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1 DESCRIPTION Title of the Invention STEEL SHEET FOR

I NNER MAGNETI C SHI ELD AND MANUFACTURI NG 5 METHOD THEREOF, | NNER N%E%Eglﬁ
SHI ELD, AND COLOR CATHODE RAY TUBE [ Technical Field] The present in nH §-2005

relates to a steel sheet 10 used as a material of a magnetic shield menber

arranged

t her eof ,

inside a color cathode ray tube in a manner to cover the side
region of the running electron beans, i.e.,- 3 -steel sheet for the inner
magnetic shield of a color cathode ray tube and a nanufacturing method

to 15 an inner magnetic shield, and to a color cathode ray tube.

| I [Background Art] A col or cathode ray g ises basically electron
guns for emtting electron beans and a Qgg §5§%E§&

upon irradiation with the electron beans so as to forma visible imge.

The electron beans are defl ected by the geomagneti sm so as

color drift in the visible imge f

e osphor_screen. For
preventing the color zlrift, 25 fi{E%ié%l ﬁh f%e | d, which is also

call ed an inner

general .
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METHOD THEREOQF, INNER MAGNETIC SHIELD, AND COLOR

CATHODE RAY TUBE

[Technical Field]

The present invention relates to a steel sheet
used as a material of a magnetic shield member arranged
inside a color cathode ray tube in a manner to cover
the side regioﬁ of the running electron beams, i.e., a
steel sheet for the inner magnetic shield of a color
cathode ray tube and a manufacturing method thereof, to
an inner magnetic shield, and to a color cathode ray
tube.

[Background Art]

A color cathode ray tube comprises basically
electron guns for emitting electron beams and a-
phosphor screen that emits light upon irradiation with
the electron beams so as to form a visible image. The
electron beams are deflected by the geomagnetism so as

to generate a color drift in the visible image formed

on the phosphor screen. For preventing the color drift, .

an inner magnetic shield, which is also called an inner
shield, is arranged in the color cathode ray tube in

general.

screen that emts |ight

to generate a



enl arged or wdened in the screen size. As a result, the flight path
length and the scanning length of the electron beans have been incrig"ssﬁi
and, thus, the TV 5 sets have becone nore susceptible to the effect N 2006
geomagnetism In other words, a deviation of the |Ianding point on the
‘phosphor screen of the electron beamfromthe designated point, which is
caused by the effect of geomagnetism (thus terned a geomagnetic 10 drift),
has becone | arger than before. At the same time, a finer screen has cone
to be handl ed because of the propagation of fhe hi-vision broadcast i ng and
the initiation of the digital broadcasting, with the result that demands
for reduction of the geomagnetic drift has 15 becones severer. On the other
hand, since a finer stilhl recenteyearseqoomeerciah TO| st didwotehaay t ube
for a } personal conputer, it is nore necessary to suppress nmarkedly the
color drift causé&lepgedeogewidgnedi tn Hhef screén Untze. t e & nmswdttances,

it was customary in the past to evaluate in nmany cases the characteristics
of the steel shd®e &ddghtopapheparathoandf thhescanmbng clesdikl o Hye usi ng
as indexes the magnetic perneability, the coercive force and the remanent
flux density und&tesfran bgamaghavecberel dneseaespomad ngthudstere B |y to
the geomagnetism A pgethod of inproving the characteristi-cs of the 29 JUN
2005 3 steel si&&H gg‘?’err%ﬁ@{"?cmgﬁfaeFH§°P§tH'P§%I‘F)%e'ép‘? reffept ekanpl e,

Japanese Patent Disclosur K I . 10-
P geomagnetgs&.CKﬁh)o€ggr words, a deviation of the

éh) landing point on the phosphor screen of the electron
- beam from the designated point, which is caused by the
effect of geomagnetism (thus termed a geomagnetic

10 drift), has become larger than before. At the same time,
a finer screen has come to be handled because of the
propagation of the hi-vision broadcasting and the
initiation of the digital broadcasting, with the result
that demands for reduction of the geomagnetic drift has

ib becomes severer. On the other hand, since a finer still
image is required in a color cathode ray tube for a

{U) rersonal computer, it is more necessary to suppress
markedly the color drift caused by the geomagnetic
drift.

20 Under the circumstances, it was customary in the
past to evaluate in many cases the characteristics of
the steel sheet used for_breparation of the magnetic
shields by using as indexes the magnetic permeability,
the coercive force and the remanent flux density under

25 a low magnetic field corresponding substantially to the

geomagnetism.

A method of improving the characteristics of the



168551. This prior art is directed to the technology for inproving the
.magnetic characteristics by setting 5 the ferrite crystal grain size,aqf

to 20 gmof a steel having a specified conposition. To be nore spec?%i t!fm 2005
disclosed in this prior art are a nagnetic shield | j material exhibiting a
-coercive force not smaller than 3 Oe and a remanent flux density not | ower
than 9 kG 10 which are the magnetic characteristics required for the cold
rolled steel sheet used for preparation of ,nagnetic shields, and a nethod
of manufacturing the particular nmagnetic s?n eld material. In an article,
Transaction (in Japanese) of the 15 Institute of Electronics, Information,
and Communi cati on Engi neers, vol. J79-C Il No. 6, pp. 311- 319 June 1996,
di sclosed is thest%ﬁhtﬁftﬁ%ﬁllﬁpm@tmlq @J@iﬂﬁstlé?r @ths@l@ﬁgﬁeﬁpe for

perneability and the magnetic shielding effect required for nHr ovi ng the
magnetic 20 shi %A ®f fEaRangse Faiant HElsdospten (EQKAIdoNRectPon t hat
the steel sheet_for magnetic shields applied to the actual color cathode

ray tube is denabi®tiied TPdsg@Rdral a&”r?déﬁ digecesngnthesheeoles, the
magnetic 25 charﬁmerl stics of the steel sheet are chan ed

demagnet i zat i on e}m?%V’d&rH%éﬁar%‘?ﬁ IovAacterd bgfyglsgﬁéﬂﬁnge in

(e manety o chaBE B SAa A S 2005 & 1%, LA g Sy

pointed out having a specified composition. To be more specific,

{q) disclosed in this prior art are a magnetic shield

- material exhibiting a coercive force not smaller than 3
Oe and a remanent flux density not lower than 9 kG,

10 which are the magnetic characteristics required for the
cold rolled steel sheet used for preparation of
‘-magnetic shields, and a method of manufacturing the
particular magnetic shield material.

In an article, Transaction (in Japanese) of the

15 Institute of Electronicg, Information, and
Communication Engineers, vol. J79-C-IT No. 6, pp. 31l1-

{:} 319, June 1996, disclosed is the relationship between

the anhysteretic magnetic permeability and the magnetic
shielding effect reguired for improving the magnetic
20 shielding effect.
It should be noted in this connection that the
- steel sheet for magnetic shields applied to the actual
color cathode ray tube is demagnetized in general under
the geomagnetism and, thus, the magnetié
25 characteristics of the steel sheet are changed by the

demagnetization under the geomagnetism. However, the

particular change in the magnetic characteristics are



above, leading to the probllemthat the magnetic shielding effect is
insufficient. 5 The rel ati onship between the anhysteretic nmagnetic
pernmeability and the nmagnetic shielding effect is studied in the ar ?igchQ,N 2005
Transaction (in Japanese) of the Institute of Electronics, Information,
and Communi cation Engi neers, vol. J79-C 11 No. 6, pp. 311 10 319, June
1996, pointed out above. However, the detailed studies as to what steel
sheet exhibits a high anhysteretic nagnetig perneability are not clarified
in this article. As pointed out above, the technology disclosed in 15
each of the prior arts referred to above is incapable of sufficiently
coping with the deterioration in the } visible imge forned on the phosphor
screen, which i snhofafgkgnpintaecacepent dinfthecterred sy dirclafed dehent
achieved in recent years in the ghos hor screen_of 20 commercial TV sets.
Al so, the col or déPpPeseoBrERNEaRisSAsPsYEe Neenl? el R EDLUT of the
cat hode ray tube for persqgnal conputers. _Under the circunstances,
strongly require@PoN6wadsseirg bonthe PEPhbeRakiat stheImagretiq or magnetic
25 shields having.a neti ¢ _shielding effect. gDi scl osure of the
| nvention] An obj%Q&FrIg’gnﬁhé%ﬁPEEehF iReurticient 1o provide a 2 9 JUN 2005
5 . -steel sheet for inper nmagnetic shields excellent .in the  shielding
effect fro geomagneti[si'ﬁ]e ﬁﬁ?@ﬁlf’gsﬁé%a%?gw%?n %r%’é%ﬁ'%be’f%@'%&%b‘%%?c
drift amount, an%e&n%%%ﬁ&Qty and the magnetic shielding effegt is
{i) studied in the article, Transaction (in Japanese) of
- the Institute of Electronics, Information, and
Communication Engineers, vol. J79-C-II No. 6, pp. 31l-
10 319, June 1996, pointed out above. However, the
detailed studieé as to what steel sheet exhibits a high
anhysteretic magnetic permeability are not clarified in
this article.
As pointed out above, the technology disclosed in
15 = each of the prior arts referred to above is incapable
of sufficiently coping with the deterioration in the
: } visible image formed on the phosphor screen, which is
caused by the color drift accompanying the enlargement
‘achieved in recent years in the phosphor screen of
20 commercial TV sets. Also, the color drift problem has
not yet been rescolved in respect of the cathode ray
tube for personal computers. -
Under the circumstances, strongly required
nowadays is a high performance steel sheet for magnetic
25 shields having a magnetic shielding effect.

[Disclosure of the Invention]

An object of the present invention is to provide a



of manufacturing the particular steel sheet, to provide 5 inner nmagnet
and to provide a color cathode ray tube. According to a fié§t

aspect of the present invention, there is provided a steel sheet fo i iU K r2005
magneti c shields excellent in a shielding effect from 10 geormagneti sm
wherein a ratio of an anhysteretic magnetic perneability of the steel
sheet in arolling direction to an anhysteretic nagnetic perneability of

Shi el ds,

t he steel

sheet

in a transversal direction ics_not higher than 0.7 or

| ower than 1.4, and a higher 15 value of thé two anhysteretic magnetic
ity values in the rolling direction and in the transversal

per nmeabi |

direction i s not

pr esent

a hi gher

the rol l'ing direffi BANRAACIHTLAE thanBasEiaploros

not | ower

i nvention, °t her e*P"&®pr BGLRE

| ower than 18000. According to a second aspect of the
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not

3

i nvent i 8heelhgheetsfprovnued magnetic sskibeldyrexembient2Olmdddret i ¢
shiel ds excellent in a shielding effect from geonagnetism wherein ar
of an anhyst er et FBickgnat pELpEEnERON| gegmagnehbsii edhichebs ¢apabIe®laf ng
direction to an anhysteretic nmagnetic perneability of the steel sheet
transversal dire8eFEfapingothesgppgpghrethandpibt ormpwnt | osed 2 Heethod, and
val ue of the two anhysteretic nagnetic gerneability val ues

han 18000. Acco?gkggﬁégﬁggthird asgect of .t he gresent
a
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According to a first aspect of the present
invention, there is provided a steel sheet for inner
magnetic shields excellent in a shielding effect frdm
geomagnetism, wherein a ratio of an anhysteretic
magnetic permeability of the steel sheet in a rolling
direction to an anhysteretic magnetic permeability of
the steel sheet in a transversal directioﬁ is not
higher than 0.7 or not lower than 1.4, and a higher
value of the two anhysteretic magnetic permeability
values in the rolling direction and in the transversal
direction is not lower than 18000.

According to a second aspect of the present
invention, there is provided a steel sheet for inner
magnetic shields excellent in a shielding effect from
geomagnetism, wherein a ratio of an anhysteretic
magnetic permeability of the steel sheet in a rolling
direction to an anhysteretic magnetic permeability of
the steel sheet in a t;ansversal direction is not
higher than 0.5 or not lower than 2.0, and a higher
value of the two anhysteretic magnetic permeability

values in the rolling direction and in the transversal

atio
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5 shielding effect from geonagneti sm conprising the
a steel slab consisting essentially of higher than O.
than 0.06% by wei ght of C, |ower than 0.3% by wei ght

steps of: hot rolling
005% and not hhgher
of Si, not higherJUN 2005

than 10 1.5% by wei ght of M1, not higher than 0.05% by weight of P, not
‘hi gher than 0.04% by weight of S, not higher than 0.1% by wei ght of Sol.

