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(57) ABSTRACT 

A light transmission tube includes a tubular clad and a core 
Section having a higher refractive index than that of the 
tubular clad, Said light transmission tube is characterized in 
that a belt-like reflecting layer is formed between the tubular 
clad and the core Section, extending in the longitudinal 
direction of the tubular clad, in a manner Such that a light 
passing through the core Section is reflected and Scatterred 
by the reflecting layer and then emitted from an outer Surface 
area of the tubular clad, which outer Surface area is located 
opposite to one side of the tubular clad where the reflecting 
layer has been formed. Further, the reflecting layer may be 
So formed that a light is allowed to be emitted in a plurality 
of directions. Moreover, the belt-like reflecting layer may be 
formed into a spiral configuration. The width of the belt-like 
reflecting layer may be changed in the longitudinal direction 
of the light transmission tube. The tubular clad is allowed to 
have a non-circular croSS Section. The clad formation mate 
rial may contain an ultraViolet light Shielding material or an 
ultraViolet light absorbing material. 
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FIG. 1 

  



Patent Application Publication Aug. 23, 2001 Sheet 2 of 8 US 2001/0016105 A1 

FIG. 2 
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FIG. 4 
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METHOD OF MANUFACTURING LIGHT 
TRANSMISSION TUBES 

BACKGROUND OF THE INVENTION AND 
RELATED ART STATEMENT 

0001. The present invention relates to light transmission 
tubes and methods for manufacturing the light transmission 
tubes. Each of the light transmission tubes to which the 
present invention relates is comprised of a transparent 
tubular clad and a transparent core Section having a higher 
refractive indeX than the transparent tubular clad. In par 
ticular, this invention relates to light transmission tubes and 
methods for manufacturing Said tubes each of which is 
capable of emitting a light having a predetermined directiv 
ity from one side of the clad (a part of its outer Surface area). 
0002. In general, if a light transmission tube is comprised 
of a tubular clad and a core Section having a higher refractive 
indeX than the tubular clad, a usually adopted method for the 
use of it is that a large amount of light be sent toward the 
front end of the light transmission tube. As a result, a 
brightness on the circumferential Surface area of the light 
transmission tube is usually not very high. As a method for 
increasing the above brightness, it is allowable for people to 
consider forming Some irregular conveX and concave por 
tions on the internal Surface of the clad So as to improve the 
brightness on the circumferential Surface area of the light 
transmission tube. However, if a light transmission tube has 
a structure which is formed by filling the internal Space of 
the tubular clad with a liquid State polymerizable monomer 
(for forming the core section), followed by applying a 
preSSure to effect a predetermined polymerization of the 
monomer, the formation of the irregular convex and concave 
portions on the internal Surface of the clad will cause the 
clad to be easily broken, hence making it difficult to manu 
facture a light transmission tube in the above manner. 
0003. Further, people have also suggested that a sort of 
particles having a desired light Scatterring property be 
dispersed throughout the core Section So as to increase the 
brightness on the circumferential Surface area of the light 
transmission tube. However, although it has been Suggested 
that the particles capable of light Scatterring be at first 
dispersed in a liquid polymerizable monomer, then followed 
by a predetermined polymerization and Solidification, there 
has not been Suggested a method in which an amount of light 
Scatterring particles be added in the liquid State monomer So 
that upon polymerization of the monomer the light Scatter 
ring particles may be dispersed or a light reflective layer may 
be formed in a desired manner. 

0004. In the past, as a light emitting tubular member 
capable of emitting a light along a length of about Several 
meters, there had been in use a neon tube and a fluorescent 
tube. However, when using a neon tube or a fluorescent tube, 
Since a high Voltage is needed to be applied to a neon tube 
or a fluorescent tube, there is a danger that an electric Shock 
or an electric leakage may happen. As a result, Such a neon 
tube or a fluorescent tube can not be used under water, not 
is it Suitable for them to be used in a place where rain water 
or Snow frequently occur. Further, Since a neon tube or a 
fluorescent tube has been formed into a tubular shape, they 
do not have a desired impact resistance. For this reason, both 
a neon tube and a fluorescent tube failed to be used in a place 
where other objects Such as people and vehicles might 
appear. 
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0005. In order to solve the above problem, it has been 
Suggested to use a light transmission tube which is a flexible 
tube filled with a transparent core liquid or a Soft transparent 
polymer, or to employ a light transmission tube involving 
the use of a plastic material and an optical fiber. Each of the 
above Suggested light transmission tubes is So formed that a 
light from a light Source is allowed to be introduced into the 
tube through one end thereof and then this light is emitted 
from the circumferential Surface of the tube along a length 
that may be several tens of meters. In this way, Since a light 
Source may be separated from a light emitting portion, the 
tube would have no danger of being broken. As a result, each 
of the above Suggested light transmission tubes is Suitable 
for use under the water or in an outdoor environment or even 
in an environment which might involve a possibility of an 
explosion. Further, Since each of the above Suggested light 
transmission tubes is allowed to be manufactured without 
having to perform Some troubleSome treatment Such as glass 
delicate treatment, a corresponding manufacturing process 
may be carried out with an improved efficiency. 
0006. On the other hand, with a light transmission tube 
which is comprised of a transparent tubular clad and a 
transparent core Section having a higher refractive index 
than the transparent tubular clad, Since it is usually preferred 
that a lot of light be sent toward the front end of the light 
transmission tube, a brightness on the circumferential Sur 
face area of the light transmission tube is usually not very 
high. 

0007. In order to increase the above brightness, it is 
allowable to consider the formation of Some irregular con 
veX and concave portions on the internal Surface of the clad 
So as to improve the brightness on the circumferential 
Surface area of the light transmission tube. However, Since 
in use of Such a light transmission tube, a light will be caused 
to emit from the circumferential Surface area of the tube in 
every direction along the croSS Sectional plane, it is impos 
Sible to obtain a light emission having a Sufficiently high 
brightness in a predetermined desired direction. 
0008 To cope with the above problem, it has been further 
Suggested that a light reflective coating material is applied in 
a dotted or linear pattern to the outer circumferential Surface 
of a rod member which is made of a glass or a transparent 
resin, So as to form a light reflective layer thereon, thereby 
providing a light directing rod enabling a light to be emitted 
in a specifically determined direction. With the use of Such 
a light directing rod, Since a light is caused to be emitted in 
a certain specifically determined direction, a desired bright 
neSS of the light emission may be increased correspondingly. 
But, a problem with Such a light directing rod is that if Some 
dust or Small rubbish have attached to the outer circumfer 
ential Surface of the light directing rod, Such dust or Small 
rubbish will cause a deterioration in the light transmissibility 
of the transparent rod. As a result, a desired brightness will 
be decreased and/or a brightness distribution in the longi 
tudinal direction of the transparent rod will have an undes 
ired variation. Because of this, Such a light directing trans 
parent rod can only be used in a very clean environment free 
of dust or small rubbish. Moreover, the above light directing 
rod is manufactured by using an extrusion molding method 
or an injection molding method So as to produce a trans 
parent rod, followed by printing a light reflective coating 
material on to the outer circumferential Surface of the 
transparent rod. In fact, Since a relatively long time is 
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required in a Subsequent drying proceSS for drying the 
printed coating material, and Since the whole manufacturing 
proceSS has to involve at least two steps including rod 
formation and coating material printing, an industrial pro 
ductivity is low and its manufacturing cost is high. In 
addition, Since the above printing process is performed on a 
rod-like member, a desired reflective layer can only be 
formed on one side of the outer circumferential Surface 
thereof, hence undesirably causing an emitted light to 
receive a restriction in its emitting direction. 
0009 AS may be understood from the above discussion, 
in any of the related prior art techniques, there has not been 
provided a light transmission tube whose brightness may be 
increased by emitting a light from a circumferential Surface 
of Said tube in a Specifically determined direction, which 
light transmission tube is capable of being used without a 
problem that its light emitting performance will be possibly 
deteriorated because of an attachment of dust or Small 
rubbish thereto. Further, it is desired that a light transmission 
tube can be produced in a large amount on an industrial level 
with only a low cost. 

OBJECT AND SUMMARY OF THE INVENTION 

0010. It is an object of the present invention to provide a 
light transmission tube and a method for manufacturing Said 
tube which is capable of emitting a light from one side 
Surface area thereof (a part of its outer Surface area) with a 
predetermined directivity, So as to ensure a high brightness 
for the emitted light, thereby solving the above problems 
peculiar to the above-discussed prior arts. 
0011. It is another object of the present invention to 
provide a light transmission tube and a method for manu 
facturing Said tube which is capable of emitting a light with 
a high brightness in every direction. 
0012. In particular, it is a further object of the present 
invention to provide a light transmission tube and a method 
for manufacturing Said tube which is capable of optionally 
regulating an amount of a light emitted from the outer 
circumferential Surface of the tube. 

0013. It is a still further object of the present invention to 
provide a light transmission tube and a method for manu 
facturing Said tube which is capable of being manufactured 
with an improved productivity and is allowed to be installed 
in position in a desired place with a great ease and a reduced 
COSt. 

0.014. It is one more object of the present invention to 
provide a light transmission tube and a method for manu 
facturing Said tube which is capable of preventing a dete 
rioration which is possibly caused by an ultraViolet light So 
that it is Suitable for use in an outdoor environment. 

0.015. A light transmission tube made according to a first 
aspect of the present invention, includes a tubular clad and 
a core Section having a higher refractive index than that of 
the tubular clad, characterized in that a belt-like reflecting 
layer is formed between the tubular clad and the core 
Section, extending in the longitudinal direction of the tubular 
clad, in a manner Such that a light passing through the core 
Section is reflected and Scatterred by the reflecting layer and 
then emitted from an Outer Surface area of the tubular clad, 
which outer Surface area is located opposite to one side of 
the tubular clad where the reflecting layer has been formed. 
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0016. With the light transmission tube made according to 
the first aspect of the present invention, a belt-like reflecting 
layer is formed between the tubular clad and the core Section 
and extending in the longitudinal direction of the light 
transmission tube. Therefore, a light passing through the 
core Section (having the largest light amount than other 
portions in the light transmission tube) is reflected by the 
belt-like long and narrow reflecting layer. At this moment, if 
a light amount passing through the clad is Small, a light 
amount reflected by the reflecting layer will also be Small, 
hence producing only a weak reflected light. But, according 
to this aspect of the present invention, Since it is possible to 
give out (emit) a strong light having a high directivity from 
an outer Surface area of the tubular clad (which outer Surface 
area is located opposite to one side of the tubular clad where 
the reflecting layer has been formed), it is Sure for the light 
transmission tube to provide a remarkably higher brightness. 
For this reason, in a place equipped with thus manufactured 
light transmission tube, one Side of the place close to a light 
emitting Surface area of the light transmission tube will 
become extremely bright. 
0017 Further, if the above reflecting layer is formed of a 
light Scatterring particles Such as Silicon resin particles, 
polystyrene resin particles or metal oxide particles, it is 
possible to effect a light emission having an extremely high 
brightness and a higher directivity. 
0018 Moreover, if a metal sheet or a reflective coating 
layer containing dispersed light Scatterring particles is 
formed on the outer Surface of the clad to cover the reflecting 
layer formed between the clad and core Section, it is allowed 
to remarkably reduce a possible light loSS. In this way, even 
if there is a defect Such as a pinhole formed in the reflecting 
layer, a light leaking through Such pin hole to the back 
Surface of the reflecting layer, or a light leaking from the 
lateral direction, will all be reflected by the metal sheet or the 
reflective coating layer, thereby ensuring a higher brightness 
on one side of the light transmission tube opposite to the 
reflecting layer Side. 

0019. In detail, the clad is allowed to be a tube made of 
a fluorine-contained polymer, while the core Section is 
allowed to be a Solid cylindrical member made of an acrylic 
polymer. 

0020. In more detail, the clad may be made of a 
(meta)acrylic polymer, the core Section may be made of a 
polystyrene, a polycarbonate, or a styrene-(meta)acryl 
copolymer, the reflecting layer may be made of a (meta)acryl 
polymer containing a white color pigment or a light Scat 
terring material. 
0021. A method of manufacturing a light transmission 
tube according to the first aspect of the present invention, 
comprises dispersing an amount of light Scatterring particles 
in a core Section formation Solution containing a monomer 
(which is to be polymerized to form a core Section); intro 
ducing the core Section formation Solution containing the 
dispersed light Scatterring particles into the tubular clad; 
placing the tubular clad containing the core Section forma 
tion Solution in a horizontal position So as to cause the light 
Scatterring particles to precipitate down to a lower Surface 
within the clad; conducting a predetermined polymerization 
and Solidification of the core Section formation Solution in 
the clad, thereby forming a belt-like reflecting layer con 
Sisting of the light Scatterring particles, which is located 
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between the tubular clad and the core Section in the longi 
tudinal direction of the tubular clad. 

