of Ni, Mo, V, Cu, and

Nb, the hardenability 1s improved or carbonitrides are

formed. For thils reason, to improve the strength and

toughness of the base material, 1t 1s also possible to

add one or more of Ni, Mo, V, Cu, and Nb. In this case,

in the present invention, Ni, Mo, V, Cu, and Nb are

deliberately added over the ranges of unavoidable

impuritlies in a range where the costs are not increased.

ﬁ

The upper limits of the amounts of addition are,

specifically, Cu, Ni: 0.50% or less, Mo: 0.30% or less,

Nb: 0.05% or less, and V: 0.07% or less. Furthermore,

from the viewpoint of the costs, it is preferable to make
the upper limits Cu, Ni: 0.30% or less, Mo: 0.10% or

less, Nb: 0.02% or less, and V: 0.03% or less.

Further, in the present invention, in accordance

with need, one or both of Si and Cr may be further added.

S1 1s a deoxidizing element. It does not necessarily
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have to be included, but addition of 0.05% or more is

preferable. Further, it may also be added to secure the

(—

strength of the base material. To obtain this effect,

—~ R oy

addition of 0.10% or more is preferable. However, if

added 1in over 0.40%, the base material and joint fall in
toughness, so the upper limit is made 0.40%. Note that,
in the present invention, when the content of Si is less
than 0.05%, the element does not contribute to the rise

y—

of the strength or the reduction of the toughness, so is

deemed to be an unavoidable impurity.

Cr may also be added to secure the strength of the
base material. To obtain this effect, addition of 0.10%
Or more 1S necessary. However, if adding over 1.5%, the
pase material and joint fall in toughness, so the upper
limit is set at 1.5%. To avoid an increase in cost due to
addition of Cr, it is also possible to limit the Cr to
1.0% or less, 0.6% or less, or 0.4% or less. Note that,

-

in the present invention, if the content of Cr entering

from the raw materials 1s less than 0.10%, this will not
contribute to the rise of the strength or reduction of
the toughness, so the element is deemed an unavoidable

impurity.

Further, in the present invention, by further adding

one or pboth of Mg and Ca in accordance with need, it is

possible to form fine sulfides or oxides and raise the
toughness of the base material and toughness of the
joint. To obtain this effect, Mg or Ca has to be added in

an amount of 0.0005% or more. However, if added

excessively over 0.01%, coarse sulfides and oxides are

formed, so conversely the toughness is sometimes reduced.

amnd

Therefore, the amounts of addition are made respectively

0.0005% or more and 0.01% or less. Note that, i1n the

present 1nvention, if the contents of the Mg and Ca

entering from refractories etc. are less than 0.0005%,

these elements do not contribute to the improvement and

-

reduction of toughness, so are deemed unavoidable

impurities.
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1

In the present invention, if the weld cracking

susceptibllity parameter Pcm is not made 0.24% or less,
preheating at the time of welding cannot be eliminated.
Therefore, the upper limit of the Pcm value is made 0.24%

or less. To improve the weldability, the upper limit may

also be set at 0.23% or 0.22%. If the Pcm value becomes

less than 0.18%, the high strength and high toughness

requirements of the base material cannot be satisfied, so
the lower limit is made 0.18%.

Here,
Pcm=[C]+[S1]/30+[Mn]/20+[Cu]/20+[Ni]/60+[Cxr]/20+[Mo]/
15+[V]/10+5[B], where [C], [Si], ([Mn], [Cul, [Ni], [Cr],

(Mo], [V], and [B] respectively mean the contents of C,

S1, Mn, Cu, Ni, Cr, Mo, V, and B expressed by mass$%.

Next, the microstructure of the steel plate of the

present invention will be explained.

In order for steel plate to have a predetermined

strength and toughness, it is necessary that its

microstructure be mainly martensite. The balance other

o

than the martensite is comprised of one or more of

ferrite, bainite, and cementite. The total area fraction
of the latter has to be 3% or less.

This is because if the area fraction of the one or

more structures of ferrite, bainite, and cementite totals

over 3%, the tensile strength will sometimes not satisfy

/80 MPa and, further, a high toughness cannot be

obtalilned.

The area fraction of the microstructure is

determined by Nital corrosion, followed by SEM

observation. Cementite, ferrite, martensite, or bainite

ﬁ

1s judged from the black parts in the white and black

F

portions of the image. Martensite and bainite are

)

differentiated by the presence or absence of fine

carbides. A microstructure with no carbides is Judged to

be martensite.

The martensite area fraction is mainly determined by

F

the 1ngredients of the steel material (hardenability) and
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the austenite grain size before accelerated cooling and

the cooling rate. Therefore, to make the area fraction of

the martensite 97% or more, it is important to add

suitable quantities of C, Mn, B, and other elements

improving the hardenability.

Next, the method of production of the steel plate o:

the present invention will be explained.

