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DESCRIPTION

Field of the Invention

[0001] The present invention embraces an apparatus, a system, and a method for curing coatings on drawn glass fibers.

Background

[0002] Glass fibers are typically protected from external forces with one or more coating layers. Typically, two or more layers of
coatings are applied during the optical-fiber drawing process (i.e., whereby a glass fiber is drawn from an optical preform in a
drawing tower). A softer inner coating layer typically helps to protect the glass fiber from microbending. A harder outer coating
layer typically is used to provide additional protection and to facilitate handling of the glass fiber. The coating layers may be
cured, for example, using heat or ultraviolet (UV) light.

[0003] UV curing requires that the coated glass fiber be exposed to high intensity UV radiation. Curing time can be reduced by
exposing the coating to higher intensity UV radiation. Reducing curing time is particularly desirable to permit an increase in fiber
drawing line speeds and thus optical-fiber production rates.

[0004] Mercury lamps (e.g., high pressure mercury lamps or mercury xenon lamps) are commonly used to generate the UV
radiation needed for UV curing. One downside of using mercury lamps is that mercury lamps require a significant amount of power
to generate sufficiently intense UV radiation. For example, UV lamps used to cure a single coated fiber (i.e., one polymeric
coating) may require a collective power consumption of 50 kilowatts.

[0005] Anocther shortcoming of mercury lamps is that much of the energy used for powering mercury lamps is emitted not as UV
radiation but rather as heat. Accordingly, mercury lamps must be cooled (e.g., using a heat exchanger) to prevent overheating. In
addition, the undesirable heat generated by the mercury lamps may slow the rate at which the optical-fiber coatings cure.

[0006] Furthermore, mercury lamps generate a wide spectrum of electromagnetic radiation, such as having wavelengths of less
than 200 nanometers and greater than 700 nanometers (i.e., infrared light). Typically, UV radiation having wavelengths of
between about 300 nanometers and 400 nanometers is useful for curing UV coatings. Thus, much of the electromagnetic
radiation generated by mercury bulbs is wasted (e.g., 90 percent or more). Additionally, glass fibers typically possess a diameter
of about 125 microns or less, which, of course, is much smaller than the mercury bulbs. Consequently, most of the UV radiation
emitted by the mercury lamps does not reach the glass fiber's uncured coating (i.e., the energy is wasted).

[0007] It may thus be advantageous to employ, as an alternative to conventional mercury lamps, UVLEDs to cure glass-fiber
coatings. UWVLEDs typically require significantly less energy and correspondingly generate much less heat energy than
conventional UV lamps.

[0008] By way of example, U.S. Patent No. 7,022,382 (Khudyakov et al.) discloses the use of UV lasers (e.g., continuous or
pulsed lasers) for curing optical-fiber coatings.

[0009] U.S. Patent Application Publication No. 2003/0026919 (Kojima et al.) discloses the use of ultraviolet light emitting diodes
(UVLEDs) for curing optical-fiber coatings. The disclosed optical-fiber resin coating apparatus includes a mold assembly in which
a UV curable resin is coated onto an optical fiber. Also at the mold assembly, the coated optical fiber is exposed to UV radiation
from a number of UVLEDSs to cure the UV coating. A control circuit may be used to contral the UV radiation output from the UVLED
array. For example, the control circuit may reduce the current to one or more UVLEDs to reduce the intensity of emitted UV
radiation. The control circuit may also be used to vary the intensity of the UV radiation as the optical fiber progresses through the
mold assembly.

[0010] Even so, UVLEDs, though more efficient than mercury lamps, still waste a significant amount of energy in curing glass-
fiber coatings. In particular, much of the emitted UV radiation is not used to cure the glass-fiber coatings.

[0011] Therefore, a need exists for a UVLED apparatus that, as compared with a conventional mercury-lamp device, not only
consumes less power and generates less unwanted heat, but also is capable of curing glass-fiber coatings with improved curing
efficiency.
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Summary

[0012] Accordingly, the present invention embraces a UVLED apparatus (and associated systems and methods) for curing in situ
optical-fiber coating. The apparatus employs at least one UVLED source, such as a single UVLED or a plurality of discrete
WVLEDs, that emits electromagnetic radiation into a curing space. An incompletely cured, coated glass fiber passes through the
curing space, thereby absorbing electromagnetic radiation to effect curing of the optical-fiber coating.

[0013] An exemplary UVLED apparatus includes one or more UVLED sources positioned within a substantially cylindrical cavity.
Each UVLED source typically has an emission pattern that defines a line of average emission Layg. The cylindrical cavity has a

reflective inner surface and an elliptical cross-section. Accordingly, the cavity defines a first line focus, a second line focus, and a
major axis intersecting the first and second line foci. The UVLED source is typically positioned along the first line focus such that
an emission angle a between the major axis and Lay is between about 30 degrees and 100 degrees (e.g., between about 30

degrees and 60 degrees). A glass fiber having an incompletely cured coating is passed through the cylindrical cavity along the
second line focus to effect the absorption of UV radiation emitted by the UVLED source and reflected by the reflective inner
surface of the cylindrical cavity.

[0014] In a first aspect, the invention relates to an apparatus for curing a coated glass fiber, comprising:

a substantially cylindrical cavity having a substantially elliptical cross-section and a reflective inner surface, said cavity defining a
first line focus, a second line focus, and a major axis intersecting the first line focus and the second line focus, the second line
focus defining a curing axis;

a protective tube that is substantially transparent to UV radiation, said protective tube surrounding the curing axis; and

a UVLED source positioned within said cavity at the first line focus, wherein said UVLED source (i) has an emission pattern that
defines a line of average emission La\,g and (ii) has an emission angle a between the major axis and La\,g of between about 30

degrees and 100 degrees.

[0015] In a preferred embodiment of this first aspect, said cavity has an elliptical cross-section.

[0016] In another preferred embodiment of this first aspect, said protective tube is a quartz tube.

[0017] In another preferred embodiment of this first aspect, said UVLED source is a single UVLED.

[0018] In another preferred embodiment of this first aspect, said UYLED source comprises of a plurality of UVLEDs.

[0019] In another preferred embodiment of this first aspect, said plurality of UVLEDs comprises at least two UVLEDs that emit
electromagnetic radiation at different output intensities.

[0020] In another preferred embodiment of this first aspect, the emission angle a is defined by the following equation:
O 2 Osource/2 + arCtan(rtube/(2f))
where rype is the radius of the protective tube, 2f is the distance between the first line focus and the second line focus, and

Bsource is the angle of the emittance cone of the UVLED source that contains 95 percent of the emitted power from the UVLED

source.

