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' TITLE OF THE INVENTION

STEEL SHEET HAVING EXCELLENT PROCESSING CHARAC‘I‘ERISTICS
MANUFA_CTURING METHOD THEREFOR, AND GALVANIZED STEEL SHEET

AND A RESIN COATING STEEL SHEET

BACKGROUND OF THE INVENTION
Field of t nventio
Hot rolled steel sheets and cold rolled steel sheets
are used in a wide variety of applications as outer panels
for automobiles and household electrical appliances with
.various characteristics required for each different
application. For example the metal sheet used in computers
' énd_héusehold appliances such as VTR (v;deo tape recorders)
land tape recorder chassis often require punching processing
of movable chassis parts. The edges of these parts ideally
should not have any burfs projecting out any more than a
specified height from the part surface. For éxample many
times a hole is punched out, for the pin forming the shaft
of the VIR head, however when burrs are present this pin
cannot be inserted during the assembly process. Also,
groubles may occur such when a sliding part binds or does
rot function well when positioned at the punched surface,

or when the "burr" collapses and causes an electrical

short.
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various characteristics required for each different application. For
exanpl e the netal sheet used in conputers and househol d appliances such as
VTR (vi deo tape recorders) and tape recorder chassis often require
punchi ng processing of novable chassis parts. The edges of these parts

I deally should not have any burrs projecting out any nore than a
specified height fromthe part surface. For exanple many tines a hole is
punched out, for Cor@epitichalli/Nglowecatibén ADIkilleed/ERdedad,s hawenasy when

burrs are present this pin cannot be inserted during the assenbly process.
Al'so, troulEmpdoyed dactheseckinfieof amaterial guplidatidnsosudbess not
function well when positioned at the punched surface, or when the "burr"
col | apses amiinsiupeocessebéditical Instbis. low-carbon Al killed steel,
the carbon precipitates into a rough crystal particle layer
of brittle cementite (iron carbide) effective in the
generation of cracks during the punch process so that few
burrs occur, and friction wear and shearing load can be
kept small. MnS precipitates has the same effect on
generation of cracks and the same results as with cementite
have been confirmed.

However precipitates like cementite and MnS are
dominant elements in controlling critical metal deformation
ability, their secondary phase which is an origin of crack
generation, causes problems during extrusion flange and
stretch-flangeability processes. Therefore, even though
the low-carbon Al killed steel is fine for punch
processability, it is poorly suited for applications in
which the edge of the punched surface must undergd
secondary processing such as flange forming or stretch-
flangeability. |

Recently on the other hand, in order to produce ever
more complicated shapes for the - latest machined products
and also meet user demands for more simplified press
forming, the flange characteristics and stretch-
flangeability processing for products must attain a yet

superior level. Currently, in order to meet these demands,

much use is made of IF-based steel which is super-low
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Description of the Related Art

Conven?ionally, | ow-carbon Al killed steel is usuaT? s Sheet B Bmm these
kind of material applications such as punch proces ﬂluﬂm

| ow-carbon Al killed steel, the carbon precipitate crysta
particle layer of brittle cenentite (iron carbide) effective |n t he
generation of cracks during the punch process so that few burrs occur, "and

friction vweas, Bhd 6881 | NP GRENBorkePhieMBLLN MElﬁpeﬁﬁ&' Eléﬁéﬁés has

the sane effect on generation of cracks and the sane results as with
cenentite such as tin or niobium in prescribed amounts.

This IF-based steel having low yield stress, high
elongatioh and superior press-formability has come to be
widely used as a part material in processes accompanying a
high degree of material deformation such as automobile body
material. However conventional IF-based has drawbacks such
as poor punch processability compared with low-carbon Al
killed steel and large burrs on the edges after punching.
The finish surface roughness and cutting chip dispbsal
during machining are also unsatisfactory, making the IF-
based steel impractical for use according to the particular
application.

" In other words for press forming of household
appliances and automobile parts which are mainly ﬁade by
being punched out from ﬁetal blanks, the above mentioned
IF-based steel is unsuitable in spite of superior general
forming because of poor punch processability compared to
low-carbon Al killed steel and large burrs on the edges of

- the steel after punch processability. For instance when
used in automobile parts sections of the steel with these
burrs have poor adhesion after electro—precipiﬁation
processing causing bad effects like éorrosion. Another
problem is that when stacking boards of punched metal sheet
for shipping, a metal powder is generated due to friction
wear from thé burrs dﬁring transport which in turn
scratches the product surface. Many applications require

drilling or thread cutting, however the inferior finish
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have been confir ned.

However precipitates |ikeTh en,Repl are
dom nant elenents in controlling critical netal defor ! gy, their
| ens

secondary phase which is an origin of crack generati
during extrusion flange and stretch-flangeability processes. Therefore,

even t hough

the |l owcarbon Al killed steel is fine for punch

processability, it is poorly suited for applications in which the edge of

t he punched

form ng or stretch- angeabi _ _
order to proiue @4 mERheniaBPhieabstnedansst f dhedal@st machined
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Recent 'y on the other hand,

In

products and al so neet user demands for nore sinplified press formng,
the flange char agieirglerCtoaifipsbiret €Ehe punch processability (and

machinability during machining), method related later are
feasible. However, in spite of the fact that only a mere
portion of the metal is actually being punched, the
mechanical properties of the other portiéns of the metal
must be sacrificed, causing insufficient strength to become
a serious prqblem.

Various technical methods have been tried to improve
the quality of the punched portions of the steel sheets
such as correct clearances and utilizing wvarious punch and
die shapes. Methods have been proposed for the workpiece
material such as hardening of the steel sheet or hardening
the surface layer of the steel sheet. One speéific example
of a steel sheet hardening method is addition of
reinforcing solid solution elements such as phosphorus.
Another specific examples of hardening the surface of the
steel is a method for applving plastic strain to the
surface layers by rolling.the steel sheet after annealing
or a method for nitriding or carburizing the surface
(Japanese Patent Laid-open Nos. Hei 1-255626, 2-133561, 3-
199343 and 3-202442) etc. However in the former method,
though the punch processability is improved, the essential
mechanical properties of steel such as elongation and the r
value deteriorate greatly. In the latter method of
nitriding or carburizing, special equipment is required.

Methods for generating large amounts of MnS precipitates



This Sh
flangeability processing for products nust attain a yet

Currently, in order to neet these demands, nmuch use is

steel which is super-I|ow eeI
added with carbon - nitrogen conpound el enments such as t|n or n|o umin
prescri bed anmounts. This | F-based steel having |ow yield stress, high

el ongation and superior press-formability has cone to be wdely used as a

o by o o PESRBIOESSSERBECRRGRNLES) ahn ol odiae Srminr s,

| F-based hapréppeeacksesUghpanese Patent Laid-open Nos. Hei 1-230748
and 6-73457). However, these methods greatly increase the
amount of sulfur in the steel, not only making the steel
prone to cracks during processing under heat but also
creating a new problem of fregquent occurrence of point
defects referred to as blow holes and blisters and surface
defects referred to slivers.

In view of the above, rather than just meeting demands
for overall satisfactory forming, the steel also has to
meet needs for superior cutting and punch processability
demanded for steel in household appliance and automotive
products. What is urgently needed is not a huge increase
in additives such as éulfur but development of an iﬁproved
steel with constituent elements near those of super-low
carbon IF-based steel while also possessing superior
forming and punch processability characteristics.

Galvanizing the steel and then applying a plastic
layer on the galvanized surface is kﬁown as a basic process
for preventing corrosion and improving the outer appearance
or for inhibiting fingerprints during handling (improving
fingerprint resistance). However steel sheet used in
electrical panels or electrical equipment boxes normally
must have the box electrically grounded, making electrical
conductivity of the box an essential characteristic.
Howéver in order to assure this electrical conductivity the
plastic layer cannot be made sufficiently thick enough to

guarantee resistance to corrosion or fingerprints. To
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as poor punch processability conpared with | ow carbon Almsléihéekﬂd-siéﬁ a
large burrs on the edges after punching. The finish surf

cutting chip disposal during nachining are also unsati sf ﬁft he
| F- based steel inpractical for use according to the partlcu

application. In other words for press formng of household

appl i ances and autonobile parts which are mainly made by being punched out

frommetal bianksediie ﬂ%&w&{éc%adwa&pbaﬁsgeat £6L &L VSLELAD hd N
spite of superior general. form ng because of poor punch processability

conpared to st&ut GHPUhe Udiednsertrenady! ahgn brgasionpldecisges of
the steel after punch processability. For instance when wused in autonobile

parts secti disyed tdeimgimate Mingerediat lﬁaslisthnue phble aslhikl dpefig er
el ectro-precipitation
thin enough to provide adequate surface conductivity for
grounding of the steel. The extremely thin organic plastic
layer however proved insufficient to simultaneously meet
demands for both electrical grounding and fingerprint
resistance. Therefore development of a surface-treated

steel providing satisfactory electrical grounding and

fingerprint resistance was still needed.

SUMMARY OF THE INVENTION

In consideration of the foregoing situation, it is an
object of this invention to pfovide a steel sheet by means
of good.adjustment of chemical constituents, which |
maintains the superior forming and mechanical properties of
conventional IF-based steel sheet, with no problems such as-
internal defects or surface defects occurring, and also
offers good punch processability with no burrs occurring.

Another objective is to provide superior forming,
which in this invention, are properties demonstrating
superior processing not only for deep draw and protrusion _
forming but also for flange processing and stretch-
flangeability after punching the steel.

A still further objective of the invention is to
provide a galvanized steel sheet having good machinability
or processing by using the steel sheet mentioned above as a

base material and galvanizing the surface.



processi ng causing bad effects |ike corrosion. Another problemis that

when stacking boards of punched netal sheet for shipping, a netal powder

is generated due to friction

turn

thread cutting, however the inferior finish
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machi ni ng are poigxt

surface roughness and cutting chip disposal of the |IF-based steel
Girtderdopaachee of thel Invésleiod 0id ey PradildR punch

wear fromthe burrs during transport which in
scratches the product surface. Many applications require drilling or

from

processability (an machi nabi l ity during machining), nethod related | ater

are

the steel sheet with a plastic layer having good resistance
to corrosion and fingerprints.and no loss of grounding
ability, by means of applying a plastic layer over the
galvanized surface.

An additional object of the invention is to provide a
reliable method for manufacture of a steel having the above
characteristics, that is both stable and suitable for
production on an industrial scale.

In order to obtain the above objects, the steel of
this invention must satisfy conditions for:

Carbon of 0.0010 to 0.010% by weigh£ and more preferably
0.0010 to 0.008% by weight;

Silicon of 1% or less by weight and more preferably 0.25%
or less by weight; '
Manéanese of less than .1 to 1% by weight and more
preferably 0.2 to 1% by weight;

Phosphorus of less than 0.1% by weight and more preferably

- less than 0.05%;

Sulfur of 0.01 to 0.025% by weight;

Nitrogen of less than 0.01% by weight;

Tin of less than 0.2% by weight and more preferably less
than 0.15% and further satisfying:

(Ti*/48)/(C/12 + S/32) = 0.8 to 4.0

However,

Ti* = Ti - (48/14)N _-‘“‘T—*~—————~____
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feasi bl e. However, in spite of the fact that only a nere portion of the
netal is actually being punched, the nmnechanical properties of the other
portions of the netal nust be sacrificed, causing insufficient strength to
become a serious problem Various technical methods have been tried
to inmprove the quality of the punched portions of the steel sheets such
as correct clearances and utilizing various punch and .die shapes. Mthods

have been prares hritblert kendatiphecef fAterhal 1y ubdcRediiay dediinlg, of the
steel sheet or hardening the surface |ayer of the steel sheet. One
speci fi c exdjalaeSz 0dnd she atemdigrlerh aragniimingetivrot andaddavbddable
reinforcing solid solution elenents such as phosphorus. Another specific
exanpl es of imgnadrdiies.t he surface of the steel is a nethod for applying

plastic strain to_the
The precipitates composed mainly of TiyC2S; preferably

has a size of 1,000 to 10,000A and a precipitation count of
5 x 103 pcs/mm2 (preferably less than 5 X 10°).

The steel of this invention ié cold rolled or hot
rolled and when hot rolled, the value calculated from said
(Ti*/48)/(C/12 + S/32) is in the range of 1.0 to 3.0 and
the size of the precipitates mainly of TiyC3S; is 1,000 to
10,000A and preferably said precipitates have a count of 5
x 103 pcs/mm2.

When cold rolled, the value calculated from said
(Ti*/48)/(C/12 + S8/32) is in the range of 0.8 to 4.0 and
more preferably in the range 1.0 to 2.5. The size of the
precipitates mainly of TiygCzS2 also contains TiS in
addition to the TisC3S3, and the size of the precipitates
is 1,000 to 10,000A with ﬁreferably a count of 5 x 105
pcs /mm2.

While said hot rolled steel or cold rolled steel can
now be utilized as it is, the surface can be galvanized to
improve the corrosion resistance and outer appearance. 1In
this invention, this process includes formation of 3 to 4
g/m2 of zinc galvanized layer on at least one side of the
hot rolled steel or the cold rolled steel sheet, and then
further forming a plastic coating of 1 to 2.5 g/m2 on the

zinc galvanized layer of the steel. This plastic coating
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surface layers by rolling the steel sheet after annealing or a method for
nitriding or carburizing the surface (Japanese Patent Lai d-open Nos. He
1- 255626, 2-133561, 3- 199343 and 3-202442) etc. However in the former
met hod, though the punch processability is inproved, the essenti al
mechani cal properties of steel such as elongation and the r value
deteriorate greatly. In the latter nethod of nitriding or carburi zing,

speci al equigiiie istdAdderes tb’éthsaeﬁeiomﬁf@@éam@&éﬁ&q&ﬂvunts of MS
precipitates materi al by addi ng
nmanganese antbsiydanicehandalche Registance to flngerprlnts.

This invention is also characterized by manufacturing
methods for the cold rolled steel and hot rolled steel
sheets. In the preferred makeup of the hot rolled steel
manufacturing method, composition of the said elements for
the hot rolled steel sheet conditions are satisfied and
further, the value calculated from said (Ti*/48)/(C/12 +
S/32) is within a rahge of 1.0 to 3.0, and after the steel
has been heated within a temperature range of 1,100 to
1,200°C, heat form rolling is completed within the
temperature range (Ar3 transformation temp. +80°C) to (Ar3
transformation temp. -40°C) next, coilingiat a temperature
range below 700°C produces precipitates comprised
internally mainly of TigsC3S;, with a size of 1,000 to
10,000A and a count of 5 X 103 pcs/mm2.

The preferred version of the cold rolled steel
manufacturing method is characterized by, a chemical
composition satisfying said elements listed previousl? and
further, the value calculated from said (Ti*/48)/(C/12 +
S/32) is within a range of 0.8 to 4.0. After the steel has -
been heated within a temperature range of 1,100 to 1,200°C,
heat form rolling is completed within the temperature range
(Ar3 transformation temp. +80°C) to (Ar3 transformation
temp. -40°C). Coiling at a temperature range between 600
to 700°C is then performed, and after cold rolling of the

steel, annealing is carried out to produce a precipitates
-
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proposed (see Japanese Patent Laid-open Nos. Hei 1- 230748 fen
However, these nethods greatly increase the amount of su

not only nmaking the steel prone to cracks during processi g?
al so creating a new problem of frequent occurrence of point e

referred to as blow holes and blisters and surface defects referred t

slivers.

I n vieM/of t he above, rather than just neeting denmands

O
for

overal | sati I t ds, &f or
superi or CLnéﬁéﬁgégl ﬁ%ﬁ%%gg e?@%bg |?§ §8£%gﬁﬂeg1F%$§5fggﬁ ?g househol d
appl i ance ang, go4 0:’6“10/,500@ QEHC S cohat oifS1ukgent | o Neederhd odtmn? huge

I ncr ease

I n additives such as sul fur but devel opnent of an inproved

st eel

wi th constituent elenents near those of super-low carbon |IF-based steel
whi l e al so possessi ng superi or

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a graph éhowing the effect of sulfur content
in the steel on burr height and the r value during punch
processability.
Fig. 2 is a graph showing the relation of sulfur

content in the steel to surface flaw generation index.

DETAILED DESCRIPTION Of THE PREFERRED EMBODIMENTS

As described above, the steel (hereafter including
both cold rolled steel and hot rolled steel) of this
invention, along with having specific constituents in the
steel, internally comprises precipitates mainiy of TijsCyS3,
or TiyC3Sz and TiS, with said precipitates preferably
having a specified size and amount. These conditions which
are basically similar to the composition of the
conventional super low carbon IF steel allow superior press
characteristics to be maintained and succeed in attaining a
substantial improvement in punch and machining
characteristics.

More specifically, by keeping the sulfur content to a
minimum to improve punch processability, the sulfur is
formed into precipitates mainly of TijsCySz, or TisCzS; and
TisS, by preferably regulating the size and amount of this
precipitates the defects pointed out in the examples of the

conventional art are avoided and a steel with superior



form ng and punch processability characteristics. Gal vani zi ng the
steel and then applying a plastic |ayer on the gal vani zed surface is known
as a basic process for preventing corrosion and inproving the outer
appearance or for inhibiting fingerprints during handling (inproving
fingerprint resistance). However steel sheet used in electrical panels or.
el ectrical equi pnent boxes normally mnust have the box electrically :

grounded, Mak,AR; & €Lhd i G@tich Qﬂﬁidéééihgoﬁnhhﬁlgexw@ﬂhe§§€ﬂ§f§étory
characteristic. wever: in o el to assure this electrical conductivity

the plasticfiange prodedsiity Bt stiHdtcti-Flanyebbitk tgnoHohater guarant ee
resi stance to corrosion or fingerprints. To
processes can be obtained. In order to guarantee this
superior punch processability, the burr height after punch
processability should be less than 25 pm and more
preferably less than 15 um..

Normally, press and punch processability is performed
at room temperatures and the material temperature is not
raised substantially, because obtaining said improved
results in terms of condition, size and-dispersion of the
precipitates and inclusions requires processing at room -
temperature. - Also, during machining the temperature is
quite high so that the inclusion in the material must be of
a type able to provide the.desired material machining
characteristics by fusing (of the inclusion) in the
temperature range occurring during machining. The
precipitates composed mainly of TisC3S; is provided with
all of these characteristics and a.large improvement in
machining such as punch processability has been verified.
The TiS precipitates are large compared to the TijsC3S3
material and can cause surface defects but when the size is

.within a range of 1,000 to 10,000A, such surfaceldefects do
not occur and the improved méchining and punch
processability characteristics were confirmed to be the
same as those for the TiysC3Sy; material.

When observing the punched steel sheet on the
microscopic level however, it seems that a sheared surface

is first formed on the front and back of the steel sheet

This.Sheet Has Been Rep laced
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solve this problem method was proposed for galvanizing the steel
then using an extrenely thin organic plastic Ilayer to inprove fingerpri

and
nt

resi stance while still being thin enough to provide adequate surface
conductivity for grounding of the steel. The extrenely thin organic
plastic |ayer however proved insufficient to sinultaneously nmeet demands

for

It

both electrical grounding and fingerprint resistance. Therefore
devel opment Qfc@msatiBss- e Sftact & t&bofadnmﬁgsgﬁhéﬁaﬁieﬁytﬁéectrl cal .
groundlng and fingerprint resistance was still needed.
SUMVARY OF

IS an

TsEeé NENIHON The cdrterISitder atireBsobnt Beifloskgarag situati
surface causes strong shear deformation resulting in
formation of voids which in turn form cracks which grow
larger on the front and back of the sheet and wheh these
cracks join together the punched steel is obtained.
Therefore promoting development of the above mentioned
voids and cracks should prove effective in reducing the
size of burrs after punch processability. In the TizC2S;
and TiS however, the precipitates is relatively large so
that development of cracks and voids can progress in the
vicinity of the strong shear deformation. Consequently
punch processability is remarkably improved and the size of
burrs is also reduced.

In stretch-flangeability on the other hand, the edges
of the hole ‘formed by punching are widened in so-called
"flange-up" processing by means of conic or cylindrical
punches. The voids formed:at the boundaries join and
become cracks, piercing through the sheet. Therefore it is
preferable to reduce the amount of precipitates and
inclusions which promotes forming of these voids and
cracks.

As can be seen, different effects are exerted on the
punching and burring chafacteristics-by the size of the
precipitates and inclusions. Research by the iﬁventors as
related below, confirms that among the various precipitates
and inclusions, if the size and dispersion amounts in

particular of the TisC3S; or the TiyCzS; and TiS are

______________.———’———ﬂ.
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object of this invention to provide a steel sheet by nmeans of good

adj ust nent of chem cal constituents, which nmaintains the superior formng
and nmechani cal properties of conventional |F-based steel sheet, with no
probl ens such-as internal defects or surface defects occurring, and al so
of fers good punch processability with no burrs occurring. Anot her
objective is to provide superior formng, whichin this invention, are

properties demniiald 1% oﬂt&%ra'loém%ﬂ%@sstﬂg 8041 opby1 & £ dagR-nlr aw and
protrusion formng but also for flange processing and stretch-

flangeabi | i tproddfaiUnGy Rad @%r%teaLflangeaﬂlsitﬂ;I canirpdeicoiiwed i ve of
the invention is to provide a galvanized steel sheet having good

machi nabi | i twi tlputpraangRsien@dfectsi.ng the steel sheet nentioned above as a
base material and gal vani zi ng the surface.
Also the precipitates and inclusions in the super-low

carbon IF steel, other than MnS and Al;O3 which are

normally included in steel, also comprise titanium

additives such as TiC, TisCySy, TiS, TiN, FeTiP, Ti20; and

Nb(C,N) in steel with niobium additives. These have their

own special characteristics relative to respective sizes

and distributions and the following pertinent information

has been verified after observing the effects on the

formability, machinability , punching and burring

characteristics of the steel.

TigC282, Tis:

If the size of TiyC3S; precipitates is 1,000 to .
10,0004, and the quantity for hot rolled steel is 5 X 103
pcs/mm2 or more, and for cold rolled steel is within 1 X
104 to 5 x 105 pcs/mm2, then not only will the
machinability and punch processability be remarkably
improved but there will be virtually no adverse effects on
formability for burrs etc. The above difference in
allowable quantity between hot and cold rolled steel is due
to the high surface precision required of cold rolled
steel. This limit was established for the cold rolled
steel due to the possibility of excessive amounts of said
precipitates adversely effecting the surface precision. A

slab of steel satisfying conditions later related for the

Sheet Has Been Replaced
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7 A yet further objective of the invention is to provide the steel
sheet with a plastic |layer having good resistance to corrosion and
fingerprints and no loss of grounding ability, by nmeans of applying a

pl astic | ayer over the galvanized surface. An addi tional object of
the invention is to provide a reliable nethod for manufacture of a steel
havi ng the above characteristics, that is both stable and suitable for

production (Hbﬁgkﬂﬂggﬁgéiéﬁ HebFecipitatkd RLIALY! SofBhALhd MR ARRye

obj ects, the stee
was heated within a temperature range of 1,100 to 1,200°C

and then heat form rolling completed within the temperature
range (Ar3 transformation temp. +80°C) to (Ar3
transformation temp. -40°C). For hot rolled steel the
material was next wound up at a temperature range below
700°C. For cold rolled steel however, the coiling was
performed within a range set at 600 to 700°C after heat
rolling and after pext performing cold rolling by the usual
method, annealing was carried out in an effiéient process.
During héating of the above slab, TiS may precipitate
during final stages of TiysC2S2 generation. The size of the
TiS material at completion of heat rolling is considerably
large compared to that of the TisC2S; material so that
surface defects may possibly occur when used in heat
rolling. Therefore when actually using the steel,
conditions must be set to limit the TiS precipitates as
much as possible.

. However in the_cold rolling performed after the hot
rolling, this large TiS precipitates break up into fine
pieces in the cold rolling process and aimost no growth of
the TiS precipitates occur in the later annealing process
so improved punch processability is maintained and adverse
effects leading to surface defects are eliminated so that
virtually the same effects as the TiyCzS2 material are
displayed. Therefore when using as cold rolled steel which
includes TiS in the precipitates mainly of TigC2S2, a

remarkable improvement in the punch processability can be

This Sheet Has Been Replaced '
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this invention nust satisfy conditions for: Carbon of 0.0010 to 0.010% by
wei ght and nore preferably 0.0010 to 0.008% by weight; Silicon of 1% or

| ess by weight and nore preferably 0.25% or |ess by weight; Mnganese of
less than .1 to 1% by weight and nore preferably 0.2 to 1% by wei ght;
Phosphorus of |less than 0.1% by wei ght and nore preferably |ess than

0. 05% Sulfur'of 0.01 to O. 025@6by wei ght; N trogen of Iess than 0.01% by

0. 15% and | BT RS GRS e o Per FiB) Py 1B R ErBfs 2P Rl 1

However, 1,000 to 10,000A and the amount is kept within 1 X 104 to 5
X 10° pcs/mm2.

Further, deviations from the preferred conditions for
heating temperatures and hot rolling will reduce the
quantity of precipitates comprising mainly TisCyS3 or
TisC2S2 and TiS so that not only is a poor improvement
shown for punch processability and stretch-flangeability
but TiC is produced which causes adverse effects on steel
forming and the object of this invention cannot be

achieved.

Tic, Nb (C,N):

When the precipitates are approximately 100A, the size
is too small so that not only is an adverse effect wrought
on the steel forming, but the improvement in punch .
processability is poor. A process is known (Japanese
Patent Laid-open No. Hei 6-73457) for improving the.punch
processability and forming in super-low carbon IF steel by
adding a compound of titanium and nobium to the cold rolled
steel. However, evaluation by the inventors confirmed that
addition of nobium within a range of 0.003 to 0.03% in the

.steel generated Nb(C,N) in the steel and consumed the
carbon with the result that the Tiy CyS; effective in
imprdving the punch processability and stretch-
flangeability was not produced and the object of the

invention could not be achieved.

