DESCRIPTION
Title of Invention: HEAT-RECOVERABLE COMPONENT, ELETRICAL WIRE
BUNDLE, AND INSULATED ELECTRICAL WIRE-COVERING METHDD
Technical Field
[0001]

The present invention relates to a heat-recoveraiponent, an electrical wire
bundle, and an insulated electrical wire-coverirgfhod. The present invention claims
priority to Japanese Patent Application No. 20166RY filed January 14, 2016, and the
entire contents of the Japanese application amgpocated herein by reference.
Background Art
[0002]

As a wire harness for automobile and motorcycks as electrical wire bundle
formed by binding together a plurality of insula&dctrical wires with a cable tie,
adhesive tape, or the like is used. Each of thel@ted electrical wires is typically
formed by covering, with an insulating materiabiandle of one or a plurality of strands
made of a conductor such as a copper alloy. Thedd are exposed at a connecting
portion (joint) located at the end or middle of ls@amn electrical wire bundle, and thus it is
necessary to make such a portion waterproof. deraio achieve this waterproofing, a
heat-recoverable component such as a heat-shrankali® or a heat-shrinkable cap is used.
This heat-recoverable component includes, for exanapcylindrical base material layer
and an adhesive portion disposed on the innermiietential surface of the base material
layer. When the connecting portion is covered sitbh a heat-recoverable component
and heating is performed, the heat-recoverable oaemt shrinks so as to conform to the
shape of the connecting portion and comes inteeatostact with the connecting portion,
thus achieving waterproofing of the connecting iport
[0003]

In waterproofing a wire harness, it is requireghtevent entry of water from the
outside into a connecting portion, and it is aklsguired to block entry of water into gaps
between strands disposed inside an insulated iekdotrire.  This water blocking
between strands can prevent water from enteriranaerted device through insulated
electrical wires disposed inside the device. Haresince the adhesive used in the

existing heat-recoverable component has a higlosisg a process of simply thermally



shrinking the heat-recoverable component doesaugecthe adhesive to sufficiently
penetrate between strands, and it is not possitgafficiently block entry of water into
gaps between the strands.

[0004]

In view of this, methods for blocking water betwestrands have been proposed in
which an adhesive or a water-blocking agent hasitmv viscosity is injected from a
connecting portion to block entry of water into gdgetween strands, and a heat-
recoverable component is then placed over the abimgeportion and is thermally shrunk
(refer to Japanese Unexamined Patent Applicatidmidation Nos. 11-233175 and 2009-
99385).

Citation List
Patent Literature
[0005]

PTL 1: Japanese Unexamined Patent Applicationi€atidn No. 11-233175

PTL 2: Japanese Unexamined Patent Applicationiéattdn No. 2009-99385
Summary of Invention
Solution to Problem
[0006]

A heat-recoverable component according to an emimt of the present invention
is a heat-recoverable component including a tulageth or cap-shaped base material layer
having heat shrinkability, and an adhesive layemed on an inner circumferential surface
of the base material layer. In the heat-recoverabmponent, the adhesive layer includes
a low-viscosity adhesive portion and a high-vistyoadhesive portion disposed between
the low-viscosity adhesive portion and an openihthe base material layer, the low-
viscosity adhesive portion has a shear viscosity0oPa-s or less at a shear rate 6f atsa
heat shrinkage temperature of the base materiat,|ye high-viscosity adhesive portion
has a shear viscosity of 100 Pa-s or more at a shieaof 1 8 at the heat shrinkage
temperature of the base material layer, and a odtiloe shear viscosity of the high-
viscosity adhesive portion to the shear viscositihe low-viscosity adhesive portion is
15,000 or less.

[0007]

An electrical wire bundle according to another ediment of the present invention



is an electrical wire bundle including a pluralifyinsulated electrical wires bundled, and a
tube-shaped or cap-shaped covering material thars@onductor-exposed portions in the
plurality of insulated electrical wires, in whidhet heat-recoverable component is used as
the covering material.

[0008]

An insulated electrical wire-covering method adiog to still another embodiment
of the present invention is an insulated electndad-covering method for covering
conductor-exposed portions of a plurality of insetbelectrical wires, the method
including a step of placing the heat-recoverablamonent over the plurality of insulated
electrical wires so as to cover the conductor-egggmrtions, and a step of heating the
heat-recoverable component.

Brief Description of Drawings
[0009]

[Fig. 1] Figure 1 is a perspective view of a heateverable component according
to an embodiment of the present invention.

[Fig. 2] Figure 2 is a schematic longitudinal ssal view illustrating a state in
which the heat-recoverable component in Fig. 1asqd over insulated electrical wires.

[Fig. 3] Figure 3 is a schematic cross-sectiomawillustrating one of the insulated
electrical wires in Fig. 2.

[Fig. 4] Figure 4 is a schematic longitudinal seal view illustrating an electrical
wire bundle after the heat-recoverable componehtgn2 is thermally shrunk.

[Fig. 5] Figure 5 is a perspective view of a heateverable component according
to an embodiment of the present invention, the etimbent being different from the
embodiment illustrated in Fig. 1.

Description of Embodiments
[0010]
[Technical problem]

In the existing methods described above, sincemabcking between strands and
covering of a connecting portion are performedepasate steps, there is a room for
improvement in the productivity.

[0011]

The present invention has been made in view otitttemstances described above.



An object of the present invention is to provideeat-recoverable component in which
both waterproofing of conductor-exposed portionmetilated electrical wires and water
blocking between strands can be achieved duringdemmkage, an electrical wire bundle
obtained by using the heat-recoverable componadtaa insulated electrical wire-
covering method using the heat-recoverable comgonen

[0012]

[Advantageous effects of the present disclosure]

In the heat-recoverable component according t@tesent invention, both
waterproofing of conductor-exposed portions of lagd electrical wires and water
blocking between strands can be achieved duringdinemkage. Furthermore, since the
electrical wire bundle and the insulated electriaé-covering method according to the
resent invention use the heat-recoverable comppaeytod productivity is achieved.
[Description of embodiments of the present inveritio

A heat-recoverable component according to an emimt of the present invention
is a heat-recoverable component including a tulag@eth or cap-shaped base material layer
having heat shrinkability, and an adhesive layemfx on an inner circumferential surface
of the base material layer. In the heat-recoverabmponent, the adhesive layer includes
a low-viscosity adhesive portion and a high-visgoadhesive portion disposed between
the low-viscosity adhesive portion and an openihthe base material layer, the low-
viscosity adhesive portion has a shear viscosity0oPa-s or less at a shear rate 6f tsa
heat shrinkage temperature of the base materiat,|ye high-viscosity adhesive portion
has a shear viscosity of 100 Pa-s or more at a shteaof 1 & at the heat shrinkage
temperature of the base material layer, and a oatime shear viscosity of the high-
viscosity adhesive portion to the shear viscositthe low-viscosity adhesive portion is
15,000 or less.