[0021] In another preferred embodiment of this first aspect, said apparatus comprises a plurality of UVLED sources positioned
within said cavity.

[0022] In another preferred embodiment of this first aspect, said plurality of UVLEDs sources comprises at least two UVLED
sources that emit electromagnetic radiation at different output intensities.

[0023] In another preferred embodiment of this first aspect, at least 90 percent of the electromagnetic radiation emitted by said
UVLED source has wavelengths of between about 250 nanometers and 400 nanometers.

[0024] In another preferred embodiment of this first aspect, at least 80 percent of the electromagnetic radiation emitted by said
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UVLED source has wavelengths of between about 300 nanometers and 450 nanometers.

[0025] In another preferred embodiment of this first aspect, at least 80 percent of the electromagnetic radiation emitted by said
UVLED source has wavelengths of between about 375 nanometers and 425 nanometers.

[0026] In another preferred embodiment of this first aspect, said UVLED source emits electromagnetic radiation of wavelengths
mostly between about 395 nanometers and 415 nanometers.

[0027] In another preferred embodiment of this first aspect, at least 80 percent of the electromagnetic radiation emitted by said
WVLED source has wavelengths within a 30-nanometer range.

[0028] In another preferred embodiment of this first aspect, the emission angle a is between about 30 degrees and 60 degrees.
[0029] In another preferred embodiment of this first aspect, the emission angle a is between about 40 degrees and 50 degrees.

[0030] In a second aspect, the invention relates to a system for curing a coated glass fiber, comprising:
a first apparatus and a second apparatus each according to said first aspect of the invention;
wherein the first line focus of the first apparatus is distinct from the first line focus of the second apparatus; and

wherein the second line focus of the first apparatus is the same as the second line focus of the second apparatus.

[0031] In a third aspect, the invention relates to an apparatus for curing a coated glass fiber, comprising:

a substantially cylindrical cavity having a substantially elliptical cross-section and a reflective inner surface, said cavity defining a
first line focus, a second line focus, and a major axis intersecting the first line focus and the second line focus, the second line
focus defining a curing axis;

a protective tube that is substantially transparent to UV radiation, said protective tube surrounding the curing axis;
a UVLED source positioned within said cavity; and
a lens for focusing UV radiation from said UVLED source toward the first line focus, said lens positioned within said cavity;

wherein said lens (i) provides an emission pattern that defines a line of average emission Lavg and (ii) has an emission angle a
between the major axis and Lavg of between about 30 degrees and 120 degrees.

[0032] In a fourth aspect, the invention relates to an apparatus for curing a coated glass fiber, comprising:

a substantially cylindrical cavity having a substantially elliptical cross-section and a reflective inner surface, said cavity defining a
first line focus, a second line focus, and a major axis intersecting the first line focus and the second line focus, the second line
focus defining a curing axis;

a protective tube that is substantially transparent to UV radiation, said protective tube surrounding the curing axis;
a UVLED source; and

an optical fiber having a first end and a second end;

wherein the first end of said optical fiber is coupled to said UVLED source;

wherein the second end of said optical fiber is positioned within said cavity at the first line focus, the second end of said optical
fiber (i) providing an emission pattern that defines a line of average emission La\,g and (ii) having an emission angle a between

the major axis and Layy of between about 30 degrees and 150 degrees.

[0033] In a fifth aspect, the invention relates to a method for curing a coating on a glass fiber, comprising:
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providing a substantially cylindrical cavity having a substantially elliptical cross-section and a reflective inner surface, the cavity
defining (i) a first line focus, (ii) a second line focus, and (iii) a major axis intersecting the first and second line foci;

passing a glass fiber having an incompletely cured coating through the cylindrical cavity and along the second line focus; and

directing UV radiation from the first line focus at an emission angle a of between about 30 degrees and 100 degrees, the emission
angle a being defined by the angle between the line of average UV-radiation emission Layy and the cavity's major axs.

[0034] In an preferred embodiment of this fifth aspect, the method comprises reflecting at least a portion of the UV radiation off
the cavity's reflective inner surface toward the glass fiber.

[0035] In an preferred embodiment of this fifth aspect, the reflecting step effects absorption of UV radiation by the glass fiber's
incompletely cured coating to promote curing.

[0036] In an preferred embodiment of this fifth aspect, the step of directing UV radiation comprises emitting UV radiation from a
UVLED source.

[0037] In an preferred embodiment of this fifth aspect, the step of emitting UV radiation from a UVLED source comprises emitting
UV radiation from a UVLED source that is positioned at the first line focus.

[0038] The foregoing illustrative summary, as well as other exemplary objectives and/or advantages of the invention, and the
manner in which the same are accomplished, are further explained within the following detailed description and its accompanying
drawings.

Brief Description of the Drawings

[0039]

Figure 1 depicts a cross-sectional view of an elliptic cylinder having a reflective inner surface.

Figure 2 schematically depicts a perspective view of an exemplary apparatus for curing a coated glass fiber.
Figure 3 schematically depicts a cross-sectional view of an exemplary apparatus for curing a coated glass fiber.

Figure 4 schematically depicts the relationship between UVLED emission angle and UVLED efficiency for UVLEDs of various
widths.

Figure 5 schematically depicts a cross-sectional view of another exemplary apparatus for curing a coated glass fiber.
Figure 6a schematically depicts the emission pattern of a UVLED having an emission pattern of cos1-5(¢).

Figure 6b schematically depicts the emission pattern of a UVLED having an emission pattern of c032(¢).

Detailed Description

[0040] In one aspect, the present invention embraces an apparatus for curing glass-fiber coatings (e.g., primary coatings,
secondary coatings, and/or tertiary ink layers). The apparatus typically employs a UVLED source that is oriented at an emission
angle of more than 0 degrees relative to the glass fiber.

[0041] In a particular embodiment, the apparatus for curing glass-fiber coatings includes a UVLED source, such as one or more
ultraviolet light emitting diodes (UVLEDs), positioned within a cylindrical cavity (or a substantially cylindrical cavity) that has a
reflective inner surface. To achieve the reflective inner surface, the cylindrical cavity may be made from stainless steel or
metalized glass, such as silvered quartz, or other suitable material. In addition, the interior of the cylindrical cavity defines a curing
space. In turn, the curing space defines a curing axis along which a drawn glass fiber passes during the curing process.
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[0042] Typically, a protective tube surrounds the curing axis. By way of example, a transparent quartz tube (e.g., a quartz tube
that is substantially transparent to UV radiation emitted by the UVLEDs) having a diameter of about 24 millimeters and a thickness
of about 2 millimeters may be employed as a protective tube. In another embodiment, the protective tube (e.g., a transparent
quartz tube) may have a diameter of about 10 millimeters and a thickness of about 1 millimeter. In general, it is thought that
employing a smaller protective tube would improve curing efficiency (i.e., reduce UV radiation waste).

