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The present invention relates to a heat shrink band steel sheet and a
manuf acturing a heat shrink band steel sheet adaptable to a

met hod of

col or cathode-ray tube of a

panel of t

col or cathode-ray tube of a television set

tel evision set and arranged to inwards clanp a

he cathode-ray tube. DESCRIPTION CF PRI OR ART Hitherto, a

or the like has a structure

t hat el ect TODBE e0F t THE fNWENBION el ectron gun are applied to a fluorescent

menber dis
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hi gh vacuum state having a pressure of 1.0 X 10[err] Torr so that
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the inside gor{io of the tube is made to be the hi gh vacuum state as
described E OF the panel is defornmed into a concave

osed on the internal surface of the panel portion to eni

t
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conposed of the panel and a funnel connected to the panel is nmade to be a

NTION ructed by internal residual gas.

When

shape because ofy,d hﬁr@é%ﬁ“?ﬁg%fa%ﬁ- relatek’ €d1€aSHehacef;hihe,pagel is

def or med,
t he panel

t he position

uorescent nenber di sposed on the I nside of

steelingless tr @lnldy ashethed. of tmdmeafise turimd achekltashrhiekpbsndi on

steel sheet adaptable to a color cathode-ray tube of a
television set and arranged to inwards clamp a panel of the
cathode—-ray tube.
DESCRIPTION OF PRIOR ART

Hitherto, a color cathode-ray tube of a television set
or the like has a structure that electrons emitted from an
electron gun are applied to a fluorescent member disposed on
the internal surface of the panel portion to emit required
light. To realize light emission, the inside portion of the
tube composed of the panel and a funnel connected.to the
panel is made to be a high vacuum state having a pressure of
1.0 X 107 Torr so that movement of electrons is not
obstructed by internal residual gas. When the inside portion
of the tube is made to be the high vacuum state as described
above, the surface of the panel is deformed into a concave
shape because of the preséure of air.

If the surface of the panel is deformed, the position of
the fluorescent member disposed on the inside of the panel
is undesirably shifted. It leads to a fact that the position

on the surface of the fluorescent member on which an electron



Eon t he surface of the fluorescent nenber on which an el ectron
2 beamis nmade inpact is relatively shifted. If the surface of the panel

is deformed, color deviation sonetines takes place. I f the deforned
surface of the panel cannot withstand air pressure, there arises a risk
that an internal explosion takes place. To prevent the foregoing

probl enms, the color cathode-ray tube is provided with a heat shrink band.
The heat shrink band is manufactured2by forming a heat shrink band steel
sheet intobesmekiongatiedimbapé amdrdispivelivasbufitedéhe phinthe sThéabeat

hri nk band_h ' nnal | t what . short t han fh
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t hus-formegi hggt shrink band is initially heated and expanded at about
500[err] C. The expanded heat shrink band is fitted around the panel.
Substanti al |y sifmtheandoictyedisurfdda tofigtivé phreheatnshti wkthabandair is

bl t he heat hri band that th t shr.ink band i i dl
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contract edygigs Caysed to tightly clanp the outer surface of the panel.
As descri bed above, the heat shrink band tightly clanps the outer surface
of the panel t&gerevand bheefniegring propfevh. ddieoraedioironathodhersurf ace

of the pan%&bgcfgr£¥g91ded with a heat shrink band. The heat shrink

band is manufactured by forming a heat shrink band steel
sheet into an elongated shape and disposed around the panel.
The heat shrink band has an internal length somewhat shorter
than the circumferential 1length of the panel at room
temperatures.

The thus—formed heat shrink band is initially heated and
expanded at about 500°C. The expanded heat shrink band is
fitted around the panel. Substantially simultaneously with
fitting of the heat shrink band, air is blown on the heat
shrink band so that the heat shrink band is rapidly cooled.
As a result of the rapid cooling process, the heat shrink
band is contracted and caused to tightly claﬁp the outer
surface of the panel.

As described above, the heat shrink band tightly clamps
the outer surface of the banel to generate a tension with
which deformation of the surféce of the panel occurring
attributable to air pressure can be corrected.

The heat shrink band has another function to reduce an

influence of an external magnetic field including the



~attributable to air pressure can be corrected. The heat shrink band
has another function to reduce an influence of an external nagnetic field
i ncl udi ng the 3 geomagnetism  That
i's, the heat shrink band is made of a material having a predeterm ned
magnetic perneability to absorb the external magnetic field so as to
prevent application of the nagnetic field to the inside portion of the
col or cathode-ray tube. A heat shrink band steel sheet of the

foregoi ng gypmakastibmen mde dfs,a tHd hedeadnsiiaetvdiayi ng magéebd atress
of about 24 kgf/mmferr]. However, the heat shrink band, required to
real i ze th@aﬁéﬁéﬁénh%ﬁlQﬁw?edﬁﬁﬁgtﬁﬁélééﬂoﬂﬁﬁHQﬁiQﬁP?Fm@ak Yatetsf the
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21-inch cobkppléauhada- bay thbuheghasla veeylt tof tH80igspdehpayteon 4%
descri bed above, the color cathode-ray tube for a television set suffers
from a prébeeRPdPresesBefoaryyhtuly. wei ght because of the wei ght of the

heat shrink bangl., Jgh§.ql y{ebgpreng %f d Q}'%@egh P Qpéﬁﬂne%ftg?h 't rength

feasible to use hig tensi Sheé avi

to reduce bkent magenasts aomilbesheat s:hrelemk Haanide a yidbdeveresshes

magneti c shleldlng characteristic of the heat shrink band deteriorates in

proportlonaPGUFh% On However, the heat shrink band, required to
realize the tension for correcting the deformation of the
surface of the panel occurring attributable to air pressure,
must have a predetermined cross sectional area. Thus, the
conventional heat shrink band for a 21-inch color cathode-ray
tube has a weight of 700 g or heavier. As described above,
the color cathode~-ray tube for a television set suffers from
a problem of excessively heavy weight because of the weight
of the heat shrink band. To solve the above-mentioned
problem, it might be feasible to use high tensile strength
steel sheet having enough strength to reduce the thickness
of the heat shrink band.

However, the magnetic shielding characteristic of the
heat shrink band deteriorates in proportion to the reduction
of the heat shrink band thickness. The reason for this lies
in that the magnetic shielding characteristic of the heat
shrink band is changed in accordance with the thickness and
the magnetic permeability.

Thus, the heat shrink band must have raised magnetic

permeability to compensate the reduced thickness. When the



of the heat shrink band thickness. The reason for this lies in that

magneti ¢ shielding characteristic of the heat

t he
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accordance with the thickness and the magnetic perneability. Thus,

t he heat shrink band nust have rai sed nagnetic

the reduced thickness. VWen the
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the heat shrink band is reduced by decreasing the thickness of

the magnetic perneability nflst be raised in addition to t

he
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band.

Si nce strengthening the heat shrink band steel sheet and
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I's Worse, magneti ¢ shi ng charac I'C o

nal
he heat

shrink bandtbas sheétbeeh mawnsd i gad etk LN tdhiSimsStHadd.l y. As a result, there
is no specific guideline to make the nmagnetic perneability to be an
appropri ate | evEinge s¢yeperbanenghidrs degdt sBEink pard shfedksbest prd| eads

to a fact that.the b%langﬁébe&ggggFéggeI%%%%%%égi f trgégteg%nggngY
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hat i's, €°S
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rength
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the heat shrink band in order to reduce the weight of the sane, a h
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obt ai ned.

é§g98§f£igﬁ¥leing characteristic of the heat shrink band has
not been investigated enthusiastically. As a result, there
is no specific guideline to make the magnetic permeability
to be an appropriate level to compensate the reduction in the
thickness. It leads to a fact that the balance between the
strength of the steel sheet and the magnetic permeability
cannot easily be improved. That is, if the strength of the
steel sheet is attempted to be enlarged to reduce the
thickness of the heat shrink band in order to reduce the
weight of the same, a heat shrink band having a satisfactory
high magnetic permeability cannot be obtained. As described
above, the conventional method suffers from a problem in that
a heat shrink band steel sheet having a sufficiently reduced
weight and satisfactory magnetic shielding characteristic
cannot be obtained. | '

If a material having a high magnetic permeability and a
satisfactory magnetic shielding characteristic is employed,
the conventional method cannot realize a tension with which

the deformation of the surface of the panel occurring due to

eat



above, the conventional nethod suffers froma problemin that a heat
shrink band steel sheet having a sufficiently reduced weight and
satisfactory magnetic shielding characteristic cannot be obtained.

If a material having a high nagnetic perneability and a satisfactory
magneti c shielding characteristic is enployed, the conventional nethod
cannot realize a tension with which the deformation of the surface of the
panel occurring due to 5 5 air pressure
can be cordect pdebeaesacgii besaldreddledr YbeSduengbl. Giswei st aparyopri at e
magnetic perneability with . respect to the reduction in the thickness has
been knowStE¢REtha| FRCHANRPPIIRF Kt MAFRGT ¢ Re TR I tai tthe

magneti c  PELEBAbiYJ thoCPORRL L LA Y chE LHPERNES, nas boOR kilGwR! i hand,

met hods of nmanufacturing a stee eet having a tensile strength of about
65 kgf/ miiealdndefoerteean bheackeraneghpodctlss mmnick d alngndt e peagrestiid i ty of
600 or greater after the blackening_ prqcess have been disclosed in

Japanese ﬁé?’é‘?ﬁat?_ia]i’dtww HP1133D8 éﬁ‘ar9é{5§nese Patent Lai d- Open No.
59-171430. T fﬁi@%'tﬂgrsh"aﬁgi; $8slodsd Sot ahEﬁHPB@g%H’née%V fe_Steel

sheet for inner magnetic shie ng i n the color cathode-ray tube. Thus,

the steel skséeethawingr mangediie sonenesh ent dowsateiss g fy/enli betosd reengt h
and the characteristic for magnetic shieldi bl ackeni ng

process i sPtAHPIHNE OPRRECSS &Rfe i“i‘l‘bg’?%"rlci%?'g%%%ﬁt%f°¥ﬂgoﬁag‘?1retic
properti esgjdy 6dhchy S BV tildkening process have been disclosed in
Japanese Patent Laid-Open No. 58-45323 and Japanese Patent
Laid-Open No. 59-171430. The foregoing steel sheet is
attempted to serve as a steel sheet for inner magnetic
shielding in the color cathode-ray tube. Thus, the steel
sheet is arranged to some extent to satisfy required strength
and the characteristic for magnetic shielding. The
blackening process 1is also performed as annealing for
improvement of the magnetic properties in such a manner that
the steel sheet is heated to 550°C to 650°C for 10 minutes to
30 minutes. On the other hand, the heat shrink band is
heated to, at most, 500°C for about 10 seconds. Therefore,
;f the above-mentioned steel sheet is employed to make the
heat shrink band, only poor magnetic permeability of about
100 is obtained. |
Methods of manufacturing an electrical steel sheet
having high tensile strength for use in a rotor of a very
high speed motor or the like has been disclosed in Japanese

Patent Laid-Open No. 62-112723, Japanese Patent Laid—Open No.



the steel sheet is heated to 550[err]C to 650[err]C for 10 mnutes to 30
m nut es. On the other hand, the heat shrink band is heated to, at nost,
500[ err] C for about 10 seconds. Therefore, if the above-nentioned steel
sheet is enployed to make the heat shrink band, only poor magnetic
perneability of about 100 is obtained. Met hods of manufacturing an

el ectrical steel sheet having high tﬁnsile strength for use in a rotor of
a very higg sgeed notor or the |ike has been disclosed in Japanese Patent

Lai d- Open 2-an¢ PEpanpgsafedenpal-ehd-CarE- ¥pen2 Np442, the method
6 64-225 apgiﬁgp%qﬁ%%gﬁ)%tden{o que%'l%%n é\%’%lgf‘zgdg{lcggy TSQ?eHFEHOCLn(pe'h g9

att enpt ed al’i'ze satisfactory strength an prevent an iron Toss.

