b e3et $t<dh$6>$T$ Title of the Invention STEEL SHEET FOR | NNER MAGNETI C
SHI ELD AND MANUFACTURI NG 5 METHOD THEREOF, | NNER MAGNETI C SHI ELD, AND COLOR
CATHODE RAY TUBE [ Technical Field] The present invention rel e
sheet 10 used as a material of a magnetic shield nmenber arraﬂmmmmwmwmmeE
color cathode ray tube in a manner to cover the side region of theggkdnning
el ectron beans, i.e., a steel sheet for theinner magnetic shield of a

col or cathode ray tube and a manufacturing nethod thereof, to 15 an inner
magnetic shield, and to a color cathode ray tube. [Backgr oundﬂ@“ﬂ"ﬂmmﬂmmmﬂ
cat hode ray tube conprises basically ebgscrarTgoms for emtti

beans and a 20 phosphor screen that emts |ight upon irradiati on wsdodohp«t he
el ectron beans so as to forma visible image. The el ectron beans are

defl ected by the geomagnetismso as to generate a color drift in the
visible image forned on the phosphbtlscofethe Fimventiemti ng the col or
drift, 25 an inner magnetic shield, which is also called an inner shield,
is arranged in tSFEEd SHEESD FORe INNER MAGNET I§e 5 IHLD AND MANUFACTURING
years, comrercial TV sets have been enlarged or widened in the screen size.
As a resul B, the f i YATHQRt FHERRGY h BNNER AGHNRREE ngHTBhY: AR €POR| ect ron
beans have been i ncreased and, thus, the TV 5 sets have becone nore
susceptible to the effect of geomagn@®THYRE | RAHtFeBEWords, a deviation of

t he | andi ng point on the phosphor screen of the electron beamfromthe

desi gnated point, which is caused by the effect of geomagnetism (thus

termed a geomagnetic 10 drift), has C |_ar ger .than before. At the sane
time, a finer screen has cone to be[ﬁgﬁﬁvgfag'%ﬁﬁgéﬂof_the propagati on of
t he hi-vision broadcas&hgg%@ggeﬁpei DeLipLd o ef%tégetglglé€+cp O t@stlng,

with the result that demnan uctlon o} e geonagne has 15

beconmes sgyerer. 6Bat B At hgEeband. oﬁ'QCﬁaénétﬂérsﬁiéih hEROEr | SrigAYLEed
in a color cathode ray tube for a personal “conputer, it IS nore neceSsary

to suppress nmarkeflkyabha eeher dathbacavsgdifibet b genangsctte dové: . 20
Under the circunstances, it was customary in the past to evaluate in many
cases the characthelsideSreglbheostené stieringselletoroprepanat i bneof &ahe
magneti ¢ shields by using as indexes the magnetic perneability, the
coercive force amtieehesheatinfnr thexioeesi nggoetic 8biaeldoofnagoelor field

correspondi ng substantially to the geonmagnetism A nethod of inproving the
characteristics gathpde ray3tube and a manufacturing method thereof, to

15 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

20 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,

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

general.



steel sheet for magnetic shields is disclosed in, for exanple, Japanese

- Patent Disclosure (KOKAI) No. 10168551. This prior art is directed to the
technol ogy for inproving the magnetic characteristics by setting 5 the
ferrite crystal grain size of 3 to 20 |lamof a steel having a specified
~conposition. To be nore specific, disclosed in this prior art are a
magnetic shield material exhibiting a coercive force not smaller than 3 Ce
and a remanent flux density not |ower than29-kG 10 which are the magnetic
characteristics required for the cold rolled steel sheet used for
preparation of magnetic shields, and a nethod of manufacturing the
particul ar magnetic shield erial. | i cl | [ n
Japanese) of the 15 I%‘%tlr %‘t'gg{Jé%%tt?%%P%%i%mﬁ,un%%%iﬁﬁ%%%eers, 319,
June 1996, disc e ti neLi hi in f rnequi red 20
shi el di ng ef f ec%ﬁigfqﬂ{egr ﬁ{‘%ﬁ%ﬁ%ﬁdi@oﬁgj%#%xﬁlé{%«_&’. 6%535 R e

rel ationship be%ﬁ%egéﬁgﬁﬁﬁﬁQihiiﬁnéﬂﬂ Lhe easnée'&ni&% L8R5y 68 e

magnetic It shou oted In thiS connection that the steel sheet for

magneti ¢ shi el dg18BRrbRIbEAMENRaREt HBENCOhOFe£86 808G aVnligDELhS TV
demagneti zed i n general under the geomagneti sm and, t hus, the magnetic 25

charact er gsti cssgtst Havet BELofBeRbrar 8usBapILELOYLS hensdesBgaet i gat i on under
t he geomagneti sm However, the particular change in the nagnetic

characteri sti csgabfagnetfsmotId akifiier Nidr@e,C eldeviatiion ted e ogy

di scl osed in Japanese Patent Disclosure No. 10-168551 pointed out above,

| eading to the panflieg pbabtt be thgnphospBbresdregn edf ethei aleckodhi ci ent .
5 The rel ati onship between the anhysteretic magnetic perneability and the
magneti ¢ shi el dbagmeffent the desdgrdted padntytvweieh Isapsasedopy (the
Japanese) of the Institute of Electronics, Information, and Commruni cation
Engi neers, vol . effect pf spomggnphismi(thpsztermeda 9e9Bagpettted out

b . Ho , th tail t udi to wh t eel t hi bits. a high
anhyster 001 o mhRGEEQ  pBRACABRPREy LAFEoROERERAPPEPBA" | T hPRS AT Ehreng. ©
inted out ab .the technol di scl in 1 f.1h j t
ot orred Lo abobeTrUSEnEaRaBReRar CURFI EPoiI JRAghFAgoaPeRtErat tRE 7118
referred to ab nedpeble” 8 SuPfi nien
cauced by 1 he cBFBPeaFERPRLEEoRRa n O ERaR RFARABRaRPAg B8 BEE, M Cont®

years in the phﬁﬁﬁ@ﬁ%tiﬁﬁegﬁ Phe 28 Q€HEFBL§5dJH%§Eﬁ§; WigR th8er&ohDF

drift problem has not yet been resolfved in respect of the cathode ray tube
for personal cowpdtedsmakadetothBe@hbeyBRt BRCERE §é6:ﬁ£!?hé!ti§qa£i£€| neyadays
is a high performance steel sheet for nagnetic 25 shields having a magnetic
shi el di ngsef f ecbecbiesckasdrerof dmethavettiédOardh, cjresd Dff ireer prigsant
invention is to provide a - 5 steel sheet for inner magnetic shields
excel l ent in themsgeelidi nggefifredt ihr ancgéomangathoden rapi thbesfenpabl e of
decreasi ng the geomagnetic drift anount, and a nethod of manufacturing the
particul ar steebexheapl computerdels LAnwpranpaeessasyii EPdSUPRRESFo provi de
a color cathode ray tube. According to a first aspect of the present

i nvention, ther®@ar eé#&vFHédcalgFegFl§ﬁe€PuF6¢ brinthenggpBagReEhfel ds
excellent in a shielding effect from 10 geomagneti sm wherein a ratio of an
anhysteretic na&ﬁé??c perneability of the steel sheet in a rolling
direction,to an anhysfereti¢, magnetic perneabiljty_of th | . in a
transverggl directioangeﬁoghﬁigﬁg?u?ﬁgﬁnﬁgﬁ'o%kh% Sl%ﬁﬁfoﬁ%gﬁ i&gﬁggnd a

hi gher 15 val ueoqttlig Lyg)A0hYSLEr fbhG BAGDS! HhoPergeabbLiy yabuge 0 the

rolling di recti 8n an e transvers rrection 1s not [ower than 18000.

According to a 38e0RYe@3P8REe® ukBE BHESPREPhPHBNGHOBE %Hérﬁa?ﬁgﬁi@VIded a
steel sheet for inner 20 nagnetic shields excellent in a shielding effect
from geonmagnet i Rk eWa8r BNudihgt b8 9hdaRednbMel Raghé€ifbgBLhbEbPELIERADI ity
of the steel sheet in arolling direction to an anhysteretic nmagnetic
permeability of thkecseeelveheetcenandt kRasyemnsabndi £Eaki @8nkstpotndér hi gher
than 0.5 or not |lower than 2.0, and a higher value of the two anhysteretic
magnet i c 2per neahi Lowymagheesci fithd cokkengoddipgt sohshantiallpeto the
transversa

geomagnetism.