Al , and the bal ance of Fe; cold rolling the resultant

hot roll ed steel

band; continuously annealing the resultantcold rolled 15 steel band at

tenperatures of 6009C to 780C under a |line tension not
2; and tenpering rolling the anneal ed steel sheet as
el ongation rate not higher than 0.2% According to a

| ower than 9.8 N mm
required at an
fourth aspect of the

present 20 i nvenfiBactior s nopriwweredtkan i HHI0 nagnetic shield excellent

in a shielding effect fromgeonagnetismused in a color cathode ray tube,

the i nner magnetic shi&fePT e 2 sUbsTRMmSRaaty afr fheaPa@sefitani dal body

which has a pair _of ~short side nenbers of a screen and a pair 25 of |ong

side nenbers of ANYERELAD. qRETRNkT rREPEHIRYH Methad e mamiachivdd Nenber s

are joined to the Igng si de nbers at edge portions of the substagntially
5BE61 hcep, T

truncated 2.9 JUR gheet,

sheet a rat.fo of

Ui HERCTeR@R ¢ i S Hitt e dsufas e nth e ™ Aner

ti ield is, f t anhyst ti
magnet i ¢ pér meabPh by LopS: REESef cbrou deomednaftar Garh TR bt o an
anhysteretic 5 ngggggigfperneability of the steel sheet in a

hot rolling a steel slab consisting esseﬁtially of

O

higher than 0.005% and not higher than

of C, lower than 0.3% by weight of Si,

0.06% by weight

not higher than

10 1.5% by weight of Mn, not higher than 0.05% by weight

of P, not higher than 0.04% by weight of S, not higher

-than 0.1% by weight of Sol. AL, and the balance of Fe;

cold rolling the resultant hot rolled steel band;

continuously annealing the resultant cold rolled

15 steel band at temperatures of 600C to

line tension not lower than 9.8 N/mm’;

/ 1:..,‘
R

780°C under a

and

tempering rolling the annealed steel sheet as

required at an elongation rate not higher than 0.2%.

According to a fourth aspect of the present

20 invention, there is provided an inner magnetic shield

25

excellent in a shielding effect from geomagnetism used
in a color cathode ray tube, the inner magnetic shield
having a substantially truncated pyramidal body which

has a pair of short side members of a screen and a pair
of long side members of a screen, and constructed such
that the short side members are joined to the long side

members at edge portions of the substantially truncated



transversal direction being not higher than 0.5 or not I|ower than 2.0, and
.a higher value of the two anhysteretic nmagnetic perneability val ues bn t he
rolling direction and in the transversal direction 10 bei ng not Iome?-tﬂﬁﬂzmﬁ
18000; and the direction, in which the anhysteretic magnetic perneability

.of the steel sheet is the higher value, corresponds to the horizontal

pl ane direction of the short side.-nmenber. 15 According to a fifth aspect

of the present invention, there is provided an inner magnetic shield )
excellent in the shielding effect from gedmagneti smused in a col or cathode
ray tube, the inner magnetic shield having a substantially truncated

pyram dal body 20 which has a pair of short side nenbers of a screen and

a pair of |ong spyleambddiermagietic @itikild anthea@ist:r uct ed such that the
short side nenbers are joined to the long side nenbers at edge portions of

the substantially trineatmetepyametalc mgraild dsshiadedp£2% vwieed Bhethe

I nner magnetic shield is made of a steel sheet, a ratio of an anhysteretic
magneti ¢ per neabi | ¥ayiofof hen 2arthydie 200y ntgsitdel peeekbilixyr oifl ithe
direction to an anhysteretic magnetic perneability of the steel sheet in a
transversal direttesh $htely iota higheing Kbrd:ticor toon laohystelvatit. 4, and
a higher value of the two 5 anhysteretic magnetic perneability values in
the rolling di ree¥Irekiamermeaticitams disalstéaleshest in a

transversal direction being not higher than 0.5 or not
{i) lower than 2.0, and a higher value of the two
' anhysteretic magﬁetic permeability wvalues in the
rolling direction and in the transversal direction
10 being not lower than 18000; and
the direction, in which the anhysteretic magnetic
‘permeability of the steel sheet is the higher value,
corresponds to the horizontal plane direction of the
short side member.
15 According to a fifth aspect of the present
invention, there is provided an inner magnetic shield
id) excellent in the shielding effect from geomagnetism
used in a color cathode ray tube, the inner magnetic
shield having a substantially truncated pyramidal body
20 which has a pair of short side members of a screen and
a pair of long side members of a screen, and
constructed such that the short side ﬁ;mbers are joined -
. to the long side members at edge portions of the
substéntially truncated pyramidal magnetic shield,
25 wherein:

the inner magnetic shield is made of a steel sheet,

a ratio of an anhysteretic magnetic permeability of the



bei ng not |ower than 18000, or a ratio of an anhysteretic magnetic
.perneability of the steel sheet in arolling direction to an anhystﬁretlc
magnetic 10 perneability of the steel sheet in a transversal direct

bei ng not higher than 0.5 or not lower than 2.0, and a higher value of the
~two anhysteretic mnmagnetic perneability values in the rolling direction

and in the transversal direction being not |ower than 15 18000; and the
direction, in which the anhysteretic magnetic perneability of the steel
sheet is the higher value, corresponds to the horizontal plane direction
of the short side nenber and to the horizontal plane direction 20 of the
| ong side nmenber. In the inner magnetic shield according to the fourth or
fifth aspect of $¥Rebrehaatt ithaemolhing dizectdes taope PORYERETPLAG side
menber of a screen and/or the short side nenber of a screen to include a
V-shaped 25 not cReOR#LI¢ Rermpalilbie qlorthen s beig Stedd AdnBer of a screen

and/ or the short side nenmber_of a screen to include a I|t 5 9 JUN 2005
9 According to 5?§?§Y?F%Eﬁx§ir?ﬁt¥9ﬂaHﬁ%ﬂﬁﬂﬂo 'h%ﬁgﬁF 1y Pare OF s 8Fovi ded

the i ﬁLe?a?ng‘-’ﬂ& %%.&%ﬂ ok et R oI A s 2*' Syran dal _body
ravi i 2 98T o SOl SLEE: NEARELS: Lo SR Yiahel i Jhe 019 ST 0@
rolling direction and in the transversal direction
being not lower than 18000, or a ratio of an
anhysteretic magnetic permeability of the steel sheet
in a rolling direction to an anhysteretic magnetic
10 permeability of the steel sheet in a transversal
direction béing not higher than 0.5 or not lower than
2.0, and a higher value of the two anhysteretic
magnetic permeability values in the rolling direction
and in the transversal direction being not lower than
15 18000; and

the direction, in which the anhysteretic magnetic

permeability of the steel sheet is the higher value,

Pl
[

corresponds to the horizontal plane direction of the
short side member and to the horizontal plane direction
20 - 0of the long side membér.
In the inner magnetic shield according to the
- fourth or fifth aspect of the present invention, it is
desirable for the long side member of a screen and/ox
the short side member of a screen to include awV—shaped
25 notch, or it is desirable for the long side member of a
screen and/or the short side member of a screen to

include a slit.



menbers are joined to the long side nenbers at edge portions of the
substantially-truncated pyram dal 10 magnetic shield; the inner nagnibis
shield is nade of a steel sheet, a ratio of an anhysteretic magneti UN 2005
pernmeability of the steel sheet in arolling direction to an anhysteretic
magnetic perneability of the steel sheet in a 15 transversal direction

bei ng not higher than 0.5 or not |ower thang2:0, and a hi gher value of the
two anhysteretic magnetic perneability values in the i rolling direction

and in the transversal direction being not |ower than 18000; and 20 the

direction, in which thesanhy | C I C r i.lity of the stee
sheet is the higher vaI%Je, %%Ir?# gédﬁ)o%ggg?gﬁt%%peg%’ {%%réﬁ %Wea‘??emiji rection
of the short sidenyBALSHn FHELLET 4 | o.& seventh enbodi nent of
the 25 present ineention?'tﬁ%r%giésgﬁgg?ggggaéc%éiﬁrc%é#ﬁ) © Ty E%hﬁ?

conprising an i nngmpReYLehECashighd L0 | an etic shield has
a substantially 2 9 JUN 2005 10 tfuﬁ%géggﬂ%yééﬁ%iajgﬁ% y having a pair of

short side nmenbers of @nsC{@ed ﬁeﬁ%rsﬂie%&%ég%m@ﬂﬁﬂl a
e ne éﬁ to the

screen, and constructed such that the short si ers are jorn

| ong si de nénber statnedged Spyranlda ooy ﬁ‘&@iﬁé’b&‘tﬁ?ﬁf bt Vs 6%‘1?%‘.&9
pyram dal magnetic shield; the inner magnetic shield is nmade of a steel
sheet, members of a screen and a pair of'long side members of
a screen, and constructed such that the short side
£i) ‘ members are joined to the long sidé members at edge
portions of the substantially truncated pyramidal
10 magnetic shield;
the inner magnetic shield is made of a steel sheet,
a ratio of an anhysteretic magnetic prermeability of the
steel sheet in a rolling direction to an anhysteretic
magnetic permeability of the steel sheet in a
15 - transversal direction being not higher than 0.5 or not

lower than 2.0, and a higher value of the two

anhysteretic magnetic permeability values in the

‘./;‘ -I‘\“
e’

rolling direction and in the transversal direction
being not lower than 18000; and |

20 the direction, in which the anhysteretic magnetic
permeability of the steel sheet is the higher value,

corresponds to the horizontal plane direction of the

short side member.
Further, according to a seéventh embodiment of the
25 present invention, there is provided a color cathode
ray tube comprising an inner magnetic shield, wherein:

the inner magnetic shield has a substantially



a ratio of an anhysteretic nmagnetic perneability of the steel sheet in a
rolling direction to an anhysteretic 10 magnetic perneability of the,steel
sheet in a transversal direction being not higher than 0.7 or not ?§m§PN2mm
than 1.4, and a higher value of the two anhysteretic nagnetic perneability
-values in the rolling direction and in the transversal direction 15 being
not | ower than 18000, or a ratio of an anhysteretic magnetic perneability
of the steel sheet 13 in the rolling direcgyon to an anhysteretic magnetic
perneability of the steel sheet in a transversal direction being not

hi gher than 0.5 or not lower than 20 2.0, and a higher value of the two
anhysteretic magnetic perneability values in the rolling direction. and in
the transversal dAUBSEts6A PIrARiAdl Ped¥r PENARY 28PBbY ShSRMet FFH&eti on,
in which the anhysteretic nmagnetic 25 _perneability of the steel sheet is

t he hi gher vaIueFemgﬁFFe§§oﬁd§°F869h§nﬁoPi?BﬁFanpiaﬂg FTRATBREDT The

| ong side nenber and to the horizontal pl.ane directi 2 9 JUN 2005 -11 of
the short side méniS&TeePpr @@ PRRSLFHELEA SpC hggﬁiaﬁﬁﬁgfh?$%is 8 s

ScheTRl o V1 el il e LR AL Oh R SRR AMARLEY REBERREY,
oo, TR LSS OB shBeRRRR NS, BhglEg R ageaitakiono Of (e
magnetic shield;
the inner magnetic shield is made of a steel sheet,
€) a ratio of an anhysteretic magnetic permeability of the
steel sﬁeet in a rolling direction to an anhysteretic
10 magnetic permeability of the steel sheet in a
transversal direction being not higher than 0.7 or not
lower than 1.4, and a higher value of the two
anhysteretic magnetic permeability values in the
rolling direction and in the transversal direction

15 being not lower than 18000, or a ratio of an

anhysteretic magnetic permeability of the steel sheet

£

} in the rolling direction to an anhysteretic magnetic
| permeability of the steel sheet in a transversal
direction being not higher than 0.5 or not lower than
20 2.0, and a higher value of the two anhysteretic
magnetic permeability values in the rolling direction
.and in the transversal direction being not lower than
18000; and }
the direction, in whic% the anhysteretic magnetic
25 permeability of the steel sheet is the higher value,

corresponds to the horizontal plane direction of the

long side member and to the horizontal plane direction



construction of a cathode ray tube conprising the inner 10 nagnetic shield
of the present invention; and FIG 3 shows the nethod of arranging t?gﬂ
short side nenbers and the | ong side nenbers of the inner nagnetic v &N J005
and the geomagnetismdrifting amount in respect of four kinds of
conbinations differing from15 each other in the direction, in which the
anhysteretic nmagnetic perneability of the steel sheet is higher value.