Al t hough t Beeabayeafentéwnbsk et Mdhoute il @blower-m@2hitiensdt methedsry
strength and nagnetic perneability, the cost of the slab cannot-be reduced
because sa¥erablfer dént Eeal iz, SqtisgsctgryTi shRenALh mpnd pB2gRBEYC as the

al | oy el eyl ge ap; MPESOVELe oAfiicll 8e0L1LBCARAOY ne!RBRE blchlg,! ar ge

gquantity uses o easlly be cracke en a casting process is
perfornmed. sthatal Spepeents dbheMedghs, WwMbl, wasTliyaha alamied be nbleéecgoi |
will easily broken. Thus, the manufacturing yield is unsatisfactory. |If
the above- ABntiheneril IR HhPERBCRER - at tMOFAXLE 0 BEILHEQRIOE tHhe cBALPHuous

casting prgfgﬁgn%%fst@gtﬁ%g%:%ﬁw Yafhed AT s 3h! itlageaﬁg%eﬁé must

be perforne ctivity deteriorates and t

manuf act ur cegckedtwitamnoicadidngr educeds is/Aserfiesmed bedWhazbdeeworshe

above- nenti oned . . . . .
the edges will easily be cracked or the coil will easily
broken. Thus, the manufacturing yield is unsatisfactory.
If the above—-mentioned problems are attempted to be, solved,
the continuous casting process cannot be performed and/or a
warm rolling process must be performed. Thus, the
productivity deteriorates and the manufacturing cost cannot
be reduced. As described above, the ‘above-mentioned

manhufacturing methods cannot solve the above—-mentioned

problems.

OBJECT AND SUMMARY OF THE INVENTION

In view of the foregoing, an object of the present
invention is to provide a heat shrink band steel sheet which
.assure a tension sufficient to correct a panel surface
deformation caused by air pressure and which has a
satisfactory magnetic shielding characteristic even if the
thickness of the heat shrink band is reduced, and a method

for manufacturing such a heat shrink band steel sheet.



manuf acturi ng net hods cannot sol ve the above-nentioned problens. OBJECT
AND SUVMARY OF THE | NVENTI ON In view of the foregoing, an object of
the present invention is to provide a heat shrink band steel sheet which
assure a tension sufficient to correct a panel surface defornmation
caused by air pressure and which has a satisfactory magnetic shiel ding
characteristic even if the thickness of the heat shrink band is reduced,
and a method for manufacturing such d heat shrink band steel sheet.

7 The heat Biw i hleatanshsirlel bsindetsteebr dheg tt catberdjmesdmt theention
arranged to _be woupd around a catQ%ge-r t ube having a angl and
struct ur edPTRSERENIAVARMHRR FFEADESHE 9 HecMoyBs: BSRUBE BnE2LAPASAEEY ay tube
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heat shrink band steel sheet including: a structure which satisfies the
rel ati onshipnas porktipnero¥) therchtRo@ewhen thee idimkdesso obethehheht

shrink band steel sheet is t, and. the, specific netic perneabi]it

measur ed aYaFH'émeftst& ffal to rrgb%éﬂ% P?‘%’I“g_ ﬁé‘&suﬁ%&qﬁ*e"ﬁ Cfequ?’t e}i‘e?_ e heat
shrink bandprbag bggRaheatesh angh &0l &gy didi®le:] - 2  stribeubsat wghEhnk band
according to the present invention exhibits a sufficient nagnetic

pernmeabi | i Yt 28fde FRONRY | Ge18RliBhdndpd £aN (@Ppky @ desiZ@s WHRHSUEBei NtO a
cat hode ray

thickness of the heat shrink band steel sheet is t and the
specific magnetic. permeability measured at the external
magnetic field measured of 0.3 Oe after the heat shrink band
has been heated and cooled is p.

The heat shrink band according to the present invention
exhibits a sufficient magnetic permeability as a magnetic
shield and can apply a desired pressure into a cathode fay
tube. That is, the heat shrink band having the relationship

between the plate thickness and the magnetic permeability
defined as (t X u) 2 200 serves to exhibit an effect to

prevent a panel plane deformation as well as a magnetic
shield effect. |

It should be noted that the external magnetic field of
0.3 Oe is equivalent to the geomagnetism. The heat shrink
band shows a preferable magnetic shield effect under an
external magnetic field equivalent to the geomagnetism.
Consequently, the cathode ray tube having this heat shrink
band mounted can correctly hit a target with an electron beam

without being adversely affected by the geomagnetism.



tube. That is, the heat shrink band having the relationship between the

pl ate thickness and the magnetic perneability defined as (t x [err]) [err]
200 serves to exhibit an effect to prevent a panel plane deformation as
well as a magnetic shield effect. It should be noted that the
external magnetic field of 0.3 Ce is equivalent to the geomagnetism The
heat shrink band shows a preferable magnetic shield effect under an
external magnetic field equivalent to8the geomagnetism Consequently, the

cathode ray tuhg Ravijage! Rhe R83LeShbhBkonbandh JBED] cthéameaitectdy hit a
target wth an el ectron beam w thout being adversely affected by the
geonagnet i ie present invention has energetically perfogm resgarabmnde the

above-nmenti oned object, e inventor of _the e [ t]
energeti catfye bR re Ch1§HH 1?%%&5%%n%§%.%%$%&s?¥§ﬂef€gben§d% has
found the {pléQWM &, 1nvention. That is, when Si is used as alloying

element of a material for making a heat shrink band steel sheet, the
sol ution strendteeni hg, pedfeor nihcéscarserk pApradayimghuglememe @dgnetic
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yield stress can be enlarged. Wen a cold rolling process with
the magnetic anisotropy can be reduced, causing the magnetic
permeability to be raised. When the annealing condition is
contrived when the heat shfink band is manufactured, the
grain size of the steel sheet can be adjusted and the yield
stress can be enlarged. When a cold rolling process with
light reduction is performed for work hardening the steel
sheet, the yield stress can be enlarged. The cold rolling
process with 1light reduction deteriorates the magnetic
permeability of the heat shrink band steel sheet. However,
the present invention in which the annealing condition and
the reduction ratio employed when the cold rolling process
with light reduction is performed are appropriately combined
with each other is able to satisfactorily prevent
deterioration of the magnetic permeability even if the yield
stress is enlarged. _

To achieve the above-mentioned object, according to one

aspect of the present invention, there is provided a method
of manufacturing a heat shrink band steel sheet, including

the steps of: hot-rolling and cold-rolling the steel



| i ght reduction is perfornmed for work hardening the steel sheet, the yield
stress can be enlarged. The cold rolling process with Iight reduction
deteriorates the magnetic permeability of the heat shrink band st eel

sheet. However, the present invention in which the annealin Jnd1 tien- and....,.

the reduction ratio enployed when the cold rolling process ’iH ~“P|'*ght| A oREN
reduction is performed are appropriately conbined wth each otheriPs:all e

to satisfactorily prevent deterioratigon of the magnetic perneabi Ty &ven

if the yi e 9!105 %'[Sé el%m%glt%r gﬁdsu?ht% mJ&&CWh%‘éect QeoaB%E\ﬁ{'@mé %ed

obj ect, accor aspect present 1 nvention ere1s
provi ded a net hod of rranuf acturl ng a heat shrink band_steel sheet,

i ncl udi ng WEheSsthpE 19 Wbk. &1} i andRof ol r @I Vihg R e St2ert%, 'S

9 containing elenments in such a manner that C [err] 0.005 wt% 2.0 wt %
[err] Si [€r0]0200whisY SO11AM % [0e00) Mt¥ orr]0.1. vo % PRT.AHU|<AL oW % S
[err] 0.020 wt% Sol . Al [err] 0.004 wt%or 0.1 mt%|[err] Sol.A [err] 1.0

w % and N {85 rdn® 085 oWods R ANk 11 sheelstdk1 790 #64dcCtb09809%;

cold rolling the steel with a reduction ratio of 3%to 15% and heating and
cooling the,gt ggha- %fi?ﬁé’ hd eétwf ﬁ@&' hasabeeiohesd &b & Hpoied, the

sheet satisfies the relatronship (t err]) [err] 200, where the thickness
of the shek%%i s Thamde tihghetdf cnmfmbmms/ 4 et sshrbik elsaridarm}e@err] 250

and vield stress, YS satisfies YS [err] . 40, kgf/ err en netic
force of CoShESha Boipetd Tatar e bne nsft! FLEN hatlCBerah JROA
manuf act urh £¢; @ hgad + Shé ke ANk magiifblc Yafle ARAAF NIsh@ibBeeprgsent

i nvention is arranged In such a manner that the heat shrink band steel

sheet is » 28RUHAGHWIRdsYREEE f@%%@‘ﬁé@%‘ ongg g (ﬁﬁl”' RetEepNgid i on

and with the above-nentioned material, the manufacture shri nk band
steel sheeftd@s 8albi %é@%@it&dpﬁﬁﬂe%ﬁdl‘é&’-after the cold rolling

process with light reduction when the magnetic force of a
magnetic field is 0.3 Oe.

Since the method of manufacturing a heat shrink band
steel sheet according to the present invention is arranged
in such a manner that the heat shrink band steel sheet is
manufactured under the above-mentioned annealing condition
and with the above-mentioned material, the manufactured heat
shrink band steel sheet has a high magnetic permeability.
Since the above-mentioned method is arranged in such a manner
that the foregoing reduction ratio is employed in the cold
rolling process with light reduction, the manufactured heat
shrink band steel sheet has a large yield stress.

The manufactured heat shrink band steel sheet has the

magnetic permeability p satisfying the relationship as pu 2

TWsSheetHasBeenR
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Since the above-nentioned nethod is arranged in such a manner that the
foregoing reduction ratio is enployed in the cold rolling process with
| i ght reduction, the manufactured heat shrink band steel sheet has a

| arge yield stress. The manuf actured heat shrink band steel sheet
has t he magnetic perneability [err] satisfying the relationship as [err]
['err] 10 250 and yield stress YS

satisfies the relationship as YS [erd0 40 kgf/mmierr] after the steel has

been heat e§5§ngn809¥@gda§tb?5sst b8 sakdskobli BHe PEOLESSONGL TP | aghsTeduction
when t he nagnetlc orce of a magnetic field is 0.3 Ce as if the heat

shrink band, gLeg «ﬁﬁe agldial b 19R%n heBR@AMBhAOEcoREE0RELEY tO the
pr esent |nvent|on enables the high magnetic perneability to be realized

when t he exher nadldragrédfiogf imtacess @ishOdligiter epdnetianhadienshthak band
steel sheet havin

geomagnet i ?ﬁfnﬁflgbgﬁf".ﬁg@hf gg{&%tllg%:fslp(g%rle%? lr#f%??f é;ctogr %taati%i %grﬁﬁgtheat

shrink band,stgg! &L sqeedr difk £ 0 1khe; PEESENY iR¥@Nt i orhehagmednbar ge
yield stress as descri bed above, the thickness of the heat shrink band can

be reducedathué;ngheO\/ﬁlegmre@fentt hevmaiogmmmlmrfdlesﬂ’é@h mresetéan be
o cpeamh R AP T el B, The R g NI Shag 1o
tube havingsaopangl . anthstdadrtedr @dnbht SHEnR m@tetdlatshbm harehgpOrtion
of the cathode-ray tube is nade to be a high vacuumstate to tl%htly cl amp
t he a high magnetic permeability in a state where geomagnetism

of about 0.3 Oe exists can be manufactured. Since the heat

shrink band steel sheet according to the present invention

has a large yield stress as described above, the thickness

of the heat shrink band can be reduced. Thus, the weight of

the heat shrink band steel sheet can be reduced.