A method of improving the characteristics of the



- 6 direction is not |lower than 18000. According to a third aspect of the
present invention, there is provided a nethod of nmanufacturing a steel
sheet for inner nmagnetic shields excellent in a 5 shielding effect from
geonmagneti sm conprising the steps of hot rolling a steel slab consisting
~essentially of higher than 0.005% and not higher than 0.06% by wei ght of C,
| ower than 0.3% by weight of Si, not higher than 10 1.5% by wei ght of M,
not hi gher than 0.05% by wei ght of P, not- Bi gher than 0.04% by wei ght of S,
not hi gher than 0.1% by weight of Sol. Al, and the bal ance of Fe; cold
rolling the resultant hot rolled steel band; continuously annealing the

resul tant cold %P%éfds %%§L§§£§p€§gn$£ic;%gpgi&§ U esgdc d 0/ 8Ggghder a

| i ne tension no ower tenpering rolling the anneal ed

steel sheel as Leguhigd #hoaReEk ORGRLAOTDISE SoReke NlialiELT} NS, 01226

According to a i h-aspect e present 20 invention, there is provided
an 1 nner mgneti@ﬁﬁi?' drEXCqld Rt it ashislditg afd atle ftedlingaegggnet i sm

used in a color cathode ray tube, the inner nagnetic shield having a

substantial |y tggpcahgeoPYhgntHa! mlgayt I8 shahasterpeticofbphesttmigle
menbers of a screen and a pair 25 of long side nenbers of a screen, and

construct gd sucBhéhgértheesboystal dgraenbeiseacf potoe2iotomt b kosyeslde
menbers at edge portions of the substantially truncated pyr am dal
magnet i ¢ shi el dhawhrgeanspebifiedecompgsitionshi® e snonedespsicif ist.eel
sheet, a ratio of an anhysteretic nmagnetic perneability of the steel sheet
in a rolling di déstlosedoinnthhbypriort artsanagacnagnebigesipieldy of the
steel sheet in a transversal direction being not higher than 0.5 or not

| oner than 2.0, matgriahi gbibiaing af cORECLV® AARGStRPEt FRakbghethan 3
perneability values in the roIIing direction and in the transyversal
direction 10 bePRgaR6ét al saBANERENIIBBoBeNEhEYt RetFPBETi BRa%i 4 $hich the

anhyster%&lc na%ggghcare 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 Electronics, Information, and
Communication Engineers, vol. J79-C-II No. 6, pp. 31l1-
319, June 1996, disclosed is the relationship between
the anhysteretic magnetic permeability and the magnetic
shielding effect required 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 magnetic

25 characteristics of the steel sheet are changed by the
demagnetization under the geomagnetism. However, the

particular change in the magnetic characteristics are



perneability of the steel sheet is the higher value, corresponds to the

- hori zontal plane direction of the short side nenber. 15 According to a
fifth aspect of the present invention, there is provided an i nner magnetic
shield excellent in the shielding effect from geonmagneti 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 side nmenbers of- @ screen, and constructed such
that the short side nenbers are joined to the |ong side nenbers at edge
portions of the substantially truncated pyram dal magnetic shield, 25
wherein: the inper pRORtigeShiebduhe (ROl tachistlap eploldeddiip of an
anhysteretic magnetic perneability of the steel sheet in a rolling
direction to an ret ' biigpt i hsoStesd &heet in a
transver sal dirg%??%ﬁggeféggﬁg?gﬁgg%gﬁﬁf%gﬁao.%00¥6€§3 régww than 1.4, and

a higher value gfothe {40aPngnPYStREChECLIBANERAE BRE Radidity values in
the rolling direction and in"the transversal direction being not |ower than

18000, or a ratgpigiadAgagb¥ster eti engagnetienpermeability of the steel
sheet in arolling direction to an anhysteretic nmagnetic 10 perneability of
the steel gsheet in a thensyeaEadbnshipchée wedri tige nathys ghwetihamdghetior not
| ower than 2.0, and a hi gher value of the two anhysteretic nagnetic
perneabi |l ity vapaemeabilheyrahfii hhednaguetbn shileidindeeffertves sal
direction being not |ower than 15 18000; and the direction) in which the
anhyst ereti c naghtetliiedpénnthei artycde, t Boagsaetignebini daparese hhef val ue,
corresponds to the horizontal plane direction_of the short side nmenber and
to the horizont shepfastigintecofolleotspnigs. | SRAECETMAELIARNHRRA | n the inner
magnetic shield according to the fourth or fifth asggct of the prﬁgfnt
i nvention, it iSomEypigaEdéonoEnghBeptiy ¥Ple MEABEFIOING- sBr 2R attitor the
short side nmenber of _a scr to i nclyde V- shaped, 25 not c or it is
desi r abl % or tﬁégkoﬂﬁn§iagsaen88anFHaoggr883V3hd/ ?w?¥ﬁ£%hé¥1 si de menber
of a screen 10 Laehid8a2s2hblios as Bo_whGEOLELEY LRoBt SLEhTpRERCA NN NE
m,- ot i de or u%e, i

pr esent i nventi 8 ere-i'sS provi a co cathode ray t conprising
an i nner magneti L : LR+ 1 kheeal ; ekl tebfdahegidd in
Substant i al Ty 5P ETReErEytE RaRh L b B RabI TEegChLe A0 CLt bR
menbers of a sciggl argiaipair of long side nenbers of a screen, and
constructed such that the short side nenbers are joined to the | ong side
menbers at edge porti@aespefintha sukshbotveal tiet techabkdgpydastiasedOin
magnetic shield; the inner nmagnetic shield is nmade of a steel sheet, a
rati o of 1@n anhesichr effi ¢hengiebirc apesmealfelrred ¢b thevet kel ishapable a
rolling direction to an anhysteretic magnetic perneability of the steel
sheet in a 15 t o&nsuEfigieditiyccopingeiwaghnshehdgherieorafionsinr thet | ower
than 2.0, and a higher value of the two anhysteretic magnetic perneability
val ues in the rofisibdediimegei §erasd on the PP&ﬁQF@FS§FrSFPecWPgﬁhbéFng not

| ower than 18000; and 20 the direction, in which the anpgstegetic magneti c
perneabi | ity of coMses by thgeselre ARERi §REP™PAPYANICLPPEPSRELCTE the

hori zontal plane di.rectiqn of the short side,nenber. .Fur Lend§gording to
a seventh enbod@égﬂﬁvﬁf fﬁerfgeﬁgeggﬁfsiﬁ?e%??oﬁ?ofﬁng %ggS?SV|ged_a col or
cat hode rgay tube GoMHI; h”%va%ekﬁﬂefAﬂBgnekhé 8816k darYPEr SEdb1ddienadner
magneti c 'shi el d has & substantially -10

not yet been resolved 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



truncated pyram dal body having a pair of short side nenbers of a screen
~and a pair of long side nenbers of a screen, and constructed such that the
short side nmenbers are joined to the |long side nenbers at edge 5 portions
of the substantially truncated pyram dal magnetic shield; the inner
“magnetic shield is nade of a steel sheet, a ratio of an anhysteretic
magnetic perneability of the steel sheet in a rolling direction to an
anhysteretic 10 nagnetic perneability of tiBe-steel sheet in a transversal
direction being not higher than 0.7 or not |lower than 1.4, and a hi gher

val ue of the two anhysteretic nmagnetic perneability values in the rolling

divection and i Bcthe LhaBEvEoRAkaflbr oRLADLID BE1DIaROLxbONELnE o GE000

or aratio of an-an eretic nmagnetic perneability of the steel sheet in

the rolling di rEﬁEEQBFBQ apraphyBLE6heLE6mABHBELER, PERIBRDL | ExpRH1E he St eel

sheet in a transversa irection being not higher than 0.5 or not | ower

than 20 2.0, andedrhhghfl ¥AbUSeBhabh8tiwoa2nbByShRbehte AREGNEtMEthod
perneability values in the rolling direction and in the transversal

direction bei ngoRohah@¥gEthPaigl8AB0pasbictardsteeli SReet ¥bi phovbee
anhysteretic magnetic 25 perneability of the steel sheet is the higher

val ue, coprespordseirombbfeckoti zRntatlispl ana dor pebirddeod tbkoroongtkode
menber and to the horizontal plane direction - 11 of the short side
menber. [Brief bagctupei.on of the Drawing] FIG 1 is schematic view show ng
the construction of a substantially truncated pyram dal inner nmagnetic 5
shield for a col or cafpbhodediny taba, fhheteaapent ofdeheepbesenthereof are
joined to each other at the edge portions of the inner shield;, FIG 2 is a
cross sectional ipventinsw therkeisorsevidedon steglcabr6lefPRy1PDBE
conprising the inner 10 nagnetic shield of  the esent invg tion. and FI G
3 shows the net RG9"8tigr shAgGLAg exeedhsrt dpge Eéﬁﬁgaéngnﬂ ?ﬁg | §h8Tsi de

mb f the i tic shield and_th ' LEL
T Tespeal of 1 BAPHRCRAL Lam-cONATRAT: BnE2bipt SF A PRONETE BELR other in

Shoet 15 ni gher TgtisTY BRERERRAIEYToR IBATERT PRCBENTA p' kLIS DL °°

sheet is higher'v nventi on| The présent

invention will nqw.Rg des¢li BedahRya@edRidl! mabRe@sBepelmebBi2it9! BE
cat hode ray tube, éénagnetlzatlon i's carried out by applying an
the steel sheet in a transversal direction is not
higher than 0.7 or not lower than 1.4, and a higher
15 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
20 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 transversal direction is not
25 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



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 circunstance. In -12 this method, since the nagnetic
" shield inside the cathode ray tube is demagnetized wthin the geonagnetism
the magnetic shields can remain nore highly nagnetized than those firstly
perfectly 5 demagneti zed fol |l owed by nagnefi zati on by a nagnetic field
corresponding to the geomagneti sm The present inventors have paid
attentions to the particular phenomenon and filed previously an

i nternational @ifgé,ﬁlﬁpt?disgq%prh&fg/%m/pw&) in respect of a steel 10

sheet for magnetl wth attentions paid to the anhysteretic

magnetic permeabi |itys Wy efhgan Be 14pch aSs SHL AR Ul PRl uation i ndex
of the magnetic characterlstlcs Inthis case. As a result of a continued

research nmade 'ﬂn@@n@@oﬁlt@ﬁ@%etibf¢E6¢Eﬁedrﬁ"ﬁé%hdd“bﬁ“ﬁéﬂdhd&ldﬁﬁﬁyﬂ from
geonagnetism the present inventors have found that: (a) Were the
anhysteretic nagngtiéél pehagabidr tinmdér thegséeid shaelidd @xddldldntnen a
magnetic shield in the rolling direction widely differs fromthat in a 20
transversgl direriédaingi ehféest af Xom egé ormagpet pendi coariging Hehe ol 1§ ng
direction, i.e., where a ratio of the anhysteretic nagnetic perneability
not ed above i s abéphigfier than 0.7 (nore preferably not higher than 0.5) or
not lower than 1.4 (nore preferably 25 not |ower than 2.0), and a hi gher
val ue of the two anhylso'ermlbimmg]eﬁt%eb@hﬂamcmﬁwngéssﬁ%ttlk?é-eroqul ng
direction and in the transversal direction is - not | ower t n 18000,
the magnetic shhégbf—‘ﬁgtbwe@t()%% %deﬂﬂhnlébﬁlh%’é %Fla‘i d)sq.ﬁﬁ)r@ésw‘?

