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FLUID-IMPERMEABLE COMPOSITE HOSE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a ?uid-impermeable com 
posite hose. More particularly, it relates to a ?uid-imperme 
able composite hose having a ?uid-impermeable layer 
formed by sandWiching betWeen tWo thin resin layers a 
laminated layer containing a metallic foil, or a metallic layer 
formed by vapor deposition. The hose of this invention is 
particularly suitable for use on a motor vehicle as a hose for 

transporting a refrigerant, such as carbon dioxide, or as a 
fuel hose. 

[0003] 2. Description of the Related Art 

[0004] It is strongly desired in vieW of system mainte 
nance, environmental protection, etc. that every hose used 
for transporting a refrigerant, such as carbon dioxide, in an 
air-conditioning system on a motor vehicle be impermeable 
to the refrigerant. One of the most effective approaches lies 
in a hose having a laminated Wall layer Which contains a 
metallic foil, or a metallic layer formed by vapor deposition. 
Environmental protection also requires a fuel hose to be 
impermeable to fuel, and a laminated Wall layer is very 
useful for a fuel hose, too. 

[0005] When making a hose having such a laminated layer 
in its Wall, it has hitherto been usual to form, for example, 
a rubber layer having high refrigerant or fuel resistance and 
impermeability inwardly of such a laminated layer. For 
making a hose required to Withstand a high pressure, it has 
been usual to surround such a laminated layer by an inter 
mediate rubber layer, etc., then by a reinforcing yarn layer 
and ?nally by an outer rubber layer. 

[0006] The laminated layer employed as described is, 
hoWever, not thoroughly secured or reinforced in the Wall of 
the hose. Therefore, it is directly affected by any bending, 
deforming or stretching force acting upon the Wall of the 
hose as a result of eg an elevation in pressure of the 
refrigerant in the hose, the vibration of the vehicle, or any 
impact bearing upon it. Thus, the metallic foil or layer in the 
laminated layer is easily broken and the hose loses its ?uid 
impermeability. 

SUMMARY OF THE INVENTION 

[0007] It is, therefore, an object of this invention to 
prevent effectively any breakage of a metallic foil or layer in 
a laminated layer of a ?uid-impermeable composite hose. 
The inventors of this invention have thought that it is very 
effective to sandWich a laminated layer betWeen tWo thin 
resin layers, and that the hose is ?exible enough if those 
resin layers are adequate. 

[0008] According to a ?rst aspect of this invention, there 
is provided a hose having a Wall comprising a ?uid-imper 
meable layer of a sandWiched structure in Which a laminated 
layer is held betWeen tWo thin resin layers, the laminated 
layer containing a metallic foil, or a metallic layer formed by 
vapor deposition. The laminated layer is secured and pro 
tected by the tWo thin resin layers located radially inWardly 
and outWardly thereof. The bending, deforming or stretching 
force acting upon the hose for various reasons is absorbed or 
diminished by those resin layers, and is not directly trans 

Sep. 27, 2001 

mitted to the laminated layer. No force acts upon the metallic 
foil or layer in the laminated layer to tWist, bend, stretch or 
otherWise deform it. Thus, the metallic foil or layer is not 
easily broken, and the hose does not lose its ?uid imperme 
ability. 

[0009] According to a second aspect of this invention, the 
?uid-impermeable layer forms the innermost layer of the 
Wall of the hose. The thin resin layer on the inside of the 
?uid-impermeable layer is superior to any rubber layer in 
refrigerant impermeability. Unlike a rubber layer, it does not 
deteriorate by sWelling or foaming even When carbon diox 
ide as a refrigerant is in its supercritical state at a high 
temperature and a high pressure. Thus, the hose is particu 
larly suitable as a hose for transporting carbon dioxide as a 

refrigerant for eg an air conditioner on a motor vehicle. 

[0010] According to a third aspect of this invention, the 
Wall has a rubber layer inWardly of the ?uid-impermeable 
layer. Such a layer can be of a material having a high 
resistance to sWelling With fuel and a high impermeability to 
fuel, such as ?uororubber (FKM) or acrylonitrile-butadiene 
rubber (NBR), so that the hose may be suitable as a fuel 
hose. 

[0011] According to a fourth aspect of this invention, the 
Wall has a reinforcing layer and an outer rubber layer 
outWardly of the ?uid-impermeable layer. The reinforcing 
layer gives pressure resistance and strength to the hose. The 
outer rubber layer gives oZone resistance to the hose, pro 
tects it from any external impact, and improves the tightness 
of a seal in a joint betWeen the hose and a pipe. 