According to another aspect of the present invention,

there is ‘provided a heat shrink band arranged to be wound

around a cathode-ray tube having a panel and structured in

such a manner that the inner portion of the cathode-ray tube

is made to be a high vacuum state to tightly clamp the

cathode—-ray tube, the heat shrink band including: a
structure which satisfies the relationship as (t X u) 2 200

when the thickness of the heat shrink band is t and the
specific magnetic permeability measured at the external
magnetic field of 0.3 Oe after the heat shrink band has been
heated and cooled is .

It is preferable that the specific magnetic permeability



cathode-ray tube, the heat -shrink band including: a structure
whi ch satisfies the relationship as (t x [err]) [err] 200 when the

t hi ckness of the heat shrink band is t and the specific magnetic
perneability measured at the external magnetic field of 0.3 OCe after the
heat shrink band has been heated and cooled is [err]. It is
preferable that the specific magnetic perneability

11 [err] is 250 or greater when the external magnetic field is 0.3 Ce.
It is preferoblzsd hat drieeteirehthent thes eXBesablshbgfiet ¥S fe61d #9 0.3

kgf / nm{ er r% It is preferable that steel is enployed which contains
el ements i®esuch a ﬂrﬁnh%rpltﬁrffﬁre(‘?l[eerth]atotbea’m% strgs@t ¥%5[ eptissies[err]
4.0 wt % Olvw%[err%mnl\/zh[err 1.0 w% P [err] 0.2 % S [err] 0.020
W % Sol . A¥S[2rtf beh %or 0.1 w% [err] Sol .Al [err] 1.0 wt%and N
[err] 0.005 wt % QG her and_ further objects, features and advantage of
the invention Mi1is prefggedl endhatf ﬁ[tleﬁlf Fﬁnﬁ%‘ﬁéOY%quW% ché"s%lrI}Sptl on.
BRI EF DESCRI PTI ON OF THE DRAW NGS cross sectl onal view
showi ng an®t8BeREF aln HoTh | HMYINS c%&arfocf‘e ?a‘}/ ?QJ%eWt Oprig 295 g

perspective view show ng the cathode-ray tube; Fig. 3 is a graph
showi ng the deDawt®Bnshi.p bebweenin < 1.0 wt%, P < 0.2 wt%, S < 0.020

wt%, Sol.Al < 0.004 wt% or 0.1 wt% < So0l.Al £ 1.0 wt% and N

< 0.005 wt%.

Other and further objects, features and advantage of the
invention will be appear more fully from the following

deécription.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross sectional view showing an essential
portion of a cathode-ray tube;

Fig. 2 1is a perspective view showing the cathode-ray
tube; -

Fig. 3 is a graph showing the relationship between
values of (t X pu) and amounts of drifts occurring
attributable to the geomagnetism;

Fig. 4 is a graph showing the relationship between the
amounts of restoration of the surface of the panel and the
tensions of the heat shrink bands;

Fig. 5 'is a graph showing the relationship among the

quantity of 8Si, the yield stress and the magnetic



values of (t x [err]) and anounts of drifts occurring attributable to the

geomagneti sm Fig. 4 is a graph showing the relationship between the

anounts of restoration of the surface of the panel and the tensions of the
heat shrink bands; Fig. 5 is a graph showing the rel ati onshi p anong

the quantity of Si, the yield stress and the magnetic

12 perneability; . Fig. 6 is a graph showing the relationship anong the

reduction ratios, the yield stress andzthe magnetic permeability; and

Fig. 7 is ge égghfqmym ng the dependence of the magnetic perneability and

the yield stress on the reduction ratio and the annealing tenperatures.
DETAI LED DESCRle O GFs TRIE eirRYENFhoWing th&n rekSdi s Pofampnge st & hr i nk

band steel _s and nufact r|n of c n pr esent
i nventi on HW¥T1e 111’110‘?/51 bef Y&l %?rbegh gyfgilig sghrlﬂﬁ g%tg% g’?éeé)?é{'ﬁeet and
manuf act ur&ghme 481 hogly I hegeof accordi ng to the present invention are

enpl oyed en the heat shrink band steel sheet which is fitted to the

outer surface dfiega ﬁamélaf&ﬁafﬁfhghawéagof-heL%W‘%fyﬁuﬁéedﬁa%n?@r%w si on

set is “Sege%ﬁéébPP{{¥ é”gﬁe yield stress on the reduction ratio and

the annealing temperatures.

DETAILED DESCRIPTION OF THE INVENTION

An embodiment of a heat shrink band steel sheet and
manufacturing method theresf according to the present
invention will now be described.

The heat shrink band steel sheet and manufacturing
method thereof according to the prgsent invention are
employed when the heat shrink band steel sheet which is
fitted to the outer surface of a panel forming a color
cathode-ray tube of a television set is used to tightly clamp
the outer surface of the panel.

The color cathode-ray tube having the heat shrink band
which is manufactured by the method according to the present
invention may be a CRT 1 structured as shown in Figs. 1 and
2. The CRT 1 has a panel 2, on which an image is displayed,
and a funnel 3. The panel 2 and the funnel 3 are welded to
each other by dint of frit glass (solder glass) so that a
closed space is formed. The funnel 3 of the CRT 1 has a neck
portion 3A having an end opposite to the portion of the

funnel 3 which is welded to the panel 2, the neck portion 3A



t he outer surface of the panel. The col or cathode-ray tube having the
heat shrink band which is manufactured by the nethod according to the
present invention may be a CRT 1 structured as shown in Figs. 1 and 2.
The CRT 1 has a panel 2, on which an inmage is displayed, and a funnel 3.
The panel 2 and the funnel 3 are welded to each other by dint of frit

gl ass (solder glass) so that a closed space is fornmed. The funnel 3 of the
CRT 1 has a neck portion 3A having an3end opposite to the portion of the

funnel 3 Vd¢ihd Sa Vel ARetd P fhecwaiel gradd el yecdayd | OmBAlectron
13 having a dianmeter which is gradually reduced. An electron gun 4 is

acconnndal%%h|41x$u34ﬂammqﬁﬂﬁﬁdonn3Ahe neckvppedder, 34he CRT 1 has a
fluorescent su ace for n t i nn d an
- SUR{AGS ! OLIBIcpAN: L RE ST INEL. SHEL 8L Huthb DA o Bl

aperture grill e’insrde por I On uorescent surface

5. In addéd i ome iﬁkeelc%ﬂfdta& @ffﬂ%:ﬁldplm%d Qi hpeaprrteurgrilgd |l e 6
and an internal nmagnetic shield 8 disposed on the back of the frame 7.

In the CRT6 1fcrmﬁdngnt khe aboyibderemy o oft thet fluoreapent r ywr Hresd 9
emtted fr

The cof ect 1 oh SEEHE 9 ar 3 s iBha L0 SpdRenpn odghaet i 1 P8 i "

aperture ggtilre 66 dh€han iﬂ‘@eﬁi@ptrﬁﬁhdlﬁ%rﬁeﬂeﬁ@ daslpafwmgnpouuu 10 of
the fluorescent surface 5. Modreover, the inside portion of the CRT 1

formed by ®#ek ihethe fanee e funnel 3 joined to the
In the CRT 1 having the above—mentioned structure,

electron beams 9 emitted from the electron gun 4 are selected
according to the color when the electron beams 9 are allowed
to pass through slits formed in the aperture grille 6. Then,
the electron beams 9 reach a landing point 10 of the
fluorescent surface 5. Moreover, the inside portion of the
CRT 1 formed by the panel 2 and the funnel 3 joined to the
panel 2 is made to be a high vacuum state having pressure of
about 1.0 X 1077 Torr to permit free movements of electrons
without any obstruction attributable to internal residual
gas.

To make the inside portion of the CRT 1 is made to be
the high vacuum state as described above, the pressure is
reduced through the neck portion 3A of the funnel 3. The CRT
1 is provided with a heat shrink band 11 in order to prevent '
deformation of the front surface of the CRT 1 and to protect
the CRT 1. The heat sprink band 11 is fitted to the outer
surface of the panel 2 in such a manner that a predetermined

tension can be generated by the heat shrink band 11. Note



panel 2 is made to be a high vacuum state having pressure of about 1.0 X
10[err] Torr to permt free novenents of electrons w thout any obstruction
attributable to internal residual gas. To make the inside portion of
the CRT 1 is made to be the high vacuum state as descri bed above, the
pressure is reduced through the neck portion 3A of the funnel 3. The CRT

1 is provided wwth a heat shrink band 11 in order to prevent deformation
of the front surface of the CRT 1 andi#o protect the CRT 1. The heat

shrink bang, Jd {57 hEhed shd1hite saWeeri s syéfagﬁaﬁytfﬁt%aelaf%ém seh a
manner that a predetern1ne tension can be generated by the heat shrink

band 11. Notessure has been reduced as described aboveld that the heat

shrink band 11 js usually fitted after the  pressure_has been redyced as
descri bed abovéhe b eatTﬁéthEt bang i Ik wIrgett giFrgﬁfgr?ﬁglﬁ%f%éa S on of

the panel pgné)f:oé'”orc'cntﬂ‘ﬁtntgr LRYEaBh at Qo 1Y tdlef h@@@egenbetwweéxbemé/acuum
pressure in the CRT 1 and the air pressure. If the heat shrink band 11 is

not fittedvadinen peneds@re sinuntles iRy ardkf Sreveall 1 e sswncavied skﬁmoe
Decause |l AT O Py L e da! PRI, By el
tension, §deohead A{wd ik Randvbl shayer dbxadBB! k88 PhEIEL epHF DEch & essure
to the CRT 1. As a result, the heat shrink band 11 is able to correct the
di fferent tie¢ RN lhesvaadanwprbssahe high vacuum state. Since the

heat shrink band 11 is fitted with a predetermined tension,

the heat shrink band 11 inwardly applies predetermined

pressure to the CRT 1. As a result, the heat shrink band 11

is able to correct the different between the vacuum pressure

in the CRT 1 and the air pressure. Thus, the heat shrink

band 11 prevents the deformation of the surface of the panel

2. The heat shrink band 11 as well as prevents internal

explosion of the CRT 1. The heat shrink band 11 has

another function to serve as a magnetic shield. Thus, the

heat shrink band 11 is able to shield an external magnetic

field even if the external magnetic field including the

geomagnetism is applied to the CRT 1. As a result, the

landing point 10 to which electrons emitted from the electron

gun 4 is not deviated. Thus, a drift can be corrected and

prevented in the CRT 1 so that color deviation is prevented.