0022 With the use of the above method for manufactur 
ing a light transmission tube, it is possible to exactly form 
a desired belt-like reflecting layer in a simplified manner, 
thereby allowing an easy manufacturing of a light transmis 
Sion tube having a remarkably higher brightness, capable of 
giving out (or emitting) a light having a high directivity from 
one side Surface area of the light transmission tube. 
0023. In the method of manufacturing a light transmis 
Sion tube according to the first aspect of the present inven 
tion, a three-color extrusion molding machine having three 
crew Sections is used; a core formation material, a clad 
formation material, and a reflecting layer formation material 
containing a white color pigment or a light Scatterring 
material are simultaneously introduced into an inlet metal 
mouth adaptor on the extrusion molding machine; in a 
Simultaneous manner, the core formation material is 
extruded to be formed into a Solid cylindrical core member, 
the reflecting layer formation material is extruded into a 
belt-like reflecting layer formed on the outer surface of the 
Solid cylindrical core member, the clad formation material is 
extruded into a tubular member coverring the Solid cylin 
drical core member and the belt-like reflecting layer, thereby 
forming a belt-like reflecting layer which is located between 
the tubular clad and the core Section in the longitudinal 
direction thereof. 

0024. With the use of the above method, three kinds of 
materials having different refractive index and different 
physical properties may be extruded Simultaneously So as to 
be formed into a laminated Structure having three different 
functions, during only one operation. Since this method 
allows the laminated Structure to be formed at a high Speed, 
and Since the different layers are allowed to be laminated 
together while they are still in a Soft State, it is allowed to 
obtain a laminated Structure having an excellent adhesion 
between various different layers. 
0.025 Further, a reflective protection layer is allowed to 
be formed on the outer Surface of the tubular clad to cover 
the reflecting layer formed between the tubular clad and the 
core Section. 

0026. A light transmission tube made according to a 
Second aspect of the present invention, and light transmis 
Sion tubes made according to a third, fourth, fifth and Sixth 
aspects of the present invention, are each comprised of a 
tubular clad and a core Section having a higher refractive 
index than that of the tubular clad. Abelt-like reflecting layer 
is formed between the tubular clad and the core Section, 
extending in the longitudinal direction of the tubular clad, in 
a manner Such that a light passing through the core Section 
is reflected and Scatterred by the reflecting layer and then 
emitted from an outer Surface area of the tubular clad, which 
outer Surface area is located opposite to one side of the 
tubular clad where the reflecting layer has been formed. 
Particularly, a light transmission tube made according to a 
Second aspect of the present invention, has a plurality of the 
reflecting layers which are So formed that a light passing 
through the above core Section may be emitted from Side 
Surface area of the tubular clad in a plurality of directions. 
0027) Further, in a light transmission tube made accord 
ing to a Second aspect of the present invention, and light 
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transmission tubes made according to a third, fourth, fifth 
and Sixth aspects of the present invention, a belt-like reflect 
ing layer is formed between the tubular clad and the core 
Section and extending in the longitudinal direction of the 
light transmission tube. Therefore, a light passing through 
the core section (having the largest light amount than other 
portions in the light transmission tube) is reflected by the 
belt-like narrow reflecting layer, thus it is possible to emit a 
Strong light having a high directivity from an Outer Surface 
area of the tubular clad (which outer Surface area is located 
opposite to one side of the tubular clad where the reflecting 
layer has been formed). As a result, it is Sure for the light 
transmission tube to provide a remarkably higher brightness, 
enabling a place equipped with Such light transmission tube 
to be illuminated very brightly. In particular, Since the light 
transmission tube made according to a Second aspect of the 
present invention has a plurality of reflecting layers, a light 
is allowed to be emitted out in two or more than two 
directions with a good directivity. 
0028 Moreover, in a light transmission tube made 
according to a Second aspect of the present invention, and in 
light transmission tubes made according to a third, fourth, 
fifth and Sixth aspects of the present invention, the clad is 
allowed to be made of a (meta)acrylic polymer, the core 
Section is allowed to be made of a polystyrene, a polycar 
bonate, or a styrene-(meta)acryl copolymer, the reflecting 
layer is allowed to be made of a (meta)acryl polymer 
containing a whit color pigment or a light Scatterring mate 
rial. 

0029. In a method for manufacturing a light transmission 
tube according to a Second aspect of the present invention, 
and light transmission tubes made according to a third, 
fourth, fifth and Sixth aspects of the present invention, a 
three-color extrusion molding machine having three crew 
Sections is used. A core formation material, a clad formation 
material, and a reflecting layer formation material contain 
ing a white color pigment or a light Scatterring material are 
Simultaneously introduced into an inlet metal mouth adaptor 
on the extrusion molding machine. At the same moment, the 
core formation material is extruded to be formed into a Solid 
cylindrical core member, the reflecting layer formation 
material is extruded into a plurality of belt-like reflecting 
layers formed on the outer surface of the solid cylindrical 
core member, the clad formation material is extruded into a 
tubular member coverring the Solid cylindrical core member 
and the plurality of the belt-like reflecting layers. Particu 
larly, in a method of manufacturing a light transmission tube 
according to a Second aspect of the present invention, a 
plurality of the reflecting layers are formed between the 
tubular clad and the core Section in the longitudinal direction 
of the light transmission tube. 
0030) A light transmission tube made according to a third 
aspect of the present invention, includes a tubular clad and 
a core Section having a higher refractive indeX than that of 
the tubular clad. In particular, a belt-like reflecting layer is 
formed between the tubular clad and the core Section, 
extending in the longitudinal direction of the tubular clad, in 
a manner Such that a light passing through the core Section 
is reflected and Scatterred by the reflecting layer and then 
emitted from an outer Surface area of the tubular clad, which 
outer Surface area is located opposite to one side of the 
tubular clad where the reflecting layer has been formed. In 
detail, the belt-like reflecting layer is formed into a spiral 
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configuration, thereby rendering a light passing through the 
above core Section to be emitted Spirally from Side Surface 
areas of the tubular clad. 

0031. In the light transmission tube made according to a 
third aspect of the present invention, a belt-like reflecting 
layer is formed between the tubular clad and the core Section 
and extending in the longitudinal direction of the light 
transmission tube. Therefore, a light passing through the 
core Section (having the largest light amount than other 
portions in the light transmission tube) is reflected by the 
belt-like narrow reflecting layer, thus it is possible to emit a 
Strong light having a high directivity from an outer Surface 
area of the tubular clad (which outer Surface area is located 
opposite to one side of the tubular clad where the reflecting 
layer has been formed). As a result, it is Sure for the light 
transmission tube to provide a remarkably higher brightness, 
enabling a place equipped with Such light transmission tube 
to be illuminated very brightly. In particular, Since the 
reflecting layer has been formed into a spiral configuration, 
a light having a good directivity is allowed to be emitted in 
a spiral manner, thereby forming a light emission in every 
direction with a high brightness. 

0032. In a method for manufacturing a light transmission 
tube according to a third aspect of the present invention, a 
three-color extrusion molding machine having three crew 
Sections is used. A core formation material, a clad formation 
material, and a reflecting layer formation material contain 
ing a white color pigment or a light Scatterring material are 
Simultaneously introduced into an inlet metal mouth adaptor 
on the extrusion molding machine. Then, at the same 
moment, the core formation material is extruded to be 
formed into a Solid cylindrical core member, the reflecting 
layer formation material is extruded into a plurality of 
belt-like reflecting layers formed on the outer surface of the 
Solid cylindrical core member, the clad formation material is 
extruded into a tubular member coverring the Solid cylin 
drical core member and the plurality of the belt-like reflect 
ing layers. Particularly, the extruded material is twisted 
while being pulled out, So that the belt-like reflecting layer 
formed between the tubular clad and the core section extend 
ing in the longitudinal direction of the light transmission 
tube is formed into a spiral configuration. 

0033) A light transmission tube made according to a 
fourth aspect of the present invention, includes a tubular clad 
and a core Section having a higher refractive indeX than that 
of the tubular clad. In particular, a belt-like reflecting layer 
is formed between the tubular clad and the core Section, 
extending in the longitudinal direction of the tubular clad, in 
a manner Such that a light passing through the core Section 
is reflected and Scatterred by the reflecting layer and then 
emitted from an outer Surface area of the tubular clad, which 
outer Surface area is located opposite to one side of the 
tubular clad where the reflecting layer has been formed. In 
detail, the width of the belt-like reflecting layer is allowed to 
change in the longitudinal direction of the light transmission 
tube. 

0034. In the light transmission tube made according to a 
fourth aspect of the present invention, a belt-like reflecting 
layer is formed between the tubular clad and the core Section 
and extending in the longitudinal direction of the light 
transmission tube. Therefore, a light passing through the 
core Section (having the largest light amount than other 
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portions in the light transmission tube) is reflected by the 
belt-like narrow reflecting layer, thus it is possible emit a 
Strong light having a high directivity from an Outer Surface 
area of the tubular clad (which outer Surface area is located 
opposite to one side of the tubular clad where the reflecting 
layer has been formed). As a result, it is Sure for the light 
transmission tube to provide a remarkably higher brightness, 
enabling a place equipped with Such light transmission tube 
to be illuminated very brightly. In particular, since the width 
of the reflecting layer is allowed to be changed in the 
longitudinal direction of the light transmission tube, it is 
allowed to easily perform an adjustment of a light emitting 
amount on any position along the light transmission tube, by 
adjusting the width of the reflecting layer in the longitudinal 
direction thereof. 

0035) In this way, since the belt-like reflecting layer is 
allowed to be so formed that its width becomes gradually 
larger from one end (forming a light introducing position) of 
the light transmission tube to the other, it is Sure for the light 
transmission tube to emit a light having an amount uni 
formly distributed in the longitudinal direction thereof. 

0036). In a method for manufacturing a light transmission 
tube according to a fourth aspect of the present invention, a 
three-color extrusion molding machine having three crew 
Sections is used. A core formation material, a clad formation 
material, and a reflecting layer formation material contain 
ing a white color pigment or a light Scatterring material are 
Simultaneously introduced into an inlet metal mouth adaptor 
on the extrusion molding machine. Then, at the same 
moment, the core formation material is extruded to be 
formed into a Solid cylindrical core member, the reflecting 
layer formation material is extruded into a plurality of 
belt-like reflecting layers formed on the outer surface of the 
Solid cylindrical core member, the clad formation material is 
extruded into a tubular member coverring the Solid cylin 
drical core member and the plurality of the belt-like reflect 
ing layers. Particularly, the number of rotation of the extrud 
ing Screw is changed So as to change an extruding amount 
of the reflecting layer formation material, thereby forming a 
belt-like reflecting layer between the tubular clad and the 
core section, with the width thereof being different in the 
longitudinal direction of the light transmission tube. 

0037. A light transmission tube made according to a fifth 
aspect of the present invention, includes a tubular clad and 
a core Section having a higher refractive indeX than that of 
the tubular clad. In particular, a belt-like reflecting layer is 
formed between the tubular clad and the core Section, 
extending in the longitudinal direction of the tubular clad, in 
a manner Such that a light passing through the core Section 
is reflected and Scatterred by the reflecting layer and then 
emitted from an outer Surface area of the tubular clad, which 
outer Surface area is located opposite to one side of the 
tubular clad where the reflecting layer has been formed. In 
detail, an outer peripheral configuration of the croSS Section 
of the tubular clad, which croSS Section is perpendicular to 
the longitudinal direction of the tubular clad, is a non 
circular shape. 