[0012] According to a ?fth aspect of this invention, the 
Wall has an intermediate rubber layer interposed betWeen the 
?uid-impermeable layer and the reinforcing layer. The inter 
mediate rubber layer gives an improved adhesion betWeen 
the ?uid-impermeable layer and the reinforcing layer, dimin 
ishes any bending, deforming or stretching force acting upon 
the ?uid-impermeable layer, and improves the ?exibility of 
the hose as a Whole. 

[0013] According to a sixth aspect of this invention, the 
laminated layer is formed by spirally Winding or longitudi 
nally lapping a tape of a laminated sheet containing one of 
the folloWing (1) to (3) and a resin ?lm or ?lms laminated 
thereon: 

[0014] (1) a metallic foil; 

[0015] (2) a metallic foil and a reinforcing material; 
and 

[0016] (3) a metallic layer formed by vapor deposi 
tion. 

[0017] The resin ?lm (or ?lms) protects the metallic foil or 
layer When the hose is bent, deformed or stretched. The 
metallic foil or layer is not easily damaged or broken by 
fatigue, and the hose maintains its high ?uid impermeability 
for a long time. Spiral Winding or longitudinal lapping 
makes it very easy to form the laminated layer on a tubular 
hose body. If the laminated sheet contains a metallic foil and 
a reinforcing material, its stretch resistance makes it possible 
to avoid the breakage of the foil even if the hose may be 
stretched or bent by a force Which is too strong to be resisted 
by the resin ?lm (or ?lms) alone. 
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[0018] According to a seventh aspect of this invention, at 
least one of the thin resin layers on the inside and outside of 
the ?uid-impermeable layer is of an ethylene-vinyl alcohol 
copolymer resin (EVOH), a blend of a polyamide and a 
modi?ed polyole?n resin, a polyamide resin, or a ?uo 
roresin. All of these resins are high in ?uid impermeability 
for refrigerant or fuel and in ?exibility, so that the hose has 
a still higher ?uid impermeability, and is ?exible enough to 
Withstand the vibration of a motor vehicle, or its engine. 

[0019] According to an eighth aspect of this invention, at 
least one of the thin resin layers on the inside and outside of 
the ?uid-impermeable layer has a thickness of 20 to 300 pm. 
This is a preferred range in Which the resin layers can 
perform its protective action effectively and thus ensure the 
?uid impermeability Without affecting the ?exibility of the 
hose in any Way. 

[0020] The above and other features and advantages of 
this invention Will become more apparent from the folloW 
ing description and the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a partly cutaWay perspective vieW of a 
hose embodying this invention; 

[0022] FIG. 2 is a vieW similar to FIG. 1, but shoWing a 
different embodiment; 

[0023] FIG. 3A is fragmentary perspective vieW of a 
laminated sheet embodying this invention; 

[0024] 
[0025] FIG. 3C is a vieW similar to FIG. 3B, but shoWing 
a modi?ed form of a laminated sheet. 

FIG. 3B is a cross sectional vieW thereof; and 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] Uses of Hoses 

[0027] The ?uid-impermeable composite hose of this 
invention can be used for transporting various kinds of 
?uids. Its preferred use is, hoWever, for transporting a 
refrigerant, or fuel, particularly in a motor vehicle. 

[0028] In the case Where the refrigerant is carbon dioxide, 
the ?uid-impermeable composite hose according to the 
second aspect is preferred, and the ?uid-impermeable com 
posite hose according to the third aspect is preferred as the 
fuel hose. 

[0029] Wall Construction of Hoses 

[0030] The hose of this invention comprises in its Wall a 
?uid-impermeable layer formed by sandWiching a laminated 
layer containing a metallic foil or a metallic layer formed by 
vapor deposition, betWeen tWo thin resin layers. It may or 
may not have another layer or layers. The laminated layer 
may be employed in any position relative to the remaining 
layer or layers and may, for example, be employed as an 
inner or intermediate layer. 

[0031] The ?uid-impermeable layer may form the inner 
most layer of the Wall, or may be lined With a rubber layer. 
The latter may be of any rubber, but is preferably of eg 
FKM or NBR if the hose is a fuel hose. 
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[0032] The ?uid-impermeable layer may be surrounded by 
another layer, or layers. For example, it may be surrounded 
by a reinforcing layer and an outer rubber layer, and an 
intermediate rubber layer may be interposed betWeen the 
?uid-impermeable layer and the reinforcing layer. 

