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by resulting in high manufacturing cost. Demand for waterway beacon lenses
is extremely Field of Industrial Application                     small
compared with general commodities. The com- bination of special attributes
of the lens, expensive The present invention relates to an improvement   5
mold, limited production volume and severe perfor- made to a cylindrical
lensfor a beacon that converges  mance requirements made development of a
new beams of light onto a horizontal surface.           lens for a demanded
purpose very difficult PriorArt
Method of Solving the Problem 10 A cylindrical lens has been widely used
for the     The thinner the lens, the less light is lost through lighting
of waterways. Having a light source in the  the lens. Therefore, the
smaller the pitch between the centre, the cylindrical lens is designed to
have the fo-  rings of the fresnel lens, the thinner the lens can be cal
point in the centre. Emission of light passes   made. Recent improvement in
machining precision of through the lens and converges on parallel beams of
15   molds and progress in plastic materials made a pitch light at the
height of the lens.                    of 0.1 mm possible. Also, if the
pitch is made small, Different from a photographic lens or magnifying
sufficient precision can be obtained even if the vert- lens, resolution or
distortional aberration are not a  ical section of the light-emitting plane
is processed problem for the cylindrical lens used for this purpose,
linearly, i.e., in a prism shape, instead of a curved which only pursues
the convergence efficiency of  20  line, which makes machining of a mold is
very easy. light-emmission energy.                                 The
present invention concerns a cylindrical fres- From DE-A-2 917 743 a
flatfresnel lens is known,  nel lens and a method of manufacturing the same
as having the optical properties of a cylindrical lens,  defined in claims
1 and 7, respectively. Instead of made of a rollable thinfilm. EP-A- 0 216
562 discloses  plastic injection molding, this method employs a mold a thin
flexible fresnel lens.                  25  for a small-pitch thin linear
lens which Is a plane de- In order to raise the luminous intensity, the nu-
velopmentof a cylindrical fresnel lens, and a thin flex- merical aperture
of the lens can be increased, but the  ible plastic plate is heated and
pressed to make a thin- diameter of the lens is determined by the focal
dis-  plate-shaped linear lens, which is rolled so that the tance, and in
order to increase the numerical aper-  fresnel centre line forms a
horizontal ring, thereby ture, the lens height must be raised. However, the
in-  30  forming a cylindrical lens made of a cylinder or head- cidence
angle from the light source to the lens is lim-  cut-off cone. ited to a
maximum of [err]. On the other hand,     A flat metal plate for the mold is
machined by a in order to reduce loss of light through the lens, the
milling machine or a thin metal plate for the mold is lens must be thin.
From these condition, a fresnel-  wound around the circumference of the
cylinder for lens-type cylindrical lens is used. A schematic draw-  35
lathe machining to make a fresnel plane, which is tak- ing is shown in
Figure 4.                           en off and spread into a flat plate,
and then heated In order to make the thickness of the cylindrical  and
pressed onto a flexible transparent resin film to fresnel lens thin, the
lens consists of a main lens part  form a fine prism-shaped linear fresnel
plane. If the and a multi-layered annular part provided above and  thin
metal plate for mold is wound around the head- below it, the light-emitting
plane ofwhich corresponds   40  cut-off cone and machined by lathe and
spread into to the lens surface and consists of a curbed plane re-  a flat
plate, it becomes a flat mold fora cylindrical lens quiring precision.