[0013]

In order to achieve water blocking between strasfdssulated electrical wires
during heat shrinkage, it is conceivable to usagiresive portion having a low viscosity
such that the adhesive portion can penetrate batsteends at the heat shrinkage
temperature. However, when an adhesive portiombavlow viscosity is used for a
heat-recoverable component, the adhesive may fldvfrom an opening of a base material

layer during heat shrinkage, and waterproofing imagome insufficient. In view of this,



as a result of extensive studies, the inventotk@present invention found that when an
adhesive layer includes a low-viscosity adhesiwgiqno and a high-viscosity adhesive
portion, the high-viscosity adhesive portion ispdised between the low-viscosity adhesive
portion and an opening of the base material s, viscosities of the adhesive portions
and a viscosity ratio of the adhesive portionsagugropriately controlled, during heat
shrinkage, water blocking between strands can bieaed, and an outflow of an adhesive
from an opening can be prevented. This findingttethe realization of the present
invention. That is, the heat-recoverable compomaitides an adhesive layer including a
low-viscosity adhesive portion and a high-viscositihesive portion disposed between the
low-viscosity adhesive portion and an opening eflthse material layer, in which the low-
viscosity adhesive portion has a shear viscosith@upper limit or less at a shear rate of 1
s, the high-viscosity adhesive portion has a shismosity of the lower limit or more at a
shear rate of 1’5 and a ratio of the shear viscosity of the higseubity adhesive portion
to the shear viscosity of the low-viscosity adhegportion is the upper limit or less.
Therefore, water blocking between the strands eaachieved during heat shrinkage.
Specifically, in the heat-recoverable componenmnigeithe shear viscosity of the low-
viscosity adhesive portion is the upper limit gdea low-viscosity adhesive can penetrate
between the strands at the heat shrinkage temperand water blocking between the
strands can be achieved during heat shrinkagethelheat-recoverable component, since
the high-viscosity adhesive portion is disposedvben the low-viscosity adhesive portion
and an opening of the base material layer andhéarsviscosity of the high-viscosity
adhesive portion is the lower limit or more, theenjng of the base material layer is
clogged with the high-viscosity adhesive portiamd @an outflow of the low-viscosity
adhesive from the opening of the base material lege be prevented. Furthermore, in
the heat-recoverable component, since the ratilbeo§hear viscosities is the lower limit or
less, it is possible to prevent the low-viscosithesive from flowing out from the opening
of the base material layer before the opening @tbidise material layer is clogged with the
high-viscosity adhesive portion during heat shrgea
[0014]

The low-viscosity adhesive portion preferably @ a polyamide as a main
component. Viscosities of polyamides significartthange in a relatively narrow

temperature range. Accordingly, when the low-vsstyoadhesive portion contains a



polyamide as a main component, during heat shrmkéghe heat-recoverable component,
the low-viscosity adhesive has a low viscosity aad easily penetrate between the strands,
and thus the effect of blocking entry of water betw strands can be enhanced. In
contrast, during use of the heat-recoverable coepipiince the low-viscosity adhesive
portion is unlikely to be softened, the effect tdking entry of water between strands can
be maintained. Furthermore, since polyamides asdyeadjusted to have desired
viscosities, manufacturability of the heat-recobégacomponent increases.

[0015]

The high-viscosity adhesive portion preferablytaoms, as a main component, a
polyethylene, an ethylene-vinyl acetate copolyramrethylene-ethyl acrylate copolymer,
or a polyamide. Polyethylenes, ethylene-vinyl ateetopolymers, ethylene-ethyl
acrylate copolymers, and polyamides have good adiresss between the base material
layer and an insulating coating of an insulatedtelsal wire. Therefore, when the high-
viscosity adhesive portion contains, as a main amapt, a polyethylene, an ethylene-
vinyl acetate copolymer, an ethylene-ethyl acrytatpolymer, or a polyamide, it is
possible to reliably prevent the adhesive layemfimeing separated from the base material
layer or the insulating coating during use.

[0016]

An electrical wire bundle according to another ediment of the present invention
is an electrical wire bundle including a pluralifyinsulated electrical wires bundled, and a
tube-shaped or cap-shaped covering material thars@onductor-exposed portions in the
plurality of insulated electrical wires, in whidhet heat-recoverable component is used as
the covering material.

[0017]

Since the electrical wire bundle is obtained bipgishe heat-recoverable
component, during heat shrinkage, the conductoosag portions can be made waterproof,
and water blocking between strands of the insulatectrical wires can be achieved.
Therefore, the electrical wire bundle has good pctidity.

[0018]

An insulated electrical wire-covering method aduog to still another embodiment

of the present invention is an insulated electndad-covering method for covering

conductor-exposed portions of a plurality of inse¢helectrical wires, the method



including a step of placing the heat-recoverablamanent over the plurality of insulated
electrical wires so as to cover the conductor-egggmrtions, and a step of heating the
heat-recoverable component.

[0019]

Since the insulated electrical wire-covering mdthses the heat-recoverable
component, when the heat-recoverable componeheisally shrunk in the step of
heating the heat-recoverable component, the coodagposed portions can be covered
with an insulating coating and made waterproof, @water blocking in the gaps between
the strands of the insulated electrical wires acaadhieved. Therefore, the insulated
electrical wire-covering method has good produttivi
[0020]

Herein, the term "shear viscosity" refers to aieaheasured with a rotary
rheometer. The term "main component" refers torapgonent that has the highest
content and, for example, a component having aecomtf 50% by mass or more.

[0021]
[Details of embodiments of the present invention]

A heat-recoverable component, an electrical winedbe, and an insulated electrical
wire-covering method according to embodiments efghesent invention will now be
described in detail with reference to the drawings.

[0022]
[Heat-recoverable component]

A heat-recoverable component 1 illustrated in Eig a heat-recoverable
component including a tube-shaped base materiat Byaving heat shrinkability and an
adhesive layer 3 formed on the inner circumferéstigface of the base material layer 2.
[0023]
<Base material layer>

The average inner diameter and the average thsskofethe base material layer 2
are appropriately selected according to intendedbushe like. The average inner
diameter of the base material layer 2 before Heatlsage may be, for example, 1 mm or
more and 60 mm or less. The inner diameter ob#s® material layer 2 after heat
shrinkage may be, for example, 30% or more and 60Béss of the average inner

diameter before heat shrinkage. The average tbgskof the base material layer 2 may



be, for example, 0.1 mm or more and 5 mm or less.
[0024]

The base material layer 2 preferably containg, @sin component, a polyethylene,
polyester, polyamide, polyvinyl chloride, or fluoesin. These resins may be used alone
or in combination of a plurality of resins. Whdw tbase material layer 2 contains any of
the above resins cited as examples, the base aldéser 2 can have appropriate heat
shrinkability. In addition, since the above resiited as examples are available at a
relatively low cost, the production cost can beurstl.

[0025]

Herein, the term "fluororesin” refers to a resimihich at least one hydrogen atom
bonded to a carbon atom that forms a repeatingofigitpolymer chain is substituted with
a fluorine atom or an organic group having a floeratom (hereinafter, may be referred to
as "fluorine atom-containing group™). The fluori@®m-containing group is a group in
which at least one hydrogen atom in a linear on¢tad organic group is substituted with
a fluorine atom. Examples of the fluorine atom+{eamng group include fluoroalkyl
groups, fluoroalkoxy groups, and fluoropolyethesugps.