This Sheet Has Been Rep. lacea

L IIIIIIllIIIIIIIIl




Ti* = Ti

conditions of internally including mainly Ti4C2S2—andthe-—+rerainder—
conprising iron and unavoi dable inpurities. The: BLeGlPhiAR cd'
conposed mai nly of Ti4C2S2 preferably has a size of n ] X and
precipitation count of 5 x 10[err] pcs/mjerr] (prefer Qim}; u

10[err]).

and when hotgpgpkbed, the value calculated fromsaid
isinthe range of 1.0 to 3.0 and

(48/14) N 8 with further

The steel of this invention is cold rdl

Ti 4C2S2 is 1,000 AP precipitates FeTiP have a size approximating that

of TijsC2S2 and is effective in improving punch

processability and stretch-flangeability however a f£ilm

precipitate occurs on the crystal boundaries so that steel

forming becomes drastically worse.

As precipitates TiN have a size approximating that of
Ti4C282 and acheives equivalent improved results however it
is too soft in actual use and shows almost no improvement
in punch processability and poor improvement in stretch-
flangeability effects. Furthermore, the machining is
unsatisfactory since a rise in temperature during machining
degrades the cutting effect. The nitrogen content is.also
difficult to regulate, so that effective improvements in
machining , punching and stretch-flangeability of steel

with these Ti compounds is difficult to achieve.

TigO0: .

The size of the prgcipitates is on a larger scale than
Ti4C2S2, with poor improvement in punch processability and
stretch-flangeability. Furthermore Tiz0 is not desirable

because of possible surface defects.

MnS:
MnS has inclusions and precipitates with the former

being in micron units and the latter being 1/10th of that

5 X
;0] ol | ed

(Ti*/48)/(C 12 + S/ 32)

the size of the precipitates mainly of

Q



10, O00A and preferably said precipitates have a c 0 X 10[err]
pcs/mierr]. Wien col d rolled, the val ue cal cuhiShet Has BeenRgplaged

(Ti*/48)/(C 12 + S/32) is in the range of 0.8 to 4.0 er abl y
in the range 1.0 to 2.5. The size of the preci pitateE c2s2
also contains TiSin addition to the Ti4C2S2, and th or the
precipitates is 1,000 to 10,000A with preferably a count of 5 x 10[err]

pcs /mmierr]gize. whbh! ehéagmﬁ% {0dtedssd e&lel qrnc&%'ageaohheéugasﬁl can

now be utilized as 1t Is, the s ace can be gal vanized to inprove the
corrosion remhgkaneananehatt SindRPSASSEESab 1 tyf RisS imp¥eRaoButt BkS process

i ncl udes formation of 3 to 4 g/nferr] of zinc galvanized | ayer on at |east
one side of khewnhah thél pdesicaslprméieisrdd JapdmrdesPatkentheati d-apent hen
No. Hei 6-73457 an improved punch processability requifes
0.02% or more of sulfur. A large quantity of sulfur can
cause poor forming and surface defects.

As shown above there are many possible combination of
compounds for obtaining and producing inclusions and
precipitates in the IF-based steel sheet containing super-
low carbon titanium. 2Among these various compounds,

TiyC2S2 having a precipitate size of 1,000 to 10,000A or
(Ti4C2S2 and TiS) brings out favorable effects on punching
and stretch-flangeability without causing adverse effects
on forming. Furthermore if the steel sheet constituents
and machining conditions are suitably adjusted so that; the
precipitates mainly composed of the TigCzSy or (TisCaSs and
TiS) in amounts of 5 x 103 pecs/mm2 or more for hot rolled
steel sheet, and on the other hand, kept within a range of
1 x 104 to 5 x 105 pcs/mm2 for cold rolled steel then the
features can be demonstrated in an extremely effective
manner. This new knowledge became the basis for the
present invention. Next, the reason for setting the
chemical constituents of the steel sheet of this invention

are clarified.

C : 0.0010 to 0.010%

Carbon combines with titanium to'produce TisCyS2 and

is an indispensable element. The carbon content must be at



further formng a plastic coating of 1 to 2.5 g/n{err] on the zinc
gal vani zed | ayer of the steel. This plastic coating Tms&wa}hsBmmﬁmmmmd

9 of the steel serves to further inprove the corr05| and t he
resistance to fingerprints. This invention is a ed by
manuf acturing nethods for the cold rolled steel and ho S eel
sheets. In the preferred nakeup of the hot rolled steel nanufacturlng

met hod, conppshit o, ¢d1d41e ldbdll GEPRER kREhohbNEoPlnt oLk eho5t pREgENeet
conditions are satisfie further the value calculated fromsaid
(Ti*/48)/ (U {He tamount of TiC produced increases and along with a

decrease in the ductility or elongation of the metal, the
yvield stress rises and the forming and stretch-
flangeability are adversely affected. 1In view of these
facts an upper limit of 0.010% was set to ensure good

forming.

Si : 1.0% or less

Silicon is an effective element for improving strength
without loss of ductility or elongation but when the
silicon content is too high, the oxidized layer produced
during annealing grows large and exerts adverse effects on
later forming processes also causing uneven distribution of
the galvanized layer. Due to these reasons the silicon
content is limited to 1.00% or less. Further, non-
galvanized portion afe prone to occur during alloy fusion
galvanizing of the steel sheet due to the forming of said
oxidized layer so the silicon content should preferably by

restricted to 0.20%.

Mn: 0.1 to 1.0%

Manganese produces MnS and is aﬁ auxiliary element for
improved stretch-flangeability and punch processability.
The manganese content must be 0.10% or more to effectively
demonstrate these imﬁrovements. However when the content

is too large an adverse effect is wrought on the forming



S/32) is within a range of 1.0 to 3.0, and after the steel has been heated
within a tenperature range of 1,100 to 1,200[err]C, heat formrolling is
conpleted within the tenperature range (Ar3 transformation tenp.

+80[err]C) to (Ar3 transformation tenp. -40[err]C) next, coiling at a
tenperature range bel ow 700[err] C produces precipitates conprised
internally mainly of Ti4C2S2, with a size of 1,000 to 10, 000A and a count

Of 5% 101 ety OSLINDS e eanta T0e o8 REREER0Y°EShOROTnidi 501 1ol | o0

steel manuf dring ri em cal conposi tion

satisfying spjfale g;\@_ﬁsﬁ dzfgﬁe%aqrew ously and further, the val ue.

cal cul ated from sai 12 + S/32) is within a range of 0.8 to
4.0. After the steel has been heated within a tenperature range of 1,100
to 1,200[err]C, heat formrolling is conpleted within the tenperature
range (Ar3 p§apsiies neti Quedenp. +80[err]C) to (Ar3 transformation
Phosphorus is suspended in the steel or forms FeTiP
precipitates. In the former case phosphorus is a
strengthening element and conversely exerts adverse effects
on the forming. In the latter case on becoming
precipitates, the punching and stretch-flangeability were
found to be somewhat improved but the effect on forming was

extremely bad so that phosphorus should be limited to 0.1%

or less and preferably to 0.05% or less.

S: 0.01 to 0.025%

Sulfur combines with the later related Ti and is an
indispensable element in forming precipitates comprising
mainly TisCoS; or (TisCS2 and TiS). In order for these

| precipitates to show improved punch processability, the
TigCpSy or (TisC28; and TiS) must be in amounts of 5 x 103
pcs/mm2 or more. The sulfur content must therefore be |
0.010%.or more. However these effects are maximized at
0.025% and when the content is excessive, not only are
adverse effects exerted on the press forming but surface
defects are prone to increase so the upper.limit is set at
0.025%.

'Incidentally, Figure 1 is a graph showing the punch
processability and r value when the sulfur content is made
to change from.0.002% to 0.037%, for steel sheet with a

This Sheet Has g

e WG



tenp. -40[err]C). Coiling at a tenperature range betM]C

is then performed, and after cold rolling of the steelhisSsnaalRepgp

! col dpficed-
carried out to produce a precipitates _ ; 10
conprised internally mainly of Ti[err]Cerr]Serr], wt H"l 000
to 10, 000A and a count of 1 x 10[err] to 5 X 10[err] pcs/m .

BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a graph showing the
effect of SUlﬂagicC%B}ngggﬁ'.it?.)B/nt Be st 6@%29%&%&,“96 ity @}ﬁf&%,r oV @lgue

during punch processabi
manganese, 0.014% phosphor, 0.03% aluminum, 0.08% titanium

and 0.006% nitrogen. In the figure, box annealed type Al
killed steel (C: 0.044%, Al: 0.045%) having superior
punching and mechanical characteristics is used as the
comparison sample. Fig. 2 shows the sulfur content versus
the percentage of surface defects.

The physical properties test was performed as follows.
A vacuum dissolved, forged 40 kg metal ingot was heated to
1200°C and the rough rolled at 30 mmt. Next, after heating
this slab to 1200°C, it was hot rolled under conditions of
plate thickness of 4 mmt, finish temperature of 920°C or
more, roll temperature of 680°C and then cut to 3.2 mmt.
Afterwards the metal was cold rolled to 0.8 mmtland after
consecutive annealing for 1 minute at an average
temperature of 800°C, a 1% rolling adjustment was performed
to produce the test sample cold-rolled sheet. A 10 mm X
110 mm test sample was utilized for the r value, and the
width and sheet thickness measured when a tensile strain of
0 to 15% was applied. The burr height was measured and
evaluated at the edges after punching a circular shape of
10 mm diameter in 0.8 mmt cold rolled steel with a
clearance of 9%. The sﬁrface of the cold rolled steel
sheet was examined visually for surface defects and
evaluated by finding the percent of surface defects
occurring in a fixed length.

As Figs. 1 and 2 clearly show, when the sulfur content

is less than 0.01% the burr height during punching is



Fig. 2 is a graph showing the relation of sulfur co
surface flaw generation i ndex. DETAI LED DESCRIPTFCN T

EMBODI MENTS As descri bed above, the steel (hereaft $me'
cold rolled steel and hot rolled steel) of this inventi ‘
having specific constituents in the steel, internally c

precipitates mainly of Ti4C2S2, or Tl[en1(1err]8[err] and TlS \Mtr1sa|d

precipitates ). edes andeEHPTOL - c IESE b
condi ti ons V&#gﬁ§££§§)%%£§3”%n S|n1 ngk gfhgﬁggrrpogltlon of t he ©
conventi onal , SWdSFed OW AR 'w'l_’le'izt %l 8LUNEWrSUBAREEAL B%E8&ds 0.025%,
characteristics to be maintained and succeed in attaining a subst anti al

| nprovement &b fakE ot iR Hayuidalaaiackensst again thwarting the

object of the invention. However when the sulfur content
is 0.01% or more, and 0.025% or less, the surface defects
and burr height can be limited as much as possible and a
high level r value can be obtained.

The data in Figs. 1 and 2 shows the effect the sulfur
content exerts on physical characteristics of the cold
-rolled steel. This effect is largely the same as that for
the hot rolled steel before cold rolling was performed.
Setting the sulfur content within a range of 0.001 to
0.025% was verified as yielding hot rolled steel sheet with

superior punch processability and no surface defects.

N: 0.01% or less

Nitrogen combines with titanium to produce TiN but
this TiN ha; virtually no effect in improving punch
processability. Nitrogen, as is the case with carbon,
weakens the stretch-flangeability and tensile properties of
the steel and therefore an upper limit of 0.01% was set to

avoid these drawbacks.

Ti: 0.2% or less

Titanium is one of the most important elements because
of the TigC2S82 or (TiyC2S2 and TiS) precipitates produced
in the steel and the improvement provided in punch

processability and stretch-flangeability. The lower limit



More specifically, by keeping the sulfur content to a mninumto I nprove
punch processability, the sulfur is forned into prem'ﬂll&&b&’eﬁaMEm labd

Ti[err]Cerr]S[err] or Ti[err]Cerr]Serr] and Tis§S, by

regul ating the size and anmount of this precipitates th e
out in the exanples of the conventional art are avoided an

superi or form ng and punching processing and also with
sati sfactory, n%g_. Q%q,ﬁ ' %&% t he.Ll LigYaddot@ &L ¢
processes can: %éo taﬁ{nle . %irllm%r er nt%oing%gr g%t gggtggﬁi ééslu?o%%) or Igt'%mc

processabi | i ¢ye Aierdydd, NRi1Gr ddecal¥BeNcontent in the steel.

However a maximum content achieving the effect of the
invention is 0.2%; a higher content would not be cost
effective. Preferably the titanium content is 0.15% or
less.

Besides forming TisC2S; and TiS, titanium can also
according to conditions form with nitrogen in solid
solution to produce TiN, or with carbon in solid solution
to produce TiC. The lower limit value of titanium must be
determined by taking into account their respective effects
and according to the carbon, sulfur and nitrogen content
based on formula (1) below. When forming hot rolled steel
this value should be in the range of 1.0 to 3.0 and for
cold rolled steel should be in the range of 0.8 to 4.0 with
the content of each element adjusted according to the
relation with the other element.

(Ti*/48)/(C/12 + S/32) e Formula (1)

However, Ti* Ti - (48/14)N

However, for hot rolled steel, when the value is less
than that in formula 1, the amount of titanium is
insufficient for bonding with the carbon and sulfur and the
amount is inéufficient for pfoducing Ti4C2S2 needed for
improving the punch processability. However when the value
exceeds 3.0 and the carbon content is excessive, the amount
of carbon in solid solution increases, or when the sulfur

content is excessive, MnS and large TiS is produced so that

in either of these cases the ductility or elongation is



processability should be less than 25 [err]mand nmore .pref e%{ﬁégwenhfeﬁ&ceﬂ han

15 [err]m Normal | y, press and punch processablllt at
roomtenperatures and the nmaterial tenperature is not rﬁmﬂﬂmﬂnmmm
substantially, because obtaining said inproved results

condition, size and dispersion of the precipitates and inclusions requires

processing at room tenperature. Also, during nachining the tenperature is

qui te high §9,d.had, éifl%édﬁlﬁ&'e% e il BgMBhAr bkttt f DShdan AL itype able to
provide the desired material machining “characteristics by fusing (of the

i ncl usi on) igrddussit Alopt@inddgde 26CBblaNgoULEA NP $&ELi vty thelhe
preci pitates conposed nmainly of Ti4C2S2 is provided with all of these

charact eri stvgluedfiton dhay @ddviEforalRAal (L) isBatéssi tigas utis aschrinch

processability has been verifi ed.
amount of titanium for bonding with the carbon and sulfur
is insufficient and the amount of TisC3S; needed for
improving the punch processability is inadequate. However
when this value exceeds 4.0 and the carbon content is
excessive, then the carbon in solid solution will increase,
or when the sulfur is excessive, MnS is produced so that in
either of these cases the ductility or elongation is poor
and insufficient forming and stretch-flangeability
processing are obtained. In the case of cold rolled steel,
there is some tolerance allowed~in the value obtained from
formula (1) because at the end of hot rolling performed
prior to the cold rqlling, even if some large (rough) TiS
is produced, the subsequent cold roliing will break down

the TiS into finer particles so there will be no

significant problem due to effects on surface precision.

Al: 0.1% or less

Aluminum is an element whose use is essential and
unavoidable as an antioxidant. Too high an aluminum
‘content is a source for pon-metallic Al;03 based inclusions
which exerts adverse effects on mechanical characteristics
and machining so that aluminum content is limited to 0.1%
or less.

When the steel sheet of this invention having a

precipitates constituting mainly TisC3S; (or TigC2S; and



The Ti S precipitates are large conpared to the Ti4E252—aterial—and can

cause surface defects but when the size is wthin {0
10, 000A, such surface defects do not occur and the%‘gﬁg&% ee&R_ q)dgedng and.
L eel

punch processability characteristics were confirnmedt}
those for the Ti4C2S2 materi al . When observi ng

sheet on the nicroscopic | evel however, it seemns that a sheared surface
is first for he front d. c tqéf‘”@p

12 accorrpangf?%é %oﬁ%ﬁ%twg&%‘gaa %qéngaefpaﬁc %t hq'trﬂﬁOOOA is

included in specific proportions in the steel, the

machining , punching and stretch-flangeability are improved
remarkably with no adverse effects on forming. However the
steel sheet manufacturing conditions, and further the
temperature during heat rolling and coiling conditions are
essential in producing the optimal amounts of this
precipitate of mainly TisC2Sz in the steel. It has been
‘confirmed that to attain the object of the invention, it
will prove sufficient to heat a steel slab that satisfies
the above mentioned requirements for chemical constituents,
to within a range of 1,100 to 1,200°C, complete heat form
rolling within the temperature range (Ar3 transformation
temp. +80°C) to (Ar3 transformation temp. -40°C), followed
by coiling at a temperature range between 600 to 700°C.

If the heating temperature at this time is below
1,100°C, then the amount of MnS produced increases and the
amount of TisC2Sz precipitates in ﬁhe steel will be
inadequate. If the heat exceeds 1,200°C virtually all of
the precipitates dissolves and the correct amount of
TisCaSy precipitates cannot be obtained. Also, when the
temperature during heat form rolling exceeds 700°C, the
Ti,C2S2 based precipitates changes into FeTiP based
precipitates and the improved machinability and punch
processability desired of this invention cannot be
obtained. No particular value is set as a lower limit for
the coiling temperature but if too low then Ti based |

precipitates is not produced or even if produced the TiC as



steel sheet. The concentrated stress on said sheared- es- strong
shear deformation resulting in formation of voids whi |§bgy&mm&g&mmxd

cracks which grow |larger on the front and back of the s hese
cracks join together the punched steel is obtained. The H \

devel opnment of the above nentioned voids and cracks shou t|ve
I n reducing the size of burrs after punch processablllty In the T|4C282

h that devel
of or noks. andLGHR R G B5s CRREPRe DB, PEERIESEL g ﬁ%l’(as‘i g EXEa‘r’:”‘e”;
. | bi|
the size of CBUPPEarare §6 PHAGTaR Piohe tg#&ssﬁ%??;ngik PFLy on the
other hand, 1B, ¢fgeemlrdOG-LAL I8 RS WhAHRHGRLRERLE 1 HEIEREE 1 N

so-cal |l ed

rolled steel sheet, then the TiC precipitate will be
incomplete and a residual amount of carbon in solid
solution will cause the r value for annealing to
deteriorate, so that the coiling temperature is preferably
set within a range of 600 to 700°C.

As long as the above heating temperatures and coiling
temperatures are maintained, there will be little effect on
the amount of TiyC2S; produced even if the heat roll
finishing temperature varies somewhat. However, in order.
to achieve both smooth heat rolling and heat rolled steel
sheet having stable mechanical characteristics and product
shape, the finishing temperature is preferably set within a
range of (Ar3 transformation temp. +80W:) to (Ar3
transformation temp. -40°C). However when the heat roll
finishing temperature is too low, FeTiP is produced. This
FeTiP and the carbon in solid solution causes the press-
forming chracteristics to worsen. Conversely, when the
heat roll finishing temperature is too high, the amount of
large (rough) TiS produced increases which in particular
can bé a source of surface defects during use of the hot
rolled steel sheet. However, when this is cold rolled and
used as cold rolled steel sheet, the above mentioned large
(rough) TiS is broken down.into finer pieces in the cold
rolling process and thus will not be a source of surface

defects. These TiS precipitates are an effective

- -25-



“flange up" processing by means of conic or cylindri punches. The VOlds

formed at the boundaries join and becone cracks, pier ghifigheétitao
sheet. Therefore it is preferable to reduce the anmount \M“ “ﬁ‘ s and
iﬁ can

i ncl usi ons which pronotes form ng of these voids and
be seen, different effects are exerted on the punchlng

rrrn

characteristics by the size of the precipitates and i ncl usi ons. Research

charact .
! eci i t i oo CORRE EHERbsFoheinr ot S W Hrc BB AL kbt

preci pitates

di'spersi on ano

particul ar Oﬁlaictfﬁg-rgégg'f el dhéGFa AW 1ES ekl sheet.

There are no particular limits on the conditions for

cold rolling and annealing performed after the heat rolling

however, a preferred size and dispersion amount of TisC2S2

precipitates produced in the heat rolling process for

maintaining the desired effects is a downward pressure

setting of 60 to 85% and a temperature of 700°C or more and

the Ac3 point or below in the later annealing process, with

a temperature range setting of 750 to 850°C being even more

preferable. If the above mentioned downward pressure

setting is used for cold rolling, even if the large (rough)

' TiS based precipitates is present internally after

completion of hot rolling, these precipitates will be

broken down into finer pieces in the cold rolling process

and thus will not be a source of surface defects

and the

precipitates will prove an effective element in obtaining

improved punch processability.

The hot rolled steel sheet or cold rolled steel sheet

thus obtained may be used as is, or further electrically

galvanized or fused zinc galvanized for anti-rust purposes,

or chemical processing such as acid-base processing or

chromate processing performed. Additionally, organic

plastic coating or similar processing will of course prove

effective as surface treatments.

There are few cases of a steel plate chassis actually

being used without having some kind of surface coating.

This is because use of cold or hot rolled steel sheet as



13 controlled in optimal anmounts, the dual goals of pumﬁhmm&qgggéﬁﬁamk&;j

and stretch-flangeability can be achieved without surfa
Al so the precipitates and inclusions in the super-I|ow CQME&,“HUBLKH",
ot her than MhS and A1203 which are normally included in' ) '

conprise titanium additives such as TiC, Ti[err]C[err]S[err], TiS, TiN,
FeTiP, Ti20 and No(C/,N) in steel with niobiumadditives. These have their

own spect al char aehet oLl ooed SLaLi V6, L0 iesReGhke s3] 268 q@RddLot ] but | ons

or mat1 on as béen veri ter observing

the effects QEmbgﬁh?%gf2?§%+étﬁhsfmggﬂéuﬁﬂﬂd1Ehe me¢adhhBe angdyburring

characteristics o
reducing its strength but exerting adverse effects on the

drive sections and electrical circuitry due to loose rust
powder. Use of a surface treatment is an extremely
effective method in preventing the generation of rust.

This invention utilizes zinc alloy electrical galvanizing
which displays a superior effect in preventing rust without
exerting adverse effects on the forming and punch
processability.

Various galvanizing methods are available such as
fusible galvanizing performed by soaking the steel sheet in
fusible zinc in solution, electrical galvanizing for
precipitateing metallic zinc on the steel sheet surface by
applying a .charge through electrolytic £luid containing
zinc ions, and the steam adhesion galvanizing method for
making zinc in a vaporized state adhere ﬁo the surface of
the steel sheet. However, in this invention utilization of
the electrical galvanizing method is desirable because of
the fine appearance and even distribution of material in
the galvanized layer along with the fact that there are no
surface defects even though the material adhering is

' relatively thin. In order for this electrically galvanized
layer to be effective in preventing rust, the galvanized
layer should adhere in a thickness of 3 g/m?2 or more. If
this adhering layer is insufficient then anti-corrosion
properties cannot be guaranteed or the plastic coating

formed over the galvanized layer must be made excessively



Ti[err]Cerr]S[err], TiS: If the size of Ti4C2S2 precipitates—+s—

x 10[err] pcs/mierr], then not only will the nachlnabl
processability be remarkably inproved but there wll
adverse effects on fornability for burrs etc. The above dlfference I n
al | owabl e quant Yo c .l ed j.S: du ot i gh
S Fane o SO e e A LA LR S pBBRLE LS 81 s

est abl i shed {00 {1e, 600 o et oBhe8] oAugctangecnss bhl 4y of excessive

anount s of sald precipitates advers

1,000 to 10,000A, and the quantity for hot rolled steel 4
pcs/mierr] or nore, and for cold rolled steel is withi “ﬁi§ﬂﬁl"glﬁ#{de

ure Imt was

slab of steehaS@fdeias NMoreANHrf itPRS a@"e%rinbebalﬁdniﬁédt D&yer thickness

but when it exceeds 40 g/m2 an anti-corrosive effect may
not be obtained even if the layer is made excessively
thick. If the galvanizing process time is too long or the
sealing of the galvanized layer is too low then peeling of
this layer may occur so it should be limited to a thickness
of 40 g/m2.

The zinc electrically galvanized layer used here,
besides pure zinc galvanizing also includes zinc-based
galvanizing containing Ni, Co and Fe along with the zinc,
or may be a lower coating of this same pure zinc
galvanizing or zinc-based galvanizing or perhaps a
different type of pre-galvanizing, in zinc galvanizing
types where the zinc content is 50% or more by weight.

Forming of the zinc electrically galvanized layer is
by itself, sufficient to obtain the objective of anti-rust

in the steel plate. To use this as a material for items

~such as chassis, resistance to fingerprints is preferable

in addition to preventing rust on the galvanized layer
itself. An extremely effective method to achieve.this is
to further apply a plastic coating over the zinc
electrically galvanized layer. The preferred adherence
amount for the plastic coating is within a range of 0.1 to
2.5 g/m2. When the amount of plastic coating that adheres
is insufficient, satisfactory corrosion resistance and

fingerprint resistance cannot be obtained. Conversely when

ecting the surface precision.