geomagnetic drift; VWere the inner netic hleld has,_.a
substantial ly tPEnEat lﬁwﬁ’&rﬁlﬁﬂa‘i’ %%d?yl‘ﬁ WEho et 5 ré‘?‘ijgj‘) rfshalrhereof

menber, e ohi CE%né{?E%%el# %i’ﬂﬁeoﬁaénfa%éﬁ%ﬂs%ﬁ%ew MEFARE cel

above, whi ch i SOhoP niaRordfefnENan " hLE BPOPELae IRE WO Not Ha S o)
formng the mg@ﬁ%h%?'ﬂ?%g #84g h’E bPesdil egii Ognd i thahpslande anlwsieretic

magnetic perneability o e stee sheet is the higher value of the two

anhysteretic magneti CcpeaMBaRling ythEOre6600aME Kot 161 1wl i sie BIbardne 15
direction of the short side nenber; and (c) If the direction, in which the

anhysteretic ”HgnetlCc@ﬁtﬂﬁﬁbﬁéliYaﬂﬁe&bﬁngtené ﬁé&ﬁitamtacdnqﬂmnlbedue,
corresponds to the horizontal plane direction of the |Iong side nenber as
wel | as tihe shogtesldbandnaer tedperatusepossi b0@C dof TBORerunder ove t he
shielding effect from geonagnetismso as to permt obtalnlng the shielding
ef fect from geoigeetiesmibhnghet lbwerthhenif. Bh@lmmho@Qﬂt even in the
case of using a steel sheet having a ratio of the anhysteretic magnetic 25
perneabi l ity noted ab&?@?eﬁhﬂﬁhr?glhﬁg Ehghapneated s}t $REeY ARr t han

1.4. The present inventors have_achieyed thg pre
required at an elongation rate

eﬁlgher than 0.2%.
According to a fourth aspect of the present

20 invention, there is provided an inner magnetic shield
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

25 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



- 14 invention based on the finding described above. In the steel sheet for
. magnetic shields according to the present invention, a ratio of the
anhysteretic magnetic perneability in the rolling direction to that 5 in
the transversal direction is not higher than 0.7 or not |ower than 1.4, and
~a higher value of the two anhysteretic magnetic perneability values is not

| oner than 18000. Preferably, a ratio of the anhysteretic nagnetic
perneability in the rolling direction to tlhat 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 magneti ¢ rneabi ity .of e steel.sheet with respect 15 to
the rolling dirggf?%ﬁdgi Tﬂ%ni{b%|52h%%$'a T%etransversal direction and

by setting the hi gheﬁ,h%?ﬁ@?fgfﬁégﬁ#ﬁ %Elggfé el{gt[}lacdgw_eé isg,iéaee_.[ rggfetgg ity

values in the rollin ransversal ditrection a ‘'val ue

t | th 8 201t i i i th
CTeel Sheet usc TAFLB: hattriitRetoant ¢ ARl OREAERELY | OF fle The
el sheet used ng't . .
Catisried 1o i Sepet EiskPiifia PRLLARY FPPERLEA RS (RRMERE LR, of 25

hi gher thgn 0. ORaghaRdonpleRbabelsLpose 0uREY biepelidhl ofn G | ower than
0.3% by weight of “Si, not higher than 1.5% by wei ght of M1, not higher than

0. 05% by wei ght trandbefbal, dDpécbighebeihgmét OdYathyr venhamto 08 & et

hi gher than 0. 1% by wei ght of Sol. Al, and the bal ance of Fe. Each of the
conponents of thewsteehasheed, wahdl aohdgkeresaludedt the&: twarbon (C) is an
el enent inportant for enhancing the anhysteretic nagnetic perneability of

t he steel sheet amhgsterethcrmagneyichpenmeabilbpy ovilude bmhitlkeeretic
magnetic perneability of the steel sheet with respect to the rolling
direction and thelldngrdhseectian andetni bhe transversilkablre¢bionhe C
content of the steel sheet to exceed 0.00596bg wei ght. It should be noted,
however, 1Phat, PbeiggjBogoheuehelhan 1$R0Q¢c@Rdin an excessively |arge
anount, carbide is precipitated in the steel sheet so as to increase, the 15

coercive force of thetBEe@tTeRbLen. iR HWREEh  BRe anhysteretic magnetig: (o
t d ti i ffjici ! i hi ti

magnot 1 ¢ per meaBPTREgoLshER §8i b8, RESel ChnFTEte i S A EIHESEL e

content of the gieel SRARL Egt tf18tﬁéff?g?@glogggg?{%bdii‘@éﬁm St ekl icon

(Si) tends to be concentrated on e surface e steel sheet during the
anneal i ng proceggorthgliglymagberi orati ng the adhesion properties of the
plating |l ayer or the adhesion properties of a coating 25 forned in the

bl ackeni ng treat ment. adbsr&ingetoi s torelRSaspbte dOrtidepsbsépntent of the
steel sheet to be lower than 0.3% by wei ght, nore desirably not higher 16
than 0.1% by weightntibn, Mengasese pbbyidedaaneirnentmafhieticvehierd
enhancing the anisotropy in the anhysteretic nagnetic perneability of the
steel sheet w tbxce3dpent io the Shielding edffecti fnomngeomagnebhsver sal
direction. If M1 is added in an excessively |arge anount, however, the
manuf act uri ng cesedofint hecelesr| catbede| sayntrbesethe Theper opagnetics
desirable for the M content of the steel sheet to be not higher than 1.5%
by weight. 10 PShpgé€phaving(p) spbstantiahtkt tErRERtEdPYERMIARE B Rg t he

hani t th th t eel sheet to i t he handl i
T oport1 22 of tRBLEReBASOReBRLE] pE{ RECBE oaiie| BEMARDANOE | 8 SYERER; DRty
| arge, however, _its.seqregation, I [ ] rackj durkng 15 the
proguction gf tﬁgpéféegfs 83I.s§ﬂgﬁm%§?%65thg %i?ﬁ%%?%h)gﬁé ?s desirabl e

for the P contegbngl Lie-at gabnSBARE LAoDENDRL b abeHahBERs 0aPE%bYndE! O

S: S content is preterably as small as possi
to the long side members at edge portions of the

substantially 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



for keeping the vacuumwell in the color cathode ray 20 tube. To be nore

- specific, it is desirable for the S content of the steel sheet to be not

hi gher than 0.04% by weight. Sol. Al: Alum num (Al) is an essential elenent
for the deoxidation reaction in the steel making process. 25 However, if its
anount is too high, inclusions may increase. Such being the situation, it
is desirable to add Al to the steel sheet in an anount not higher than 17
0.1~ by weight in the formof sol. Al. It 8s also possible to add boron (B)
in an anount falling within a range of between 0.0003 and 0.01 by wei ght.
The B addition is further effective for 5 increasing the anhysteretic
ragnet ¢ permeabtddd VS%E hg, Si 681 BIRPL1 LR td lad arigsiveakitacto
suppress the nitrogen content of the steel sheet. If Nis contained in

i
an excessively }haroer foPeEne AefBOt$ denethd Gthelgenwet ah @ the surface of
the steel sheet. 10 Therefore, it is desirable for the N content of the

steel sheet to PeafeheRsalheditderiéh eiryg wistghtighre themuftact wri met
conditions of the steel will now be described. First, a steel having
above- ment i oned] 6REPOLhan ON., 4p akd saehigitemndlve oS iiljedtvedd to a
continuous casting so as to obtain a steel slab, followed by hot rolling

t he steelssl ab. adhestenét heiauagye thst patudabilitie weotuepliredhd rectly or
after slightly heating the slab. Alternatively, the continuous]y-cast slab
may be hot 20 ropbletingfderecbibbrdanddin heke rieranairersal dizeqfeQt abl e for
the heating tenperature in the case of enploying the reheating to fal
within a range béihgtnetnlqwen them 138090 . |97 therFekR i%y Fnperature is

| ower than 1050k it is difficult to set the fjnish fenperature i.n t he
hot rolling stepnhysheretis WagnebierPEHA a‘?hjelw ?’%r %f%’?‘?% isohnee2t5
tenperature. On the other hand, it.is pndesirabl i
temperature to éRc@eH°1§bbg g}fﬁggiﬁacgﬂs%pt?éb%é%é#gt%§q?H@ d&?%es f or med
on the sl ab surface is,increase I e e j grain size
after théghot rBFFWﬁﬁ?i#ﬁgyfsﬁigﬁetgﬁ%é?a%ﬁégt?%Kt%gaﬁ%§§€%%#?%g step
shoul d be set a cevel |k ; 35t 6ANSHOr IShéPNthan