[0033] Fluid-Impermeable Layer 

[0034] The laminated layer and the inner and outer thin 
resin layers Which form the ?uid-impermeable layer are 
preferably bonded to one another. HoWever, they may not be 
bonded. Ausually appropriate process for making the ?uid 
impermeable layer may include forming the inner resin layer 
by extrusion, forming the laminated layer about it and 
forming the outer resin layer by extrusion, though other 
appropriate processes may be used. 

[0035] Laminated Layer 

[0036] The laminated layer may be of any construction if 
it is a laminate containing a metallic foil or a metallic layer 

formed by vapor deposition. HoWever, it is preferably com 
posed of (1) a metallic foil, (2) a metallic foil With a 
reinforcing material, or (3) a metallic layer formed by vapor 
deposition; and a resin ?lm or ?lms laminated thereon. 

[0037] The laminated layer is preferably formed by spi 
rally Winding or longitudinally lapping a tape of a laminated 
sheet composed of one of the (1) to (3) above, and a resin 
?lm or ?lms. Spiral Winding is a method in Which a tape of 
a laminated sheet is Wound spirally to form a cylindrical 
layer having no gap betWeen any tWo adjoining turns. 
Longitudinal lapping is a method in Which a tape of a 
laminated sheet having a Width large enough to encircle a 
hose to be made is placed in parallel to the longitudinal axis 
of the hose and bent into a cylindrical layer having no gap 
betWeen tWo longitudinal edges thereof. 

[0038] The laminated sheet is usually made by placing the 
metallic foil or the metallic layer betWeen tWo resin ?lms 
and bonding the ?lms to each other With an adhesive, or 
Welding them to each other. A laminated sheet containing a 
metallic layer formed by vapor deposition may be made by 
forming such a layer on one side of a resin ?lm and Welding 
or otherWise bonding another resin ?lm to that side. A 
laminated sheet may also be made by forming a metallic 
layer by vapor deposition on each of tWo resin ?lms and 
Welding or otherWise bonding the ?lms to each other in such 
a Way that the metallic layers may join each other. 

[0039] In a combination of a metallic foil and a reinforcing 
material, the reinforcing material is preferably bonded to the 
foil to produce a higher reinforcing effect. The reinforcing 
material is preferably situated radially outWardly of the foil. 
The foil and reinforcing material may or may not be bonded 
to the resin ?lms. While any kind of reinforcing material 
may be used, preferred examples are a Wire mesh and a 
reinforcing cloth because of their high stretch resistance and 
?exibility. Examples of the reinforcing cloths include a 
canvas and a nonWoven fabric, preferably made from ara 
mid, carbon, glass or like ?bers of loW stretchability. Aresin 
?lm of high strength can also be used as the reinforcing 
material. 
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[0040] The resin ?lms may be of any appropriate resin, 
such as a polyamide resin, a polyethylene-terephthalate resin 
or EVOH. Each ?lm preferably has a thickness of, say, 5 to 
100 pm. If its thickness is too large, the laminated sheet is 
dif?cult to apply by spiral Winding or longitudinal lapping. 

[0041] The laminated sheet spirally Wound or longitudi 
nally lapped preferably has a pair of spirally or longitudi 
nally extending edge portions overlapping each other to 
ensure high ?uid impermeability. Its overlapping edge por 
tions are preferably bonded to each other to ensure a still 

higher degree of ?uid impermeability. 

[0042] Thin Resin Layers 

[0043] Any resinous material may be used for the thin 
resin layers betWeen Which the laminated layer is held to 
form the ?uid-impermeable layer, since the resinous mate 
rials are generally more impermeable to a refrigerant or fuel 

than rubbers are. Moreover, the resinous materials are much 
less liable to deteriorate by sWelling or foaming With carbon 
dioxide in its supercritical state. 

[0044] Preferred resinous materials, hoWever, include 
EVOH and a polyamide resin. Other preferred examples 
include a modi?ed polyole?n resin obtained by graft poly 
meriZation of an unsaturated carboxylic acid or a derivative 

thereof to a polyole?n consisting basically of eg ethylene 
or propylene, and a mixture of any such modi?ed polyole?n 
resin and a polyamide resin. These resins are all superior in 
impermeability and resistance to a refrigerant or fuel, and in 
?exibility as Well. EVOH is, among others, preferred, since 
it enables the ?uid-impermeable layer to resist any undesir 
ably large drop in ?uid impermeability even if the metallic 
foil or layer may have been damaged or broken. 