of a head-cut-off cone. Problem to be Solved by the Invention
Function 45 Cast glass has been used as a material for a cyl-   Because a
fine prism-shaped fresnel lens is used indrical fresnel lens for waterway
beacon lighting  for a cylindrical fresnel lens, the emitting plane can
equipment, but because of various reasons such as   have a linear vertical
section, making the lens design mold precision, casting, mold releasing and
cooling  easy. Molds can be easily machined by numerically process, it was
impossible to make a high perfor-  50  controlled milling machines or
lathes, and therefore mance lens. Recently, high performance cast cylin-
thin flexible linear lenses can be easily formed, which drical lenses can
be made using plastic injection   are bent to make thin cylindrical fresnel
lenses. molding method. However, there is a limit to what can   As
described above, this thin cylindrical lens fa- be made by the injection
molding method regarding   cilitates mold manufacture and lens formation,
mak- the thickness of a cylindrical lens. Either way, molds   55  ing it
economical and easy to produce a new lens with for casting require
precision and are expensive. In the  a high transmission factor. case of a
plastic lens, a certain volume had to be con- tinuously made in order to
stabilise the quality, there- 2 
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tion molding using an expensive metal mold, there- fore, enabling
cylindrical lenses suited to novel appli- Fig. 1 is a partial front view of
a beacon lighting  cations to be easily developed. equipment using a
cylindrical lens of the present in- vention, in which (1) is a cylindrical
lens, (2) is a cover   5   BIRIEF DESCIRIPTION OF DRAWINGS and (3) is a
cast flange which supports the lighting equipment (6) supporting a bulb (4)
and incorporates     Fig. 1 isa partially cut-off frontview of the lighting
a flashing circuit (5). The cover (2) and the flange (3)  equipment for
beacon equipped with a cylindrical lens are provided with supporting pieces
(2') and (3') that  produced as outlined above, Fig. 2a is a plan view of
support the cylindrical lens (1). (7) is the sealing to  10  the linear
lens, Fig. 2b is the side view and Fig. 2c is keep the device watertight
The flange (3) is linked to  an enlarged partial view of the arrowed
sections. Fig. the beacon body that holds a power source battery.    3a
shows the process of rolling thin plate linear fres- Beams of light emitted
from the bulb (4) are con-     nel lenses into a cylinder, and Fig. 3b is a
diagonal verged to non-directional horizontal beams of light by  view of a
completely rolled cylinder. Fig. 4 is a sche- passing through the
cylindrical lens (1) which is very   15   matic view of a conventional
fresnel lens. thin, therefore reducing transmission loss to a mini-  1
...Cylindrical lens, 2 ... cover, 3...flange, 4 ... bulb, mum.
1'...inear fresnel lens, 11 ... centre line, 12...1ight- Fig. 2a is plan
view of a linear fresnel lens (1)  emitting surface of the lens. made of a
fine prism-shaped linear fresnel lens sur- face formed on the transparent
resin film of a flexible  20 thin plate, Fig. 2b is the side view, and Fig.
2c is the  Claims enlarged partial view. The arrows show the conver- gence
of beams of light with horizontal beams of light  1. A cylindrical or
frustroconical fresnel lens com- after passing through the lens. (11) is
the fresnel cen-  prising athinflexible plate of transparent material tre
line, and (12) is the linear light-emitting surface of  25  which has
formed thereon a linear fresnel lens the lens.
having linear refractive prisms on both sides of a Fig. 3a shows the
process of rolling the linear       fresnel centre line (11), said thin
flexible plate (1) fresnel lens (1') in which the fresnel centre line forms
being bent to cylindrical or frustroconical shape a horizontal ring, and
Fig. 3b is a diagonal view show-  with the fresnel centre line (11) forming
a horizon- ing the cylindrical lens which Is made by completely  30  tal
ring, and means (2', 3') for permanently hold- rolling the above and
matching the edges.                ing the thin flexible plate in said bent
cylindrical This method of manufacture allows the fresnel
orfrustroconical shape. surface to be easily formed on either the outer or
in- ner surface, although formation on the inner surface  2. A beacon
lighting equipmenp having a cylindrical requires a different lens design.
With a conventional  35  or frustroconical fresnel lens as defined in claim
cylindrical lens, direct formation of a fresnel surface  1, comprising a
housing (3) having a transparent on the inside of a cover was impossible
because it        outer cover (2) and holding means (2', 3') holding was
difficult to remove the mold, but by the method      said thin flexible
plate (1) in its bent cylindrical or outlined above, a cylindrical lens
with an inner fresnel  frustroconical shape inside the housing. lens is
easily produced by adhering a fresnel surface . 40 onto the inside of the
lens cover or to a transparent  3. A beacon lighting equipment as claimed
in claim cylinder. Also, by supporting the fresnel inside the     2,
wherein said holding means comprise annular coveras shown in Fig. 1, no
force is applied to the lens  supporting pieces (2', 3') supporting the
upper and therefore the lens can be made as thin as possi-     and lower
edge of the bent thin flexible plate (1). ble, resulting in a high
transmission factor.    45 In the above embodiment, the focus of the lens
is  4. A beacon lighting equipment as claimed in claim in the centre of the
cylindrical lens, but when using an  2, wherein said thin flexible plate
(1) is adhered annular light source, e.g., a ring-shaped fluorescent    to
the inside of the transparent outer cover (2) or light, a cylindrical lens
with an annular focal line is  to a separate transparent cylinder.
necessary, in which case the roll diameter can simply  50 be made larger.