The steel plate of the present invention is provided

by smelting steel containing a composition as set forth

in the above (1) or (2), casting it to obtain a steel
slab or cast slab, and heating, rolling, and cooling this
steel slab or cast slab under predetermined conditions.

The heating temperature of the steel slab or cast

. -

slab has to be the 950°C or more required for rolling. T

over 1100°C, the AIN forms a solid solution and the solid

solution boron precipitates as BN during the rolling and

h

cooling, so the hardenability falls, the area fraction o-
the martensite becomes smaller than 97/%, and a high

strength and high toughness cannot be obtained, so the

upper limit is made 1100°C.

If the rolling temperature (rolling end temperature)

falls below 820°C, the excessive accumulétion of rolling

F

strain causes the formation of local ferrite structures

and coarse bainite structures including island shaped

martensite, the area fraction of martensite becomes

Yy

smaller than 97%, and high strength and high toughness o:
the base material cannot be obtained in some cases, SO

F

the lower limit of the rolling temperature is set as

820°C.

When the start temperature of the accelerated

cooling after rolling is less than 700°C, local ferrite

structures and coarse bainite structures containing

1sland shaped martensite are produced, the area fraction

P

Oof martensite becomes smaller than 97%, and high strength

and high toughness of the base material are not obtained,

so the lower limit temperature of the start temperature
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g

of the accelerated cooling is made 700°C.

When the accelerated cooling has a cooling rate of

less than 8°C/sec, local ferrite structures and coarse

bainite structures containing island shaped martensite

are produced, the area fraction of martensite becomes

smaller than 97%, and high strength and high toughness of

the base material are not obtained, so the lower limit

value 1s made 8°C/sec. The upper limit is made the cooling

rate which can be stably realized by water cooling, that

is, 80°C/sec.

Further, if the stop temperature of the accelerated

cooling 1s higher than 350°C, in particular, at the center

P

part of plate thickness of thick-gauge material of a

plate thickness of 30 mm or more, insufficient quenching

results 1n formation of local ferrite structures or

coarse bailnite structures including island shaped

P

- martensite becomes

martensite. The area fraction o;

gpl—

smaller than 97%, and a high strength of the base

material cannot be obtained. Therefore, the upper limit

of the stop temperature is made 350°C. The stop

temperature at this time is made the surface temperature

of the steel plate when the steel plate recovers after

F

the end of cooling. The lower limit of the stop

temperature 1s room temperature, but from the viewpoint

F

of the dehydrogenation of the steel plate, the more

preferable stop temperature is 100°C or more.

Examples

Steels of the compositions of ingredients shown in

Table 1 were smelted to obtain steel slabs which were

then rolled under the production conditions shown in
Table 2 to obtain 12 to 40 mm thick steel plates. A to K

in Table 1 are invention examples, while L to Y are

comparative examples. Further, 1 to 13 of Table 2 are

invention examples, while 14 to 32 are comparative

examples. In the tables, the underlined figures and
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notations are ones where the ingredients or production

conditions are outside the scope of the patent or the

properties do not satisfy the following target values.

Note that, Table 1 shows the analysis values for all

elements. Si: less than 0.05%, Cu: 0.05% or less, Ni:

0.03% or less, Cr: less than 0.10%, Mo: 0.03% or less,
Nob: 0.003% or less, V: 0.005% or less, Mg: less than

0.0005%, Ca: less than 0.0005% and not 0% are contents as

unavoidable impurities.
Note that, Si, Cu, Ni, Cr, Mo, Nb, V, Mg, and Ca are

unavoidable impurities derived from the deoxidizing

agents, raw materials, refractories, etc. The ones not
affecting the strength and toughness are shown by italics
1in Table 1.
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The results of evaluation of these steel plates for

the strength of the base material (yield stress of base

material and tensile strength of base material) and

toughness and weldability of the base material (required

preheatlng temperature)

P

are shown 1n Table 2.

The strength of the base material was measured using

a No. 1A full thickness

tensile test piece or No. 4 rod

tenslle test piece prescribed in JIS 7Z 2201 by the

measurement method pres
test pilece used in the
or less was a No. 1A fu

and i1n the case of over

cribed in JIS Z 2241. The tensile

pa——

case of a plate thickness of 20 mm

11 thickness tensile test piece

20 mm thickness a No. 4 rod

tensile test piece taken from the 1/4 part of plate

P

thickness (1/4t part) and center part of plate thickness

(1/2t part).

The toughness of the base material was evaluated by

obtalning an impact tes

P

from the center part of

perpendicular to the ro

t piece prescribed in JIS Z 2202

plate thickness in a direction

11ing direction and finding the -

20°C Charpy absorption energy (vE-20) by the method

prescribed in JIS 72242
The weldability wa

arc welding at 14 to 16
4 3158 with a heat inpu

preheating temperature

cracking.