The above-mentioned heat shrink band 11 is required to
have a decreased thickness in order to reduce the weight

while maintaining the realized magnetic shielding



inthe CRT 1 and the air pressure. Thus, the heat shrink band 11 prevents
the deformation of the surface of the panel 2. The heat shrink band 11 as
wel | as prevents internal explosion of the CRT 1. The heat shrink
band 11 has anether function to serve as a magnetic shield. Thus, the heat
shrink band 11 is able to shield an external nmagnetic field even if the
external magnetic field including the_ _geomagnetismis applied to the CRT
1. As aresult, the |anding point 133 0 which electrons enitted fromthe
el ectron ghardcisriwiidlevi aligde Huductidl ifl €RO hAicRhesst & atik
prevented in the CRT 1 so that col or deviation is prevented. The
above- ment beel skeet shermindathe lHedt shyink pnd 1haand aryezing seh
thi ckness [n order to reduce the. wei ght, . whj ' i nj.ng

reali zed- kﬁ%gﬂ%%?% 108%?Em%?%bf1ty gp the été%lrgﬂégéi£¥£'genéiﬁily

characteri gbh€rad SEH6€y I e€bICt 98N | Nother | hi &knesppdpt iete Stikegnstivet
formng the heat shrink band 11 and raising of the nagnetic perneability
of the steptrseeilbte eerresnending i ddiecttbigkngseadf seABLredn

appropri ate nmagnet i.c er meapj |1 [ e i j ckne
required. o 0 %%ﬁ#\%ﬁ a%%?d%?%a%%_ﬁ%%ﬁ%%?% %é§¢é53${%€§2 ?ﬁ?%% types
of steel sbpepés dpvdtee UisHerwnthdhanmNaas feeeneebal Arceshbekwess € t he

magnetic pernmeability were prepared, as shown in Table 1. The foregoing
st eel sheetBigkress oppdd thenmeenedt csmanme apddddvearenRAIREEE W A of 35

mm Then,  gaGh bak 806! 3K baad AR dddiff d0edNSRANE 0ird NPofrsd NCH

into heat shrink bands each having a width of 35 mm. Then,

15

each heat shrink band was fitted to the panel of the 2l-inch
color cathode-ray tube so that the magnetic shielding

characteristic was evaluated.

Table 1
Samples Thickness t Magnetic t X p
{mm) Permeability
p (emu)
Conventional 1.6 233 373
Material
Example (1) 0.8 333 266
Example (2) 0.8 133 106

magnetic Permeability p: measured at the external magnetic
field of 0.3 Oe after the steel sheet has been heated and
cooled (500°C X 5s — AC)



col or cathode-ray tube so that the magnetic shielding characteristic was

eval uat ed. Table 1 Sanpl es Thi ckness t Magneti c

t x [err] (mm Pernmeability

[err] (emu) Convent i onal 1.6 233 373

Mat eri al Exanpl e (1) 0.8 333 266 Exanpl e
(2) 0.8 133 106 magnetic Perneability [err]:

neasured at the external magnetic fidPd of 0.3 Ce after the steel sheet
has been heat eﬂfhandboceahemti@@@c! ehera]‘fCS)i(lrﬁmq denfisAC) were fitted to

16 The ,abq rrentlo at shri kba lwer f tted.t e CRT 1
so that tht&“‘mslcé)?lr llcsoshﬁ SRR IS i 11‘:’(:1 5E B eascctr@'lr 3 Ia'?: r was

eval uat ed.pe desc‘l;hq,e@bQ\éQ-e@%isoaedlbgagdshr| nk band 11 were heated so as
to be expanded, and then fitted to the outer surface of the surface of the

panel 2. SubsThat ahpvy—menﬂi@aﬁ@d@m‘y slw*mhbw%ﬂ IRF op@edieidoso t he

heat shri nk ban 11 is C ed so. .t hat .t he he shri.nk band
11 tightl f clta Ib(‘ﬁetCJ sx\?ancg‘ d:q;paneqe futenl'hseurat%vee r?ent i oned

process i&mealé@df@c&eat shei pkhBy I Ocﬁﬁﬁostﬂiﬁclaiml#’ltsﬂrfulﬁéi&dmty
expansion is enlarged in proportion to the tenperature at which the heat
shri nki ng wirtdcébs fitpéngorpanetion, the heat shrink band 11 is cooled

and contracted so that the heat shrink band 11 tightly clamps
the outer surface of the panel 2. The above-mentioned
process is called a heat shrinking process. The amount of
the heat expansion is enlarged in proportion +to the
temperature at which the heat shrinking process is performed.
Thus, the amount of contraction is enlarged and thus an
advantage can be realized to satisfactorily apply the
tension. If the temperature is higher than 500°C, the steel
sheet is excessively softened (recovery and
recrystallization, and grain and precipitate coarsening) with
heat. In this case, the yield stress is reduced excessively.
Therefore, the temperature was determined to be 500°C. Since
the circumferential length of the panel 2 is 1541.6 mm and
the thermal expansion coefficient is 1.33 X 107°, the
shortest length of +the heat shrink band is obtained as

follows:
1541.6/(1 + 1.33 X 10™% X 500) = 1531.4

Since errors and manufacturing dispersion of the length



Thus, the anmount of contraction is enlarged and thus an advantage can be

realized to satisfactorily apply the tension. |If the tenperature is
hi gher than 500[err]C, the steel sheet i's excessively sof t ened
(recovery and recrystallization, and grain and precipitate coarsening)

with heat. In this case, the yield stress is reduced excessively.
Therefore, the tenperature was determned to be 500[err]C. Since the
circunferential length of the panel 217s 1541.6 nmand the ther nal
expansi on cfoehki heentshisirdk 33dnd adfflethd citrvemferentdsl lemgth «f thiee heat
shrink band i s obtaine

/(1 + 1.33 x X
500) = 153pnel 2 must anEéIQWFSPstBﬁdS%ﬁE?%Etltlﬁ‘rf%tél dTasspé’res‘ﬁed‘H‘ 6‘%31”1

| engt h to be 1535.5 mm. 17 of the heat shrink band
and the circunferential l'ength of the panel 2 nust be allowed, the
short est | engt fheamagetéiai abﬂeldmmecumtﬁemtic wasThey atagited dn

shi el ding characteristic was eval uated accor dan th the anmpunt of
drift at taREITSRBCAGWHERNERE FMOYTHG of é](,rtlrf&nafie ﬁ% i%‘y’e‘bg tRP’tIh rED

geomagnet i C W-Red iy 3 rdid state
where the CRT AR eig\%gggha%é%%ga&mgt%ﬁcgg-vﬁﬁg}n rgragnétlc %ﬁl% arllg(é Ce and

a horizonthed GRAYrietwas ftivgingdofby0.3800ein 0a nebate evlidiee ddhvd IR was | andl ng
error) of th 1eadndI nghpOI rlrterft',(:ltrcza,tlhemaeglneec‘c:[lrconfJt.)g"ia&n;of 0.35 Oe and a
horizontal magnetic field of 0.3 Oe to measure the deviation
(a landing error) of the landing point for the electron beams
from a reference point. A peak—-to—-peak value was employed
as the horizontal drift B,. Moreover, a landing error
occurring when the horizontal magnetic field was made to be
0 Oe and the vertical magnetic field was changed from 0 Qe
to 0.35 Oe was employed as the vertical drift B,.

Fig. 3 shows the relationship among the results of
measured drifts of the landing errors and products (t X p) of
the thickness t (mm) of the steel sheets and the magnetic
permeability u (emu). Here, the magnetic permeability u is
defined as 0.3 Oe corresponding to the magnetic field applied
when the amount of drift was evaluated. The magnetic
permeability p was measured after heating to 500°C for 5
seconds and the following cooling process were performed.
As for the amount of drift of the landing error, a relative
value obtained when the value of the conventional material

was made to be 1 was evaluated.



froma reference point. A peak-to-peak val ue was enployed as the

hori zontal drift B[err]. Moreover, a landing error occurring when the
hori zontal nagnetic field was made to be 0 Ce and the vertical nagnetic
field was changed from0O G to 0.35 Ce was enployed as the vertical drift
Blerr]. Fig. 3 shows the relationship anong the results of measured
drifts of the landing errors and products (t x [err]) of the thickness t
(mm) of the steel sheets and the nmagndasic perneability [err] (enmu). Here,

the magnetic peys"Rali et Yinlierisltobd réehmi Reg. as, OtBe Qeo£DEdrESPONH G t O t he
magnetic field applied when the amount of drift was eval uated. The
magnetic PerdiEhbiet tgoneidqrakky nicRenedundr efhpetting 08 50@<{elrrl]IC for 5

d t he, foll I As th
seconds anf b, ol oni i cool 50 rOPess, YELRROLLCI TR, LS At e
I f t I
value of theogorertuanal IRLEE! ohuuiage T db ATt MLty

consi der abl ¢6 depisgtd ipahe halval ve (Dhet Exahple] (20, 4hwsluavestdigait on.
Even if the value of t x Jerr] is reduced from 373, which is the value of

t he conventi®nathifdt ek§ Finblanoe viizh ?§ the V%HIWHW% BlEApiel (2), a
val ue of apgulrnal%hgt g\ﬁn chds %én I)@%ei.ohgpl Lo §IIIF°I1 EinthPPI; gat eri al

i s maintained he ot her hand, ver err] const terably
depends upesnd ive re e dfpdnads [tfp’dn] .theloramalee dthet Wwerti qal nthud teRf err] be
the value simlar to that of the -
vertical drift By be the wvalue similar to that of the
conventional material, the value of t X pu must be 200 or
greater.

The magnetic permeability p of the heat shrink band must
arbitrarily be determined to correspond to the thickness of
the heat shrink bYand in such a manner that the
above-mentioned relationship is satisfied. However, the
thickness of the heat shrink band must be 0.8 mm or smaller
which is a half of 1.6 mm which is the thickness of the
conventional material in order to reduce the weight to be a
value not larger than the half of the conventional weight.

In this case, the lower limit for the magnetic permeability
p is 250.

To reduce the thickness of the heat shrink band, the
magnetic permeability must be an appropriate wvalue. In
addition, the yield stress of the steel sheet must have an
appropriate value to correspond to the thickness of the steel

sheet in order to correct the deformation of the surface of



conventional material, the value of t x [err] nmust be 200 or greater.

The magnetic perneability [err] of the heat shrink band nust arbitrarily
be determ ned to correspond to the thickness of the heat shrink band in
such a manner that the above-nentioned relationship is satisfied.
However, the thickness of the heat shrink band nust be 0.8 mmor smaller
which is a half of 1.6 mMmmwhich is the thickness of the conventi onal
material in order to reduce the weighigto be a value not |arger than the
hal f of theheopuastli ekaurnehghhttributsbBe Cbsethé heit opeesdurat fThe t he
magnetic perneability [err] is 250. To reduce the_ thickness of the
heat shri nRTBEPRF fafe2ddughippctiemteddi FEF§smUctl beohbapd?dpFiked val ue.
In addition, the yield stress of the steel sheet nust have an appropriate
value to correspond to the thickness of the steel sheet in order to
correct the deftharcheat shrihke banflasebdbcted to the heat shrinking

19 the panel occurring attributable to the air pressure. The process for
adj usti ng PRecGFe| iRt 85 ARd | InYeFdsh e 1d8®c thseganel 2. Fhe #Rtietrink

pand subj e¢LR0i b0 ' d1SA SN NHAY 1 O PCR%S b INp Lifq AR RYALdSygd amp the

panel 2. The applied tension generated by the heat shrink band corrects

the defordefoomabion heoturflace sofrflalee pafel tReocpaneiing2 occurring
attributable to the air pressure. The émount of the
foregoing correction will hereinafter be called an amount of
restoration. - The amount of restoration is defined as the
position of the surface of the panel 2 after the heat shrink
band 11 has been fitted in such a manner that the position
of the surface of the panel 2 realized before the heat shrink
band 11 is fitted is used as a reference. The relationship
between the amount of restoration and the tension of the heat
shrink band is shown in Fig. 4. The amount of restoration
and the tension of the heat shrink ©band hold the
substantially linear relationship which is expressed by the

following equation:
T =11 X R

where T is a tension (kgf) of the heat shrink band and R is

the amount (um) of restoration.