0038. In the light transmission tube made according to a 
fifth aspect of the present invention, a belt-like reflecting 
layer is formed between the tubular clad and the core Section 
and extending in the longitudinal direction of the light 
transmission tube. Therefore, a light passing through the 
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core Section (having the largest light amount than other 
portions in the light transmission tube) is reflected by the 
belt-like narrow reflecting layer, thus it is possible to emit a 
Strong light having a high directivity from an outer Surface 
area of the tubular clad (which outer Surface area is located 
opposite to one side of the tubular clad where the reflecting 
layer has been formed). As a result, it is Sure for the light 
transmission tube to provide a remarkably higher brightness, 
enabling a place equipped with Such light transmission tube 
to be illuminated very brightly. In particular, Since an outer 
peripheral configuration of the croSS Section of the tubular 
clad is a non-circular shape, it is allowed to dispense with 
Some other installing elements for installing the light trans 
mission tube on to a predetermined Surface, thereby permit 
ting an easy installing operation. In addition, a positioning 
operation for correctly positioning the light transmission 
tube during the installing operation has become easy. 
0039. Further, with the light transmission tube made 
according to a fifth aspect of the present invention, the outer 
peripheral configuration of the croSS Section of the tubular 
clad includes at least one linear portion. For example, if it is 
formed into any one of the flowing shapes (i), (ii), (iii), an 
installing operation will become easy. 
0040 (i) the outer peripheral configuration of the cross 
Section of the tubular clad includes at least two linear 
portions which are mutually perpendicular to each other. 
0041 (ii) the tubular clad has a protruding member 
outwardly protruding in an extending direction of a linear 
portion. 
0.042 (iii) the tubular clad has a protruding member 
outwardly protruding in a direction perpendicular to the 
extending direction of the linear portion. 
0043. In a method for manufacturing a light transmission 
tube according to a fifth aspect of the present invention, a 
three-color extrusion molding machine having three crew 
Sections is used. A core formation material, a clad formation 
material, and a reflecting layer formation material contain 
ing a white color pigment or a light Scatterring material are 
Simultaneously introduced into an inlet metal mouth adaptor 
on the extrusion molding machine. Then, at the same 
moment, the core formation material is extruded to be 
formed into a Solid cylindrical core member, the reflecting 
layer formation material is extruded into a belt-like reflect 
ing layer formed on the outer Surface of the Solid cylindrical 
core member, the clad formation material is extruded into a 
tubular member coverring the Solid cylindrical core member 
and the plurality of the belt-like reflecting layers. Particu 
larly, an outer peripheral configuration of the croSS Section 
of the tubular clad is a non-circular shape. 
0044 Alight transmission tube made according to a sixth 
aspect of the present invention, includes a tubular clad and 
a core Section having a higher refractive index than that of 
the tubular clad. In particular, a belt-like reflecting layer is 
formed between the tubular clad and the core Section, 
extending in the longitudinal direction of the tubular clad, in 
a manner Such that a light passing through the core Section 
is reflected and Scatterred by the reflecting layer and then 
emitted from an outer Surface area of the tubular clad, which 
outer Surface area is located opposite to one side of the 
tubular clad where the reflecting layer has been formed. In 
detail, the tubular clad formation material contains an ultra 
Violet light shielding material or an ultraViolet light absorb 
ing material. 
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0045. In the light transmission tube made according to a 
Sixth aspect of the present invention, a belt-like reflecting 
layer is formed between the tubular clad and the core Section 
and extending in the longitudinal direction of the light 
transmission tube. Therefore, a light passing through the 
core Section (having the largest light amount than other 
portions in the light transmission tube) is reflected by the 
belt-like narrow reflecting layer, thus it is possible to give 
out a strong light having a high directivity from an outer 
Surface area of the tubular clad (which outer Surface area is 
located opposite to one side of the tubular clad where the 
reflecting layer has been formed). As a result, it is Sure for 
the light transmission tube to provide a remarkably higher 
brightness, enabling a place equipped with Such light trans 
mission tube to be illuminated very brightly. In particular, 
Since the tubular clad formation material contains an ultra 
Violet light shielding material or an ultraViolet light absorb 
ing material, an obtained light transmission tube has an 
excellent ultraViolet light resistance, So that it is Suitable for 
use in an outdoor environment. Therefore, it has become 
possible to provide, with a low manufacturing cost, a light 
transmission tube having a simple Structure without a neces 
sity to use Some other specific protection materials. For this 
reason, it is allowed to use a core Section formation material 
which has only a low resistance against an ultraViolet light. 

0046 Preferably, in the light transmission tube made 
according a Sixth aspect of the present invention, the tubular 
clad is made of a (meta)acryl polymer containing an ultra 
Violet light shielding material or an ultraViolet light absorb 
ing material, the core Section is made of a polystyrene, a 
polycarbonate, or a styrene-(meta)acryl copolymer, the 
reflecting layer is made of a (meta)acryl polymer containing 
a white color pigment or a light Scatterring material. 

0047. In a method for manufacturing a light transmission 
tube according to a sixth aspect of the present invention, a 
multi-color extrusion molding machine Such as a three-color 
extrusion molding machine having three crew Sections is 
used. A core formation material, a clad formation material, 
and a reflecting layer formation material containing a white 
color pigment or a light Scatterring material are Simulta 
neously introduced into each inlet metal mouth adaptor on 
the three-color extrusion molding machine. Then, at the 
Same moment, the core formation material is extruded to be 
formed into a Solid cylindrical core member, the reflecting 
layer formation material is extruded into a plurality of 
belt-like reflecting layers formed on the outer surface of the 
Solid cylindrical core member, the clad formation material is 
extruded into a tubular member coverring the Solid cylin 
drical core member and the belt-like reflecting layer. In this 
way, a belt-like reflecting layer is formed between the 
tubular clad and the core Section, extending in the longitu 
dinal direction of the light transmission tube. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0048 FIG. 1 is a side sectional view schematically 
indicating one embodiment of the present invention. 

0049 FIG. 2 is a cross sectional view taken along A-A 
line in FIG. 1. 

0050 FIG. 3 is a cross sectional view similar to FIG. 2 
Schematically indicating another embodiment of the present 
invention. 
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0051 FIG. 4 is a perspective view schematically indi 
cating one embodiment of a light transmission tube made 
according to the present invention. 
0.052 FIG. 5 is a cross sectional view taken along V-V 
line in FIG. 4. 

0053 FIG. 6 is a side sectional view taken along VI-VI 
line in FIG. 5. 

0054 FIGS. 7a, 7b, 7c and 7d are cross sectional views 
Schematically indicating Several examples of the formation 
of Several different reflecting layers. 
0055 FIGS. 8a, 8b and 8c are graphs indicating angle 
analyzing results of emitted lights from light transmission 
tubes made in Several Examples and Comparative 
Examples. 
0056 FIG. 9a is a perspective view schematically indi 
cating an embodiment of a light transmission tube made 
according to the present invention. 
0057 FIG.9b is a perspective view schematically indi 
cating a light transmission tube without illustrating a tubular 
clad. 

0.058 FIG. 9c is a cross sectional view taken along C-C 
line in FIG. 9a. 

0059 FIG. 10a is a perspective view schematically indi 
cating an embodiment of a light transmission tube made 
according to the present invention. 
0060 FIG. 10b is a perspective view schematically indi 
cating a light transmission tube without illustrating a tubular 
clad. 

0061 FIG. 10c is a cross sectional view taken along 
XC-XC line in FIG 10a. 

0.062 FIG. 10d is a cross sectional view taken along 
XD-XD line in FIG 10a. 

0.063 FIG.11a is a perspective view schematically indi 
cating an embodiment of a light transmission tube made 
according to the present invention. 
0.064 FIG. 11b is a cross sectional view taken along 
XIB-XIB line in FG 11a. 

0065 FIG. 11c is a side sectional view taken along 
XIC-XIC line in FIG. 11a. 

0.066 FIGS. 12a-12fare cross sectional views schemati 
cally indicating Several embodiments of Several types of 
light transmission tubes made according to the present 
invention. 

DETAILED DESCRIPTIONS OF THE 
PREFERRED EMBODIMENTS 

0067. The preset invention will be described in more 
detail in the following with reference to the accompanying 
drawings. 
0068 Referring to FIGS. 1 and 2, a light transmission 
tube 1 made according to the present invention is comprised 
of a transparent tubular clad 3 and a transparent core Section 
2 having a higher refractive index than the transparent 
tubular clad 3. Further, between the inner Surface on one side 
of the clad 3 and the core section 2, there is formed a 
belt-like light reflecting layer 4 extending in the longitudinal 
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direction of the clad 3. In detail, the light reflecting layer 4 
is formed on the outer Surface of the core Section 2 in a 
manner Such that it invades slightly from Said Surface into 
the inner portions thereof. In this way, a light L. passing 
through the core Section 2 may be reflected by the reflecting 
layer 4 and is allowed to be emitted from a side Surface area 
(an outer Surface area) located opposite to the reflecting 
layer 4, thereby effecting a desired light emission. Moreover, 
if a reflective protection layer 5 is formed on the outer 
Surface of Said one side of the clad 3 to cover the reflecting 
layer 4, it is possible to obtain a further satisfactory effect 
which is expected by a user on a light transmission tube. 

0069. As a material for forming the above tubular clad 3, 
in a manufacturing proceSS which will be described in detail 
later, it is preferred to use a plastic material or an elastomer 
material which has a low refractive indeX and but equipped 
with a desired flexibility so that the material itself may be 
easily formed into a tubular shape. For example, it is allowed 
to employ one or more of the following Substances which 
may be listed to include a polyethylene, a polypropylene, a 
polyamide, a polystyrene, an ABS resin, a polymethyl 
methacrylate, a polycarbonate, a polyvinyl chloride, a poly 
Vinylidene chloride, a polyvinyl acetate, a copolymer of a 
polyethylene and a polyvinyl acetate, a polyvinyl alcohol, a 
copolymer of polyethylene and polyvinyl alcohol, a fluo 
rine-contained resin, a Silicon resin, a natural rubber, a 
polymer isoprene rubber, a polymer butadiene rubber, a 
copolymer of a Styrene and a butadiene, a butyl rubber, a 
halogenated butyl rubber, a chloroprene rubber, an acryl 
rubber, an EPDM, a copolymer of an acrylonitrile and a 
butadiene, a fluorine-contained rubber, a Silicon rubber. 

0070 Among the above listed polymers and copolymers, 
it is preferred to use a Silicon polymer or a flurorine 
contained polymer each of which has a relatively low 
refractive index. In more detail, it is preferred to employ a 
Silicon polymer Such as a polydimethyl siloxane polymer, a 
polymethyl phenyl siloxane polymer, a fluorosilicon poly 
mer. Further, it is also preferred to use one or more of the 
flowing Substances which may be listed to include a poly 
tetrafluoroethylene (PTFE), a copolymer of a tetraethylene 
and a hexafluoropropylene (FEP), a copolymer of a tet 
rafluoroethylene and a perfluoroalkoxy ethylene (PFE), a 
polychlorotrifluoroethylene (PCTFE), a copolymer of a tet 
raethylene and an ethylene, a polyvinylidene fluoride, a 
polyvinyl fluoride, a copolymer of a fluorovinylidene and a 
trifluoroethylene chloride, a copolymer of a fluorovinylidene 
and a hexapropylene, a ternary copolymer of three Sorts of 
tetrafluoroethylene, a tetrafluoroethylene propylene rubber, 
a fluorine-contained thermoplastic elastomer. In particular, it 
is preferred to use a fluorine-contained polymer. 

0071. On the other hand, as material for forming the core 
Section 2, it is preferred to use a Solid State Substance, Such 
as an (meta)acrylic polymer, a polycarbonate polymer, an 
ethylidene norbornane polymer, an ABS, an SIS, an SEBS (a 
polymer of Styrene, ethylene, butadiene and Styrene block), 
with the (meta)acrylic polymer being the most favourable 
OC. 

0072 In detail, as a (meta)acrylic polymer, it is allowed 
to use a homopolymer obtained by polymerizing a monomer 
Selected from a group consisting of an acrylic acid, a 
methacrylic acid, and an ester obtained by combining these 
monohydric alcohols. Alternatively, it is allowed to use a 
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copolymer obtained by copolymerizing two or more mono 
mers. Here, as a monohydric alcohol, it is allowed to use a 
Substance containing 1-22 carbon atoms. In particular, it is 
preferred to use a copolymer obtained by copolymerizing a) 
a monomer represented by the flowing general formula (1) 
and b) a monomer Selected from a group consisting of an 
acrylic acid, a methacrylic acid, and an ester obtained by 
combining a lower alcohol (containing 1-5 carbon atoms, 
preferably 1-3 carbon atoms). In this way, it is possible to 
obtain a Suitable material for use as a core Section which will 
have a desired Softness, an excellent flexibility, and an 
excellent light transmissibility. 

(1) 
R1 

O 

0073. In the above general formula, R' is a hydrogen 
atom or a methyl group, R is an alkyl group having 8-20 
carbon atoms, preferably 10-16 carbon atoms, most prefer 
ably 12-14 carbon atoms. These higher alkyl groups may be 
used either Singly or in combination including two or more 
of them, preferably it is desired to use a mixed alkyl group 
including an alkyl group containing 12 carbon atoms and an 
alkyl group containing 13 carbon atoms. At this time, a 
weight ratio of an alkyl group containing 12 carbon atoms to 
an alkyl group containing 13 carbon atoms is usually 20:80 
80:20, preferably 40:60-60:40. On the other hand, a copo 
lymerization ratio of the above monomer (selected from a 
group consisting of an acrylic acid, a methacrylic acid, and 
a lower alcohol ester) to a monomer represented by general 
formula (1) should be properly set at 50:95-79:21 by weight, 
preferably 30:70-65:35 by weight. 
0.074 Although there is not any limitation to the diameter 
of the above core section 2, Such a diameter should be 2-30 
mm, preferably 5-15 mm. 
0075) The above reflecting layer 4 is preferred to be 
formed by an amount of light Scatterring particles capable of 
Scatterring a light. Here, as the light Scatterring particles, it 
is allowed to use Some organic polymer particles Such as 
Silicon resin particles and polystyrene resin particles, but it 
is also allowed to use Some inorganic metal oxide particles 
Such as Al-Os, ro, SiO2, Sulfate particles Such as BaSO4 
and carbonate particles Such as CaCO. In practice, the 
above Several kinds of particles may be used Singly or in 
combination including two or more of them. 
0.076 An average diameter of the above particles is 
0.1-30 um, preferably 1-15 um. In a manufacturing proceSS 
for producing a light transmission tube, if an average diam 
eter of the above particles is larger than 30 um, the particles 
are likely to precipitate downwardly when a liquid State 
material for forming the core Section 2 is being introduced 
into the tubular clad. As a result, Some undesired phenom 
enon will occur during the manufacturing process. 
0077. Further, although there is not any limitation to the 
thickness of the reflecting layer 4, Such thickness is preferred 
to be set within a range of 10-200 um, preferably 50-100 um. 
If the thickness of the reflecting layer 4 is less than 10 um, 

Aug. 23, 2001 

there will be only Small amount of a reflected light, resulting 
in a decrease in the brightness of the light transmission tube 
1. On the other hand, if the thickness of the reflecting layer 
4 is more than 100 um, there will be a large amount of a 
reflected light, thereby resulting in an increase in the bright 
ness of the light transmission tube 1. However, such kind of 
increased brightness can be expected to occur only when the 
reflecting layer 4 is located not far from a light Source. This 
means that if the reflecting layer 4 is located far from a light 
Source, the reflecting layer 4 having a large thickness will 
instead cause a decrease in the brightness of the light 
transmission tube 1. 