[0043] The protective tube prevents curing byproducts from damaging and/or fouling the UVLEDs within the cylindrical cavity. In
this regard, volatile components of the optical-fiber coating have a tendency to evaporate during curing. In the absence of a
protective tube, these curing byproducts can precipitate onto both the UVLEDs and the cavity's reflective inner surface. The
protective tube can also prevent uncured coating (e.g., delivered by a coating applicator) from being inadvertently deposited
within the cylindrical cavity (e.g., spilled onto the UVLEDs and/or the cavity's reflective inner surface).

[0044] An inert gas (e.g., nitrogen) or gas mixture (e.g., nitrogen and oxygen) may be introduced into the protective tube to
provide an oxygen-free or a reduced-oxygen environment around an optical fiber as its coating is being cured. In this regard, it
has been observed that having a small amount of oxygen may promote efficient curing. Accordingly, the protective tube may
provide an environment having between about 0.1 percent and 5 percent oxygen, such as between about 0.2 percent and 3
percent oxygen (e.g., about 0.31 percent oxygen). Providing a reduced-oxygen environment around the coated glass fiber seems
to help reduce the consumption of free radicals by the oxygen.

[0045] Furthermore, the gas (e.g., nitrogen and/or oxygen) flowing through the protective tube may be heated, such as by
employing one or more heat rings positioned around (i) the protective tube andior (ii) a pipe supplying the gas. Alternatively, the
gas flowing through the protective tube may be heated using infrared heaters. Heating the gas flow helps to remove unreacted
coating components (e.g., coating monomers) and/or unwanted byproducts present in the cured coating.

[0046] In a typical embodiment, the cylindrical cavity has a non-circular elliptical cross-section. In other words, the cylindrical
cavity usually has the shape of an elliptic cylinder. By way of illustration, an exemplary elliptic cylinder has a major axs length of
54 millimeters and a minor axis length of 45.8 millimeters. For an elliptic cylinder, the curing axis corresponds with one of the two
line foci defined by the elliptic cylinder. Moreover, it is thought that the cylinder's elliptical shape can be modified to compensate
for the deleterious effects that may be caused by the protective tube (e.g., refraction and reflection).

[0047] It will be appreciated by those of ordinary skill in the art that a UVLED does not emit UV radiation only toward a point or
line, but rather emits UV radiation in many directions. Thus, most of the UV radiation emitted by a UVLED will not directly strike a
glass-fiber coating to effect curing. In curing an optical-fiber coating, however, it is desirable that as much UV radiation as
possible strike the optical fiber (i.e., a coated glass fiber). As will be understood by those having ordinary skill in the art, curing
occurs when UV radiation is absorbed by photoinitiators in the glass-fiber coating.

[0048] Accordingly, the reflective surface of the cylindrical cavity can reflect otherwise misdirected UV radiation onto an optical
fiber for curing, thus reducing wasted energy. Moreover, for a cylindrical cavity having an elliptical cross-section, any
electromagnetic radiation that is emitted from one line focus (regardless of direction) will be directed toward the other line focus
after being reflected at the inner surface of the cylinder. This principle is illustrated in Figure 1, which depicts a cross-sectional
view of a reflective elliptic cylinder 15 having a first line focus 11 and a second line focus 12. As depicted in Figure 1, each UV ray
13 emitted from the first line focus 11 will intersect the second line focus 12.

[0049] Accordingly, in one embodiment each UVLED source may be positioned along the other line focus (i.e., the line focus that
does not correspond with a curing axis) such that each UVLED source emits UV radiation in the general direction of the curing
axis. In this regard, Figures 2 and 3 depict an exemplary apparatus 20 for curing a coated glass fiber 26. The apparatus 20
includes a substantially cylindrical cavity 25 having an elliptical shape and a reflective inner surface. The cavity 25 defines a first
line focus 21 and a second line focus 22. One or more UVLED sources 24 are positioned along the first line focus 21. Typically,
each UVLED source 24 is formed from a single light emitting diode. That said, it is within the scope of the present invention to
employ an array of small light emitting diodes to form each UVLED source 24.

[0050] In one embodiment, the apparatus 20 may include a plurality of UVLED sources 24 positioned contiguously to one
another along the first line focus 21 (i.e., directly stacked). In another embodiment, adjacent UVLED sources may be vertically
separated by a space of at least about 5 millimeters (e.g., at least about 10 millimeters). The second line focus 22 further defines
a curing axis along which a coated glass fiber 26 passes so it can be cured. As depicted in Figure 3, UV rays 23 emitted from the
UVLED source 24 may reflect off the inner surface of the cavity 25 such that the reflected UV rays 23 are incident to the coated
glass fiber 26.
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[0051] To facilitate uniform curing of the coated glass fiber 26, some of the UVLED sources 24 may be differently oriented. The
apparatus 20 typically includes a single UVLED positioned within a particular horizontal plane. In an alternative embodiment,
multiple UVLEDs may be positioned (e.g., at a point other than the first focal line) within a horizontal plane to promote more
uniform curing of the glass fiber.

[0052] In another embodiment, a system for curing a coated glass fiber may include a plurality of differently oriented cavity
segments (e.g., apparatuses for curing a coated glass fiber). Each cavity may have a common curing axis (e.g., the second focal
line), but a different first line focus.

[0053] As depicted in Figure 2, a second apparatus 30 for curing a glass fiber may have a different orientation than the first
apparatus 20 (e.g., the second apparatus 30 may have UVLED sources positioned along a line focus 31 that differs from the first
line focus 21). As further illustrated in Figure 2, the second apparatus 30 is rotated 180 degrees relative to the orientation of the
first apparatus 20. That said, various degrees of rotation may separate adjacent cavity segments (i.e., adjacent apparatuses). By
way of non-limiting illustration, a 45-degree rotation, a 90-degree rotation, or a 135-degree rotation may separate adjacent cavity
segments while maintaining the common curing axis.