The amount e (%) of strain provided for the heat shrink

band attribﬁtable to the heat shrinking process will now be



attributable to the air pressure. The anmount of the foregoing
correction wll hereinafter be called an amount of restoration. The
anount of restoration is defined as the position of the surface of the
panel 2 after the heat shrink band 11 has been fitted in such a manner
that the position of the surface of the panel 2 realized before the heat
shrink band 11 is fitted is used as a reference. The rel ationship between
t he ambunt of restoration and the terdl on of the heat shrink band is shown

in Fig. 4. qdberap0unt &fndeSiHy aliirQimrardnthglt €8 WEQH &f the paad1 shrink
band hold the substantially |linear relationship is expressed by the

fol | owi ng &guki4lo® mm and tHI'e denkti REf thedrentl sahsrlsakt banfohs (k&F5- Df the
heat shrink bagggand R i The

f
e e (g oPRe PRk oo 3E427B! SERG ot taitiad Dbl ¥ H ot o ¢

the heat shgiskiHgiegocess will now be
20 described. Since the circunferential length of the panel 2 1is 1541.6 nmm
and the length of the heat shrink band is 1535.5 mm the anmount of strain

can be obt ai ned by t he follomnn% cal cul ati on:
e ((1541.6 - 1535.5)/1535.5) X 100 = 0.4%

Thus, the foregoing wvalue corresponds to a plastic
region of a stress-strain curve of the steel sheet.
Therefore, the tension of the heat shrink band 11 can be
estimated to be a value obtained by multiplying the cross
sectional area of the heat shrink band 11 with the yield
stress of the steel sheet. The relationship between the
above-mentioned value and the amount of restoration is used
so that the following relational expression between the yield
stress of the steel sheet and the amount of restoration is

obtained:
YS Xt Xw=11 X R

where YS is the yield stress (kgf/mm?) of the steel sheet for
making the heat shrink band which is measured after the steel
sheet has been heated at 500°C for 5 seconds and then cooled
to room temperature, t is the thickness (mm) of the steel
sheet for making the heat shrink band, w is the width (mm)

of the heat shrink band and R is the amount (pm) of



= ((1541.6 - 1535.5)/1535.5) X 100 = 0.4% Thus, the foregoing
val ue corresponds to a plastic region of a stress-strain curve of the
steel sheet. Therefore, the tension of the heat shrink band 11 can be
estimated to be a value obtained by nultiplying the cross sectional area
of the heat shrink band 11 with the yield stress of the steel sheet. The
rel ati onship between the above-nentioned val ue and the anount of
restoration is used so that the fol |9 ng rel ati onal expression between
the yield rgttesscpPént he steel sheet and the anmpbunt of restoration is
obt ai ned: YS Xt Xw=11 X R where YSis the yield stress
(kgf /mierr]) dfha pmosindelofsmestoratiomeki ridiet Istrfege Shir thk »arrl vhich is

nmeasured afte he_stee sheetl has,been heated at 500] e ] for econds
and then cBBFbberst: SBRreBRTElar TRLIETTR ORES, Fb RRSLEM LA¢ ot St ee)

sheet for gekifgiéheahgatinsBrhak RapdosWohns dhernd dé@ldﬁ“ﬁatl@édé%ileat
shrink band and Ris the amount ([err]m of

21 restoratibs: Specphfdeaidont of iespseferahlef thaé ddyer amoust e pane
2 nmust be_an, appropriate lLue in Qrder t reve t he col or eviation
and internﬁ?sgﬁggéﬁg%n ot gﬂg c%?oPrba5588 qﬁb tgeSp%%l?lgaJ?P. it
i's preferapggt&?@%i&Qeigngﬁﬁﬁlgg than 100 um, the deviation of the
ianding point 10 for the electron beams and the amount of
drift occurring attributable to the geomagnetism are
enlarged, As a result, the color deviation becomes more
critical. What is worse, the stress distribution acting on
the surface of the panel 2 is made to excessively be
nonuniform. In this case, the resistance of the color
cathode—-ray tube against .explosion deteriorates. When the
thickness of the heat shrink band 11 is attempted to be 0.8
mm or smaller and the weight of the heat shrink band is
reduced to be a half or smaller, the relational expression
between the yield stress and the amount of restoration causes
the lower 1limit for the yield stress to be the following

value:
YS = (11 X R)/(t X w) = (11 X 100)/(0.8 X 35) = 40

Thus, a steel sheet having a yield stress not smaller
than 40 kgf/mm? must be employed.

The amount of strain which is, in this embodiment,



restoration is 100 [err]m or greater. If the amount of
restoration is smaller than 100 [err]m the deviation of the |I|anding point
10 for the electron beans and the anobunt of drift occurring attributable
to the geonmagnetismare enlarged. As a result, the color deviation
becones nore critical. Wiat is worse, the stress distribution acting on
the surface of the panel 2 is made to excessively be nonuniform In this
case, the resistance of the color @&athode-ray tube agai nst expl osion

deterioratpsovi¥ien tbe thki clawssswiidibevhrat 1ghriescheandihlkl pastienpt ed
to be 0.8 mmor snaller and the weight of the heat shrink band is reduced
to be a haresbensndlfl éhe vheld ctrasenaf ERprekesbfhasdt \]ibéénat‘%r%%i d

stress and t e alt! yield
7o T pheEPT g R & IE SRl "y S Yo A V)
100)/ (0. 8 ¥ha5apprdPriate teddikm im Siiaele lnwadic raging.a yield stress not

smal l er than 40 kgf/ err] nust be enpl oyed. The anobunt of strain
which is, in t H @ ove, it is preferable to employ the heat 22

provi ded fQﬁri?E ﬁgﬁﬁ ffréf%%éggiiéﬂﬂ{Q§ﬁnp%h%hﬁﬁgh?§5bcﬁeffgéﬂplh{§ the

yield stress © e steel as a margin, engt eat
shrink band rewi e delagrngat €Het De 8biRg Nand hed ApIOPIriogeeskenBava beeh he

el astic region.
performed and when the magnetic field is 0.3 Oe is 250 or
greater and the yield stress YS is 40 kgf/mm® or greater.
Thus, the problems of the color deviation and the internal
explosion can be prevented. Moreover, the thickness of the
heat shrink band 11 can be reduced to be a half or smaller.
Note that the reduction in the weight of the heat shrink band
11 is not limited to the reduction in the thickness. The
thickness and width of the heat shrink band may arbitrarily
be changed in accordance with the magnetic permeability and

the yield stress of the steel sheet for making the heat

shrink band 11 if the following relationship is satisfied:
t X u 2 200

With the heat shrink band steel sheet and manufacturing
method thereof according to the present invention, the
above-mentioned heat shrink band 11 can be manufactured.

The heat shrink band steel sheet and manufacturing

method thereof according to the present invention include the



As descri bed above, it is preferable to enploy the heat shrink band 11
arranged such that the nmagnetic perneability [err] realized after the
heati ng and cooling processes have been perfornmed and when the nagnetic
fieldis 0.3 Ce is 250 or greater and the yield stress YSis 40

kgf /mmi{err] or greater. Thus, the problens of the color deviation and the
internal explosion can be prevented. Mreover, the thickness of the heat
shrink band 11 can be reduced to be a2Ralf or smaller. Note that the
reducti on stepdeofehghtroilime dWmedtcehd+mkl biargl tHel stealotcdntaindcha 0 t he
reduction in the thickness. The thickness and width of the heat shrink
band nay aebémemts |in $eckhmmpmhdmn thedor@ahde 0 Widhe 2rlgdfd < Si
perneability and the yield stress of the steel sheet for nmaking the heat

shrink band 4loi%tkheofoldoni ng Mel ati onship, im sagishiwd s < 0.02d X
[err] [err] 200 Wth the heat shrink band steel sheet and

manuf act ur.i d reof _accordi,ng to,the esent | } O the
above-mant‘i’%é ?‘le';}%ol s%:hﬁn %gﬁt(fcff 8ag Hg%m%nlsjggtggrgedi Y S #hde I‘{:eat
shrink band steel sheet and manufacturing nethod thereof according to the
pr esent i nYeft-i088 iwiletudanppaling the steel at 700°C to 900°C; and 23
steps of hot-rolling and cold-rolling the steel containing elenents in

such a manfeldtrekling evhg shegds Wittdy a2 redicdd per FptEp of 3% to 15%.

Note that expression "Sol.Al" means aluminum which is soluble
in an acid.

The method according to the present invention uses Si as
the alloying element and the combination of the annealing
condition and the reduction ratio of the subsequent cold
rolling are contrived. ~ The contrivance will now be
described. The relationship among quantity of Si, the
yield stress and the magnetic permeability of the heat shrink

band is shown in Fig. 5. The other elements forming the heat

shrink band are as follows: C = 0.0023%, Mn = 0.25%, S =

0.010%, Sol.Al = 0.001% and N = 0.0015%. When the heat

shrink band was manufactured, Si was in various quantities
mixed with the foregoing elements. Then, a continuous
casting process was performed. Then, the steel sheet was
hot-rolled and cold-rolled, and then annealed at 850°C for 60
seconds. Then, cold rolling was performed with the reduction
ratio of 7% so that the thickness was made to be 0.8 mm.

Thus, the heat shrink band was manufactured. The



[err] 4.0 % 0.1 W% [err] Mi [err] 1.0 % P [err] 0.2 wt% S [err]
0.020 W% Sol.A [err] 0.004 wt%or 0.1 % [err] Sol.Al [err] 1.0 wt%
and N [err] 0.005 wt% annealing the steel at 700[err]C to 900[err]C, and
cold-rolling the steel with a reduction ratio of 3% to 15% Note that
expression "Sol.A " means al um numwhich is soluble in an acid. The
nmet hod according to the present invention uses Si as the alloying el enent
and the conbination of the annealing 2dondition and the reduction ratio of
t he subseqtlens-wehdfactiredgheat eshrbmk rpged. was Ihatedoner POAMCefoN | |

now be degscribed. The rel aji onshj p_.am uantity of .Si.,.th ield
stress andﬁﬂﬁ% ?1%‘@%??'(: eﬁéa%ﬁ‘?i‘??/a%fsqwenqﬁga nadgﬁvra’lsnﬁgoégﬁdt%sgos%%vm in
Fig. 5 Theembbpat€r&Mest $ebh@iAbngnehednaatt i oahinde hand ar ectes f@dtows: C
= 0.0023% M = 0.25% S = 0.010% Sol.Al 0.001% and N 0.0015%

Wien the hehrinkhbpnl wasd agtsiaddiyufuseduredth SEheaSRTn lvar iBwen quititi es
mxed with_.t foregoing.el enents, T . 1:3.C in stin rocess
418 SELERE' Mo HfBRE; perilbe SRR CHRRY e 887 | T

was perfor?{ﬂia sheet was " 'h cold-r ed, and

then anneatgd at BQleaistloCdl Grod Fisecondsboihepictal dtirekki Rgdvashe
performed with the reduction ratio of 7% so that the thickness was made to
be 0.8 nmmaghgtic pemmealeibtitypnianienlssged when Randfadtdedd. Thus, The

24 t hus- . ' 0 i
Caconds, THEHE AERKLER LEBLL AN MM AT AT IRALCAal” RO FRR k1l Ve
realize thpeemggdbii oty undeyuitiadchfbhe t1eat heat shrink band can be

obtained. Moreover, Si must be added by 2% or more to

satisfy the magnetic permeability p 2 250 and the yield

stress YS > 40 kgf/mm®> when the magnetic field is 0.3 Oe

after the heating and cooling processes have been performed.
If Si is added by 4% or more, coil breakage took place during

the cold rolling process. Thus, Si is determined to be added

by 2% or more to satisfy the magnetic permeability p 2 250

and the yield stress YS > 40 kgf/mm? when the magnetic field

is 0.3 Oe after the heating and cooling processes have been
performed. To prevent coil breakage occurring during the
cold rolling process, the upper limit for the quantity of Si
must be 4%.

Then, the proper combination between the annealing
temperature and the reduction ratio in the following cold
rolling was examined.

Steel containing elements as follows was prepared by a



~shrink band was actually used with the CRT 1. Then, the yield stress and
magneti c perneability were neasured. A s can be understood fromFig. 5,
both yield stress and the nagnetic perneability are enlarged when Si is
added. Thus, the satisfactorily large yield stress and the high magnetic
perneability required for the heat shrink band can be obtai ned.