5. A beacon lighting equipment according to one of claims 2 to 4, wherein
the focus of the cylindrical Effect of the Invention
fresnel lens (1) is at the centerof the cylinder and a light source (4) is
located in said focus. 



The present invention provides a cylindrical lens   55 which is much
thinner, easier to produce, more eco-   6. A beacon lighting equipment as
claimed in one of nomical and has a higher light transmission factor
claims 2 to 4, wherein the focus of the cylindrical than conventional
cylindrical lenses made by injec-      fresnel lens (1) is annular and an
annular light 3    3                    EP 0 447 600 B1                  4
Embodiment                                            tion molding using an
expensive metal mold, there- fore, enabling cylindrical lenses suited to
novel appli- Fig. 1 is a partial front view of a beacon lighting  cations
to be easily developed. equipment using a cylindrical lens of the present
in- vention, in which (1) is a cylindrical lens, (2) is a cover   5   BRIEF
DESCRIPTION OF DRAWINGS and (3) is a cast flange which supports the
lighting equipment (6) supporting a bulb (4) and incorporates     Fig. l
isa partiallycut-offfrontviewof thelighting a flashing circuit (5). The
cover (2) and the flange (3)  equipment for beacon equipped with a
cylindrical lens are provided with supporting pieces (2') and (3') that
produced as outlined above, Fig. 2a is a plan view of support the
cylindrical lens (1). (7) is the sealing to   10  the linear lens, Fig. 2b
is the side view and Fig. 2c is keep the device watertight The flange (3)
is linked to  an enlarged partial view of the arrowed sections. Fig. the
beacon body that holds a power source battery.    3a shows the process of
rolling thin plate linear fres- Beams of light emitted from the bulb (4)
are con-     nel lenses into a cylinder, and Fig. 3b is a diagonal verged
to non-directional horizontal beams of light by  view of a completely
rolled cylinder. Fig. 4 is a sche- passing through the cylindrical lens (1)
which is very   15   matic view of a conventional fresnel lens. thin,
therefore reducing transmission loss to a mini-  I ...Cylindrical lens, 2
... cover, 3 ... flange, 4... bulb, mum.
1'...linear fresnel lens, 11 ... centre line, 12 ... light- Fig. 2a is plan
view of a linear fresnel lens (1')  emitting surface of the lens. made of a
fine prism-shaped linear fresnel lens sur- face formed on the transparent
resin film of a flexible  20 thin plate, Fig. 2b is the side view, and Fig.
2c is the  Claims enlarged partial view. The arrows show the conver- gence
of beams of light with horizontal beams of light  1. A cylindrical or
frustroconical fresnel lens com- after passing through the lens. (11) Is
the fresnel cen-  prising athinflexible plate of transparentmaterial tre
line, and (12)is the linear light-emitting surface of   25  which has
formed thereon a linear fresnel lens the lens.
having linear refractive prisms on both sides of a Fig. 3a shows the
process of rolling the linear      fresnel centre line (11), said thin
flexible plate (1) fresnel lens (1') in which the fresnel centre line forms
being bent to cylindrical or frustroconical shape a horizontal ring, and
Fig. 3b isa diagonal view show-   with the fresnel centre line (11)forming
a horizon- ing the cylindrical lens which is made by completely  30  tal
ring, and means (2', 3') for permanently hold- rolling the above and
matching the edges.                ing the thin flexible plate in said bent
cylindrical This method of manufacture allows the fresnel         or
frustroconical shape. surface to be easily formed on either the outer or
in- ner surface, although formation on the inner surface  2. A beacon
lighting equipmenp having a cylindrical requires a different lens design.