[0054] In this regard, the positioning of a plurality of cavity segments in a three-dimensional arrangement may be defined by the
cylindrical coordinate system (i.e., r, 8, ). Using the cylindrical coordinate system and as described herein, the curing axs defines
a z-axis. Furthermore, as herein described and as will be understood by those of ordinary skill in the art, the variable r is the
perpendicular distance of a point to the z-axis. The variable 6 describes the angle in a plane that is perpendicular to the z-axis. In
other words and by reference to a Cartesian coordinate system (i.e., defining an x-axis, a y-axis, and a z-axs), the variable 8
describes the angle between a reference axis (e.g., the x-axis) and the orthogonal projection of a point onto the x-y plane. Finally,
the z variable describes the height or position of a reference point along the z-axis.

[0055] Thus, a point is defined by its cylindrical coordinates (r, 8, z). For cavity segments employed in exemplary configurations,
the variable r is usually constant and may refer to the distance between the first line focus of a cavity segment and the curing axis
(e.g., where the respective cavity segments employ the same elliptical dimensions). Accordingly, to the extent the variable r is
largely fixed, the position of the cavity segments can be described by their respective zand 8 coordinates.

[0056] By way of non-limiting example, a plurality of cavity segments having the same elliptical dimensions may be positioned in a
helical arrangement with the first cavity segment at the position (1, 0, 0), where r is fixed at a constant distance (i.e., represented
here as a unitless 1). Additional cavity segments may be positioned, for example, every 90 degrees (i.e., 1/2) with a Azof 1 (i.e.,
a positional step change represented here as a unitless 1). Thus, a second cavity segment would have the coordinates (1, 11/2,
1), a third cavity segment would have the coordinates (1, 11, 2), and a fourth cavity segment would have the coordinates (1, 311/2,
3), thereby defining a helical configuration. In other words, the respective cavity segments are rotated around the curing axs.

[0057] That said, the respective distances r and z need not be equivalent. Moreover, the several cavity segments in an
arrangement as herein disclosed need not be offset by 90 degrees (e.g., /2, m, 311/2, etc.). For example, the respective cavity
segments may be offset by 60 degrees (e.g., /3, 211/3, m, etc.) or by 120 degrees (e.g., 21/3, 411/3, 2T, efc.). Indeed, the cavity
segments in an arrangement as discussed herein need not follow a regularized helical rotation.

[0058] Applicant has discovered that the protective tube interferes with the UV radiation directed toward the curing axs.

[0059] By way of example, Applicant simulated directing a 0.1-millimeter wide UVLED having an emission pattern of cos1-5(<b)
directly toward (i.e., employing an emission angle of 0 degrees) a target having a diameter of 250 microns, the approximate
diameter of a representative optical fiber. As used herein, the size of a UVLED refers to its actual size or, if the UVLED is rescaled
with a lens, its effective size. The simulation positioned the UVLED source and the target at opposite foci within a reflective elliptic
cylinder having a major axis length of 54 millimeters and a minor axis length of 45.8 millimeters. In the absence of a protective
tube, nearly 100 percent of the UV rays hit the target.

[0060] When a protective tube having a diameter of 24 millimeters and a refractive index of 1.5 is employed, however, only about
75 percent of the UV rays hit the 250-micron target. In this regard, UV rays having an incidence angle other than approximately
90 degrees with the protective tube can be undesirably refracted or reflected.

[0061] Applicant also simulated directing the UVLED toward a 250-micron target surrounded by a protective tube while employing
an emission angle of 90 degrees rather than 0 degrees. Table 1 (below) shows UVLED efficiency (i.e., the percent of UV radiation
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hitting a 250-micron target) at respective emission angles of 0 degrees and 90 degrees for UVLEDs of various widths.

Table 1 (UVLED Efficiency)

Elliptic Cylinder Elliptic Cylinder . . . .
T TR TR el sl sty P
54 45.8 - cos%(®) 0 100

54 458 24 cos(®d) 0 75

54 45.8 24 cos'3@®) {0 77

54 45.8 24 cos! @) {90 100

60 51.8 24 cos'5@) {0 78

60 51.8 24 cos' @) {90 100

[0062] Table 2 (below) shows UVLED efficiency for a UVLED having a width (or effective width) of 0.1 mm.
Table 2 (UVLED Efficiency)

Elliptic Cylinder Major { Elliptic Cylinder Minor jProtective Tube {Emission Emission Angle jUVLED

Axis Width (mm) Axis Width (mm) Diameter (mm) iPattern (degrees) (percentage)
54 4538 - cosZ(®d) 0 100

54 458 24 cos(®) 0 75

54 45.8 24 cos!-5(®) 0 77

54 458 24 cos'!-5@) 90 100

60 51.8 24 cos1'5(<D) 0 78

60 518 24 cos!-5(d) 90 100

[0063] Applicant further simulated UVLED efficiency for various emission angles using various UVLEDs, where (i) the reflective
elliptic cylinder had a major axis length of 54 millimeters and a minor axis length of 45.8 millimeters, (ii) the protective tube had a

diameter of 24 millimeters, and (i) the UVLED had an emission pattern of cos1-5(<D). For this apparatus configuration, Figure 4
graphically depicts the relationship between UVLED emission angle and UVLED efficiency for UVLEDs of various widths. In brief,
Figure 4 shows that for a UVLED having a width of less than 0.5 millimeter, employing an emission angle of more than 0 degrees
improves UVLED efficiency.

[0064] For UVLEDs having a width (or effective width) of less than about 0.5 millimeter (as deployed in the foregoing apparatus
configuration), emission angle a can be optimally calculated in accordance with the following equation:

0 =733.33x2 — 690x + 161.67

where x is the width of the UVLED, x < 0.5 millimeter, and the UVLED has an emission pattern of cos1-5(<D). Moreover, for the
foregoing apparatus configuration, the UVLED efficiency can be optimally calculated in accordance with the following equation:

UVLED efficiency = 1001.3x3 + 1166.1x2 - 461.6x + 140.45

where xis the width of the UVLED, x < 0.5 millimeter, and the UVLED has an emission pattern of cos' -5(CD).

[0065] For a point source, the optimum emission angle a typically has a minimum value amin and a maximum value amax

according to the following equations:

Qmin = esnurce/2 + arCtan(rlLbe/(Zf)),

and

Omax = 2M- Ginin,

where rype is the radius of the protective tube, fis the distance from the central axis of the elliptic cylinder to a line focus (i.e., 2f

is the distance between the line foci), and Bgoyree is the angle of the emittance cone of the point source that contains 95 percent

of the emitted power from the point source.