[ Best Mode for Working the Invention] The present invention will now be
described in 20 detail. In general, in a color cathode ray tube,

demagneti zation is carried out by applying an alternating current to a
demagneti zing coil wound outside the cathode ray tube when the TV set is
25 swi tched on oPfj §hgt KBpréppéfeumembes.in order to adjust the effect of
the external magnetic field to a_ constant condition under the operating
circunstance. In 29 JUN 2005Brief Peseripthen ofithe B¥awirghetic shield
inside the cathode ray_tube i s demagnetized within the geomagnetism the
magneti c shi el ds can r &Rt n1mbf eSCheBatiC naleiet SHARG ahe Hans fucdidop

perfectly 5 demagnetized follo by magneti zation by a magnetic fjield
cor r espondi ng to%%hg 58@ﬁ§6ﬁ§%$§£¥ ¥ﬁ%ngFE§@nPYr?Wﬁ@%&o%%n%%V%?%RQQFC

attentions5to t he,parti cul ar n.and fi]ed previously:an

i nt ernati onal paﬁgﬁglda%BFiéaFggﬁg?g%¥ﬁ9ﬁ60F®%3€§§eirW?%Eﬁk&ttQﬁ 544§ eel

members thereof are joined to each other at the edge
portions of the inner shield:
5:) FIG. 2 is a cross sectional view showing the
construction of a cathode ray tube -comprising the inner
10 magnetic shield of the present invention; and

FIG. 3 shows the method of arranging the short
side members and the long side members of the inner
magnetic shield and the geomagnetism driftiﬂg amount in
respect of four kinds of combinations differing from

15 each other in the direction, in which the anhysteretic
magnetic permeability of the steel sheet is higher
~') value.
[Best Mode for Working the Invention]
The present invention will now be described in
20 detail.

In general, in a color cathode ray tube,
demagnetization is carried out by applying an
alternating current to a demagnetizing coil wound
outside the cathode ray tube when the TV set is

25 switched on or in other opportunities in order to

adjust the effect of the external magnetic field to a

constant condition under the operating circumstance. In



10 sheet for magnetic shields, with attentions paid to the anhysteretic
magnetic perneability, which can be used as an appropriate evaluatiigﬁ

i ndex of the nmagnetic characteri-stics in this case. As a result of JUN 2005
continued research nmade in an 15 attenpt to further inprove the shielding
effect from geomagnetism the present inventors have found that: (a)
Where the anhysteretic nagnetic perneability of the steel sheet for the

i nner magnetic shield in the rolling direc}éon widely differs fromthat in
a 20 transversal direction which is a direction perpendicular to the
rolling direction, i.e., where a ratio of the anhysteretic magnetic
permeability notetgri above i.s not hi%her'than 0.7 (nore preferably not

hi gher than 0.5) SnBEthedar SiRgs The masRetpeeshield yinsigeithewer than
2.0), and a higher .value of the two _anhysteretic nagnetic perneability

val ues in the r&QF%HSBdFPngP f ZfdIpRapRetizefswetisbh ®i¢ection is 29 JUN
2005 13 not lower than 18000, .the magnetic shielding effect can be
enhanced so as td SUpFre %SphetbgoWﬁgﬁﬁFFE ghiglds ¢a) NPRALR (FRF] nner

ranet S el o Fuhal %R, 3uBaL Rk L L pical ey BupILdy ooy in
ot o RS ST oy UL L 09, BT E5hn i
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inventors have paid attentions to the particular
éi) phenomenon and filed previously an international patent
application (PCT/JP00/05374) in respect of a steel
10 sheet for magnetic shields, with attentions paid to the
anhysteretic magnetic permeability, which can be used
as an appropriate evaluation index of the magnetic
characteristics in this case.
As a result of-a continued research made in an
15 attempt to further improve the shielding effect from

geomagnetism, the present inventors have found that:

) ' (a) Where the anhysteretic magnetic permeability

(. ‘lzr\‘

of the steel-sheet for the inner magnetic shield in the
rolling direction widely differs from that in a
20 transversal direction which is a direction
perpendicular to the rolling direction, i.e., where a
ratio of the anhysteretic magnetic permeability noted -
?bove is not higher than 0.7 {more preferably not
higher thannb.S) or not lower than 1.4 (more preferably
25 not lower than 2.0), and a higher value of the two
anhysteretic magnetic permeability values in the

rolling direction and in the transversal direction is



o

10 than 0.5 or not lower than 2.0, is used for formng the magnetic shield
and if the direction, in which the anhysteretic nagnetic perneabiliégﬂof
the steel sheet is the higher value of the two anhysteretic magneti JUN 2005
perneability, corresponds to the horizontal plane 15 direction of the short
side nenber; and (c) If the direction, in which the anhysteretic nmagnetic
pernmeability of the steel sheet is a higher value, corresponds to the

hori zontal plane direction of the |ong sig§gnenber as well as the short
side nmenber, 20 it is possible to further inprove the shielding effect

from geomagnetismso as to permt obtaining the shielding effect from
geomagneti sm hi gher than that in the prior art, even in the case of using
~a steel sheet h&fitndoyerathsnof 80A8.athgshagretic nsiyhetdingepirateatsd ity
not ed above, which is not higher than 0.7 or not |lower than 1.4. The
present i nvent or ¥eh&hbanERAeFOdAEhEOPFUBRRES 2Ot NTQODOSINE YL ¢ nd®ifiti;on based
on the finding described above. In the steel sheet for magnetic shields
according to the presZH@ it i Bhe innex inegretice shilgidd aeabier baggneti c
pernmeability in the rolling. direction to that 5 in the transversa

di rection is‘notSHﬁ&ﬁ@PtfﬁgﬁYO??“BPatﬁGtPYB%B%d?%aROQY4%naH@l%hHﬂyher val ue

of the two,. anhysteretic. magnetic roeabil ity :values is not | ower than
18000. PrePerabY%}%g Pﬁppgrgf%bﬁ§e§%H?§Feﬂgfpéd hagrReh coReTeabithay in

the rolling direghian ho:L8ak 42 the! RGghLPRS ERealathigSLionis not hi gher

O

shielding effect from geomagnetism can be improved if a
steel sheet having the ratio of the anhysteretic
magnetic permeability noted above, which is not higher

10 than 0.5 or not lower than 2.0, is used for forming the
magnetic shield and if the direction, in which the
anhysteretic magnetic permeability of the steel sheet
is the higher value of the two anhysteretic magnetic
permeability, corresponds to the horizontal plane

15 direction of the short side member; and

(c} If the direction, in which the anhysteretic

A1
R

magnetic permeability of the steel sheet is a higher
value, corresponds to the horizontal plane direction of
the long side member as well as the short side member,
20 it is possible to further improve the shielding effect
from geomagnetism so as to permit obtaining the
shielding effect from geomagnetism higher than that in
the prior art, even in the case of using a steel sheet
having a ratio of the anhysteretic magnetic )
25 permeability noted above, which is not higher than 0.7

or not lower than 1.4.

The present inventors have achieved the present



not lower than 2.0. It is possible to enhance the magnetic shiel ding

effect by increasing the anisotropy in the anhysteretic nmagnetic .
perneability of the steel sheet with respect 15 to the rolling di r ech P ohUM 2005
the steel sheet and the transversal direction and by setting the higher
value of the two anhysteretic magnetic perneability values in the rolling
direction and in the transversal direction at a value not |ower than
18000. 20 In the present invention, the conpgsition of the steel sheet
used for preparing the inner nmagnetic shield is not particularly limted
as far as the requirenments described above are satisfied. It is

preferable that the steel sheet consists essentially of 25 higher than

0. 005% and not hr§KEPtEARNPESEHoeBy the §hnding &esebikedtabev®. 3% by wei ght
of Si, not higher than_ 1, 5% by weight of M, not higher than 0.05% by
weight 2 9 JUN 2005 1B tBe pterdt Sheghef oF HBRIRE bUT, $HiGkigRCHTAS NG ot

hi gher than 0.1% by . weight of Sol. AL, and the bal ance of Fe. Each of the
conmponents of th °s¥88lp REEPTWIPVERGWPBe 2dBREFPRE. the aphysierRiiq ) is

an elerent TP halheloh, pSHRRARLIY. S, NSLELELAS HRODELLS, PETRD! 1)
HEARE B SR TG SRR S A R
not lower than 1.4, and a higher value of the two
anhysteretic magnetic permeability wvalues is not lower
{j) than 18000. Preferably, a ratio of the anhysteretic
magnetic permeability in the rolling direction to that
10 in the transversal direction is not higher than 0.5 or
not lower than 2.0.
It is possible to enhance the magnetic shielding
effect by increasing the anisotropy in the anhysteretic
magnetic permeability of the steel sheet with respect

15 to the rolling direction of the steel sheet and the

transversal direction and by setting the higher value

N
{
R—

of the two anhysteretic magnetic permeability values in
the rolling direction and in the transversal direction
at a value not lower than 18000.

20 In the present invention, the composition of the
steel sheet used for pfeparing the inner magnetic
shield is not particularly limited as far as -the
requirements described above are satisfied. It is
preferable that the steel sheet consists essentially of

25 higher than 0.005% and not higher than 0.06% by weight
of C, lower than 0.3% by weight of Si, not higher than

1.5% by weight of Mn, not higher than 0.05% by weight



content of the steel sheet to exceed 0.005% by weight. It should be noted,
‘however, that, if Cis contained in the steel in an excessively Iarg%
anount, carbide is precipitated in the steel sheet so as to increas€3tHEN 2005
15 coercive force of the steel sheet, with the result that it is difficult
to carry out a demagnetization } sufficient for ensuring a high

anhysteretic nmagnetic perneability. Such being the situation, it is
desirable for the C content of the steel -sfiepet not to exceed 20 0. 06% by
weight. Si: Silicon (Si) tends to be concentrated on the surface of the
steel sheet during the annealing process, thereby deteriorating the

dhesi ti f t .pl ati I t he adhesi t f
coating 25 1 or ol Bt RECoRHERER: HiPR rUSRHERY WGk 0.5 1 (1S RERER abi o
f t he Si t f.t | . sheet .t t 0.3%D ight,

mor e dosi rably noro Gnde 58 TERFBRCE Sl b Gt B ATHCS i HC

Va Mn) i t i h j th | SQt inth
anhyatr ot o maoRaecor perRosrPeey bt thetnd cafeehatosk ATHEdRERS o he

