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i1 ) TI TLE OF THE | NVENTI ON A STEEL SHEET FOR

" USE AS AN ELECTRODE- SUPPORTI NG FRAVE MEMBER OF A CO*®#%im BTURE

- TUBE AND MANUFACTURI NG METHOD THEREOF 5
BACKGROUND OF THE | NVENTI ON The present invention relates to a
hi gh-strength steel sheet for use as an el ectrode-supporting frane
menber installed in an aperture grill-type color picture tube and al so
relates to a 10 manufacturi QThEtQBgPﬁE&I%%ENTION An aperture-grill
type col or picture tube has color selectin el ectrode el enents each

made of a thin AeSEEEInSBERT FOR ASEBAS AQHELECTRODE:STRPQRIING: of

el ectron beans are forned at positions corresponding to matrix of RGB
(red, green and bl uERAMBIMEMBERIGF AQQLQOBPICTHURINBYB®HANRr een, in
order to excite the R@& phosphors with el ectron beans discflarged from
an el ectron gun. The col MANUFAGEURINGMETHAD GREBES®RNts are stretched
to and supported with an el ectrode-supporting frame nmenber.
RGB phosphérs on the phosphor screen are selectively 20 irradiated and
excited by scanning with el ectron beans, so as to di splay a col or
i mge conposed of red, gr BACKGROUND OF THE INVENTION
The present invention relates to a high-strength steel sheet for
use as an electrode-supporting frame member installed in an
aperture grill-type color picture tube and also relates to a
10 manufacturing method thereof.
An aperture-grill type color picture tube has color selecting
electrode elements each made of a thin metal sheet in which striped
slits for passage of electron beams are formed at positions
corresponding to matrix of RGB (red, green and blue) phosphors
15 arranged on a phosphor screen, in order to excite the RGB phosphors
with electron beams discharged from an electron gun. The color
selecting electrode elements are stretched to and supported with an
electrode-supporting frame member.
RGB phosphors on the phosphor screen are selectively
20 irradiated and excited by scanning with electron beams, so as to
display a color image composed of red, green and blue colors.
Directions of electron beams are likely affected by terrestrial
magnetism or the like at the surroundings. If electron beams are

deflected by the magnetisms, the color image can not be accurately

25 reproduced. Influence of the terrestrial magnetism or the like can be



:Directions of electron beans are likely affected by terrestrial
magneti smor the like at the surroundings. If electron beans are

defl ected by the magneti sns, the color inmage can not be accurately 25
“reproduced. Influence of the terrestrial magnetismor the like can be
2 i nhi bited by covering the color picture tube with a magnetic
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the col or sel ect,i ng %ectrode el enent s stretched to the '
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of phosphors, in order to precisely direct electron beams to each of
10 the RGB phosphors. If the color selecting electrode elements
stretched to the electrode-supporting frame member are deviated
from predetermined positions due to thermal expansion or the like,
the electron beams are not directed to selected phosphors. The mal-
direction of the electron beams impedes accurate reproduction of a
15 color image.
The electrode-supporting frame member for supporting the
color selecting electrode elements is made from a .steel sheet of 2-7
mm in thickness formed into a predetermined shape necessary in
response to a size of the color picture tube. An electrode-supporting
20 frame member for a small-sized color picture tube is manufactured
by press forming, while an electrode-supporting frame member for a
big-sized color picture tube is commonly manufactured by roll-
forming or press-forming a steel sheet at its edge corresponding tc.t

four sides of the frame and then fabricating the formed steel sheet to

25 a frame shape by welding. The electrode-supporting frame member is



“mmin thickness formed into a predeterm ned shape necessary in

response to a size of the color picture tube. An el ectrode-supporting 20
.frame nmenber for a small-sized color picture tube is manufactured by
press formng, while an el ectrode-suppo@ing frame nenber for a

bi g-si zed color picture tube is comonly manufactured by roll -

formng or press-formng a steel sheet at its edge corresponding to

four sides ofthdigaftedFereabFelibfinhadledcati ng the forned steel sheet to 25
a franme shape by wel ding. The el ectrode-supporting frame nmenber is

3 thereaft &g fof t88ScoléY b&lec@inpeAbfEnt, a cold- rolleésstfegf shQ@t gl Or
selecting elenent, a cold-rolled steel sheet of . mmin
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beans. The etched steel sheet 1s welded to upper ts of
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the el ectrode el ements are fixed to the pressure is
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in order to suppres
the frame member exhibits a reaction force for stretching the

electrode elements, due to removal of the pressure. In this way, the
10 electrode elements are fabricated with the frame member.

The frame member integrated with the electrode elements is
then subjected to blackening treatment, in order to suppress such
defects as heai: radiation, generation of secondary electrons and
rusts. An oxide film is formed on the frame member by the

15 blackening treatment. The oxide film shall be firmly adhered onto
the frame; otherwise oxide particles originated in peeling-off of the'
black oxide film would scatter in the color picture tube and
significantly deteriorates performance of the color picture tube.