[0026]

The term "fluoroalkyl group” refers to an alkylogip in which at least one
hydrogen atom is substituted with a fluorine atord aovers a "perfluoroalkyl group".
Specifically, the term "fluoroalkyl group” covefsy example, a group in which all
hydrogen atoms of an alkyl group are each substituith a fluorine atom, and a group in
which all hydrogen atoms other than a single hyenogtom at the end of an alkyl group
are each substituted with a fluorine atom.

[0027]

The term "fluoroalkoxy group" refers to an alkayxyup in which at least one
hydrogen atom is substituted with a fluorine atord aovers a "perfluoroalkoxy group".
Specifically, the term "fluoroalkoxy group” covefer example, a group in which all
hydrogen atoms of an alkoxy group are each substitwith a fluorine atom, and a group
in which all hydrogen atoms other than a singlerbgdn atom at the end of an alkoxy
group are each substituted with a fluorine atom.

[0028]
The term "fluoropolyether group" refers to a moalewt group that has a plurality



of alkylene oxide chains as a repeating unit arsdamaalkyl group or a hydrogen atom at
an end thereof, in which at least one hydrogen atbthe alkylene oxide chains and/or the
alkyl group or the hydrogen atom at the end is tsuibsd with a fluorine atom. The term
"fluoropolyether group" covers a "perfluoropolyetigeoup” that has a plurality of
perfluoroalkylene oxide chains as a repeating unit.

[0029]

The lower limit of the heat shrinkage temperatfrthe base material layer 2 is
preferably 100°C and more preferably 120°C. Thgenfimit of the heat shrinkage
temperature of the base material layer 2 is prbfgi200°C and more preferably 180°C.
When the heat shrinkage temperature of the baserialdayer 2 is lower than the lower
limit and an electrical wire bundle covered witle theat-recoverable component 1 is used
in a high-temperature environment, an adhesive Ineapme softened and the waterproof
effect of the heat-recoverable component 1 mayedeser. In contrast, when the heat
shrinkage temperature of the base material lagac2eds the upper limit temperature and
the heat-recoverable component 1 is thermally $hrmsulated electrical wires to be
covered may be damaged by a high temperature hanchal energy for heating is
unnecessarily increased, which may result in arease in the cost of covering insulated
electrical wires.

[0030]

Preferably, a flame retardant is added to the beserial layer 2 for the purpose of
improving flame retardancy. Furthermore, otheritazs may be optionally added to the
base material layer 2. Examples of the additimekide an oxidation inhibitor, a copper
inhibitor, a lubricant, a coloring agent, a heabdtzer, and an ultraviolet absorber.

[0031]
(Flame retardant)

Examples of the flame retardant include chloriasdul flame retardants such as
chlorinated paraffin, chlorinated polyethylene,achiiated polyphenyl, and
perchloropentacyclodecane; bromine-based flamedatés such as 1,2-bis(2,3,4,5,6-
pentabromophenyl)ethane, ethylenebispentabromohenze
ethylenebispentabromodiphenyl, tetrabromoethat@i®mobisphenol A,
hexabromobenzene, decabromobiphenyl ether, tetradpiothalic anhydride,

polydibromophenylene oxide, hexabromocyclodecané,aanmonium bromide; phosphate



10

esters or phosphorus compounds such as trialdpitade, alkyl aryl phosphates, alkyl
phosphates, dimethyl phosphonate, phosphorindiegdr@ated phosphorinate esters,
trimethyl phosphate, tributyl phosphate, trioctiibpphate, tributoxyethyl phosphate,
octyldiphenyl phosphate, tricresyl phosphate, dpdsnyl phosphate, triphenyl phosphate,
tris(chloroethyl) phosphate, tris(2-chloropropyfigsphate, tris(2,3-dichloropropyl)
phosphate, tris(2,3-dibromopropyl) phosphate,tirmhochloropropyl) phosphate, bis(2,3-
dibromopropyl)2,3-dichloropropyl phosphate, bis@bbropyl)monooctyl phosphate,
polyphosphonate, polyphosphate, aromatic polyphatgshdibromoneopentyl glycol, and
aluminum tris(diethylphosphinate); polyols suclpassphonate-type polyols, phosphate-
type polyols, and halogen elements; nitrogen comg@sisuch as melamine cyanurate,
triazine, isocyanurates, urea, and guanidine; #mek @ompounds such as silicone
polymers, ferrocene, fumaric acid, and maleic acidf these, halogen-based flame
retardants such as bromine-based flame retardadtshdorine-based flame retardants are
preferable. Bromine-based flame retardants anaficle-based flame retardants may be
used alone or in combination of two or more thereof

[0032]

The lower limit of the content of the flame retantlin the base material layer 2 is
preferably 1 part by mass and more preferably &gmr mass relative to 100 parts by
mass of the resin component. The upper limit efdbntent of the flame retardant is
preferably 100 parts by mass and more preferablya8® by mass relative to 100 parts by
mass of the resin component. When the contetteofldame retardant is less than the
lower limit, the effect of imparting flame retardgnmay not be obtained. When the
content of the flame retardant exceeds the upmit, lihe toughness and elongation of the
heat-recoverable component 1 may be degraded.

[0033]
(Oxidation inhibitor)

Examples of the oxidation inhibitor include phebalked compounds, amine-based
compounds, hindered amine-based compounds, hingaeril-based compounds,
salicylic acid derivatives, benzophenone-based comgs, and benzotriazole-based
compounds. In particular, hindered amine-basedpooimds, which have a good effect of
suppressing crosslinking are suitably used. Aogidation inhibitor, besides the above

oxidation inhibitors, sulfur-based compounds, plhitspester-based compounds, and the
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like may be used alone or in combination.
[0034]

The lower limit of the content of the oxidatiorhihitor in the base material layer 2
is preferably 1 part by mass and more preferalyparts by mass relative to 100 parts by
mass of the resin component. The upper limit efdbntent of the oxidation inhibitor is
preferably 30 parts by mass and more preferablya2 by mass relative to 100 parts by
mass of the resin component. When the contetteobxidation inhibitor is less than the
lower limit, the base material layer 2 becomeslgasidized, and the heat-recoverable
component 1 may be degraded. When the conteheadxidation inhibitor exceeds the
upper limit, blooming and bleeding may occur.

[0035]

Examples of the phenol-based compound used axitiation inhibitor include
pentaerythritol tetrakis[3-3,5-di-tert-butyl-4-hykyphenyl)propionate], tetrakis-
[methylene-3-(3'5'-di-tert-butyl-4'-hydroxyphenylipionate]methane, triethylene glycol-
bis[3-(3-tert-butyl-5-methyl-4-hydroxyphenyl)promiate], and 6-(4-hydroxy-3,5-di-tert-
butyl- anilino)-2,4-bis- octyl-thio-1,3,5-triazine.