Moreover, Si nust be added by 2% or nore to satisfy the nmagnetic
perrreablllty [err] [err] 250 and the y¥i%eld stress YS [err] 40 kgf/mierr]

when the i ‘éhf'éc%éss 003 03, 03)“3%% the heatyigag apd-CQlsighg pracesses
adde

have been perfornme by 4% or nore, coil br eakage t ook

pl ace durin the cold rol]i rocess. Th i,s. det e added
by 2% or nﬂ?ep]t%'saﬁl'sfgl ‘P]n%%ma Pbt4t Depnggg%l pRg Ferr F@gg% ®and the
yield stress YS [err] 40 kgf/mjerr] when the nmagpetic field sO

after the HEHRGINg"3hd°BHHTHY Hibcestes M “B"e%nh%errf’éhﬁﬁdandTé"’ﬂtdevent

coi | breakagg qegurri @'ﬂeﬁur'é'ﬂnééf'fméo'é?ad OlcbtR0 PHPEERS: Ww1h URRGH I M t
for the quantity of Si nust be hen t he proper conbination

bet ween tha"eeduretalqmgvezteerqmrfatmred aod thiag raedh@(attl chrmiak dand theeyifng | ow ng

S?legar (ragl lbg/an 1Vr\{aiséh%)§1ag tﬂlckness of O St.eellnmcveané ac;bq;a %e%lzg %gf ﬁtamepgqﬁl OWS Was

= 0.0035% Sirimid- €818 Was™ bax¥d Fo=500-013% % =s0cOHHY 28b. A,lhen 0 225%

and N = 0.0042% The steel was continuously cast, and then hot rolled and
cold cooled to room temperature. Thus, a condltlon under which

the heat shrink band was actually used with the CRT 1 was
realized. Then, the yield stress and magnetic permeability
were measured.

Fig. 6 shows results of processes in which the annealing
was performed at 800°C for 60 seconds, at 950°C for 60
seconds and the reduction ratio of +the subsequent cold
rolling process was varied. As can be understood from Fig.
6, the yield stress is enlarged in proportion to the rise in
the reduction ratio in the cold rolling process. On the
other hand, the magnetic permeability is lowered. However,
the change in the magnetic permeability varies depending upon
the annealing temperature. That is, when the annealing
temperature is 800°C, reduction in the magnetic permeability
occurring attributable to the enlargement of the reduction
ratio is relatively small. When the annealing temperature
is 950°C, the magnetic permeability is reduced considerably.
Thus, when the annealing temperature is 800°C, the reduction

ratio is made to be 3% to 15%. thus, the magnetic



roll ed. Then, annealing and cold rolling with [Iight reduction were
performed so that a heat shrink band having a finishing thickness of 0.8
nm was obt ai ned. Then, the heat shrink band was heated to 500[err]C for 5
seconds, and then cooled to roomtenperature. Thus, a condition under

whi ch the heat shrink band was actually used with the CRT 1 was realized.

Then, the yield stress and magnetic perneability were neasured. Fig.
6 shows results of processes i n whicl2& he annealing was perforned at
800[err]C GQNds. > 250 92Rk ekhbCyfian 6@ ¢ r2ae0Nds ango t kesymguct i on
ratio of t sequent cold rolling process was varied. As can be
“F‘der.StOOdvF]ﬁéIP EbOmaghetiRe sidld $Lr 9SS ick et @sgednbnnRaeBAk! isHy to the
rise in uctlon ratio 1n the cold rolling process. On the other

hand, the eegnats e jreramesls Iclmybesshbu\efmﬂ HOnevBE, othhe l@#@#nge/v'han t he
magnetic permeability varies depe erature

That is, wHeh tHenemh ing2Ste ’é %&' ¢ |§t80g?%a(? eed c‘ﬁné) P8 t he
magneti c pxeécgi?f‘f)éxﬂéx{ﬁ’s QME'GQ éEEib?%é‘bbﬁett@zet E@J%&'tﬁ{eﬁeﬁﬁm #e t he

reducti on troi1s relatively snal When t annealing tenperature is
950[ err] C, rédnﬁcma:gnetathoer nb‘al:méartg/ a sfaedudeat consindtiudiige offhilke when
t he annealin erat ure i s 800 4 t he reducti on, 1L:f;it|I(geducstmade to
be 3% tocoHxh 1qquﬁg the cannealing 'temperature &an € ion

26 per msabf&ticy iS¢ Iod &dds idRFeand henyi ekgesinefits Wetersdridrmed
gt/ e in such a manner that the combinations of the annealing
temperatures and the reduction ratlos were varied. Fig. 7
shows results of the experiments. Only when annealing was

performed at 700°C to 900°C and then the cold rolling process

was performed by 3% to 15%, magnetic permeability p 2 250 and

the yield stress YS = 40 kgf/mm? when the magnetic field is

0.3 Oe after the heating and cooling processes were
satisfied. The above-mentioned investigation was performed
for steel samples having different composition. As a result,
a fact was confirmed that an excellent result was obtained
regardless of the composition of the steel if the combination
of the annealing temperature and the reduction ratio
satisfies the above—-mentioned ransge. Since the annealing
period of time does not determine the characteristic, any
specification is not determined. To stabilize the
characteristic and to prevent dispersion occurring due to the

position in the coil, it is preferable that the time is 30



when the magnetic field is 0.3 Ce after the heating and cooling processes
can be satisfied. On the other hand, when the annealing was perforned
at 950[err]C, the foregoing requirenments cannot be satisfied by the
adjustnment of the reduction ratio. It nmeans a fact that an influence of
the conbination of the annealing tenperature and the reduction ratio mnust
be considered. Then, experinents were perfornmed in such a manner that the
conbi nations of the annealing tenperdfures and the reduction ratios were

vari ed. Fi gecédndshowsidtsdst t s oaf thleoexpernamaf sit @l yrehenannseeha g vas
perfornmed at 700[err]C to 900[err]C and then the cold rolling process was
perforned bhe3tine 150500mgprends r mubiitan tq Save PEEFEY250 and t he

yield stress YSy[er errl] en th jc.fi Ny Qe
after the heat ?l;llge a%%%%o%‘?‘%%%%%s%%@ @/aeé% aLsag I ‘SJYH’P e%i(.tﬁ@hﬁejl&% whL?
above- nent hewedei awestigaedi on was perforned for steel sanples having
different conposition. As a result, a fact was confirnmed that an excell ent

resul t was obt dF4RRPR r kGar dPedd otlementonpésht SdAeaEthRESstdE Reathe
conbi nati ofy, .pf tQEn@n{'fal 'ﬁ%«é\%&perc%rlﬂg% gnd dtﬁ'%?iﬁlgﬁﬁfﬁi' 08 h&EhOtic

satisfies Fﬂe above-nenti oned tangde. nce the annealing period of tine
does not detemebbelibg. chabaptevesti eheanjivespecinftaénon, the apber
determned., = To stabilize the characteristic and to prevent

di spersi onléBétirripf Bee0t®0%%e position in the coil, it is preferable

t hat thetirreiﬁ!ﬁé)a 24 Qs or
a nese (Mn) must be_ add by 0.1% or more PRELOYS
| onger. On the other ehand(, |)t I's prefera% e % hat b
ductility required for the hot rolling process. If mangahese

is added in a quantity exceeding 1.0%, the magnetic
permeability deteriorates. Therefore, the upper limit must
be 1.0%.

Phosphorus (P) is an element to strengthen the steel
sheet. The phosphorus may be added as necessary. If the
rhosphorus is added in a quantity exceeding 0.2%, brittleness
of the steel sheet cannot be prevented. In this case, a
problem of breakage of coil occurs when the c¢old rolling
process is performed. Therefore, the upper limit for the
quantity of phosphorus must be 0.2%.

Sulfur (8) is detrimental to both ductility required for
the hot rolling process and the magnetic permeability.
Therefore, the quantity muét be 0.020% or smaller.

Aluminum (Sol.Al) which is soluble in an acid forms ALN,
causing grain refinement. Thus, the magnetic permeability
deteriorates. To prevent the adverse influence, the quantity

of Sol.Al must be 0.004% or smaller so that formation of AIN



the tine is 300 seconds or shorter to save energy. The ot her
conponents and manufacturing condition will now be descri bed. Car bon
(© is an element which strengthens the heat shrink band 11. However,
carbon is detrinental to nagnetic perneability. To. prevent the adverse

I nfluence, the upper |imt nmust be 0.005% Manganese (nh) nust be
added by 0.1%or nore to inprove ducgglity required for the hot rolling
process. |If manganese is added in a quantity exceeding_ 1.0% the nagnetic
per neabi | ity peeeenbedt esAsTher efldreanativaupher this t SRbstl past &%

Phosphor us .S enent to, st t e ; t
phosphorusaéwg%/d 636}' Zog'c}géd %ds mﬁé‘@e&?aﬁ@gg RF]? %ﬁg%ﬁﬁéb‘?@?ﬁg ?es cgﬁescf in a
quantity exseginghidligivwin lieness pebveheedteel sheet cannot be

prevent ed. In this case, a problem of breakage of coil occurs when the
cold rolling piseesen NJeptsppsthenghEheroieel tfhetippetinilanish & t he

quantity of_ phgosphoyus t 0 . l; RS tr'a{?r{’g |, to both
ductility ?aérgtfﬁr}'ed F8‘F’e‘r}?§é EEFQ?%{%l %18 S?gc&:lgsnghg%? ttr?e tqlrr%gr{ﬁet I C the

per meabi | i pe/rme slbter £f50r €, Té her eeant i thye rbie e 0irdP20%rare snEld arpper

Al um num (Sol . Al) which is soluble in an acid forns AIN, causing grain
ref i nementlimhdugheadyftS% permeability deteriorates. To prevent the

adverse | nflueqge, otRE-IMaRheb¥euPinsYords (6H £B31840RE%RE RIPLIAY SO

that formation
process are not required if the following requirements are

satisfied. Thus, the usual method may be employed. That is,
the slab may be obtained by continuous casting or obtained
by a cogging process performed after the ingot has been made.
The hot rolling process may be performed in such a manner
that a slab, the temperature of which has been lowered to
room temperature, is again heated. As an alternative to
this, a method may be employed in which the temperature of
a slab cast continuously is not lowered and the slab is
immediately hot-rolled. Another method may be employed in
which the temperature of the slab cast gontinuously is
lowered in a manner that the slab shall not be cooled down
to room temperature and then the slab is again heated. When
the slab is again heated, it is preferable that the slab is
heated to a temperature not lower than 1050°C nor higher than
1300°C to prevent a scale loss and to reduce the load on the
mill when the rolling process is performed. The finishing
temperature in the hot rolling process may arbitrarily be

determined to smoothly pass the steel sheet because the steel



28 is prevented. As an alternative to this,
or nore to nake AIN to sufficiently be coarse
prevent ed. Nitrogen (N) strengthens the steel sheet, simlarly to
carbon. However, nitrogen is detrinmental to the magnetic perneability. To
prevent the adverse influence, the upper |imt nmust be 0.005% The

ot her manufacturing condition following the nelting process are not
required if the follow ng requirementsgare satisfied. Thus, the usua

met hod nayng?ankoxﬁg'ﬁygggnksinv%ﬁ%i%ha%aga¥uﬂﬁa9pt?f§ﬁ§k$9hé¥¥3dﬁuous
casting or obtained by a cogging process perforned after the ingot has
been made. 1t The PPEFELADI OOLINEOCHSS FBY1 fiee pedrigy e isualo ewewrer t hat
a slab, the tenperature of which has been |owered to roomtenperature, 1is
agai n heat tddan A$0a¢ apbirerighar thant [{i59°Ca iet WRK Y BeadiFioged i n

whi ch the tepperatyre of sl ab c ont | Y. d o] nd the
slab is iﬁﬁgg'f ?%F?/mﬁoﬁ‘{rr%ﬁee&.nd %ﬁ% %e&%ﬁ%@ n%fyigeg %ﬁ}%‘gg@g&?ﬁ whi ch
the tenperrsusEld Ofothins o ceast iGopleirfo@takdy afitsr theenet raol Bimgnner

that the slab shall not be cooled down to roomtenperature and then the
slab is agaracheat ead \Wiaklimge progesss kejee nPhedt @arfprmed. pr dfteridl e t hat

Lhe ! B ooBaePERBEe | Rndel SIRET He8 410 | SUELo 1127 AIBDLENENC Pl ONer

Sol . Al nust be added by 0.1%
so that grain growth is not

than 1300F&ft revent "a scale 10ss and to reduce the load on the

mll when bBeweoh| 308 5 COESS A thyugdr rodd. hbherbilledhsngelt shpetatsire in
the hot rolling process may arbitrarily be determned to snoothly pass the
st eel sheeRopereqisireddosbgepnnealed béfore the cold rolling process,

the annealing process may, of course, be performed.