In the aforementioned manufacturing process, after the

20 electrode elements are integrated with the frame member, the frame
member is subjected to a heat cycle of the blackening treatment
under the condition that a bending stress for siretching the electrode
elements is applied to the frame member. A tensile force for
stretching the electrode elements is reduced due to stress relaxation

25 of both the frame member and the electrode elements which were



“defects as heat radiation, generation of secondary el ectrons and
rusts. An oxide filmis fornmed on the frame nenber by the 15 bl ackening
.treatnent. The oxide filmshall be firmy adhered onto t he frane;
ot herwi se oxide particles originated in geeling-off of the bl ack oxi de
filmwould scatter in the color picture tube and significantly
deteriorates performance of the col or picture tube. In the
af or enent i onedreatedipb @t highrtgmmesature during the hdackeming treatmetd. el enents are
integrated with the frame nenber, the frane menber is subjected to a
heat cycle of the Theastrantung thasathecedectrode elpuents age sdretchedrtotthet a
bendi ng stress for stretching the el ectrode elenments is applied to the
frane nenber. frememsémbef by application of the tensile derce admel atcmpintaimingnent s i s
reduced due to stress relaxation 25 of both the frane nmenber and the
el ectrode el emectsatehposditioeat relationship of the electrode elements by the 4
heated at a high tenperature during the blackening treatnent.
The struct sir e appliedt bensileeforcedhel ¢emsiles faree absetbshelbrgatiomeof the frane
menber by application of the tensile force ains at maintaining
accur at e posi eiantadde etahbansing ediminateslcolbrr didivcakivmerivenbyhéheahe 5
applied tensile force. The tensile force absorbs elongation of the
el ectrode nmenketscsradel dbmentat & delated dasd ochéinoslly evepandedn duee to
el ectrode elenents are heated and thermal |y expanded due to

radiation with electron beams. However, reduction of the stretching

tensile force caused by the blackening treatment weakens function of
10 the frame member and often causes occurrence of color dislocation.
Especially, the aperture - grill-type color picture tube is likely
affected by vibrations due to the structure that striped slits for
passage of electron beams are formed in the electrode elements.
When the stretching tensile force is reduced to a certain degree, the
15 electrode elements resonate with acoustic waves from a speaker and
causes occurrence of color dislocation.
The frame member is thermally expanded when the electrode
elements are heated at a higher temperature. The thermal expansion
also causes occurrence of color dislocation. .
20 In this regard, a high-Cr ferritic stainless steel has been used
as material for an electrode-suppori:ing frame member, since it is
resistant to reduction of a stretching tensile force necessary for the
frame member and of a smgll thermal expansion coefficient. But, use
of the ferritic stainless steel causes an increase in a cost of the frame

25 member for a color picture tube.



sradiation wth electron beans. However, reduction of the stretching
tensile force caused by the bl ackeni ng treatnent weakens function of 10
.the frame nmenber and often causes occurrence of col or dislocation.

"Especially, the aperture grill-type colorSpicture tube is likely
affected by vibrations due to the structure that striped slits for
passage of electron beans are fornmed in the el ectrode el enents. When

t he stretching tensthecinvemiers propwsed cah adlozed steeli mhithgisccheapes thas

el ectrode el enents resonate with acoustic waves from a speaker and

causes occurrerthe dermbicorsteindésscastieeh. as disclosed The YapamesenBeterits
thermal | y expanded when the el ectrode el enents are heated at a higher
t enperat ure. Thpplivativa Laid&penoB-67945. Bhe proposss steet wonexing @01so0l or

di sl ocation. 20 In this regard, a high-C ferritic stainless steel
has been used 2.0 wti% Wb eqndiinotomoae tHaac 21O det. %uCOLd | ingprovantenseisber ,
since it is resistant to reduction of a stretching tensile force

necessary for tsbeength bdthaatea resinecteniperadiire anded high esfipbraupansinve
coefficient. But, use of the ferritic stainless steel causes an

increase in a chetsted]l doneainsaoily 125-810eWwD04, it @6 used @k Qr clYiaplewRaterhel.
The i nventors proposed an all oyed steel which is cheaper than t he
ferritic stainligsteadtiefed ferriti€lstdinisngdteél thapa ekt fiide Bpporting frame
member.
By the way, there is a tendency to produce a big-sized color
10 picture tube in these days. Color selecting electrode elements as well
as an electrode-supporting frame member becomes large in size to
cope with the size of the color picture tube. Since affections of a
stretching tensile force and thermal expansion are greater as
enlargement of a frame member in size, it has been inevitable.to
15 design a2 big and heavy electrode-supporting frame member in order
to endure the reduction of the stretching tensile force or the thermal
expansion. -
Taking into consideration the aforementioned properties
necessary for an electrode-supporting frame member, there is a
20 strong demand for provision of a new material for the frame member
which is improved in strength enough to enable fabrication of an

enlightened frame member, good of formability and cheap, and

hardly reduces a stretching tensile force.

25 SUMMARY OF THE INVENTION



= Application Laid-Open 8-67945. The proposed steel contains 0.01- 2.0
wt.% Mo and not nore than 2.0 wt.% Cu to i nprove tensile 5 strength both
.at a roomtenperature and a high tenperature. Since t he steel
“contains only 1.5-8.0 wt.% it is used & a cheaper materi al I nst ead
of a ferritic stainless steel for an el ectrode-supporting frane

menber .
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menber WARTEREIRD | ifp o REPVASE 1R cHIGEReBAITAg LTt Stashapheets 3HrRals on of
an enl i ghtened franme nenper, qood of formahility and cheap, and
hardly reduce&*seiantein §irenethand doympbility anddias properties necessarygumvARY

OF THE | NVENTI ON , . ‘
for an electrode-supporting frame member instead of an expensive

ferritic stainless steel.

10 A high-strength steel sheet for use as an electrode-supporting
frame member according to the present invention consists of 0,003~
0.10 wt.% C, not more than 1.0 wt.% Si, 0.05-1.5 wt.% Mn, not more
than 0.10 wt.% P, not more than 0.02 wt.% S, 1.5-8.0 wt.% Cr,
0.003-0.10 wt.% Al, and one or more selected from 0.08-0.40 wt.%

15 Ti, 0.08-0.40 wt.% V and 0.08-0.40 wt.% V, and the balance being
essentially Fe except inevitable impurities. The steel sheet may
further contain one or more of Cu up to 2.0 wt.%, Ni up to 2.0 wt.%,
0.01-2.0 wt.% Mo, 0.01-2.0 wt.% W and 0.0003-0.0050 wt.% B.