A



14 constituents of the precipitates mainly conprising-T?ﬁtZEQ‘_ﬁEE—ﬁEEFE—

within a tenperature range of 1,100 to 1,200[err]C and tﬂgrshéaﬂadst:@erplaced
rolling conpleted within the tenperature range (Ar3 trans
+80[err]C) to (Ar3 transformation tenp. -40[err]C). For

the material was next wound up at a tenperature range beI
For cold rolled steel however, the coiling was perforned within a range

set at 690 [ end0GhBLnECial keb Napbe 'OhL! Oediih Al QiR HARYOLE RbeCO! d
rolling by the usual nethod, annealing was carried out in an efficient
process. DUEb%QlQ?%%‘HQcQEaEEQ 8RQVens | ghourldihdTBys REAG R Boor .
There are no particular limits on Ehe constituent
types of the resin composing the plastic layer but most
typically these are ethylene polymer resin, polyester
resin, polyvinyl reéin, acrylic resin, urethane resin, or
polyamide resin containing polymers of epoxy resin or
ethylene non-saturated carboxylic acid. These resin types
can be used alone or mixed from two or more types as
needed. Forming favorable resin constituents is
recommended by altering the functional groups within these
resins by the usual methods or reinforcing them with cross-
link solution. Furthermore, organic or inorganic silicon
compounds can be applied for instance to improve resistance
to fingerprints, or wax constituents can be added to the
resin in small amounts to improve surface type scuffing
characteristics during press processing, or wax
constituents can be introduced in reformed elements in
functional groups in the resin. |
The plastic coating is preferable as a protective
surféce layer after press processing for providing
resistance to corrosion and resistance to fingerprints.
For this purpose a resin mix of one or more types of epoxy
resin, ethylene polymer resin, polyester resin, and
urethane resin are preferable as base resins.
Preferably the anti-corrosiveness of the plastic
coating is further improved adding for instance silica

particles such as of silicon inorganic compounds in an



during final stages of Ti4C2S2 generation.'The size of the TiS material at
conpletion of heat rolling is considerably |arge conparkisiSieet HadiBden Béplacdsie

Ti 4C2S2 material so that surface defects may possibly o in
heat rolling. Therefore when actually using the steel, 1mmm!ﬂaltllﬁmt be
set tolimt the Ti.S precipitates as nuch as possi bl e. Ver 1n
the cold rolling perforned after the hot rolling, this large Ti S

co ! ! ! . . !
precipita e%@éﬁﬁ%f&@é@%@ﬁ@@ 8D HloE:l%eb'?%élﬁlgt: £80tREOEESS and

al nost no gro precipitates occur int ater anneal i ng

process so £S§£RY64mQ¢@&§rRﬂﬂﬁ?&ﬁﬁb@ﬂrﬁbai@a&&&&léiaaﬁtaﬁd pdvesse
effects leading to surface defects are elimnated so that wvirtually the

sane ef f ect 51284 he; di AGRS2i o &fd aln ainei-dilipl ayedridher ehdsénghtheusi ng
as cold rolled steel which
friction index of the coating and lowering it lubricating
qualities. A further drawback is a decrease in resistance
to corrosion that appears after machining so that the
content should be about 30% or less by weight, or more
preferably 10% or less by weight.

The effect from these silica particles is best
obtained by using a particle size of 1 to 20 pm. In other
words, the smaller the silica particles the finer the '
coating becomes and the sealing thus improves.
Consequently the corrosion resistance of the coating and
coatability (layer precipitation) improves, however if the
particles smaller than 1 pm are used, a still greater
effect may not be achieved, so that a lower particle size:
limit of 1 pum is sufficient. Conversely, when the size
exceeds 20 pum, the surface of the coating is rough, a fine
membrane cannot be formed, and the resistance to cprrosion
is also poor. Thus a preferable particle size is 4 to 6
pum. This kind of silica particle is known as colloidal
silica and is commercially obtainable for instance under
the brand name "Snow-Tex XS or Snow-Tex SS" (both
manufactured by Nissan Kagaku Kogyo : commercial name).

There are no limits whatsoever on the method for
forming the plastic coating. After forming an electrical
galvanized layer by the usual methods on one side or both

sides of the hot rolled steel sheet or the cold rolled



ncl : d
includes TiSin the precipitates mainly of Ti4C2S2, a " ey Kk 2fihs@een Replace

i nprovenent in the punch processability can be N“We
S

size of the precipitates is kept within 1,000 to 10,000A

kept within 1 X 10[err] to 5 x 10[err] pcs/mmjerr]. | )

devi ations fromthe preferred conditions for heating tenperatures and hot
rolling wll reduce the quantity of precipitates conprising mainly Ti4C2S2

or Ti4C2S2 %\{:_lg T| §1'1 gttfpﬁﬁ‘ff%%%?’ﬂ?f £ NHod HRr @éeReBl pehoRBuEDYy, punch

processabilitTy Snd°eTTetc
the plastic coating may be applied over the galvanized

surface by the desired method such as roll coating, dip
coating or spray coating. After performing chemical
treatment such as chromate processing or acid-base
processing of the surface of the galvanized steel sheet,
forming of the plastic layer at this time will prove
effective in enhancing the sealing of the galvanized layer
with the plastic coating which is of course included witﬁin

the technical scope of this invention.

EXAMPLES:

Spécific examples of the structure and effect of the
invention are described in the embodiments listed here yet
this invention is not limifed by the embodiments described
hereafter and may be further changed as appropriate within .
the applicable spirit of the invention and the foregoing is
included wiéhin the technical scope of this invention.

The performance tests employed in the following
embodiments, for the tensile properties, machinability,
punch processability and verification methods for the type
and amount of precipitates in the steel plate are described

below.

Verification of tvpe and amount of precipitates:
Observation was performed by the replica extraction method
using a transparency type electron microscope. At 10,000

times magnification, the amount of the precipitates was



but TiCis produced which causes adverse effects on steélss s Bigen Replaged o
obj ect of this invention cannot be achieved. TiC, No * | I l en
the precipitates are approxi mately 100A, the size is too not

only is an adverse effect wought on the steel formng, but the
nt in punch processability is poor. A process is known (Japanese
Pat ent Lai d-open No. rbl 6-7g457) for inproving the punch processability
n_super.-l.ow _car.bon .l el ¢b L ?g C f titanium
obi u rﬁ???\ %&ﬁﬂ%ﬁ<ﬂ|W&§“E§t58%5%H8£eéé%sd@@a|%§?ion gy trg i nvent ors
confirmed t igd DU Wik B R R ek 2BESURE Fi00Bn D MD3% i n the
e‘gltla\%#ié%odﬁt%{ltrﬁgﬂsﬁ ?5#"3%& cafgﬁsumed t he *

steel genera

| mpr ovenent

and form ng

and nobiumt

Tensile properties:

A test piece setup for JIS5 was used in the tensile
tests. The yield point (YP), tensile strength (TS},
elongation (El) and work hardening coefficient (n value)
were each evaluated. After further processing at 100°C for
60 minutes, non-aging properties (A.I) was evaluated from

the amount of rise in the yield point.

r value:
A test piece of 10 mm X 110 mm was utilized. The
width and thickness of the piece was measured when a

tensile strain of 0% and 15% was applied.

Punch Processability:
A circular pattern with a clearance of approximately
12% and diameter of 30 mm was punched and the height of the

burrs occurring on the edge were measured and evaluated.

Machinability:

A pipe with an outer diameter of 60 mm was fabricated
utilizing the high frequency induction heat welding method
for each test piece sheet. Cutting was carried out at a
cutting speed of 125 m/minute, and notching speed of 0.06
m/revolution. The cut-through repetitions (for tool life)
and swarf (cutting Wasté) status (GOOD = small, curl-shaped

swarf, DEFECT = long curl-shaped swarf) were evaluated.

Stretch-flanging:



carbon with the result that the Ti4C2S2 effective in 1inproving the punch
processability and stretch- flangeability was not produced and the object
of the invention could not be achieved.

16 FeTi P: As precipitates FeTi P have a size approximating that of
Ti 4C2S2 and is effective in inproving punch processability and
stretch-flangeability however a film precipitate occurs on the crystal

boundaries so thap aLegl 20f QM A%PEFANES UAHIRHY PS8 test

piece sheet. The punched hole (dia./mm) was widened with a
conical punch at an apex angle of 30 degrees until the
crack penetrated through the sheet thickness. The hole
expansion rate was found by means of the formula below,
from the hole diameter (df:mm) at that time, and the

stretch-flangeability evaluated.

Hole expansion rate = [(df-di) / di] X 100 (%)

First Embodiment

After heating the steel slab with the chemical
compositions shown ianable 1, to 1180°C, a hot rolling
finishing temperature of approximately 920°C and a coiling
temperature of 630°C was set, and hot rolling performed to
obtain hot rolled steel.sheet with a thickness of 3.2 mm.

The precipitates type and amount produced in the steel
obtained frém the hot rolling was investigated along with
the tensile properties, machinability and punch

processability. The results are shown in Table 2.

H: Beeh Re'P‘*aced

T



Ti N: As precipitates Ti N have a size approximating that of Ti4C2S2
and achei ves equivalent inproved results however it 1is too soft in actual
use and shows al nbst no i nprovenent in punch processability and poor

i nprovenent in stretch- flangeability effects. Furthernore, the machining
I's wunsatisfactory since a rise in tenperature during machi ning degrades
the cutting effect. The nitrogen content is also difficult to regulate, so
that effective inprovenents in machinpgie jpunchi ng and
stretch-flangeability of steel wth these Ti conpounds is difficult to
achi eve. Ti[err]Q The size of the precipitates is on a |arger

scale fhan| T14CZSZ, W th poor I nprovenent I n punch processabiTify and
Chemical -compositions (mass%)

Steel : Ar3 |precipi-] Re-

tates

type | (Ti*/48)[POintlfigure™l marks
c Si|m| P S Al | Ti N /(c/12 (piece/| -

+5/32) mm? )
A [0.0052|0.02/0.32|0.013]0.017/0.032/0.078/]0.0067{ 1.2 892 |2.1x104| *2
B (0.0031(0.02{0.46|0.035/0.014/0.033|0.048/]0.0027] 1.2 877 [1.6x104]| *2
C (0.0033{0.01]0.63(0.015{0.022/0.033]0.070(0.0028] 1.3 865 [3.7x104| *2
D |0.0032/0.01]0.94/0.016j0.018]0.034/0.076{0.0036] 1.6 857 |4.2x104] *2
E (0.0129(0.02j0.37|0.016[0.008|0.032/0.115{0.0059] 1.5 883 |3.9x103| *3
F |]0.0017|0.44]|0.44]|0.091j0.00710.0310.085/0.0041] 4.1 874 [3.2x103| *3
G (0.0044(0.02|0.17/0.016]0.009]0.028]0.076{0.0045] 2.0 905 |[2.3x103| *3
H |0.0035(0.01}1.15|0.014(0.006|0.031|0.066]0.0037] 2.3 825 [2.7x103| *3
I |0.0032|0.01|0.44/0.088|0.008/0.036/0.074/0.0108| 1.5 881 4.1><104 *3
J 10.0028j0.02 0.1_160.0130.0050.0360.0390.0034 1.4 868 |2.8x104| *3
K 10.0045/0.01{0.44/0.018(0.031{0.029|0.106/0.0045| 1.4 876 |2.3x105| *3
L. 0.0055/0.01({0.42|0.015/0.016/0.031/0.055(0.0056] 0.8 875 |2.4x104] *3
M '0.00070.010.450.0210.0220.0350.0770,0032 1.8 879 [3.1x103| *3

*1: Quantity of precipitates with size of 1000 to 10000A.
Steel types F and I have precipitates of FeTiP alloy
and the other steel types are TiysC2S2 type alloy.

*2: Example of the present invention.

*3: Comparison example.

R

as Been Replaced

e



stretch-flangeability. Furthernmore Ti[err]Ois not desirable because of
possi bl e surface defects. WhS: MhS has i ncl usi ons eci pitates
with the former being in micron units and the latter B gg,]/ 10th of—that

17 size. \Wen the sulfur increases the increase 'inc o ReplEANS
that punch processability is inproved but as shown in [
ment i oned Japanese Patent Laid-open No. Hei 6-73457 an ”WL

processability requires - Table 2

éunching . ‘a
Tensile properties character-| Machinability
Steel istics
type| yg TS n |El| Burr | Tool |cutting|Remarks
(N/mm2) | (N/mm2) |value| (%) h?&g?t U;;gi)dig;;:al
A 163 315 0.247| 53 34 56 o) *1
B 158 324 0.251] 83 24 53 o *]
Cc 159 328 0.242] 52 29 48 o] *1
D 130 385 0.236| 45 25 46 o) *1
E 184 342 0.222] 45 44 37 X *2
F 224 436 0.203] 36 38 29 X *2
G 162 318 0.242] 50 ¢ 65 39 X *2
H 214 355 0.222] 45 54 41 X *2
I 221 359 0.219( 44 46 26 X *2
J | 153 317 |0.244] 49 57 17 X *2
K 164 | 323 0.231] 46 37 43 (o} . *2
L 190 314 0.196] 45 40 45 o *2
M 143 297 0.250( 51 63 21 X *2

*1: Example of the present invention
*2: Comparison example

Results from Tables 1 and 2 can be interpreted as
follows..

Steel types A, B and C are soft steel while steel type
D is high strength steel that satisfy the stipulated
conditions for this invention. All of these types, along
with having superior tensile properties also provide

superior performance for punching and machining .



0.02% or nmore of sulfur. A large quantity of sulfur can _cause poor forn1ng
and surface defects. As shown above there are many aeB%anmmai'
combi nation of conpounds for obtaining and producing inc

precipitates in the |F-based steel sheet containing super-

titanium Anong these various conpounds, Ti4C2S2 having a preC|p|ta e |ze
of 1,000 to 10,000A or (Ti4C2S2 and Ti S) brlngs out favorable effects on

punching and stretch-fl angeability wtho t
forg1ng Fur t her nb? € ??tY st ﬁégfacﬁas it ﬁggaggféﬁ§%3%§§?n; o
conditions are SUItab piiLakes main
conposed of PHRC H] %ﬁiéggﬁég)ﬁ%¥HIP%g?%lﬁggﬁgﬁan %ﬁ 5 x 10[grr]
pes/ mmf er r] i?ﬁsHPffc{ th&hﬁ\g% el 196kl cA08 OBrLhstebhetypens
kept within a'range ©o err to 5 x 10[err] pcs/nn{err] for cold

rolled steelpnffepobNBigh a carbon content so tensile properties are
poor because TiC is produced. The steel type H had too
high a manganese content so punch processability was poor
because MnS is produced. The steel type M had an
insufficient amount of carbon so that tensile properties
are poor and further has poor punch processability because
an inadequate amount of TisCzS; precipitates is produced.
The following is not shown in Table 2 however, because the
gsilicon content in steel type F is too large, a silicon
oxide layer during the electrical galvanizing caused
variations in the galvanized layer and the sealing of the
galvanized layer was poor. 1In steel type K it was verified
that, because the sulfur content was too large, the tensile
properties were bad even though the punch processability
was satisfé;tory, furthermore surface defects such as
blisters and slivers were verified on the steel sheet
surface after rolling. In steel types F and L, the balance
between the amount of Ti and the amount of carbon and steel
was poor, so that the conditions in the above mentioned
formula (1) could not be satisfied. Consequently besides
the tensile properties balance being bad, the punch
processability was poor and the resistance to aging '

unsatisfactory.

Second Embodiment



features can be denonstrated in an extrenely effective manner. This new

know edge becane the basis for the present invention ect df or
setting the chem cal constituents of the steel sheet of

are clarified. C: 0.0010 to 0.010% Car bon corrbm ﬁiiﬁ W

to produce Ti4C2S2 and is an indispensable elenment. The carbon content
nmust be at 18 least 0.0010% however if

the carbon contengnissteQl! 8496 .8 (877°C at Ar3 point) shown in Table 1

was utilized. The hot form rolling was performed in the
same way as for the first embodiment except for the heating
temperature, finishing temperature and coiling temperature
which were changed as shown in Table 3. The hot rolled
steel sheet was manufactured to a width of 3.2 mm. Along
with investigating the precipitates types and amount for
each test piece exactly as in the first embodiment, along
with the tensile properties, and punch processability. The

results are shown in Table 4.

Table 3
Hot rolling condition Precipitates figure
Steel (°c) and status
type Heating|Finishing|Coiling|(piece/mm?2) Remarks
temp. - temp. temp.
Bl | 1230 935 610 3.4x103  Tis type *1
B2 | 1180 920 630 1.6x104 TigC2S2 type *2
B3 | 1145 915 620 1.0x104 TigC2S2 type *2
B4 | 1070 930 605 4.7x103  MnS type *1
B5 | 1175 995 630 | 3.5x103  MnS type *1
B6 1170 895 630 3.6x104 TiqC2S2 type *Q
B7 | 1180 825 625 2.7x103 FeTiP type *1
B8 1190 915 735 3.8%x103 FeTiP type *1
B9 | 1175 930 | 580 | 1.9x10%4 TigCaS2 type|  *2
B10 1185 920 525 4.4x104 TigCasy type *2

*1: Comparison example
*2: Example of the present invention



t he amount of Ti C produced increases and along with a decrease in the
ductility or elongation of the nmetal, the vyield stress_LLses_and_Lh@_—__—
formng and stretch- - flangeability are adversely affect &
these facts an upper limit of 0.010% was set to ensure eﬂmﬁd
Si : 1.0%or |less Silicon is an effective elenent f I"
strength w thout |oss of ductility or elongation but whe

content is too high, the oxidized | ayeizileoduced during anneallng gr ows

l'arge and exerts adverse effects on later form ng processes also causing
uneven distribution of the galvanized |ayer. Due to these reasons the

silicon coptentyis ttmted to I.00% or Iegs. Furtther, non-
unching . .
Tensile properties character-| Machinability
Steel istics
type| yg TS n | El| Burr | Tool |cCutting|Remarks
(N/mm2) | (N/mm2) |[value| (%) | height | life grit
(pum) (times)|disposal]
Bl | 163 327 [0.249] 51 44 46 X *1
B2 | 158 324 {0.251{53| 24 | 53 o *2
B3 | 157 325 [0.247| 52 27 49 o *2
B4 | 155 319 |0.244] 49 41 37 X *1
B5 ‘149 . 324 0.213]| 47 43 38 X *1
B6 159 322 0.254} 53 26 55 o *2
B7 154 317 0.196} 43 32 46 A *]
B8 162 320 0.218] 47 38 30 X *1
BS 153 328 0.246]| 43 31 50 o *2
B10 | 166 336 |0.237| 48| 35 . 44 o *2

*1: Comparison example
*2: Example of the present invention

The symbols Bj through B4 in Tables 3 and 4 show the
suitable temperéture ranges for the hot roll finishing
temperature and coiling temperature. In particular, when
investigating the effect of the heating temperature, it was
found in steel types where heating was performed in a range
from 1,100 to 1,200°C (symbols B2, B3) that TisCzSz based
precipitates was produced in suitable sizes and amounts and
the tensile properties'and punch processability were
superior in each case. In contrast, when the heating

temperature in the'comparison sample (symbol Bl) exceeded



gal vani zed portion are prone to occur during alloy fusion v Q& egk laced
the steel sheet due to the formng of said oxidized Iayer s -
content should preferably by restricted to 0.20% Vh: mziﬂﬂm II|
Manganese produces MhS and is an auxiliary el enment for |npro

stretch-flangeability and punch processability. The manganese content nmust
be 0.10% or nore to effectively denonstrate these inprovenents. However

when the contenlygebs h8tBLEScA0 RMETT S LA lidr WotRY, AR Yfchorm ng'

the temperature dropped below 1,100°C in the comparison

sample (symbol B4) a precipitate mainly of MnS was formed
with the punch processability and machinability being poor
in both cases.

- The symbols Bs through B7 show the suitable
temperature ranges for heating teﬁperature and coiling
temperature. 1In particular, when investigating the effect
of finishing temperature, it was found that in steel types
where heating was performed in a range from 1,100 to
1,200°C (symbols Bg) TisC2Sy; based precipitate was produced
in suitable sizes and amounts and the tensile properties
and punch processability were superior in each case. In
contrast, when finishing tempefature in the comparison
sample (symbol Bs) was too high, precipitates mainly of MnS
were formed, and when finishing temperature was too low in
the comparison sample (symbol B7) precipitates mainly of
FeTiP were formed Qith the punch processability being poor
in both cases.

The symbols Bg through B1g show the suitable
temperature ranges for'heating temperature and the
finishing temperatures. In particular, when investigating
the effect of the coiling temperature, it was found that in
steel types where the coiling temperature was in the
correét range (symbols B1g., B11) TisC2S2 based precipitates
was produced in suitable sizes and amounts and the tensile
properties and punch processablllty were superior in each

case. In contrast, when the coiling temperature in the



19 and strefch-flangeability so nmanganese content |Iﬁﬂmﬂﬂm§

P: 0.1% or

preci pi t ates.

| ess.

OoO
- 0. | ess Phosphorus is suspended in the ste ?ﬁP
I pi In the former case phosphorus is a streng ﬂﬂ and
conversely exerts adverse effects on the formng. In th

becom ng precipitates, the punching and stretch-flangeability mere found

to be sonewhat inproved but the effect on formng was extrenely bad so
t hat phospho

or

| ess.

%%031 %%g@g%(‘) t & 0mb810a 10wl LESSnA, Walarlndd 0. 05%

mainly of FeTiP were formed and satisfactory machinability

could not be obtained.

Third Embodiment

After steel slab with the chemical compositions shown
in Table 5 was heated to 1180°C, a finishing temperature of
approximately 920°C and a coiling temperature of 630°C was
set, and hot rolling then performed. After obtaining hot
rolled steel with a thickness of 3.2 mm, each hot rolled
steel sheet was then cold rolled to a thickness of 0.8 mm.
After performing consecutive annealing for 1 minute at
800°C, 1 percent temper rolling was carried out. Thg
respective tensile properties and punch processability were
investigated and the results obtained are givén in Table 5.

Along with investigating the precipitates types and
amounts produced in the cold rolled steel obtained above,
the tensile properties, punch processability, and stretch-
flangeability were also investigated and the results

obtained are shown in Table 6.



Sul fur conbines with the later related Ti and is an i ndispensable_el enent
in forming precipitates comprising mainly Ti[err]C err T8 St Beey
(Ti[err]Clerr]S[err] and TiS). In order for these precifdi ed -
i nproved punch processability, the Ti4C2S2 or (Ti4C2S2 g elin
anounts of 5 X 10[err] pcs/mR2 or nore. The sul fur cont 1l or e
be 0.010% or nore. However these effects are maxim zed at 0.025% and when
the content is excessive, not only areaAQverse effects exerted on the
press formng but surface defects are prone to increase so the upper limt
Is set at 0.025% Incidentally, Figure 1 is a graph show ng the

punch fprogessapi Tty and r val ue when the sulfur content jis npde tOo
changef from 0. 002% t oh8mO84 % cbapositebdnshemissB)it h a
. Ar3 |Precipi-| Re-
tates
type (Ti*/48) point f(ig.ure */1 marks|
. . . lece
C [Si|mm| P | s | ALl | Ti N B ié%g F:nmz)

A |0.0052{/0.02 0.32(0.013}0.0170.032/0.0780.0067] - 1.2 -|892|4.ax10%| *2

B {0.0031|0.02/0.46/0.035/0.014/0.033]0.048/0.0027| - 1.2 | 877]3.1x104| *2
C |0.0033[0.01}0.63|0.015/0.022]0.033/0.070/0.0028| - 1.3 | 865|7.7x104| *2

D |{0.0032/0.01{0.94/0.016/0.018/0.034/0.076{0.0036 - 1.6 | 857 ]8.7x104| *2

E 10.0129[0.02[0.37]0.016/0.0080.032/0.115/0.0059| - 1.5 |883]|7.8x103| *3

F |0.0017|0.44|0.44/0.091}0.007/0.031]0.085{0.0041} - 4.1 | 874|6.5x103| *3

G |0.0044|0.02[0.17/0.016/0.009/0.028[0.076/0.0045| - 2.0 |905]4.1x103| *3
H [0.0035(0.01|1.15[0.014/0.006/0.031/0.0660.0037| - 2.3 | 825|4.6x103| *3

I [0.0032{0.01{0.44/0.088/0.008/0.036/0.0740.0108 - 1.5 |[88l}s.2x103| *3

J |[0.0028{0.02|0.46/0.013/0.005/0.036/0.039/0.0034] - 1.4 | 868|6.9x103] *3
K [0.0045/0.01|0.44[0.018{0.031/0.0290.106/0.0045| - 1.4 |876]|6.3x105| *3

L |0.0039{0.01/0.55/0.013/0.0430.032/0.125/0.0036] - 1.4 |872|9.8x103| *3
M |0.0050{0.01/0.46/0.0140.017/0.033)0.050/0.0058| - 0.7 |881)4.3x103| *3

N |0.0007{0.01]0.45/0.021l0.022/0.035/0.077/0.0032] -~ 1.8 [879|5.2x103| *3
0 0.00380.010.360.0110.0190.0376.0810.00310.005 1.6 |[891|2.9x104| *2

*1: Quantity of precipitates with size of 1000 to 10000A.
Steel types F and I have precipitates of FeTiP alloy
and the other steel types are TiyCySz type alloy.