[0066] As noted, the emittance cone of the point source contains 95 percent of the emitted power from the point source.
Therefore, 95 percent of the emitted power from the point source is emitted within the cone defined by the equation:
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a * KBspurce
where:
0.5<k<05.

[0067] By way of a non-limiting example, if Bgource = 154 degrees, f = 28 millimeters, and ryype = 12 millimeters, then amin = 89
degrees and omax = 271 degrees.

[0068] Those of ordinary skill will appreciate that the UV radiation emitted from a UVLED source is not emitted from a single
point. That said, the foregoing equation for calculating the optimum emission angle of a point source is a useful tool for
approximating the optimum emission angle of small UVLED sources, such as UVLED sources with a width of 0.2 millimeter or less
(e.g., 0.1 millimeter or less).

[0069] More generally and in accordance with the present invention, the optimum emission angle is typically at least about 30
degrees, such as between 30 degrees and 100 degrees (e.g., about 90 degrees for a UVLED having a width of about 0.3
millimeter or less), more typically between about 30 degrees and 60 degrees (e.g., about 45 degrees for a UVLED having a width
of about 0.22 millimeter), between each UYLED source and the major axis of the elliptical cylinder. In this regard, ever smaller
UVLEDs may facilitate the deployment of a curing apparatus that can efficiently employ emission angles approaching 180
degrees. By way of example, such a curing apparatus might employ emission angles greater than about 100 degrees, such as
between about 120 degrees and 150 degrees (e.g., about 135 degrees). When a protective tube is present within the elliptical
cylinder (i.e., surrounding the curing axis), employing an angled UVLED source in this way will provide improved UV absorption
during curing.

[0070] Figure 5 depicts an exemplary apparatus 50 for curing a coated glass-fiber 26 in accordance with the present invention.
In particular, the apparatus 50 employs one or more angled UVLED sources 24 paositioned within a substantially cylindrical cavity
25 having an elliptical shape and having a reflective inner surface. The cavity 25 defines a first line focus 21 and a second line
focus 22. The second line focus 22 defines a curing axis. A coated glass fiber 26 passes along the curing axis during curing.
Finally, a protective tube 35 surrounds the curing axis and the coated glass fiber 26.

[0071] The cavity 25 also defines a major axis 34 that intersects the first line focus 21 and the second line focus 22. One or more
UVLED sources 24 are positioned along the first line focus 21. Each UVLED source 24 emits UV rays 23 in a distinctive emission
pattern. In general, an emission pattern has a line of average emission Lg\g 23a (i.e., an average of all the UV rays emitted by the

UVLED source 24).

[0072] In an exemplary embodiment, an UVLED source 24 is angled away from the coated glass fiber 26. In particular, the
UVLED source 24 is positioned so that an emission angle a is defined between the line of average emission Layg 23a and the
elliptical cylinder's major axis 34. The emission angle a is typically between about 30 degrees and 100 degrees (e.g., between 30
degrees and 60 degrees), more typically between about 40 degrees and 50 degrees (e.g., 45 degrees).

[0073] Although the emission angle a is typically calculated relative to the line of average emission Lay for a UVLED source

(e.g., a single UVLED), it is within the scope of the invention to describe the emission angle a relative to a line defined by a
UVLED source's median or mode (i.e., a line of maximum emission Lmax)-

[0074] Typically, each UVLED source within the cavity is oriented to have the same emission angle. That said, it is within the
scope of the present invention to orient UVLED sources within the cavity such the UVLED sources have different emission angles.

[0075] Those of ordinary skill will appreciate that the UV radiation emitted from a UVLED is not emitted from a single point.
Therefore, and because of the small size of a coated glass fiber (e.g., a 250-micron diameter), it is desirable to use small UVLED
sources (e.g., a 3-millimeter square UVLED or a 1-millimeter square UVLED). In general, a greater percentage of reflected UV
radiation will be incident to the coated glass fiber using a small UVLED as compared to using a larger UVLED.

[0076] Moreover, each UVLED source may include a lens (e.g., a convex lens, such as a biconvex or plano-convex lens) for
focusing emitted UV radiation. In particular, each lens may have a focus at one of the two line foci (e.g., the line focus not defining
a curing axis). For example, a cylindrical lens with a high numerical aperture can be used to rescale a 3-millimeter square UVLED,
so that it has an effective width of about 0.4 millimeter or less at the line focus. By including a lens with each UVLED, the efficiency
of the apparatus may be further enhanced.
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[0077] In an alternative embodiment, the apparatus for curing a coated glass fiber may employ one or more optical fibers (e.g.,
one or more multimode optical fibers) to transmit UV radiation. In this regard, these optical fibers are typically positioned along the
first line focus of the apparatus as an alternative to positioning UVLEDs along the first line focus. Typically, each optical fiber is
coupled to one or more sources of UV radiation, such as a UVLED. By way of example, a plurality of small UYLEDS may be
coupled to a plurality of optical fibers in a one-to-one relationship (e.g., 20 UVLEDS and 20 optical fibers). Thereupon, the optical
fibers may be configured in various arrays at or near the first line focus.

[0078] Moreover, at least one - and typically each - optical fiber is oriented at the first line focus to provide an emission angle of
between about 30 degrees and 120 degrees (e.g., between 45 degrees and 90 degrees). Such optical fibers typically employ a
central glass fiber, but may alternatively employ a central plastic fiber.

[0079] Moreaover, the use of an optical fiber to transmit UV radiation into the cavity may facilitate the deployment of a curing
apparatus that can efficiently employ emission angles approaching 180 degrees. By way of example, such a curing apparatus
might employ emission angles between 120 degrees and 180 degrees (e.g., about 150 degrees).

[0080] To simplify coupling with the UVLED source(s), multimode optical fibers are typically employed for purposes of UV-
radiation transmission. That said, it is within the scope of the present invention to employ single-mode optical fibers (e.g., holey
glass fibers). An exemplary single-mode optical fiber is a large-mode-area fiber (LMA) that provides a Gaussian beam having a
diameter of 0.1 millimeter or less. An exemplary holey optical fiber is disclosed in commonly assigned U.S. Patent Application No.
12/692,161 for a Single-Mode Optical Fiber, filed January 22, 2010, (Richard et al.).

[0081] UVLEDs are capable of emitting wavelengths within a much smaller spectrum than conventional UV lamps. This promotes
the use of more of the emitted electromagnetic radiation for curing. That said, the UVLED apparatus (and its related system and
method) disclosed herein may be modified to employ mercury lamps and/or fusion lamps as radiation sources (e.g., a
supplemental source of UV radiation if insufficient curing is achieved using only UVLEDs).