S rolling direct geaspigdefhe transversal direction. If M ,is added in an
excessively | arge anount, however, the manufacturing cost of the steel

sheet is igcreased. . Ther edQion Ide) S H8S T (o] A4 centent of the
steel sheet to be not higher tﬁlan( 1) 5%%3{\/%%3%[1& i’glbg:%tgﬁ‘gs%%%rus (P) is

an el enent effeckhuant@hg tRET 8RR HE+HL: BBRAGE CAE SFROM M Ofy tde wieel

sheet

O

steel sheet and for increasing the anisotropy of the
anhysteretic magnetic permeability of the steel sheet
with respect to the rolling direction and the
10 transversal direction. It is desirable for the C
content of the steel sheet to exceed 0.005% by weight.
It should be noted, however, that, if C is contained in
the steel in an excessively large amount, carbide is
precipitated in the steel sheet so as to increase the
15 coercive force of the steel sheet, with the result that
it is difficult to carry out a demagnetization
{”) sufficient for ensuring a high anhysteretic magnetic
| permeability. Such being the situation, it is desirable
for the C content of the steel sheet not to exceed
20 0.06% by weight.
Si: Silicon (Si) tends to be concentrated on_the
_ surface of the steel sheet during the annealing process,
thereby deteriorating the adhesion properties of the
plating layer or the adhesion properties of a coating
25 formed in the blackening treatment. Therefore, it is
desirable for the Si content of the steel sheet to be

lower than 0.3% by weight, more desirably not higher



so as to inprove the handling properties of the steel sheet. If the P
addition anount is excessively large, however, its segregation may result
in cracking during 15 the production of the steel sheet. Such being BeJUN 2005
situation, it is desirable for the P content of the c¢ 3 steel sheet to be
‘not higher than 0.05% by weight. S: S content is preferably as small as
possi ble for keeping the vacuumwell in the color cathode ray 20 tube. To
be nore specific, it is desirable for the Siygontent of the steel sheet to
be not higher than 0.04% by weight. _ Sol. Al: Alumnum (Al) is an

essenti al el errent for the deoxi dati on reaction in the steel maki ng process.
25 However, 'Itﬁa‘%ng 2 hs too i ncl usi ons may i ncrease. Such being
the situati on é Bl gef'g add Al to the steel sheet in an am)unt

not hi gher than 29 arth 2 17 0.1% gh ;Ehe f or m, of
It is also possible to add BOr6H TH) (ljpﬁ‘ &Saﬁdhﬁﬁemﬁa kI PhG SR f"ﬁ?ngﬁrr ange
of between O. 000@;’n ad .9 91{91Qy {11\@69 B{{;I’he gi’%g%{blﬂ‘%]#%i u%%getteffectl ve

for 5 increasingt e an stere C” hEgn
sheet. Further, bhrihsafl§§liab S S e Nitr nt ent of
t he steel sheet b r Na?s Eg {)gl %@ Q?\Béﬁ %%%éegs‘i”\?e xQe?s 8% def ects

D 8 e e
0.01% by wei ght . i5hgaaBauiaCkHr eﬁeeggmdéi&ox?érgé AhSurst eHlowdddr NPe
- manufacturing cost of the steel sheet is inereased.
i_) Therefore, it is desirable for the Mn content of the
steel sheet to be not higher than 1.5% by weight.
10 P: Phosphorus (P) is an element effective for
increasing the mechanical strength of the steel sheet
'so as to improve the handling properties of the steel
sheet. If the P addition amount is excessively large,
however, its segregation may result in cracking during
15 the production of the steel sheet. Such being the

situation, it is desirable for the P content of the

) steel sheet to be not higher than 0.05% by weight.

7

S: § content is preferably as small as possible

for keeping the vacuum well in the color cathode ray

20 tube. To be more specific, it is desirable for the S
content of the steel sheet to be not highe£ than 0.04%

by weight. -
Sol. Al: Aluminum (Al) is an essential element
for the deoxidation reaction in the steelmaking process.
25 However, if its amount is too high, inclusions may

increase. Such being the situation, it is desirable to

add Al to the steel sheet in an amount not higher than



be described. First, a steel having above-nentioned conmposition 15 is
snelted and then subjected to a continuous casting so as to obtain a _steel
slab, followed by hot rolling Il the steel slab. The continuously-céig <J UM (2005
may be hot rolled directly or after slightly heating the slab.

Al ternatively, the continuously-cast slab may be hot 20 rolled after cool ed
and then re-heated. It is desirable for the heating tenperature in the
case of enploying the reheating to fall wthin a range of between 1050t
and 13000. If the heating tenperature is lower than 10500, it is
difficult to set the finish tenperature in 25 the hot rolling step at a

| evel not lower than the Ara transformation tenperature. On the other

hand, it is und@silfafVevwedghthénnthei Agrhenperaiurdlio exceed 13000 29 JUN
2005 18 because the anpount of the oxides fornmed on the slab surface is
increased. In order tolfaké @hFPoPAfEhRLegER AddiberentER) tHe #bamayny ng,
the finish tenper e hot rolling step should be set at a 5 |eve

not |ower than t éh'tesigﬁ% Br At PBACt BipRPAYEFRR. 0- €903 R Gt hetthadiid, the
Che  coiling tenferdiire fhoch B AU Techiswer it s targ
e oo a4y b B R RSO BA BT T e e
uniformty. The hols Qld9d 888! SHESINdS, PLEK £ AN 8o suppress
- the nitrogen (N) content of the steel sheet. If N is
&) contained in an excessively large amount, defects tend
to be generated on the surface of the steel sheet.
10 Therefore, it is desirable for the N content of the
steel sheet to be not higher than 0.01% by weight.
The manufacturing conditions of the steel will now
be described.
First, a steel having above-mentioned composition
15 is smelted and then subjected to a continuous casting
S0 as to obtain a steel slab, followed by hot rolling

) the steel slab. The continuously-cast slab may be hot

SN

rolled directly or after slightly heating the slab.
Alternatively, the continuously-cast slab may be hot

20 rolled after cooled and then re-heated. It is desirable
for the heating temperature in the case of employing
the reheating to fall within a range of between 1050TC
and 1300TC. %f the heating temperature is lower than
1050C, it is difficult to set the finish temperature in

25 the hot rolling step at a level not lower than the Ars;
transformation temperature. On the other hand, it is

undesirable for the heating temperature to exceed 1300T



cold rolled at a rolling reduction falling within, 15 desirably, a range of
between 70% and 941. It is undesirable for the rolllng reduction to B
|l ower than } 70% because, if the rolling reduction is |ower than 700 JUR 2005
grain size of the anneal ed steel sheet is rendered coarse so as to cause
the steel sheet to be unfavorably 20 softened. Also, if the rolling
reduction in the cold rolling exceeds 94% the anhysteretic nagnetic
perneabili-ty of the steel sheet tends to be, deteriorated. It should be
noted that, if the steel sheet is 25 excessively thin, the nmagnetic shield
prepared by using the steel sheet fails to produce a sufficiently high
magnetic shielding effect even if the steel sheet 2 9 JUN 2005 19
exhibits a hi gh BRE§Y¥Eer Ehpcamagnbt ¢ plee nesbies tHormed son thwe ssiedel sheet
fails to exhibit arigidity required for the part of the nmagnetic shield.
Such being the SPEGAFEOAS FPW@%@@H&B’:@#@I ttfe makee ung fopmetheo have a
t hi ckness not smaller than 0.05 nmm order to enhance the magnetic
shi el di ng effectgrpﬁn §128e§?F85IEhﬁoh?ﬁcF%%%bnghet?%l%%#%%% of the steel
sheet. However, g rab for the TV. set to be ﬂ%ﬁghtmeu%é in
accordance with Fﬁ@PPEE HFetFBn Foﬂ&Fdrﬁbl%ﬁ% %F?%r be g ‘ﬁhé&phor
screen of %he co cathoge ray éube h beln si tuati on, %
desirabl e for thig%ﬁﬁcﬁﬂgs OBETt aBtBB? ¥Rﬁ§rq mQﬁﬂPﬁ FegReTEiER0. 5
mm In the next éheEhe O%BQE'HQRH§ % nea&ifgng temperature should be
() not higher than 700C. It is undesirable for the
- coiling temperature to exceed 700°C because, if the
coiling temperature exceeds 700C, film-like Fe;C may
10 precipitate along the grain boundaries of the hot
rolled steel sheet so as to deteriorating the
uniformity.
The hot-rolled steel sheet is pickled and, then,
cold rolled at a rolling reduction falling within,
15 desirably, a range of between 70% and 94%. It is
undesirable for the rolling reduction to be lower than
g') 70% because, if the rolling reduction is lower than 70%,
the grain size of the annealed steel sheet is rendered
coarse so0 as to cause the steel sheet to be unfavorably
20 softened. Also, if the rolling reduction in the cold
rolling exceeds 94%, the anhysteretic magnetic
permeability of the steel sheet tends to be
deteriorated. ~
It should be noted that, if the steel sheet is
25 excessively thin, the magnetic shield prepared by using
the steel sheet fails to produce a sufficiently high

magnetic shielding effect even if the steel sheet



15 carried out in order to re-crystallize the cold-rolled steel sheet. In
the present invention, the continuous annealing tenperature is set to fal
within a range of between 600t and 780C. It is undesirable for the 29 JUN 2005
anneal ing tenperature to be |lower than 6000 because, if 20 the annealing
tenperature is |lower than 600C, the recrystallization fails to be finished
conpletely, with the result that deformation strain due to cold-rolling
may remain. Also, it is undesirable for thejgnnealing tenperature to be
excessively high because, if the 25 annealing tenperature is excessively

hi gh, the anhysteretic nagnetic perneability of the steel sheet s
deteriorated. Such o g E tuaélon t he gg 2.9" JUN 2005 20 limt
of the anneal i ng 5W§ 5t Gr B19RoAPHYBECLRE1G MagRpEic| PermesRt s t¥esi r abl e
for the annealin b carried a ferrite single phase region or
under a tenpera%hr% rggﬁoﬁtﬁS? ﬁgﬁﬁﬁr it FﬂeeﬁQ%bBQt?aﬁéﬁ%ﬂ¥Eﬁlon

h h
cont naons - anneateaylrels fBroRRR! part 8B kiR msOEet %%?%ﬁf”iéii?aéﬁhi o
i ncrease the a”%%ﬁhgoQﬁe'QlEUStEBFyS&g §% &?gﬁe ﬁ%ﬁsf f%#ltﬁx of the

steel sheet, it is effective to Se thin the

range not eg abOV%heeEal%ehLvéhQ‘N%P&Bﬁﬂ %]y%@rﬁﬁ%%l@g{‘ﬁéﬁc o PR MRAPi Lty in

the rolling direction of the stee € casée Wwhere the téension

s zero used as oa@zCitol @hhARceCRUE! hilnt BPcCanigo VLS QrfQll, T 1AM 15

steel sheet having the conposition equa
desirable to increase the thickness of the steel sheet.

i:) However, it is desirable for the TV set to be

lightweight in accordance with the recent trend toward

10 the enlargement in the phosphor screen of the color
cathode ray tube. Such being the situation, it is
desirable for the thickness of the steel sheet to be
not larger than 0.5 mm.

In the next step, a continuous annealing is

15 carried out in order to re-crystallize the cold-rolled

steel sheet. In the present invention, the continuous

') annealing temperature is set to fall within a range of

P
i )

between 600C and 780C. It is undesirable for the
annealing temperature to be lower than 600 because, if

20 the annealing temperature is lower than 600°C, the
recrystallization fails to be finished completely, with
the result that deformation strain due to cold-rolling
may remain. Also, it is undesirable for the annealing
temperature to be excessively high because, if the

25 annealing temperature is excessively high, the
anhysteretic magnetic permeability of the steel sheet

is deteriorated. Such being the situation, the upper



steel Cincluded in the Exanple described in the follow ng and having a

t hi ckness of 0.3 nm was annealed -at 650 C for 60 seconds with the hfﬁsion
set to fall w.thin a range of between 0 and 19.6 N mm 2. As appar enf J2dUN 2005
from Table 1, the anhysteretic magnetic perneability of the steel sheet in
the rolling direction is increased by 10%or nore in the case where the
tension in the annealing step is set at 9.8 Nm® or nore. It is found

that this is effective in increasing the anisotropy of 25 the anhysteretic
perneability (the ratio of the anhystereti20rmagnetic perneability of the
steel sheet in the rolling direction to that in the transversal 2 9° JUN
2005 21 . direction). Table 1 Annealing Rate of Change in Anhysteretic