[0036]

Examples of the amine-based compound used aith&tion inhibitor include
4,4'@, a-dimethylbenzyl)diphenylamine, polymerized produuit®,2,4-trimethyl-1,2-
dihydroquinoline, 6-ethoxy-2,2,4-trimethyl-1,2- gidroquinoline, N-(1,3-dimethylbutyl)-
N'-phenyl-1,4-phenylenediamine, and N-isopropylpNenyl-1,4-phenylenediamine.
[0037]
<Adhesive layer>

The adhesive layer 3 is formed on the inner cifenemtial surface of the base
material layer 2. The adhesive layer 3 includesiaviscosity adhesive portion 3a and a
pair of high-viscosity adhesive portions 3b whicl disposed between the low-viscosity
adhesive portion 3a and one opening of the basermaldfyer 2 and between the low-
viscosity adhesive portion 3a and the other opeafripe base material layer 2. The low-
viscosity adhesive portion 3a and the high-visgoaithesive portions 3b each have a ring
shape. The low-viscosity adhesive portion 3aspased between the pair of high-
viscosity adhesive portions 3b.

[0038]
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(Low-viscosity adhesive portion)

The average thickness and the average lengtle dbwirviscosity adhesive portion
3a are determined so as to ensure an amount o$igdfsich that waterproofness and a
property of blocking entry of water between stracds be ensured by filling the inside of
the base material layer 2 after shrinkage and sareran inner diameter such that insulated
electrical wires can pass through the inside ohtet-recoverable component 1.
Furthermore, the average length of the low-visgaaithesive portion 3a is determined in
consideration that the high-viscosity adhesiveipogt 3b can be disposed between the
low-viscosity adhesive portion 3a and one openinp@ base material layer 2 and
between the low-viscosity adhesive portion 3a dedother opening of the base material
layer 2. The average thickness of the low-visgasithesive portion 3a may be, for
example, 2% or more and 8% or less of the averaygr diameter of the base material
layer 2. The average length of the low-viscostiiesive portion 3a is shorter than the
average length of the base material layer 2, amdlifference between the average length
of the low-viscosity adhesive portion 3a and therage length of the base material layer 2
may be 30 mm or more and 60 mm or less.

[0039]

Preferably, the midpoint of the low-viscosity agive portion 3a in the length
direction substantially coincides with the midpadhthe base material layer 2 in the length
direction. When the two midpoints are substartiedused to coincide in this manner,
the distance between each end of the low-viscasihesive portion 3a and an opening of
the base material layer 2 closer to the end canbered, thus improving an effect of
preventing the adhesive from flowing out from theping of the base material layer 2.
Note that the expression "the midpoint of the lagcwusity adhesive portion in the length
direction substantially coincides with the midpaathe base material layer in the length
direction" means that the difference between trermvidpoints is 5% or less of the average
length of the low-viscosity adhesive portion.

[0040]

The adhesive constituting the low-viscosity advegiortion 3a needs to have a low
viscosity to the extent that the adhesive can pateein the gaps between strands at a heat
shrinkage temperature of the base material layelEXamples of the main component of

such an adhesive include polyamides, ethylene-dogtate copolymers (EVA), and
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ethylene-ethyl acrylate copolymers (EEA). In aidait the low-viscosity adhesive

portion 3a preferably has a high viscosity to tkieet that a sufficient effect of blocking
entry of water between strands is maintained atgperature which is lower than the heat
shrinkage temperature, for example, a maximum teatpes at which an electrical wire
bundle covered with the heat-recoverable compohéntised. Therefore, preferably, the
viscosity of the low-viscosity adhesive portions3gnificantly changes in a relatively
narrow temperature range. From the viewpoint &f ¥iscosity change and the viewpoint
of manufacturability that the viscosity is easitjjusted to a desired value, the main
component of the adhesive constituting the lowas#ty adhesive portion 3a is preferably
a polyamide.

[0041]

The lower limit of a softening point (or a meltipgint) of the low-viscosity
adhesive portion 3a is preferably 80°C and moréepably 90°C. The upper limit of the
softening point of the low-viscosity adhesive pamtBa is preferably 130°C and more
preferably 110°C. When the softening point of lthe-viscosity adhesive portion 3a is
lower than the lower limit, a low-viscosity adhesimay soften during use of the heat-
recoverable component 1, and the effect of blockinigy of water between strands may
not be maintained. In contrast, when the softepmigt of the low-viscosity adhesive
portion 3a exceeds the upper limit, the viscositthe low-viscosity adhesive portion 3a
does not sufficiently decrease during thermal casgion, and a sufficient effect of
blocking entry of water between strands may naidigeved. Herein, the term
"softening point" refers to a value measured byrtfmenechanical analysis (TMA).
Specifically, the softening point is a measuredigaletermined by an indentation
measurement at a load of 0.3 g with a jig havidipaneterp of 3 mm using a TMA
analyzer while the temperature is increased frof€26 150°C at 10°C/min in a nitrogen
atmosphere.

[0042]

The upper limit of the shear viscosity at a shate of 1 & in the low-viscosity
adhesive portion 3a at the heat shrinkage temperafithe base material layer 2 is 10 Pa-s,
more preferably 2 Pa-s, and still more preferalifals. When the shear viscosity
exceeds the upper limit, the low-viscosity adhesiaenot sufficiently penetrate in the gaps

between strands at the heat shrinkage temperdttine base material layer 2, and the
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effect of blocking entry of water between the stimmay decrease. The lower limit of
the shear viscosity is not particularly limited. owkver, it is necessary that the ratio of
the shear viscosity of the high-viscosity adhegogions 3b to the shear viscosity of the
low-viscosity adhesive portion 3a be 15,000 or.less

[0043]

The lower limit of the shear viscosity at a shese of 1 & in the low-viscosity
adhesive portion 3a at 125°C is preferably 100 Badsmore preferably 200 Pa-s. When
the shear viscosity at 125°C is less than the ldwet, the effect of blocking entry of
water between strands may become insufficientnad@mum temperature at which an
electrical wire bundle covered with the heat-recalske component 1 is used. The upper
limit of the shear viscosity at 125°C is not partarly limited. The higher the shear
viscosity at 125°C, the better.

[0044]
(High-viscosity adhesive portion)

The average thickness and the average lengtledfigh-viscosity adhesive
portions 3b are determined so as to clog openihgsedase material layer 2 to be capable
of preventing the low-viscosity adhesive portionfigan flowing out when the heat-
recoverable component 1 is thermally shrunk analssio ensure an inner diameter such
that insulated electrical wires can pass throughiribide of the heat-recoverable
component 1. Furthermore, the average lengthaf eathe high-viscosity adhesive
portions 3b is determined in consideration thathigi-viscosity adhesive portion 3b can
be disposed between the low-viscosity adhesiveqmo®a and an opening of the base
material layer 2. The average thickness of eatcheohigh-viscosity adhesive portions 3b
may be, for example, 2% or more and 8% or lesh@aterage inner diameter of the base
material layer 2. The average length of each etilgh-viscosity adhesive portions 3b
may be 5 mm or more and 30 mm or less.