[0082] In this regard, a UVLED source for use in the present invention may be any suitable UVLED that emits electromagnetic
radiation having wavelengths of between about 200 nanometers and 600 nanometers. By way of example, the UYLED may emit
electromagnetic radiation having wavelengths of between about 200 nanometers and 450 nanometers (e.g., between about 250
nanometers and 400 nanometers). In a particular exemplary embodiment, the UVLED may emit electromagnetic radiation having
wavelengths of between about 300 nanometers and 400 nanometers. In another particular exemplary embodiment, the UVLED
may emit electromagnetic radiation having wavelengths of between about 350 nanometers and 425 nanometers.

[0083] As noted, a UVLED typically emits a narrow band of electromagnetic radiation. For example, the UVLED may substantially
emit electromagnetic radiation having wavelengths that vary by no more than about 30 nanometers, typically no more than about
20 nanometers (e.g., a UVLED emitting a narrow band of UV radiation mostly between about 375 nanometers and 395
nanometers). It has been observed that a UVLED emitting a narrow band of UV radiation mostly between about 395 nanometers
and 415 nanometers is more efficient than other narrow bands of UV radiation.

[0084] Moreover, it has been observed that in some cases WLEDs emitting UV radiation slightly above the wavelength at which
a glass-fiber coating has maximum absorption (e.g., an absorption peak of about 360 nanometers) promote more efficient
polymerization than do UVLEDs emitting UV radiation at the wavelength at which the glass-fiber coating has maximum absorption.
Accordingly, the UVLED apparatus may employ UVLEDs that have a mean output wavelength at least about 10 nanometers
greater than the glass-fiber coating's targeted absorption peak (e.g., at least about 10 to 15 nanometers greater than a targeted
absorption peak). That said, it is within the scope of the present invention to employ UVLEDs that have a mean output wavelength
within about 10 nanometers (e.g., within about 5 nanometers) of a targeted absorption peak.

[0085] In this regard, although an exemplary UVLED source emits substantially all of its electromagnetic radiation within a defined
range (e.g., between 350 nanometers and 450 nanometers, such as between 370 nanometers and 400 nanometers), the UVLED
source may emit small amounts of electromagnetic radiation outside the defined range. In this regard, 80 percent or more (e.g., at
least about 90 percent) of the output (i.e., emitted electromagnetic radiation) of an exemplary UVLED source is typically within a
defined range (e.g., between about 375 nanometers and 425 nanometers).

[0086] As noted, UVLEDs can have various emission patterns (e.g., far field pattern). By way of example, a UVLED employed in
accordance with the present invention may have a substantially Lambertian emission pattern. In other embodiments, a UVLED
source (e.g., a UVLED) may have a Gaussian or multimodal emission pattern. Another exemplary UVLED may have an emission
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pattern of cos1-5(¢) or 0032(¢). Figure 6a schematically depicts the emission pattern of a UVLED having an emission pattern of

cos1-5((D). Figure 6b schematically depicts the emission pattern of a UYLED having an emission pattern of c032(¢).

[0087] UVLEDs are typically much smaller than conventional UV lamps (e.g., mercury bulbs). By way of example, the UVLED may
be a 0.25-inch square UVLED. The UVLED may be affixed to a platform (e.g., a 1-inch square or larger mounting plate). Of
course, other UVLED shapes and sizes are within the scope of the present invention. By way of example, a 3-millimeter square
UVLED may be employed in the apparatus according to the present invention.

[0088] Each UVLED may have a power output of as much as 32 watts (e.g., a UVLED having a power input of about 160 watts
and a power output of about 32 watts). That said, UVLEDs having outputs greater than 32 watts (e.g., 64 watts) may be employed
as such technology becomes available. Using UVLEDs with higher power output may be useful for increasing the rate at which
optical-fiber coatings cure, thus promoting increased production line speeds.

[0089] Each UVLED source may be positioned at a distance of between about 1 millimeter and 100 millimeters (e.g., typically
between about 5 millimeters and 30 millimeters) from the optical fiber to be cured (e.g., from the curing axis). More typically, each
UVLED source is positioned at a distance of about 25 millimeters from the optical fiber to be cured.

[0090] It will be further appreciated by those of ordinary skill in the art that UVLEDs may absorb incident electromagnetic
radiation, which might diminish the quantity of reflected UV radiation available for absorption by the glass-fiber coating. Moreover,
incident UV radiation can damage a UVLED. Therefore, in an apparatus for curing glass-fiber coatings having a plurality of
UVLEDs, it may be desirable to position the UVLEDs in a way that reduces UV radiation incident to the UVLEDs. Accordingly, a
vertical space of at least about 10 millimeters may separate adjacent UVLEDs. Moreover, the UVLEDs may employ a reflective
surface (e.g., a surface coating) that promotes reflection of incident electromagnetic radiation yet permits the transmission of
emitted electromagnetic radiation.

[0091] It may be desirable for the power of the UV radiation incident to the optical fiber to vary as the optical fiber progresses
through the apparatus. Varying the power of the UV radiation may enhance the curing of the glass-fiber coating. Depending on
the curing properties of a particular coating, it may be desirable to initially expose the optical fiber to high intensity UV radiation.
Alternatively, it may be desirable to initially expose the optical fiber to lower intensity UV radiation (e.g., between about 10 percent
and 50 percent of the maximum exposure intensity) before exposing the optical fiber to high intensity UV radiation (e.g., the
maximum intensity to which the optical fiber is exposed). In this regard, initially exposing the optical fiber to lower intensity UV
radiation may be useful in controlling the generation of free radicals in an uncured coating. Those of ordinary skill in the art will
appreciate that if too many free radicals are present, many of the free radicals may recombine rather than encourage the
polymerization of the glass-fiber coating - an undesirable effect. Accordingly, in an apparatus containing a plurality of UVLED
sources, the intensity of the UV radiation output from the UVLED sources may vary.

[0092] In this regard, an apparatus as described herein may include a dark space between one or more UVLED sources. In other
words, the apparatus may include a space in which substantially no UV radiation is incident to the optical fiber being cured. A
pause in the curing process provided by a dark space can help to ensure even and efficient curing of the optical-fiber coatings. In
particular, a dark space may be useful in preventing too many free radicals from being present in a glass-fiber coating before it is
cured (i.e., dark space helps to control free-radical generation).