Examples
The heat shrink bands were manufactured by the method of

manufacturing the heat shrink band according to the present

invention. To make comparison with the above-mentioned heat
shrink bands according to the examples of the present
invention, heat shrink bands according to comparative

examples were manufactured.
Initially, the composition was varied as shown in Table

2 so that steel samples A to G were manufactured.

Table 2
Steel Cc Si Mn P S Sol.Al N
Samples
A 0.0027 |1.89}10.37]0.035]10.005§ 0.274 0.0022
B 0.0046 |2.15]0.88 | 0.026 J0.017 ]| 0.002 0.0018
C 0.002112.5210.44]10.134 |0.012| 0.811 0.00286




29 sheet of the present invention has not [err]/[err] transformation. It
Is preferable that the cooling tenperature is not |ower than 450[err]C nor
hi gher than 750[err]Cin view of realizing a satisfactory surface and
shape condition of the steel sheet. The cold rolling process is perforned
after the hot rolling process and pickling process have been perforned.

It is preferable that the reduction §@I|o is the usual range between 30%
to 90% Although the hot-rolled steel"Sheet |s not reguired to be anneal ed

before thel colm rol loi.rop 2pr peess,| d.fey anonealsi Ng.posdeds. 5ervy, | of oomérise, be

per f or med. anpijes- he, feat_ Shr] band r ut t by the
nmet hod of }jantf ;rm I9r'i°r9rfar Mﬂ%ﬁaigﬁdﬁn@ %ggse%t

i nvention.| To pake |@ampars §8n4dijtd 31h¢ calo@se} oendBgnex IHdat OshDBnk bands
according Fo the efany D a4 pr T rnyen N | nds
accordi ng te cvnpar’iqaﬁﬁ% ,ga.yl 6)k%zl§'@§§u § pégp 0% ° ﬁ.?bﬁ?ﬂy, t he
conposition was varied as shown in Table 2 so that steel sanples Ato G
were nmanuf act Ur’ﬁ% foﬂ-@gﬂﬁig stef-ﬁ e®dmples @ to SlwerdobtaiRd by &

Sol . Al N  Sanpl es 0027 1.89 0.37 0.035 0.005 0. 274
0. 0022 mBlting. D®4662815an9 8®em)qnn$1nmqmﬁiy 02 ThgnlgslabsC

0.0021 2. 52.e0c8d1ed %%4ré%éx%emper§%ure, i %hen again heated to

1200°C. Then, the steel sheets were hot-rolled in such a
manner that the finishihg temperature was 820°C and the
coi}ing temperature was 680°C so that the thickness of each
sample was made to be 3.2 mm. The thus-obtained hot-rolled
steel sheets were'pickled, and then cold-rolled. Then, the
sample steels were annealed at various temperatures for 90
seconds, after which the steel sheets were cold-rolled with
various reduction ratios. As a result, steel sheets each
having a thickness of 0.8 mm was obtained. To realize the
condition under which the heat shrink band was actually used,
the foregoing steel sheets were heated to 500°C for 5
seconds, and then air—-cooled to room temperature. Then, the
vield stress was measured in conformity with JIS Z 2241 and
the DC magnetic characteristic (the magnetic permeability
.when the magnetic field was 0.3 Oe and the coercive force
when the steel sheets were magnetically excited to 0.5T) was
measured in conformity with JIS C 2504. The foregoing steel
sheets were formed into heat shrink bands each having a width

of 35 mm and a length of 1535.5 mm (partially 1537.9 mm).



30 D 0.0029 2.84 0.67 0.023 0.008 0.547 0. 0015 E 0. 0036

3.17 0.26 0.012 0.005 0.320 0.0044 F 0.0015 3.45 0.31 0.008
0.003 0.118 0.0034 G 0.0023 3.87 0.15 0.010 0.003 0.232
0. 0023 The foregoing steel sanples Ato G were obtained by a nelting

process, and then continuously cast. Then, slabs were cooled to room
tenperature, and then again heated to 1200[err]C. Then, the steel sheets
were hot-rolled in such a manner that#lthe finishing tenperature was

820[ err] C u¢h ! hes cif @lelaitNGnt-¢AREH b &l vea V3% S8 QMUK Ca 88uhdlaghd el ckness
of each sanple was nmade to be 3.2 mm The thus-obtained hot-rolled steel

sheet s weref pihek| cathedatndwetubs @tr ¢l [tedreThénret RE 5881 engd ddlen were
anneal ed at, various tenperatures for 90 seconds ter which the,steel
sheet s vvertehecolza_-_rlBIc?’e?p?Aflf% SV oﬁggﬁed’(fcs[i SﬁSFg‘?ifL §.‘ Algﬁgnregtthet, st eel
sheets eaghagdewi®g 3nibigknesscRhrleBeAMBYRS ObhAI Nede Tamot@lti Ze#t he
condi ti on under which the heat shrink band was actually used, the

f or egoi ng stskdrahiemt ofvethe eunfate e S0 erp§E ¥ orer maaEWRes- adf t hen

air-cooled,to rqomt erature. Then,.the .vjeld stress was sured in
conf or m {y ST RS P00, e MR HE et dioe r et tids Y s
magneti c psrdRaddd by meBeldrihe tRgnalliLifieehv@dlv@s B 3tKe o Adiet£ioer ci ve

force when the steel sheets were magnetically excited to 0.5T) was
measur ed i drEbhf Bs meng iteh vestizabodrifhe Bvorcdgothg Je8dingsRumnt were

Forred | nt g lea s 5L PeDARER, £C1, N ol nf s TR @ dnoth of

the value of the conventional heat shrink band.

The evaluated factors of the steel sheets are shown in
Table 3, the factors being the yield stress, magnetic
permeability, coercive force, horizontal drift B, and
vertical drift By of +the 1landing point, the amount of
restoration of the surface of the panel after the 2l1-inch
cathode—-ray tube was assembled. Moreover, sample steels,

annealing temperature and the reduction ratio when cold

rolling pfocess was performed are shown in Table 3.

Table 3
No. | Steel Annealing Reduc YS B He
Temperature | tion (kgf /mm? {(emu) (Ce)
(°C) _ratio
(%)
1 A 730 12 51.2 123 2.73
2 780 5 34.9 285 1.91
3 870 8 38.3 199 2.60
4 B 720 3 42 .6 573 1.64




31 Then,

characteri
panel

stic

and the

Then,
of

t he
restoration of the surface of the
t he magneti c shiel ding
eval uated by neasuring the relative values of the

each heat shrink band was heat-shrunk around the panel
cat hode-ray tube at a tenperature of 500[err]C, and then
cat hode-ray tube was assenbl ed.

anmount
were neasured. As described above,
characteristic was

magneti c

of

shi el di ng

t he

the 21-inch

horizontal drift Bh and the vertical34rift B[lerr] of the |anding point
occurring jatkrifputablelto t go0eonmggnet sn‘mn Eespect, thf yal e of
t he convenE+éﬁﬂL heat :.r:n? uand Qd The ﬂga'uatbd aetors—ot fh: stee
sheets are| sbo in Table 880the flactldrs bei A§.8he lyi A& st reb88,4 mhgnetic
pernmeabilifyy (coercive forgg, hdrizental dgift [Bleygyd [and 3yeLticaL
drift B[ erf—ef-the—tapdingpeirt—ithe—aropnt—of—r otu.aticru—df—t—h‘,
surface of| tBe Jpan€l after R8 21-ilnch3 caj ho88-fay |t ud$Svas| aks&hbl ed
Mor eover, lagplje steel§, agggallng tegperat uyg, gnhd thglgpddct10ﬁ5r<tio
when col d |+etH ng progess—was—per-forred—are—shown—r—Tabte3- ble 3
No. Steel| 1%nneal i ng] Re888 YS 3 Béri¥] |Hc 562 1.52
Tenperature y4tijon (k;f/nngegr] (lemw)g  [Cekg. 7 133 2 4detr] Q)
ratio ) ¢ 30 2 52 123
2.73 2 | 12 D ygo 715 5 12 349 60.1pge 30 o1 i85
870 83 38.3 499 2.60g 4| 52Bs 41720 1.56
42. 6 578 1.64
14 ' 885 4 41.86 512 1.40
15 885 2 35.3 425 1.47
16 E 725 15 64.4 261 1.83
17 825 7 51.6 443 1.33
18 875 5 43.5 457 1.45
19 8925 5 38.2 226 2.21
20 F 730 5 51.3 452 1.38
21 775 8 57.7 411 1.42
22 . 880 14 60.6 256 1.92
23 730 17 67.3 213 3.01
24 G 710 3 47.5 651 1.12
25 835 10 59.8 343 1.44
26 885 13 61.2 280 1.66
27 880 10 64.0 202 2.53
~ Drift Ratio Amount of Remarks
No of Landing Point - Restoratio
n
Horizontal Vertical (um)
Drift B, Drift By
1 1.07 1.32 130 Comparativ
e
Example




32 5 750 10 50.5 282 1.81 6
880 15 52.8 267 1.84 7 750 1
33.1 397 1.37 8 C 720 13 58.4
265 1.72 9 835 7 45. 6 315 1.75
10 890 3 43.7 562 1.52 11
675 13 59.7 133 2.70 12 D 715
12 60.1 302 1.85 13 33 805 8 52.8
417 1.656, 1 885 ' 4 A1. 6 12 1.40
15 2| ggst-04 2 10135 3 825 C.L?’?Pf‘era%é" E
725 15 64. 4 261 1.88 17 Examp825
7 51 143 73318 875 5. 43. 5
457 1} 48 hg 105 928 -12 5 96 gg|fomparatizg
2.21 20 “F 730 5 51.3 452Example38| 21
775 o) 577 A+t 2122 880—
14 6. 6 4580 1192 5396 109730 Exampjie
67.3 243 310b3 24 G 1.01 70 126 $ Examp$é. 5
651 1.p2—2 835 0 343 1.44
26 6 g8gs1.03 13 1.0259 o 1380 1Eggmpde
680 0 1641 O 20%.99 2.5 82 Compd¥dfitv Rati o
Amount of emar ks No. of Landi nfj Poi nt e ExRaplerdtio
n Hor Lzopt al verii cal Lerr Drift _Blerr]
Drift B[er 18%7 1.08 g7 1.92 4 3o 15} 4agBRample  tarativ
e 9 1.03 1.00 1186 Ex@mpmgle
33 2 0 1.01 87 aratfi v
e Exanpéké 1.9 %20 Eggp C§§§§?é?iv
e Exanpj et 1 1.08 1.29 152 Comparativ
e Example
12 1.03 1.00 148 Example
13 1.02 0.99 138 Example
14 1.00 0.98 106 Example
15 1.01 0.98 86 Comparativ
e Example
16 1.03 1.02 118 Example
17 1.00 1.02 130 Example
18 1.00 1.02 112 Example
189 1.04 1.10 95 Comparativ
e Example
20 1.00 1.02 127 Example
21 1.01 1.00 142 Example
22 1.03 1.03 149 Example
23 1.06 1.10 171 Comparativ
e Example
24 0.98 0.95 121 Example
25 1.02 1.00 145 Example