Magnetic Tensi OR biklity. [ ' .on l.af i Val ue with
Mgt 0 TES! O BARTRROLE! UohBoRabl | PORELEEPLLNSFoLRE1 g4 45 Vol e Wi (0
'1.05 9.8 1.11 &1 2 JNGARN R harhiRe £301kfR %Bg%ﬁﬁiﬁ@“%b“ﬂ@“s >
annealing line where the particular tension is inparte to the steel sheet

is not limted tQarheed0uud! ifda ra@@kiBIsIAPCe pEYSE +EgibR NSy 15
inparted to the steel sheet Iin the tenperature elevating process called a

heating zone, theefifeeicu@e HBGi8AShBE hRghaR $REAOBNe Ac, )
5 transformétion temperature. Also, in the present
invention, the line tension in the continuous annealing
{:) step is set at 9.8 N/mm”’ or more. In order to increase
the anisotropy in the anhysteretic magnetic
permeability of the steel sheet, it is effective to set
10 the line tension to fall within the range noted above.
Table 1 shows the anhysteretic magnetic
permeability in the rolling direction of the steel
sheet, with the case where the tension is zero used as
the criterion, covering the case where a cold rolled
15 steel sheet having the composition equal to that of
steel C included in the Example described in the
"{J following and having a thickness of 0.3 mm was annealed
at 650C for 60 seconds with the tension set to fall
within a range of between 0 and 19.6 N/mm?. As apparent
20 from Table 1, the anhysteretic magnetic permeability of
the steel sheet in the rolling direction is increased
by 10% or more in the case where the tension in the
annealing step is set at 9.8 N/mm® or more. It is found
that this is effective in increasing the anisotropy of
25 the anhysteretic permeability (the ratio of the

anhysteretic magnetic permeability of the steel sheet

in the rolling direction to that in the transversal



10 in the anhysteretic magnetic perneability can be exhibited if the line
tensi on noted above is kept inparted to the steel sheet for nore than
several seconds at the tenperature regi on of 400 to 450t or hi gher2 &t JUN 2005
whi ch the restoring phenonenon is started. 15 After the annealing, it is
- nost desirable not to . apply a tenper rolling. Even where a tenper rolling
Is applied, it is necessary for the elongation rate to be as |ow as
possible, e.g., to be set at 0.2%or less. The present inventors have
| ooked into the effect given 20 by the elongation rate in the tenper
rolling to the anisotropy in the anhysteretic magnetic perneability of
the steel sheet. It has been found that, where a tenper 29 JUN 2005 22
rolling is condUﬁgggct%Qﬁ)gnhysteretic magnetic perneability of the steel
sheet in the rolling ITection is markedly | owered. On the other hand, the
anhysteretic magnetic perneability is scidebdleyl5 decreased in the
transversal direction, or I decreased—the degree—of--degrease is
markedly | ower than that hsé ef Chdnge MeAhgdteetipRagreddill ity in the
rolling direction. Since t er etPemeaghneii RolinpPireaiabi | 1 tly in the
rolling direction of the stleel™ 30 §kRestivas/alenathltiedVile: foi theensd|n gener al
than that in the transversalNV@® edti onof Tdusioh DNeintg seedteny ed tfo above
“supports that the ani sotropy—ef—thqg—anhysteretic—nagnetic—operreability is
di m ni shed by the tenmper rlol|Pfg. |15 Table 2 shidifls the anhystdretic

magneti c 49 105
{} . 9.8 1.11
- 19.6 1.22

Incidentally, the region of the continuous
5 annealing line where the particular tension is imparted
to the steel sheet is not limited to the so-called
"gsoaking zone”. Even if the tension is imparted to the
steel sheet in the temperature elevating process called
a heating zone, the effect of increasing the anisotropy
10 in the anhysteretic magnetic permeability can be

exhibited if the line tension noted above is kept

o,
R—

imparted to the steel sheet for more than several
seconds at the temperature region of 400 to 450C or
higher at which the restoring phenomenon is started.

15 , After the annealing, it is most desirable not to
apply a temper rolling. Even where a temper rolling is
applied,'it is necessary for the elongation rate to be‘
as low as possible, e.g., to be set at 0.2% or less.
The present inventors have looked into the effect given

20 by the elongation rate in the temper rolling to the

anisotropy in the anhysteretic magnetic permeability of

the steel sheet. It has been found that, where a temper



perneability in the rolling direction and in the transversal direction,

and the ratio of the anhysteretic magnetic perneability in the rolling
direction to that in the transversal direction in 20 respect of the &8:4UN 2005
sheet to which a tenper rolling was not applied (Sanple No. 1) and the

steel sheets to which a tenper rolling was applied under an el ongat.i on

rate of 0.2 to 1.5% (Sanples Nos. 2 to 6). As apparent from Table 2, the
ratio of the anhysteretic nmagnetic 25 perneability is rendered | ower than

1.4 in the case of applying a tenper rolli32g under an elongation rate
exceeding 0.2% 29 JUN 2005 23 Table 2 Anhysteretic Magnetic Perneability
Rate of Elongation Rate Anhysteretic of Tenper Rolling Transversal

NO.
Magneti c Rol |'i ng-f} [ ' ' R [ d 2 : (20 10.0
20000 8800 2.27 rgi %.ggblggo‘%%%%wﬁ%ﬁﬁ. élﬁléé?%“(ls@}&?g(ffz‘éf(zl% 0.5 9000

8700 1.03 5 1.0,68AB8809t0-J7 tff lsBeLBOAMAHO0D the bogangy al , a tenper

rolling is applied to the 'Steel sheet used for the processing in an

attenpt to 5 prewerbclisH’{aCRaBREELy Tobdetha Bhf ehehsknskl AhRaTeike after
the processing. In the case of the inner nagnetic

anhysteretic magnetic permeability is scarcely

5 decreased in the transversal direction, or even if

decreased, the degree of decrease is markedly lower
{2) than that of the anhysteretic magnetic permeability in

the rolling direction. Since the anhysteretic magnetic
permeability in the rolling direction of the steel

10 sheet as annealed is higher in general than that in the
transversal direction, the finding referred to above
" supports that the anisotropy of the anhysteretic
magnetic permeability is diminished by the temper
rolling.

15 Table 2 shows the anhysteretic magnetic |

permeability in the rolling direction and in the

{2-‘."\.
R

transversal direction, and the ratio of the
anhysteretic magnetic permeability in the rolling
direction to that in the transversal direction in

20 respect of the steel sheet to which a temper rolling
was not applied (Sample No. 1) and the steel sheets to

" which a temper rolling was applied under an elongation

rate of 0.2 to 1.5% (Samples Nos. 2 to 6). As apparent
from Table 2, the ratio éf the anhysteretic magnetic

25 permeability is rendered lower than 1.4 in the case of
applying a temper rolling under an elongation rate

exceeding 0.2%.



shield, however, the form ng and processing are originally not severe and,
thus, a marked surface defect is not generated even if a tenper rolling is
not 10 applied. It follows that it is nobst desirable not to apply o Bedhié 12005
“rolling in view of the aspect of increasing the anisotropy of the
anhysteretic magnetic perneability. Even if the tenper rolling is applied,
it~ as necessary to set the elongation rate in the tenper 15 rolling
treatment at 0.2%or |ess. The manufacturing conditions described above are
no nore than exanples. The manufacturing casditions are not limted to the
exanpl es descri bed above as far as it is possible to obtain the steel
sheet of the present 20 invention. 29 JUN 2005 24 it is possible to
apply, as required, a C plating and/or,a N QI ating on the steel sheet
for the inner magnetic shield of the prgggﬁﬁrnvention. The plating is
desirabl e in viewof, for exanptryg,  the TUST, 5 NI eVeENt| M particatarly
the case where the bl bgkeningk.ndaf " PrEstirdiaenTe c?FWTak’@i:Y. | t Rate pbssilbl e
for-the plating | gyer o, er&fera single |ayer|structure prAgsigratianiinat e
structure. Also, iftNpsiposgjihle to f 8PlRet he bl at#REPAyer oMasteliosunface
or both surfaces 12§0 of | t he(gheel shed¥rectitfie f pr nit'ELHPof hé’g&‘;&%‘tﬁg i s
effective for previentipg the rustling of®t he sfeel .sfieet @s cePbed
above. In addition—TthE ptatiny i —effectiveforsuppressing ET gas
generation fromt e 1} %i

eel eet jwhen 2P¥9 i nnpr a8t i c $hi el d%% ormgd of
2 0.2 13500 8700 1.55
- 3 03 ‘ 11500 8700 1.32
QL) 4 0.5 8000 8700 1.03
5 1.0 6800 8800 0.77
G 1.5 6800 8800 0.77

In general, a temper rolling is applied to the
steel sheet used for the processing in an attempt to
5 prevent a surface defect called a stretcher strain mark
after the processing. In the case of the inner magnetic
shield, however, the forming and processing are
originally not severe and, thus, a marked surface

") defect is not generated even if a temper rolling is not

oA,

10 applied. It follows that it is most desirable not to
apply a temper rolling in view of the aspect of
increasing the anisotropy of the anhysteretic magnetic
permeability. Even if the temper rolling is applied, it
1is necessary to set the elongation rate in the temper

15 rolling treatment at 0.2% or less.

The manufacturing conditions described aboé; are
no more than examples. The manufacturing conditions are
not limited to the examples described above as far as

it is possible to obtain the steel sheet of the present

20 invention.



15 the steel sheet is incorporated in the cathode ray tube. It is
unnecessary to define particularly the coverage of the plating material. It
suffices to select i appropriately the coverage that permts substa®®i dUN2008
covering the surface of the steel sheet. It is also 20 possible to apply a
Ni plating partially or to the entire surface, followed by applying a
chromate treatnent so as to cover the surface of the steel sheet. The
direction of the steel sheet in the inner q%gqetic shield, which is nost

i mportant in the present 25 invention, wlI“*now be described. In the prior
art, the shielding effect from geomagneti smwas not taken into account in
respect of 29 JUN 2005 _25 each nenber of the inner nmagnetic shield
incorporated in the colloricaarsddleaa applyandsarsqueabhgda”kafkating

| ayout” was applied }n the direction in which the blank |oss can be
mnimzed, in thetHi¥etd IR Rajview foer thiee sSepasshpeedesti e Ohndp bot h
of these directiqgns_in kB accordance with the kind of the col or cathode ray
tube. On the ot HE9HAME SH-altk 9f ddenprieseott Lonenaisheel Tishastatiayg ng a

| arge ani sotropy .n the hysteretic magnetic perneability as described
above 10 's-use&ﬁlﬁ%ﬁ%qéﬁk%:%hQH@Wi@fshﬁémdeﬂomphecothe rashode ray tube

having a supstant] runcated pyram dal body shown in FIG 1, which has
a pair of short é#%%hxﬂéﬁﬁbf§ @PI§¥§€#€§%YaﬁBeacéaﬂereréohgeside menber s

of ~a screen, ang1GRAMMY Flat ¢ RebIAlat g ShoLL, Stde It is possible
for the plating layer to be of a single‘layer structure
{:) or of a laminate structure. Also, it is possible to
form the plating layer on one surface or both surfaces
10 of the steel sheet. The formation of the plating is
effective for preventing the rusting of the steel sheet
as described above. 1In addition, the plating is
effective for suppressing the gas generation from the
steel sheet when the inner magnetic shield formed of
15 the steel sheet is incorporated in the cathode ray tube.
It is unnecessary to define particularly the coverage
‘() of the plating material. It suffices to select
appropriately the coverage that permits substantially
covering the surface of the steel sheet. It is also
20 possible to apply a Ni plating partially or to the
entire surface, followed by applying a chromate
treatment so as to cover the surface of the steel sheet. -
The direction of the steel sheet in the inner
magnetid:shield, which is most important in the present
25 invention, will now be described.
In the prior art, the shielding effect from

geomagnetism was not taken into account in respect of



15 nmenbers are joined to the |long side nmenbers at the edge portions of the

substantially truncated pyram dal nmagnetic shield. It is inportant to note
that the direction, in which the anhysteretic magnetic Permeabilit JodUN 2005

the steel sheet is the higher value, 20 corresponds to the horizontal plane
di'rection of the short side nmenbers (right and left side nenbers in the
drawi ng). The shielding effect from geomagneti smcan be further inproved,

if the direction, in which the anhysteretic nagnetic perneability of the
steel sheet 25 is the higher value, correspdfds to the horizontal plane

direction of the long side nenbers (upper and |ower nmenbers in the
drawing), too. 2 9 JUN 2005 26 Were the anisotropy in the anhysteretic

magnetic per meabPRChymembelreost enk $hRet hseHhQE:Li gber, than 0.5 or not
lower than 2.0, and a higher value of the twD Qgﬁﬁy%@%?%éi%PQRﬁBRQQP?d

permeabi | ity val ué8 fhet Relbrr chthoge di&@cy ands i et ver.sal
g f';-rpestt':%1 (féf’ft’)]arﬁ%sgg’dﬁé’&net i sm

direction is not%L§%§£"than 18000, the shielding e
can be inproved i di Vegt applied iiehe 4 @?ﬂy t i.C neti.c
perneability of the steel sheet is the highé?ﬁia ué?‘§%3%%§ﬁgﬁ%§ %&apﬁé 10
hori zontal plane UPF&cPRBNbOfmininezsd, the HROTd1 S8 oSN d!% ad%’tion,
if the diregtion, in which the anhysteretic magnetic perne NN ﬁrb h@he
steel sheet® is tHEHiRFRIuGhier, enriredpodod e f&l&ie?c&&g?l's ;Bl ane

I de ‘menber, the

direction of the %égﬁkgéde mepber as well as the 15 short s
shielding effect 70 nce with the kind of the color cathode ray tube.