[0045] Examples of the preferred polyamide resins 
include nylon 6, nylon 66, nylon 11, nylon 12, or a copoly 
mer thereof, and a polyamide resin having an aromatic, such 
as m-xylenediamine, in its principal chain. Other preferred 
resinous materials include polyethylene or polybutylene 
terephthalate, and polyethylene or polybutylene naphthalate. 

[0046] The resin layers can be formed by any knoWn 
method, such as extrusion molding. They preferably have a 
thickness not exceeding 300 pm each, or not exceeding 500 
pm in total, to ensure the ?exibility of the hose. An 
extremely small layer thickness in the order of, say, less than 
20 pm should, hoWever, be avoided to ensure ?uid imper 
meability and the formation of a resin layer of uniform 
thickness not having any opening therein. 

[0047] The resin layers are preferably bonded to the 
laminated layer by, for example, using an adhesive, or 
Welding. 

[0048] Intermediate Rubber Layer 

[0049] An intermediate rubber layer may be interposed 
betWeen the ?uid-impermeable layer and a reinforcing layer 
surrounding it, if any, to ensure improved adhesion, protec 
tion and ?exibility, as stated before. The intermediate rubber 
layer gives effects as mentioned above With respect to the 
?fth aspect of the invention. It is preferably of, for example, 
butyl rubber (IIR), halogenated butyl rubber, ethylene-pro 
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pylene rubber, ethylene-propylene-diene rubber (EPDM), or 
nitrile rubber (NBR). These rubbers are high in ?uid imper 
meability and ?exibility, and easily achieve a good adhesion 
to the ?uid-impermeable and reinforcing layers at a high 
temperature. The intermediate rubber layer preferably has a 
thickness of, say, 0.2 to 1.5 mm. 

[0050] Reinforcing Layer 
[0051] The hose preferably has a reinforcing layer in its 
Wall. The reinforcing layer may, for example, be a braided 
Wire layer or a layer formed by braiding reinforcing yarn, or 
Winding reinforcing yarn in tWo spiral layers extending in 
the opposite directions, or placing an intermediate rubber 
layer betWeen tWo such spiral layers. 

[0052] Outer Rubber Layer 

[0053] An outer rubber layer may form the outermost Wall 
layer of the hose. It is preferably of any rubber of high 
Weatherability, such as chloroprene rubber (CR), IIR, chlo 
rosulfonated polyethylene rubber (CSM), or EPDM. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0054] Referring ?rst to FIG. 1, a ?uid-impermeable 
composite hose 1 sequentially comprises a ?uid-imperme 
able layer 2 as the innermost layer of its Wall, an interme 
diate rubber layer 7 formed from IIR, a reinforcing layer 8 
formed by braiding an appropriate kind of reinforcing yarn, 
and an outer rubber layer 9 formed from IIR. 

[0055] The ?uid-impermeable layer 2 is composed of an 
inner thin resin layer 3 formed by extrusion from EVOH and 
having a thickness of 150 pm, a laminated layer 5 formed by 
Winding a tape of a laminated sheet 4 spirally, and an outer 
thin resin layer 6 formed by extrusion from EVOH and 
having a thickness of 150 pm. 

[0056] The outer thin resin layer 6 and the intermediate 
rubber layer 7 are appropriately bonded to each other by 
vulcaniZation, and so are the intermediate rubber layer 7 and 
the reinforcing layer 8. The laminated sheet 4 has a pair of 
spirally extending edge portions overlapping each other and 
bonded to each other. 

[0057] FIG. 2 shoWs a hose 10 according to another 
embodiment of this invention. Its ?uid-impermeable layer is 
composed of an inner thin resin layer 3 formed from a 
polyamide resin, a laminated layer 5 formed by longitudi 
nally lapping a tape of a laminated sheet 4 and having a pair 
of longitudinally extending edge portions overlapping each 
other and bonded to each other, and an outer thin resin layer 
6 formed from a polyamide resin. In other respects, the hose 
10 is identical to the hose 1 shoWn in FIG. 1. 