*2: Example of the present invention

*3: Comparison example



20 basi ¢ conposition of 0.0052% carbon, 0.01%silicon, 0.4% nanganese,
0. 014% phosphor, 0.03% al um num 0.08% titanium and 0.006% nitrogen. In

the figure, box annealed type Al killed steel (C 0.-044%A——07045%
havi ng superior punching and mechani cal characterlstuﬁ%g§w&ggdkaﬂhmh@d

conparison sanple. Fig. 2 shows the sulfur content versu ge
of surface defects. _ The physical properties test ﬁﬂmm
follows. A vacuum di ssol ved, forged 4ﬁ%%ge tal ingot

err

1200[ err] C and the rough roll.ed at 30 Next, after heating this
slab to 1200[err]C, it was hot-rolled under conditions of

Tensile properties ciggggtgg— %EES;;?;
Steel istics ability
type| yg TS El r Burr Hole Remarks

(N/mm2) | (N/mm2)| (%) |value| height expansion

: (Hm) limit (%)
A 165 316 52 | 2.12 23 203 *1
B 158 327 51 | 2.03 17 216 *1
c 157 331 51 | 1.97 20 198 *1

D 188 382 45 | 1.95 17 206 *1

E 186 344 43 | 1.62 32 175 *2
F 221 430 33 | 1.74 28 151 *2
G 158 318 47 | 1.80 45 197 *2
H 222 359 43 | 1.66 39 189 *2
I 224 356 42 | 1.72 33 174 *2
J 155 | 321 47 | 1.84 42 205 *2
K 164 | . 327 44 | 1.85 36 162 *2
L 168 322 | 42 | 1.77 35 133 *2
M 193 213 43 | 1.43 39 158 *2
N 143 298 50 | 1.99 51 194 *2
o | 183 322 49 | 1.94 16 203 *]

*1: Example of the present invention
*2: Comparison example '

Results from Tables 5 and 6 can be interpreted as
follows. |

In the embodiment, steel types A, B and C are soft
steel while steel type D is high strength steel that

satisfy the stipulated conditions for this invention.



plate thickness of 4 mt[err] finish tenperature of 920[fEJdG: B }mkd
roll tenperature of 680[err]C and then cut to 3.2 mt. |
nmetal was cold rolled to 0.8 mmt and after consecutive a}ﬂﬁﬂ |
m nute at an average tenperature of 800[err]C, a 1% rol l
was performed to produce the test sanple cold-rolled sheet. A 10 nn1X 110
mmtest sanple was utilized for the r value, and the w dth and sheet

thickness megsdeede ey ais easi dfosd it Afnc1diagl B¥rwasaapahi ed. The burr
hei ght was neasured and evaluated at the edges after punching a circular

shape of 10elEeh@NetRI1idf OCcedarttidd] rldmedwitbehavwtihl supekearance of
9% The surface of the cold rolled steel sheet was exam ned visually for

surface def ecéasibd peopértaies disd iprbwnigid uipeericenpertosmahiaeefdef ects
occurring in a fixed | ength.

punching and machining.

In contrast, steel types E through J all had poor
punch processability due to insufficient sulfur content.
In addition, the steél type E had too high a carbon content-
so tensile properties are poor because TiC is produced.
The steel type H had too high a manganese content so that
tensile properties and stretch-flangeability is poor
because MnS is produced. The steel type M had an
inéufficient amount of carbon so that tensile properties
are poor and further had poor puhch proceésability and
stretch-flangeability because an inadequate amount of
TiyC2S2 precipitates are produced. The following is not
shown.in Table 2 however, because the silicon content in
steel type F.is too large, a silicon oxide layer formed
during the electrical galvanizing caused variations in the
galvanized layer and the sealing of the galvanized layer
was poor. In steel type K.it was verified that, because
the sulfur content was too large, the tensile properties
were bad even though the punch processability was
satisfactory, furthermore surface defects such as blisters
and slivers were verified on the steel sheet surface after
rolling. In steel types F and M, the balance between the
amount of Ti and the amount of carbon and steel was poor so
that the conditions in the above mentioned formula (1)

could not be satisfied and consequently besides the tensile



As Figs. 1 and 2 clearly show, when the sulfur content 1is less than 0.01%
the burr height during punching is 21
extrenely |l arge and the object of this invention cannot be achieved.
However when the sulfur content exceeds 0.025% surface defects
drastically increase again thwarting the object of the invention. However
when the sulfur content is 0.01%or nore, and 0.025% or | ess, the surface

defects andghy %rQ@thBaEQHchbéiH&tl?&d AScHl ks Eﬁ%%‘e@ls%b%ﬁfit% ahagh
| evel r valué c be obt al ned The data 1n Figs. 1 and ows the
effect the S%EE%EchCthﬁBEaBIEiE§ Wals By Gald A e AIdtsinlces tef aghagcol d

unsatisfactory.

Fourth Embodiment

The steel type B (877°C at Ar3 point) shown in Table 5
was utilized. The hot.rolling was performed in the same
way as for the third eﬁbodiment except for the heating
temperature, hot rolling finishing temperature and coiling
temperature which were changed as shown in Table 7. The
hot rolled steel sheet was manufactured to a width of 3.2
mm and further cold rolled to a thickness of 0.8 mm. After
performing consecutive annealing for 1 minute at 800°C, 1
percent temper rolling was carried out to obtain the cold
rolled steel. The fespective tensile proﬁerties, stretch-
flangeability and punch processability were investigated

and the results obtained are shown in Table 8.

\
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rolled steel. This effect is largely the sane as that for the hot rolled
steel before cold rolling was perforned. Setting the sulfur content within
a range of 0.001 to 0.025% was verified as yielding hot rolled steel sheet
wi th superior punch processability and no surface defects. N: 0.01% or

| ess Ni trogen conbines with titaniumto produce TiN but this TiN has
virtually no effect in inproving punch processability. Nitrogen, as is the
case with carbon, weakens the stretchpflpgogability and tensile properties
of the steel and therefore an upper limt of 0.01%was set to avoid these
dr awbacks. Ti: 0.2%or |ess

Hot rolling condition Precipitates figure
Steel] (°c) and status
tYPe Heating|Finishing|Coiling (piece/mm?2) Remarks
temp. temp. temp.
Bl | 1230 935 610 6.4x105  Tis type *1
B2 1180 920 630 3.1x104 TigC2S2 type *2
B3 | 1145 915 620 6.3x104 TigC2S2 type *2
B4 | 1070 930 605 | 8.7x103  MnS type *1
B5 | 1175 995 630 5.5X105  MnS type *1
B6 | 1170 895 630 5.2x104 TigC2S2 type *2
B7 | 1180 850 625 5.1x103 FeTiP type *7
B8 | 1190 915 735 3.8x103 FeTiP type *]
B9 1180 925 680 3.6%x104 TigCasg type *2
B10 | 1175 930 580 8.8x103 TigC2S2 type *1

*1: Comparison example
*2: Example of the present invention

This Sheet Has Reen Keplaced'. ~
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Titaniumis one of the nost inportant elenments because of the Ti 4C282 or
(Ti4C2S2 and Ti'S) precipitates produced in the steel

provi ded in punch processability and stretch-fl angeabl"l'fnStS}ieetiH},%
limt _ _ 22 val ue for t|t eqwe'g‘f?ﬁst
be determ ned according to the nitrogen, sulfur and car Hlﬂl t he
steel. However a maxi num content achieving the effect of on is
0.2% a higher content would not be cogdpi&fdective. Preferably the '
titaniumcontent is 0.15%or |ess. .
Tensile properties . Stretch-
Steell Punching
character- flange-
istics ability Remarks
type| yg TS EL r |Burr height|Hole expansion
(N/mm2) | (N/mm2)| (%) [ value () limit (%)
Bl 164 326 49 | 1.81 32 179 *1
B2 156 327 51 2.03 13 216 *2
B3 | 155 322 | 50| 2.11 19 196 *2
B4 161 323 47 | 1.88 36 181 *1
B5 157 321 45 | 1.79 34 186 *1
B6 156 319 52 | 2.06 18 223 *2
B7 152 315 42 | 1.65 . 26 177 *1
B8 160 328 45 | 1.61 30 175 *]
B9 150 323 50 | 1.94 21 194 *2
B10| 178 | 335 42 | 1.60 30 173 _ *]

*]1: Comparison example
*2: Example of the present invention

The symbols Bj through B4 in Tables 7 and'é show the
suitable temperature ranges for the finishing temperature
and coiling temperature. In particular, when investigating
the effect of the heating témperature, it was found in
steel types where heating was performed in a range from
1,100_to 1,200°C (symbols B2, B3) the TijsCzS;z based
precipitates was produced in suitable sizes and amounts and
the tensile properties, stretch-flangeability and punch
précessability were superior in each case. In contrast,

when the heating temperature in the comparison sample

— -46-



Besides formng Ti4C2S2 and Ti S, titaniumcan al so accmfs@hdagids Beda®aplhded ONS

formwith nitrogen in solid solution to produce Ti N, or
solid solution to produce TiC. The lower limt val ue ofl!'llgm E}!ﬁl’lj
determ ned by taking into account their respective effec |ng
to the carbon, sulfur and nitrogen content based on forrmula (1) bel ow
When forning hot roIIed steel this value should be in the range of 1.0 to
3.0 and for *ﬁdeﬁé@étﬂe&hp,bﬂmb%e prethiipitabge maifly 6H Mnd with

t he content of each el enent adjusted according to the relation with the
ot her elenen&ere forméd| *4d8)VH&d lehe tinbrature droppedrbedwiva 1( 1P0°C
However, Ti* Ti - (48/14)N However, for hot rolled steel, when the

value is Ies$n thencbhparlspﬁcsampke]Lsymhwla@munpréﬁlpitéﬁﬁénmﬁénly of

TiS were formed with the punch processability being poor in
both cases.

The symbols Bg through B7 show the suitable
temperature ranges for the heating temperature and coiling
temperature. In particular, when investigating the effect
of the finishing temperature, it was found that in steel
types where heating was performed in a range from 1,100 to
1,200°C (symbols Bg) the TisC2S; based precipitates was
produced in suitable sizes and amounts and the tensile
properties, stretch-flangeability and punch processability
were superior in each casé. In contrast, when the
finishing temperature in the comparisdn sample (symbol Bs5)
was'too high, precipitates only of MnS were formed, and
when the heat roll finishing temperature was too low in the
comparison sample (symbol B7) precipitates mainly of FeTiP
were formed with the punch processability being inadequate
in both cases.

The symbols Bg through B1g show the suitable
temperature ranges for the heating témpera;ure and the heat
roll finishing temperatures. In particular, when
invéstigating the effect of the coiling temperature, it was
found that in steel types where the coiling temperature was
in the correct range (symbols Bg) the TiygCzS2 and the TiS
based precipitates was produced ih suitable sizes and

amounts and the tensile properties, stretch-flangeabilities



insufficient for bonding with the carbon and sul fur and_the D nt

insuf ficient for producing Ti4C2S2 needed for i nproving Replaced
processability. However when the value  exceeds 3.0 and t “Hluent
I s excessive, the anobunt of carbon in solid solution |nc n

the sul fur content is excessive, MS and large Ti S is produced so that
in either of these cases the ductility or elongation is poor and

| nsuf {1 ci ent, § o1 01,00, 300k S EheN ) ANASAPELELY B fie8sbcALe, Obal ned. I

cold rolled e ue-fromt ove formula (1) is less than
0.8, the contrast, when the coiling temperature in the comparison

sample (symbol Bg) was too high, precipitates mainly of
FeTiP was formed and satisfactory stretch-flangeability
could not be obtained. When the coiling temperature in the
comparison sample (symbol Bj(p) was too low, the TisCzSz and
the TiS based precipitates were not produced in sufficient
amounts and the punch processability and stretch-

flangeability performance was somewhat low.

Fifth Embodiment

Cold rolled steel sheets obtained utilizing steel
types A, B and C from among the cold rolled steel sheet of
the third embodiment were galvanized on the surface in
accordance with the usual methods to form a galvanized
layer of 1 to 50 g/m2. Chromate treatment was then
performed so that the chromium precipitate formed over the
galvanized layer is converted to metallic chromium at 10
mg/mz.

A resin base of ethylene, ester or urethane resin was
used for mixing with colloidal silicon particles converted
to solid type, of 4 to 6 um in size and in a 10% portion
mix in the resin material applied at 0.05 to 3 g/m2 in
order to obtain the surface treated steel sheet. The
resistance to corrosion, resistance to fingerprint and
grounding were evaluated and the results are shown in Table

9.



anount of titaniumfor bonding with the carbon and sulfur is i nsuffici ent

and the amount of Ti4C2S2 needed for inproving the punch processability is .
i nadequate. However when this value exceeds 4.0 and the qais/Sheat HasBteaReplaosd
excessive, then the carbon in solid solution will increase,

sul fur is excessive, MiS is produced so that in either of tﬂmmumlm“ll
ductility or elongation is poor and insufficient formng an

stretch-fl angealididy rd¥iQGessidlg are obtained. In the case of cold rolled
steel, therée 1Ts sone tolerance allowed in the value obtained from fornmula
(1) because at the it Gphet ded Wag perforied aptbodih® tdeckwol d rol ling,
even if sone large (rough) TiS is produced, the subsequent cold rolling
will break dgahodd heishied iint IS @eR3par tndl ehestinbefer vgénetmtinm of

significant problemdue to effects on surface precision.
1% white rust evaluated.

O = 240 hours or more X = less than 240 hours
Resistance to Fingerprints:

The test piece was soaked in a 50% white-colored
vaseline solution at 40°C and then extracted.
Discoloration on the vaseline coated portion and the non-
coated portions was measﬁred and evaluated. The color
difference (AE) between the vaseline coated and non-coated
portions was "3 dr less" thus showing good resistance to
fingerprints.

O = AE of 3 or less X = more than AE
Grounding:

The conductivity of the surface of the test piece was
measured in surface resistance across tester terminals
spaced 100 mm apart and the results evaluated.

O = surface resistance of 200 ohms or less X =

surface resistance of 200 ohms or more

Overall Evaluation:

O = Satisfactory X = Unsatisfactory



Al :

unavoi dabl e as an anti oxi dant.
non-netallic Alferr]J err]
characteristics

f or

effects on nechani cal
limted to 0.1% _ :
I nvention having a precipitates constituting mainly Ti4C2

cont ent

and

0. 1% or

S

| ess

Alum numis an el enent whose use is essenti al

1,000 to 10, 000A is

or

| ess.

based i ncl usi ons
and machining so th
When t he st eel

and

Too high an al um num content—s—a-sotrece

whi ch ey dnset ﬁ%&?ﬁeplaced

RAORTELAY

Tib1eligS) and a size within a range of

Zn \ Resin Corro- ] '
Steel adhering|Resin adhering| sion Finger- Gr?und- Overall
No. type | amount | t¥Pe | amount | resis- print ing levalua-| Remarks
(g/m2) *) (g/m2) tance |resistance tion
Ethyl- '
1| a 15 | om| 0.5 o o o o
Ethyl-
2 A 10 eg; 0.5 o o] o o
Ethyl- :
3 B 20 te ri;l 0.1 o o o o Embodiment
U -
4 B 40 tﬁ:;e 0.3 o o o o
5 C 30 Ester 2.5 o o o) o
Ethyl-
6| B 2 one | 0.05 X X o X
Ure-~-
7 B 20 .0 o) o) X X
thane 3 Comparison
' example
8 B 20 None _ x x o X
Poly~-
9| c 20 | .ovee| 0.05 X X o X

*):

Details on resin type

Ethylene:

Ester:

Urethane:

Ethylene polymer resin containing 20%

acrylic acid by weight consisting of

ethylene non-saturated carboxylic acid
Polyester resin, product brand name of
"BYRON 20SS" made by Toyo Boseki Co.
Polyurethane resin, product brand name of
"SUPERFLEX" made by Daiichi Kogyo Chemical

Co.

Results from Table 7 can be interpreted as follows.

The chemical compositions, and the amounts of the

electrically galvanized layer and plastic coating steel

material of embodiments No. 1 through 5 satisfied the

specified conditions of this invention.

-50-

An extremely



included in specific proportions in the steel, the machi nipy ShecPHRA BB Rgplaced
and stretch-flangeability are inproved remarkably with no a
‘on formng. However the steel sheet manufacturing condition “ﬂ“ gt
the tenperature during heat rolling and coiling conditions & a
I n producing the optimal anpbunts of this precipitate of mainly Ti4C2S2 in
the steel. It has been confirnmed that to attain the object of the
i nvention, itsupetiomrefifectufifdsciadiso pbthéacdaferethestabrosbonsati sfies
t he above nentioned requirenments for chemcal constituents, to within a
range of 1, 100e3bstarrR| aresiGtaneepitet Eingerorants. r ahdi ayovnding. t he
tenperature range (Ar3 transformation tenp. +80[err]C) to, (Ar3
transformation ter? CHUPASY.CNof & PadeBOOKy COBFPFAPR a¥ o8l EEAREs AR e -
range between 600 to 700[err]C _, | f, the heating tepperature at this
time i s bel oWPOr resistance ‘to fingerprints due to Insurfricient
adherence amounts of the electrically galvanized layer and
the plastic coating. No. 7 had poor grounding because the
plastic coating was too large. No 8 had poor corrosion
resistance and poor resistance to fingerprints because the
plastic layer had not been applied. No. 9 was unable to
provide satisfactory corrosion resistance and resistance to
fingerprints because the amount of plastic coating was

insufficient.

.Effect of the Invention:

This inveﬁtion is comprised as described above and .
along with the composition elements of the steel material,
the content in particular of the titanium, sulfur,
manganese and nitrogen are regulated and the interrelation
of the sulfur, nitrogen and carbon amounts with the.
titanium amount suitably controlled to produce TisC3S>
precipitates in the proper amounts and size. This allows
thin steel plate with extremely excellent punch
processability to be provided without loss to the forming
or the mechanical properties of the metal. The method of
this invention also allows thin steel plate with these
features to be reliably manufactured at the industrial

level.
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1,100[err]C, then the amount of MS produced increases and the amount of

Ti 4C2S2 precipitates in the steel will be T nadequate. Ifa%gngEQL—gxneedé—f~
1,200[err] C virtually al- of the precipitates dissolves the correcthmmai

amount of |tates cannot be obtained. Al so, whsH as Bex

t enper at wﬂm “‘E ormrolling exceeds 700[err]C, the m \““\ “‘\ “\
Ti[err] ased precipitates changes into FeTi P bas

precipitates and the inproved rWBATndS |CLAIMER Fifch processability

desired of this invention cannot be obtained. No particular value is set
as a lower limt for the coiling tenperature but if too |low then Ti based

recipitates is not produced or eve f produced the TiC,as
P P 1. A gteel sheet proéldlngpsuperior mechanical

propertiés, including precipitates constituting mainly
TigC2S2 and satisfying the following conditions for

specific amounts of elements by mass % such that :

Carbon': 0.0010 to 0.010%
Silicon : 1.0% or less
Manganese : 0.1 to 1.0%
Phosphor : 0.1% or less
Sulfur : 0.01 to 0.025%
Nitrogen : 0.01% or less
Titanium : 0.2% or less

Remainder : Fe and unavoidable impurities,

said elements satisfying the conditions of the following

formulas:

(Ti*/48)/(C/12 + S/32) = 0.8 to 4.0

Ti* = Ti - (48/14)N

2. A steel sheet of superior mechanical properties
according to claim 1, wherein precipitates are comprised
internally mainly of TigC2S;, with a size of 1,000 to

10,000A and has a count of 5 X 103 pcs/mm2 or more.
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25 Ti es cannot be obtained, so that a tenper
500[ermmmlﬂ)mﬂ m"m preferable. If the <coiling tenperatur ﬁ‘mﬁ Replaced
be - i nconpl ete and a residual anmount of carbon in solid soluti I
cause the r value for annealing to deteriorate, so that the coiling
tenperature is preferabl set wthin a range of 600 to 700[err]C
mai ntained, there will be little effect on the ampunt of Ti4C2S2 produced
even if the hREEOFSIBY ¥¢ rlaimp t afRexiednythe stred sBRERnAE. 2HBREver, in
order to achleff goth shoqt h heat rolllgg and he% iolled t eel

e es the fol

when méAnufacturt ng cald rolled steel sheet, then the TiC preC| "”I”
| ong as the Babove hedteel shenferof vuperioyr mechanjcalchpepertiies are
steel sheet and satis owing formula.

(Ti*/48) /(C/12 + S/32) = 1.0 to 3.0

Ti* = Ti - (48/14)N

4. A steel sheet of superior mechanical properties
according to claim 2, wherein the steel sheet is a cold
rolled steel sheet and precipitates mainly comprising
Ti4C2S2, also include TiS with TiyC3S; and size of said

precipitates is 1,000 to 10,000A and said precipitates have
a count of 1 x 104 to 5 x 105 pcs/mmz.

5. A steel sheet of superior mechanical properties
according to any of claims 1 through 4, wherein the steel
sheet satisfies the following conditions for specific

amounts of elements by mass % such that :

Carbon : 0.0010 to 0.008%
Silicon : 0.25% or less

Manganese : 0.20 to 1.0%
Phosphor : 0.05% or less

Titanium : 0.15% or less
6. A galvanized steel sheet according to claim 1 wherein

at least one side of the steel sheet is galvanized with

zinc or zinc alloy in amounts of 3 to 40 g/m2.
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sheet having stable nmechani cal characteristics and product shape, the
fini shi ng"Temperature—+s—preferably set within a range of (Ar3

- transfor mailm"mﬂ ]C) to (Ar3 transfornati orfhisShest Has Beh®epilde) -
However wh mmﬂg m[fi ni shing tenperature is tog’ ] _
produced. This® FeTi® and+*the carbon in solid solution ' S-
form ng chracteristics to worsen. Conversely, when the heat ro shi.ng

tenperature is too high, the anount of |arge (rough) Ti S produced

i ncreases which in particular can be a source of surface defects during

use of- the hét. r@ lresint cortingesteebviiieet agrarding % & rol I ed and

used as cold rolled steel sheet, the apove nentioned |ar ejéﬁé%#%G§_TiS S

broken down wWhegeimer PIpsEds FR2ELRY cbF dEOFRRT i N r F 5 1|

not be a source of surfage _defects, These Ti recinitat re a
effective alloy galvancz;.zed sheet to a&’lere isn PiSidts BE 0 & &', 5

g/mz.

8. A manufacturing method for hot rolled steel sheet
providing superior mechanical properties and satisfying the
following conditions for specific amounts of elements by

mass % such that:

Carbon : 0.0010 to 0.010%
Silicon : 1.0% or less
Manganese : 0.1 to 1.0%
Phosphor : 0.1% or less
Sulfur ': 0.01 to 0.025%
Nitrogen : 0.01% or less
Titanium : 0.2% or less,

Remainder : Fe and unavoidable impurities,

said elements satisfying the conditions of the following

formmlas:

(Ti*/48)/(C/12 + 8/32) = 1.0 to 3.0

Ti* = Ti - (48/14)N

said manufacturing method comprising the steps of:
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26 consti LAprQvi ng the punch processability when Thiy@kdetighs®
use of tdﬂlbﬁgmmnllmgﬂﬂwel sheet . There are no partic i AEblaced
- the condi L Ol I ol ling and annealing perforned aft rlwﬁnm”'”"’
rolling however, a preferred size and di spersion anount of Ti

precipitates produced in the heat rolling process for nmaintaining the
desired effects is a downward pressure setting of 60 to 85% and a
tenperature Gleatifigesali@ stesbrweithin 4 heenfpSraivine randseladivli.A00h&d at er
anneal ing process, with a tenperature range setting of 750 to 850[err]C

bei ng even mir,@003¢Cef endbtempléting hatowolddmd orddidokhsatenpesadyre

range (Ar3 transformation temp. +80°C) to (Ar3
transformation temp. -40°C) followed by coiling at a
temperature range not more than 700°C to produce
precipitates comprised internally mainly of TigC2S2, with a
size of 1,000 to 10,000A and a count of 5 X 103 pcs/mm2 OF

more

9. A manufacturing method for cold rolled steel sheet
providing superior mechanical properties and satisfying the
following conditions for specific amounts of elements by

mass % such that :

Carbon : 0.0010 to 0.010%
Silicon : 1.0% ér less
Manganese : 0.1 to 1.0%
Phosphor : 0.1% or less
Sulfur : 0.01 to 0.025%
Nitrogen : 0.01% or less
Titanium : 0.2% or less,

Remainder : Fe and unavoidable impurities,

said steel satisfying the conditions of the following

formulas:

(Ti*/48)/(C/12 + S/32) = 0.8 to 4.0

Tix* Ti - (48/14)N

]l
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setting is used for cold rolling, even if the large (rough) Ti S based
precipitates is present internally after conpletlon of hot rolling, these

- precipitates wlT be broken down into finer pieces in the cold rolling
process and thusl Imumﬂ"&ﬂmumur ce of surface defects and the
precipitates wll ve elenment in obtaining inproved punch
processability. “The Hot *rofl ed steel sheet or cold rolled steel sheet

thus obtained may be used as is, or further electrically galvanized or
fused zinc gal vani zed for anti-rust purposes,, or chem cal ocessi ng such
as aci d-base %ﬂ&@@éﬂf@c&un@ﬁr @ﬁﬁh@dpi;%%%%ﬁ@gp ¢ G rRRE Cg{o‘dl tionally,

organic plastic coatin siml a ocessing will of cour r
ef fective as Reatisck s@d ?ﬁ@ﬁ%wn = aTF%‘f‘%eg?'éulf%vf%é%ees %el gwcq/eeq pl ate
ChaS_SI s act ua}l!,|£/00°c, and completing hot-rolling within the temperature
range (Ar3 transformation temp. +80°C) to (Ar3
transformation temp. -40°C) followed by coiling at a
temperature range between 600 to 700°C, and after coid
rolling of the steel, carrying out annealing to produce
precipitates comprised internally mainly of TigC2S2 or
Ti4C2S2 and TiS., with a size of 1,000 to 10,000A and a

count of 1 X 104 to 5 x 105 pcs/mmz.

This Sheet Has Been Rep

[ Illl

-56-



bei ng used wi thout having some kind of surface coating. This is because

use of cold or hot rolled steel sheet as

27 is, generates red rust in a short time in the outside atnosphere. This

rust eats into the metal not only reducing its strength but exerting

adverse effects on the drive sections and electrical circuitry due to

| oose rust powder. Use of a surface treatnestgisian extrenely effective

met hod in preventing the generation of rust. This invention utilizes zinc

all oy electrical galvgqﬁzing whi ch di splays a superior effect in
t

preventing rust wtho
) 1.8'— %\G @) . ‘
3 oo —0 o
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exerting adverse effects on the form ng and_punch processability.