[0045]

The high-viscosity adhesive portions 3b may bpalied so as to be continuous
with the ends of the low-viscosity adhesive poridan Alternatively, as illustrated in Fig.
1, a gap may be formed between the low-viscosiheade portion 3a and each of the
high-viscosity adhesive portions 3b. The formatibithis gap can enhance the effect of

preventing a low-viscosity adhesive from flowing.ouThe lower limit of the gap is
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preferably 2 mm and more preferably 5 mm. The vppet of the gap is preferably 15
mm and more preferably 12 mm. When the gap istlessthe lower limit, a sufficient
effect of preventing a low-viscosity adhesive frlawing out may not be achieved. In
contrast, when the gap exceeds the upper lim#,necessary to increase the average
thickness of the adhesive layer 3 for the purpdsmsuring the amount of adhesive that
fills the inside of the base material layer 2 aferinkage. As a result, it may become
difficult for insulated electrical wires to be alled to pass inside the heat-recoverable
component 1.

[0046]

An end face of each of the high-viscosity adhepigions 3b on the opening side
of the base material layer 2 may be flush with p@ning surface of the base material layer
2. Alternatively, as illustrated in Fig. 1, thedeflace of the high-viscosity adhesive
portion 3b on the opening side of the base matlayalr 2 may be located inside the base
material layer 2 with respect to the opening sw@faicthe base material layer 2.

When the end face of the high-viscosity adhesivéigqo3b on the opening side of the
base material layer 2 is located inside the bagermablayer 2 with respect to the opening
surface of the base material layer 2, the disthetween the end face of the high-viscosity
adhesive portion 3b and the opening surface obdse material layer 2 is not particularly
limited but may be, for example, 1 mm or more amdrd or less. When the distance is
less than the lower limit, a high-viscosity adhesmway flow out from the opening of the
base material layer 2. In contrast, when the dégta@xceeds the upper limit, it is
necessary to increase the average thickness afitiesive layer 3 for the purpose of
ensuring the amount of adhesive that fills thedesif the base material layer 2 after
shrinkage. As a result, it may become difficultiftsulated electrical wires to be allowed
to pass inside the heat-recoverable component 1.

[0047]

The adhesive constituting the high-viscosity adieportions 3b needs to have a
high viscosity to the extent that, at the heatrdtage temperature of the base material
layer 2, the adhesive constituting the high-vistyosdhesive portions 3b rapidly clogs the
openings of the base material layer 2 so as tceptean adhesive constituting the low-
viscosity adhesive portion 3a from flowing out fréhe openings of the base material layer

2 and does not flow out from the openings of theehaaterial layer 2. Examples of the
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main component of such an adhesive include polydefuch as polyethylenes,
thermoplastic polyesters, EVA, EEA, and polyamide®f these, a polyethylene, EVA,
EEA, or polyamide is preferable.

Polyethylenes, EVA, EEA, and polyamides have gatiteaiveness to the base material
layer 2 and insulating coatings of insulated eleatwires. Thus, the adhesive layer 3 is
unlikely to be separated from the base materiarl@yor the insulating coatings during use.
[0048]

The lower limit of the shear viscosity at a shede of 1 & in the high-viscosity
adhesive portions 3b at the heat shrinkage temperaf the base material layer 2 is 100
Pa-s, more preferably 200 Pa-s, still more prefiedd0 Pa-s, and particularly preferably
3,000 Pa-s. When the shear viscosity is lessttiemabove value, a sufficient effect of
preventing the low-viscosity adhesive from flowimgt from the openings of the base
material layer 2 may not be obtained.

The upper limit of the shear viscosity is not pardarly limited. However, it is necessary
that the ratio of the shear viscosity of the higgcusity adhesive portions 3b to the shear
viscosity of the low-viscosity adhesive portiont8a15,000 or less.

[0049]

The lower limit of the shear viscosity at a shese of 1 & in the high-viscosity
adhesive portions 3b at 125°C is preferably 408 ,Raere preferably 1,000 Pa-s, and still
more preferably 5,000 Pa-s. When the shear vigaaisi25°C is less than the lower
limit, the waterproof effect may become insuffidiat a maximum temperature at which
an electrical wire bundle covered with the heatwvecable component 1 is used. The
upper limit of the shear viscosity at 125°C is patticularly limited. The higher the
shear viscosity at 125°C, the better.

[0050]

The upper limit of the ratio of the shear viscpsit the high-viscosity adhesive
portions 3b to the shear viscosity of the low-vEtoadhesive portion 3a is 15,000,
preferably 8,000, and more preferably 900. Wherétio of the shear viscosities
exceeds the upper limit, the low-viscosity adhesnay flow out from the openings of the
base material layer 2 before the high-viscosityeadre clogs the openings of the base
material layer 2 due to the difference in viscositfhe lower limit of the ratio of the shear

viscosities is not particularly limited. Howevére ratio is 10 or more because the shear
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viscosity of the low-viscosity adhesive portioni8d.0 Pa-s or less, and the shear viscosity
of the high-viscosity adhesive portions 3b is 1@0sRor more.
[0051]

The adhesive layer 3 may contain additives suanasxidation inhibitor, a
viscosity improver, a deterioration inhibitor, arfie retardant, a lubricant, a coloring agent,
a heat stabilizer, an ultraviolet absorber, antiag agent.

[0052]
<Method for producing heat-recoverable component>

The heat-recoverable component 1 can be obtaynadoboduction method
including a base material layer preparation stepaanadhesive layer formation step.
[0053]

(Base material layer preparation step)

The base material layer preparation step is adftppeparing a base material layer
2 and includes, for example, a step of extrusioiding, a step of expanding the diameter,
and a step of fixation.

[0054]

The step of extrusion molding is performed by ediing a resin composition for
forming a base material layer 2 using a known meituder. Specifically, extrusion
molding is performed by using an extruding die hgwa cylindrical space through which a
layer corresponding to the base material layereXisided. As a result, an extruded
article is obtained. In this extruded article, thaterial constituting the base material
layer resin composition may be crosslinked to inaprbeat resistance. Examples of the
crosslinking method include crosslinking by irradia with ionizing radiation, chemical
crosslinking, and thermal crosslinking.

[0055]

The dimensions of the extruded article can begthesi according to intended use or
the like. The average inner diameter of the exdudlrticle is, for example, 0.4 mm or
more and 30 mm or less, and the maximum wall treskrof the extruded article is 0.4 mm
or more and 10 mm or less.

[0056]
Next, in the step of expanding the diameter, iaendter of the extruded article is

expanded. The expansion of the diameter of thei@ad article is performed by heating
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the extruded article to a temperature equal tagirdr than the melting point, in that state,
inflating the extruded article so as to have a grexnined inner diameter by a method of
introducing compressed air thereinto, a methodséiting a metal rod thereinto, or the
like, and subsequently conducting cooling to fig #hape. Such an expansion of the
diameter of the extruded article is performed siel, for example, the inner diameter of
the extruded article is increased by two times orenvand four times or less.