0078 When using a second manufacturing method of the 
present invention which will be described in detail later, it is 
preferred that the core Section 2 be formed of a polystyrene, 
a polycarbonate, or a copolymer of a Styrene and a 
(meta)acryl. Further, the clad 3 which has a lower refractive 
index than the core section 2 is preferred to be formed by a 
(meta)acrylic polymer or the like. Moreover, the reflecting 
layer 4 is preferred to be formed by a (meta)acrylic polymer 
containing a white color pigment and a light Scatterring 
material. In detail, as a (meta)acrylic polymer, it is allowed 
to use Some other Substances, provided that they can Serve 
as an equivalent to the (meta)acrylic polymer. As a white 
color pigment and a light Scatterring material, it is allowed 
to use Some other Substances, provided that they can Serve 
as an equivalent to the above light Scatterring particles. 
0079. Where a light is likely to leak from the reflective 
protection layer 5, Such a reflective protection layer is 
allowed to be so formed that it will not allow a light to pass 
therethrough So as to avoid the leaking of light to the outside 
of the light transmission tube 1. At this time, the reflective 
protection layer 5 is preferred to be a metal foil or metal 
sheet made of a Silver or an aluminum which does not absorb 
a leaked light but reflects the Same. Alternatively, the reflec 
tive protection layer 5 is allowed to be a coating layer 
throughout which are dispersed a lot of the above light 
Scatterring particles capable of Scatterring a light. 
0080. As shown in FIG. 2, the reflective protection layer 
5 is formed on the outer surface of the clad 3 only to cover 
the reflecting layer 4. Alternatively, as shown in FIG. 3, the 
reflective protection layer 5 may be made larger than the 
reflecting layer 4, and is formed on the outer Surface of the 
clad 3 in a manner Such that it extends along one Side Surface 
area of the clad 3 but with its light emitting portion exposed. 
0081. According to a first method for manufacturing the 
light transmission tube 1, an amount of light Scatterring 
particles are dispersed uniformly throughout a liquid mate 
rial containing the above monomers. Then, the liquid mate 
rial is poured into a clad tube prepared for forming the clad 
3. Subsequently, both ends of the clad tube containing the 
liquid material are Sealed, while the clad tube itself is placed 
in a horizontal position which is kept for about 30 minutes 
48 hours, So that the particles dispersed in the liquid material 
are caused to precipitate. Afterwards, with the particles 
precipitated on the bottom layer within the liquid material, 
the above monomers are polymerized and then Solidified, 
thereby obtaining a desired light transmission tube in which 
the reflecting layer 4 consisting of the light Scatterring 
particles is formed between the clad 3 and the core Section 
2. If necessary, the reflecting layer 4 may be So formed that 
it partially invades from the outer Surface of the core Section 
2 into the inner portion thereof. 
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0082 Although there is not any limitation to a method for 
polymerizing the monomers, it is usually preferred to use a 
method which involves the addition of a polymerization 
initiator and requires the polymerization to be continued for 
1-20 hours at a temperature of 50-120° C. In detail, the 
polymerization initiator may be an organic peroxide Such as 
a t-butylhydroperoxide, a di-t-butyl peroxide, a lauroyl 
peroxide, a benzol peroxide, a dimyristyl peroxy dicarbon 
ate, a t-butyl peroxy acetate, a t-butyl peroxy (2-ethyl 
hexanolate), a cumylperoxy octate, or an azo compound 
Such as an azobisisobutyronitrile and an azobiscyclohexan 
nitrile. Further, in order to prevent a possible formation of air 
bubbles in the core Section 2, it is Suggested that Said 
polymerization be performed under a condition in which a 
preSSure is applied to the liquid material for forming the core 
section 2 through one or both ends of the clad tube. 

0.083. According to a second method for manufacturing 
the light transmission tube 1, a three-color extrusion mold 
ing machine having three crew Sections is used, a core 
formation material, a clad formation material and a light 
reflecting material containing a white color pigment or a 
light Scatterring particles are at the same time introduced 
into an inlet mouth adaptor on the three-color extrusion 
molding machine. In this way, at Substantially the same time, 
the core formation material is extruded So as to be formed 
into a Solid cylindrical core Section 2, the light reflecting 
material is extruded so as to be formed into a belt-like 
reflecting layer 4 attached on the outer Surface of the Solid 
cylindrical core Section 2, the clad formation material is 
extruded So as to be formed into a tubular member coverring 
the core section 2 and the reflecting layer 4, with the belt-like 
reflecting layer 4 located between the clad 3 and the core 
Section 2 and arranged in the longitudinal direction thereof. 

0084. A first aspect of the present invention will be 
described in detail below with reference to some examples 
and Some comparative examples. But, it is to be understood 
that the present invention should not be limited by these 
examples given in the following. 

Aug. 23, 2001 

particles, which may be silicon resin particles (made by 
Toshiba Silicon Co., Ltd.) having an average particle size of 
7 um and a Specific gravity of 0.92, or may be polystyrene 
resin particles (made by Sekisui Chemical Products Co., 
Ltd.) having an average particle size of 10 um and a specific 
gravity of 1.06, were added into 100 parts by weight of the 
monomer Solution. Afterwards, the monomer Solution con 
taining the light Scatterring particles was poured into an FEP 
tube having an outer diameter of 6 mm and a length of 1.5 
m. Subsequently, both ends of the FEP tube were sealed up 
and the tube itself was kept still in a horizontal position for 
about 2 hours, So as to cause the above particles to precipi 
tate downwardly to a lower area of the inner Surface of the 
FEP tube. In practice, in order for the above precipitation 
process to be continued for a predetermined time period, the 
FEP tube was placed in a warm bath. Then, a pressure of 3.5 
kg/cm was applied through each end into the FEP tube, so 
as to perform the predetermined polymerization for 3 hours, 
thereby obtaining a Solidified polymer and thus a desired 
light transmission tube 1. 
0086 The obtained light transmission tube 1 has a belt 
like reflecting layer formed on the Outer Surface of the core 
Section 2 in the longitudinal direction thereof. 
0087 Further, the brightness of the obtained light trans 
mission tube 1 was measured by a color chrominance meter 
CS100, using a halogen lamp (20 W) as a light source. In 
fact, what was measured is a brightness of the Side Surface 
area opposite to the reflecting layer in the light transmission 
tube 1, with a light being introduced through one end of the 
tube 1. The results of the brightness measurement are 
indicated in the following Table 1. 
0088 As a Comparative Example 1, a monomer Solution 
not containing the above light Scatterring particles was 
poured into an FEP tube, a similar polymerization was 
conducted within the FEP tube, thereby obtaining another 
light transmission tube. The brightness on one side Surface 
area of this light transmission tube was measured with the 
use of the same measurement instrument and under the same 
condition as in the above Example 1, with the measurement 
results shown in the following Table 1. 

TABLE 1. 

Added 
Amount Measurement Position (A distance 
(Parts from a light introducing end position 

Dispersed by On a light transmission tube 

Particles weight) 10 cm 20 cm 30 cm 40 cm 

Comparative None O 65 cd/m 19 cd/m 12 cd/m 11 cd/m? 
Example 1 
Example 1 Polystyrene 0.15 620 cd/m 410 cd/m 310 cd/m 205 cd/m 

EXAMPLE 1. 

0085 60 parts by weight of MMA (methyl methacrylic 
acid), 40 parts by weight of LMA (lauryl methacrylic acid), 
and 0.05 parts by weight of BPO (benzol peroxide) were 
mixed together to form a monomer Solution (a liquid mate 
rial for forming the core Section 2, having a specific gravity 
of 0.92). Then, 0.15 parts by weight of light scatterring 

Particles 
Silicone O.15 
Particles 

613 cd/m 422 cd/m 380 cd/m 265 cd/m 

0089. As may be understood from the above Table 1, a 
light transmission tube involving the use of light Scatterring 
particles and having a light reflecting layer formed in a 
proper position within the tube (Example 1), has been found 
to have a remarkably higher brightness on one side Surface 
area thereofthan a light transmission tube not containing the 
light Scatterring particles and without a light reflecting layer 
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(Comparative Example 1). Further, Such a brightness in 
Example 1 was found to be easily collectable even if a 
measuring point is separated from a light Source (this means 
there is only less light distribution). 

EXAMPLE 2 

0090. A light transmission tube was manufactured in the 
Same manner as in Example 1. The brightness on one side 
Surface area of the light transmission tube obtained in 
Example 2 was measured in the Same manner as in Example 
1, with the use of a LED red lamp as a light Source (an 
applied Voltage was 2 V, an electric current was 20 mA, an 
electric power was 0.04 W). The light transmission tube 
obtained in Example 2 was compared with another light 
transmission tube (Comparative Example 2) which involves 
the use of a light reflective tape (consisting of a polyvinyl 
chloride resin containing a white color pigment, the tape 
itself being coated with an adhesive agent) bonded on the 
outer Surface of the clad So as to cover the reflecting layer. 
The results of the measurements of the two light transmis 
sion tubes are shown in the following Table 2. 
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2 is only 0.04 W and thus only a small electric current is 
needed, the entire brightness of the light transmission tube 
is relatively low. 

EXAMPLE 3 

0092. A three-color extrusion molding machine having 
three crew Sections was used, which is capable of extruding 
at the same time a core formation material, a clad formation 
material and a light reflecting material. The core formation 
material, the clad formation material consisting of an acryl 
polymer, a reflecting layer formation material obtained by 
dispersing fifteen weight percent of a titan oxide in an acryl 
polymer (which is the same as the acryl polymer for forming 
the clad), are at the same time introduced into an inlet mouth 
adaptor on the three-color extrusion molding machine, 
thereby Simultaneously forming a Solid cylindrical rod hav 
ing a diameter of 6 mm, a belt-like white color reflecting 
layer having a width of 1.5 mm and a thickness of 0.01-0.02 
mm (which is formed on the outer surface of the solid 
cylindrical rod), and a tubular clad coverring the rod and the 

TABLE 2 

Added 
Amount Measurement Position 
(Parts (A distance from a light introducing end 

Dispersed by position on a light transmission tube 

Particles weight) 5 cm 12 cm 20 cm 

Comparative None O 3.3 cd/m? 1.0 cd/m 0.4 cd/m? 
Example 2 
Example 2 Silicone 0.5 10.2 cd/m2 10.0 cd/m 9.6 cd/m? 

Particles 
Silicone 0.5 16.8 cd/m 16.5 cd/m 16 cd/m 
Particles 
(Light 
reflective tape 
attached) 

0091. It is understood from the above Table 2 that the reflecting layer, thus producing a cylindrical light transmis 
light transmission tube obtained in Example 2 has a high 
brightness on one Side Surface area thereof, and that it is 
possible to obtain an improved brightness by including a 
light reflective tape. However, if compared with the light 
transmission tube obtained in the above Example 1 using a 
halogen lamp of 20 W, since the LED lamp used in Example 

Sion tube. The brightness on one side Surface area of the light 
transmission tube obtained in Example 3 was measured in 
the same method as in Example 1, with the measurement 
results shown in the following Table 3. A comparative 
example shown in Table 3 is just the same as the above 
Comparative Examples. 

