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(54) FLUID BASED COOLING SYSTEM

(57)  The present invention relates to an improved
UV-LED lamp that can be used for curing pf a UV-curable
material. The UV-LED lamp of the presentinvention com-
prise a fluid based cooling system, configured for cooling
UV-LEDs (3) on the UV-LED lamp, when the UV-LED
lamp is in use. The temperature of the UV-LEDs is reg-
ulated by a control system (13), adapted to control the
temperature and/or the flow rate of a cooling fluid cooling
the UV-LEDs, based on inputs from internal temperature

sensor (12) as well as information on the temperature
and humidity of the surroundings. The control system
(13) is configured such that the temperature of the
UV-LEDs (3) is kept above the dew point and below a
predetermined threshold value. Thereby, the present in-
vention provides a UV-LED lamp with an increased
lifespan, as both overheating of and dew forming on the
UV-LEDs are avoided.
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Description
FIELD OF THE INVENTION

[0001] The presentinventionrelatestoaUV-LED lamp
for curing of curable materials. Furthermore, the present
invention relates to a UV-LED system comprising a fluid
based cooling system.

BACKGROUND OF THE INVENTION

[0002] UV curing is a process in which ultraviolet (UV)
and visible light is used to initiate a reaction that gener-
ates a cross-linked network of polymers. UV curing is
adaptable to various processes, including lacquering,
printing, coating, decorating, stereolithographying and
assembling of a variety of products and materials. The
technology has been used to streamline and increase
automation in many industries of the manufacturing sec-
tor, such as fine instrument finishing, furniture lacquering
and other woodcraft industries. The primary advantage
of curing with UV light is in the speed at which a product
can be readied. In addition, the fast curing can reduce
flaws and errors, as the amount of time that dust, flies or
any airborne object has to settle upon an object is re-
duced.

The introduction of UV light emitting diodes (LEDs) for
supplying UV light for curing of UV curable materials has
created new alternatives for curing of some UV-sensitive
materials. Preferably, the UV-LEDs emit light with wave-
lengths from the UV spectrum matching the absorption
maxima of the photo initiator(s) in the UV curable mate-
rials, which results in a much more efficient curing than
what can be obtained using wavelengths from the whole
spectrum of UV light.

Chips on boards (COBs) is a technology of LED pack-
aging, where a plurality of LED chips are packaged to-
gether as one lighting module, which can be used for
different purposes, such as curing. A problem with the
close packaging of LEDs is the warming of the LEDs in
such COBs, as high temperatures may decrease the
lifespan of the LEDs. To solve the problem of high tem-
perature, different means for cooling the LEDs has been
suggested. However, cooling may result in dew forming
on the COBs that may reduce the lifespan of the LEDs
as well as electronics circuits on the COB. Thus, an UV-
LED lamp comprising an improved cooling system,
where dew forming is prevented, would be advantageous
for the industry.

OBJECT OF THE INVENTION

[0003] An object of the present invention is to provide
an alternative to the prior art. In particular, it may be seen
as an object of the present invention to provide a UV-
LED lamp that solves the above mentioned problems of
the prior art, thereby providing a UV-LED lamp with in-
creased lifespan.
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SUMMARY OF THE INVENTION

[0004] Thus, the above-described object and several
other objects are intended to be obtained in a first aspect
of the invention by providing a UV-LED lamp comprising:

- acooling wall having a first surface and an opposite
second surface,

- atleast one fluid channel being an integrated part of
the first surface of the cooling wall and comprising a
first main channel being fluidly connected to a plu-
rality of sub-channels, each sub-channel being flu-
idly connected to a second main channel, wherein

- the sub-channels are shaped and dimensioned
so as to provide a turbulent flow for a cooling
fluid flowing in the sub-channels when the UV-
LED lamp is in use,

- afluid inlet providing a flow path for a cooling fluid
to the first main channel,

- afluid outlet providing a flow path for the cooling fluid
from the second main channel out of the at least one
fluid channel,

- aplurality of UV-LEDs being arranged on or adjacent
to the second surface of the cooling wall, wherein

- the sub-channels are configured for cooling the
UV-LEDs by means of heat transfer from the
UV-LEDs through the cooling wall to the cooling
fluid flowing in the sub-channels, when the UV-
LED lamp is in use,

- a plate located adjacent to the first surface of the
cooling wall, so that the at least one fluid channel is
formed as a closed fluid channel and the cooling fluid
can flow in the at least one fluid channel without leak-
ing cooling fluid to the surroundings,

- at least one internal temperature sensor arranged
and configured for measuring a temperature of the
UV-LEDs,

- aconnection to a control system adapted to control
the temperature and/or the flow rate of the cooling
fluid, so that the temperature and/or the flow rate of
the cooling fluid is/are regulated based on inputs
from the at least one internal temperature sensor as
well as information on the temperature and humidity
of the surroundings, in a way so that the temperature
of the UV-LEDs as measured by the at least one
internaltemperature sensor is always above the dew
point and below a predetermined threshold value,
when the UV-LED lamp is in use.

[0005] Thereby, the present invention provides a UV-
LED lamp with anincreased lifespan, as both overheating
of and dew forming on the UV-LEDs are avoided.