[0057]

Next, in the step of fixation, the shape of the@ded article whose diameter has
been expanded is fixed. An example of this fixingthod is a method of conducting
cooling to a temperature equal to or lower thamtiedting point of a resin component of
the base material layer 2 or the like. As a retlut base material layer 2 is obtained.
[0058]

(Adhesive layer formation step)

The adhesive layer formation step is a step ahilog an adhesive layer 3 on the
inner circumferential surface of the base matdaigtr 2 and includes, for example, a step
of forming a low-viscosity adhesive portion andepsof forming high-viscosity adhesive
portions.

[0059]

In the step of forming a low-viscosity adhesivetjpm, a low-viscosity adhesive
tube is fixed to the inside of the base materigtile to form a low-viscosity adhesive
portion 3a. Specifically, first, a low-viscositdlzesive tube having a smaller inner
diameter than the base material layer 2 is prepar&te low-viscosity adhesive tube can
be formed by, for example, extrusion molding athmbase material layer 2. Next, the
low-viscosity adhesive tube is inserted into a @rortion of the base material layer 2.
Subsequently, a portion of the base material |l2yéne portion corresponding to the
position of the low-viscosity adhesive tube, isrthally shrunk from the outer surface of
the base material layer 2, to thereby bring theinrsurface of the base material layer 2 into
contact with the outer surface of the low-viscositfhesive tube and to fix the low-
viscosity adhesive tube. As a result, a low-viggasdhesive portion 3a is formed.
[0060]

In the step of forming high-viscosity adhesivetjmors, high-viscosity adhesive

tubes are fixed to the inside of the base matkayar 2 to form high-viscosity adhesive
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portions 3b. As in the step of forming a low-visity adhesive portion, high-viscosity
adhesive tubes are prepared, and the high-viscaditgsive tubes are fixed between the
low-viscosity adhesive portion 3a and one openinp® base material layer 2 and
between the low-viscosity adhesive portion 3a dedother opening of the base material
layer 2. As a result, the high-viscosity adhegiggtions 3b are formed. Note that the
fixation of the high-viscosity adhesive portions&id the fixation of the low-viscosity
adhesive portion 3a may be performed simultaneausdgparately.

[0061]

[Insulated electrical wire-covering method using tieat-recoverable component]

The insulated electrical wire-covering methodrisresulated electrical wire-
covering method for covering conductor-exposedipostof a plurality of insulated
electrical wires and includes a conductor-exposatign-covering step, a heat-recoverable
component-heating step, and a cooling step. Haftein a description will be given of a
case where two insulated electrical wires 4 araeoted to each other, as illustrated in Fig.
2. However, the number and the configuration efitisulated electrical wires 4 are not
limited to those in Fig. 2. At an end of eachldd tnsulated electrical wires 4, a
conductor 4a is exposed. Regarding the exposempsiof the conductors 4a of the
insulated electrical wires 4, respective two aredbed. Furthermore, two bundled
insulated electrical wires 4 are joined togetheéhwijoint 4c. As illustrated in Fig. 3,
each of the insulated electrical wires 4 is obtaibg covering, with an insulating coating
4b, a conductor 4a constituted by one or a plyralitstrands X. Figure 3 illustrates a
case where the conductor 4a is constituted byralgluof strands X. There are gaps
(gaps S between strands) between the pluralityrands X and between the insulating
coating 4b and the strands X. There is a cond¢eniftwater enters the insulated
electrical wire 4, the water may enter inside anemted device through the gaps S
between the strands. Therefore, water blockingéen the strands is necessary.
[0062]
<Conductor-exposed portion-covering step>

In the conductor-exposed portion-covering stepll@srated in Fig. 2, the heat-
recoverable component 1 is placed over a plurefiipsulated electrical wires 4 so as to
cover exposed portions of conductors 4a of theafityrof insulated electrical wires 4.

Specifically, a plurality of insulated electricaires 4 are allowed to pass inside the heat-
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recoverable component 1, and the heat-recoverabi@anent 1 is moved to a position at
which exposed portions of conductors 4a are covered
[0063]

The heat-recoverable component 1 is preferablyeplauch that the boundary
between the exposed portion of the conductor 4atenthsulating coating 4b of each of
the insulated electrical wires 4 is covered with libw-viscosity adhesive portion 3a.

With this covering, when the heat-recoverable comepb 1 is heated, a low-viscosity
adhesive easily penetrates into the inside ofrikelating coating 4b of each of the
insulated electrical wires 4 from the boundary. ughthe effect of blocking entry of water
between strands can be enhanced.

[0064]

<Heat-recoverable component-heating step>

In the heat-recoverable component-heating stephélat-recoverable component 1
is heated to be thermally shrunk.
[0065]

An example of the heating method is a method afihg the heat-recoverable
component 1 with a heat gun or the like. The heaemperature is determined
according to the heat shrinkage temperature ofi¢fa¢-recoverable component 1 and is,
for example, 100°C or higher and 200°C or lowerhe Tieating time is not limited as long
as the heat-recoverable component 1 is sufficiesitynk and may be, for example, 3
minutes or more and 15 minutes or less.

[0066]

When the heat-recoverable component 1 is heateakilaesive of the low-viscosity
adhesive portion 3a flows and spreads. In contsaste an adhesive of the high-
viscosity adhesive portions 3b has a high viscp#ig adhesive of the high-viscosity
adhesive portions 3b does not spread comparedhdgttow-viscosity adhesive portion 3a
and clogs openings of the base material layer is donfiguration prevents the adhesive
of the low-viscosity adhesive portion 3a from flogiout from the openings of the base
material layer 2. In addition, the adhesive ofltve-viscosity adhesive portion 3a covers
the exposed portions of the conductors 4a of thel@ted electrical wires 4 and penetrates
into the inside of each of the insulating coatidgsrom the boundary between the

insulating coating 4b and the corresponding expgsetion of the conductor 4a of the
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insulated electrical wire 4.
[0067]
<Cooling step>

In the cooling step, the heat-recoverable compohefter heat shrinkage is cooled.
The cooling method is not particularly limited. rFexample, natural cooling or forced
cooling with cold air or the like may be employedlhe low-viscosity adhesive and the
high-viscosity adhesive are solidified by this dnglto achieve waterproofing of the
exposed portions of the conductors 4a of the itsdlalectrical wires 4 and water blocking
in the gaps S between the strands of the insutdésdrical wires 4.