t enperat ure. Cnhgggégkﬁértﬁgﬁg,h?ﬁgﬁé%???ngﬁﬁgﬁ%e?a?ure shoul d be not

hi gher than 7006. ol t ghg Hnﬂﬁ?héébbﬁlﬁerofhehéothbnﬂnmﬁﬂﬁefetﬂce to exceed
700 because, if the coiling tTenperature exceeds 700k filmlike Fe3C may 10
precipitate a'OﬁﬁghEQiﬁr?bﬂmb@bmdatyeeamﬁebhﬁnhbhernblbﬂngtétreshb@m SO as
to deteriorating the unitormty. The hot-rolled steel sheet is pickled and,
then, cold roll efdatinathel kiragswedsalli dartakiongbeindi not15odexsi thany, a
range of between 70% and 94% It is undesirable for the rolling reduction
to be | owsr thansp0®:beaduse, if the rolling reduction is | ower than 70%
the grain size of the anneal ed steel sheet is rendered coarse so as 10
cause the steel sheet the Bargstaesrabhywbichorhenaphyafegetic PAEPEHIF i ng

reduction in the cold rolling exceeds 94% .t he anhysteretjc.nn ic
perﬁeabilily ofPPW@e§PééFt%hg§té@@n&ieF& %EeﬁﬁtéfiﬁﬁﬁtéaghFF ¥gg§%h be

noted that, if the steel sheet (s 25 excessivV hist ethe shield
prepared by usi F@ESPORES| §h§b@ 8FP§°P§a%r§gé8% gggﬁ%??8?2§?|§ ﬁigh
magneti c shielding effect ev i f t ee| et ontal9pexshbhtiseathbgh
anhysteretic najﬁ%?ﬁbSﬁéfhggﬁﬁffif%%ifgbﬁﬁfhggste8P ghegt fails to exhibit
a rigiditys requi f or. ol rfdingee magnetic shield. Such being the
situatiog¥ it iéﬁgggF?éﬁ$@FF§?etﬁ% steel 5 sheet to have a thickness not

smal | er than 0.05 M 1hn @dehnke @RRMREA ! RAiERANAEE6rdihgl dongheffect, it
is desirable to increase the thickness of the steel sheet. However, it is

desirabl e for theuitselr tfa e ldsgcteioghtthien precentdadoagenittiont hétr dgent
trend-toward 10 the enlargenent in the phosphor screen of the col or cathode
ray tube. Such hmigigdtie sidruatheororig sisledgwimbal off 6r screenhpBRAE3s of
the steel sheet to be not larger than 0.5 mMm

the short side member of a screen to include a V-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.



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 tenperature is set to fall within a range of between
600 and 780. It is undesirable for the annealing tenperature to be | ower

t han 600 because, if 20 the annealing tenperature is |ower than 600C, the
recrystallization fails to be finished coﬁbﬁefely, with the result that
deformation strain due to cold-rolling may remain. Also, it is undesirable
for the annealing tenperature to be excessively high because, if the 25
anneal i ng tenperature AScexdtsgi vely Higth dsLecthystEi@tpresagnetic
pernmeability of the steel sheet is deteriorated. Such being the situation,
t he upper -20 inventbéni hehenaehsi pgoveapér at cokoshoatofie sey ahubed 30C.
It is nore desirable for the annealing to be carried out in a ferrite

si ngl e phase regcompoisimgeanaibhrepemnagoeticeghbaldaptwhegden:t han the Acl 5
transformati on tenperature. Also, in the present invention, the |line
tension in the continube tmmen nagnetiép skhiskd lads %a8shbsb@nbiahbye. In
order to increase the anisotropy in the anhysteretic magnetic perneability
of the steel shetruncated pyramidal bodychavidnghe pahe eo€nshonttside] |
within the range noted above. Table 1 shows the anhysteretic magnetic
permeabi lity in PABPEES| PhHg dFFERER oANSf 2t PR15t @E| LARGe$1de) PembeEs cafe
where the tension is zero used as the criterion, covering the case where a
cold rolled 15 sEeBFTE€RRetRd FARSERECEANBUFRi Hhabotl® $ROFhaside steel C

included in the Fxaml e descrjbed.ip the follow ng ‘and hayj hi ck
of 0.3 rm v ariTERPRAS F R5hOT P cbo s BhBrHen g 108 HROTBREF o B8t o fo |

it hi bl ,
the anhyst or ot i CPSRGHETT coberiRaBPe Eoh BTEHE LPARFRER PPrphPRRIT0I T o

directionips incpegsedibysids®f nore in the case where the tension in the
annealing step is Set at 8 nm2 or nore. It is found that this is

effective in increasifige thenehi O§ROPYc 0sh2E1d hEs aNAYSI 8F e St oL NBRbEt ity
(the ratio of the anhysteretic nmagnetic perneability of the steel sheet in
the rolling direatrabidoof hai amhysteiétdSViRaGRétic 2detiné8Bb1108Y. offabhe 1
Anneal i ng Tensi on (N nmR) Rate of Change in Anhysteretic Magnetic
Permeability in Roeélnghéktetthi anr¢Reingi dbrdtienwohan hanhvpbtierébict he
case of Tension O NNmm® set at 1 )O0.01.00.4,gl.05g,91.1119.61. 22

| nci dental |y, thoagegtbs peérme@bibhtynobuthe stegal 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
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 seventh 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



20 annealing line where the particular tension is inparted to the steel

. Sheet is not limted to the so-called "soaking zone". Even if the tension
is inmparted to the steel sheet in the tenperature el evating process called
a heating zone, the effect of increasing the anisotropy in the anhysteretic
- magnetic perneability can be exhibited if the line tension noted above is
kept inparted to the steel sheet for nore than several seconds at the
tenperature region of 400 to 450 or higherl@t which the restoring
phenomenon is started. After the annealing, it is nost desirable not to
apply a tenper rolling. Even where a tenper rolling is applied, it is

necessary for t I t] 581t Bole REvLAY aspRossobl shoetgsideé o be set
at 0.2% or Iess?g?ﬁgggggs ggaﬁnéento?sﬁhave I%gked into the effect given by

the el ongation pat@erd bReat 8BPEENT ahhi AJphort b€ Bohgosidpymembehe of
anhysteretic magnetic perneability of the steel sheet. It has been found

that, where a tgMa@heen, aAd E8hktRéctedceudhcthdl the shoytteideic
magnetic perneability of the steel sheet in the rolling direction is

mar kedl y | ower e¢henfdarish@ret feinkando the aohgssédetimemhegaeatcefgfmeability
is scarcely 5 decreased in the transversal direction, or even_if decreased,
the degreg of depraasms Dfmhkedypsitantdalian trhacasedt nyramhgaleretic
magnetic perneability in the rolling direction. Since the anhysteretic
magneti c per meakidgrietiion shiieldol | ing direction of the steel 10 sheet as
anneal ed is higher in general than that in the transversal dire tign tthe
finding referred to abeydnsespowgsetist shieldnisoPrapy obf at REC&ANTEPRFeti ¢

magnetic perneability is dimnished by the tenper rolling, . e shows
t he anhystereticﬁrﬁﬁﬁkﬁiQf[ﬁﬂwﬁﬁﬂﬁqqqgéﬁﬁ?1ﬂﬁ9ﬁé§lﬁ S g&#ﬁ5§a§%dt§ﬁ t he

transversal direction, and the ratia of the teretic et
perneabi l ity in f¥Re} shesy it raecrtq]glr?'qgo ({llhrzftm)rﬁit ﬁ:é) :alrnar‘:ilgi:i;1 r?gl direction
in 20 respect of the steel sheet..t ' tAERAar et g was not applied
(Sanpl e NP 1) dPRPIHE S RGN ele]tj’s(%%%% a tg'rrpsreh(rg rolling was applied
under an el ongatjon rat f O % {mail€ i AHao @)..7 A ayorar ent
from Tabl e 2, thiér?’ré?‘f%leso?ch' t(ﬁielzea(%] yc;sll% gor@eltrigil nagnelt@%rZS perneability is
rendered lower than 1.4.1i0 {he case ofnepplyind v teamele add i ng under an

el ongati on rate ‘exceeding 0.2% -23 Table 2

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 anhyste;etic
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
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



Anhysteretic Magnetic PerneabilityRate of No.Elongation Rate of Tenper

- Rolling (%9 Rolling Direction O Transversal Direction 0 Anhysteretic
Magneti c

Per meabi | i t y10. 02000088002. 2720. 21350087001. 5530. 31150087001. 3240. 590008700
~ 1. 0351. 0680088000. 7761. 5680088000. 77 I n general, a tenper rolling is
applied to the steel sheet used for the processing in an attenpt to 5
prevent a surface defect called a stretchell strain nmark after the
processing. In the case of the inner magnetic shield, however, the formng
and processing are originally not severe and, thus, a nmarked surface defect

is not generated_.e t r $ng is not 10 applied. It follows
that it is nnstg%egﬁga% %PEO f?o %%p é a tenper rolling in view of the

aspect of increasing the apssplf opysofifhfoRNby Stirs add&witegnet i ¢
perneability. Even if the tenper rolling is applied, it is necessary to set

the elongation rate iprghert LOPEEndmat Dt | v @yt e IRNttied dbriddbmrctiess. The
manuf act uri ng condi ti ons descri bed above are no nore than exanples. The

manuf act uri ng cgardit E@Bstaneiablyl tpuhedtéa pieamiadapl bneatestagiostdi@bove as
far as it is possible to obtain the steel sheet of the present 20
inventions 24ghiell@ posshbteldd eaphydeasayetube pdyheréin ptie i sideand/ or a
Ni plating on the steel sheet for the inner nagnetic shield of the present

i nvention. The mkmberg thedesfrabkejohnedetooéach opteanmngt ethe RAgRIst 5
prevention in particularly the case where the bl ackening heat treatnent is
onmtted. It is possibhe b&rthheipheri ahicdgder to be of a single |ayer

structure or of a lam nate structure. Also, it is possible to formthe
plating layer on one E&iftadeisranerassuppgtienab wiey ehQyiny Weet. The

formation of the plating . is effective for preyenting the rustj e
steel sheet as GRBELFHE 188095.alﬁa§g899i53¥ ¥H§ep? Pﬁbsfgge#ﬁgc %%%pfor

hi 6l d fdPred oFigBetie SRierdshEerPs SraEaporar e ot et hode ray
t ube. FIG. 3 shows the method of arranging the short
side members and the long side members of the inner
magnetic shield and the geomagnetism drifting 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