() On the other hand, in the present invention, a
steel sheet having a large anisotropy in the
anhysteretic magnetic permeability as described above
10 is used in an inner magnetic shield for a color cathode
ray tube having a substantially truncated pyramidal
body shown in FIG. 1, which has a pair of short side
members of a screen and a pair of long side members of
a4 screen, and constructed such that the short side
15 members are joined to the long side members at the edgé

portions of the substantially truncated pyramidal

PR
H !
QS

magnetic shield. It ig important to note that the
direction, in which the anhysteretic magnetic |
bermeability of the steel sheet is the higher value,
20 corresponds to the horizontal pPlane direction of the
short side members (right and left side members in the
drawing). The shielding effect from geomagnetism can be
further improved, if the direction, in which the
anhysteretic magnetic permeability of the steel sheet
25 is the higher value, corresponds to the horizontal
Plane direction of the long side members {(upper and

lower members in the drawing), too.



geomagneti sm can be further inproved. Al so, where the anisotropy in the
anhysteretic nmagnetic perneability of the steel sheet is higher than 0.5
and not higher than 0.7, or not lower than 1.4 and | ower than 2.0, 28eJ2B 2008
effect of inproving the shielding effect from geomagneti smcan be ensured
I'f the direction, in which the anhysteretic magnetic perneability of-the
steel sheet is the higher value, corresponds to the horizontal plane
direction of each of the short side 25 nenpﬁ _and the long side nmenber. The
mechani sm descri bed above has not necessari é been clarified sufficiently
at this stage. However, it 29 JUN 2005 27 is considered reasonable to
understand, in the casg of the magnetic shield in which the nateri al
having a |arge ani sot FBfyei fhehanaahysepyein cthagashysteperiratigrietyid s
arranged as descri bed ahove, the 5 bal ance of the magnetic shiel ding
effects reIativePFEmeF%élé%FéPﬁaWhﬁagﬁéﬁlcSheetdésinotahigmBrcﬁHanﬂﬂ.ans
such as the tube axi%l direction, the screen horizontal direction and the
vertical directi8f P8% dRH&FedPagpEr 8pr fRca higheri vehual 0F, the tve

pr esent inventiognh%% S tgossible to forma V-shaped notch and/or a slit
in the short sid8 NEnBEFtAfamegeetifgPerneandhbty valuesein tihe control the

er con. By % o m Rg TerERgTbeERaBea Rt i Eha) branREcsrRl GbraRER dove, It
i s possible to epgyrgolhe QEEEHEQOBB,tPﬁeggﬁﬁgiéiﬁg effect from
p geomagnetism can be improved if the direction, in which
‘k) the anhysteretic magnetic permeability of the steel
sheet is the higher value, corresponds to the
10 horizontal plane direction of at least the short side
member. In addition, if the direction, in which the
anhysteretic magnetic permeability of the steel sheet
is the higher value, corresponds to the horizontal
Plane direction of the long side member as well as the
15 short side member, the shielding effect from

geomagnetism can be further improved. Also, where the

anisotropy in the anhysteretic magnetic permeability of

Fa
“'\-.../

TN
: )

the steel sheet is higher than 0.5 and not higher than
0.7, or not lower than 1.4 and lower than 2.0, the

20 effect of improving the shielding effect from
geomagnetism can be ensured if the direction, in which
the anhysteretic magnetic permeability of the steel
sheet is the high?; value, corresponds to the
horizontal plane direction of each of the short side

25 member and the long side member.

The mechanism described above has not necessarily

been clarified sufficiently at this stage. However, it



drift amounts over the entire screen. FIG 2 is a cross sectional view
schematically show ng the construction of a color cathode ray tube gp
equi pped with the inner- magnetic shield of the present invention. Ast Shd UM 2005
in the drawing, a cathode ray tube 1 conprises a panel portion 2 for

di splaying an image and a funnel portion 3. The panel portion 2 is wel ded
to the funnel portion 3 so as to maintain a high degree 25 of vacuuminside
the cathode ray tube 1. A phosphor screen_ﬁ7coated with red, green and

bl ue phosphors is arranged inside the panel portion 2, and a tension mask
29 JUN 2005 28 5 is arranged to face the phosphor screen 4. The tension
mask 5 is streth%gcp usjng a frame 6, and a color selecting electrode is
formed by these ténsion— Feasenabdfe te. upderabandaninnbee cagmealf
shield 7 5 of th resent .i.nventiqQn i,s arranged on the back side of the
frame 6. Incidenﬁg%‘%a%¥%¥¥%ﬁﬁﬁﬁ dhdReaich thromateRiahehaying my denot es
el ectron guns, a ref.erence nymeral 9 denotes a heat shrink band.
(Exanpl e) 10 Eac?%ﬁﬁﬁlﬁﬁﬁ %%ﬁ?@pélﬂ,t%? gRBYEteRehACi Rageetic3  was

snel ted, heated .t , .and hot roll.ed at. a finish tenperature of
870 to 890°C andbgﬁﬁ%(ﬁﬁ%}tﬁgﬁ%eP%Fﬁpge agoBescrhbeengbere ai iy a hot

rolled steel shegh haw RE hi of . 2.3.0m The hot 15 rolled steel

sheet thus obtained was picﬁfgbhgﬁggigﬁeﬁ?leigFagr8??%3t§dr%%a¥%YQﬂﬁqn n a

col d rol led st eeknghentterfatl RghctibokIETTsOLnOude TBhe THADSE ol 10,59 @
as the tube axial direction, the screen horizontal

£
_K:) direction and the vertical direction is rendered
appropriate.
10 Incidentally, in the present invention, it is

Possible to form a V-shaped notch and/or a slit in the
short side member and the long side member in order to
control the balance of the shielding effects from
geomagnetism in various sites on the screen. By forming

15 the V-shaped notch and/or the slit as noted above, it
is possible to ensure the balance of the geometric

drift amounts over the entire screen.

R
L

FIG. 2 is a cross sectional view schematically
showing the construction of a color cathode ray tube
20 equipped with the inner magnetic shield of the present
invention. As shown in the drawing, a cathode ray tube
1 comprises a panel portion 2 for displaying an image
and a funnel portion 3. The panel portion 2 is welded
to the funnel portion 3 so as to maintain a high degree
25 of vacuum inside the cathode ray tube 1. A phosphor
screen 4 coated with red, green and blue phosphors is

arranged inside the panel portion 2, and a tension mask



steel sheet was anneal ed for 90 seconds under a tension of 9.8 Nm2 at
800 for steel A and at 6300C for each 20 of steels B and C. Then, a tenper
rolling was applied to steel A corresponding to the conventional st&d|JUN 2005
under an elongation rate of 1% Incidentally, the tenper rolling was not
applied to each of steels Band C Also, steels Band C fell within the
preferred range 25 of the steel conposition, and steel A failed to fal
within the preferred range of the steel comgpsition. 2 9 JUN 2005 29
Table 3 Steel CSi Mh P Ssol.Al NNo B A 0.0022 0.01 0.14 0.008 0.008
0.038 0.0024 0.026 - B 0.049 0.01 0.38 0.016 0.014 0.046 0.0028 - - C 0.020
0.01 0.12 0.008 Q.011.0.013 0.0020 - 0.0013 (by weight % Strip specinens
each having a wi tlgéo?giﬁn%‘?‘rgaﬁ% gac‘? erif PRPSRIERE n$Rreete 4 -ongheudi nal
direction of eac [ eci men_provi_ di the rolling direction and the
EofisTbh BagR06 IF ot Sttt dby sl e pre@fased.

transversal direction, were cut _ _ _

S0 a5 to forma CorosedtreSiy LERniE b Tl i diiaa thentaghet i 10
per eabi] 1Y vasniERoyT gty e e, 1 OSURS01 40 el e LERSUT LG b o
conpl etel y the seri o Srin senen SRR £7 sridhdi i BT EY &g ovea
to flow of the frame 6. Incidentally, a reference numeral 8

shown in the drawing denotes electron guns, and a

{:) reference numeral 9 denotes a heat shrink band.
(Example)
10 Each of ingot steels A, B, and C shown in Table 3

was smelted, heated to 1200 to 1250°C, and hot rolled at
a finish temperature of 870 to 890C and a coiling
temperature of 6207C, thereby obtaining a hot rolled
steel sheet having a thickness of 2.3 mm. The hot
15 Trolled steel sheet thus obtained was pickled and, then,
cold rolled so as to obtain a cold rolled steel sheet
5ﬁ) having a thickness of 0.3 mm. Further, the cold rolled
steel sheet was annealed for 90 seconds under a tension
of 9.8 N/mm* at 800C for steel A and at 630C for each
- 20 of steels B and C. Then, a temper rolling was applied
to steel A corresponding to the conventional steel
under an elongation rate of 1%. Incidentally, the
temper rolling was not applied to each of steels B and
C. Also, steels B and C fell within the preferred range
25 of the steel composition, and steel A failed to fall

within the preferred range of the steel composition.



e

again through the magnetization coil under the state that a DC current is
allowed to flow through a DC-bias- field coil so as to generate a DC bias
magnetic field of-0.35 Oe, thereby demagneti zing the strip speci manzgz-éu&)ﬂ]ﬂ&
Current is allowed to flow again through the mnagnetization coil so as to
excite the strip specinen, and the generated magnetic flux is detected by

a search <coil so as to neasure a B-H curve. 4) The anhysteretic nmagnetic
perneability is 29 JUN 2005 30 calcul ated Bron1the B-H curve thus

measured. Table 4 shows the results of the neasurenent As apparent from
Tabl e 4, the steel sheet prepared by the procedure described above by

using steel sanple A i.e., 5 steel sheet sanple No. 1 for the inner
magnetic shield, is a steel sheet as a chupkg alive exanple failing to

fall within the r%E% Sgec'fied rn-thgpreseit—iravent-or—R—+espect—of
each of the rati t h nRfstler¥pi d nBankti% pevoblabi IVt y] it he B ol i ng
10 direction to tihat |icooehe ¢.omnswersaloghsr Glb®) @M@ | bBo2avabpss Pf one| of
t he two val ues, WAL @wh g@gﬁ therr—the—other—tor—t-hp—anhyistereti<
nmagneti c per meabifiZtyl I h G38g | 98k 08H dni046nE0-8eM8yist eT el i
magnetic pernea iKﬁtyODm) h@otransmerS@mmd mg¢fiomm30n&b@@ ot her %50ﬂ@ﬂd
each of the steel sﬂpet pared— byt heprocedute—deser+bed—abeve—by—usi ng
steels Band C, i.e EP & sheet sanples Nos. 2 to 9 for the inner

magnetic shield, |s aS&tee sheet of the present invention satisfying any
of the two requirenents descrPFEd™SHSy&ach having a width of 10 mm and a

—~ length of 100 mm, the longitudinal direction of each

{~) 5 strip specimen providing the rolling direction and the
transversal direction, were cut from each of the steels
thus prepared. These strip specimens for each steel
were piled crosswise in two parallels so as to form a

- closed magnetic circuit, and the anhystefetic magnetic

10 permeability was measured by the procedure given below.

Measuring Method of Anhysteretic Magnetic Permeability

1) An attenuating AC current is allowed to Fflow
through a magnetization coil so as to demagnetize

4 ) completely the strip specimen.

15 2) An attenuating AC currént is allowed to flow
again through the magnetization coil under the state
that a DC current is allowed to flow through a DC-bias-
field coil so as to generate a DC bias magnetic field
of 0.35 Oe, thereby demagnetizing th; stxrip specimen.

20 3) Current is allowed to flow again through the
magnetizationzcoil so as to excite the strip specimen,
and the generated magnetic flux is detected by a search
colil so as to measure a B-H curve.