[0068]
[Electrical wire bundle]

An electrical wire bundle 5 illustrated in Figisdan electrical wire bundle
including a plurality of insulated electrical wird$undled and a tube-shaped covering
material 6 that covers exposed portions of condsaata of the plurality of insulated
electrical wires 4. The heat-recoverable compofigstused as the covering material 6.
[0069]

In the electrical wire bundle 5, when the heatuetable component 1 is thermally
shrunk, high-viscosity adhesive portions 3b clogropgs of a base material layer 2, thus
preventing an adhesive of a low-viscosity adhepmion 3a from flowing out from the
opening of the base material layer 2. In addittha,adhesive of the low-viscosity
adhesive portion 3a covers the exposed portiotiseofonductors 4a of the insulated
electrical wires 4 and penetrates into the insidasulating coatings 4b from the boundary
between each of the insulating coatings 4b andahesponding exposed portion of the
conductor 4a of the insulated electrical wire 4.s a&result, when the heat-recoverable
component 1 is thermally shrunk, waterproofingh& €xposed portions of the conductors
4a and the insulated electrical wires 4 and watsking in the gaps S between strands
can be achieved in the electrical wire bundle 5ccadkdingly, the electrical wire bundle 5
has good productivity.

[0070]
[Advantages]
In the heat-recoverable component 1, the highegitg adhesive portions 3b are

disposed between the low-viscosity adhesive po@mand one opening of the base
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material layer 2 and between the low-viscosity adieeportion 3a and the other opening
of the base material layer 2, and the shear vigcobthe high-viscosity adhesive portions
3b is the lower limit or more. Therefore, the opegs of the base material layer 2 are
clogged with the high-viscosity adhesive portiobstBus preventing the low-viscosity
adhesive from flowing out from the openings of llase material layer 2. Furthermore,
in the heat-recoverable component 1, since ther stezosity of the low-viscosity
adhesive portion 3a is the upper limit or less,ltheviscosity adhesive penetrates
between the strands and fills the gaps S betweesttands at the heat shrinkage
temperature, to thereby achieve water blockindnefgaps S between the strands of the
insulated electrical wires 4 during heat shrinkagéurthermore, in the heat-recoverable
component 1, since the above ratio of the sheaosises is the lower limit or less, it is
possible to prevent the low-viscosity adhesive fftowing out from the openings of the
base material layer 2 before the openings of tse baaterial layer 2 are clogged with the
high-viscosity adhesive portions 3b during heaingiage.

[0071]

In the insulated electrical wire-covering methtbe heat-recoverable component 1
is used. Accordingly, when the heat-recoverabtemanent 1 is thermally shrunk in the
step of heating the heat-recoverable componehelcdnductor-exposed portions can be
covered with an insulating coating and made waterfpand water blocking in the gaps S
between the strands of the insulated electricadsvr can be achieved. Therefore, the
insulated electrical wire-covering method has gpramiuctivity.

[0072]
[Other embodiments]

It is to be understood that the embodiments diszlderein are only illustrative and
are not restrictive in all respects. The scopthefpresent invention is not limited to the
configurations of the embodiments and is definedhieyclaims described below. The
scope of the present invention is intended to caltehe modifications within the meaning
and the scope of equivalents of the claims.

[0073]

In the embodiments described above, a heat-reablecomponent including a

tube-shaped base material layer has been describbtmvever, the heat-recoverable

component according to the present invention idimited to such a heat-recoverable
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component including a tube-shaped base materiat.layAlternatively, the heat-
recoverable component may be, for example, a lezatverable component 7 including a
cap-shaped base material layer 8, as illustrat&@in5. In the heat-recoverable
component 7, one end of the base material laygicbgged with a high-viscosity
adhesive portion 3b, and the base material laygs8an opening only at the other end
thereof. The heat-recoverable component 7 hawastiaped low-viscosity adhesive
portion 3a on the inner circumferential surfacéhef base material layer 8 and further has
a ring-shaped high-viscosity adhesive portion 3iwben the low-viscosity adhesive
portion 3a and the opening of the base materialri8y

The heat-recoverable component 7 can be formetesynally shrinking a portion of an
end of a heat-recoverable article including a tslv@ped base material layer, the portion
having a high-viscosity adhesive portion 3b, taqyabme opening of the base material layer
with a high-viscosity adhesive. This heat-recoliBr@omponent 7 can be suitably used
for, for example, wire terminal treatment.

[0074]

The heat-recoverable article may include anotwger other than the base material
layer and the adhesive layer. An example of therdiayer is a heat-dissipating layer
disposed on the outer circumference of the baserrablayer.

[0075]

In the above embodiments, cases where a pluddlitysulated electrical wires are
covered have been described as the insulatedietdatire-covering method and the
electrical wire bundle. Alternatively, a singlesitated electrical wire may be covered.
EXAMPLES
[0076]

Hereinafter, the present invention will be desedilmore specifically by way of
Examples. However, the present invention is moitéid to the Examples described
below.

[0077]
[Adhesive layer tube]

As adhesive layer tubes, five types of tubes eaadltaining a polyamide as a main
component and one type of tube containing a polgaras a main component were

prepared as shown in Table 1. The softening pointise prepared polyamides and the
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melting point of the prepared polyethylene are shawTable 1. The softening points of

the polyamides were measured by thermomechanieflsas (TMA). Specifically, each
of the softening points was a measured value datedhby an indentation measurement at
a load of 0.3 g with a jig having a diamegeof 3 mm using a TMA analyzer ("TMA-50"
available from Shimadzu Corporation) while the tenapure was increased from 25°C to
150°C at 10°C/min in a nitrogen atmosphere.
[0078]

For each of the adhesive layer tubes, a sheavsiigovas measured. The shear
viscosity was measured by using a rotary rheonf&f#CR302" available from Anton
Paar) with a PP-12 jig at the temperatures showiialile 1 while changing a shear rate

from 0.001 2 to 1,000 . The results at a shear rate of‘lase shown in Table 1.

[0079]
[Table 1]
Shear viscosity |Softening| Melting
150°C | 125°C | Point point
(Pa-s) | (Pa-s)| (C) (°C)
Polyamide 1 0.5 245 98 -
Polyamide 2 9.5 335 109 ~
Polyamide 3 32 220 112 -
Polyamide 4 128 1020 128 =
Polyamide 5 | 8230 | 38860 137 =
Polyethylene 1| 3530 7120 - 107

[0080]

[Production of heat-recoverable component]

First, a heat-shrinkable tube (material: polyethg, inner diameter before

shrinkage: 10 mm, wall thickness: 0.65 mm, innantter after shrinkage: 4 mm, wall
thickness: 1.5 mm, length: 70 mm, heat shrinkaggezature: 150°C) was prepared as a
cylindrical base material layer.
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[0081]

Next, a first adhesive layer tube (inner diameenm, wall thickness: 0.4 mm,
length: 20 mm) was inserted into the heat-shrirdkabbe so as to be located at
substantially the center of the heat-shrinkable tubA portion of the heat-shrinkable tube,
the portion corresponding to the position of thistfadhesive layer tube, was thermally
shrunk from the outer surface of the heat-shrirdainbe to fix the first adhesive layer tube.
Thus, a low-viscosity adhesive portion was forme8ubsequently, a second adhesive
layer tube (inner diameter: 8 mm, wall thicknesd: dm, length: 10 mm) was inserted
into the heat-shrinkable tube so as to be locagbaden the low-viscosity adhesive portion
and an opening of the heat-shrinkable tube. Aqoxf the heat-shrinkable tube, the
portion corresponding to the position of the secadldesive layer tube, was thermally
shrunk from the outer surface of the heat-shrirkalbe to fix the second adhesive layer
tube. Thus, a high-viscosity adhesive portion feasied. Note that since the heat-
shrinkable tube has openings at both ends thetteohigh-viscosity adhesive portion was
formed on each end of the heat-shrinkable tube.at-Heoverable component Nos. 1 to 6
were obtained by varying the first adhesive layéetforming the low-viscosity adhesive
portion and the second adhesive layer tube forriadhigh-viscosity adhesive portion, as
shown in Table 2.