TABLE 3 

Measurement Position 
(A distance from a light introducing end position 

on a light transmission tube 

Core Section 10 cm 20 cm 30 cm 40 cm 

Comparative Acrylic Polymer 65 cd/m? 19 cd/m 12 cd/m 11 cd/m 
Example 3 
Example 3 Polystyrene 590 cd/m2 370 cd/m 270 cd/m 180 cd/m 

Polycarbonate 510 cd/m2 340 cd/m 290 cd/m 140 cd/m 
Styrene-Acryl 450 cd/m2 310 cd/m 200 cd/m2 105 cd/m 
Copolymer 

Styrene-acryl copolymer: styrene/methylmethacrylate = 30/70 (weight ratio) 
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EXAMPLE 4 

0093. A light transmission tube was manufactured in the 
Same manner as in the above Example 3. The brightness of 
one side Surface area of the light transmission tube obtained 
in Example 2 was measured in the same manner as in 
Example 1, with the use of a LED red lamp as a light Source 
(an applied voltage was 2 V, an electric current was 20 mA, 
an electric power was 0.04W). The measurement results are 
shown in the following Table 4. 

TABLE 4 

Measurement Position (A distance 
from a light introducing end 

position on a light transmission tube 

Core Section 5 cm 12 cm 20 cm 

Comparative Acrylic Polymer 3.3 cd/m 1.0 cd/m? 0.4 cd/m? 
Example 4 
Example 4 Polystyrene 9.7 cd/m’ 9.0 cd/m 8.5 cd/m 

Polycarbonate 9.2 cd/m 8.6 cd/m 8.1 cd/m? 
Styrene-Acryl 8.6 cd/m? 7.8 cd/m 7.5 cd/m? 
Copolymer 

EXAMPLE 5 

0094. A light transmission tube obtained in the above 
Example 3 was used in Example 5. At first, an observation 
was carried out to know whether or not air has entered 
between various layers in the light transmission tube. Then, 
a quenching treatment (quick cooling) was performed to 
cause the temperature to drop rapidly from 70° C. to -30°C. 
Subsequently, a quick heating process called heat shock was 
conducted So as to cause the temperature to rise rapidly from 
-30 C. to 70° C. After that, another observation was 
conducted to know whether or not a peeling-off phenom 
enon has occurred between various layers within the light 
transmission tube. In practice, the above observations were 
all performed by introducing a light into the light transmis 
Sion tube. 

0.095 As a result, at the times before and after the above 
heat shock treatment, no air was found in any one of the light 
transmission tubes obtained in the above Examples, nor was 
found any peeling phenomenon between various layers 
thereof, thereby making it possible to ensure an excellent 
tight adhesion between these layers within each of the light 
transmission tubes. 

0.096 FIG. 4 is a perspective view schematically indi 
cating a light transmission tube made according to a Second 
aspect of the present invention. FIG. 5 is a cross sectional 
view taken along line V-V line on the tube shown in FIG. 4. 
FIG. 6 is a longitudinally sectional view taken along VI-VI 
line on the tube shown in FIG. 5. FIGS. 7a-7d are cross 
Sectional views each Schematically indicating an example of 
a reflecting layer formed within a light transmission tube. 
0097 Light transmission tubes 1", 1A, 1B, 1C shown in 
FIGS. 4-7d are each comprised of a core section 2, a tubular 
clad 3 coverring the the core section 2, two belt-like reflect 
ing layerS 4A, 4B provided between the core Section 2 and 
the tubular clad 3, extending in the longitudinal direction of 
each light transmission tube. In particular, Such reflecting 
layers 4A and 4B may also be formed to invade slightly into 
the inner portion of the core Section 2. 
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0098. A material forming the core section 2 (a core 
formation material) is preferred to be a transparent material 
having a higher refractive indeX than a material forming the 
clad 3 (a clad formation material). In general, the core 
formation material should be Selected properly from various 
Sorts of plastics and elastomers, in View of a specific 
purpose. 

0099. In detail, a material suitable for use in forming the 
core Section 2 may be a transparent material Such as a 
polystyrene, a copolymer of a Styrene and a methyl meth 
acrylate, a (meta)acryl resin, a polymethyl pentene, an 
arylglycol carbonate resin, a Spiran resin, an amorphous 
polyolefin, a polycarbonate, a polyamide, a polyarylate, a 
polysulfone, a polyaryl Sulfone, a polyether Sulfone, a poly 
ether imide, a polyimide, a diaryl phthalate, a fluorine 
contained resin, a polyester carbonate, a norbornane resin 
(ARTON), an alicyclic acryl resin, a Silicon resin, an acryl 
rubber, and a silicon rubber. Here, the (meta)acryl is used to 
mean an acryl and a methacryl. 

0100. On the other hand, a material suitable for use in 
forming the clad Should be a transparent material having a 
relatively low refractive index, and may be selected from 
various organic materials. Such as a plastic and an elastomer. 
0101. In detail, a material for forming the clad may be a 
polyethylene, a polypropylene, a polymethyl methacrylate, a 
fluoropolymethyl methacrylate, a polyvinyl chloride, a poly 
Vinylidene, a polyvinyl acetate, a copolymer of a polyeth 
ylene and a polyvinyl acetate, a polyvinyl alcohol, a copoly 
mer of a polyethylene and a polyvinyl alcohol, a fluorine 
contained resin, a Silicon resin, a natural rubber, a 
polyisoprene rubber, a polybutadiene rubber, a copolymer of 
a Styrene and a butadiene, abutyl rubber, a halogenated butyl 
rubber, a chloroprene rubber, an aryl rubber, a copolymer of 
an ethylene and a propylene and a diene (EPDM), a copoly 
mer of an acrylnitrile and a butadiene, a fluorine-contained 
rubber, and a silicon rubber. 

0102) In order to ensure some desired optical properties 
including a desired transparency and a desired refractive 
indeX for a clad and a core Section and to ensure a high 
efficiency in Simultaneously extrusion molding these mem 
bers, a material for forming the core Section is preferred to 
be a polystyrene, a polycarbonate, or a copolymer of a 
styrene and a (meta)acryl (MS polymer). On the other hand, 
a material for forming the clad is preferred to be an 
(meta)acrylic polymer. 
0103) A white color pigment material and a light scatter 
ring material may be a Sort of organic polymer particles Such 
as Silicon resin particles and Styrene resin particles, a kind of 
metal oxide particles Such as Al-O particles, TiO par 
ticles, SiO particles, a kind of Sulfate particles Such as 
BaSO, particles, a kind of carbonate particles such as CaCOs 
particles, all of which may be used Singly or in combination 
including two or more of them. 
0104. When it is required to ensure a sufficient reflecting 
efficiency and to improve an operational efficiency in the 
above-described simultaneous extrusion, an average size of 
the white color pigment particles and the light Scatterring 
particles should be 1-200 um, preferably 0.5-50 um. Further, 
each of their contents to be contained in a material for 
forming the reflecting layer is 0.5-20 wt %, preferably 1-10 
wt %. 
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0105. Although there is not any limitation to the thick 
neSS of the reflecting layerS 4A and 4B, Such a thickneSS 
should be 10-200 um, preferably 50-100 lum. If the thickness 
is less than 10 tim, there will be only small amount of 
reflected light and hence a brightness will be low. On the 
other hand, if the thickness is more than 200 um, a bright 
neSS will be high. But, Such a high brightness can be 
obtained only when a brightneSS measuring point is not far 
from a light Source. Moreover, if a brightness measuring 
point is relatively far from a light Source, a large thickneSS 
of the reflecting layerS will instead bring about a decrease in 
the brightness. 

0106. In addition, although there is not any limitation to 
the diameter of the core Section 2, Such a diameter should be 
2-30 mm, preferably 5-15 mm. Further, the thickness of the 
tubular clad 3 is 0.05-4 mm, preferably 0.2-2 mm. 
0107 Although there are not any limitations to the num 
ber of the belt-like reflecting layers, the positions for the 
formation thereof, the width of the belt-like configuration, 
and the interval between the two belt-like layers, it is 
required that a plurality of reflecting layerS be formed in a 
manner Such that each of the lights reflected by the reflecting 
layerS has a predetermined directivity. 

0108). If it is a light transmission tube 1" having two 
reflecting layers 4A and 4B formed within the tube in a 
manner as shown in FIG. 7a, it is possible to obtain two 
reflected lights having two reflecting areas LA and LB, 
thereby it is possible for each reflected light to have a good 
directivity and a high brightness. Further, if it is a light 
transmission tube 1" having three reflecting layers 4A and 4B 
and 4c formed within the tube in a manner as shown in FIG. 
7c, it is possible to obtain three reflected lights involving 
three reflecting areas LA and LB and LC, thereby it is 
possible for each reflected light to have a good directivity 
and a high brightness. 
0109) Although each of the reflecting layers is required to 
have a width (in the circumferential direction) which is 
about 3-30% of the circumference of the core section 2, 
preferably Such a percentage is 5-20%. In fact, Said percent 
age is also allowed to be out of the range 3-30%. 
0110 Referring to FIG. 7d., a light transmission tube 1C 

is allowed to have a reflective protection layer 5 formed on 
the outer Surface of the tubular clad 3 So as to cover the 
reflecting layerS 4A and 4B. In this manner, even if there are 
Some defects Such as pin holes formed on the reflecting 
layerS 4A and 4B, a light possibly leaked through Such 
defect portions arriving at the back Surface of the reflecting 
layers 4A and 4B and a light possibly leaked from the side 
portions of the reflecting layers 4A and 4B will all be 
reflected by the reflective protection layer 5, thereby making 
it Sure to reduce a possible light loSS and thus ensuring a high 
brightness on the Side Surface areas of the tube 1C opposite 
to the reflecting layers 4A and 4.B. 

0111. As a material for forming the reflective protection 
material 5, it is preferred to use a Substance which does not 
allow a light leaked through the reflecting layerS 4A, 4B and 
4C to pass therethrough to the outside of the light transmis 
sion tube, will not absorb a leaked light but will reflect the 
Same with a high efficiency. In detail, it is allowed to employ 
a metal foil or a metal sheet made of a Silver or an 
aluminium. Alternatively, it is allowed to form Such a 
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reflective protection layer 5 by coating a part of the outer 
Surface of the clad 3 with a coating material which contains 
an amount of light Scatterring particles dispersed therein So 
as to obtain a light Scatterring property. Although the reflec 
tive protection layer 5 is required to be provided only in an 
area capable of coverring the reflecting layers 4A, 4B and 
4C, in fact it is also allowed to be formed on other areas on 
the outer surface of the tubular clad 3, provided that such a 
reflective protection layer 5 does not cover up the light 
emitting portions (Some areas of the outer Surface of the 
tubular clad 3 corresponding to light reflecting areas LA, LE 
and L) of the light transmission tube. 
0112 In a process for manufacturing the light transmis 
Sion tube, a multi-color Such as a three-color extrusion 
molding machine having three crew Sections was used, a 
core formation material, a clad formation material and a 
light reflecting material containing a white color pigment or 
a light Scatterring particles are Simultaneously introduced 
into an inlet mouth adaptor on the three-color extrusion 
molding machine. In this way, at Substantially the Same time, 
the core formation material is extruded to be formed into a 
Solid cylindrical core Section, the light reflecting material is 
extruded to be formed into a plurality of belt-like reflecting 
layers attached on the outer Surface of the Solid cylindrical 
core Section, the clad formation material is extruded to be 
formed into a tubular member coverring the core Section and 
the reflecting layers. 

0113. With the use of the above method, the three dif 
ferent materials having different refractive index and differ 
ent physical properties may be extruded at the same time, 
thereby obtaining a laminated Structure having three differ 
ent functions in only one operation. Further, Since this 
method allows formation of the laminated Structure at a 
relatively high Speed, and Since various material layers can 
be laminated together while they are Still in a Soft State, it is 
Sure to efficiently manufacture a light transmission tube 
having an excellent tight adhesion between various layers 
laminated together. On the other hand, if it is required that 
the reflecting layer formation material be divided to be 
formed into a plurality of belt-like reflecting layers, it is 
allowable to use a plurality of inlet metal mouth adaptorS on 
the extrusion molding machine So as to Simultaneously 
receive a plurality of different reflecting layer formation 
materials. Alternatively, it is also possible to use only one 
inlet metal mouth adaptor which has been divided into 
Several Smaller Spaces by Several partition walls, Such that 
Several different reflecting layer formation materials may be 
Simultaneously received in Said one inlet mouth adaptor. 

0114. In a process for forming the above reflective pro 
tection layer 5, a metal foil or a metal sheet is allowed to be 
formed on an extruded product So as to form Such a 
reflective protection layer. Alternatively, Such a reflective 
protection layer may be formed by applying a coating 
material containing a light Scatterring particles dispersed in 
the coating material. In this way, Such a reflective protection 
layer may be formed at the same time when the above 
tubular clad is being formed. 