It is unnecessary to define particularly the coverage of the plating

- material. It suffices to select appropriately the coverage that permts
substantially covering the surface of the steel sheet. It is also 20
possible to apply a N 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 nmagnetic shield, which

is nost inportant in the present 25 inventiZon, will now be described. In
the prior art, the shielding effect from geomagneti smwas not taken into
account in respect of -25 each nenber of the inner magnetic shield

i ncor porated i ntlit}lfgdﬁ@{mdpagmgg Ry hadifet GRS Galdiatk "tleank | ayout”
e d

was applied in t rection in which the blank | oss can be mnimzed, in
the direction adaphéde fRiy Higod IBSSeiMIELi N wihih 418 h of these
directions in accordance with the kind of the color cathode ray tube. On
the other hand, géomiéife PLERENENE MEGHe Pl shidRE ceeatenait mpre | ar ge

ani sotropy in the anhysteretic magnetic perneability as descri bed above 10
is used in an i RDgR1yEGACHEEls8d etWall othase of rs iyt hpelef eatylyt ube having a
substantially truncated pyram dal body shown in FIG 1, which has a pair of
short side nenbaemaofietizsed efolhovled pyimagrietiratsinidyreninagneifia screen,
and constructed such that the short side 15 nenbers are joined to the |ong
si de nenbers atfibddedgerespondhrgotot tlee sgdenagnetd $1y. ¢ Thec PreFePfr ani da
magnetic shield. It is inmportant to note that the direction, in which the
anhyst ereti c nagpeentopsrhauei Pai¢ attembiercto sHRtPRBLIFELAE gher val ue,
20 corresponds to the horizontal

| _pl.ane direction of the short fidq:nqpbers
(right and | ef t PRpREMARABCRRA; FilRe BFEVAAYTLY TH2 URFRTR PR3+ R4 om
geomagneti sm can be further pnopr vl e, direction, in i t he
anhysteretic na@ﬂ@??ﬁaﬁé?ﬂeégaﬁfﬁygg(0%%53Et%%lr%?@%ﬁgz%éi%wgh% i gher
val ue, cqrresponds to_.the hori tal. e dgirecty [
menber s ?épper ﬁﬁﬁe%oﬁg¥ %%ﬁ%%?ggiﬁk%ﬁéggfa&%ﬁg)éifékf&°ﬂ$§%éﬁﬂg?§'?%Z
anisotropy int c et ) gt | (1 tyhPEnt Bgn Sh&ahssdeet 1S
not hi gher thanggpggggéﬁgégl%&ggagﬁgnbg?gsagﬁgbgﬁhi%%é% val ue of the two
anhysteretic nmaggebhCappr8pakhket ¥viahHesohNihliex Sof Othé NPagheeLsi on and in
the transversal direction 1s not |lower than 18000, the shielding effect
from geomagnet i gRagaBtbeisepesved ikthikheaderection, in which the
anhysteretic nmagnetic perneability of the steel sheet is the higher val ue,
corresponds to the 10Aboai zestak pFaaecdntiguednresearchemsdethr &hort side
menber. In addition, if the direction, in which the anhysteretic nagnetic
per neabi 115t y of atitemptetb Shrtherrsimpromeghbe shieddingr eEEp6hdSTe® t he
hori zontal plane direction of the |long side nenber as well as the 15 short
si de menber, theeompgngthgmef thet PresANycdbRUGAEPFSNNRYA HeuRd, thRRF:
i nproved. Al so, where the anisotropy in the anhysteretic nqﬁFetic

permeability of the sfedl Wrege the RYMEsteteit D WIRFIHPHMHAN Y o. 7,

or not lower than 1,4 and lLower than_ 2. the 20 effe Of.+.k oyj. n he
shi el di ng effecP%fF8ﬁ1§§8 g%@?ﬁ%n&85ntgg éﬂEﬁFeﬂa??e¥%8 %P%ggéi%%,g?%

whi ch the anhysteret:i ;G _per i lais S egt is the

hi gher val ue, c%??gé% ngggggkﬁ%g ﬁ%??ggnP%F¥8?gn£P§Trgg?%oﬁhog each of the
short sidg 25 mypherand hhe1heRe ishdenienbes. aTheraeehani sm descri bed
above has not necessarily been clarified sufficiently at this stage.
However, it  2pdrpen@isud@redo easorahignyoaundetsobandi.en,t thecase of the
magnetic shield in which the material having a | arge anisotropy in the
anhysteretic nagReficc ofetieabinhyisters tdcr nagedtas gesmeabedisonetefihe 5
bal ance of the magnetic shielding effects relative to the external magnetic
fields in vari oabodie st norts hdghlerashiane ot. dbémaxeaprdifegeblynnothe screen
hori zontal direction and the vertical direction is rendered appropriate. 10
I nci dental |y, i higherprtésent .iSivent inot, loweirsthan 1.4 (more preferably

26 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



possible to forma V-shaped notch and/or a slit in the short side nmenber

- and the long side nenber in order to control the bal ance of the shielding
effects from geonagnetismin various sites on the screen. By formng 15 the
V-shaped notch and/or the slit as noted above, it is possible to ensure the
- bal ance of the geonetric drift anobunts over the entire screen. FIG 2 is a
cross sectional view schematically showi ng the construction of a col or

cat hode ray tube 20 equi pped with the inmnelt3 magnetic shield of the present
invention. As shown in the drawing, a cathode ray tube 1 conprises a panel
portion 2 for displaying an image and a funnel portion 3. The panel portion

2 is welded to fhe i?ﬂgﬁltﬁ&r’t%ﬁ@%éfﬁég#@%%@tﬂ{bfdm@mﬁ&@%# of

vacuum i nsi de thé“cathode ray 0 screen 4 coated with red,

green and bl ue g%oggﬂgﬁéehssgr%gnggdsﬁﬂﬁfggstgﬁé agggﬁiéwuéﬁfﬁ%nd a

t ensi on mask I's arranged to face the phosphor screen 4. The tension
mask 5 is stretched bypysiyifb iR the @ ithgheAlOhIR/1EC ehBet! Rakr ade is
formed by these tension mask 5 and frame 6. Further, an inner magnetic
shield 7 5 of tQﬁbQESﬁEﬂhll?Vﬁﬁﬁhéatéé pyrangesl dpodyeibagkich dehef t he
frame 6. Incidentally, a reference nuneral 8 shown in the draw ng denotes
el ectron guns, gndeambfberE€NEReRUBEN are9jdEned eto aedetat oslher nkt bidwel.
(Exanpl e) 10 Each of ingot steels A, B, and C shown in Table 3 was snelted,
heated to 1200 tagé2poEriend bet thel hednatia $hihedd memperatthe of 870 to
890 and a coiling tenperature of 620k thereby obtaining a hot rolled steel
sheet having a shiiekdésg effec8® FwpmTheomagnétism| can kectnpxeeed ihH 3
obt ai ned was pickled and, then, cold rolled so as to obtain a cold rolled
steel sheet havistged sheeknbayisg Ghg matigupfnbhe fRRYEBPHEELF| ed st eel
sheet was anneal ed for 90 seconds under a.tepsion of.9 8 N fa 800C for
ek

steel A and at Bogeetde pgrmeability: Batedgalfyec Whieh i3 B ¥et i ng

lied t I A di th ' t
o ongati df  at o tBAnL 8 51 AE| BENC JPPYE EREP Enfer Folteag-shs S idofhdd (o
h of steels B_and,C. | § <B,and L it by ; d
ange 25 of 1 heMG0BGr 160 AB3SHA: 8RS Sha tAPedrREFe e o P e R 1 the
f d I It | : fab
5t cel Csi MhPosoL A RRBERG 50528 0T L1 50 P B085 8550 ats. hs48t53h- B°8keo0. o10.
380. 0160. 0140. 0460 +9@28%13HR04831@16£1280078. Qﬂ:ﬂz?s@éﬁ@t@@ZﬁiaQnQGiB (by

weight 9% Strip specinens each having a width of 10 mmand a |l ength of 100
mm the | ongit ugieRdleaBiinaeli OBoRiredponds or thesphecimentpilopldnag the
rolling direction and the transversal direction, were cut fromeach of the
steels thss pregdredtibhesd the phopecisddesmemberachndt eel were pil ed
crosswise in two parallels so as to forma closed magnetic circuit, and the
anhysteretic magnetic (0 p&fnthéi @irgchhen nebls wiichythearh e elGi ven
bel ow. Measuring Method of Anhysteretic Magnetic_Perneability 1) An
attenuating AC oadnettid peameghdd ity Pfokbenssesh shegdndfi Zabighetoil so

as to demagneti ze conpletely the strip_specinen. 15 2) An attenuating_.AC
current is all oWddUe fAFKHEERPANIS Hoodds PREL é‘ﬁ@‘?‘i PAPPSn%&&eF%EIﬁBegft he