Various gal vani zi ng net hods are avail able such as fusible gal vani zi ng
‘perfornmed by soaking the steel sheet in fusible zinc in solution, .
el ectrical galvanizing for precipitateing netallic zinc on the steel sheet
surface by applying a charge through electrolytic fluid containing zinc

I ons, and the steam adhesi on gal vani zing nethod for meking zinc in a
vapori zed state adhere to the surface of the steel sheet. However, in this
invention utilization of the electrical galvan|2|ng met hod is deS|rabIe
because of the fine appearance afd BvEnTdRstA iGuffion of material in the
gal vani zed | ayer along with the fact that there are no surface defects
even though the nmaterial adhering is relatively thin. In order for this

electrically galvq@iggggl sheet is disclosed, said steel sheet being
made of a steel containing specific amounts of carbon,
silicon, manganeée, phosphorus, sulfur, nitrogen, and
titanium, with said steel also satisfying the conditions of

the following formulas:

(Ti*/48)/(C/12 + S/32) = 0.8 to 4.0

Ti* = Ti - (48/14)N

of which, a steel sheet and manufacturing method thereof
providing said steel sheet having excellent mechanical
properties, forming and punch processability
characteristics and internally including precipiﬁates
constituting mainly TisC3S;, or TiyCzS; and TiS. Said steel
sheet further, formed with a zinc or galvanized surface and
that surface is coated with anti-corrosive, fingerprint-

resistant plastic covering.

This She
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.layer-to be effective in preventing rust, the galvanized |ayer ?BQIHHL&F
-adhere in a thickness of 3.g/n2 or nore. If this adhering layer TS
i nsufficient then anti-corrosion properties cannot be guaranteed or the
plastic coating fornmed over the gal vani zed l-ayer nust be nade excessively
28 thick and the electrical groundeag—property is lost. From the
vi ewpoi nt of corrosion resistance there is no particular limt on the
adhering gal vani zed | ayer t hitalgmssorburrRhaINVENEEOReds 40 g/ nferr] an
anti-corrosive effect may not be obtained even if the layer is nade
‘excessi vel y STEEL SHEET HAVING EXCELLENT PROCESSING CHARACTERISTICS,

MANUFACTURING METHOD -THEREFOR, AND GALVANIZED STEEL SHEET

AND A RESIN COATING STEEL SHEET

REPLACEMENT SEERT|

BACKGROUND OF THE INVENTION 04 OCT 199

Field of the Invention

Hot rolled steel sheets and cold rolled éteel sheets
are used in a wide variety of applications as outer panels
for automobiles and household electrical appliances with
.various characteristics required for each different
application. For example the metal sheet used in computers
and household appliances sgch as VTR (video tape recorders)
and tape recorder chassis often require punching processing
of movable chassis parts. The edges of these parts ideally
should not have any burfs'projecting out any more than a
specified height from the part surface. For example many
times a hole is punched out, for the pin forming the shaft
of the VIR head, however when burrs are present this pin
cannot be inserted during the assembly process. Also,
troubles may occur such whén a“éiiding pgrg_b%nd$ or does;; LQ
not function well when positioned at thé punchéd.;ufface,”
or when the "burr" collapses and causes an electrical

short.
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thick. 1f the galvanizing process tine is too long or the sealing of the
gal vani zed |l ayer is too low then peeling of this |layer may occur so it

shoukd be limted to a thickness of 40 g/nR. The zinc electrically
gal vani zed | ayer used here, besides 2pure zinc gal vanizing al so includes
zi nc-based gal vanizing containing NI, Co and Fe along with the zinc, or

may be a lower coating of this sane pure zinc galvanizing or zinc-based
gal vani zi ng or perdrpsntti oIl Sw-lcsp®odf Apr Rigakbdagtéebdisi Gsdally

gal vani zing types where the zinc content is 50% or nore by weight. .
Form ng of tdéamepkoyed elrecthesmlRindalfy apiteedallageplisathbynst sech, asuffici ent
to obtain the objective of anti-rust in the steel plate. To use this as a
mat eri al f orpunchwprovesdsasi diassi dn tadissflaweearbohi Ajiekpiledsstgel,
preferable the carbon precipitates into a rough crystal particle layer
of brittle cementite (iron carbide) effective in the
generation of cracks during the punch process so that few
burrs occur, and friction wear and shearing load can be
kept small. MnS precipitates has the same effect on
generation of cracks and the same results as with éementite
have been confirmed.
However precipitates like cementite and MnS are
QOminant elements in controlling critical metal deformation
ability, their secondary phase which is an origin of crack
generation, causes problems during extrusion flange and
stretch-flangeability processes. Therefore, even though
the low-carbon Al killed steel is fine for punch
processability, it is poorly suited for applications in
which the edge of the punched surface must undergo
secondary processing such as flange forming or stretch-
flangeability. |
Recently on the other hand, in order to produce ever
more complicated shapes for the latest machined products
and also meet user demands for more simplified press
forming, the flange characteristics and stretch-
flangeability processing for products must attain a vet

superior level. Currently, in order to meet these demands,

much use is made of IF-based steel which is super-low .

REPLACEMENT SHEE
n4 OCT 1996
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I n addi*tion to preventing rust on the gal vani zed | ayer-

5 t‘--‘c.:.l I.-.-f- _,,;;_'An____
extrenely effective nethod to achieve this is to furtheg gpply a ﬁlasti
coatjing over the zinc electrically galvanized |ayer. Thg pre@ér@@ 1996
adherence anount for the plastic cgating is within a rafjgg of 0.1 to 2.

5

g/ n2. When the anpbunt of plastic coatrng that adheres i
sati sfactory corrosion resistance and fingerprint resis

i nsufficrent, !
cannot be & ¢

|

obt ai ned. Copyehse! Y ddehdded with car®BRnAUDHRErb§ehO08ohBbaRd éhéments _
el ectrical conductiviy of the top layer decreases and the grounding is

extrenmely posich as tin or niobium in prescribed amounts.

This IF-based steel havihg low yield stress, high
elongation and superior press-formability has come to be
widely used as a part material in processes accompanying a
high degree of material deformation such as automobile body
material. However conventional IF-based has drawbacks such
as poor punch processability compared with low-carbon Al
killed steel and large burrs on the edges after punching.
The finish surface roughness and cutting chip disposal
during machining are also unsatisfactory, making the IF-
based steel impractical for use according to the particular
application.

) In other words for press forming of household
appliances and automobile parts which are mainly made by
being punched out from metal blanks, the above mentioned
IF-based steel is unsuitable in spite of superior general
forming because of poor punch processability compared to
low-carbon Al killed steel and large.burrs on the edges of
the steel after punch processability. For instance when
used in automobile parts sections of the éteel with these
burrs have poor adhesion after electro-precipitation
processing'causing bad effects like corrosion. Another
problem is that when stacking boards of punched metal sheet
for shipﬁing, a metal powder is generated due to friction
wear from the burrs during transport which in turn
scratches the product surface. Many applications require

drilling or thread cutting, however the inferior finish



There are no particular limts on the constituent t
conposing the plastic |ayer but nost typically thes
resip, polyester resin, polyvinyl resin, acrylic re
pol yam de resin containing polyners Qf epoxy resin o
non-sat urated carboxylic acid. These—+esin types ca
m xed fromtwo or nore types as needed. Form ng favgrable resin s
constituents, | recommended by .altering the functi oR&E=TTrGupS, L
Cesins by t RAGEGH THOPRHES SR e RF BHET g TR T HTF |
Fur LNer or €. 18R GOk AIRIART GxS! bbEAFed COMP UL £k app! I ed for
instance to 1 nprove resistance™ to frngerprints, or wax constituents can be

added to the reghn el iABPUGLSLhE LIRS SIS MRE @Gl fing

characteristics during press processing, or wax
machinability during machining), method related later are

AGCeRRer epi . sor

yl'ene

feasible. However, in spite of the fact that only a mere
portion of the metal is actually being punchéd, the
mechanical properties of the other portions of the metal
must be sacrificed, causing insufficient strength to become
a serious problem. | |
Various technical methods have been tried to improve
the quality of the punched portions of the steel sheets
such as correct clearances and utilizing various punch and
die shapes. Methods have been proposedlfor the workpiece
material such as hardening of the steel sheet or hardening
the surface layer of the steel sheet. One specific example
of a steel sheet hardening method is addition of
reinforcing solid solution elements such as phosphorus.
Another specific examples of hardening the surface of the
steel is a method for applying plastic strain éo the
surface layers by rolling the steel sheet after annealing
or a method for nitriding or carburizing the surface
(Japanese Patent Laid-open Nos. Héi 1-255626, 2-133561, 3-
199343 and 3-202442) etc. However in the former method,
though the punch processability is improved, the essential
mechanical properties of steel such as elongation and the r
value deteriorate greatly. In the latter method of
nitriding or carburizing, special equipment is required.

Methods for generating large amounts of MnS precipitates



!

constitdents can be introduced in refornmed elenents in functi
I n.the resin. The plastic coating is preferable as a prot

R PLICERIENT SHER

surface |ayer after press processing for providing resistance |t

corrosi on

and resistance to fingerprints. For ghis purpose a resin mx

f long 40007 1996

nore types of epoxy resin, ethylenepotynmer resin, polyester re5|n and

urethane resin are preferable as base resins. Preferably it

anti - cor r osi ngr@sta Dby f&adin’gsfzda&gaa%@ BAA SufletihRasi aPESVISELiaddi ng for
instance silica particles such as of silicon inorganic conpoundS iTn an

30

proposed (see Japanese Patent Laid-open Nos. Hei 1-230748
and 6-73457). However, these methods greatly increase the
amount of sulfur in the steel, not only making the steel
prone to cracks during processing under heat but also
creating a new problem of frequent occurrence of point
defects referred to as blow holes and blisters and surface
defects referred to slivers.

In view of the above, rather than just meeting demands
for overall satisfactory forming, the steel also has to
meet needs for superior cutting and punch processability
demanded for steel in household applianceland automotive
products. What is urgently needed is not a huge increase
in additives such as sulfur but development of an iﬁpréved
steel with constituent elements near those of super-low
carbon IF-based steel while also possessing superior
forming and punch processability characteristics.

Galvanizing the steel and then applying a plastic
layer on the galvanized surface is known as a basic process
for preventing corrosion and imbroving the outer appearance
or for inhibiting fingerprints during handling (improving
fingerprint resistance). However steel sheet used in
electricallpanels or electrical equipment boxes normally
must have the box electrically grounded, making electrical
conductivity of the box an-essential characteristic.
Howéver in order to assure this electrical conductivity the
plastic layer cannot be made sufficiently thick enough to

guarantee resistance to corrosion or fingerprints. To



amount of approximately 5% or nore by melght to the base restn
when the silica particle content is too large, it function EﬁLAdﬁNﬁﬁWfSHEE? 

anti-slip material, raising the friction index of the coatjn
it lubricating qualities. A further grawback is a decreas
to corrosion that appears after macht™hg so that the contgen
about 30% or less by weight, or nore preferably 10% or | es
The effect frambvehedd sspriobdemar ine€hed was besdéposdd af sredy aﬁiﬂﬁhgithe

and | owering :

hep OE‘M‘?%
shoul be

Ry A2

particle size of 1 to 20 [err]m In other words, the snal |l & ThHe sTTTTa
particles t h@tfa'eieramdhaheuoasiing bacenésemeblytﬂ:ieimem&gargld hplsadtipr oves.
Consequently the corrosion resistance of the coating and coatability
(layer preci gidyen &9) impgoveef ingevpvinti feshetance tvltiles sl dveiran 1
" [err]mare used, a still greater

thin enough to provide adequate surface conductivity for
grounding of the steel. The extremely thin organic plastic
layer however proved insufficient to simultaneously meet
demands for both electrical grounding and fingerprint
resistance. Therefore development of a Surface-treated
steel providing satisfactory electrical grounding and

fingerprint resistanqe was still needed.

SUMMARY OF THE INVENTION

In consideration of the foregoing situation, it is an
object of this invention ﬁo provide a steel sheet by means
of good adjustment of chemical constituents, which -
maintains the superior forming and mechanical properties of
conventional IF-based steel sheet, with no problems such.as
internal defects or surface defects occurring, and also
offers good punch processability with no burrs occurring.

Another objective'is to provide superior forming,
which in this invention, are properties demonstrating
_superior processing not only for deep dfaw and protrusion .
forming but also for flange processing and stretch-
flangeability after punching the steel.

A still further objective of the invention is to
provide a galvanized steel sheet having good machinability
or processing by using the steel sheet mentioned above as a

base material and galvanizing the surface.




[err]mis sufficient. Conversely, when the size exceeds 20
surface of the coating is rough, a fine nenbrane cannot be

effect rfmay not be achieved, so that a | ower particle size |]% t mSHEET
flormed, and thg :
resistance to corrosion is also poor Thus a preferable payt)chel SCI&996 4
to 6 pm This kind of silica partieteris known as colloida] |silica and ig :
conmerci al |y obtainable for instance under the brand name ['STOWTeX XS of- .|
Snow- Tex SS" (both yamngf Aol eshictivis et Kagaku KAgyen: i SREREREEGE RN "
There are no limts whatsoever on the nethod for forming the plastic
coating. Aftehefotd@D0slodete! @it i£ H1adidleyareednhayal BYoliheeysyehne@®t hods
on one side or both sides of the hot rolled steel sheet or the cold rolled

to corrosion and fingerprints and no loss of grounding

ability, by means of applying a plastic layer over the
galvanized surface.

An additional object of the invention is to provide a
reliable method for manufacture of a steel having the above
characteristics, that is both stable and suitable for
production on an industrial scale.

In order to obtain the above objects, the.steel of
this invention must satisfy conditions for:

Carbon of 0.0010 to 0.010% by weigh£ and more preferably
0.0010 to 0.008% by weight;

Silicon of 1% or less by weight and more preferably 0.25%
or less by weight; |

Manéanese of less than..l to 1% by weight and more
preferably 0.2 to 1% by weight;

Phosphorué of less than 0.1% by weight and more preferably
less than 0.05%; |

Sulfur of 0.01 to 0.025% by weight;

Nitrogen of less than 0.01% by weight;

Tin of less than 0.2% by weight and more preferably less
than 0.15% and further satisfying:

(Ti*/48)/(C/12 + S/32) = 0.8 to 4.0

However,

Ti* = Ti - (48/14)N
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31 steél sheet manufactured by a nethod as related preVioulenT
pl astic coating may be applied over the gal vani zed surface By

met hod such as roll coating, dip coating or spray coating. er :
performng chenical treatnent such ag chromate processing ol aci@4GEE1996
processing of the surface of the galVvani zed steel sheet, fonmjng of the

plastic layer at this time wwll prove effective in enhancing the—sea™ny

of the gal vagjized Fhay8er WbhAitdEnP! SB1icc&AMINY MU Gl ﬁb(ﬁz' Sé

included within the technical scope of this Invention.
EXAMPLES: TiyC2S2 and the remainder comprising iron and unav01dable

impurities. |

The precipitates composed mainly of TisC3S; preferably
has a size of 1,000 to 10,000A and a precipitation count of
5 X 103 pcs/mm2 (preférably less than 5 X 103).

The steel of this invention is cold rolled or hot
rolled and when_hot rolled, the value calculated from said
(Ti*/48)/(C/12 + S/32) is in the range.of 1.0 to 3.0 and
the size of the precipitates mainly of TiyCsS; is 1,000 to
10,000A and preferably said precipitates have a count of 5
x 103 pcs/mm?2 .

When cold rolled, the value calculated from said
(Ti*/48)/(C/12 + S/32) is in the range of 0.8 to 4.0 and
more preferably in the range 1.0 to 2.5. The size of the
precipitates mainly-of TigC2S2 also contains TiS in
addition to the TisCySz, and the size of the precipitates
is 1,000 to 10,0004 with éreferably a count of 5 X 10°
pes /mm?2.

While said hot rolled steel or cold rolled steel can
now be utilized as it is, the surface can be galvanized to
improve the corrosion resistance and outer éppearance. In
this invention, this process includes formation of 3 to 4
g/m2 of zinc galvanized layer on at least one side'oflthe
hot rolled steel or the cold rolled steel sheet, and then
further forming a plastic coating of 1 to 2.5 g/m2 on the

zinc galvanized layer of the steel. This plastic'coating



Speci fic exanples of the structure and effect of the invention are
described in the enbodinents |isted here yet this invention
by the enbodi ments described hereafter and nmay be further c
appropriate within the applicable spirit of the invention apd
foregoing is included within the tecinical scope of this inye
The perfornmance tests enployed in the Tollow ng enbodinments

h bi]i d
hethods for . %épes@ea%dr%%%é%yta Bl igPEeveythnctatRerLs
of. d ar t _of preciptrratesT
gg:ggbgfﬁonbﬁgs pef?%rné%k%QEi %ﬁ%ﬂgﬁgeggPrg&ngﬁpﬁé? 5 5S|ng a
transparency type qglget er}?er{EfJ i%o%&soAEhQQaQQerEéHEBy%Eé&@ﬁffﬁg

anount of the precipitates wa
methods for the cold rolled steel and hot rolled steel

sheets. In the preferred makeup of the hot rolled steel
manufacturing method, composition of the said elements for
the hot rolled steel sheet conditions are satisfied and
further, the value calculated from said (Ti*/48)/(C/12 +
S/32) is within a range of 1.0 to 3.0, and after the steel

“has been heated within a temperature range of 1,100 to
1,200°C, heat form rolling is completed within the
temperature range (Ar3 transformation temp. +80°C) to (Ar3
transformation temp. -40°C) next, coiling at a temperature
range below 700°C produces precipitates comprised
internally mainly of TisC3S;, with a size of 1,000 to
10,000A and a count of 5 X 103 pcs/mm2.

The preferred version of the cold rolled steel

- manufacturing method is characterized by, a chemical
composition satisfying said elements listed previously and
further, the value calculated from said (Ti*/48)/(C/12 +
S/32) is within a range of.0,8 to 4.0. After the steel has
been heated within a temperature range of 1,100 to 1,200°C,
heat form'rolling is completed within the temperature range
(Ar3 transformation temp. +80°C) to (Ar3 transformation
temp. -40°C). Coiling at ‘a temperature range between 600
to 700°C is then performed, and after cold rolling of the

steel, annealing is carried out to produce a precipitates



found wwthin a visual range of 0.15 mm2 and this then counhgﬁﬂ#ﬂj&@t rSHEET
the precipitates anmount within 1 m®. Tensil e properties: A8
pi ece setup for JIS5 was used in the tensile tests. The ylel BthL %5%
tensile strength (TS), elongation (El) and work hardening [ !

val ue) were each evaluated. After fl@ther processing at.lOD[err]C for

m nutes, non-aging properties (A 1) was evaluated from theg anmount of rlse

in the yield PaiBlised internally mainly of TisC3S;, with a sizé of
1,000 to 10,000A and a count of 1 X 104 to 5 X 105 pcs/mm2.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a graph éhowing_the effect of sulfur content
in the steel on burr height and the r value during punch
processability.
Fig. 2 is a graph showing the relation of sulfur

content in the steel to surface flaw generation index.

-DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As déscribed above, the steel (hereafter including
both cold rolled steel and hot rolled steel) of this
invention, along with having specific constituents in the
steel, internally comprises precipitates mainiy of TiysCsS3,
or TiysCyS2 and TiS, with said precipitates preferably
having a specified size and amount. These conditions which
are basically similar to the composition of the
conventional super low carbon IF steel allow superior press
characteristics to be maintained and succeed in attaining a
substantial improvement in punch and machining
characteristics.

More-specifically, by keeping the sulfur content to a
minimum to improve punch processability, the sulfur is
formed into precipitates mainly of Ti4C2S2, or TigCz2S2 and
TiS, by preferably regulating the size and amount of this
precipitates the defects pointed out in the examples of the

conventional art are avoided and a steel with superior



r val uer’ A test piece of 10 nmx 110 mmwas utilized.
t hi ckness of the piece was neasured when a tensile strain o : Q)
was appl i ed. Punch Processability: : A circul ar patter AﬂhnﬁﬁgT‘ﬁgb

cl earance of approximately 12% and di anmeter of 30 mm was pupche ‘the |
hei ght of the burrs occurring on thkl edge were neasured and|e d :
Machi nabi [ ity: A pipe with an outer diameter of 60 nm
utilizing therdiinlng GRGUPANIRGUELLEASEZAY UiE Uik PP Ga
pi ece sheet. Cutting was carried out at a ~cutting speed of 125 mimrute,
and not chi ng flpeRRk Prddcldeind BANOLHFEAh-fgngedbi @ repadd tions (for

tool life)

s fabricated

processes can be obtained. In order to guarantee this
éuperior punch processabilify, the burr height after punch
processability should be less than 25 pm and more
preferably less than 15 um.

Normally, press and punch processability is performed
at room temperatures and the material temperature is not
raised substantially, because obtaining said improved
results in terms of condition, size and-dispersidn of the
precipitates and inclusions requires processing at room
temperature. Also, during machining the temperature is
quite high so that the inclusion in the material must be of
a type able to provide the desired material machining
characteristics by fusing (of the inclusion) in the
temperaturé‘range occurring. during machining. The
precipitates composed mainly of TisC3S; is provided with
all of these characteristics and a.large improvement in
machining such as punch processability has been verified.
The TiS precipitates are large compared to the Ti4C2S3
material and can cause surface defects but when the size is
within a range of 1,000 to i0,000A, such surface defects do
not occur and the improved méchining and punch
processability characteristics were confirmed to be the
same as those for the TisC2Sy; material. B

When observing the punched steel sheet on the
microscopic level however, it seems that a sheared surface

is first formed on_the front and back of the steel sheet



and swarf (cutting waste) status (GOOD = small, curl-shaped REELA(Z@@ENECBhgﬁf
= long curl -shaped swarf) were eval uat ed. Stretch-fl angi ng i

33 . A hole 20 mmin dianeter was punched in each test {p eQﬁ4€ﬂﬁeE@g

The punched hole (dia./m) was widened with a conical punch}af an apex

angl e of 30 degrees until the cracklﬁenetrated t hrough t he pheet s

t hi ckness. The hol e expansion rate was found by neans of the fornula ,
bel ow,  fromddhempahgidbarRkebohthcdsatnd NAd11idF puititth th&h the ==l

steel sheet. The concentrated stress on said sheared
surface causes strong_shéar deformation resulting in
formation of voids which in turn form cracks which grow
larger on the front and back of tne sheet and when these
cracks join together the punched steel is obtained.
Therefore promoting development of the above mentioned
voids and cracks should prove effective in reducing the
size of burrs after punch processabiiity. In the TisC3ySy
and TiS however, the precipitates is relatively lérge so
that development of cracks and voids can progress in the
vicinity of the strong shear deformation. Consequently
punch processability is remarkablv improved and the size of
burrs is also reduced.

In stretch-flangeability on the other hand, the edges
of the hole ‘formed by punching are widened in so-called
"flange up" processing by means of conic or cylindrical
punches. The voids formed at the boundaries join and
become cracks, pierning through the sheet. Therefore it is
preferable to reduce the amount of precipitates and
inclusions which promotes forming of these voids and
cracks.
| As can be seen, diffefent effects are exerﬁed on the
punching and burring characteristics by the size of the
precipitates and inclusions. Research by the inventors as
related below, confirﬁs that among the various precipitates
and inclusions, if the size and dispersion amounts in

particular of the Ti CzS; or the TiyC2S; and TiS are



4
stretch=fl angeability eval uat ed. Hol e expansi on RE@%Aﬁgﬁﬂﬁﬁ?Sﬁﬁgf

di] x 100 (% First Enbodi nent ' After heating the gteel slab wth
the chem cal conpositions shown in Table 1, to 1180[err|Ci pH@CTHPEI np |
finishing tenperature of approximtely 920[err]C and a ce¢iling tenperaturp
of 630[err]C was set, and hot rollind3performed to obtafn-tot~rotted=stee
sheet with a thickness of 3.2 mm The precipitates {ype and amount
produced in t&enct&Eled ol abprenr @Bﬂd\ﬂﬁshotth@hhhﬂgﬁwais' Bfeﬁﬁgeﬁt edarong
with the tensile properties, machinability and punc processability. The
results are shoscessalibi®y Zand stretch-flangeability can be achieved

without surface defects.

Also the precipitates and inclusions in the super-low
carbon IF steel, other than MnS and Al,;03 which are
normally included in steel, also comprise titanium
additives such as TiC, TisCySz, TiS, TiN, FeTiP, Ti20; and
Nb(C,N) in steel with niobium additives. These have their
own special characteristics relative to respective sizes
and discributions and the following pertinent information
has been verified after observing the effecté on the
formability, machincbility , punching and burring

characteristics of the steel.

TigC2S83, Tis:

If the size of TiyC3S; precipitates is 1,000 to .
10,0004, and the quantity for hot roiled steel is 5 x 103
pcs/mm2 or more, and for cold rolled steel is within 1 X
104 to 5 x 105 pcs/mm2, then not only will the
machinability and punch processability be remarkably
improved but there will be virtually no adverse effects on
formability for burrs etc. The above difference in
allowable.quantity between hot and cold rolled steel is due
to the high surface precision required of cold rolled
steel. This limit was established for the cold rolled
steel due to the possibility of excessive amounts of said
precipitates adversely effecting the surface precision. A

slab of steel satisfying conditions later related for the
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range (Ar3 transformation temp. +80°C) to (Ar3
transformation temp. -40°C). For hot rolled steel the

material was next wound up at a temperature range below

700°C. For cold rolled steel however, the coiling was

performed within a range set at 600 to 700°C after heat
roliing and after next performing cold rolling by the usual
method, annealing was carried out in an efficient process.
During heéting of the above slab, TiS may precipitate
during final stages of Ti4CSz generation. The size of the
TiS material at completion of heat rolling is considerably
large compared to that of the TisC3S2 material so that
surface . defects may possibly occur when used in heat
rolling. Therefore when actually using the steel,
conditions must be set to limit the TiS precipitates as
much as possible.