0115 Nevertheless, the light transmission tube of the 
present invention may also be manufactured with the use of 
Some other methods than the above described. 
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COMPARATIVE EXAMPLES 5-7 

0116. What was used as an extrusion molding machine is 
a multi-color extrusion molding machine having three crew 
Sections, which is capable of Simultaneously extruding a 
core formation material, a clad formation material and a 
light reflecting material (a reflecting layer formation mate 
rial). In detail, a core formation material, a clad formation 
material consisting of an acryl polymer, and a reflecting 
layer formation material obtained by dispersing 15 wt % of 
TiO2 (having an average size of 10 um) in an acryl polymer 
(which is the same as the acryl polymer for forming the 
clad), were simultaneously introduced into an inlet mouth 
adaptor on the extrusion molding machine, thereby Simul 
taneously forming a Solid cylindrical rod (Serving as a core 
Section) having a diameter of 6 mm, a belt-like white 
reflecting layer having a width of 1.5 mm and a thickness of 
0.01-0.02 mm formed on the outer Surface of the rod, a 
tubular clad coverring the rod and the reflecting layer, thus 
obtaining a cylindrical light transmission tube having an 
outer diameter of 6.5 mm. 

0117 Then, a light was introduced into the light trans 
mission tube through one end thereof, and a brightness on 
the Side Surface area located opposite to the reflecting layer 
was measured with the use of a color chrominance (CS100), 
with the measurement results shown in the following Table 
5. In this measurement, a light Source was a green color LED 
(light emitting diode) (an applied electric current: 20 MA, a 
light emitting amount: 1 lumen). 

COMPARATIVE EXAMPLE 8 

0118. A monomer solution consisting of a methyl meth 
acrylic acid, a lauryl methacrylic acid and a benzolperoxide, 
was poured into an FEP (a copolymer of a tetraethylene and 
a hexafluoro propylene) having a outer diameter of 6 mm 
and a length of 25 m. Then, the FEP tube was placed into a 
warm bath of 65° C., a pressure of 3.5 kg/cmi was continu 
ously applied into the tube through either end thereof So as 
to perform a predetermined polymerization for 3 hours, 
followed by a solidification. In this way, it was able to obtain 
a light transmission tube having an outer diameter of 6.5 mm 
and a length of 20 m, without forming a reflecting layer 
between the core section and the FEP tubular clad. The 
brightness on the Side Surface area of the obtained light 
transmission tube was measured in the same manner as 
described in the above, with the measurement results shown 
in the following Table 5. 

TABLE 5 

Brightness (cd/m) 
Measurement Position (A distance 

from a light introducing end position 
on a light transmission tube 

Core Section 
Comparative Formation 

Examples Material 5 cm 12 cm 20 cm 

5 Polystyrene 9.7 9.O 8.5 
6 Polycarbonate 9.2 8.6 8.1 
7 Styrene-Acryl 8.6 7.8 7.5 

Copolymer 
8 Acrylic Polymer 3.3 1.O 0.4 

0119 AS can be understood from the above Table 5, if a 
reflecting layer is formed between the core Section and the 
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tubular clad, it is possible to further increase a brightness on 
a predetermined Side Surface area of a light transmission 
tube. 

EXAMPLE 6 

0120) This example was conducted in the same manner as 
in Comparative Example 5, except that two outlet metal 
mouth adaptors were provided for extruding a reflecting 
layer formation material So as to extrude two elongated 
reflecting layers each having a width of 2 mm with an angle 
of 80 degrees formed therebetween (as shown in FIG. 7, two 
normal lines passing through the reflecting layerS 4A and 4B 
and extending in the radial directions of the light transmis 
Sion tube are forming a intersection angle of 80 degree). 
Therefore, it was able to obtain a light transmission tube 
according to a further aspect of the present invention. Then, 
in the same manner as described in Comparative Examples 
5-7, a light was introduced into the obtained light transmis 
Sion tube, an angle distribution of a emitted light on the 
predetermined side Surface area thereof was measured under 
a condition where Said Side Surface area was 50 cm Separated 
from a light introducing position, with the measurement 
results shown in FIG. 8. 

0121 AS to a light transmission tube obtained in the 
above Comparative Example 5, the same measurement was 
conducted in the Same manner as described in the above 
Example 6, So as to investigate an angle distribution of an 
emitted light, with the measurement results shown in FIG. 
8b. 

COMPARATIVE EXAMPLE 9 

0122) This comparative example was substantially the 
Same as the above Comparative Example 5 except that an 
outlet metal mouth adaptor was enlarged So as to extrude a 
reflecting layer having a width of about 3 mm, thereby 
producing a light transmission tube. The angle distribution 
of an emitted light was investigated in the Same manner as 
in the above Example 6, with the measurement results 
shown in FIG. 8c. 

0123. As shown in FIGS. 8a-8c, according to the present 
invention, the formation of one or more reflecting layerS is 
useful to obtain a light having a high directivity. Therefore, 
with the use of the present invention, if a plurality of 
reflecting layers are formed in the manner as described 
above, it is possible to obtain a plurality of emitted lights 
each having a higher directivity. Thus, as may be deduced 
from the above description, in accordance with the present 
invention, it is allowed to freely change an angle distribution 
(a light directivity) of an emitted light by changing the width 
of each reflecting layer and the number of the reflecting 
layers. 

0.124. Accordingly, with a light transmission tube made 
according to the Second aspect of the present invention, it is 
allowed to emit a plurality of light rays each having a high 
directivity from predetermined Side Surface areas of the light 
transmission tube, thereby effectively increasing a desired 
brightness. 
0.125 FIG. 9a is a perspective view schematically indi 
cating one embodiment of a light transmission tube made 
according to a third aspect of the present invention. FIG.9b 
is a perspective view Schematically indicating an arrange 
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ment where a tubular clad has not been illustrated. FIG. 9c 
is a cross sectional view taken along line IXc-IXc in FIG. 
9a. 

0126. As shown in FIGS. 9a-9c, a light transmission tube 
1" has a core Section 2, a tubular clad 3 coverring the core 
Section 2, and a belt-like reflecting layer 4 windingspirally 
around the core Section 2 So as to be located between said 
core Section 2 and the tubular clad 3 in the longitudinal 
direction of the tube 1". Further, it is also possible that the 
reflecting layer may be allowed to Slightly invade from the 
Surface of the core Section 2 into the internal portions 
thereof. 

0127. In this comparative example, a core formation 
material for forming the core Section 2, a reflecting layer 
formation material for forming the reflecting layer 4, a clad 
formation material for forming the clad 3 are just the same 
as those in the Second aspect of the present invention. 
Further, the thickness of the reflecting layer 4 and the 
diameter of the core Section 2 are also the same as that in the 
Second aspect of the present invention. 
0128. In practice, there is not any limitation to the thick 
neSS of the reflecting layer 4, the formation position of the 
belt-like reflecting layer 4 which is formed in a spiral 
manner, the width of the belt-like reflecting layer 4, and a 
pitch of the spirally formed belt-like reflecting layer 4. What 
was necessary is only that the reflecting layer 4 be formed 
So that each light reflected from the reflecting layer has a 
good directivity, thereby forming Some spiral light rays to be 
emitted outwardly in a desired manner. 
0129. As shown in FIG. 9a, if it is a light transmission 
tube 1" having a reflecting layer 4 formed in a spiral manner, 
it is Sure to obtain a reflected light having a good directivity 
and a high brightness, both in a spirally formed area L 
indicated by dotted lines in FIG. 9a, and in an area L shown 
in FIG. 9c. 

0130. A pitch of spirally formed belt-like reflecting layer 
4 (shown by a capital letter P in FIG.9b) will be different 
depending on the width of the belt-like reflecting layer 4 
(shown by a capital letter W in FIG.9b), also depending on 
the diameter of the core Section 2 (shown by a capital letter 
D). If the pitch P is too small, an emitted light will be 
blocked by the reflecting layer 4 itself, hence making it 
difficult to obtain a desired emitted light. On the other hand, 
if the pitch P is too large, a reflected light will become 
sparse, resulting in a problem that it will be impossible to 
obtain an emitted light uniformly distributed in every direc 
tion and having a high brightness. Usually, the pitch P of a 
spirally formed belt-like reflecting layer 4 is 0.1-10 times the 
diameter of the core section 2, while the width W of the 
reflecting layer 4 is 3-50% of the circumference of the core 
section 2, preferably 5-20%. 

0131 Further, it is also allowed to form a reflective 
protection layer 5 on the outer surface of the tubular clad 3 
in a manner Such that the reflecting layer 4 may be covered, 
as shown in FIG. 9c. 

0132 A method for forming the reflective protection 
layer 5 and its formation area are just the same as described 
in the Second aspect of the present invention. 
0133. In a process for manufacturing the light transmis 
sion tube shown in FIG. 9, it is required to use a multi-color 
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extrusion molding machine Such as a three-color extrusion 
molding machine having three crew Sections. A core forma 
tion material, a clad formation material, and a reflecting 
layer formation material containing a white color pigment or 
a light Scatterring material are introduced into the extrusion 
molding machine. In this way, at exactly the same time, the 
core formation material is extruded to be formed into a Solid 
cylindrical core member, the reflecting layer formation 
material is extruded into a belt-like layer So as to be formed 
on the outer Surface of the Solid cylindrical core member, the 
clad formation material is extruded into a tubular member 
coverring the Solid cylindrical core member and the belt-like 
reflecting layer. At this moment, in order to obtain the 
Spirally formed reflecting layer with a predetermined pitch, 
a necessary treatment was that the extruded material Still in 
its Soft State be twisted properly while being pulled out. 
0.134. In fact, the spirally formed belt-like reflecting layer 
does not have to be formed into only one elongated element, 
it is also allowed to form a plurality of Such spiral belt-like 
reflecting layers. When it is desired to form a plurality of 
Spiral belt-like reflecting layers, it is Suggested that a reflect 
ing layer formation material be So extruded that it is divided 
into a plurality of belt-like narrow layers. In practice, as a 
method for forming a plurality of Spiral belt-like reflecting 
layers, it is allowed to provide Several inlet metal mouth 
adaptors to be able to receive Several batches of reflecting 
layer formation materials. Alternatively, it is also possible 
that Several partition walls (each having a thickness corre 
sponding to an interval between two reflecting layers) may 
be provided within only one inlet metal mouth adaptor So as 
to receive Several batches of reflecting layer formation 
materials. 

EXAMPLE 7 

0.135 Example 7 is almost the same as the above Com 
parative Example 5, except that an outlet metal mouth 
adaptor for extruding the reflecting layer formation material 
has been changed in its width and that at the same time the 
extruded material is twisted while being pulled out, So as to 
form a spirally arranged belt-like reflecting layer having a 
width of about 1 mm and a pitch of about 6.5 mm, thereby 
obtaining a light transmission tube of the present invention. 
Then, in the same manner as described in Comparative 
Example 5, a light was introduced into the light transmission 
tube, a brightness on one side Surface area of the light 
transmission tube was measured. It was found that Since a 
Spiral light is formed to be emitted outwardly, Such a light 
may be emitted out in every direction, thereby obtaining a 
brightness having the same level as in the above Compara 
tive Example 5. 
0.136. In this way, with the use of the light transmission 
tube made according to the third aspect of the present 
invention, it is Sure to Spirally emit a light having a good 
directivity from the Side Surface area of the light transmis 
Sion tube, thereby effectively increasing its brightness. 
0.137 FIG. 10a is a perspective view schematically indi 
cating another embodiment of a light transmission tube 
made according to a fourth aspect of the present invention. 
FIG. 10b is also a perspective view schematically indicating 
a light transmission tube with its tubular clad being omitted. 
FIG. 10c is a cross sectional view taken along a line Xc-Xc 
in FIG. 10a. FIG. 10d is also a cross sectional view taken 
along a line Xd-Xd in FIG. 10a. 
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0138 A light transmission tube 1" shown in FIGS. 
10a-10a, has a core section 2, a tubular clad 3 coverring the 
core Section 2, a belt-like reflecting layer 4 extending in the 
longitudinal direction of the tube and having a changing 
width in said longitudinal direction (in this example, the 
belt-like reflecting layer 4 has a width which becomes larger 
gradually from one end of the light transmission tube toward 
the other. On the other hand, it is also possible that such a 
reflecting layer 4 is allowed to partially invade into the inner 
portion of the core Section 2. 
0.139. In this example, a core formation material for 
forming the core Section 2, a reflecting layer formation 
material for forming the reflecting layer 4, a clad formation 
material for forming the clad 3 are just the same as those in 
the Second aspect of the present invention. Further, the 
thickness of the reflecting layer 4 and the diameter of the 
core Section 2 are also the same as those in the Second aspect 
of the invention. 

0140. In the present invention, there is not any limitation 
to the formation position of the belt-like reflecting layer 4 
and the width of the reflecting layer 4. What was necessary 
is only that lights reflected by the reflecting layer are emitted 
out as a plurality of light rays each having a good directivity. 