The steel sheet is manufactured as follows: A slab having the

20 specified composition is hot-rolled at a finishing temperature of 820.—
950°C and a coiling temperature of 400-700°C. A hot-rolled steel
strip is skin-pass rolled and then pickled, or the hot-rolled steel strip
is pickled and then skin-pass rolled. The steel sheet may be also
manufactured by hot-rolling a slab having the specified composition

25 at a finishing temperature of 820-950C, and coiling temperature of



6 : The present invention ains at provision of such a material,
whi ch is cheap, exhibits high strength and hardly reduces a tensile

.force for stretching color selecting el ectrode el ements even after

bei ng subjected to a heat cycle of blackkning treatnent, suitable for 5
an el ectrode-supporting frame nenber. The object of the present

invention is to provide an inexpensive O steel sheet which is,

excel | ent in 4PPeROR. pickling the hpt-rolled aterd stripopuidtnoding she picklod

for an el ectrode-supporting frane nmenber instead of an expensive
ferritic staiAtesd stripefipally pmnealing themoddrrolled staed stripandsthen skigr use as

an el ectrode-supporting frame menber according to the present
i nvention conpass rolingdbgomnealed ste@l stript . % C, not nore than 1.0 w. % Si,
0.05-1.5 w.% Wn, not nore than 0.10 wt.% P, not nore than 0.02 wt. %

S, 1.5-8.0 wt A%tee} sheet for upeOnBan.electupdessnpporting rameo mamber skaldct ed
from0.08-0.40 wt.% 15 Ti, 0.08-0.40 wt.% V and 0.08-0.40 wt.%V, and the
bal ance be$ ngbe good ofsmagnéta¢ pyoreatrxadinesivemasst oftd blackpiilm ttbes steBhe st eel
sheet may further contain one or nore of Cu up to 2.0 wt.% N up to
2.0 wt. % subgrte 2nd keep & high @n3ile Xofcenne sy ibr Gt L30Bing 66150 wt . % B.
The steel sheet is manufactured as follows: A slab having the 20
speci fi ed conpalectingreledride elemidrgd, dtie dofsuchshstryctuwep guitteusensifivg20-
950[err]C and a coiling tenperature of 400-700[err]C. A hot-rolled steel
strip is skintpaffectiohd derizad ftdmmreductibrdf the stretching- temsiledfostecas strip
noted in resonance with acoustic waves from a speaker, that the
10 frame member is integrated with color selecting electrode members
having striped slits for passage of electron beams formed therein.
The frame member is exposed to a high-temperature
atmosphere during blackening treatment under the condition that a
bending stress for stretching electrode elements is applied thereto. If
15 a steel sheet lacks in strength at the high temperature, stress
relaxation occurs in the frame member. In this point of view, the
inventors have researched on steel sheets belonging to low-cost
common steels but which are excellent in magnetic property, good of
adhesiveness of a black film to a steel substrate, and strong at both
20 a room temperature and a high temperature necessary for the frame
member.
As a result of our researches on various properties of common
steels such as thermal expansion, strengthening and high-

temperature strength, the inventors have found that addition of Cr

25 together with one or more of Ti, Nb and V and/or one or more of Cu,



“is pickled and then skin-pass rolled. The steel sheet nmay be al so
manuf actured by hot-rolling a slab having the specified conposition 25 at
.a finishing tenperature of 820-950[err]C, and coiling tenperature of

7 400-700[err]C, pickling the hot8rolled steel strip, cold-rolling
t he pickl ed steel strip, finally annealing the cold-rolled steel
strip and then skin- pass,rol]ing,the apneal ed steel strip. A
steel sheet fdi Mo Wsand Bte& Jayw: -§E?§}Bd'ﬁﬂar¥gagg'aﬁté‘eﬁﬁ theasteel 5 pe

good of magnetic property, adhesiveness of a black filmto a ste?l.
substrate and2R@cHse ingrfssee ity hish-bomperaiuae Sirsngth whepdthenstegl ds| or
selecting el ectrode el enents, due to such a structure, quite sensitive
to af f ecti onsswkierirddtor blagkeningchreatment.The increasepfirensgid stebotdrae as
noted in resonance with acoustic waves froma speaker, that the 10 frane
nmenber is inteepmitetpRiratureAnsd ashighcteimperaters suriregsaroradaiction of aavi ng
striped slits for passage of el ectron beaps forned therein. The
frame menber tensilepforeel fon strefthjine: ealpesalegting electrode redemests stupsng
bl ackeni ng treatment under the condition that a bendi ng stress for
stretchi ng el tetpravéde| aneteed sbeefppiuitablehforota. frame IBembest adlickheet
| acks in strength at the high tenperature, stress rel axation occurs
in the frame dbmbrdshed eplohidsslpertian odusedeby thérmal expanisipnethiegesf.have
researched on steel sheets belonging to | ow cost
When the new steel sheet is used as material for a frame

member for stretching electrode elements, the frame member

10  exhibits sufficient strength at a high temperature so as to suppress
reduction of a tensile force for stretching the electrode elements in a
state subjected to a heat cycle in a manufacturing process. The steel
sheet also has magnetic property, formability and blackening
property suitable for the frame member.

15 Strength at a room temperature, formability, weldability in
addition to the high-temperature strength suitable for the frame
member of the aperture grill-type color picture tube are bestowed to
the steel sheet by manufacturing the steel sheet under condition
specified by the newly proposed method.

20

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a graph which shows an effect of Cr content on a ratio
of a thermal expansion coefficient of an electrode-supporting frame

member to that of a color selecting electrode element.