4) The anhysteretic magnetic permeability is



20 Next, the strip specinmens (steel sheet sanples) described above were
processed into inner magnetic shield sanples Nos. 1 to 9 each havigg a
prescribed shape, in which the direction, in which the anhystereti c€9 JUN 2005
magnetic perneability of each of the short 25 side nenber and the | ong

si de nmenber was a hi gher value, was changed as shown in Table 4. Each of
the inner nagnetic shield sanples thus prepared was nounted to a 29 JUN
2005 31 TV color cathode ray tube of 29 igches for evaluating the
geomagnetic drift preventing effect. The color cathode ray tubes used were
the sane in respect of the constituting nenbers other than the inner
magnetic 5 -shield anﬂﬁ%&g manuf acturing net hod thereof. The geonagnetic
drift preventing &8 sTrevatiat Bot byureasthishignearuerd £ ti ng anount in

the | anding point of Ehﬁ elgctron beam caused by the geomagnetism To be
more specific, a col or ‘EatfiodeSPAYS 18h¢ Whestre ) ofidde MRS aMerd60 dnder

the state that a th a% magne lc field of 0.35 Ce and a horjzontal
magnetic field oﬁpé% %)e e ﬁéjb?l %d F%etﬁEGWW%QrQRﬁ%M dhehe
Do ST e, bRtk ARChRRSRUGER) el S HAIELnR BB e
G111 ng amount - BreoTnePags: Sb e RBT OhoPeS ARl ies Magrasomdit the
SErer ST | DA poatEhm L T € fonptl el RN STl 2
) fall within the range specified in the present
{) invention in respect of each of the ratio of the
anhysteretic magnetic permeability in the rolling
10 direction to that in the transversal direction and the
value of one of the two values, which is higher than
the other, of the anhystefetic magnetic permeability in
the rolling direction and the anhysteretic magnetic
permeability in the transversal direction. On the other

15 hand, each of the steel sheets prepared by the

procedure described above by using steels B and C, i.e

- r

o ‘\.

) steel sheet samples Nos. 2 to 9 for the inner magnetic
shield, is a steel sheet of the present invention
satisfying any of the two requirements described above.

20 Next, the strip specimens (steel sheet samples)
described above were processed into inner magnetic
shield samples Nos. 1 to 9 each having a prescribed
shape, in which the direction, in which the
anhysteretic magnetic permeability of each of the short

2b side member and fhe long side member was a higher value,

was changed as shown in Table 4. Each of the inner

magnetic shield samples thus prepared was mounted to a



val ue based on the value of 1 for the inner magnetic shield sanple No. 1
using the steel A The drifting anount of the landing error for the_
conventional nmagnetic shield is about 1 to 1.1. 25 FIG 3 shows the? SedHNR005
of arranging the short side nenbers and the |ong side nenbers and the:
drifting anmount due to geomagnetismin respect of four kinds of 2 9 JUN
2005 32 conbinations (which correspond to inner nagnetic shield sanples
Nos. 2 to 5) differing fromeach other in thg. direction, in which the
anhysteretic magnetic perneability of the steel sheet was the higher
value. Co=13m-cd LO ZLIJCOaoLooOcto'woomOCGCOOYyYy >i
-O0O0p mmOEV.CLeLN COC) WOTC pNNNN y+=VLCteyIl0 ++
R~+to i+ A W-P'O%RECE BAERCAAEAK Kuby ef |2%)inghes, fioxg evaduatdng > Cu
Cal w . . '
Qy the geomagnetic drift preventing effect. The color
cathode ray tubes used were the same in respect of the
constituting members other than the inner magnetic
5 "shield and the manufacturing method thereof.
The geomagnetic drift preventing effect was
evaluated by measuring the drifting amount in the
pe
\M) landing point of the electron beam caused by the
geomagnetism. To be more specific, a color cathode ray
10 tube (CRT) was rotated by 360° under the state that a
vertical magnetic field of 0.35 Oe and a horizontal
magnetic field of 0.30 Oe were applied to the CRT so as
to measure the positional deviation (landing exrror) in
the landing point of the electron beam relative to the
15 reference point, and the value between the peak-to-peak

value of the landing error was obtained as the

!/-:‘.n.\

-) horizontal drifting amount Bh. Incidentally, the
horizontal drifting amount Bh at the screen corner
portion shown in Table 4, which denotes the drifting

20 amount of the landing error, is indicated by a relative
value based on the value of 1 for the inner magnetic
shield sample No. 1 using the steel A. The drifting
amount of the landing error forrthe conventional
magnetic shield is about 1 to 1;1.

25 FIG. 3 shows the method of arranging the short
side members and the long side members and the drifting

amount due to geomagnetism in respect of four kinds of
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5 Particularly, as apparent from Table 4 and FIG 3, each of the inner
magneti c shield sanples Nos. 2, 3 and 6 satisfied the requirenents )
specified-in the present 0 invention in respect of the magnetic 29 JUN 2005
characteristics of the raw material steel sheet and the arrangenent the 10
direction, in which the anhysteretic magnetic perneability of the steel
sheet is the higher value. It was confirned that each of the inner
magnetic shield sanples Nos. 2, 3 and 6 waggsuperior in the geomagnetic
drift suppressing effect to the inner nagnetic shield 15 sanple No. 1
failing to satisfy the requirenent of the present invention in respect of
the anhysteretic nagngt ﬁ %rneablllty of the raw material steel sheet.

y

Particularly, a promn ReetRReF BRIRGHIF eBi o %W]ﬁometa c
drift was confquEQ |n i nner, n@gﬁgt % 20 shield sanples Nos. 2 and 6 in
h anh

whi ch the directidh,’ iSHOBhiE as of 2 1ed e et s kedrshant ity of
the steel sheet J %&S,glgh val ue correi ds to the horizontal
direction of not o% A&9s 58Pt TERBLTRRARE, O it Eﬁ%ﬁFQIﬁ?ﬂYﬁﬂf%ﬂQkin

nmb I d 5 t d I 3 and 6
were. found to e”@#staﬁ?fﬁpﬁyaéﬁz%em TP EIROLRT | RS LY rmgnet |

hi el d dr ighgt t I 006 t
lerdin tie ver Crean ey Ret 58! Bhbfehg, Fhn TRt £ T e o
sanples Nos. 4, g% the $ndB¢ Hababled LRisphl Sy iégu £99 7 oEple of the

present i nvention in respect of "'the 5 arrangerren fectl on, 1n
whi ch the anhyst efagtiisfied the requirements specified in the present
éj) invention in respect of the magnetic characteristics of
the raw material steel sheet and the arrangement the
i0 direction, in which the anhysteretic magnetic
permeability of the steel sheet is the higher value. It
was confirmed that each of the inner magnetic shield
samples Nos. 2, 3 and 6 was superior in the geomagnetic
drift suppressing effect to the inner magnetic shield
15 sample No. 1 failing to satisfy the requirement of the
present invention in respect of the anhysteretic

magnetic permeability of the raw material steel sheet.
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Particularly, a prominently high effect of suppressing
the geomagnetic drift was confirmed in inner magnetic

20 shield samples Nos. 2 and 6 in which the direction, in
which the anhysteretic magnetic permeability of the
steel sheet is the high valﬁer.corresponds to the
horizontal direction of not only the short side members
but also the long side members. Incidentally, these

25 inner magnetic shield samples 2, 3 and 6 were found to
be substantially equal to the conventional inner

magnetic shield in the drifting amount relative to the



magnetic perneability is the higher value. In each of these sanples, the
ef fect of suppressing the geomagnetic drift was not recogni zed so ﬁi.Io
make it necessary to enploy treubl esone steps as a neasure 10 agai £ Jun 200
color drift. As described above, the magnetic shielding effect can be
énhanced in the present invention by increasing the anisotropy in the
anhysteretic nmagnetic perneability of the steel sheet with respect to the
15 rolling direction of the steel sheet andgjhe transversal direction and
by setting the hi.gher value of the two anhysteretic nagnetic perneability
values in the rolling direction and in the transversal direction at 18000
or nore. In addition, .a hiqh r, magneti c 20 shiel ding effect can be obtained
by being correspSREFtichd Eﬁpe&PiGH? VREWhPeh dheeehigRt eretic nmagnetic
perneability of the st%pl hee% isnéhe higher value, to _the horizaqgntal

pl ane direction of the° &h& tRETnBABEr . IRET (PRI YL Gt § 1 rBd ©s

magneti c shi el di ef fect. can 25_b b ai e bej ng_corresponded the

direction, in mﬂﬁk' fﬁe%anﬁys efd ig %ﬁbﬂggiggpﬁ?%%%BYI?Q? of the stee

sheet is the hig o th orizaontal .2 UN 2005 35

di rection of'theqﬁ%ﬁégg%%gt%eo e?hgs5%é?Fh§sl?ﬁ%ng§%%r%ns?%ﬁp?ﬁﬁaégE%qﬁ

follaws th t he TSR Lnyenti.an LI pesSsl t o col or

devi ati on ﬁ’] t he a?:{)l or li(;nat:}tnklil:oﬁg trtgl% 'Eiu gsgéhéédgﬁng%gh %légle%] aﬁ%@%ﬁe{}%ﬁi ft.
0 magnetic permeability is the higher value. In each of

these samples, the effect of suppressing the
{i) geomagnetic drift was not recognized so as to make it
necessary to employ troublesome steps as a measure
10 against the color drift.
As described above, the magnetic shielding effect
. can be enhanced in the present invention by increasing
the anisotropy in the anhysteretic magnetic
permeability of the steel sheet with respect to the
15 rolling direction of the steel sheet and the
transversal direction and by setting the higher value

“) of the two anhysteretic magnetic permeability values in

“..
N

the rolling direction and in the transversal direction
at 18000 or more. In addition, a higher magnetic

20 shielding effect can be obtained by being corresponded
the direction, in which the anhysteretic magnetic
permeability of the steel sheet is the higher value, to
the horizontal plane direction of the short side member.
Further, a more improved magnetic shielding effect can

25 be obtained by being corresponded the direction, in
which the anhysteretic magnetic permeability of the

steel sheet is the higher wvalue, to the horizontal



2 9 JUN 2005 -36 What is clained is 1. A steel sheet for inner magnetic
shields excellent in a shielding effect from geonagneti sm wherei rhg
ration of an anhysteretic nagnetic 5 perneability of the steel sheet M éN 2005
rolling direction to an anhysteretic nmagnetic perneability of the steel
Sheet in a transversal direction is not higher than 0.7 or not |ower than
1.4, and a higher value of the two anhyteretic nagnetic perneability
values in the rolling 10 direction and in the_transversal direction is not

| ower than 18000. 2. The steel sheet according to claim1l1, wherein the
steel sheet consists essentially of higher than 0.005% and not hi gher than
0. 06% by wei ght of C, |ower 15 than 0.3% by wei ght of Si, not higher than
1.5% by wei ght Bf-2RR, digechigreptt Khf d0D895bYe weember ods Pyelibtas Hihgher

t han 0. 04% by meight of,?F not _hi gher than 0.1% by weight of Sol. A, and
the bal ance of F8MOSt gideoBembREet Forfoklmis idtpfettine mesteas 20
excellent in a shielding effect from geomagnetism wherein a ratio of an
anhysteretic nagﬁgyﬁgtlgBrWQESFIFFyPBFS%HéesF%e$uBR§%$Sihh%.¢Qﬂ¢¢ng

direction to an hysteretic gnetic perneability of the steel sheet in
a transver sal digggﬁ¥%ﬁ°PSlﬁoFH%iﬁﬂ PTi faklede B3y obubetcawsed bhdhe. o,

and a fii gher val . 3o Qllking direction and in the transversal
direction is 29 ?%ﬁh§8§g%193§rlft- :

O

rtiion,
{ |
T



not | ower than 18000. 4. The steel sheet according to claim3, wherein the
steel sheet consists essentially of higher than 0.005% and not higher than
0.06% by weight of C, lower 5 than 0.3% by weight of Si, not higher &8adUN 200
1.5% by weight of M, not higher than 0.05% by wei ght of P, not higher
than 0.04% by wei ght of S, not higher t hdh- 0. 1% by wei ght of Sol. A, and
the bal ance of Fe. 5. ‘An inner magnetic shield excellent in a 10 shielding
ef fect from geomagneti smused in a color cathode ray tube, the inner
magneti c shield having a substantially truncated pyram dal body which has
a pair of short side nmenbers of a screen and a pair of long side nenbers
of a screen, and constructed such that 15 said short side nenbers are
joined to said long side nenbers at edge portions of the substantially
truncated pywagtdak eagngedcishiel d, wherein: the inner magnetic shield is
made of a steel sheet, a ratio of an anhysteretic magnetic perneability

20 of the steel sheéet i# aSEBBLi nghapEecEPBn {BNAR aWRgREBEEt i ShhabR®etic
perneability eel. _sheet i L ran | directj i ng: not
T S e
anhysteretic whgmetinc per neabtlibhy valfuesann thehg5teretlicng mageetions and

in the t | di, tion: i | t.h 18000; .t he, .
di'recti on. i nSRATEACRG Cniys it FERRgRBFTE ‘Portesbi 112 OF FPREiSPeel
sheet is SaidtBiQhﬁraMﬁ&Q@er@t@cJHHg%@¥ic'é%&meability of the steel

sheet in a transversal direction is not higher than 0.7

or not lower than 1.4, and a higher value of the two
anhyteretic magnetic permeability wvalues in the rolling

10 direction and in the transversal direction is not lower
than 18000.