[0093] For example, it may be desirable to initially expose an optical fiber to low power UV radiation and then pass the optical
fiber through a dark space. After the optical fiber passes through a dark space, it is exposed to higher power UV radiation to
complete the curing process. A curing apparatus employing dark space is disclosed in commonly assigned U.S. Patent No.
7,322,122 for a Method and Apparatus for Curing a Fiber Having at Least Two Fiber Coating Curing Stages.

[0094] Moreover, an apparatus for curing glass-fiber coatings may include a control circuit for controlling the UV radiation output
from the UVLED sources. The control circuit may be used to vary the intensity of the UV radiation as an optical fiber progresses
through the apparatus. Alternatively, to ensure that the optical fiber receives a consistent dose of ultraviolet radiation, the UV
radiation output of the UVLED sources may vary with the speed at which the optical fiber passes through the apparatus. That is to
say, at higher speeds (i.e., the speed the optical fiber passes through the apparatus), the output intensity of the UVLED sources
may be greater than the output intensity at lower speeds. The output intensity of the UVLED sources may be controlled by
reducing (or increasing) the current flowing to the UVLEDs.

[0095] Finally, glass fiber is typically rotated or otherwise subjected to perturbations during drawing operations to reduce
unwanted dispersion effects. It is thought that this may further enhance the curing process as herein described.

10
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[0096] The foregoing description embraces the curing of one or more coating layers on a glass fiber. The disclosed apparatus,
system, and method may be similarly employed to cure a buffer layer onto an optical fiber or a ribbon matrix around a plurality of
optical fibers.

[0097] Relative to other UV radiation sources, UVLED devices typically generate a smaller amount of heat energy. That said, to
dissipate the heat energy created by a UVLED, a heat sink may be located behind the UVLED (e.g., opposite the portion of the
UVLED that emits UV radiation). The heat sink may be one-inch square, although other heat sink shapes and sizes are within the
scope of the present invention.

[0098] The heat sink may be formed of a material suitable for conducting heat (e.g., brass, aluminum, or copper). The heat sink
may include a heat exchanger that employs a liquid coolant (e.g., chilled water), which circulates within the heat exchanger to
draw heat from the UVLED.

[0099] Removing heat generated by the UVLED is important for several reasons. First, excess heat may slow the rate at which
optical-fiber coatings cure. Furthermore, excess heat can cause the temperature of the UVLED to rise, which can reduce UV-
radiation output. Indeed, continuous high-temperature exposure can permanently reduce the UVLED's radiation output. With
adequate heat removal, however, the UVLED may have a useful life of 50,000 hours or more.

[0100] In accordance with the foregoing, the resulting optical fiber includes one or more coating layers (e.g., a primary coating
and a secondary coating). At least one of the coating layers - typically the secondary coating - may be colored and/or possess
other markings to help identify individual fibers. Alternatively, a tertiary ink layer may surround the primary and secondary
coatings.

[0101] For example, the resulting optical fiber may have one or more coatings (e.g., the primary coating) that comprise a Uv-
curable, urethane acrylate composition. In this regard, the primary coating may include between about 40 and 80 weight percent
of polyether-urethane acrylate oligomer as well as photoinitiator, such as LUCERIN TPO, which is commercially available from
BASF. In addition, the primary coating typically includes one or more oligomers and one or more monomer diluents (e.g.,
isobornyl acrylate), which may be included, for instance, to reduce viscosity and thereby promote processing. Exemplary
compositions for the primary coating include UV-curable urethane acrylate products provided by DSM Desotech (Elgin, lllinois)
under various trade names, such as DeSolite® DP 1011, DeSolite® DP 1014, DeSolite® DP 1014 XS, and DeSolite® DP 1016. An
exemplary coating system is available from Draka Comteq under the trade name ColorLockXS.

[0102] Those having ordinary skill in the art will recognize that an optical fiber with a primary coating (and an optional secondary
coating and/or ink layer) typically has an outer diameter of between about 235 microns and about 265 microns (um). The
component glass fiber itself (i.e., the glass core and surrounding cladding layers) typically has a diameter of about 125 microns,
such that the total coating thickness is typically between about 55 microns and 70 microns.

[0103] With respect to an exemplary optical fiber achieved according to the present curing method, the component glass fiber
may have an outer diameter of about 125 microns. With respect to the optical fiber's surrounding coating layers, the primary
coating may have an outer diameter of between about 175 microns and about 195 microns (i.e., a primary coating thickness of
between about 25 microns and 35 microns) and the secondary coating may have an outer diameter of between about 235
microns and about 265 microns (i.e., a secondary coating thickness of between about 20 microns and 45 microns). Optionally, the
optical fiber may include an outermost ink layer, which is typically between two and ten microns thick.

[0104] In an alternative embodiment, the resulting optical fiber may possess a reduced diameter (e.g., an outermost diameter
between about 150 microns and 230 microns). In this alternative optical-fiber configuration, the thickness of the primary coating
and/or secondary coating is reduced, while the diameter of the component glass fiber is maintained at about 125 microns. By way
of example, in such embodiments, the primary coating layer may have an outer diameter of between about 135 microns and about
175 microns (e.g., about 160 microns), and the secondary coating layer may have an outer diameter of between about 150
microns and about 230 microns (e.g., more than about 165 microns, such as 190-210 microns or so). In other words, the total
diameter of the optical fiber is reduced to less than about 230 microns (e.g., about 200 microns).

[0105] Exemplary coating formulations for use with the apparatus and method described herein are disclosed in the following
commonly assigned applications: U.S. Patent Application No. 61/112,595 for a Microbend-Resistant Optical Fiber, filed November
7, 2008, (Overton); International Patent Application Publication No. WO 2009/062131 A1 for a Microbend-Resistant Optical Fiber,
(Overton); U.S. Patent Application Publication No. US2009/0175583 A1 for a Microbend-Resistant Optical Fiber, (Overton); and
U.S. Patent Application Publication No. US20100119202 A1 for a Reduced-Diameter Optical Fiber (Overton).