25



common- steel s but which are excellent in magnetic property, good of

adhesi veness of a black filmto a steel substrate, and strong at both 20
.a roomtenperature and a high tenperature necessary for the frame

menbér . As a result of our res®arches on various properties of
conmon steel s such as thermal expansion, strengthening and high-

tenperature st WAPLEH‘ﬁEisW@v %?ﬁ%gﬁﬁﬁﬁhﬁ%b%zg@gp 25
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C is an alloying element for effectively increasing strength of a

10 steel sheet. The effect of C on increase of strength is realized by
addition in amount of 0.003 wt.% or more. But, excessive addition of
C more than 0.10 wt.% unfavorably deteriorates formability and
weldability of a steel sheet.

Si: not more than 1.0 wt.%

15 Si is added to a steel as a deoxidizing .agent but also effectively
improves strength of a steel sheet. But, excessive addition of Si more
than 1.0 wt.% causes poor external appearance of a steel sheet and
also poor adhesiveness of a black film formed on the steel sheet.

Mn: 0.05-1.5 wt.%

20 Mn serves as a deoxidizing agent and improves strength of a
steel sheet. The addition of Mn is also e-ffective for inhibition of high-
temperature embrittlement due to stabilization of inevitably
included S as MnS. These effects are apparently noted by addition of
Mn in amount of 0.06 wt.% or more. But, excessive addition of Mn

25 more than 1.5 wt.% deteriorates formability and weldability of a



property suitable for the frane nenber. 15 Strength at a room

tenperature, formability, weldability in addition to the
high-tenperature strength suitable for the frame menber of the
aperture grill-type color picture tube at@ bestowed to the steel sheet
by manufacturing the steel sheet under condition specified by the

new y proposed nethod. 20 BRI EF DESCRI PTI ON OF THE

DRAW NGS steel shepet. 1 is a graph which shows an effect of Cr content on
aratio of a thermal expansion coefficient of an el ectrode-supporting
frame menBenot mariedthanf0.20 03l %r sel ecting el ectrode el enent. 25

9 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS The
new steel sheet foP isseffastive for cdotproséng gspemgtingf fa #heel sheet hetitier of an
aperture grill-type color picture tube contains C, Si, v, P, S, Cr,
A, Al and at likabt segregatedTat gidindaindaxziescissa steed|matrix. Whemensteel The
steel sheet may further contain at |east one of Cu, N, Mo, Wand B.
The ef f ect s5 of shémdseordthins exeeseivenembounti dfl Phehappeelestieet has sfremgth he

foll owi ng expl anati on. C. 0.003-0.10 wt. %

varied over a broad range and poor formability. In this regard, P
content is necessarily controlled note more than 0.10 wt.%,
preferably 0.04 wt.% or less.

S: not more than 0.02 wt.%

10 S is a harmful element which exists as inclusions such as MaS
in a steel matrix and reduces formability of a steel sheet. In this
regard, it is favorable to reduce S content to the lowest possible level
not more than 0.02 wt.%.

Cr: 1.5-8.0 wt.%

15 Cr is solved or precipitated as a carbide in a steel matrix,
resulting in increase of a high-temperature strength effective for
enhancing a tensile forcg for stretching electrode elements. The
addition of Cr is also effective for decrease of thermal expansion. In
order to inhibit color dislocation caused by thermal expansion, a

20 thermal expansion coefficient of a frame member is necessarily
adjusted less than 0.97 times a thermal expansion coefficient of
electrode elements. Color dislocation originated in thermal
expansion of the frame member is diminished by decreasing the
thermal expansion coefficient of the frame member. If a ratio of the

25 thermal expansion coefficient of the frame member to that of the



“Cis an atloying elenent for effectively increasing strength of a 10

steel sheet. The effect of C on increase of strength is realized by
.addition in anount of 0.003 w.%or nore. But, excessive addition of

"C nore than 0.10 wt. % unfavorably deterildrates fornmability and

wel dability of a steel sheet. Si: not nore than 1.0 wt. % 15 Si
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10 steel sheet. .. .P. not mgre_than_0.10 wt.% .. Pis
effective for e?‘mm?‘ﬁﬁegicr‘%‘?fg?%%?wﬁ 18108 1sFlastevgyy exegssive addition

of expensive Cr in amount more than 8.0 wt.% unfavorably raises a

cost of a steel sheet and also causes poor productivity.

Al: 0.003-0.10 wt.%

10 Al serves as a deoxidizing agent and stabilizes inevitably
included N as AIN. These effects are realized by addition of Al in
amount of 0.003 wt.% or more. However, excessive addition of Al in
amount more than 0.10 wt.% causes surface defects on a steel sheet
and reduces adhesiveness of a black film formed on the steel sheet.

15 Ti, Nb, V: each 0.08-0.40 wt.%

These elements promote precipitation of carbides in a steel
matrix and minimize crystal grains, so as to improve both a room-
tempefature strength and a high-temperature strength necessary for
increase of a tensile force for stretching electrode elements. These

20 effects are typically noted by addition of at least one of Ti, Nb and V
in amount of 0.08 wt.% or more. However, excessive addition of these
elements in amount more than 0.40 wt.% causes poor formability and
weldability.