2. The steel sheet according to claim 1, wherein
the steel sheet consists essentially of higher than
0.005% and not higher than 0.06% by weight of C, lower

15 than 0.3% by weight of Si, not higher than 1.5% by
weight of Mn, not higher than 0.05% by weight of P, not
~higher than 0.04% by weight of S, not higher than 0.1%
by weight of Sol. Al, and the balance of Fe.

3. A steel sheet for inner magnetic shields

20 excellent in a shielding effect £from geomagnetism,
wherein a ratio of an anhysteretic magnetic
permeability of the steel sheet in a rolling direction
to an anhysteretic magnetic permeability of the steel
sheet in & transversal direction is not higher than 0.5

25 or not lower than 2.0, and a higher wvalue in the

rolling directicn and in the transversal direction is

=

-



- corresponds to the horizontal plane direction of said short side nenber.

6. The inner magnetic shield according to claim 5, wherein said Iong si de
-menber and/or said short side 5 nenber includes a V-shaped notch. 72 STHEN 2005
i nner magnetic shield according to claim_5, wherein said |ong side nmenber -
and/ or said short side menber includes &’slit. 8. The inner magneti c

shield according to claim 10 6, wherein said | ong side menber and/or said
short side nenber includes a slit. 9. An inner magnetic shield excellent

in the shielding effect from geonmagnetismused in a color 15 cathode ray
tube, the inner magnetic shield having a substantially truncated pyram dal
body which has a pair of short side nenbers of a screen and a pair of |ong
side nenmbers of a screen, and constructed such that said short side

menbers are joi nednb® Saiwdrl @Rgnside020 nenbers at edge portions of the
substantial ly truncated pyr amai_dal magnetic shield, wherein: the inner
magneti ¢ shiel d is“madeTsf stesl §W§@F aceqrgling Jo anl aiihy3t eVREFeLin

magneti c per megly | 5EYeof off SE%@s:.?tﬂ%eteéé‘eﬁti&iifgn%ﬁ' 'h‘ig‘h'e‘%n tRafn 25

anhysteretic nagnetic perneability o he steel sheet in a transversal
di rection bei g 0BGt mqyuﬁotrhﬂQMEﬂ bhannft 0bédwery teeighl. A ahd &owegher

value of the tyo, aghysteretic, sponeti coper meabi Lty valyes, in the
weight of Mn, not higher than 0.05% by weight of P, not
higher than 0.04% by weight of S, not higher than 0.1%
by weight of Sol. Al, and the balance of Fe.
5. An inner magnetic shield excellent in a
10 shielding effect from geomagnetism used in a colorx
cathode ray tube, the inner magnetic shield having =&
substantially truncated pyramidal body which has a pair
of short side members of a screen and a pair of long
side members of a screen, and constructed such that
15 said short side members are joined to said long side
members at edge portions of the substantially truncated
pyramidal magnetic shield, wherein:
the inner magnetic shield is made of a steel
sheet, a ratio of an anhysteretic magnetic permeability
200 of the steel sheet in a rolling direction to an
anhysteretic magnetic permeability of the steel sheet
in a transversal direction being not higher than 0.5 or
not lower 270, and a higher vaiue of the two
anhysteretic magnetic permeability values in the
25 rolling direction-: ;nd in the transversal direction
being not lower than 18000C; and
the direction, in which the anhys£eretic‘magnetic

permeability of the steel sheet is said higher wvalue,



rolling direction and in the transversal direction being not |ower than

18000, or a ratio of an anhysteretic magnetic perneability of the s

sheet inar
steel sheet |
| ower than 2.
permeability
di rection bei
anhysteretic

val ue, corresponds to the horizontal plane direction of said short side

olling direction to an anhysteretic perneability 5= of

n a transversal direction bg%ng not higher than 0.5 or
0, and a higher value of tHe two anhysteretic nagnetic
values in the rolling direction and in the transversal

ng not |ower than 18000; and 10 the direction, in which the

magnetic perneability of the steel sheet is said higher

menber and to the horizontal plane direction of said | ong side nenbe

10. The i nner

magneti c shield according to claim 9, wherein said | ong side
menber and/ or ceairdspbart siadetheemoeri ziontlaldgsland/- shapedinot it 44idThe

el
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not

r.

15

i nner magnetic_shield accorg%ng to claim 9, wherein said | ong side nenber

and/ or sai d sRBPETsFIEe BE™

short side nenber includes a slit. 13. A col or cathode ray tube,

conpri si ng anSirnwderein magietians Hiddel neesei and{ie $ahérshaghesiéeshiel d

( . . mber includes a slit. 12. The inner nmagnetic
shield according teg_clairhe Lhnatherghfesat dshoBydsizdeJrebey @ndiosigaid

has a subsganhg%gé% ih%ﬂ%%%%?g @¥%ﬁghggln§gg¥‘having a pair of short side:
0 [

menbers of " a SCreéen an
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25

apair Oong s
7. The inner magnetic shield according to claim

5, wherein said long side member and/or said short side
member includes a slit.

8. The inner magnetic shield according to cliaim
6, wherein said long side member and/or said short side

member includes a slit.

9. An inner magnetic shield excellent in the
shielding effect from geomagnetism used in a color
cathode ray tube, the inner magnetic shield having a
substantially truncated pyramidal body which has a pair
of short side members of a écreen and a pair of long
side members of & screen, and constructed such that
said short side members are joined to salid long side
members at edge portions of the substantially truncated
pyramaidal magnetic shield, wherein:

the inner magnetic shield is made of steel sheet,
a ratio of an anhysteretic magnetic permeability of
the steel sheet in a rolling direction to - an
anhysteretic magnetic permeability of- the steel sheet
in a transversal direction being not higher than 0.7 or
not lower than 1.4, and a higher wvalue of the two

anhysteretic magnetic ©permeability wvalues in  the

e nenbers of 29 JUN 2005 -40



a screen, and constructed such that said short side nenbers are joined to
said long side nenbers at edge portions of the substantially truncaégg
pyram dal magnetic shield; 5 the inner nagnetic shield is made of s YUN 2005
sheet, a ratio of an anhysteretic nagng%%g perneability of the steel

sheet in arolling direction to an anhystéretic magnetic perneability of
the steel sheet in a transversal direction being not higher than 0.5 or
not 10 lower than 2.0, and a higher value of the two anhysteretic magnetic
perneability values in the rolling direction and in the transversal
direction being not |ower than 18000; and the direction, in which the
anhysteretic magnetic 15 perneability of the steel sheet is said higher

val ue, corresponds to the horizontal plane direction of said short side
menber. 14. Aredllangcathudetiay tabd c@nprthngtaanSMﬁesalna@heettiGMield,

wherein: 20 t nner gnetic shield h substantlal uncat ed

pyr ani dal bodggﬁ avi ng' ggpaf¢w%ﬁ sk%?? si 33% fember s Bf é%géPe nd®a pair
of long side pempetsretica mafeac apdraenstilietedhsughet ftaeteeﬂal shssert
side nenbers are joined to said Ionq25|de menbers at edge 25 portions of

the substanti &M ¥ t C mynerheskaretie t Rernapkilibynetic

shield is d I t, n C e
S or meabi | .?3 gfgft%ﬁ%% sfﬁ%%ec irf 4 A1 Ofe AL PNAYSLEL £04 CoORIREhLE

higher than 0.5 or not lower than 2.0, and a higher
value of the two anhysteretic magnetic permeability
values in the rolling direction and in the transversal
direction being not lower than 18000; and

10 the direction, in which the anhysteretic magnetic

permeability of the steel sheet is said higher
value, corresponds to the horizontal plane direction of
said short side member and to the horizontal plane
direction of said long side member.

15 10. The inner magnetic shield accdrding to claim
9, wherein said long side member and/or said short side
member includes a V-shaped notch.

11. The inner magnetic shield according to claim
9, wherein said long side member and/or said short side

20 member includes a slit.

12. The inner magnetic shield according to claim
10, wherein said long side member and/or said short
side member includes a slit.

13. A color cathode ray tube, comprising an inner

25 magnetic shield, wherein:

the inner magnetic shield has a substantially
truncated pyra&idal body hawving a pair of short side

members of a screen and a pair of long side members of



of the steel sheet in arolling direction to. an Iaghysteretig magnet i c
erneability of the steel sheet in a transversa irection being no
Ei gher thany0.7 or not lower than 1.4, and a higher value of the tw&%JUN 2005
anhysteretic magnetic perneability values in the rolling direction and in
the transversal direction being not |owe40+than 18000, or a ratio of an
anhysteretic magnetic perneability of the steel sheet in the rolling
direction to any anhysteretic magnetic 10 perneability of the steel sheet
in a transversal direction being not higher than 0.5 or not |ower than
2.0, and a higher value of the two anhysteretic magnetic perneability
values in the rolling direction and in the transversal direction being not
| ower than 15 18000; and the direction, in which the anhysteretic magnetic

pernmeability of tdieedeel aﬁbe%oﬂs%rﬁﬁﬂtcéd“' ghen valde, saﬁgir rgﬁﬁ}?{ld% il the
horizontal plane direction of said |ong side menber and to the horizontal

pl ane directi AR DHf 288 dxHmd Spdeamshbbeng side members at edge
portions of the substantially truncated pyramidal
‘magne?ic shield;

5 the inner magnetic shield is made of steel sheet,
a ratio of an anhysteretic magnetic permeability of the
steel sheet in a rolling direction to an anhysteretic
magnetic permeability- of the steel sheet in a
transversal direction being not higher than 0.5 or not

10 lower thah 2.0, and a higher wvalue of the two
anhysteretic magnetic permeability values in the
rolling direction and in the transversal direction
being not lower than 18000; and

the direction, in which the anhysteretic magnetic

15 permeability of the steel sheet is said higher wvalue,
corresponds to the horizontal plane direction of said
short side member.

14. A color cathode ray tube comprising an inner
magnetic shield, wherein:

20 the inner magnetic shield ﬁas a substantially
truncated pyramidal body having a pair of short side
members of a screen and a pair of long side members of
a screen, and constructed such that said short side
members are joined to said long side members at edge

25 portions of the sBbstantially truncated pyramidal
magnetic shield;

the inner magnetic shield is“ made of a steel

sheet, a ratio of an anhysteretic magnetic permeability
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of the steel sheet 1in a rolling direction to an
anhysteretic magnetic permeability of the steel sheet

in a transversal direction being not higher than 0.7 or

"not lower than 1.4, and a higher value of the two

anhysteretic magnetic pefmeability values in the
rolling direction and in the transversal direction
being not lowef than 18000, or a ratio of an
anhysteretic magnetic permeability of the steel sheet
in the rolling direction to any anhysteretic magnetic
permeability of the steel sheet in a transversal
direction being not higher than 0.5 or not lower than
2.0, and a higher wvalue of the two anhysteretic
magnetic permeability wvalues in the rolling direction
and in the transversal direction being not lower than
18000; and

the direction, in which the anhysteretic magnetic
permeability of the steel sheet 1s said higher wvalue,
corresponds to the horizontal plane direction of said
long side member and to the horizontal plane direction

¢f said short side member.