state 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



that a DC current is allowed to flow through a DC-bias field coil so as to
-generate a DC bias nagnetic field of 0.35 Ce, thereby demagneti zing the
strip specinmen. 20 3) Current is allowed to flow again through the
magneti zation 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 nagnetic perneability is -30 calculated fromthe B-H
curve thus neasured. Table 4 shows the resldts of the neasurenent. As
apparent from Table 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
| nner magneti ¢ 3Ry ehelohShds8ho6h ERECHLAGLA CASRAE Al Catikapl € Tailing o
[

fall within the range specified in the present invention in respect of each

of the ratio of the aphygherstisr "BEESE | LoPHhd@adiid tahidlddhaad@dding 10
~direction to that in the transversal direction and the value of one of the

two val ues, whigh Eﬁeh?ﬁggénﬁhﬂﬁvéﬂﬁiéﬁheé,r@{iéh@faﬂmysiﬁﬂfﬁﬁérdmmgnetic
perneability in the rolling direction and the anhysteretic magnetic
permeabi l ity inmh§Betianpeemnsabilitgecinhothe Qolhengtdbredbidrandy et of
the steel sheets prepared by the procedure descri bed above by using steels
B and C, 5.e., sheehesheahssanphisdioect2onhoi hot hhghénnthameynbtor
shield, is a steel sheet of the present invention satisfying any of the two
requi renents desoti hedeabbhen 204Neand ahbigherpvapeei afnthe¢ stwR| sheet
sanpl es) described above were processed into inner magnetic shield sanples
Nos. 1 to 9 eachnhmsteagesiprmegnebid phapeabihiti values 4Freet|oWern

whi ch the anhysteretic magnetic perneability of each of the short 25 side
menber and the tbag $BABOmenbEeLfGEALEY hiYHert 1 e, LRALTHRNEHFFEHE shown in

Tabl e 4. Each of the inner nmagpeti¢c shie sa es thus ar

nounted to a Magpetig BGFB?gbéﬁﬁiaeiPa%gFuﬁgRganQH?ﬁsﬁégg?ofgeva Yating
t he geo netic.drift preventing.ef .The.co e upes,used
wer e thgqgane iﬁnrEgﬁegFaBFVFﬁgg%oﬁésg%ﬁfgﬁglﬁehgérgﬁggﬁgrté anéi?eéfnner
magnetic 5 shiehgta dkhecpapubagt uri ng method thereof. The geomagnetic
drift preventing effect was eval'uated by neasuring the drifting amunt in

the I anding point of ghe;gl pekcqB1BeRB 6AHEREe DY nE hRagREBBENGRIiSTALA® be
nore specific, a color cathode ray 10 tube (CRT) was rotated by 360 under

the state that aeeRcki &y iMRERRAliad  itakedanfis@t2bp@Peiandna hnhyaveratic
magnetic field of 0.30 were applied to the CRT so as to neasure the

positional devi aligpe tilcapdiriga®inarty off the kaedinghpeitnwith taspetdctron
beamrelative to the 15 reference point, and the val ue between the
peak-t o- peak valtee thle trdod limmdidigeertion wds tbet stred abeeheahér thent al
drifting anount Bh. Incidentally, the horizontal_drifting_annunt Bh at the
screen corner pérensvesisain direrddion andnbycsedsAngesbenBighprt Ya§ueo
amount of the landing error, is indicated by a relatigﬁ,ﬁalue bised on t he
val ue of 1 for ©fie thendworapheisterstiie BogRstie RETMEARdIAGY KBLEE ! A
The drifting ampunt of _the | andi error, for .the conventional,. I.C
shield is about e FoLLENGHIFESTION RO i & 'ttﬁgﬁsgfergra?‘ard@?%g@?hg short
si de nenbers and . the_| gng side er, n drifting anount due to

t fpg@g@%:qg) f&%ﬁumyigﬁ qu%%.

geomagneti smin%% ur
20 In the present invention, the composition of the

steel sheet used for preparing 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



-32 conbi nations (which correspond to inner nmagnetic shield sanples Nos. 2
to 5) differing fromeach other in the direction, in which the anhysteretic
magnetic perneability of the steel sheet was the higher value. ro Hc ~ ~
.- ms oz L oo~000"00c ~,c ca..r L ~'~ "~ TOOTTOTrT s ~~a~'n + ~~m~
m+ m -,, . c~0CoCOCUf nNOUU UUU f-00kip -n L'"~N-N"'"~N ~N "~ i~ G/C E

UC) CG/LC) CA LNEJ~cn>_ > > > > >sc amJO O ~~1C5D~C CO'+.i. CDLOCC+t .~ CO0

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.
Each of the components of the steel sheet will now be
described.

5 C: Carbon (C) is an element important for
enhancing the anhysteretic magnetic permeability of the
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
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than 0.1% by weight.

Mn: Manganese (Mn) is an element effective for
enhancing the anisotropy in the anhysteretic magnetic
permeability of the steel sheet with respect to the
rolling direction and the transversal direction. If Mn
is added in an excessively large amount, however, the
manufacturing cost of the steel sheet is inéreased.
Therefore, it is desirable for the Mn content of the
steel sheet to be not higher than 1.5% by weight.

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
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.

S: S content is preferably as small as possible
for keeping the vacuum well in the color cathode ray
tube. To be more specific, it is desirable for the S
content of the steel sheet to be not higher than 0.04%
by weight.

Sol. Al: Aluminum (Al) is an essential element

for the deoxidation reaction in the steelmaking process.

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

CUNU EUNC~~"CNJGFfNnO_0O0=02>0=0_>>U>"0OL +~ ~

O~ 1~ f~ I ~ONNCVCVTTTT~-U v C ali O OO0V N (/~ ~ c0 CG ~D
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- Each of the inner magnetic shield sanples Nos. 2 to 9 shown in Table 4 was
formed of a steel sheet satisfying the requirenment of the present invention
in respect of the anhysteretic nmagnetic perneability. 5 Particularly, as
apparent from Table 4 and FIG 3, each of the inner magnetic shield sanples
Nos. 2, 3 and 6 satisfied the requirenents specified in the present
invention in respect of the magnetic charadteristics of the raw materi al
steel sheet and the arrangenent the 10 direction, in which the anhysteretic
magnetic perneability of the steel sheet is the higher value. It was
confirmed that @a%p %é ‘Lgfgﬂ@_nf,{ RIS +e sthigdd sanples Nos. 2, 3 and 6

e

was superior int omaghetic drift suppressing effect to the inner
magnetic shield 15 sappl g5 Norsd fud v td watd Yordrhe Bledui rammanbuatt t he
present invention in respect of the anhysteretic magnetic perneability of
the raw materi afa$i e84 wieein Lardngal &f |yetwedr 000TIR |andi@iolef foyct of
suppressing the geomagnetic drift was confirmed in inner magnetic 20 shield
sanpl es Nos. 2 @adghtin mid & ddea tdioredis durtiberweifflectiseadioyst eretic
magnetic pernmeability of the steel sheet is the high value, corresponds to
t he horizental gheéeeasidngothaoanions yerdeichmagnete pawralklbiY Ao the

| ong side menbers. Incidentally, these 25 inner magnetic shield sanples 2,
3 and 6 were fothe sbeb: shbstantfuttihemqudl i dasdr@ddfeto SYRPICARer
magnetic shield in the drifting anount relative to the - 34 etic field
in the verticaItHErEétrgﬁenChN?héo%tﬁ%F ﬂﬁnﬁ?eiﬁﬁ%?ln%@ﬂ%Yiclgﬁggﬁﬁ sanpl es
Nos. 4, 5, 7, 8 and 9 failed to satisfy the re&uirenen S %ffthg pugﬁfnt

i nvention in respataiped; pa 5“a?¥ﬁﬁ§§%%ﬁ%yo*a¥ 8 YMOWRE | AEFRET T ¢ he

anhysteretic magnetic perneability, js the_higher valu of these
sanplef, thE efg8cPeoﬂe§ﬁﬁﬁF%§sPﬂ?t%ﬁesﬂﬁgﬁﬁ n%#i%ﬁ%r|¥?éga§ﬁ%%¥'recggnized
so as to e it necessary.to,e OpE.. St e e

agai nst tHe coI%PeEF?PF?’A%¥d%§g$?géﬁgég§v£$§tEﬁen%gﬁé??%nghggﬁgﬁig ef f ect

can be enhancedin tng,BEESERt pbNKER! hOBnBY LREACASONS biiewangnel ropy in
the anhysteretic nmagnetic perneability of the steel sheet wth respect to

the 15 rolling directipge RbnhB8cELPEhgSHERELENENE hEEft tRASYEESRI willY andw on
and by setting the higher value of the two anhysteretic nagnetic

perneabi lity vabdegelsriibedrol ling direction and in the transversal
direction at 18000 or nore. In addition, a higher nmagnetic 20 shiel ding

ef fect can be obtai negibgtheangteslr hapdndedbotie-dentioned, compesition he
anhysteretic magnetic perneability of the steel sheet is the higher value,
to the hasi zont dls pmentedi nadt tbenosubjecskdr toshdeontipupusFaREkERd a nore
i nproved magnetic shielding effect can 25 be obtai ned by bein rresponded
the direction, ise Ws de Phéaéﬁh?sﬁéﬁéﬂiélﬁﬁgn§PF&°H§PnEXprFtg°i$lPﬂe st eel

sheet is the higher value, to the horizontal
he steel slab. The continuously-cast slab may be hot