Cu: up to 2.0 wt.%

25 Cu is an optional alloying element which is dissolved or



“l'i kely segregated at grain boundaries in a steel matrix. Wen a steel 5
sheet contains excessive anount of P, the steel sheet has strength

[varied over a broad range and poor formability. In this regard, P

content is necessarily controlled note fére than 0.10 w.%

preferably 0.04 wt.% or |ess. S: not nore than 0.02 wt.% 10 S
is a harnful el enent i.ch exists as inclusi oni‘ such as WMhS in a
steel matrix RTECIPARIERINIHEIREHIMAtTX. B0 as Ip snhange & roqm-tepnerature
regard, it is favorable tq reduce S content tqQ the | owest possible |evel
not nore than $reREtitang a hig 'tewri?‘ﬂle@tﬁe%t%ﬁ)rei%ltmg In iggrepse 8bRved or
precipitated as a_carbide in a steel matrix, resulting in increase of
a hi gh- t enper denside deree, famsigptcding \ale¢tspde elements "Hpwgver.: expespiver or ce
for stretching el ectrode el ements. The addition of Cr is also
effective for additianoé F in amoyat mozgthanch 0 wh% causegnosr formphilityi t col or
di sl ocation caused by thermal expansion, a 20 thermal expansion

coef fici ent ofand pecxieeldahiity.i s necessarily adj usted | ess than 0.97
times a thermal expansion coefficient of el ectrode el enents. Col or

di sl ocati on orNigiupatoe? Oiwt.%her mal expansi on of the franme menber is
di m ni shed by decreasing the t hermal expansi on coefficient of the

frame nmenber. |f &Ni &siam optivhel albyinge@lement xphicki effectdvélyi ibdhitsof t he
frame nmenber to that of the
high-temperature embrittlement caused by Cu. The effect of Ni on
inhibition of high-temperature embrittlement is apparently noted,
10 when Ni content is adjusted to a half or more of Cu content. The
additive Ni is also effective for increase of a tensile force for
stretching electrode elements, since both a room-témperatdre
strength and a high-temperature strength are enhanced by
dissolution and precipitation of Ni in a steel matrix. However, Ni
15 content is preferably adjusted to 2.0 wt.% or less; otherwise
excessive use of expensive Ni would increase a cost of a steel sheet.
Mo, W: each 0.01-1.0 wt.%
Mo and W are optional alloying elements which are dissolved or
precipitated as fine carbides in a steel matrix, so as to enhance both
20 a room-temperature strength and =2 high-f:emperature strength,
resulting in increase of a tensile force for stretching electrode
elements. These effects are apparently noted by addition of Mo or W
in amount of 0.01 wt.% or more. However, excessive addition of Mo'

or W in amount more than 1.0 wt.% unfavorably increases a cost of a

25  steel sheet and also causes poor formability and weldability.



“el ectrode el enents is nore than 0.97, an effect for a practical use is
not realized. The thernmal expansion coefficient of the frane
.menber is | controlled by addition of C in anmount of 1.5 wt.% or nore
t aki ng 5 into consideration relationsfid of Cr content with the thermal
expansi on coefficient as shown in Fig. 1. However, excessive addition
of expensive Cr in anount nore than 8.0 w. % unfavorably raises a
cost of a steet GRBEI-2NG5Q M %causes poor productivity. Al :
0.003-0.10 wt.% 10 . Al serves as a deoxidi zing agent and stabilizes
i nevi t abl y ithdeuaadontigaaly alloyingselesantc mehigh ostrengthens Byaiaddi ti on
of Al in ampunt of 0.003 wt.% or nore. However, excessive addition of
Al in arhoyndapigs ceffeckivedy for improvemeas inurdlling ehilisytof arsteelst eel
sheet and reduces adhesiveness of a black filmforned on the steel
sheet. 15 Ti strip, and séabikizes ggevitablyvingpded N as BNTjr sesteled maatrix.pr onot e
precipitation of carbides in a steel matrix and m nim ze crystal
grai ns,. soSas Thespmpffeste apprealizadbmaddition af Hpeamanns ot 0.86008wtatd a
hi gh-tenperature strength necessary for i ncrease of a tensile force
for stretchi ngrahexs; bodsatizatedins 0.008@ evt.%B.ef fects are typically noted by
addition of at |least one of Ti, Nb and V I n anount of 0.08 wt. % or
nore. However, exdestdeldaying thespetifiedesmnpositioal isrmitmlied amdskin-nore
than 0.40 wt.% causes poor formability and wel dability.

pass rolled. A steel strip is pickled before or after the skin-pass

rolling. The pickled steel strip may be further cold-rolled, finally
10 annealed and then skin-pass rolled.
Hot-Rolling:

A steel is principally hot-rolled at a finishing temperature just
above its Ars; transition temperature in order to minimize crystal
grains. The finishing temperature is preferably controlled in a range

15 of 820-950C. If the finishing temperature is lower than 820C, the
steel is hot-rolled in an phase-a zone. If the finishing temperature is
higher than 950°C, the steel is hot-rolled in a phase-y zone. In any
case, crystal grains in the hot-rolled steel strip are coarse.

The hot-rolled s’céel_ strip is coiled at a temperature of 400-

20 700°C. The coiling temperature effects a shape and properties of the
steel strip. If the coiling temperature is lower than 400°C, the
obtained steel strip has a poor shape. On the other hand, the coiling
temperature higher than 700°C causes poor strength of the obtained
steel strip and also poor performance in pickling.

25  Cold-Rolling:



Cu: up to 2.0 wt.% 25 Cu is an optional alloying elenment which is
12

di ssol ved or
precipitated in a steel matrix, so as to enhance a roomtenperature