However in the cold rolling performed after the hot
rolling, this large TiS precipitates break up into fine
pieces in the cold rolling process and almost no growth of
the TiS precipitates occur in the later annealing process
so improvéd punch processability is maintained and adverse
efﬁects leading to surface defects are eliminated so that
virtually the same effects as the Ti4C£Sz material are
displayed. Therefore when using as cold rolled steel which
includes TiS in the precipitates mainly of TigC2S2, a

remarkable improvement in the punch processability can be
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881 4.1x10[err] *3 J 0.0028 0.02 1% 46 0.013 0.005¢. €360. 039 0. 003}
1.4 868 2.8x10[err] *3 K 0.0045°0.01 0.44 0.01$ 0.0310.029 0. TO6

0.0045 1.4 76 2..3x10[err] ., *3 0. 0055 0.01 0., : . 03] 0.
0550 0056 BBLevBSIIotRR bize or tne Sagcipiaies it KDk within

Q. 0210. 0220. 39800¢401898804 dndl ch8/SmodhdXIOIRIH within 1 x 10% to s

Quantity of precipitates wth size of to | Steel types
F and | havexpnebi prkajgd . of FeTi P all oy and the other stee
types are Ti[err]CFerr]S[err] type all oy. *2: Exanple of the present

I nvention. * FurtHRPPaRLS PR 83ASPEfom the preferred conditions for

heating temperatures and hot rolling will reduce the
quantity of precipitates comprising mainly TisCaS; or
TigC2S2 and TiS so that not only is a poor improvement
.shown for punch processability and stretch-flangeability
but TiC is produced which causes adverse éffects on steel
forming and the object of this invention cannot be

achieved.

TiC, Nb (C,N):

When the precipitates are approximately 100A, the size
is too small so that not_only is an adverse effect wrought
on the steel forming, but the improvement in punch .

| processability is poor. A process is known (Japanese
Patent Laid-open No. Hei 6-73457) for improving the punch
processability and forming in super-low carbon IF steel by
adding a compound of titanium and nobium to the cold rolled
steel. However, evaluation by the inventors confirmed that
addition of nobium within a range of 0.003 to 0.03% in the

.steel genérated Nb(C,N) in the steel and consumed the
carbon with the result that the TijsC3Sy effective in
improving the punchlproceSSability and stretch-
flangeability was not produced and the object of the

invention could not be achieved.
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Punchi ng Tensi |l e properties character- thhlncblllty'Sréé =
istics type YS TS - n El Burr Tool Clttlnggaggp%ﬁ%
(NNmerr]) (Nmmierr]) value (% hei ght life grit

([err]m (times) disposal A ~ 1636 315  0.247 §3 l———gdeece5h
o *1 B 158 324  0.251 53 24 53 . * 1
159 328 pefipd2 52 29 48 0 *1 D 90 385
0.236 45 25 46 o] *1 E 184 342 0.222 45 )
44 37 Xas predibitatles Fedidd have4%551zg aﬁéréﬁlmatlﬁé that 29
X *2 G 162 318 0.242 *2
214 355 of I3 s45and 154effectﬂ&e in 1mprov1n§2bunch 221 359
0.219 44 46 26 X *2

processability and stretch-flangeability however a film
precipitate occurs on the crystal boundaries so that steel

forming becomes drastically worse.

TiN:

As precipitates TiN have a size approximating that of
TiygC2S2 and acheives equivalent impro&ed rgsults however it
is too soft in aétual use and shows almost no improvement
in punch processability and poor improvement in stretch-
flangeability effects. Furthermore, the machining is
unsatisfactory since a rise in temperature during machining
‘degrades the cutting effect. The nitrogen content is.also
difficult to reguiate, so that effective improvements in
machining , punching and stretch-flangeability of steel

with these Ti compounds is difficult to achieve.

Ti20:

The size of the precipitates is on a larger scale than
TigC2S2, with poor improvement in punch processability and
stretch—fléngeability. Furthermore Tig0 is not desirable

because of possible surface defects.

MnS:
MnS has inclusions and precipitates with the former

being in micron units and the latter being 1/10th of that
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X *2 *1: Exanple of the present_invention *2: Conpali sop GEFi9¥be
Results from Tables 1 and 2 can be inlérpreted as follobhs St ee
types A, B and C are soft steel while steel type D is hijgh—stremgrih steel
that satisfysihe, stumet atiedl s oI LiRISals@ds theS 1hBYeR5EQNindh these |
types, along wth having superior tensile properties also provide

superior perhossanéend Ofhat (idl putdaeiniRg is improved but as

shown in the previously mentioned Japanese Patent Laid-open
No. Hei 6-73457 an improved punch processability requires
0.02% or more of sulfur. A large quantity of sulfur can
cause poor forming and surface defects.

As shown above there are many possible combination of
Compounds for obtaining and producing inclusions and
precipitates in the IF-based steel sheet containing super-
low carbon titanium. Among these various compounds,
Ti14C2S2 having a precipitate size of 1,000 to'10,000A oxr
(Ti4C2S2 and TiS) brings out favorable effects on punching
and stretch-flangeability without causing adverse effects
on forming. Furthermore if the steel sheet constituents
and machining conditions are suitably adjusted .so that; the
precipitates mainly composed of the TiyCS; or (TisCyS; and
TiS) in amoﬁnts of 5 x 103 pcs/mmz or more for hot rolled
steel sheet, and on the other hand, kept within a range of
1 x 104 to 5 x 105 pcs/mm2 for cold rolled steel then the
features can be demonstrated in an extremely effective
manner. This new knowledge became the basis for the
present invention. Next, the reason for setting the
chemical constituents of the steel sheet of this invention

are clarified.

C ¢« 0.0010 to 0.010%

Carbon combines with titanium to produce TiyC3S; and

is an indispensable element. The carbon content must be at
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through J all had poor punch processability and machi nabi [1ty due %%%9n
i nsufficient sulfur content. In addition, the steel type\E had Gfeb 'ghla
carbon content so tensile properties are poor because TilClis produ h
steel type H had too high a manganesel8ontent so punch pyo ability was
poor because MhS is produced. The steel type Mhad an ihsufficj Tn
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processabi l i fy because™ a adequate anoun S'is
produced. the amount of TiC produced increases and along with a

decrease in the ductility or elongation of the metal, the
yield stress rises and the forming and stretch-
flangeability are adversely affected. In view of these
facts an upper limit of 0.010% was set to ensure good

forming.

Si : 1.0% or less

Silicon is an effective element for improving strength
without loss of ductility or elongation but when the
silicon content is tob high, the oxidized layer produced
during annealing grows large and exerts adverse effects on
later forming processes also causing uneven distribution of
the galvanized layer. Due to these reasons the silicon
content is limited to 1.00% or less. Further, ﬁon—
ga;vanized portion are prone to occur during alloy fusion
galvanizing.of the steel sheet due to the forming of said
oxidized layer so the silicon content should preferably by

restricted to 0.20%.

Mn: 0.1 to 1.0%
Mangénese produces MnS and is an auxiliary element for
improved stretch-flangeability and punch processability.
The manganese content.must_be 0.10% or more to efféctively
demonstrate these improvements. However when the content

is too large an adverse effect is wrought on the forming



The folfowing is not shown in Table 2 however, because the RET,,ﬁ; EET
in steel type Fis too large, a silicon oxide layer durin ald i =1 a2 2

gal vani zing caused variations in the galvanized | ayer and|the sealinqbég ]
the galvanized | ayer was poor. In steel type Kit was verilf iled 4 6@l :
because the sul fur content was too |ailfe, the tensile proderities were bad
even though the punch processability “Was satisfactory, furfhernore surface

def ect h | ist d sli verified on the } sheet
Curface af toPARoPEFRECATR1ERGeRbi Ve #5 Mantanase: Gombeite on the

anmount of Ti e n§...o. rbon and steel was poor, so that the
condi tions i%ggggggbggggﬁné i%%%%’ formula (1) could not be satisfied.

Consequently besides the tensile properties balance being bad, the punch
processability was poor and the resistance to aging

P: 0.1% or less

Phosphorus is suspended in the steel or forms FeTiP
precipitates. In the former case phosphorus is a
strengthening element and conversely exerts adverse effects
on the forming. In the latter case on becoming
precipitates, the punching and stretch-flangeability were
found to be somewhat improved but the effect on forming was
extremely bad so that phosphorus should be limited to 0.1%

or less and preferably to 0.05% of less.

S: 0.01 to 0.025%

Sulfur combines with the later related Ti and is an
indispensable element in forming precipitates comprising
mainly TigC2S2 or (TisCzS; and TiS). In order for these
precipitates to show improvéd punch processability, the
TigCaS2 or (TigCyS; and TiS) must be in amounts of 5 x 103
pcs/mmz or more. The sulfur'content must therefore be |
0.010% or more. However these effects are maximized at
0.025% and when the content is excessive, not only are
adverse effects exerted on the press forming but surface
defects are prone to increase so the upper limit is set at
0.025%.

Incidentally, Figure 1 is a graph showing the punch
processability and r value when the sulfur content is made

to change from.0.002% to 0.037%, for steel sheet with a



unsatisfactory. Second Enbodi nent [ .

37 Theysteel type B (877[err]C at Ar3 point) shown REH&AEENEEHV@ﬁEET
utili-zed. The hot formrolling was perfornmed in the sane yfas Tor the
first enbodi ment except for the heating tenperature, finis ingotﬁgg?r,%%éjre-
and coiling tenperature which were ch@nged as shown in Tabj e 3. e h
rolled steel sheet was manufactured To a width of 3.2 nm [Allerg—uni-th

| nvesti gating,Lbe BLESLEI LALESS WPHH ALY, (Pb1s sivs

manganese, 0.014% phosphor, 0.03% aluminum, 0.08% titanium

and 0.006% nitrogen. In the figure, box annealed type Al
killed steel (C: 0.044%, Al: 0.045%) having superior
punching and mechanical characteristics is used as the
comparison sample. Fig. 2 shows the sulfur content versus
the percentage of surface defects.

The physical properties test was performed as follows.
A vacuum dissolved, forged 40 kg metal ingot was hgated to
1200°C and the rough rolled at 30 mmt. Next, after heating
this slab to 1200°C, it was hoﬁ rolled under conditions of
plate th;ckness of 4 mmt, finish temperature of 920°C or
more, roll temperature of 680°C and then cut to 3.2 mmt.
Afterwards the metal was cold rolled to 0.8 mmt and after
consecutive annealing for 1 minute at an average
temperature of 800°C, a 1% rolling adjustment was performed
to produce the test sample cold-rolled sheet. A 10 mm X
110 mm test sample'was'utilized for the r value, and the
width and sheet thickness measured when a tensile strain of
0 to 15% was applied. The burr height was measured and
evaluated at the edges after punching a circular shape of
.10 mm diameter in 0.8 mmt cold rolled steel with a
clearance §f 9%. The'sﬁrface of the cold rolled steel
sheet was examined visually for surface defects and
evaluated by finding the percent of surface defects
occurring in a fixed length.

As Figs. 1 and 2 clearly show, when the sulfur content

is less than 0.01% the burr height during punching is




each test piece exactly as in the first enbodi ment, al ong REPRACEM BN, SHEET

properties, and punch processability. The results are showl|in Table 4.
Tabl e 3 Hot rolling condition Precipitates fidune &uastT 1996
([err]C and status type Heating Finishing Coi|l ifjng
(piece/mmierr]) Remar ks .21 t enp. t enp. trenp- B
1230 935 610 3.4X10[ erT] Ti S type * B2 1180
920 630kt rene RXEURY JanH el LiieE] Fe&ﬁ} st YRGentid cantor baido
915 620 * %10[% r ]an% [err][err] § err ypeen 19 canB4 1070,
930 60&ch1exfbd? X1Hffeder wMeR ttlﬁl%esulfur cénten55excééc?§ 0.025% 995
630 3.5X10[ err] MhS type B6 630

3.6X10[ err]
2. 7X10[ err]

§ﬁifﬁdé(Héﬂédﬁﬂfﬂﬁﬂsdiﬂaily 1ﬁ3reasB7agaiﬂ89hwart1n§25he
FeTi P type *1

object of the invention. However when the sulfur content
is 0.01%. or more, and 0.025% or less, the surface defects
and burr height can be limited as much as possible and a
high level r value can be obtained. |

The data in Figs. 1 and 2 shows the effect the sulfur
content exerts on physical characteristics of the cold
rolled steel. This effect is largely the same as that for
the hot rolled steel before cold rolling was performed.
Setting the sulfur content within a range of 0.001 to

0.025% was verified as yielding hot rolled steel sheet with

superior punch processability and no surface defects.

N: 0.01% or less

Nitrogen combines with titanium to produce TiN but
this TiN ha; virtually no effect in improving punch
processability. Nitrogen, as is the case with carbon,
weakens the stretch-flangeability and tensile properties of
the steel énd therefore an upper limit of 0.01% was set to

avoid these drawbacks.

Ti: 0.2% or less

Titanium is one of the most important elements because
of the TigC2S2 or (TisC2S; and TiS) precipitates produced
in the steel and the improvement provided in punch

processability and stretch-flangeability. The lower limit

625




B8 1190 915 735  3.8x10[err] FeTi P type |REPLACEMENESHEET
1175 930 580 1. 9X10[err] Ti[err]Cerr]Sefr[ type *2
B10 - 1185 - 920 525 4.4X10[err] Ti[err]Clerl] Bl ¢r4 bctryngs

*2 *1: Conparison exanple *2: Exanple of the present ifpvention
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However a maximum content achieving the effect of the
invention is 0.2%, a higher content would not be cost
effective. Preferably the titanium content is 0.15% or
less.

Besides forming TisC2S; and TiS, titanium can also
according to conditions form with nitrogen in solid
solution to produce TiN, or with carbon in solid solution
to produce TiC. The lower limit value of titanium must be
determined by taking into account their respective effects
and according to the carbon, sulfur and nitrogen content
based on formula (1) below. When forming hot rolled steel
this value should be in the range of 1.0 to 3.0 and for
cold rolled steel should be in the range of 0.8 to 4.0 with
the content of each element adjusted according to the
relation with the other element.

(Ti*/iB)/(C/lz + 8/32) e Formula (1)

However, Ti* = Ti - (48/14)N

However, for hot rolled steel, when the value is less
than that in formula 1, the amount of titanium is
insufficient for bonding with the carbon and sulfur and the
amount is insufficient for producing TisC2S; needed for
improving the punch processability. However when the value
exceeds 3.0 and the carbor content is excessive, the amount
of carbon in solid solution increases, or when the sulfur
content is excessive, MnS and large TiS is produced so that

in either of these cases the ductility or elongation is
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*1: Conparison exanple *2: Exanple o t he

suitabl e tenperature ranges for the hot roll finishing:
watiue oftomgthe nglesed Wermula pAnt iisullass whean 0.8, the

amount of titanium for bonding with the carbon and sulfur
is insufficient and the amount of TisC3S; needed for
improving the punch processability is inadequate. However
when this value exceeds 4.0 and the carbon content is
excessive, then the carbon in solid solution will increase,
or when the sulfur is excessive, MnS is produced so that in
either of these cases the ductility or elongation is poor

and insufficient forming and stretch-flangeability

In the case of cold rolled steel,

processing are obtained.
there is some tolerance allowed in the value obtained from
formula (1) because at the end of hot rolling performed
prior to the cold rolling, even if some large (rough) TiS
is produced,’ the subsequent cold rolling will break down.
the TiS into finer particles so there will be no
significant problem due to effects on surface precision.
Al: 0.1% or less
Aluminum is an element whose use is essential and
unavoidable as an antioxidant.- Too high an aluminum
content is a source for non-metallic Al;03 based inclusions
which exerts adverse effects on mechanical characteristics
and machining so'that aluminum content is limited to 0.1%
or less.

When the steel sheet of this invention having a

precipitates constituting mainly TisCzS; (or TisCzS, and

lnvepf009551ng areT$Etéiﬁ&EﬂE$ﬁﬂfﬁdlh ranoeahskkell ] whenTahkes 3 and



i nvestigatin
types where
(synbols B[e
produced in
punch proces

g the effect of the heating tenperature, it ﬂﬂ?&ﬂ QE:pSﬂggﬂ

heating was perforned in a range from1, 100 k 2B+
rr], Blerr]) that Ti[err]Clerr]S[err] based prEcipi S
suitabl e sizes and anobunts and the tensile p'ooefk4bgﬁeﬁaga
sability were superior i B4each case. In contfapt, when the

heating tenperature in the conparison fi sanpl e (synbol B1)|exceeded

39 1,200[ e
tenperature
Blerr]) a pr

TS558 858, TE6TER 1o Freq e chrbd (D0 S € oy o
96l th@ﬁelﬂaEBEXigichﬁ?%ﬂ@?%iéﬂé“?h the steel, the
machining , punching and stfetch—flangeability_are improved
remarkably with no ad&erse effects on forming. However the
steel sheet manufacturing conditions, and further the
temperature during heat rolling and coiling conditions are
essehtial in producing the optimal amounts of this

precipitate of mainly Ti4ézsg in the steel. It has been

‘confirmed that to attain the object of the invention, it

will prove sufficient to heat a steel slab that satisfies
the above mentioned requirements for chemical constituents,
to within a range of 1,100 to 1,200°C, complete heat form
rolling within the temperature range (Ar3 transformation
temp. +80°C) to (Ar3 transformation temp. -40°C), followed
by coiling at a temperature range between 600 to 700°C.

If the heating temperature at this time is below
1,100°C, then the amount of MnS produced increases and the
amount of TisC,S; precipitates in the steel will be
inadequate. If the heat exceeds 1,200°C virtually all of
the precipitates dissolves and the correct amount of
TiygC2S2 precipitates cannot be obtained. Also, when the
temperature during heat form rolling exceeds 700°C, thé
Ti4C2S2 baéed precipitates changes into FeTiP based
precipitates and the improved machinability and punch
processability desired of this invention cannot be
obtained. No particula: value is set as a lower limit for
the coiling temperature but if too low then Ti based

precipitates is not produced or even if produced the TiC as
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rolled steel sheet, then the TiC precipitate will be
incomplete and a residual amount of carbon in solid
solution will cause the r vélue for annealing to
deteriorate, so that the coiling temperature is preferably
set within a range of 600 to 700°C.

As long as the above heating temperatures and coiling
temperatures are maintained, there will be little effect on
the amount of TisC2S2; produced even if the heat roll
finishing temperature varies somewhat. However, in order
to achieve both smooth heat rolling and heat rolled steel

sheet having stable mechanical characteristics and product

"shape, the finishing temperature is preferably set within a

range of (Ar3 transformation temp. +80°C) to (Ar3
transformation temp. -40°C). However when the hgat roll
finishing temperature is too low, FeTiP is produced. This
FeTiP and the carbon in solid solution causes the press-
forming chracteristics to worsen. Conversely, when the
heat roll finishing temperature is too high, the amount of
large (rough) TiS produced increases which in particular
can be a source of surface defects during use of the hot
rolled steel sheet. However, when this is cold rolled and
used as cold rolled steel sheet, the above mentioned large
(rough) TiS is broken down.into finer pieces in the cold
rolling process and thus will not be a source of surface

defects. These TiS precipitates are an effective
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40 making actual use of the cold rolled steel sheet.

There are no particular limits on the conditions for
cold rolling and annealing performed after the heat rolling
however, a preferred size and dispersion amount of TisC3S;
precipitates produced in the heat rolling process for
maintaining the desired effects is a downward pressure
setting of 60 to 85% and a temperature of 700°C or more and
the Ac3 point or below in the later annealing process, with
a temperature range setting of 750 to 850°C being even more
préferable. If the above mentioned downward pressure
setting is used for cold rolling, even if the large (rough)
TiS based precipitates is present internélly after
completion of hot rolling, these precipitates will be
broken down into finer pieces in the cold rolling process
and thus will not be a source of surface defects and the
precipitates will prove an effective element in obtaining
improved punch processability.

The hot rolled steel sheet or cold rolled steel sheet
thus obtained may be used as is, or further electrically
galvanized or fused zinc galvanized for anti-rust purposes,
or chemical proéessing such as acid-base processing or
chromate processing performed. Additionally, organic
plastic coating or similar processing will of course prove
effective as surface treatments.

There are few cases of a steel plate chassis actually
being used without having some kind of surface coating.

This is because use of cold or hot rolled steel sheet as



conparison sanple (synbol B[err]) was too high, preciMt21R£PLAEEN&$naﬁE§T
FeTi P were formed and satisfactory machinability could n¢t[be obtalned.
Third Enbodi nent After steel slab with the chem cal | cOMyp$iggTE96
shown in Table 5 was heated to 1180[err]C, a finishing ténperature of
approxi mately 920[err] C and a coilindg%enperature of 630[0r£}€+Wua set
and hot rolling then perforned Af t er "obt ai ni ng hot rolléd steel with a
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tensil e proper and p processa were nves and t he

results Obtafé@ﬁ%fﬂéffEé“ﬁEféhé@ﬂﬂﬁﬁt5exertlng adverse effects on the

drive sections and electrical circuitry due to loose rust

powder. Use of a surface treatment is an extremely
effective method in preventing the generation of rust.

This invention utilizes zinc alloy electrical galvanizing
which displays a superior effect in preventing rust without
exerting adverse effects on the ferming and punch
processability.

Various galvanizing methods are available such as
fusible galvanizing performed by soaking the steel sheet in
fusible zinc in solution, electrical galvanizing for
precipitateing metallic zinc on the steel sheet surface by
applying a.eharge through electrolytic fluid containing
zinc ions, and the steam adheeion galvanizing method for
making.zinc in a vaporized state adhere to the surface of
the steel sheet. However, in this invention utilization of
the -electrical galvanizing method is desirable because of
the fine appearance and even distribution of material in
the galvanized layer along with the fact that there are no
surface defects even though the material adhering is

' relatively thin. In order for this electrically galvanized
layer to be effective in preventing rust, the galvanized
layer should adhere in a thickness of 3 g/m2 or more. If
this adhering layer is insufficient then anti-corrosion
properties cannot be guaranteed or the plastic coating

formed over the galvanized layer must be made exceseively




Along with investigating the precipitates types and a -.-Piﬁﬁﬁﬁaﬂ
the cold rolled steel obtained above, the tensile prope T punch
processability, and stretch- flangeability were also inye tiﬂgqufﬁﬁﬂ t he
results obtained are shown in Table 6. i

41 28 Table 5
Chem cal conpositions (nmass% -
Ar3 Precipi-

(Ti */ 48) poi rﬁ%e’%‘%kg&“élk the glegtrical ggbundipd Rroperty is

N B /ng;%iewpoint o@pkgggésion resistance there is no
particular limit on the adhering galvanized layer thickness
but when it exceeds 40 g/m2 an anti-corrosive effect may
not be obtained even if the layer is made excessively
thick.  If the galvanizing process time is too long or the
.sealing of the galvanized_layer is too low then peeling of

+ this layer may occur so it should be limited to a thickness
of 40 g/m2.

The zinc electrically galvanized layer used here,
besides pure zinc galvanizing also includes zinc-based
galvanizing containing Ni, Co and Fe along with.the zinc,
or may be a lower coating of this same pure zinc
galvanizing or zinc-based galvanizing or perhaps a
different tyvpe of pre-galvanizing, in zinc galvanizing
types where the zinc content is 50% or more by weight.

Forming of tﬁe zinc electrically galvanized layer is
by itself, sufficient to obtain the ebjective of anti-rust
in the steel plate. To use this as a material for items
éuch as chassis, resistance to fingerprints is preferable
in addition to preventing rust on the galvanized layer
itself. An extremely effective method to achieve this is
to furthef apply a plastic coating over the zinc
electrically galvanized layer. The preferred adherence
amount for the plastic coating is within a range of 0.1 to
2.5 g/mz. When the amount of plastic coating that adheres
is insufficient, satisfactory corrosion resistance and

fingerprint resistance cannot be obtained. Conversely when



+S/32) ° err A 0. 0052 0.02 0.320.0130.017 O T

- ) 1.2 rmEQZ ]£.4x10[err] *2 B 0.0031 0.02 0.46¢6 & egﬁﬁﬁaggggET
0.033 0.048 0.0027 - 1.2 877 3.1x10[err] *2 € {0.0033 0.01
0.63 0.015 0.022 0.033. 0.070 0.0028 - 1.3 865 7{7 1@6@7 1996

D 0.0032 0.01 0.94 0.016 0.018 0.034&@.076 0. 0036 - L. 6 857

8. 7x10[err] *2 E 0.0129 0.02 0. 37 0.016 0.008-0.032 0. E%g g gg?g -
1.5 883 7

0041 o (RS 18 Soo dongen e sy eotetdgd Bialde iR EG 311‘2035
0.009 0. 028 OcOd61yéP4becreases aﬁa(%he end4n XlQ[@kE}eme sbr

0.01 1.15 0. 01%50 %%6 0.031 0.066 0.003 g@g é 825§y4p6x10[err]
*3 1 0.0032 0. Olhére 4 & Q)&%&Q;Lﬂ%.@o-lﬁﬁtg- Qﬁoﬁhe constituent. 881
8.2x10[err] *3 J 0.0028 0.02 0.46 0.0130.0050. 0360. 039 0.0034 -

1.4 868 6:9pad[ef rfhe 7®siK confhddisl @helpladdin. Daged. B3 Mod29 0. 106
0. 0045 - 1.4 876 6.3x10[err] *3 L 0.0039 0.01 0.55 0.013

0. 0430. 032 0.4¢sicabloRechese are ethylene $d2ym8r8xéBirerpolyd8steM 0. 0050
0.01 0.46 0.014 0.017 0.033 0.050 0.0058 - 0.7 881 4. 3x10[err]

*3 N 0. OOWSmOPQ)ler]OZ:F%IDZZC@Y@ggi gegif, OubeBRane-resin, loB

879 5. 2x10[err1
le) yamlde resin containing polymers of epoxy resin or

ethylene non-saturated carboxylic acid. These resin types
can be used alone or mixed from two or more types as
needed. Forming favorable resin constituents is
recommended by altering the functional groups within these
resins by the usual ﬁethods or reinforcing theﬁ with cross-
link solution. lFurthermore, organic or inorganic silicon
compounds can be applied for instance to improve resistance
to fingerprints, or wax constituents can be added to the
resin in small amounts to improve surface type scuffing
characteristics during press processing, or wax
constituents can be introducéd in reformed elements in
functional groups in the resin. |

The plastic coating is preferable as a protective
surface layer after press processing for providiné
resistance to corrosion and resistance to fingerprints.
For this burpose a resin mix of one or more types of epoxy
resin, ethylene polymer resin, polyester resin, and
uréthane resin are preferable as base resins.