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 1050C
and 1300C. If 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 Ar;
transformation temperature. On the other hand, it is

undesirable for the heating temperature to exceed 1300C



-35 plane direction of the long side nenber as well as the short side
menber. It follows that the present invention makes it possible to suppress
the color deviation in the col or cathode ray tube caused by the 5
geonmagnetic drift. -3G What is clainmed is: 1. A steel sheet for inner
"magnetic shields excellent in a shielding effect from geomagneti sm wherein
a ratio of an anhysteretic magnetic 5 perneability of the steel sheet in a
rolling direction to an anhysteretic magnel8c 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 anhysteretic nagnetic permeability

values in the 1 n [ No@n Nok r aHsMEeaSah Hhé esid®wn i s not
| ower than 1800 eeghg$hghgtégﬁhgﬁee? gg%o?dlﬁggto claim1l1, wherein the

steel sheet COﬂ%h&kacasagntlhekbxsea hi ghesrddane . RDaYoaEdet thiegher than
0.06% by wei ght of C, |ower 15 than 0.3% by weight of Si, not higher than

1.5% by wei ght gf-aWR, sRok Rirgker thBano®@. 5% byigyetsht £ohifh not higher than
0. 04% by wei ght "of S, not higher than 0.1% by weight of Sol. Al, and the

bal ance of Fe. ZempeshtereshaetnkOhotnpellingnetep shoaldsb@Osexcat|&nt in
a shielding effect fromgeomagneti sm wherein a ratio of an anhysteretic
magnet i ¢ per neahielvielly noft tlowest eédlanskbet Arp tramdfoxmga tiorectenpetat vwre .
anhysteretic magnetic perneability of the steel sheet in a transversal
direction i s noOnhitilecothiean hand,25her crdflihgwsemphxatare, should begher

val ue of the two anhysteretic nmagneti erneability values in the rolling
direction and |NOEthGbaﬁs¢@ﬁ@aW0@%Pecﬂﬂbﬂﬂ:?ndeﬁiFQQiﬁIfGWéFhFhan 18000.

4. The steel sheet according to claim 3, mherelntihe st eel sheq&g§0n5|sts
essential ly of KogAdng REMPETEESRLart@ ﬁ&FeﬁPgHQP REFPII 506y ght of G,

I 5 than 0.3%)b ht of Si t hi 1. 5% t f Mn,
ngreLighera?hanq@iééﬂgg& %&ﬂ?dﬂe ggcﬁSF 89%?a3ﬁhH“01€%%¥%?’me|§ht of S,
not h'gheﬁh;23?5§¥%#ﬁ t Ofﬁi lg%gnhg%lggl @C@hgf

nmet hod of i nner “magneéeti ¢ sﬂleld

excellent in a ygﬁl q# e%ff%%eetr QY Q‘%O%gra]%ft;?%g}’r%%%@ $hBg the steps of:

hot rolling a stee consi sting essentia hi ghér than 0.005% and
not hi gher than QQ8%.R%yeight of C lower than 0.3% by weight of Si, not
hi gher than 15 1.5% by weight of M, not higher than 0.05% by wei ght of P,
not hi gher than 0. 04%zhy WtOHo10fdSsteel Bhaber ikhpacR1&e hyavwetnéh, of

Sol. Al, and the bal ance of Fe;

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
70% because, if the rolling reduction is lower than 70%,
the grain size of the annealed 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 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



cold rolling the resultant hot rolled steel band; continuously annealing
the resultant cold rolled 20 steel band at tenperatures of 600g to 780
under a line tension not lower than 9.8 N nmm2; and tenpering rolling the
anneal ed steel sheet as required at an elongation rate not higher than
'0.2% 6. An inner magnetic shield excellent in a 25 shielding effect from
geomagneti smused in a col or cathode ray tube, the inner magnetic shield
having a substantially truncated pyrani dall%ody which has a pair - 38 of
short side nmenbers of a screen and a pair of |ong side nenbers of a screen
and constructed such that said short side nmenbers are joined to said | ong
side nmenbers atqedge; POT 4 119{\gh OdnkPerSrbei Anidgid tid rpereddank 15 tgyr ani dal
magneti c shield, erein: the inner magnetic shield is nade of a steel
sheet, a ratio gisgn eREYStEsEtikedmaUrRiis ferammibit ty migidityst eel sheet
inarolling direction to an anhysteretic nagnetic perneability of the
steel sheet in ped@ité@nsyercré PArecof orhdanagnetotic hélgheld t hdacB. 5 or not
| ower than 2.0, and a hi gher value of the two anhysteretic nagnetic
perneability vabeefigi théheiteation, ditetsidestnable fore tharsheslsal
direction being not |ower than 18000; and 15 the direction, in which the
anhyst er ebi ¢ nagheétctpehavabal thickieshenst eshatheetthan skidb Wmyhedval ue,
corresponds to the horizontal plane direction of said short side nmenber. 7.
The i nner magnebrdeshtel enhanoedtheg mageetien shiobdimereffechi dl oy si de
menber and/or said short side nmenber includes a V-shaped notch. %hFThe
i nner magneti c Sasdrablectpdingreasel Ehen BhiGkaees nokathe | BRPLi e Henber
and/ or said short side nenber includes a_slit 2%%9 The inner nagnetic

st de

shi el d accordi nOW8VEFaj dE7isufesirable; ioF ohiye S&bnb2r®%nd/ or sai d
hort sid nb {nclud Lit. 39 10, i I i
oxcel lont i n thoighPEPSERE Sp7acborsants cdhbhnies creaRe Fhada A e
t ube,,,the i i hi; el i i akl syt ed
Lsyanrdgﬂobogyl&E?Eﬁﬁﬁggséhégirig nggﬁgggpg?gggééﬁgélgfo h%rscreeﬁ and a

pai r of long sidgfBARCLSyOtuBeSCISiRsh BHithy O raich ik S4eh stthals sai d short

side nenbers are joined t0 sald |ong side nmenbers at edge portions of the

substantial ly tﬁ%@&%ﬁ%deP?B%”Eﬂé'tHEGHﬁéEﬁ 6hi ehd, svbelLesneedOtd hise i nner

magnetic shield is nade of a steel sheet, a ratio of an anhysteretic

magneti c per meabblti turgkrt kRant €k mheet in a rolling direction to an
anhysteretic nmagnetic perneability of the steel sheet in a transversal
direction being not highehet hartOs¥epr aotodibihvers ehmealidg &Hd a hi gher
val ue of the two anhysteretic nagnetic perneability values in the rolling
di recti ortsand i warirdedr ansvénsalrddicr ot rencorshglhdee| sher cohdnrabdbed, or a
rati o of an anhysteretic magnetic perneability of the steel sheet 20 in a
rol 1ing directi 6feed shegihhysierthe coRegpRt jnvention, the continuous

annealing temperature is set to fall within a range of
between 600°C and 780°C. It is undesirable for the
annealing temperature to be lower than 600C because, if

20 the annealing temperature is lower than 600C, 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



permeability of the steel sheet in a transversal direction being not higher
~than 0.5 or not lower than 2.0, and a higher value of the two anhysteretic
magneti c perneability values in the rolling direction 25 and in the
transversal direction being not |ower than 18000; and the direction, in
~which the anhysteretic magnetic -40 permeability of the steel sheet is
sai d hi gher value, corresponds to the horizontal plane direction of said
short side menber and to the horizontal plgpe direction of said |ong side
menber. 5 11. The inner magnetic shield according to claim 10, wherein said
| ong side nmenber and/or said short side nmenber includes a V-shaped notch.
12. The inner magnetic shield according to claim 10, wherein said | ong side
menber and/ or saiwithoft the snaeakingefemperabuseaskepid B8 sqhlt nper
magnetic shield acgcording to claim11l, wherein said |ong.side negber and/ or
sai d short side788fber Tthdisudeses dgsigable ﬁRIbGPGraBQF%&&BQrﬁﬁ fibe,
conprising an inner 15 nagnetic shi el d, wher t he inner nggnet' sQieId

has a substanti SeFFieduqikt &8 ByfsRFaLe BGBQEhgépﬂﬁearﬁgf?no? ) %r5|de

menbers of a screen and a pair  of |ong, side ers, of .a screen, and
construct ed suclkefMRErayrs ERELPNsPRE Eégﬂﬁﬁggggnafgej%Fhed to said |ong

id nmb t  ed ti f th bst 1ally; 1 d
gt 10 S o) dFEREEOAMeE RRgREPPELehbERy & Rhus b e G OT, °°

'S ade of a eet, a

ratio of an anhysteretic magnesyg PeLARIBL! LLY +RE Eggtgﬁuéﬁgshnﬁgﬁfinbr a

rolling direction t0 an dnhystéretic nmagnetic perneability of the stee

sheet in a trangyersals digheghi angbRi/RezNeE MbBEEr Hrhdrdeid t& iMdirease 41
| ower than 2.0, N a hi gher value of the two anhysteretic nagnetic

permeabi lity valdyes ainristhftG:‘ro??l hihngndi baGkistererdci Maghetitansversal
direction being not | ower than 18000; and 5 the direction, in which the

anhysteretic naghicaviaingabit ithy ehtelefle shiceal, dhheds esfeatdvhi ghesetal ue,
corresponds to the horizontal plane direction of said short side nenber.
15. A colwr cat hode Irime thensioontol Sald arthimethe) rengeenptedhpbpye
wheretn: 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
following and having a thickness of 0.3 mm was annealed
at 650°C 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



the inner magnetic shield has a substantially truncated pyram dal body
~having a pair of short side nmenbers of a screen and a pair of long side
menbers of a screen, and constructed such that said short side 15 nmenbers
are joined to said |long side nmenbers at edge portions of the substantially
~truncated pyram dal magnetic shield; the inner magnetic shield is nade of a
steel sheet, a ratio of an anhysteretic nagnetic perneability of the 20
steel sheet in arolling direction to an.afjhysteretic nmagnetic perneability
of the steel sheet in a transversal direction being not higher than 0.7 or
not |ower than 1.4, and a higher value of the two anhysteretic magnetic
permeability values inthe 25 rolling direction and in the transversal
direction bei ngdferctin®)- t han 18000, or a ratio of an anhysteretic
magnetic permeability of the steel sheegaple42 in the rolling direction to
an anhysteretic nmagnetic perneability of the Steel sheet in a transversal

direction being not higherl than 21115:{3% p#’@r]anké)WQ(nh fattiZMBane’d a hi gher
val ue of the two anhyst er dtAnmesin gnetg o DefiREaRHN fhhé Biraegbaies ijn the rolling

direction and in the trangvéessdn g ect | 9OI,DGkA%hd Biud foMde cabiin 18000; and
the direction, in which tHe(Nimfsqer et} fcr(fqggpgt,'%npgg{rﬁam lity of the steel

sheet is said higher valud.,_10 coffrespon | ane
direction of said |ong side nggber and to the hmoi zont al pl ang direction of
said short side menber. .AaS—ASSHr—ASTASTA
As.F. A .A A A AU AU A . A AntA A, A A . AR AUYR:R AOFy. AAR As [A A" A A A AU.
AR r.AA ALLA . As A A A ISR ATRE): g+ (LN
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a] ca] ca] ca] ca] ca] ca] ca] ca] [ca]1®:6a] Ta! UrV - Zhn+ .22
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permeability of the steel sheet in the rolling
direction is markedly lowered. On the other hand, the
anhysteretic magnetic permeability is scarcely