strength and a high-tenperature strengtim4resulting in increase of a
tensile force for stretching el ectrode el enents. However, excessive
addition of Cu in ampunt nore than 2.0 wt.% causes poor formability 5
and poor wel dabi | i fyyhot-rolled \gteel ptrip ip qptignaldy cold-rolled imiisucsessioropt i onal
al l oying el enent which effectively inhibits _high-tenperature
enbrittlenent Sdthaughoyheze amnaoediserimiontive restrictions iomhedldtiodlingf a
hi gh-tenperature enbrittlenment is apparently noted, 10 when Ni content is
adj usted to a Kellingoratipie psefecablyoenmgmeollediag 40 % or gaeiateiry &f bhe isteed! SO
effective for increase of a tensile force for stretching el ectrode
el enents, sincétmptip c9ld-gelied atperalling ratio lessithangthh %neryatal grains
hi gh-tenperature strength are enhanced by di ssol ution and
preci pitatidn srowicoarsegduringlanmealing inlibedoBowing step5 cont ent i's
preferably adjusted to 2.0 wt.%or |ess; otherw se excessi ve use of
expensi ve Ni wAaingalingr ease a cost of a steel sheet. Mo, W each
0.01-1.0 wt. % Mo and Ware optional alloying elenments which are
di ssol ved or A cold-rolled steel strip is annealed at a temperature of 650°C
or higher in a zone where recrystallization is completed. However,
an annealing temperature above 950°C causes occurrence of coarse
10 grains. By the annealing, the steel strip is conditioned to a
metallurgical structure free from unrecrystallized grains. Due to the
conditioned structure, an obtained steel sheet is improved in
formability. If a steel sheet having a structure including
unrecrystallized grains is formed to a frame member, it is difficult to
15 keep a shape necessary for the purpose.
Skin-Pass Rolling:
A hot-rolled or cold-rolled steel strip is reformed to a flat shape
by skin-pass rolling. Skin-pass rolling is favorably performed with a
ratio of elongation of approximately 1 % or more to assure the flat
20 shape. Skin-pass rolling at a greater ratio of elongation promotes
formation of fine precipitates such as MoC, WC and Cu due to
introduction of dislocations. The fine precipitates serve as inhibitors
against movement of dislocations. Consequently, a high-temperature

strength of a steel sheet is improved by stress-relief annealing which

25  is performed after the steel sheet is formed, welded and fabricated to



“precipitated as fine carbides in a steel matrix, so as to enhance both 20
a roomtenperature strength and a hi gh-tenperature strength,

.resulting in increase of a tensile force for stretching el ectrode
“elenments. These effects are apparently rid ed by addition of Mo or W

in ampbunt of 0.01 wt.% or nore. However, excessive addition of M . or
Win amount nore than 1.0 w_. % unfavorably increases a cost of a 25 steel
sheet and al s framesmqraber. flowensan anexcegsixelyerdater yatio of elongation

13 B: 0.0003-0. 0050 w . % . Bis an_optional alloying el enment
whi ch st rengt Ife¢sesgesi formability, 9f ram obtaineds eieel wheot.t br thigregardkerd in
rolling ability of a steel _strip and stabilizes inevitably included N
as BN in a st eaatiogf elongation gusing skivepass mpldingeiy prefarablyaentiteolded of B in
amount of 0.0003 w. % or nore, but saturated at 0.0050 wt.% B.

A steel havi ngoth® epluyén.ed conposition is hot-rolled and skin- pass

rolled. A steel strip is pickled before or after the skin-pass
rolling. Tise pickled steel strip nay be further cold-rolled, finally 10

anneal ed and then skin-pass rolled. Hot - Rol | i ng: A steel
is principally hot-rolled at a fini slBX4gMBIdperature j ust above its
Ar[err] transition tenperature in order to mnimze crystal grains.

The fini shing tenp@ach slab havingeé@npbdiyionostiavol liedlabieal measgbot-rolled
under conditions defined in Table 2, skin-pass rolled at a ratio of
elongation of 1.5 % and then pickled. Steel_ strips Nos. 8 and 9 were

10 further cold-rolled, annealed and skin-pass rolled at a ratio of
elongation of 1.5 %.

A test piece regulated as No. § in JIS Z 2201 was sampled along

a rol}ing direction from each steel strip and offered to a tensile test

at a room temperature regulated in JIS Z 2241. Anofher test piece

15 cut off each steel st;'ip was subjected to 30 min. stress relief

annealing at 550°C and then offered to tensile tests at a room

temperature regulated in JIS Z 2241 and at 450°C regulated in JIS

Z 2272. Results are shown in Table 3.
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st eel

of 820- 950[err]C
Is hot-rolled in an phase- [err]

If the finishing tenperature is |ower than 820C,
If the finishing tenperature is

Zone.

t he

_higher than 950[err]C, the steel is hot-rolled in a phase-y zone. In any
case, crystal grains in the hot-rolled eel strip are coarse.
The hot-rolled steel—strip is coil -e—ef—-4-99—-20
700[err]C. The coj |l ing tjenperature effzctsashae gnd oertles of the
: , 9
steel strip. If theggoiljing tenperazurgls | ower thgn 40@[-err]d, t he
obt ai ned steel styifgzhay a poor shd@pe.zOn the other handﬁzhe coi ling
t enper ature hi ghey an|700[err]C us§s poor strength he gbt ai ned
steel strip and so poqr performafee &n pickling. |25 dRoIIing:
14 A hot-roltled steel trirt}. opi-onat-Hy—eotd-—+olHed in
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140 grains. By the annealing, the steel strip is conditioned to a
nmetal lurgical structure free fromunrecrystallized grains. Due to the
conditioned structure, an obtained steel sheet is inproved in '
formability. If a steel sheet having a stY¥ucture i ncl udi ng
unrecrystallized grains is forned to a frane nenber, it is difficult to
keep a shape necessary for the purpose. Ski n- Pass Rol | i ng:

A hot-rolled or cold- roIIed st eel strlp is reformed to a flat shape

by skin-pass rolligm , _

shape. Skin-pass rjolling a greater;'
formati on of fine preéﬂplt tes such a@ M€, WC and Cu queSo &
i ntroduction of dilsl o&tions. The fin& prﬁm pitates sefve<as Enhibjtors
agai nst novenent df di"Slocjations. Con¥equgntly, a hi gh tegpenature
strength of a stee
is perforned after
15 a frame n
el ongati on q
regard, a rg
controlled t

to

chnnf | S 'F or \I\I:\| ded

beﬁ I—ibwever;, én EXC vesly gréater tat
n Oébtwﬁl red st eel

F e S fcr abi, ki
of%fael orggnéi(ln EZI.II’I Ng sk| nofask f | nb
7 o or| | qwer. 5
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D
"
D
P