11
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[0106] In the specification and/or figures, typical embodiments of the invention have been disclosed. The present invention is not
limited to such exemplary embodiments. The use of the term "and/or" includes any and all combinations of one or more of the
associated listed items. The figures are schematic representations and so are not necessarily drawn to scale. Unless otherwise
noted, specific terms have been used in a generic and descriptive sense and not for purposes of limitation.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not form part of the European patent
document. Even though great care has been taken in compiling the references, errors or omissions cannot be excluded and the
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PATENTKRAYV

1. Apparat til haerdning af en coatet glasfiber, omfattende:

et i det vaesentlige cylindrisk hulrum med et i det vaesentlige elliptisk tveersnit
og en reflekterende indre overflade, hvor hulrummet definerer et forste
linjefokus, et andet linjefokus og en hovedakse, der skeerer det forste
linjefokus og det andet linjefokus, hvor det andet linjefokus definerer en
haerdningsakse;

et beskyttende rar, der er i det veesentlige transparent for UV-straling, hvor
det beskyttende ror omgiver haerdningsaksen og fortrinsvis er et kvartsror;
09

en UV-LED-kilde, der er anbragt i hulrummet ved det forste linjefokus, hvor
UV-LED-kilden (i) har et emissionsmonster, der definerer en linje af
gennemsnitlig emission Layg, 0g (ii) har en emissionsvinkel a mellem

hovedaksen og Lavg p& mellem cirka 30 grader og 100 grader.

2. Apparat ifelge krav 1, hvor UV-LED-kilden er en enkelt UV-LED, eller hvor
UV-LED-kilden omfatter en flerhed af UV-LED'er.

3. Apparat ifglge krav 2, hvor flerheden af UV-LED’er omfatter mindst to UV-
LED’er, der emitterer elektromagnetisk straling ved forskellige udgangs-

intensiteter.

4. Apparatifglge krav 1, omfattende en flerhed af UV-LED-kilder, der er anbragt
i hulrummet, fortrinsvis hvor flerheden af UV-LED-kilder omfatter mindst to UV-
LED-kilder, der emitterer elekiromagnetisk stréling ved forskellige
udgangsintensiteter.

5. Apparat ifelge krav 1, hvor mindst 90 procent af den elektromagnetiske
straling, der emitteres af UV-LED-kilden, har bglgeleengder pa mellem cirka 250

nanometer og 400 nanometer.
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6. Apparat ifolge krav 1, hvor mindst 80 procent af den elektromagnetiske
straling, der emitteres af UV-LED-kilden, har bglgelaengder pa mellem cirka 300
nanometer og 450 nanometer, fortrinsvis pa mellem cirka 375 nanometer og 425

nanometer.

7. Apparatifglge krav 1, hvor ULVED-kilden emitterer elekiromagnetisk stréling

med bglgeleengder hovedsageligt mellem cirka 395 nanometer og 415 nanometer.

8. Apparat ifelge krav 1, hvor mindst 80 procent af den elektromagnetiske
stréling, der emitteres af UV-LED-kilden, har bglgeleengder inden for et 30-

nanometeromréde.

9. Apparat ifelge krav 1, hvor emissionsvinklen a er mellem cirka 30 grader og

60 grader, fortrinsvis mellem cirka 40 grader og 50 grader.

10. System til heerdning af en coatet glasfiber, omfattende:

et forste apparat og et andet apparat, hvert iseer ifalge krav 1;
hvor det farste apparats forste linjefokus er forskelligt fra det andet apparats
farste linjefokus; og hvor det farste apparats andet linjefokus er det samme

som det andet apparats andet linjefokus.

11. Apparat til haerdning af en coatet glasfiber, omfattende:

et i det veesentlige cylindrisk hulrum med et i det veesentlige elliptisk tveersnit
og en reflekterende indre overflade, hvor hulrummet definerer et forste
linjefokus, et andet linjefokus og en hovedakse, der skeerer det forste
linjefokus og det andet linjefokus, hvor det andet linjefokus definerer en

haerdningsakse;
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et beskyttende rar, der er i det veesentlige transparent for UV-straling, hvor
det beskyttende rar omgiver haerdningsaksen;

en UV-LED-kilde, der er anbragt i hulrummet; og

en linse til at fokusere UV-straling fra UV-LED-kilden mod det fgrste
linjefokus, hvor linsen er anbragt i hulrummet;

hvor linsen (i) tilvejebringer et emissionsmgnster, der definerer en linje af
gennemsnitlig emission Layg, 0g (i) har en emissionsvinkel a mellem

hovedaksen og Lavg p& mellem cirka 30 grader og 120 grader.

Apparat til heerdning af en coatet glasfiber, omfattende:

et i det vaesentlige cylindrisk hulrum med et i det vaesentlige elliptisk tveersnit
og en reflekterende indre overflade, hvor hulrummet definerer et farste
linjefokus, et andet linjefokus og en hovedakse, der skeerer det forste
linjefokus og det andet linjefokus, hvor det andet linjefokus definerer en
haerdningsakse;

et beskyttende ror, der er i det veesentlige transparent for UV-straling, hvor
det beskyttende rar omgiver haerdningsaksen;

en UV-LED-kilde; og

en optisk fiber med en forste ende og en anden ende;

hvor den forste ende af den optiske fiber er koblet til UV-LED-kilden;

hvor den anden ende af den optiske fiber er anbragt i hulrummet ved det
forste linjefokus, hvor den anden ende af den optiske fiber (i) tilvejebringer
et emissionsmanster, der definerer en linje af gennemsnitlig emission Layg,
og (ii) har en emissionsvinkel a mellem hovedaksen og Lavyg pa mellem cirka

30 grader og 150 grader.

Fremgangsméde til haerdning af en coating pa en glasfiber, omfattende:

at tilvejebringe et i det vaesentlige cylindrisk hulrum med et i det vaesentlige
elliptisk tveersnit og en reflekterende indre overflade, hvor hulrummet
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definerer (i) et forste linjefokus, (ii) et andet linjefokus og (iii) en hovedakse,
der skeerer det farste linjefokus og det andet linjefokus;

at fore en glasfiber med en ufuldsteendigt heerdet coating gennem det
cylindriske hulrum og langs det andet linjefokus;

09

at lede UV-straling fra det farste linjefokus ved en emissionsvinkel a pa
mellem cirka 30 grader og 100 grader, hvor emissionsvinklen a er defineret
af vinklen mellem linjen af gennemsnitlig UV-strdlingsemission Layg 0g

hulrummets hovedakse.

14. Fremgangsmade ifglge krav 13, der omfatter at reflektere mindst en del af
UV-strélingen fra hulrummets reflekterende indre overflade mod glasfiberen, hvor
det reflekterende trin fortrinsvis bevirker absorption af UV-stréling i glasfiberens

ufuldsteendigt haerdede coating for at fremme heaerdning.

15. Fremgangsmade ifglge krav 13, hvor trinet at lede UV-strdling omfatter at
emittere UV-stréling fra en UV-LED-kilde, hvor trinet at emittere UV-stréling fra en
UV-LED-kilde fortrinsvis omfatter at emittere UV-stréling fra en UV-LED-kilde, der
er anbragt ved det farste linjefokus.
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