Preferably the anti-corrosiveness of the plastic
coating is further improved adding for instance silica

particles such as of silicon inorganic compounds in an




0 0.00380.01 0.36 0.011 0.019 0.037 0.08 0.0031 0.005 1.6 891

2.9x10[err] *2 - *1: Quantity of precipitates with size of 1000 to
100006A. _ Steel types F and | have precipitates of FeTi P alloy
and the other steel types are Ti4C2S2 type all oy. *2: Exanple of the
present invention *3: Conparisgn exanpl e

42 Table 6

Punching  Staméedt of approximEiSly &WPRPOHESy weighBaEBCERE-basé! ange-
St eel i stics ability type YS TS
El r ré&sin. Howevddlwhen tRRIM®ikica partidiententbht(Nsmaderr])

(%9 val ue hei ght expansi on

([err]m lange, (P9 fulctidsb as am3Bmti-s33p matd2ial, ra28ing the 203
*1

friction index of the coating and lowering it lubricating
qualities. A further drawback is a decrease in resistance
to corrosion that appears after machining so that the
content should be about 30% or less by weight, or more
preferably 10% or less by weighﬁ.

The effect from these silica particles is best
.obtained by using a particle size of 1 to 20 um.' In other
words, the smaller the silica particles the finer the
coating becomes and the seaiing'thus improves.
Consequently the corrosion resistance of the coating and
coatability (layer precipitation) improves, however if the
particles smaller than 1 um are used, a still greater
effect may not be achieved, so that a lower particle size:
limit of 1 pum is sufficient. Conversely, when the size
exceeds 20 um, the surface of the coating is rough, a fine
membrane cannot be formed, and the resistance to corrosion
is also poor. Thus a preferable particle size is 4 to 6
pm. This kind of silica particle is known as colloidal
silica and is commercially obtainable for instance under
the brand name "Snow-Tex XS or Sndw—Tex SS" (both
manufactured by Nissan Kagaku Kogyo : commercial name).

There are no limits whatsoever on the method for
forming the plastic coating. After forming an electrical
galvanized layer by the usual methods on one side or both

sides of the hot rolled steel sheet or the cold rolled
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334 L 8256 steég shée@%manufacéﬁ%ed by 2 mégﬁﬁd as reiat'agg‘“_igﬁ'I?’"{HEE
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183 322 49 1.94 16 203 *1 *1: Exanpl e of

t he present coatimgoor spray coating. After performing chemical
treatment such as chromate processing or acid-base
processing of the surface of the galvanized steel sheet,
forming of the plastic layer at this time will prove
effective in enhancing the sealing of the galvanized layer
with the plastic coating which is of/course includéd within

the technical scope of this invention.

EXAMPLES:

Specific examples of the structure and effect of the
invention are described in the embodiments listed here yét
this invention is not limifed by the embodiments described
hereafter and may be further changed as appropriate within .
the applicable spirit of the invention and the foregoing is
included wiéhin the technical scope of this invention.

The performance tests employed in the following
embodiments, for the tensile properties, machinability,
‘punch processability and verification methods for the type

‘and amount of precipitates in the steel plate are described

‘below.

Verification of tvpe and amount of precipitates:
Observation was performed by the replica extraction method
using a transparency type electron microscope. At 10,000

times magnification, the amount of the precipitates was




*2: Conparison exanple

I nterpreted

Results from Tabl es 5 and [o eaf—be
as follows. In the enbodi nent, steel tjypges.A .B_and C
are soft steel while steel type Dis high strength steel thapé @ﬁfi“%%y tihd
stipulated conditions for this invention.
43 Steel type 0 is an enbodinent inc3diding boron as an ‘jelement. AT 0
al ong with having superior tensile properties—a-so prnyide

t hese types,

REPLACEMENT SHEET

super i of * per tor mANGE{ AL o AWANNG AR TS V5" m? and this then

counted to obtain the precipitates amount within 1 mm2.

Tensile properties:
A test piece setup for JIS5 was used in the tensile

tests. The yield point (YP), tensile strength (TS).,

" elongation (El) and work hardening coefficient (n value)

were each evaluated. After further processing at 100°C for
60 minutes, non-aging properties (A.I) was evaluated from

the amount of rise in the yield point.

r value:
A test piece of 10 mm X 110 mm was utilized. The
width and thickness of the piece'was measured when a

tensile strain of 0% and 15% was applied.

Punch Processability:
A circular pattern with a clearance of approximately
12% and diameter of 30 mm was punched and the height of the

burrs occurring on the edge were measured and evaluated.

Machinability:

A pipe with an outér diameter of 60 mm was fabricated
utilizing the high frequency induction heat welding method
for each test piece sheet. Cutting was carried out at a
cutting speed of 125 m/minute, and notching speed of 0.06
m/revolution. The cut-through repetitions (for tool life)
and swarf (cutting waste) status (GOOD = small, curl-shaped

swarf, DEFECT = long curl-shaped swarf) were evaluated.

Stretch-flanging:



In conttast, steel types E through J all had poor punch proc bbbl
to insufficient sulfur content. |In addition, the steel ty%gﬂﬁﬁ JAEMG SHiEL
a carbon content so tensile properties are poor becauae ;awcedf‘
The steel type H had too high a nangagpgse content so that bnsi | e, « 199
properties and stretch-flangeability +s poor because MS |s proﬁu ?a éhe
steel type Mhad an insufficient anpbunt of carbon so that {ténsile

properties are poRrndPd 3¢Tihein NAhiRO - RIAC EuBE%%@§i%p%? §YtQQG

stretch-flangeability because an i nadequate anbunt o prectpttates
are produced. pIbeef shéewi NgThe H@ich&hMwLd N diab!/fmd hAYeVRHenRACAYER Lhe
silicon content in steel type Fis too large, a silicon oxide |layer forned
during the el echicahl pyatlasnt zam camet oty MaldfaBicodegreekhantdal ¥agi zed
| ayer and the sealing of the galvanized |ayer

crack penetrated through the sheet thickness. The hole

expansion rate was found by means of the formula below,
from the hole diameter (df:mm) at that time, and the
stretch-flangeability evaluated.

Hole expansion rate = [(df-di) / di] X 100 (%)

First Embodiment

After heating the steel slab with the chemical
compositions shown in Table 1,.to 1180°C, a hot rolling
finishing temperature of approximately 920°C and a coiling
temperature of 630°C was set, and hot rolling pérformed to
obtain hot rolled steel.sheet with a thickness of 3.2 mm.

The precipitates type and amount producea in the steel
obtained frém the hot rolling was investigated along with
the tensile properties, machinability and punch

processability. The results are shown in Table 2.




was poor. In steel type Kit was verified that, becau wt-ie—s 'aﬁs ,g? ent
was too large, the tensile properties were bad even tgﬁphACEwgm A
processability was satisfactory, furthernore surface S such as
blisters and slivers were verified on the steel sheet surgﬁpgcafw%ﬁ
rolling. In steel types F and M the.ﬁﬁlance bet ween the nmount of Ti
t he anobunt of carbon and steel was poor so that the cpntitd '
above nmentioned formula (1) could not g1gati sfied andl consequently ..
besides the tensile 44—-properti es bal ance

bei ng ba the punch processability and
Chemical compositions (mass$%)
Steel Ar3 |Precipi-| Re-
. tates
type (Ti*/48)p0int figure*l mar}cs
C Si| M| P S AL | Ti N /(c/12 (piece/| -
+5/32) mm? )

- A 10.0052{0.02 0.320.0130.0170.0320.0780.0_067 1.2 892 |2.1x104| *2
B 0.00310.020.460.0350.6140.0330.0480.0027 1.2 877 |1.6x104| *2
C 10.0033{0.01{0.63|0.015/0.022|0.033(0.070(0.0028] 1.3 865 |3.7x104]| *2
D 10.0032|0.01({0.94]0.016/0.018{0.034/0.076/0.0036] 1.6 857 |4.2x104| *2
E'. 0.0129/0.02 0.37'0.0160.0080.0320.1150.0059 1.5 883 |3.9x103| *3
F 10.0017/0.44{0.44/0.0910.007/0.031{0.085/0.0041] 4.1 874 [3.2x103]| *3
G [0.0044/0.02|0.17]0.016/0.009{0.028/0.076[0.0045| 2.0 905. }2.3x103| *3
H |0.0035/0.01{1.15/0.014j0.006[0.031{0.066/0.0037| 2.3 825 |2.7x103| *3
I 0.0032|0.01{0.44]0.088/0.0080.036{0.074/0.0108| 1.5 881 |4.1x104| *3
J 0.00280.020.460.0130.0050.0360.0390.0034 1.4 | 868 [2.8x104| *3
K |0.0045/0.01/0.44/0.018/0.031/0.029/0.106/0.0045| 1.4 876 [2.3x105| *3
L 0.00550.010.420.0150.0160;0310.0550.0056 0.8 875 |2.4x104| *3
M '0.00070.010.450.0210.0220.0350.077010032 1.8 879 |3.1x103| *3

*1: Quantity of precipitates with size of 1000 to 10000A.
Steel types F and I have precipitates of FeTiP alloy
and the other steel types are TisC3S; type alloy.

*2: Example of the present invention.

*3: Comparison example.
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ngeability was poor and the resistance to a Satd
di ment ~The steel type B (877[err]C atfr1§LﬁbJNﬁ$h:@
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out to obtain the cold rolled steel. The respective tensile
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[ STT étcn- rrangeabl 11ty and uncn progessabdbliliTty P e
d Punching hinabili
Tensile properties character-| Machinability
Steel istics
type| yg TS n |El| Burr | Tool |cutting|Remarks
(N/mm2) | (N/mm2) [value| (%) | height | life grit
(um) {times)|disposal

A 163 315 |0.247| 53 34 56 o *1
B 158 324 |0.251| 53 24 53 o *1
c 159 328 |0.242| 52 29 48 o *1
D 190 | .385 |0.236]| 45 25 46 o *1
E 184 342 |0.222| 45 44 37 X *2
F | 224 | 436 [0.203|36| 38 29 X *2
G 162 318 |0.242| 50 65 39 X *2
H 214 | 355 [0.222] 45 54 41 X *2
I | 221 359 {0.219| 44| 46 26 X *2
J 153 317 |0.244| 49 57 17 X *2
K | 164 | 323 [0.231] 46 37 43 o *2
L 190 314 |0.196| 45 40 45 o *2
M 143 297 |0.250| 51 63 21 X *2

*1: Example of the present invention
*2: Comparison example

Results from Tables 1 and 2 can be interpreted as
follows. )

Steel types A, B and C are soft steel while steel type
D is high strength steel that satisfy the stipulated -
conditions for this invention. All of these types, along
with having superior tensile properties also provide

superior performance for punching and machining .

. =35~



and the results obtained are shown in Table 8.

45 Table 7 Hot rolling-cenai-tt+o

Precipitates figure Steel: ([err] Q) REPLA@E&ﬁEiﬁﬁﬁﬁﬁf

type Heating Finishing Coiling (plece/nn{err])
t enp. t enp. t enp. Bl 1230 36 935 610 &éﬂtﬁ g%]

Ti S type *1 B2 1180 ~ 920 630 3. 1 1
Ti 4C2S2 type *2 45
type *2 11109§§tra§-é %%%el typgejngE‘S throgg%(foferr type

=

*1 B5 1§ﬁéch proceddability £RP macthmbhali®hS bue tMhamtyre

insufficient sulfur content. In addition, the steel type E
has too high a carbon content so tensile properties are
poor because TiC is produced. The steel type H had too
high a manganese content so punch processability was poor
because MnS is produced. The steel type M had an
insufficient amount of carbon so that tensile properties
are poor and furtﬁer has poor punch processability because
an inadequate amount of TigCsSs precipita;es is produced.
The followiné is not shown in Table 2 however, because the
silicon content in steel type F is too large, a silicon
oxide layer during the electrical galvanizing caused
variations in the galvan;zed layer and Ehe sealing of the
galvanized ;ayer was poor. In steel type K it was verified
that, because.the sulfur content was too large, the tensile
properties were bad even though the punch processability
was satisf;;tory, furthermore surface defects such as
blisters and slivers were verified on the steel sheet
surface after rolling. In steel types F and L, the balance
between the amount of'Ti and the amount of carbon and steel
was poor, so that the conditions in the above mentioned
formula (i) could not be satisfied. Consequently besides

- the tensile properties balance being bad, the punch
processability was poor and the resistance to aging

unsatisfactory.

Second Embodiment

'_}




B6 1170 895 630 5.2x10[err] Ti 4C2S2 typ R Y ——
1180 850 625 5.1x10[ err] FeTi P type REEL? Epgiti @%9}3}‘
915 . 735 3.8x10[ err] FeTi P type *1 B9 1180 925
680 3.6x10[err] Ti[err]C[err]Serr]_type *2 Bl1O 117% 04 GCT %39

580 8.8x10[err] Ti[err](err] S erl[ type *1  *1: ari son exanpl ¢
*2: Exanple of the present invention o .

46 The steel type BalBg7€c at Ar3 pointhesHduwh BPPSH1LS
Stretch- Steel character- fl ange-

i stics akid ity 1izBdmar Khe hot form rolling was performed in the

same way as for the first embodiment except for the heating
temperature, finishing temperature and coiling temperature
which were changed as shown in Table 3. The hot rolled |
steel sheet was manufactured to a width of 3.2 mm. Along
with investigating the precipitates types and amount ﬁor
each test piece exactly as in the first embodiment, along
with the tensile properties, and punch processability. The

results are shown in Table 4.

Table 3
Hot rolling condition Precipitates figure
Steel (°C) and status -
t¥Pe|yeating|Finishing|Coiling (piece/mm?) Remarks
temp. | temp. temp.
Bl | 1230 935 610 | 3.4x103  Tis type *1
B2 | 1180 920 630 | 1.6x104 TiaC2Sz type|  *2
B3 | 1145 915 620 1.0x104 TigCasy type *2
B4 | 1070 930 | 605 4.7x103  MnS type *1
B5 | 1175 995 630 | 3.5x103  MnS type *1
B6 | 1170 895 630 3.6x104 TigCc2S2 type *2
B7 | 1180 825 625 | 2.7x103 FeTiP type *]1
B8 | 1190 915 | 735 | 3.8x103 FeTiP type *1
B9 | 1175 930 580 1.9%104 TigC3S3 type *2
B10 | 1185 - 920 525 4.4x104 TigC2S; type *2

*1l: Comparison example
*2: Example of the present invention



type S TS El r Burr hei ght Hol e expansi on (hVnn{err])
(hVnn{err]) (% value ([err]m limt (9 Bl
49 .81 32 179 *1 B2 156 327
13 216 *2 B3 15% 322 50 2.11
196 *2 B4 161 323 %7 1.88 36
*1 B5 - 157 321 45 1.79 34 186
156 319 52 2.06 18 Tabl&28 *2 B7 Loeed52 315
42 1.65 26 177 *1 B8 160 328 45 1.61
30 175 *1 B9 150 323 50 1.94 rapn
194 12 B10 178 335 ﬁ hin 30 173
*1 *1: Conpari g I > €[S @BEhinavenidyo
The synbol s §geéfrougéﬁg§i8 p%%g%%@ngsand §1§ Qy tfhe
type| yg TS n |El| Burr | Tool |cutting|Remarks
(N/mm2) | (N/mm2) [value| (%)| height | life | grit
(le) {times)|disposal;
Bl 163 327 0.249] 51 44 46 X *1
B2 158 324 0.251] 53 _ 24 53 o *2
B3 157 325 0.247| 52 27 49 o} *2
B4 155 319 0.244} 49 41 37 X *]1
B5 149 324 0.213] 47 43 38 X *1
B6 159 322 0.254( 53 26 55 o) *2
B7 154 317 0.196]| 43 32 46 A *]
B8 162 320 0.218] 47 38 30 X *]
B9 153 328 0.246} 43 31 50 o *2
B10 | 166 336 {0.237| 48| 35 44 o %2
*1. Comparisoﬂ example
*2: Example of the present invention

- temperature and coiling temperature.

*

suitable temperature ranges for the hot roll finishing

investigating the effect of the heating temperature, it was
found in steel types where heating was performed in a range

from 1,100 to 1,200°C (symbols B2, B3) that TisCyS; based

precipitates was produced in suitable sizes and amounts and

the tensile properties and punch processability were

superior in each case.

temperature in the comparison sample (symbol Bl) exceeded

In contrast, when the heating

The symbols B through B4 in Tables 3 and 4 show the

In particular, when



sui tabl'e tenperature ranges for the finishing tenperature
tenperature. In particular, when investigating the effect
tenperature, it was found in steel types where heating wa
range from 1,100 to 1,200[err]C (syn%ols B2, B3) the Ti4C3S b@
preci pitates was produced in suitabl S|zes and anmounts an
properties, stretch-flangeability and punch processabilit
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of MS the temperature dropped below 1,100°C in the comparison

'T199u
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sample (symbol B4) a precipitate mainly of MnS was formed
with the punch processability and machinability being poor
in both cases.

The symbols B through B7 show the suitable
temperature ranées for heating temperature and coiling
temperature. In particular, when investigating thé effect
of finishing temperature, it was found that in steel types
where heating was performed in a range from 1,100 to
-1,200WC (symbols Bg) TisC2S2 based precipitate was produced
in suitable sizes and amounts and the tensile properties
and punch processabilitf were superior in each case. In
contrast, when finishing temperature in the comparison
sample (symbol Bg) was too high, precipitates mainly of MnS
were formed, and when finishing temperature was too low in
the comparison saﬁple (symbol B7) precipitates mainly of
FeTiP were formed Qith the punch processability being poor
in both cases;

The symbols Bg through Bjg show the suitable
temperature ranges for'heating temperature and the
finishing temperatures. In particular, when investigating
the effecé of the coiling temperature, it was found that in
steel types where the coiling temperature was in the
correct range (symbols Big, B11) TigCaS2 based.precipitates
was produced in suitabie sizes and amounts and the tensile
properties and punch processability were.superior in each

case. In contrast, when the coiling temperature in the




were formed, and when the tenperature dropped bel ow 1, 106f
conpari son sanple (synbol B4) precipitates mainly of Ti B _
t he punch processability being poor in both cases. ! the syrrboIﬂ%@a
Bl[err] through B[err] show the suitable tenperature ranges f@AlﬂﬁE _ R n
tenperature and coiling tenperature.4¢n particular, whe nvesti gating
effect of the finishing tenperature,~tt was found that iln €el  types
where heatin ' rggmki eofrom.1, 1, 200}

B6) the Ti 4Cgc82 a@%cﬁlgr ecl p]ié;a(tas' S vvasBS&r g']a%céggi {ﬁlggﬁft [
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processability were superior In e case. I'n contrast;

finishing tenpaiBd W& vk -G8l i son sanple (synbol B[err]) was too
hi gh, precipitates only of MhS were forned, and

dﬁMf'h%
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Third Embodiment

After steel slab with the chemical compositions shown
in Table 5 was heated to 1180°C, a finishing temperature of
approximately 920°C and a coiling temperature of 630°C was
set, and hot rolling then performed. After obtaining hot
rolled steel with a ﬁhickness of 3.2 mm, each hot rolled
steel sheet was then cold rolled to a thickness of 0.8 mm.
After performing consecutive annealing for 1 minute at
800°C, 1 percent temper rolling was carried out. The
respective tensile properties and punch processability were
investigated and the results obtained are given in Table 5.

Along with investigating the precipitates types and
amounts produced in the cold rolled steel obtained above,
the tensile properties,.punch processability, and stretch-
flangeability were aiso investigated and the results

obtained are shown in Table 6.



when the heat roll finishing tenperature was too low in the conparison_,

sanple (synbol B7) precipitates mainly of FeTiP were f fiein
processability bei ng i nadequate in bot h cases. Tﬁ@ﬁgﬁﬁﬁgﬂ@Eﬁfgﬁﬁf.
through B[err] show the suitable erature ranges foi he heating qt
tenperature and the heat roll fInISh g tenperatures. kpn JaKI4CMﬂ3@96mhbq
i nvestigating the effect of the coiling tenperature, it ;jpa found that
steel types where the coiling tenperatgggiwas in the cqfrect—Tange 4
(synbol's B[err]) the Ti4C2S2 and the Ti S based precipitiat es was produced.:
in suitable sizes and anpunts and the tensile propertles

stretch-flangeabilities
Chemical compositions (mass%)
Ar3 |Precipi-| Re-
tates
type (Ti*,48,pointfigure*lmarkﬂ
C |[Si|Mn| P | s (AL |Ti| N B | /(c/12 (pisce/
+$/32) mm=)

A 10.0052/0.02{0.32{0.013]0.017/0.032/0.078{0.0067} =~ 1.2 |892)4.4x104| *2
B 0.00310;020.460.0350.01go.033o.o4s0.0027 - 1.2 | 877!3.1x10%4] *2
c |0.0033(0.01|0.63|0.015/0.022/0.033[0.070{0.0028| - 1.3 | 865|7.7x10%] *2
D [0.0032{0.01{0.94[0.016{0.018]0.034/0.076]0.0036] - 1.6 | 857|sg.7x104| *2
E 10.0129(0.02(0.37/0.016/0.0080.032{0.115/0.0059| - 1.5 |883|7.8x103] *3
F |0.0017{0.44]0.44]0.091/0.007|0.031/0.085/0.0041] - 4.1 874 |6.5x103| *3
G |0.0044{0.02[0.17(0.016/0.009/0.028/0.076/0.0045| - 2.0 [905]4.1x103] *3
H |0.0035(0.01(1.15{0.014/0.006/0.031/0.066/0.0037| - 2.3 825 (4.6x103| *3
I [0.0032{0.01{0.44{0.0880.008/0.0360.074{0.0108] - 1.5 |881}s.ax103| *3
J ]0.0028(0.02]0.46/0.013|0.005/0.036/0.039/0.0034] - 1.4 |[868|6.9x103] *3
K [0.0045/0.01]0.44{0.018[0.031/0.029/0.106{0.0045| - 1.4 |[876]6.3x105| *3
I, {0.0039(0.01/0.55|0.013|0.043l0.032{0.125/0.0036; - 1.4 {872]9.8x105| *3
M [0.0050[0.010.456]0.0140.017{0.033/0.050/0.0058] - 0.7 881 |4.3x103| *3
N |0.0007|0.01|0.45/0.021]0.022[0.035/0.077/0.0032] - 1.8 [879(5.2x103| *3
o |[0.0038[0.01]0.36/0.011]0.0190.0370.081{0.00310.005 1.6 | 891|2.9x104| *2

*1: Quantity of precipitates with size of 1000 to 10000A.
Steel types F and I have precipitates of FeTiP alloy
and the other steel types are TisC2S2 type alloy.

*2: Example of the present invention
*3: Comparison example



48 and punch processability were superior in each caséprud |
when the coiling tenperature in the conparison sanpl ep{sdst

too high, precipitates mainly of FeTi P was formed and
stretch-flangeability could not be tai ned. \Wen the
in the conparison sanple (synbol B[ ]) was too | ow,
Ti S based precipitates were not produced in sufficient

ry

S

cpi 10 4GOTEWwS af uf €

t he Ti4C2S2 and{ fhe
e

punch processability and stretch- fl apgeadidity perfofnance was somewh

| ow. Fi fth Enbodi nent Cold rolled steel sheets obtained utiTTZing

steel types A _B and C fromanong the cold rolled steel sheet of the
o T enatile properties  |obasectar | Streten
Steel istics Z%??g:;
type| yg TS El r Burr Hole Remarks
(N/mm2) | (N/mm2)| (%) | value| height expansion
(pm) - limit (%)
A 165 316 52 2.12 23 203 *1
B | 158 327 | 51 | 2.03 17 216 *1
C 157 331 51 1.97 20 198 *]
D 188 382 45 | 1.95 17 206 *1
E 186 344 43 1.62 32 175 *2
F 221 430 33 1.74 28 151 *2
-G 158 318 47 1.80 45 197 *2
H 222 359 43 1.66 39 189 *2
I 224 356 42 1.72 33 174 *2
J 155 | 321 47 1.84 42 205 *2
K 164 327 44 1.85 36 162 *2
L 168 322 42 1.77 35 133 *2
M 193 213 43 1.43 39 158 *2
N 143 298 .50 1.99 51 194 *2
o | 183 322 49 | 1.94 16 203 *1

*1: Example of the present invention
*2: Comparison example

Results from Tables 5 and 6 can be interpreted as

follows.