11%)
(9]
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e

continuous annealing
annealing temp., C
880
850

COLD ROLLING - ANNEALING STEPS g -

cold rolling
rolling ratio, %6

mm
6.0
6.0
4.5
4.5
4.5
4.5
4.5

thickness
4.5
4.5
4.5
4.5
4.5
4.5
4.5

600
550
550
600
550
650
550
550
550
460
500
600
680
630

HOT ROLLING STEP

hot rolling

TABLE 2: MANUFACTURING CONDITION OF EACH STEEL SHEET
920
900
860
840
900
900
900
880
880
900
880
920
850
820

finishing temp.,’C | coiling temp.,’C

12
13
14

NO. OF
STEEL
1
2
3
4
5
6
7
8
9
10
11

15

sheet J s inproved by Btress-reli ef an(l:eal"fJ hich 25

eetl. In this
5 prief erably



EXAMPLE Each sl ab havi ng conposition shown in Table 1 was

hot-rol | ed under conditions defined in Table 2, skin-pass rolled at a
ratio of elongation of 1.5 % and then pickled. Steel strips Nos. 8
and 9 were 10 further cold-rolled, annd8l ed and skin-pass rolled at a
rati o of el ongation of 1.5 % A test piece regulated as
No. 5in JIS Z 2201 was sanpl ed al ong arolling direction from each
steel strip and offered to a tensile test at a roomtenperature
regulated in JIS Z 2241. Another test piece 15 cut off each steel strip
was subjected to 30 min. stress relief anneal ing at 550[err].C and
then offered to tensile tests at a room tenperature regulated in JI'S
Z 2241 and at 450[err]C regulated in JIS Z 2272. Results are shown in
Tabl e 3. 16 [err] 17 Jerr]
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18 J[err] 19 It is

noted from Table 2 that steel sheets according to the pr esent
invention satisfy requisitions for use as an el ectrode- supporting
frame nenber of a color picture tube. 19 On the other hand, steel

sheets Nos. 11 and 12 had poor 5 strength at both a roomtenperature and
a high tenperature_due to less . Cr _contents, j.e. 0.05 wt.%and 1.11
Wt. % respectivel yit 2 n"tedtﬁ@%ﬁqab&p%rfgiaéns@égfﬁheel‘%rﬁcc?ﬁdlagf%ﬁﬁenenber
made fromthe steel sheet containing, C in such | ess anobunt was hi gher
than 0.97 tineBresent invendiomy sadighsnseHsHiRns forempe ofs caRoelegdraderi ng

el ectrode elenents, (10 as shown in Fig. 1. Due to these inferiorify, the

st eel sheets NdpPorting frame membegefa ¢aler pigburasrkenaterial for a frame

menber . Steel sheets Nos. 13 and 14 had high strength at both a
room t enper at @Re thhothen hand.cspealasheets MNoagevhl and dde hadedglioozheet s

were expensive ferritic stainless steel which contained Cr in anount 15
exceedi ng & r affgensgth et bethacrpomisemperatyretsnd prhighriemperatiteodue to

less Cr contents, i.e. 0.05 wt.% and 1.11 wt.%, respectively. A

thermal expansion coefficient of # frame member made from the steel

sheet containing Cr in such less amount was higher than 0.97 times

a thermal expansion coefficient of color selecting electrode elements,

10 as shown in Fig. 1. Due to these inferiority, the steel sheets Nos. 11
and 12 were not favorable material for a frame member.

Steel sheets Nos. 13 and 14 had high strength at both a room

temperature and a high temperature. However, these steel sheets

were expensive ferritic stainless steel which contained Cr in amount

15 exceeding a range of Cr content defined by the present invention.

A steel sheet according to the present invention as
aforementioned exhibits high strength at a room temperature as well
as at a high temperature after stress-relief annealing. The steel

20 sheet is useful as an electrode-supporting frame member of a color
picture tube, due to small reduction of a tensile force for stretching
color selecting electrode elements and also suppression of color
dislocations caused by thermal expansion of the frame member. Ig
addition, the steel sheet is cheaper than a ferritic stainless steel

25 sheet, since Cr content is controlled at a lower level. Consequently,



A steel sheet according to the present invention as af or ement i oned

exhi bits high strength at a roomtenperature as well as at a high

tenperature after stress-relief annealing. The steel 20 sheet is useful
as an el ectrode-supporting frame nenber 20 a col or pi cture tube, due
to small reduction of a tensile force for stretching col or selecting
el ectrode el enents and al so suppression of color di sl ocati ons caused

by thermal expahsisteebisheéte is saitmblerfoeran laperture gxitlittypencoloheisturel sheet
is cheaper than a ferritic stainless steel 25 sheet, since Cr content is
controll ed at aubewsrwélbaela siaalose maskttype color picture tube. Moreover, the

20 the steel sheet is suitable for an aperture grill-type color picture
tube as wel | asteelsstmdd\sufficientlypmeets avitlpithe Wexrelopasent\of esluepictidre st eel
sheet sufficiently neets with the devel opnment of color picture tubes

desi gned for athbegdesigned for aache-sietd pirthigh definttios televisidn set.

VWHAT | S CLAI MED 1 S; 1. A steel sheet for use as an el ectrode
supporting frane menber of a color picture tube, which consists of
0.003-0.10 w.% : :



C, not-nore than 1.0 wt.% Si, 0. 05-

05-1. .% Mh, not nore than 5 0. 10
w.%P, not nore than 0.02 wt.% S, 1.

40 w .