With a conventional  35  orfrustroconical fresnel lens as defined in claim
cylindrical lens, direct formation of a fresnel surface  1, comprising a
housing (3) having a transparent on the inside of a cover was impossible
because it       outer cover (2) and holding means (2', 3' holding was
difficult to remove the mold, but by the method      said thin flexible
plate (1) in its bent cylindrical or outlined above, a cylindrical lens
with an inner fresnel  frustroconical shape inside the housing. lens Is
easily produced by adhering a fresnel surface   40 onto the inside of the
lens cover or to a transparent  3. A beacon lighting equipment as claimed
in claim cylinder. Also, by supporting the fresnel inside the     2,
wherein said holding means comprise annular coveras shown in Fig. 1, no
force isapplied to the lens  supporting pieces (2', 3') supporting the
upper and therefore the lens can be made as thin as possi-     and lower
edge of the bent thin flexible plate (1). ble, resulting In a high
transmission factor.    45 In the above embodiment, the focus of the lens
is  4. A beacon lighting equipment as claimed in claim in the centre of the
cylindrical lens, but when using an  2, wherein said thin flexible plate
(1) is adhered annular light source, e.g., a ring-shaped fluorescent    to
the inside of the transparent outer cover (2) or light, a cylindrical lens
with an annular focal line is  to a separate transparent cylinder. 



necessary, in which case the roll diameter can simply  so be made larger.
5. A beacon lighting equipment according to one of claims 2 to 4, wherein
the focus of the cylindrical Effect of the Invention
fresnel lens (1) is at the center of the cylinder and a light source (4) is
located in said focus. The present Invention provides a cylindrical lens
55 which is much thinner, easier to produce, more eco-   6. A beacon
lighting equipment as claimed in one of nomical and has a higher light
transmission factor       claims 2 to 4, wherein the focus of the
cylindrical than conventional cylindrical lenses made by injec-
fresnel lens (1) is annular and an annular light 3 1111111 111111 11  1111
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6 source is located in said annular focus.        6.
Leuchtfeuer-Einrichtung nach einem derAnsprO- che 2 bis 4, bei der der
Focus der zylindrischen 7. A method of manufacturing a cylindrical or frus-
Fresnellinse (1) ringfOrmig 1st und eine ringformi- troconical fresnel
lens, comprising the steps of   ge Lichtquelle in dem ringformigen Focus
ange- - forming a thin transparentflexible plate with   5  ordnet st. a
linear fresnel lens pattern having linear refractive prisms on both sides
of a fresnel  7. Verfahren zur Herstellung einer zylindrischen centre line,
oder kegelstumpffarmigen Fresnellinse, mit den - bending the thin flexible
plate to a cylindri-  Schritten cal orfrustroconical shape so that the
fres-  10  - Formen elner dunnen transparenten flexib- nel centre line
forms a horizontal ring,           len Platte mit einem  linearen Fesnel- -
and permanently holding the thin flexible          Linsenmuster,  das
beiderseits  einer plate in the bent cylindrical orfrustroconical
Fresnel-Mittellinie geradlinige brechende shape.
Prismen aufweist, 15        - Biegen derdunnen flexiblen Platte zu elner
zylindrischen oder kegelstumpfformigen Patentanspruche
Form, so daS die Fesnel-Mitteilinie einen horizontalen Ring bildet, 1.
Zylindrische oder kegelstumpfformige Fres-            - und standiges
Halton der dfnnen flexiblen nellinse, umfassend eine diinne flexible Platte
20     Platte in der gebogenen zylindrischen oder aus transparentem
Material, auf der sine lineare        kegelstumpfformigen Form.