In the embodiment, steel types A, B and C are soft

steel while steel type D is high strength steel that

satisfy the stipulated conditions for this invention.



accordance with the usual nethods to forma gal vanized | afar-of- 340
g/m2. Chronmate treatnment was then performed so that the cyfevadinmiely
precipitate formed over the galvanized |ayer is converted

chromumat 10 ng/nferr]. A resin base of ethylene, gstgry; q%
uret hane resin was used for m xing vﬁh colloidal silico articles ™
converted to solid type, of 4 to 6 pmin size and in a 1¢%pot
the resin mitstesl R icdatad SbdaAmend TRl 0diAGdBorbA LR A
surface treated steel sheet. The resistance to corrosion, resrs

fingerprint asbemgitoundiliy oferthediedltylesd andnth@itRSHAVSnGr SuSdeydi N
Table 9.

tensile properties also provide superior performance for
punching and machining.

In contrast, steel types E through J all had poor
punch processability due to insufficient sulfur content.
In addition, the steel type E had too high a carbon content
so tensile properties are poor because TiC is produced.
The steel type H had.téo high a manganese content so that
tensile properties and stretch-flangeability is poor
because MnS is produced. The steel type M had an
insufficient amount of carbon so that tensile properties
are poor and further had poor puhch processability and
stretch-flangeability because an inadequate amount of
TisC2S2 precipitates are produced. The fﬁllowing is not
shown in Table 2 however, because the silicon coﬁtent in
steel type F .is too large, a silicon oxide layef formed
during the electrical galvanizing caused variations in the
galvanized layer and the sealing of the galvanized layer
was poor. In steel type K it was verified that, because
the sulfur content was too large, the tensile properties
were bad even thouéh the punch processability was
satisfactory, furthermore surface defects such as blisters
and slivers were verified on the steel sheet surface after
rolling. In steel types F and M, the balance between the
amount of Ti and the amount of carbon and steel was poor so
that the conditiéns in the above mentioned formula (1)

could not be satisfied and consequently besides the tensile



49 Corr osi on Resi st ance: A salt spray test was perforned according to
the nethods listed in JIS Z 2371 and the tine for generation of 1% white
rust - eval uat ed. 0 = 240 hours or nore x = less than 240 hours

Resi stance to Fingerprints: The test piece was soaked in a 50%
white-col ored vaseline solution at 48err]C and then extracted.

Di scol oration on the vaseline coated portion and the non- coated portions

was measur ed p&%@&%&bﬁabﬁﬂanaaebE%?rbad' fE1e& e;slﬁ?cr( [;?fdde@samtlw alnle

vasel i ne coated and non-coated portions was "3 or l'ess" thus show ng good

resi stance t gtridtepefpahgbabilityGuas |66 Bared tau@rré@sstance o agikge than
[err] E
unsatisfactory.

Fourth Embodiment

The steel type B (877°C at Ar3 point) shown in Table 5
was utilized. The hot rolling was performed in the same
way as for the third embodiment except for the heating
'temperature, hot rolling finishing temperature and coiling
temperatuie which were changed as shown in Table 7. The
hot rolled steel sheet was manufactured to a width of 3.2
mm and further cold rolled to a thickness of 0.8 mm. After
performing consecutive annealing for 1 minute at 800°C, 1
percent temper rolling was carried out to obtain the cold
rolled steel. The respective tensile propefties, stretch-
flangeability and punch processability were investigated

and the results obtained are shown in Table 8.

REPLACE‘&ENT sz-m ]

naocr !




G oundi“ng: The conductivity of the surface of the test piece was
measured in surface resistance across tester termnals spaced 100 mm apart

and the results eval uated. o = surface resistance. of 200 ohms or |ess
Xx = surface resistance of 200 ohns or nore Overal |l Eval uati on: 0 =
Sati sfactory X = Unsatisfactory 45 ' 50
Table 9 -
Table 7
Hot rolling condition Precipitates figure
Steel (°c) ' and status
tYPe|Heating|Finishing Coiling|{(piece/mm2) Remarks
temp. temp. temp.
Bl | 1230 935 610 | 6.4x10°  TiS type *1
B2 | 1180 920 630 | 3.1x104 TisCaSy type|  *2
B3 | 1145 915 620 6.3x104 TigC2S2 type *2
B4 | 1070 930 605 8.7x103  MnS type *1
B5 | 1175 995 630 5.5%105 MnS type *]
B6 | 1170 | 895 630 | 5.2x104 TigC2S2 type|  *2
B7 1180 850 625 5.1x103 FeTiP type *1
B8 | 1190 915 735 3.8x103 FeTiP type *]
B9 | 1180 925 680 | 3.6x104 TigC2Sy type|  *2
B10 1175 930 580 8.8x103 TigC2S3 type *1

*1: Comparison example
*2: Example of the present invention

REPLACEMENT SHEET]
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Zn - Resin Corro- Steel adhering Resin adhering sion Finger-
G ound- Overall No. type anmount type anount re5|f; print i ng
eval ua- Renar ks (g/mMerr]) *) (g/merr trafce— T -
tion 1 A 15 Ethyl- 05 0,6 0 JREPLACEMENT SH El
ene 2 A 10 Et hyl - 0.5 o =2 o] o] 0
ene 3 B 20 Et hyl - 0.1 0 o] o 0 O0CT 995
Enbodi nent ene 0.1 0 Table 8 o] o 14 B fo
t hane 0.3 o] o] o] 5 c - B Estet 2-
o] o] 0 0 6 B 2 Ethyl- 0.05 | X X
o] X ene 7 B 20 Ur e- 3°0 0
0 X X Tepgile propert{d0e Stretch-
Conpari son SgeelB 28 Ro7R - Punching
exanpl e Poly- 9 C arac@drer| Oflange- X
X 0 b istics ability Remarks
type ¥S TS El r |Burr height Hole expansion
(N/mm?) | (N/mm2)| (%) | value (pm) limit (3)
Bl 164 - 326 49 | 1.81 32 179 *1
B2 | 156 327- | 51| 2.03 13 216 *2
B3 155 322 50 | 2.11 19 196 *2
B4 161 323 47 | 1.88 36 181 *1
B5 157 321 45 | 1.79 34 186 *]
B6 156 319 52 | 2.06 18 223 - *2
B7 152 315 42 | 1.65 . 26 177 *1
B8 160 328 45 | 1.61 30 175 *1
B9 150 323 50 | 1.94 21 194 *2
B10| 178 335 42 | 1.60 30 173 *]
*1: Comparison example
*2: Example of the present invention

The symbols Bj through B4 in Tables 7 and '8 show the -

suitable temperature ranges for the finishing temperature

and coiling temperature. In particular, when investigating

the effect of the heating temperature, it was found in

steel types where heating was performed in a range from

1,100 to 1,200°C (symbols By, B3) the TisCyS, based

precipitates was produced in suitable sizes and amounts and

the tensile properties, stretch-flangeability and punch

processability were superior in each case.

In contrast,

when the heating temperature in the comparison sample




*): Details on resin type Et hyl ene: Et hyl ene pol yner [g&5
cont ai ni ng 20% acrylic acid by wei ght cons
et hyl ene non-saturated carboxylic acid Est er: Pol
product brand nane of "BYRON 20SS" nmade b
Ur et hane: Pol yur et hane resin, produqﬁZbrand nane of

" SUPERFLEX" made by Daiichi Kogyo Chem cal '
Resul ts from (it 17 Byagn dxededded [If,@000C Aspi&diPiates maindlie
conposi tions, and the anounts of the electrically galvanized |ayer
pl asti c' coat iwegrestieaimedyateard athedf tiiebednperhsude. dtoppedUbLEw sBf1iGddced

the specified conditions of this invention. An extrenely
51 in the comparison sample (symbol B4) precipitates mainly of

TiS were formed with the punch processability being poor in
both cases. |

The symbols Bs through B7 show the suitable
temperature ranges for the heating temperature and coiling

| temperature. In particular, when investigating the effect
of the finishing temperature, it was found that in steel
types where heating was performed in a range from 1,100 to
1,200°C (symbols Bg) the TiyC2S; based precipitates was
produced in suitable sizes and amounts and'the tensile
properties, stretch-flangeability and punch processability
were superior in each case. In contrast, when the
finishing temperature in the comparison sample (symbol Bs)
was too high, precipitates only of MnS were formed, and
when the heat roll finishing temperature was too low in the
comparison sample (symbol B7) precipitaﬁes mainly of FeTiP
were formed with the punch processabili;y being inadequate
in both cases.

The symbols Bg through Bio show the suitable
temperature ranges for the heating témpera;ure and the heat
roll finiéhing temperatures. In particular, when
investigating the effect of the coiling temperature, it was
found that in steel types where the coiling temperature was
in the correct range (symbols Bg) the TisC3Ss and the Tis
based precipitates was produced in suitable sizes and

amounts and the tensile properties, stretch-flangeabilities



superior effect was al so obtained for the corrosion resisfak
to fingerprints, and groundi ng. In contrast, No. 6 heX
resistance and poor resistance to fingerprints due to insuffi
adherence anounts of the electrically gal vanized | ayer and
coating. No. 7 had poor groundi ng becdHuse the plastic coat)
| arge. No 8 had poor corrosion resistance and poor resista
finger print s BRe@sRH BeocRkashlt1koVfer0agudot: HFoh AR he
unabl e to provide satisfactory corfosion resistance and resistance to
fingerprints Qerause,t MeaMRUB! c8E1PhgStbfipEPRELRE ¥R Sthd NSIHHd iR -
Ef fect of the Invention: This invention is conprised as descri bed
above and sample (symbol Bg) was too high, precipitates mainly of

IO O—wa

FeTiP was formed and satisfactory stretch-flangeability
could not be obtained. When the coiling temperature in the
comparison sample (symbol B1g) was too low, the TiyC2S; and
the TiS based precipitates were not produced in sufficient
amounts and the punch processability and stretch-

flangeability performance was somewhat low.

Fifth Embodiment

Cold rolled steel sheets obtained utilizing ste€l
types A, B and C from among the cold rolled steel sheet of
the third embodiment were Qalvanized on the surface in
accordance with the usual methods to form a gal&anized
layer of 1 to 50 g/m2. Chromate treatment was then
performea sé that the chrqmium precipitate formed over the
galvanized layer is converted to metallic chromium at 10
mg/m2.

A resin base of éthylene, ester or urethane resin was
used for mixing with colloidal silicon particles converted
to solid type, of 4 to 6 um in size and in a 10% portion
nix in thé resin material applied at 0.05 to 3 g/m?2 in
order to obtain the surface treated steel sheet. The
resistance to corrosion, resistance to fingerprint and
grounding were evaluated and the results are shown in Table

9.



along with the conposition elenents of the steel material, the content in
particular of the titanium sulfur, nmanganese and nitrogen- 4%&%+ﬁ§ﬁﬁ§ﬁﬁ
and.the interrelation of the sulfur, nitrogen and carbjﬂﬁﬁﬂﬂﬁﬁﬂg h
titani umanount suitably controlled to produce Ti4C2S2 -ecrpTTﬁT”E I nj the
proper anmounts and size. This allows49thin steel plate ui h(fékﬁﬁmw

3 for

excel |l ent punch processability to bé& provided without Ilos
also allows thin steel plfate with these features to be reliably

or the mechaR Halo ALPPRELiESaBkeNe Metal. The nmethod of
manuf actured at the dAGUSHLY tekeV@hs performed accordingts thHe

N ’1

methods listed in JIS Z 2371 and the time for generation of
1% white rust evaluated.

O = 240 hours or more X = less than 240 ﬁours
Resistance to Fingerprints:

The test piece was soaked in a 50% white-colored
vaseline solution at 40°C and then extracted.
Discoloration on the vaseline coated portion and the non-
coated portions was measured and evaluated. The color
difference'(AE) between the véseline coated and non-coated
portions was "3 or less" thus showing good resistance to
fiﬁgerprints.

= AE of 3 or less - X = more than AE
Grounding:

The conductivity of the surface of the test piece was
measured in surface resistance across tester terminals
spaced 100.mm apart and the results evaluated.

0 = surface resistance of 200 ohms or less X =

surface resistance of 200 ohms or more

Overall Evaluation:
O = Satisfactory X = Unsatisfactory



WHAT IS CLAIMED IS 1. A steel sheet providing superlor nechanj cal
properties, including precipitates constituting nalnly Sr e |
satisfying the follow ng conditions for specific &

mass % such t hat Carbon 0.0010 to 0.010%
| ess Manganese 0.1 to 1.0% 50 Phosphor
0.01 to 0.025% Nitrogen : 0.0T%or |ess
Table 9
: =
Zn . Resin Corro- ) :
Steellaghering|ReSin| ghering| sion Finger- |Ground-|Overall
No. type| amount | t¥Pe | amount | resis- print ing levalua-| Remarks
(g/mz) *) (g/mZ) tance resistance tion .
Ethyl-
1] A 15 ene 0.5 (o} o o o
Ethyl-
2 A 10 ene 0.5 o o] o) o)
Ethyl- Embodiment
31 B 20 ene 0.1 o) o o o n
Ure- '
4 B 40 thane 0.3 o o o o
5 ¢ 30 |Ester| 2.5 o o | o o
Ethyl- .
6 B 2 ene 0.05 X X o X
7] B 20 o= | 3.0 o X X
thane ) © Comparison
8| B 20 None — v . o % example
Poly-
9 c 29 ester| 0-.05 x X o X

*): Details on resin type

Ethylene: Ethylene polymer resin containing 20%
acrylic acid by weight consisting.of
ethylene non-saturated carboxylic acid

Ester: Polyester resin, product brand name of
"BYRON 20SS" made by Toyo Boseki Co.

Urethane: Polyurethane resin, product brand name of
"SUPERFLEX" made by Daiichi Kogyo Chemical
Co.

Results from Table 7 can be interpreted as follows.

The chemical composifions, and the amounts of the
electrically galvanized layer and plastié coating steel
material of embodiments No. 1 through 5 satisfied the

specified conditions of this invention. An extremely



Titaniam: 0.2%or | ess Renmai nder Fe and unavoi dab

said elenents satisfying the conditions of the foll ow ng

f

(Ti*/48)/(C/ 12 + S/32) =0.81t0 4.0 Ti* =T - (48/14
steel sheet of superior nmechanical properties according to
wherein precipitates are conprised iXxternally mainly of Ti

size of 1,000 to 10,000A and has a count of 5 x 10[err]

pC

nor e. superior effect was also obtained for the corro

ST S

‘i"g’f

n&rf-k

c a(h4£§1'ﬁm6
CPS2, with a

/ err| or

s
A1 OF
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resistance, resistance to fingerprints, and grounding.

In contrast, No. 6 had poor corrosion resistance and

poor resistance to fingerprints due to insufficient

adherence amounts of the electrically galvanized layer and
the plastic coating. No. 7 had poor grounding because the
plastic coating was too large. No 8 had poor corrosion
resistance and poor resistance to fingerprints because the
plastic layer had not been applied. No. 9 was unable to
provide satisfacﬁory corrosion resistance and resistance to
fingerprints because the amount of plastic coating was

insufficient.

Effect of the Invention:

This invention is comprised as described above and
along with the composition elements of the steel material,
the content in particular of the titénium, sulfur,
manganese and nitrogen are regulated and the interrelation
of the sulfur, nitrogen and carbon amounts with the
titanium amount suitably controlled to produce TisC3S;
precipitates in the proper amounts and siée. This allows
thin steel plate with extremely excellent punch
processability to be provided without loss to the forming
or ﬁhe mechanical properties of the metal. The method of
this invention also allows thin steel plate with these
features to.be reliably manufactured at the industrial

level.




53 3.- A steel sheet of superior nmechanical properties according to
claim?2, wherein the steel sheet is a hot rolled steel sheet and satisfies

the foll owi ng fornul a. . (Ti*/48)/(C 12 + S/32) = 1.0

Ti* = Ti - (48/14)N . A steel sheet of superior necMﬁﬁEkACENﬁ%E?SHEET
accord| erein the ste%? sheet is a cold 'Téﬁ“§tee| sheegt
and pr lﬂﬂﬁlﬁﬂ'lﬂﬂﬂ “Icorrprl si ng Ti 4C2S2, al so include T| A T 59982 S
and si zex Olc i tates wigand, 280 ¢afefO0Fy and saild preC| p| tates
have a count of 1 x 10[err] to 5 x 10[err] pcs/mierr].

NJ \U

1. A steel sheet providing superior mechanical
properties, including precipitates constituting mainly
Ti4C2S2 and satisfying the following conditions for

specific amounts of elements by mass % such that :

Carbon.: 0.0010 to 0.010%
Silicon : 1.0% or less
Manganese : 0.1 to 1.0%
Phosphor : 0.1% or less
Sulfur : 0.01 to 0.025%
Nitrogen : 0.01% or less
Titanium : 0.2% or less

Remainder : Fe and unavoidable impurities,

said elements satisfying the conditions of the following

formulas:

(Ti*/48)/(C/12 + S/32) = 0.8 to 4.0

Ti* Ti - (48/14)N

2. A steel sheet of superior mechanical properties
according to claim 1, wherein precipitates are comprised
internally mainly of TisC2S2, with a size of 1,000 to

10,000A and has a count of 5 x 103 pcs/mm2 or more.




5. A-steel-sheet—ef—superior nechanical properties accordi &EPM@MEMT SHEET

clains 1 In the steel sheet satisfies the fjolfl ow ng
condl ti on“B“mu“I Hmﬁmam)unt s of elenents by mass % such jt Hat Q4 OCT 1995

bon 9. 0010t 05008% Silicon 0.25% or |ess Manganese .
0. 20 to 1. 0% Phosphor 0. 05% (2(_3_ | ess Ti tanium | 0TI5%Or—tess—
6. A galvani zed steel sheet according to claim1l wherein t | east one
side of the sgeel mheedel sHEEtY HT ZREbaMibr mekRan9tali Beopbleyesn anounts
of 3 to 40 g/ nt.

according to claim 2, wherein the steel sheet is a hot

rolled steel sheet and satisfies the following formula.

(Ti*/48)/(C/12 + S/32) = 1.0 to 3.0
Ti* = Ti - (48/14)N

4. A steel sheet of superior mechanical properties'
according to claim 2, wherein the steel sheet is a cold
rolled steel sheet and precipitates mainly comprising

TigC2S2, also include TiS with TisCaSy; and size of said

precipitates is 1,000 to 10,000A and said precipitates have
a count of 1 x 104 to 5 x 105 pcs /mm2 .

5. A steel sheet of superior mechanical properties
according to any of claims 1 through 4, wheérein the steel
sheet satisfies the following conditions for specific

amounts of elements by mass % such that :

Carbon : 0.0010 to 0.008%
Silicon : 0.25% or less
Manganese : 0.20 to 1.0%
Phosphor : 0.05% or less

Titanium : 0.15% or less

6. A galvanized steel sheet according to claim 1 wherein
at least one side of the steel sheet is galvanized with

zinc or zinc alloy in amounts of 3 to 40 g/m2.




7.

coating i

i n anmounts err]. . A manufacturi g _1;«* N S
rolled steeﬂ "c“ H Iﬁl superlgi machanl cal propejptires—amd-sattstyi hg

t he
t hat :

A°resin coating steel sheet according to claim5, wherein a plastic

nc or Z|nc al | oy gal vani

foll ow ny dbndltWOHS for. speci f+e anmounts of el emenft$ 9¥ﬁggaﬁ§@£)SJC1
ANE 55 W) ¥

e rn——

. t
7. A resin coating steel sheet according to-cltaim5;
wherein a plastic coating is formed over said zinc or zinc
alloy galvanized sheet to adhere in amounts of 0.1 to 2.5

g/m2,

8. A manufacturing method for hot rolled steel sheet
providing superior mechanical properties and satisfying the
. following conditions for specific amounts of elements by

mass % such that:

Carbon : 0.0010 to 0.010%
Silicon : 1.0% or less
Manganese : 0.1 to 1.0%
Phosphor : 0.1% or less
Sulfur ': 0.01 to 0.025%
Nitrogen : 0.01% or less
Titanium : 0.2% or less,

Remainder : Fe and unavoidable impurities,

said elements satisfying the conditions of the.following

formulas:

(Ti*/48)/(C/12 + 8/32) = 1.0 to 3.0
Ti* = Ti - (48/14)N

said manufacturing method comprising the steps of:



Carbonr 0.0010 to O. rlicon : 1.0%or |ess Manganese : -

0.1to 1.0% m“ | ess Sul fur : 0.01 to 0.025%
Ni trogen : O. 010 u “‘““‘\ \ fanium: 0.2% or |ess, Remai nder :
L

Fe and unavoi dabl Itmess * ‘sal d el emants satlsfyl ng the conditions
of the followi ng fornulas: §‘5|*/48)/(C/12+S/32) =1.0to 3.0 -
Ti*=Ti - (48/14)N

heating said steel within a temperatu;e range of 1,100 to
1,200°C, and compléting hot rolling within the temperature
range (Ar3 transformation temp. +80°C) to (Ar3
transformation temp. -40°C) followed by coiling at a
temperature range not more than 700°C to produce
precipitates comprised internally mainly of TijsCzS;, with a
size of 1,000 to 10,000A and a count of 5 X 103 pcs/mm2 OF

more

9. A manufacturing method for cold rolled steel sheet
providing superior mechanical properties and satisfying the
following conditions for specific amounts of elements by

mass % such that :

Carbon : 0.0010 to 0.010%

REPLACEMENT SHEET

Silicon : 1.0% or less

Manganese : 0.1 to 1.0% N4 QCT 1996

Phosphor : 0.1% or less

Sulfur : 0.01 to 0.025%
Nitrogen : 0.01% or less
Titanium : 0.2% or less,

Remainder : Fe and unavoidable impurities,

said steel satisfying the conditions of the following

formulas:

(Ti*/48)/(C/12 + S/32) = 0.8 to 4.0

Ti*

Ti - (48/14)N



sai d manufacturing nethod conprising the steps of: N H
55 heatng:fﬂé%éLﬁQLJMjiin a tenperature range of 1,103?‘5P A fﬁ' QH%E!
and .conpteting hot | within the tenperature range [A'3
t ransf or rra1 “Hﬁlﬂﬂﬂlﬁ»ﬂlﬁm

-40[ err] C) | HBAY =

kl] O to (Ar&err] transf ormati pn| t & OCT 1996
700[err]C to produce precipitates conprised internally npinly of Ti4C2S2,

ng at a PBnperature range no} fore than
with a size of 1,000 to 10, 000A and a count of 5 x 10[ er t}l—pcs/nnjerr}..or
nor e
said manufacturing method comprising the steps of:
heating said steel_within a temperature range of 1,100 to
1,200°C, and completing hot-rolling within the temperature
range (Ar3 transformation temp. +80°C) to (Ar3
transformation temp. -40°C) followed by coiling at a
temperature range between 600 to 700°C, and after cold
rolling of the steel, carrying out annealing to produce
precipitates comprised internally mainly of TiaC2S2 or
Ti4C2S2 and Tis., with a size of 1,000 to 10,000A and a
count of 1 X 104 to 5 x 105 pcs/mm?2.



9. A sanufacturing nmethod for cold rolled steel sheet providing superior
mechani cal properties and satisfying the follow ng conditions for specific
amounts of elenments by nmass % such that Carbon : 0.0010 to 0.010%
Silicon : 1.0%or |ess Manganes®7: 0..1 to 1.0% Phosphor 0: 1%

or less Sg?%if%ﬂEETOHQ¥IN% Qx@%i%fnr PROHE@BQG@“CHN@N@T%RQGﬁI@%S

Titani um:

J t

ai 0 steel sHAMIPACTIRING METHOD, GAE RGF Ofnc AND) EAVAY 1ZED"SrEEL P11 o

' SHEET AND A RESIN COATING STEEL SHEET |
ABSTRACT

A steel éheet is disclosed, said steel sheet being
made of a steel containing specific amounts of carbon,
silicon, manganeée, phosphorus, sulfur, nitrogen, and
titanium, with said steel also satisfying the conditions of

the following formulas:

(Ti*/48)/(C/12 + §/32) = 0.8 to 4.0
Ti* = Ti - (48/14)N |

of which, a steel sheet and manufacturing method thereof
providing said steel sheet having excellent mechanical
properties, forming and punch processability

characteristics and internally including precipitates

constituting mainly TisC2S3, or TisCzS; and TiS. Said steel
' sheet further, formed with a zinc or galvanized surface and
_ that surface is coated with anti-corrosive, fingerprint-

resistant plastic covering.
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f or nul as: (Ti*/48)/(C/12 + S/32) = 0.8 to 4.0 Ti*x =Ti -

: (48/14) N 56 sai d manufacturing nethod conprising the steps of:
heatirng said steel within a tenperature range of 1,100 to 1,200[err]C, and
conpleting hot-rolling within the tenperature range t.i-0n
tenp. +80[err]C) to (Ar[err] transformation tenp. -4( ,_I_a oA Iﬁﬁﬁﬂ’j‘-py
coiling at a _""““""“‘“"““—]
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: tenperéﬁﬂre range between 600 to 700[err]C, and after cold rolling of the

. steel, carrying out annealing to produce precipitates conprised internally

mainly of Ti4C2S2 or Ti4C2S2 and - TiS, with a size of 1,000 to 10, 000A and
a count of 1 x 10[err] to 5 x 10[err] pcs/mierr]. - o
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