4 1.00 0. 96 109 Exanple 5 1.03

1.01 126 Exanpl e 6 1.03 1.02 133
Exanmple 7 1.01 0.99 82 Conparativ

e Example 8 1.03 1.02 143 Exampl e 9

1.03 1.00 116 Exanpl e 10 1.00 0.97
111 Exanpl e, 11 1.06 1.29 152 Conparativ
e Exanple 12 1.03 1. 00 34 146 Exanpl e 13

1.02 99 T38 EXa € 17 TJ00 0.98
105 S 4e1.03 4 oY 1.0z~ 20} 121 gy Examplg 1T
e Exanple [L&@7 1.Q306 1.Q212 11864 Eanigpd xea ik

1.00 1} 02 130 Exanple 18 1]0@ Example [1.02
112 Exanmpl e 19 1.04 1.10 95 Conparativ
e Exanple 20 .Q0 1.02 127 Exanpl e 21

1.01 fonggngpt Bana:  Eq3p. o e EXtD € 25 1.03 1.03
149 Ex@MBkRe£3sampled: 061535 5 mm 1.10 171 Conpar ativ
e Example 24 0.98 0.95 121 Exampl e 25

1.02 1.00 145 Exanpl e

i%OG 26 %?ﬁg;l sheets i%ggordin%bﬁﬁhgiﬁfv exampf%g”nyé%ing27the

e Exanpl e cokgbgibish Sanghe &d&, GRE annbeIink Wémpthe tPrbehn®apnt es:

1535.5 mm

Steel sheets according to the exanples having the

conposi ti omedficthensratio when abireat ey ndnigaemnosegsdweRererédonedon

ratio when the cold rolling

process was perforned resulted satisfac

yi el d stressssftys $abi§faotoqy Mheler pFrand eHerS 2 40 kgf/mm* and the

magnetic permeability p 2 250. The horizontal drift B, and

the vertical drift By were 0.95 to 1.03 which were about 1.0.
Also the amount of restoration of the surface of the panel
was 100 The obtained wvalues satisfied the

pm or larger.

values required for the cathode-ray tube. On the other hand,
the steel sheets according to the comparative examples had
the compositions, the annealing temperature and the reduction
ratio when the cold rolling process with light reduction was
performed, any one of which did not satisfy the scope of the
present invention. The yield stress or magnetic permeability
of the comparative examples cannot satisfy the required
value. The amount of drift (the horizontal drift By) of the
landing point was in a range from 1.1 to 1.3 which was an
the amount of restoration

excessively large value. Moreover,

of the surface of the panel was smaller than 100 ym. Thus,

tory



magnetic perneability [err] [err] 250. The horizontal drift Bh and the
vertical drift Blerr] were 0.95 to 1.03 which were about 1.0. Also the
anount of restoration of the surface of the panel was 100 [err] m or

| ar ger. The obt ai ned val ues satisfied the values required for the

cat hode-ray tube. On the other hand, the steel sheets according to the
conparati ve exanples had the conpositions, the annealing tenperature and
the reduction ratio when the cold rgl ing process with light reduction was
per f or ned, tlaey req@ ickdnwhvehuel dfoot Head | shyhbbe—-sappetudfe t hennptedent

invention. The yield stress or n etjc perneabilit of ,the conparative
exanpl es C%?lm%ljs%&i sfy %éieﬁ&agggada?% ue‘j’%el'ﬁ’t?a&n%}}ﬁtmgf ga’flﬁf gp??ﬂe
hori zontal gltd £t aBlierhddu®dciflGind 2Rt RGd PAHAr¥@S ddcdrd B thr OfRel. 1 tO
1.3 which was an excessively |arge value. Mreover, the anmount of

restorati apresdnt hiemwantizoe esfabtliee tpaoditaimsashabt eshrhalp OO mwteelThus,
35 the requjired yaluyes for the cat hogg-ra t ube cannot be, satisfied.

As
descri bed SRRE, DAY Mecal SR BARUYstBASSShBBE dhdPABRUAELE 1Y met hod

thereof acgorflifg; i Oed KR bRIRIRAa J MR OfhEhak] 8at@sPREBLRI By heddn shri nk
band steel sheet having a large yield stress and a high magnetic

per meabi | i tens bomeambef abtaired fntnrs the Beet sfhacind bepdhsghel tsrsiton can

e MR T N T I LT e

band steel rshepie®an bEhudBNHf aclayr eshWHENbRAdT RR MM OSREEE RBADIKYN Of the

cotor manufactured which is free from the problem of the color
deviation and risk of the internal explosion and which is
capable of reducing the weight of the cathode-ray tube.

Although the invention has been described in its
preferred form with a certain degree of particularity, it is
understood that the present disclosure of the preferred form
can be changed in the details of construction and in the
combination and arrangement of parts without departing from

the spirit and the scope of the invention as hereinafter

claimed.



deV| the internal explosion and which is capable of
redqmmﬂm [! @ f the cathode-ray tube. Al t hough the invention
SCHi thits preferred formwith a certain degree of
particularity, it is wunderstood that the present disclosure of the
preferred formcan be changed in the details of construction and in the
conbi nati on and arrangenent of parts $ﬁthout departing from the spirit and
the scope of the invention as hereina 3 cl ai med.
36 WHAT | SwEhAl MEDCLSIMED IS: 1. A heat shrink band steel sheet arranged
to be wound around a cathode-ray tube having a panel and structured in
such a manner that the inner portion of the cathode-ray tube 1is made to be

a high vacuum sf ate st QebicObhLynk @Y LREe1C8h 008 s F AP R0 BRI HoliRat

shrink band steel sheet conprising: a structure which satisfies the
rel ati onshapoasd(t na&hbdh}ra&emnbeZﬂﬂvmmenathenehlakdestrmétmhedhEat
shrink band steel sheet s t_and the specjfic pagnetic perneability

measur ed afUufhe® RBARSTHAihatadhér LRNETPOF bEoR. of eafctaé‘Poldﬁérﬁé(attuEﬁrl nk
band has bgemhgatgd gad aFOH!iQH' LachEh! lstate to t%fght/iy]qe@fan%]rltﬂg band

steel sheet according to claim wherein the specific magnetic
perneabi |l i tgythedetras 250bes gaéateheand gyheidkst besd YStseali sfhestYS

[err] 40 kggégggggggzmhen
a structure which satisfies the relationship as (t X u)

2 200 when the thickness of the heat shrink band steel sheet

is t and the specific magnetic permeability measured at the
external magnetic field of 0.3 Oe after the heat shrink band

has been heated and cooled is p.

2. A heat shrink band steel sheet according to claim

1, wherein the specific magnetic permeability u is 250 or
greater and yield stress YS satisfies YS > 40 kgf/mm? when

the external magnetic field is 0.3 Oe.

3. A method of manufacturing a heat shrink band steel
sheet, comprising the steps of:

hot-rolling and cold-rolling the steel containing

elements in such a manner that C < 0.005 wt%, 2.0 wt% < Si
< 4.0 wt%, 0.1 wt% < Mn < 1.0 wt%, P < 0.2 wt%, 8 < 0.020

wt%, Sol.Al £ 0.004 wt% or 0.1 wt% < So0l.Al £ 1.0 wt% and N



the exte netlcfleld is 0.3 Ce. 3. A nethod of manufacturing
a heat SH H 5’ ﬂ’ﬁ m sheet, conprising the steps of: } -
and col d- ! containing elements in such a neinHEP SHEERT WAS BEEN

|
[err] 0.005 wt% 2.0 wd% ([err] Si [err] 4.0 w% 0.1 wt%[err] MREPEAGEHD

1.0 w% P[err] 0.2 % S [err] 0.020 wm% Sol.A [err] 0700 W% O 0t
W% [err] Sol.A [err] 1.0 wt% and N

37 [err] 0.005 wt % a}nnealing the steel at 700[err]Cto
900[err] C < o.ooc‘;,og,g%r;olling t he steer‘3 with a reduction ratio of 3% to 15%
and heating and cooling the steel; wherein after the steel has been

heat ed and cool gﬂ?gi{]&éh%?ét%é sfd€s;dde &gl be‘@;shirfh (t x [err]) [err]

200, where the t ness sheet is t and magnetic perneability [err]
satisfies [err]cprd+rioRbinantheyistak Stwicds aYSeshtdtdfonesa¥$o[ efr B4 o

kgf /mmierr], __whepn the magnetic force of a magnetic field is 0.3 Ce.

4. A heat 19%ri HReE53B arranged to be wound around a cathode-ray tube

havi ng a panel and structured jn. such a nmanner. that the Jj nner portiqn of
t he cat hode-raym?%‘b%&r% Rﬁa@efiblﬂ)égﬁ i gﬁanVa* st ate ztéé) t3%ht P’)’/eégarrp t he

cat hode-ray tube, said heat shrink band conpri sing: a structure which
satisfies tticesel ¥8iontisPies Y3 2 4lerell)y/ mm’ eaf te ROhensdieelhdatshbekness of
the heat shrink band is t and the specific magnetic perneability neasured
at the ext &veadlednepdetdap fade|af tofr Ot18e Geobd t epll img hpnocedsi wkebamttehas

been heated an .cogl ed i fhri nk band accordi ng

. . s A h
to clai m4"4&RE & n Pﬁgeséggg%%g%&hcétﬂ:e]p%r’rﬁaa(gia:{i S [err] is 250 or

greater when the external nmagnetic field is 0.3 Ce.

4. A heat shrink band arranged to be wound around a
cathode-ray tube having a panel and structured in such a
manner that the inner portion of the cathode-ray tube is made
to be a high vacuum state to tightly clamp the cathode-ray
tube, said
heat shrink band comprising:

a structure which satisfies the relationship as (t X pu)
2 200 when the thickness of the heat shrink band is t and

the specific magnetic permeability measured at the external
magnetic field of 0.3 Oe after the heat shrink band has been

heated and cooled is p.

5. A heat shrink band accordihg to claim 4, wherein
the specific magnetic permeability p is 250 or greater when

the external magnetic field is 0.3 Oe.

This Sheet Has Been Re

G




38 6. A heat shrink band accor di ng to claim4, wherein yield stress

YS satlsﬂlmlmmjm”m” kgf /mierr]. 7. A heat shrink band
accordin rein steel is enployed which contains elenents in
such a mahneér Yt hdt € [&rr] 0.005 wt% 2.0 wt% [err] Si [err] 4.0 w% 0.1
W% [err] Mr[err] 1.0 w% P [err] 0.2 w% S [err] 0.020 wt% Sol.Al
[err] 0.004 wt%or 0.1 wt% [err] Sol.A [err] 1.0 wt%and N [err] 0.005
w % 38

6. A heat shrink band according to claim 4, wherein

vield stress YS satisfies YS > 40 kgf/mm?.

7. A heat shrink band according to claim 4, wherein

steel is employed which contains elements in such a manner

that C < 0.005 wt%, 2.0 wt% < Si < 4.0 wt%, 0.1 wt¥% < Mn <
1.0 wt%, P £ 0.2 wt%, S < 0.020 wt%, Sol.Al < 0.004 wt% or

0.1 wt% < Sol.Al < 1.0 wt% and N < 0.005 wt%.