I

5w
580wt % Cr, 0.003=—— A
w.%Al, at | east one of 0.08-0.

\ 0 % Ti, 0.08-0. 4 and
0.08-0.40 wt. %V, optionally at |east or2d of Cu up t mm w lmu"
0 0050

up to 2.0 wt.% 0.01-2.0 wt.% M, 0.01-2.0 wt.% Wand+
wt.%B, and th ' sentially Fe 10 except | nevi t'able
i mpurities. Wﬁgﬁy&%‘ih@ﬂ% of manufacturing a steel sheet for use as

an el egtrode upp ort| fr.ame menber of a cqlor picture tube, which
conprises the steps o% sheet for usgr Bfattngle t’?ﬁ‘é 'ﬁ’d‘%éﬁ%%ltlon

consi sting of 0.003- nor e than % Si ,

0.05-1.5 wt. % que:%'ier ot °°1°rrﬂ5Ffé‘rFHé‘$eo W%b“‘aﬂ%lﬁﬂs ?1%6 Oﬁ’ér‘@ 1h%4-%. 02

w. % S, 1.580 % 000301 % | east one. of
0.08-0.40 wt . % TH net grore than LOgvy% §/} 9 ﬁblaﬁa'tc%d@ne% %Pr%than
optionally at Ieast one of to 2.0 wt. dg

0.01-2,0 w3 % M9-18 §8%% 5y nOQGnOfe &kam/ %Wz}r%% béo Q)WG @wo 0%-and t he
bal ance bei ng essenti al | i nevi t abl e npurlt

hot-rol ling sai dOdi0att-3 Ak 44 lens Pﬂ@; ?9 Oat‘Qu’“ﬁ‘ %leBles 0.40 wt. %Sﬁb[ err]C
and a coiling tenperature of 400-700[err ski n- pass

rol 1ing.the hot - #8098 Q- éQIW%%rVWP%?I%“AFQBt least one of G (‘:‘PIWOn%Ot‘ﬁ"e%

hot-rol |l ed steel strip before or after the skin-
Ni up to 2.0 wt.%, 0.01-2.0 wt.% Mo, 0.01-2.0 wt.% W and

0.0003-0.0050 wt.% B, and the balance being essentially Fe
10 except inevitable impurities.

2. A method of manufacturing a steel sheet for use as an
electrode supporting frame member of a color picture tube, which
comprises the steps of: |

preparing a slab having composition consisting of 0.003-
15 0.10 wt.% C, not more than 1.0 wt.% Si, 0.05-1.5 wt.% Mn, not
more than 0.10 wt.% P, not more than 0.02 wt.% S, 1.5-8.0 wt.%
Cr, 0.003-0.10 wt.% Al, at least one of 0.08-0.40 wt.% Ti, 0.08-
0.40 wt.% Nb and 0.08-0.40 wt.% V, optionally at least one of Cu
up to 2.0 wt. %, Ni up to 2.0 wt.%, 0.01-2.0 wt.% Mo, 0.01-2.0
20 | wt.% W and 0.0003-0.0050 wt. %B and the balance being
essentially Fe except inevitable impurities;
hot-rolling said slab at a finishing temperature of 820-
950°C and a coiling temperature of 400-700C;
skin-pass rolling.the hot-rolled steel strip; and

25 pickling the hot-rolled steel strip before or after the skin-



22 pass rolling. 3. A net hod of manufacturin
sheet for use as an el ectrode supporting frame nenber of a col or

picture tube, which conprises the steps of: 5 m i ng
a sl ab having conposition consisting of Z2 003- \m\m““um H
more than 1.0 wt. % Si, 0.05-1.5 wt.% Mh, not more than 0% 16 wt. % P,

not nore than 0.02 wt.% S. 1.5-8.0 wt. % Cr, 0.003-0.10 w.% Al , at
| east one of 0. O0%% PAGE- o5 Ti . 0. 08- 0.40 wt.% Nb and 0.08-0. 40

w.%V, optionglly at,|east pne of 10, up .t .0Ow.% N upto 2.0
Wt. % 0.01-2.0°wt. % ,\;b,m@fleﬁfg&omanu actumxgg%av\pgﬁfﬂ é‘.‘%oé%.‘@eses vit? % B and
t he bal ance bei geq essenti %I | y Fe except, i nﬁvi table inpurities;
hot-rol I'i ng sai F€FHRdE(SURPPIting Y"‘h‘éet‘% PR Of Bec)pr @agpure tube, whigh err] C
and a coiling tenperat ureh of 400-700[err]C, 15 pi ckling the
hot-rol | ed steelSo&pRpes the stepsoft " 4_rol1ing the pickled steel strip;

finally annealing the cold-rolled, slt_lee,l sheet; and o ski n- pass
rol1ing thé anneal ed R{eBBFIng; piﬁab aving composition consisting of 0.003-

0.10 wt.% C, not more than 1.0 wt.% Si, 0.05-1.5 wt.% Mn, not
more than 0.10 wt.% P, not more than 0.02 wt.% S, 1.5-8.0 wt.%
Cr, 0.003-0.10 wt.% Al, at least one of 0.08-0.40 wt.% Ti, 0.08-
0.40 wt.% Nb and 0.08-0.40 wt.% V, optionally at least one of Cu
10 up to 2.0 wt.%, Ni up to 2.0 wt.%, 0.01-2.0 wt.% Mo, 0.01-2.0
wt.% W and 0.0003-0.0050 wt.% B and the balance being
essentially Fe except inevitable impurities;
hot-rolling said slab at a finishing temperature of 820-
950°C and a coiling temperature of 400-700C;
15 pickling the hot-rolled steel strip;
cold-rolling the pickled steel strip;
finally annealing the cold-rolled steel sheet_; and

skin-pass rolling the annealed steel strip.

iy