The target values

vield stress of the bas

ﬁ

tensile strength of the

a toughness (vE-20) of

s evaluated at performing shield

°C by the method prescribed in JIS
t of 1.7 kJ/mm and finding the

required for preventing root

of the characteristics were made 3

e material of 685 MPa or more, a

base material of 780 MPa or more,

the base material of 100J or more,

and a required preheating temperature of 25°C or less.

Invention Examples

ferrite+bainite+ cement

of the base material of

P

" the base m

strengths o:

toughnesses (vE-20) of

1

1 to 13 all had area rates of

ite of 3% or less, yield stresses
685 MPa or more, tensile
aterial of 780 MPa or more,

.
pr—

Che base material of 100J or more,
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and requlired preheating temperatures of 25°C or less.

As opposed to this, the following comparative

gr——
fpopen.

ficient in yield stress and tensile

examples were insu:

strength of the base material. Comparative Example 14 had

an amount of addition of C which is small, Comparative

F

- addition of Mn which is

Example 16 had an amount o:

o

small, Comparative Example 20 had an amount of addition

of Al which 1s small, Comparative Example 21 had an

amount of addition of N which is large, Comparative

p—

Example 24 had an amount of addition of B which is large,

g

Comparative Example 25 had an amount of addition of B

which 1s small, Comparative Example 28 had a heating

temperature which is high, Comparative Example 29 had a

rolling end temperature under 820°C, Comparative Example

30 had a water cooling start temperature under 700°C,

Comparative Example 31 had a cooling stop temperature

over 350°C, and Comparative‘zxample 32 had a cooling rate

under 8°C/sec, so the area rate of

ferrite+bainite+cementite exceeded 3% and the base

material yield stress or tensile strength was

' and
o—

ficient.

insu

Further, the following comparative-éxamples were

insufficient in base material toughness. Comparative

Example 17 had an amount of addition of Mn which is

| —

-

large, Comparative Examplé 18 had an amount of addition

of S which is large, Comparative Example 19 had Ti added,

Comparative Example 23 had an amount of addition of Al

which 1s large, and Comparative Example 26 had an amount

—~ — -

of addition of N which is small, so the area rate of

ferrite+bainite+cementite exceeded 3%. Further,

F

Comparatlive Example 27 had an amount of addition of P

which 1s large, so the yield stress and the tensile

strength were satisfactory, but the toughness of the base

material was insufficient. Further, Comparative Example

31 had a cooling stop temperature of over 350°C, so the

toughness of the base material was also insufficient.
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Comparative Example 15 had an amount of addition o:

- =

C which 1s large, while Comparative Example 22 had a Pcm

value which is high, so the required preheating

temperature exceeded 25°C and a

not be obtained.

preheat-:

‘ree process could
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CLAIMS

1. Steel plate having weldability and a tensile
strength of 780 MPa OIr moOIe, the steel plate containing, by
mass%, C: 0.030% oOr more, 0.055% or less, Mn: 2.55% Or more,
3 5% or less, P: 0.01% or less, S: 0.0010% or less, Al:
0.063% or more, 0.10% O less, B: 0.0005% Or more, 0.0020%
or less, N: 0.0015% or more and 0.0060% or less, limiting Ti
ro 0.002% or less, having a weld cracking susceptibility
parameter Pcm shown by the following of 0.18% to 0.24%, and
having a balance of Fe and unavoidable impurities as 1ts
composition OrL ingredients, and having a microstructure of
the steel comprised of nartensite and of a balance, by an
area fraction of 3% or less, of one or more of ferrite,

bainite, and cementite, and having a plate thickness of 14

to 40mm:
Pcm=[C]+[Si]/30+[Mn]/20+[Cu]/20+[Ni]/60+[Cr]/20+

Mo] /15+ [V]1/10+5 [B] ;
where, [C], [sil, [Mn], [Cul, (Ni], [Cr], [Mo],
(v, and [B] respectively mean contents of C, Si, Mn, Cu,

Ni, Cr, Mo, V, and B expressed by masss.

strength of 780 MPa Or moTre as set forth in claim 1, the

steel plate further containing, by mass%, one Or mote of Cu:

over 0.05%, 0.50% Or less, Ni1: over 0.03%, 0.50% or less,
Mo: over 0.03%, 0.30% or less, Nb: over 0.003%, 0.05% oOr
less, V: ovex 0.005% to 0.07%, gi: 0.05% toO 0.40%, Cr: 0.10%
to 1.5%, Mg: 0.0005% tO 0.01% and Ca: 0.0005% to 0.01%.

weldability and tensile strength of 780 MPa Or mMOre
comprising a method of production of steel plate as set

forth in claim 1 or 2, and comprising heatling a steel slab
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or cast slab having a composition of ingredients as set

forth in claim 1 or 2 to 950°C to 1100°C, rolling at 820°C

or more, then starting accelerated cooling from 700°C or

more by a cooling rate ot goC/sec to 80°C/sec and stopping

rhe accelerated cooling at room temperature to 350°C.
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