5 decreased in the transversal direction, or even if
decreased, the degree of decrease is markedly lower
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
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 of 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%.



efghnrS4 “f10%& ()-3 | 10%& ()- -10%& ()- 10MZMZ 10MZMZ 1 |- %
_"100WEMZE! ()-11°* " 109@RMPME () -+ i dEr S4 ‘1£)10F 1092 & () - 10%2"\/(2;\/-2#
10%28& ()-F10%2& ()-3 10%& ()-3 @10%& ()- CzdErS4 "f10 "10%& ()-
1810%& ()-Y 10%& ()-F @10%& ()- M 10%& ()-F &10%& ()-Hs ; dErs4
£10.110%8& ()- ,,10%& ()-Y L*10%& ()- ( 10%& ()-Y y&@0%& ()-$S

109%2& ()- ; !'QiitiixmbC "f1F-10%& ()- 10z 10z 10zl 10% & () -
}_910(%2&' ()-17 "10%& ()-Y 0 83 @10%& ()-|
10%R& ()-11"""##} [ <nbCl 109&' ()-}!! 10Uc+ER& () - & ()- E" .
F 100 ()21 L ()-} ()-}F 10% ()- F"10% ()-!V
Table 2
. Anhysteretic Magnetic Permeability Rate of
Elongation Rate Anhysteretic
No. of Temper Rolling Transversal Magnetic
ﬁg&?g Direction Direction Permeability
° 0 @ (@)
1 0.0 20000 8800 2.27
2 0.2 13500 8700 1.55
3 0.3 11500 8700 1.32
4 0.5 9000 8700 1.03
5 1.0 6800 8800 0.77
6 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

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
is necessary to set the elongation rate in the temper

15 rolling treatment at 0.2% or less.

The manufacturing conditions described above 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.
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magnetic shield of the present invention. The plating
is desirable in view of, for example, the rust
5 prevention in particularly the case where the
blackening heat treatment is omitted. 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. In 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
magnetic 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
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each member of the inner magnetic shield incorporated
in the color cathode ray tube, and a so-called "“blank
layout” was applied in the direction in which the blank
loss can be minimized, in the direction adapted for the
mass production, or in both of these directions in
accordance 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
is used in an inner magnetic shield for a color cathode
ray tube having a substantially truncated pPyramidal
body shown in FIG. 1, 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 the edge
portions of the substantially truncated pyramidal
magnetic shield. It is important to note that 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 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
is the higher value, corresponds to the horizontal
pPlane direction of the long side members (upper and

lower members in the drawing), too.
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permeability of the steel sheet is not higher than 0.5
or not lower than 2.0, and a higher wvalue of the two
anhysteretic magnetic permeability wvalues in the

5 rolling direction and in the transversal direction is
not lower than 18000, the shielding effect from
geomagnetism can be improved if the direction, in which
the anhysteretic magnetic permeability of the steel
sheet is the higher wvalue, 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
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 higher 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
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large anisotropy in the anhysteretic magnetic
permeability is arranged as described above, the

5 balance of the magnetic shielding effects relative to
the external magnetic fields in various directions such
as the tube axial direction, the screen horizontal
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.

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
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tension mask 5 is stretched by using a frame 6, and a
color selecting electrode is formed by these tension
mask 5 and frame 6. Further, an inner magnetic shield 7
b of the present invention is arranged on the back side
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 620C, thereby obtaining a hot rolled
steel sheet having a thickness of 2.3 mm. The hot
15 rolled steel sheet thus obtained was pickled and, then,
cold rolled so as to obtain a cold rolled steel sheet
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.
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Table 3

Steel Cc Si Mn P S sol.Al N Nb B
A |10.0022| 0.01 0.14 | 0008 | 0.008 | 0.038 | 0.0024 | 0.026 -
B | 0.049 | 0.01 038 | 0016 | 0.014 | 0.046 | 0.0028 - -
C | 0020 } 001 0.12 | 0.008 | 001t | 0.013 | 0.0020 - 0.0013
(by weight %)

Strip specimens each 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 anhysteretic magnetic
10 permeability was measured by the procedure given below.

Measuring Method of Anhysteretic Magnetic Permeability

1) An attenuating AC current is allowed to flow
through a magnetization coil so as to demagnetize
completely the strip specimen.

15 2) An attenuating AC current 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 the strip specimen.

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

4) The anhysteretic magnetic permeability is
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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 anhysteretic 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.,
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
25 side member and the 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
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TV color cathode ray tube of 29 inches for evaluating
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
shield and the manufacturing method thereof.

The geomagnetic drift preventing effect was
evaluated by measuring the drifting amount in the
landing point of the electron beam caused by the
geomagnetism. To be more specific, a color cathode ray
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 error) in
the landing point of the electron beam relative to the
reference point, and the value between the peak-to-peak
value of the landing error was obtained as the
horizontal drifting amount Bh. Incidentally, the
horizontal drifting amount Bh at the screen corner
portion shown in Table 4, which denotes the drifting
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 for the conventional
magnetic shield is about 1 to 1.1.

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

3
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combinations (which correspond to inner magnetic shield
samples Nos. 2 to 5) differing from each other in the
direction, in which the anhysteretic magnetic

permeability of the steel sheet was the higher value.
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Each of the inner magnetic shield samples Nos. 2
to 9 shown in Table 4 was formed of a steel sheet
satisfying the requirement of the present invention in
respect of the anhysteretic magnetic permeability.

5 Particularly, as apparent from Table 4 and FIG. 3, each
of the inner magnetic shield samples Nos. 2, 3 and 6
satisfied the requirements specified in the present
invention in respect of the magnetic characteristics of
the raw material steel sheet and the arrangement the

10 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.
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 value, 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
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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 a transversal direction is not higher than 0.5
25 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 is
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not lower than 18000.

4. The steel sheet according to claim 3, wherein
the steel sheet consists essentially of 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 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. A method of manufacturing a steel sheet for
inner magnetic shields excellent in a shielding effect
from geomagnetism, comprising the steps of:

hot rolling a steel slab consisting essentially of
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
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
steel band at temperatures of 600C to 780 under a
line tension not lower than 9.8 N/mm?; and

tempering rolling the annealed steel sheet as
required at an elongation rate not higher than 0.2%.

6. An inner magnetic shield 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

F
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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 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 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 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

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.

FY

7. The inner magnetic shield according to claim 6,

wherein said long side member and/or said short side

member includes a V-shaped notch.

8. The inner magnetic shield according to claim 6,

wherein said long side member and/or said short side

member includes a slit.

9, The inner magnetic shield according to claim 7,

wherein said long side member and/or said short side

member includes a slit.

F
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10. 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

5 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 portions of the substantially truncated
pyramidal magnetic shield, wherein:

10 the inner magnetic shield is made of a 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

15 lower than 1.4, 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, or a ratio of an
anhysteretic magnetic permeability of the steel sheet

20 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 than
2.0, and a higher value of the two anhysteretic
magnetic permeability values in the rolling direction

25 and in the transversal direction being not lower than
18000; and

the direction, in which the anhysteretic magnetic
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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.

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

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

10 side member includes a slit.

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

14. A color cathode ray tube, comprising an inner

15 magnetic shield, wherein:

the inner magnetic shield has 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
20 members are joined to said long side members at edge
portions of the substantially truncated pyramidal
magnetic shield;
the inner magnetic shield is made of a steel sheet,
a ratio of an anhysteretic magnetic permeability of the
25 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
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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
5 the direction, in which the anhysteretic magnetic
permeability of the steel sheet is sald higher value,
corresponds to the horizontal plane direction of said
short side member.
15. A color cathode ray tube comprising an inner
10 magnetic shield, wherein:
the inner magnetic shield has 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
15 members are joined to said long side members at edge
portions of the substantially truncated pyramidal
magnetic shield;
the inner magnetic shield is made of a steel sheet,
a ratio of an anhysteretic magnetic permeability of the
20 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 value of the two
anhysteretic magnetic permeability values in the
25 rolling direction and in the transversal direction
being not lower than 18000, or a ratio of an

anhysteretic magnetic permeability of the steel sheet
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2.0, and a higher value of the two anhysteretic
5 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
permeability of the steel sheet is said higher value,
10 corresponds to the horizontal plane direction of said

long side member and to the horizontal plane direction

of said short side member.