0141. As shown in FIGS. 10a–10a, if it is a light trans 
mission tube 1" whose belt-like reflecting layer 4 has a 
width which becomes larger gradually from one end of the 
light transmission tube toward the other, a light introduced 
into the tube through one end thereof is reflected by the 
reflecting layer 4 and then emitted out from the Side Surface 
area of the tube, resulting in a situation that the light amount 
in the core Section 2 will become leSS gradually from one 
end of the tube toward the other. For this reason, if the 
reflecting layer 4 is made to have a relatively larger width So 
as to obtain a larger reflectance, it is possible to emit a light 
uniformly distributed in the longitudinal direction of the 
light transmission tube. 
0142. On the other hand, although the width (in the 
circumferential direction of the light transmissible tube) of 
the reflecting layer 4 is caused to vary in a range that is 
3-50% of the circumference of the core section 2, preferably 
5-20%, it is also possible that Such a percentage may be 
larger or Smaller beyond Such a range. 

0143 Further, in the present invention, the width of the 
reflecting layer is allowed to vary contineously, but it is also 
allowed to vary from Step to Step. 

0144. As shown in FIG. 10c, it is also possible to form 
a reflective protection layer 5 on the outer surface of the 
tubular clad 3 So as to cover the reflecting layer 4. 
0145 A method for forming the reflective protection 
layer 5 and its formation area are allowed to be the same as 
the above Second aspect of the present invention. 
0146 In a process for manufacturing the light transmis 
sion tube shown in FIG. 9, it is required to use a multi-color 
extrusion molding machine Such as a three-color extrusion 
molding machine having three crew Sections. A core forma 
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tion material, a clad formation material, and a reflecting 
layer formation material containing a white color pigment or 
a light Scatterring material are introduced into the extrusion 
molding machine. In this way, at exactly the same time, the 
core formation material is extruded to be formed into a Solid 
cylindrical core member, the reflecting layer formation 
material is extruded into a belt-like layer So as to be formed 
on the outer Surface of the Solid cylindrical core member, the 
clad formation material is extruded into a tubular member 
coverring the Solid cylindrical core member and the belt-like 
reflecting layer. At this moment, the number of the rotation 
of the extruding Screw may be changed So as to change the 
extruding amount of the reflecting layer formation material, 
thereby extruding a belt-like reflecting layer 4 in a position 
between the core section 2 and the tubular clad 3, with the 
thickness of the belt-like reflecting layer 4 varying in the 
longitudinal direction of the light transmission tube. 

0147 In addition, the reflecting layer does not necessarily 
have to be formed into only one belt-like element. In fact, it 
is also possible to form a plurality of Such belt-like reflecting 
layers. When it is desired to form a plurality of spiral 
belt-like reflecting layers, it is Suggested that a reflecting 
layer formation material be so extruded that it is divided into 
a plurality of belt-like layers. In practice, as a method for 
forming a plurality of Spiral belt-like reflecting layers, it is 
allowed to provide Several inlet metal mouth adaptorS So as 
to be able to receive Several batches of reflecting layer 
formation materials. Alternatively, it is also possible that 
Several partition walls (each having a thickness correspond 
ing to an interval between two reflecting layers) may be 
provided within only one inlet metal mouth adaptor So as to 
receive Several batches of reflecting layer formation mate 
rials. 

EXAMPLE 8 

0.148. This example is almost the same as the above 
Comparative Example 5, except that the number of the 
rotation of an extruding Screw for extruding the reflecting 
layer formation material was varied continuously, and the 
extruding operation was performed in a manner Such that the 
width of the reflecting layer will change from 3 mm to 0.2 
mm extending along a length of 30 cm. In this way, a light 
transmission tube according to a further embodiment of the 
present invention was produced. The produced light trans 
mission tube was cut So as to obtain a tube Section having a 
length of 30 cm. It was found that the width of the reflecting 
layer becomes gradually large from 0.2 mm to 3 mm 
extending from one end to the other on the light transmission 
tube. 

014.9 Then, in the same manner as described in the above 
Comparative Example 5, a light is introduced through one 
end of the light transmission tube at which the width of the 
reflecting layer is 0.2 mm, thereby measuring the brightness 
on a Side Surface area of the light transmission tube, with the 
measurement results shown in the following Table 6. 

0150. A light transmission tube made in the above Com 
parative Example 5 is cut So as to obtain a tube Section 
having a length of 30 cm, thereby measuring the brightness 
on a Side Surface area of the light transmission tube, with the 
measurement results shown in the following Table 6. 
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TABLE 6 

Brightness (cd/m) 
Measurement Position (A distance 

from a light introducing end position 
on a light transmission tube) 

5 cm 12 cm 20 cm 

Example 8 8.9 9.O 9.1 
Comparative 9.7 9.O 8.5 
Example 5 

0151 AS may be understood in the above Table 6, with 
the use of the present invention, it is Sure to provide a light 
transmission tube having a uniformly distributed brightness 
on Side Surface area thereof. 

0152 Therefore, with the use of the fourth aspect of the 
present invention, it is Sure to emit a light having a good 
directivity from the Side Surface area of the light transmis 
Sion tube, thereby effectively increasing the brightness 
thereof. Moreover, by changing the width of a reflecting 
layer, it is allowed to optionally change the brightness on the 
Side Surface area of the light transmission tube. 
0153. Further, according to the fourth aspect of the 
present invention, it is Sure to provide a light transmission 
tube having a uniformly distributed brightness on the side 
Surface area thereof. 

0154 FIG. 11a is a perspective view schematically indi 
cating an embodiment of a light transmission tube made 
according to a fifth aspect of the present invention. FIG.11b 
is a cross sectional view taken along an X1B-X1B line in 
FIG. 11a. FIG. 11c is a longitudinally sectional view taken 
along an XIc-XIc line in FIG. 11b. FIGS. 12a-12fare all 
croSS Sectional views Schematically indicating Some other 
embodiments of a light transmission tube made according to 
the fifth aspect of the present invention. 

0155 As shown in FIGS. 11a–11c, a light transmission 
tube 100 has a core section 2, a tubular clad 300 coverring 
the core Section 2, and a belt-like reflecting layer 4 winding 
Spirally around core Section 2 So as to be located between 
said core section 2 and the tubular clad 300 in the longitu 
dinal direction of the tube 100. Further, it is also possible 
that the reflecting layer may be allowed to slightly invade 
from the Surface of the core Section 2 into the internal 
portions thereof. 

0156 The tubular clad 300 has a cross section which 
includes a ring-shaped portion 31 and a Straight linear 
portion 32, thereby forming a flange portion 3a and a flange 
portion 3b extending in the longitudinal direction of the light 
transmission tube on one side of the clad 300. However, the 
reflecting layer 4 is provided on one side on the inner Surface 
of the clad 300 in a manner such that it is near and facing the 
Straight linear portion 32. 

O157. In practice, the straight linear portion 32 of the light 
transmission tube 100 is attached on to and fixed on a 
predetermined Surface with the use of an adhesive agent or 
a preSSure Sensitive adhesive double coated tape. Moreover, 
if necessary, Screws may be used to fix both the flange 
portions 3a and 3b on to a predetermined Surface. In this 
way, the light transmission tube is allowed to be installed on 
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a predetermined position without having to use Some spe 
cifically formed installing elements, thereby avoiding a 
problem that an emitted light will be undesirably blocked by 
the installing elements. In addition, Since a light reflecting 
area L which, effected by the reflecting layer 4, has a good 
directivity and a relatively high brightness, is exactly located 
on a position opposite to the Straight linear portion 32, a 
desired positioning operation will become extremely easy. 
0158 Other embodiments indicating various shapes of a 
tubular clad will be described with reference to FIGS. 
12a-12f 
0159 FIG. 12a is a cross sectional view schematically 
indicating a light transmission tube 101 having a tubular 
clad 301 which includes a generally ring-shaped portion and 
a plate-like linear portion and is further formed with a flange 
portion 3a and a flange portion 3b. FIG. 12b is also a cross 
Sectional view Schematically indicating a light transmission 
tube 102 having a tubular clad 302 which includes a ring 
shaped portion and a Square portion and is further formed 
with a flange portion 3a and a flange portion 3b. FIGS. 12c 
and 12d are also croSS Sectional ViewS Schematically indi 
cating light transmission tubes 103 and 104 having tubular 
clads 303 and 304, each of which presents a trapezoidal 
croSS Section or a generally Square croSS Section. FIG. 12e 
is also a croSS Sectional view Schematically indicating a light 
transmission tube 105 which has a tubular clad 305 includ 
ing a ring-shaped portion and a linear portion, and is further 
formed on one side of its Outer Surface with a protruding 
portion perpendicular to the linear portion. FIG. 12f is also 
a croSS Sectional View Schematically indicating a light trans 
mission tube 106 having a tubular clad 306 including a 
receSS portion formed on the linear portion thereof. 
0160 With each of the above illustrated light transmis 
sion tubes 101-106 having the tubular clads 301-306, and 
with the light transmission tube 100 which was described 
earlier in the present Specification, a light reflecting layer 4 
has always been described to be located on a position 
adjacent to a linear portion. However, it is also possible that 
Such a reflecting layer 4 may be located on a position other 
than the above-described. Moreover, it is also allowed to 
provide two or more Such reflecting layers. 
0.161 In this example, a core formation material for 
forming the core Section 2, a reflecting layer formation 
material for forming the reflecting layer 4, a clad formation 
material for forming the clad 3 are just the same as those in 
the Second aspect of the present invention. Further, the 
thickness of the reflecting layer 4 and the diameter of the 
core Section 2 are also the same as those in the Second aspect 
of the invention. 

0162 On the other hand, although the width (in the 
circumferential direction of the light transmissible tube) of 
the reflecting layer 4 is set to vary in a range that is 3-50% 
of the circumference of the core section 2, preferably 5-20%, 
it is also possible that Such a percentage may be larger or 
Smaller beyond the above range. 
0163 As shown by broken lines in FIGS. 12a and 12b, 

it is also possible to form a reflective protection layer 5 on 
the outer Surface of the tubular clad 3 so as to cover the 
reflecting layer 4. 
0164. A method for forming the reflective protection 
layer 5 and its formation area are allowed to be the same as 
the above Second aspect of the present invention. 
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0.165. In a process for manufacturing the light transmis 
Sion tube, it is required to use a multi-color extrusion 
molding machine Such as a three-color extrusion molding 
machine having three crew Sections. A core formation mate 
rial, a clad formation material, and a reflecting layer forma 
tion material containing a white color pigment or a light 
Scatterring material are introduced into the extrusion mold 
ing machine. In this way, at exactly the same time, the core 
formation material is extruded to be formed into a Solid 
cylindrical core member, the reflecting layer formation 
material is extruded into a belt-like layer So as to be formed 
on the outer Surface of the Solid cylindrical core member, the 
clad formation material is extruded into a tubular member 
coverring the Solid cylindrical core member and the belt-like 
reflecting layer, thereby obtaining a tubular light transmis 
Sion device having a desired non-circular croSS Section. 
0166 With the use of this method, it is possible to form 
a tubular clad whose croSS Section may be formed into any 
desired shape. 
0167. In addition, the reflecting layer, as described in the 
above, may be formed into a plurality of such belt-like 
reflecting layers. When it is desired to form a plurality of 
Spiral belt-like reflecting layers, it is Suggested that a reflect 
ing layer formation material be So extruded that it is divided 
into a plurality of belt-like layers. In practice, as a method 
for forming a plurality of Spiral belt-like reflecting layers, it 
is allowed to provide Several inlet metal mouth adaptorS So 
as to receive Several batches of reflecting layer formation 
materials. Alternatively, it is also possible that Several par 
tition walls (each having a thickness corresponding to an 
interval between two reflecting layers) may be provided 
within only one inlet metal mouth adaptor So as to receive 
Several batches of reflecting layer formation materials. 

EXAMPLE 9 

0.168. This example is almost the same as the above 
Comparative Example 5, except that an extruding outlet 
metal mouth adaptor (for extruding a clad formation mate 
rial) was changed so as to extrude a tubular clad in a manner 
as shown in FIGS. 11a–11c, thereby producing a desired 
light transmission tube. The sizes of various portions of a 
tubular member are shown by a, b, c, and d in FIG. 11b, in 
which a-6.5 mm, b=1 mm, c=8 mm, d=7 mm. 