Fresnellinse mit beiderselts elner Fresnel- Mitellinie (11) angeordneten
geradlinigen bre- chenden Prismen geformt ist, wobei die danne
Revendications flexible Platte (1) zu einer zylindrischen oder ke-  25
gelstumpfformigen Form gebogen ist und die      1. Lentille de Fresnel
cylindrique ou tronconique Fesnel-Mittellinie (11) dabei elnen horizontalen
comportant une plaque mince at flexible en ma- Ring bildet, und mit Mitteln
(2', 3') zum stfindigen  tiere transparente sur laquelle est formee une
Halten derdtnnen flexiblen Platte in dergeboge-   lentille de Fresnel
lin6aire ayant des prismes r6- nen zylindrischen oder kegeistumpfformigen
30    fringents lineaires sur lea deux cot6s d'un axe Form.
central (11) de Fresnel, ladite plaque mince et flexible etant courb6e en
une feuille cylindrique 2. Leuchtfeuer-Elnrichtung mit elner zylindrischen
ou tronconique de facon que l'axe central (11) de oderkegelstumpfformigen
Fresnellinse nach An-      Fresnel forme un anneau horizontal, et des
spruch 1, mit elnem Gehiuse (3) mit einertrans-  35  moyens (2', 3') pour
maintenir de facon perma- parenten duaeren Abdeckung (2) und Haltemit-
nente la plaque mince at flexible dans ladite for- teln (2', 3'), die die
dflnne flexible Platte (1) in ih-  me courb6e cylindrique ou tronconique.
rer gebogenen zylindrischen oder kegelstumpf- formigen Form innerhalb des
Gehiuses halten.    2. Equipement d'6clairage d'une balise ayant une 40
lentille de Fresnel cylindrique ou tronconique 3. Leuchtfeuer-Einrichtung
nach Anspruch 2, bei       comme d6fini dans la revendication 1, compor-
derdie Haltemittel ringformigeAbstfItzst(Icke (2',  tant un corps (3) ayant
un capot ext6rieur trans- 



3') umfassen, die die obere und untere Kante der   parent (2) et des moyens
(2', 3') de maintien gebogenen dfinnen flexiblen Platte (1) abstut-
maintenant ladite plaque mince et flexible (1) zen.
45      dans sa forme courbee cylindrique ou tronconi- que A l'int6rieur du
corps. 4. Leuchtfeuer-Einrichtung nach Anspruch 2, be! der die
drinneflexible Platte (1) an derlnnenseite  3. Equipement d'eclairage de
balise selon la reven- der transparenten Aul~eren Abdeckung (2) oder
dication 2, dans lequel lesdits moyens de main- an einem separaten
transparenten Zylinder zur  5o  tien comprennent des pibces annulaires (2',
3') Anlage gebracht lst.                               de support
supportant lee bords sup6rieur et in- f6rieurde la plaque courb6e, mince
etflexible (1). 5. Leuchtfeuer-Einrichtung nach elnem derAnsprui- che 2 bis
4, bel der der Focus der zyllndrischen  4. Equipement d'6clairage de ballse
selon la reven- Fresnellinse (1) im Zentrum des Zylinders liegt  65
dication 2, dans lequel ladite plaque mince et und eine Lichtquelle (4) in
dem Focus angeordnet   flexible (1) est coll6e A l'int6rieur du capot exte-
ist.                                               rleur transparent (2) ou
A un cylindre transparent separe. 4    7                   EP 0 447 600 B1
8 5.. Equipement d'eclairage de balise selon I'une des revendications 2 a
4, dans lequel le foyer de la lentille de Fresnel cylindrique (1) est au
centre du cylindre et une source (4) de lumiere eat plac6e dans ledit
foyer.                           5 6. Equipement d'eclairage de balise
selon l une des revendications 2 a 4, dans lequel le foyer de la lentille
de Fresnel cylindrlque (1) eat annulairo et une source annulaire de lumiere
eat placee dans   lo ledit foyer annulaire. 7. Procd6 de fabrication d'une
lentille de Fresnel cylindrique ou tronconique, comprenant lea eta- pes qui
consistent                          15 - A former une plaque mince,
transparent. et flexible ayant une configuration de lentille de Fresnel
lindaire comportant des prismes refringents lin6aires sur les deux cites
d'un axe central de Fresnel,                20 - A courber la plaque mince
etflexible en une forme cylindrique ou tronconique afln que l'axe central
de Fresnel forme un anneau horizontal, - et A maintenir de facon permanents
la pla-  25 que mince etflexible dans la forme courb6e cylindrique ou
tronconique. 30 35 40 45 50 55 5 *   C   L   M   S    