[0082]

Conductor-exposed portions of insulated electmdets were covered with the
heat-recoverable component Nos. 1 to 6.
The insulated electrical wires were prepared hying seven electrical wires by ultrasonic
welding, each of the electrical wires being "AVSS"Gavailable from Sumitomo Wiring
Systems, Ltd. (conductor: annealed copper straodeductor, number of strands: 8,
strand diameter: 0.32 mm, conductor cross-sectimrea: 0.56 mAy insulating coating:
polyvinyl chloride). The heat-recoverable compdsemere heated at 150°C, which was
the heat shrinkage temperature, for 5 minutes tindrenally shrunk, thus obtaining
electrical wire bundles.
[0083]
[Evaluation method]

For the electrical wire bundles, water blockingween strands and an outflow of

adhesives were evaluated.
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[0084]
<Water blocking between strands>

Regarding the evaluation of water blocking betwsteands, an air leakage test was
performed by injecting compressed air at 0.2 MBenfan end of each of the seven
insulated electrical wires constituting the elextiwire bundle. The evaluation criteria
are as follows. Table 2 shows the results.
(Evaluation criteria of water blocking between stis)

A: Air leakage is not observed, and water blockietyveen strands is achieved.

B: Air leakage is observed, and water blockingMeetn strands is insufficient.
[0085]
<Outflow of adhesive>

The outflow of an adhesive to the outside of thatirecoverable component was
evaluated by observing the appearance of the keat«erable component after heat
shrinkage. This evaluation was performed for exdhe low-viscosity adhesive and the
high-viscosity adhesive in accordance with the @atabn criteria described below. Table
2 shows the results.
(Evaluation criteria of outflow of adhesive)

A: An outflow of an adhesive is not observed.

B: An outflow of an adhesive is observed.

[0086]
[Table 2]
Loawaxtia%ci:\c’)gity Higah&x;ssci:sgity Evaluation results
.+ | Viscosity .+ | Viscosity Vi&r%??;w Water Outflow
Material | ''co.c) | Material | /oo~ tl;lotcking Low- | High-
T I Ll I i [ Pty
No.1 |Polyamide 1 05 Polyethylene1l 3530 7060 A A A
No.2 |Polyamide 1{ 0.5 |Polyamide 4| 125 250 A A A
No.3 |Polyamide 2| 9.5 |Polyamide 5| 8230 866 A A A
No.4 |Polyamide 3 32 |Polyethylenel[ 3530 110 B A A
No.5 |Polyamide 1 0.5 |Polyamide 3 32 64 A A B
No.6 | Polyamide 1 0.5 |Polyamide 5| 8230 | 16460 A B A

[0087]
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Referring to the results in Table 2, regardingéleetrical wire bundles obtained by
using the heat-recoverable component Nos. 1 tardgl heat shrinkage, water blocking
between strands can be achieved, and an outfl@am efihesive from an opening can be
prevented. In contrast, regarding the electrided Wwundle obtained by using the heat-
recoverable component No. 4, it is believed thatesithe shear viscosity of the low-
viscosity adhesive portion exceeded 10, the lowesgy adhesive could not sufficiently
penetrate between the strands during heat shrirdfafpe heat-recoverable component,
and water blocking between the strands was inseiffic Regarding the electrical wire
bundle obtained by using the heat-recoverable coenqtoNo. 5, it is believed that since
the shear viscosity of the high-viscosity adhegi@gions was less than 100, the high-
viscosity adhesive itself flowed out from an openin Regarding the electrical wire
bundle obtained by using the heat-recoverable coentoNo. 6, it is believed that since
the ratio of the shear viscosity of the high-vistsoadhesive portions to the shear viscosity
of the low-viscosity adhesive portion exceeded 08, @he low-viscosity adhesive flowed
out from an opening of the base material layer teefloe high-viscosity adhesive clogs the
opening of the base material layer.

[0088]

The above results show that when the shear vigoofsine low-viscosity adhesive
portion is 10 or less, the shear viscosity of tightviscosity adhesive portions is 100 or
more, and the ratio of the shear viscosity of tighdviscosity adhesive portions to the
shear viscosity of the low-viscosity adhesive mortis 15,000 or less, during heat
shrinkage, water blocking between strands can bieaed, and an outflow of an adhesive
from an opening can be prevented.

Reference Signs List

[0089]
1,7 heat-recoverable component 2,8 base ialdyer
3 adhesive layer 3a low-viscosity adhesiveipo
3b high-viscosity adhesive portion 4 insulatext&ical wire
4a conductor 4b insulating coating
4c joint 5 electrical wire bundle
6 covering material X strand

S gap between strands
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CLAIMS
[Claim 1]

A heat-recoverable component comprising a tubgethar cap-shaped base
material layer having heat shrinkability; and aheslve layer formed on an inner
circumferential surface of the base material layer,

wherein the adhesive layer includes a low-visgasithesive portion and a high-
viscosity adhesive portion disposed between thevisaosity adhesive portion and an
opening of the base material layer,

the low-viscosity adhesive portion has a shearogy of 10 Pa-s or less at a shear
rate of 1 & at a heat shrinkage temperature of the base miaeyer,

the high-viscosity adhesive portion has a shesogity of 100 Pa-s or more at a
shear rate of 1’sat the heat shrinkage temperature of the baseialdéyer, and

at the heat shrinkage temperature, a ratio o$tiear viscosity of the high-viscosity
adhesive portion to the shear viscosity of the Was¢osity adhesive portion is 15,000 or
less.

[Claim 2]

The heat-recoverable component according to Claiwherein the low-viscosity
adhesive portion contains a polyamide as a mairpooent.
[Claim 3]

The heat-recoverable component according to Claan2, wherein the high-
viscosity adhesive portion contains, as a main asmapt, a polyethylene, an ethylene-
vinyl acetate copolymer, an ethylene-ethyl acrytatpolymer, or a polyamide.

[Claim 4]

An electrical wire bundle comprising:

a plurality of insulated electrical wires bundlead

a tube-shaped or cap-shaped covering materiattivars conductor-exposed
portions in the plurality of insulated electricalres,

wherein the heat-recoverable component accordiagy one of Claims 1 to 3 is
used as the covering material.

[Claim 5]
An insulated electrical wire-covering method forering conductor-exposed

portions of a plurality of insulated electrical es&; the method comprising:
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a step of placing the heat-recoverable comporeareding to any one of Claims 1
to 3 over the plurality of insulated electrical @grso as to cover the conductor-exposed
portions; and

a step of heating the heat-recoverable component.