0169. Then, the light transmission tube was measured in 
its brightness on a side Surface area thereof in the same 
manner as described in the above Comparative Example 5, 
thereby obtaining exactly the same results as measured in 
Comparative Example 5. During Such a measurement, while 
the light transmission tube was fixed on a predetermined 
table with the use of a pressure sensitive adhesive double 
coated tape, Such a fixing operation was completed within a 
time period of only 10 Seconds, thereby rendering it possible 
to dispense with Some troubleSome adjustments for posi 
tioning the light transmission tube, and permitting a com 
plete omission of the use of Some installing elements. 
0170 In contrast, with a light transmission tube prepared 
in the above Comparative Example 5, Some 2-shaped 
installing elements were needed in fixing the light transmis 
Sion tube on to a predetermined table. Further, during a 
positioning operation, the light transmission tube was posi 
tioned in a manner Such that a light is allowed to be emitted 
in a vertical direction when observed by a naked eye under 
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a light-emitted condition. A fixing operation for fixing the 
light transmission tube on to a predetermined table was 
completed in five minutes. In addition, Some areas in which 
Some installing elements were attached were found to be a 
failure in emitting a desired light. 
0171 AS may be understood from the above measure 
ment results, the light transmission tubes made in the above 
examples of the present invention are easy to be manufac 
tured and easy to be installed on to a predetermined Surface. 
0172 In this way, with the use of the light transmission 
tube made according to the fifth aspect of the present 
invention, it is Sure to emit a light having a good directivity 
from a Side Surface area of the tube, and to effectively 
increase the brightness thereof. Further, the light transmis 
Sion tube made according to the fifth aspect of the present 
invention is easy to be positioned on to a predetermined 
position and thus allow an increased efficiency in installing 
the light transmission tube with the use of only fewer 
installing elements, thereby permitting the installing opera 
tion to be accomplished in a short time with a reduced cost. 
0173 Further, it is possible for the clad formation mate 
rial to contain the following materials for use as an ultra 
Violet light shielding material or an ultraViolet light absorb 
ing material. These materials may be an organic compound 
Such as a Salicylic acid, a benzophenone, a benzotriazol, 
cyano-crylate. Alternatively, these materials to be included 
in the the clad may be a metal oxide Such as a titan oxide 
(TiO), a Zinc oxide (ZnO), a Silicon oxide (SiO2), an 
aluminium oxide (Al2O), or a carbonate compound Such as 
a calcium oxide (CaCO). 
0.174. If a mixing amount of an ultraviolet light shielding 
material or an ultraViolet light absorbing material is too 
small, it will be impossible to obtain a sufficient ultraviolet 
resistance. On the other hand, if a mixing amount of an 
ultraViolet light Shielding material or an ultraViolet light 
absorbing material is too large, there is a possibility that a 
desired tubular clad having a predetermined shape will be 
difficult to obtain. For the above-discussed reason, it is 
preferred that an amount of an ultraViolet light Shielding 
material or an ultraViolet light absorbing material to be 
included in the clad formation material is 0.1-1 wt %. 

EXAMPLE 10 

0.175. This example is almost the same as the above 
Comparative Example 5, except that a clad formation mate 
rial was prepared with the use of a methacryl polymer 
containing 0.1 wt % of an ultraViolet light absorbing mate 
rial which is 2-(2-hydroxy-5'-methylphenel) benzotriazole, 
thereby obtaining a light transmission tube of the present 
invention in the same manner as described in the above 
Comparative Example 5. 

0176) The obtained light transmission tube was cut so as 
to obtain a tube Section having a length of 30 cm. Then, a test 
of an ultraviolet light irradiation was conducted for 200 
hours with the use of “Super UV Tester” (manufactured by 
Iwasaki Electric Co., Ltd.). 
0177. The brightness on the side surface area of the light 
transmission tube (before and after the test of an ultraviolet 
light irradiation) was measured in the same manner as 
described in the above Comparative Example 5, with the 
measurement results shown in the following Table 7. 
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COMPARATIVE EXAMPLE 10 

0.178 The brightness on the side surface area of the light 
transmission tube made in the above Comparative Example 
5 was measured (before and after the test of an ultraviolet 
light irradiation) in the same manner as described in the 
above Example 10, with the measurement results shown in 
Table 7. 

TABLE 7 

Brightness (cd/m) 
Measurement Position (A 

distance from 
a light introducing end position 

Ultraviolet On a light transmission tube 

Irradiation 5 cm 12 cm 20 cm 

Example Before Ultraviolet 9.7 9.O 8.5 
1O Irradiation 

After Ultraviolet 6.5 5.7 5.2 
Irradiation 

Comparative Before Ultraviolet 9.7 9.O 8.5 
Example 10 Irradiation 

After Ultraviolet 9.O 8.2 7.7 
Irradiation 

0179. As may be understood from Table 7, if a clad 
formation material contains an ultraViolet light absorbing 
material, an obtained light transmission tube will have an 
excellent ultraViolet light resistance. Therefore, Such a light 
transmission tube made according to the present invention is 
Suitable for use in an outdoor environment without a neces 
sity to use Some other protection materials, thus ensuring a 
Satisfactory long term use with a good performance thereof. 

What is claimed is: 
1. A light transmission tube including a tubular clad and 

a core Section having a higher refractive index than that of 
the tubular clad, characterized in that a belt-like reflecting 
layer is formed between the tubular clad and the core 
Section, extending in the longitudinal direction of the tubular 
clad, in a manner Such that a light passing through the core 
Section is reflected and Scatterred by the reflecting layer and 
then emitted from an Outer Surface area of the tubular clad, 
which outer Surface area is located opposite to one side of 
the tubular clad where the reflecting layer has been formed. 

2. The tube according to claim 1, wherein a reflecting 
layer consisting of light Scatterring particles is formed 
between the tubular clad and the core Section. 

3. The tube according to claim 1, wherein a reflective 
protection layer is formed on the outer Surface of the tubular 
clad to cover the reflecting layer formed between the tubular 
clad and the core Section. 

4. The tube according to claim 1, wherein a croSS Section 
perpendicular to the longitudinal direction of the tube is one 
of a circular shape and an oval shape. 

5. The tube according to claim 1, wherein the clad is a 
tube made of a fluorine-contained polymer, the core Section 
is made of an acrylic polymer. 

6. The tube according to claim 1, wherein the clad is made 
of a (meta)acrylic polymer, the core Section is made of a 
polystyrene, a polycarbonate, or a styrene-(meta)acryl 
copolymer, the reflecting layer is made of a (meta)acryl 
polymer containing a white color pigment or a light Scat 
terring material. 
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7. A method of manufacturing a light transmission tube, 
comprising: 

dispersing an amount of light Scatterring particles in a 
core Section formation Solution containing a monomer 
to be polymerized to form a core Section; 

introducing the core Section formation Solution containing 
dispersed light Scatterring particles into the tubular 
clad; 

placing the tubular clad containing the core Section for 
mation Solution in a horizontal position So as to cause 
the light Scatterring particles to precipitate on to a lower 
Surface within the clad; 

conducting a predetermined polymerization and Solidifi 
cation of the core Section formation Solution in the clad, 
thereby forming a belt-like reflecting layer consisting 
of the light Scatterring particles, which is located 
between the tubular clad and the core section in the 
longitudinal direction of the tubular clad. 

8. The method according to claim 7, wherein the clad is 
a tube made of a fluorine-contained polymer, the core 
Section is made of an acrylic polymer. 

9. A method of manufacturing a light transmission tube, 
characterized in that: 

a three-color extrusion molding machine having three 
crew Sections is used; 

a core formation material, a clad formation material, and 
a reflecting layer formation material are simultaneously 
introduced into an inlet metal mouth adaptor on the 
extrusion molding machine; 

then, at the same moment, the core formation material is 
extruded to be formed into a solid cylindrical core 
member, the reflecting layer formation material is 
extruded into a belt-like reflecting layer formed on the 
Outer Surface of the Solid cylindrical core member, the 
clad formation material is extruded into a tubular 
member coverring the Solid cylindrical core member 
and the belt-like reflecting layer, thereby forming a 
belt-like reflecting layer which is located between the 
tubular clad and the core Section in the longitudinal 
direction thereof. 

10. The method according to claim 9, wherein the clad 
formation material is a (meta)acryl polymer, the core section 
formation material is a polystyrene, a polycarbonate, or a 
styrene-(meta)acryl copolymer, the reflecting layer forma 
tion material is a (meta)acryl polymer containing a white 
color pigment. 

11. The method according to claim 7, wherein a reflective 
protection layer is formed on the outer Surface of the tubular 
clad to cover the reflecting layer formed between the tubular 
clad and the core Section. 

12. The light transmission tube according to claim 1, 
wherein a plurality of belt-like reflecting layers are formed, 
a light passing through the core Section is caused to emit 
from Side Surface areas of the tubular clad in a plurality of 
directions. 

13. A method of manufacturing a light transmission tube 
of claim 1, characterized in that: 

a multi-color extrusion molding machine having three 
crew Sections is used; 
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a core formation material, a clad formation material, and 
a reflecting layer formation material are simultaneously 
introduced into the extrusion molding machine; 

then, at the same moment, the core formation material is 
extruded to be formed into a solid cylindrical core 
member, the reflecting layer formation material is 
extruded into a plurality of belt-like reflecting layers 
formed on the outer surface of the Solid cylindrical core 
member, the clad formation material is extruded into a 
tubular member coverring the Solid cylindrical core 
member and the plurality of the belt-like reflecting 
layers. 

14. The light transmission tube according to claim 1, 
wherein the belt-like reflecting layer is formed into a spiral 
configuration, So that a light passing through the core Section 
is caused to emit from Side Surface areas of the tubular clad 
in a spiral manner. 

15. A method of manufacturing a light transmission tube 
of claim 14, characterized in that: 

a multi-color extrusion molding machine having three 
crew Sections is used; 

a core formation material, a clad formation material, and 
a reflecting layer formation material are simultaneously 
introduced into the extrusion molding machine; 

then, at the same moment, the core formation material is 
extruded to be formed into a solid cylindrical core 
member, the reflecting layer formation material is 
extruded into a belt-like reflecting layer formed on the 
outer Surface of the Solid cylindrical core member, the 
clad formation material is extruded into a tubular 
member coverring the Solid cylindrical core member 
and the belt-like reflecting layer, in a manner Such that 
the extruded materials are twisted while being pulled 
Out. 

16. A light transmission tube according to claim 1, char 
acterized in that the width of the belt-like reflecting layer 
varies So as to be different along the longitudinal direction. 

17. A light transmission tube according to claim 16, 
wherein the belt-like reflecting layer is so formed that its 
width becomes gradually lager from one end of the light 
transmission tube (Serving as a light introducing position) to 
an opposite end thereof, thereby ensuring a light emission 
from the light transmission tube with an emitted light 
amount being uniformly distributed in the longitudinal 
direction thereof. 

18. A method of manufacturing a light transmission tube 
of claim 16, characterized in that: 

a multi-color extrusion molding machine having three 
crew Sections is used; 

a core formation material, a clad formation material, and 
a reflecting layer formation material are simultaneously 
introduced into the extrusion molding machine; 

then, at the same moment, the core formation material is 
extruded to be formed into a solid cylindrical core 
member, the reflecting layer formation material is 
extruded into a belt-like reflecting layer formed on the 
outer Surface of the Solid cylindrical core member, the 

18 
Aug. 23, 2001 

clad formation material is extruded into a tubular 
member coverring the Solid cylindrical core member 
and the belt-like reflecting layer, with the extruding 
amount of the reflecting layer formation material being 
changed So as to obtain a belt-like reflecting layer 
having different width in the longitudinal direction of 
the light transmission tube. 

19. The light transmission tube according to claim 1, 
wherein an outer peripheral configuration of the croSS Sec 
tion of the tubular clad, which croSS Section is perpendicular 
to the longitudinal direction of the tubular clad, is a non 
circular shape. 

20. The light transmission tube according to claim 19, 
wherein the outer peripheral configuration of the croSS 
Section of the tubular clad includes at least one linear 
portion. 

21. The light transmission tube according to claim 20, 
wherein the outer peripheral configuration of the croSS 
Section of the tubular clad includes at least two linear 
portions which are mutually perpendicular to each other. 

22. The light transmission tube according to claim 20, 
wherein the tubular clad has a protruding member outwardly 
protruding in an extending direction of the linear portion. 

23. The light transmission tube according to claim 20, 
wherein the tubular clad has a protruding member outwardly 
protruding in a direction perpendicular to the extending 
direction of the linear portion. 

24. A method of manufacturing a light transmission tube 
of claim 19, characterized in that: 

a multi-color extrusion molding machine having three 
crew Sections is used; 

a core formation material, a clad formation material, and 
a reflecting layer formation material are simultaneously 
introduced into the extrusion molding machine; 

then, at the same moment, the core formation material is 
extruded to be formed into a solid cylindrical core 
member, the reflecting layer formation material is 
extruded into a belt-like reflecting layer formed on the 
Outer Surface of the Solid cylindrical core member, the 
clad formation material is extruded into a tubular clad 
coverring the Solid cylindrical core member and the 
belt-like reflecting layer, with the outer peripheral 
configuration of the croSS Section of the tubular clad 
being formed into a non-circular shape. 

25. The light transmission tube according to claim 1, 
wherein the tubular clad formation material contains an 
ultraViolet light Shielding material or an ultraViolet light 
absorbing material. 

26. The light transmission tube according to claim 25, 
wherein the tubular clad is made of a (meta)acryl polymer 
containing an ultraViolet light Shielding material or an 
ultraViolet light absorbing material, the core Section is made 
of a polystyrene, a polycarbonate, or a styrene-(meta)acryl 
copolymer, the reflecting layer is made of a (meta)acryl 
polymer containing a white color pigment or a light Scat 
terring material. 