[0058] The laminated sheet 4 used in the hoses shoWn in 
FIGS. 1 and 2 are shoWn in detail in FIGS. 3A and 3B. It 
includes an aluminum foil 4c as a metallic foil and a resin 
sheet as a reinforcing material 4a' which are sandWiched 
betWeen an inner resin layer 4a in the form of a thin ?lm of 
a thermoplastic PET resin and a similar outer resin layer 4b, 
and bonded thereto. 
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[0059] The metallic foil 4c is bonded to the reinforcing 
material 4a' with an adhesive not shown, and is thereby so 
bound as not to be affected at all by any tensile or like force 
acting upon the laminated sheet 4. 

[0060] FIG. 3C shoWs a modi?ed form of laminated sheet 
4. It does not have any reinforcing material as shoWn at 4a' 
in FIG. 3B., but has only a metallic foil 4c held betWeen its 
inner and outer resin layers 4a and 4b. 

[0061] While the invention has been described by Way of 
its preferred embodiments, it is to be understood that varia 
tions or modi?cations may be easily made by those skilled 
in the art Without departing from the scope of this invention 
Which is de?ned by the appended claims. 

What is claimed is: 
1. A ?uid-impermeable composite hose having a Wall 

comprising a ?uid-impermeable layer of a sandWiched struc 
ture in Which a laminated layer is held betWeen tWo thin 
resin layers, the laminated layer containing a metallic foil, or 
a metallic layer formed by vapor deposition. 

2. The hose according to claim 1, Wherein the ?uid 
impermeable layer forms the innermost layer of the Wall. 

3. The hose according to claim 2 adapted to be used for 
transporting a refrigerant in a motor vehicle. 

4. The hose according to claim 1, Wherein the Wall further 
comprises an inner rubber layer radially inWardly of the 
?uid-impermeable layer. 

5. The hose according to claim 4 adapted to be used for 
transporting fuel in a motor vehicle. 

6. The hose according to claim 4, Wherein the rubber layer 
is formed of ?uororubber or acrylonitrile-butadiene rubber. 

7. The hose according to claim 1, Wherein the Wall further 
comprises a reinforcing layer and an outer rubber layer 
radially outWardly of the ?uid-impermeable layer. 

8. The hose according to claim 7, Wherein the Wall further 
comprises an intermediate rubber layer interposed betWeen 
the ?uid-impermeable layer and the reinforcing layer. 

9. The hose according to claim 1, Wherein the laminated 
layer is formed of a laminated sheet composed of one of the 
folloWing (1) to (3), and a resin ?lm or ?lms laminated 
thereon: 
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(1) a metallic foil; 

(2) a metallic foil With a reinforcing material; and 

(3) a metallic layer formed by vapor deposition. 
10. The hose according to claim 9, Wherein the laminated 

layer is formed by Winding a tape of the laminated sheet 
spirally, or lapping With it longitudinally. 

11. The hose according to claim 10, Wherein the foil, the 
foil With a reinforcing material, or the metallic layer is held 
betWeen tWo resin ?lms. 

12. The hose according to claim 9, Wherein the foil and the 
reinforcing material are bonded to each other. 

13. The hose according to claim 12, Wherein the reinforc 
ing material is a Wire mesh or a reinforcing cloth. 

14. The hose according to claim 9, Wherein the laminated 
sheet includes tWo resin ?lms, and the metallic layer is 
formed by vapor deposition on one side of one of the resin 
?lms, the other resin ?lm being held against that side. 

15. The hose according to claim 9, Wherein the laminated 
sheet includes tWo resin ?lms, and the metallic layer is 
formed by vapor deposition on one side of each of the resin 
?lms, the resin ?lms being Welded or bonded to each other 
in such a Way that the metallic layers may join each other. 

16. The hose according to claim 1, Wherein at least one of 
the resin layers is of a material selected from the group 
consisting of an ethylene-vinyl alcohol copolymer resin, a 
mixture of a polyamide resin and a modi?ed polyole?n 
resin, a polyamide resin and a ?uororesin. 

17. The hose according to claim 1, Wherein at least one of 
the resin layers is of an ethylene-vinyl alcohol copolymer 
resin. 

18. The hose according to claim 16, Wherein the polya 
mide resin is a resin selected from the group consisting of 
nylon 6, nylon 66, nylon 11, nylon 12, a copolymer thereof 
and a polyamide resin having an aromatic in its principal 
chain. 

19. The hose according to claim 1, Wherein each of the 
resin layers has a thickness of 20 to 300 pm. 

20. The hose according to claim 1, Wherein the laminated 
layer is bonded to the resin layers. 

* * * * * 