[0006] Overheating ofthe UV-LEDs is avoided by con-
tinuously cooling the plurality of UV-LEDs by circulating
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a cooling fluid through the at least one fluid channel,
which then cools the UV-LEDs through heat exchange
through the cooling wall. The temperature of the UV-
LEDs is measured by at least one internal temperature
sensor, which is sending the information to the control
system. When the control system receives an input from
one or more of the internal temperature sensors, indicat-
ing that the temperature of one or more of the UV-LEDs
has increased above a predetermined threshold value
for the temperature, the control system sends a signal to
the system controlling the temperature of the cooling fluid
to lower the temperature of the cooling fluid and/or sends
a signal to the system controlling the flow rate of the cool-
ing fluid. This results in a cooling of the UV-LEDs until
the temperature of the UV-LEDs is below the predeter-
mined temperature.

[0007] Dew forming is avoided by keeping the temper-
ature of the UV-LEDs above the dew point. When air
cools to its dew point through contact with a surface that
is colder than the air, water will condense on the surface.
Thus, if the cooling wall and/or the surface of the UV-
LEDs is too cold, dew will form at their surface.

[0008] The dew pointdepends on the temperature and
humidity of the surroundings. As the control system re-
ceives information on the temperature and humidity of
the surroundings, the dew point can be calculated by the
control system and the temperature of the UV-LEDs is
not cooled below this temperature.

[0009] In a second aspect, the present invention re-
lates to a UV-LED system comprising the UV-LED lamp
as described above and further comprising a cooling sys-
tem for cooling the UV-LEDs. The cooling system com-
prises:

- acooling fluid source being fluidly connected to the
fluid inlet and a cooling fluid drain being fluidly con-
nected to the fluid outlet,

- a cooler for cooling of the cooling fluid contained in
the fluid source, and

- a pump connected to the system and adapted to
pump the cooling fluid through the system.

[0010] In some embodiments, the cooling fluid source
and the cooling fluid drain are connected so as to provide
a closed system where the cooling fluid is recirculated in
the closed system comprising the at least one fluid chan-
nel, the inlet, the outlet, the cooling fluid source and the
cooling fluid drain. This is advantageous as it is cost sav-
ing and environment friendly. Furthermore, the need for
a continuous supply of cooling fluid from an external fluid
source is not necessary as the fluid can be reused in the
closed system. The cooling fluid is preferably a liquid.
The cooling fluid may comprise anti-corrosive chemicals
such as ethylene-glycol and/or propylene-glycol. The
cooling fluid may comprise at least 30% glycol, such as
40% or 50% to avoid antibacterial growth and freezing
issues down to 35-40 degrees Celsius.
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Use:
[0011] The UV-LED lamp and the UV-LED system of
the present invention are intended for curing of curable
materials. However, the UV-LED lamp and the UV-LED
system may also be used for other purposes.

[0012] Insomeembodiments,the UV-LED lamp or UV-
LED system of the present invention is used for curing
of UV curable material, such as ink, coating, lacquer,
adhesive or polymer resin.

[0013] In preferred embodiments, the UV-LED lamp or
UV-LED system of the presentinventionis used for curing
of lacquer on furniture.

[0014] The cooling system is preferably turned on as
long as the temperature of at least one of the UV-LEDs
is above a predetermined temperature, such as above
room temperature or such as five degrees or more above
room temperature.

The UV-LEDs may need cooling before or after use.
Thus, even though the UV-LEDs on the UV-LED lamp
are turned off, the cooling system in the UV-LED lamp
may still be turned on.

The term: "when the UV-LED lamp is in use", may refer
to a situation where the UV-LEDs and the cooling system
are both turned on or a situation where the UV-LEDs are
turned off and the cooling system is turned on. Thus, the
cooling system may be turned on before or after use of
the UV-LEDs, as well as during use of the UV-LEDs.

UV-LEDs:

[0015] The UV-LED lamp comprises a plurality of ul-
traviolet light emitting diodes (UV-LEDs). UV-LEDs here-
in refer to light emitting diodes of any type and form, emit-
ting light of a wavelength between 10 nm and 400 nm,
which is in the ultraviolet spectrum.

[0016] The plurality of UV-LEDs are arranged along
the cooling wall in a pattern, which depends on the in-
tended use of the UV-LED lamp. In the same way, the
density of the UV-LEDs along the cooling wall depends
on the intended use and the desired intensity of the light
emitted by the lamp. The total number of UV-LEDs in the
UV-LED lamp depends on the intended use of the UV-
LED lamp. In theory, the number of UV-LEDs may be
several thousands.

[0017] Depending on the type of material to be cured,
different UV-LEDs with specific wavelengths may be pre-
ferred. Preferably, the UV-LEDs emit light with wave-
lengths from the UV spectrum matching the absorption
maxima of the photo initiator(s) in the UV curable mate-
rials, which results in a much more efficient curing than
can be obtained using wavelength from the whole spec-
trum of UV-light. This is advantageous as it is cost saving
and allows for a faster curing.

UV-LED units:

[0018] Insome embodiments, the plurality of UV-LEDs
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are arranged in UV-LED units along the cooling wall, and
each UV-LED unit comprises at least one UV-LED, pref-
erably more than one UV-LED, such as more than 6 UV-
LEDs.

The number of UV-LEDs in each UV-LED unit depends
on the intended use of the UV-LED lamp. In theory, the
number of UV-LEDs in each unit may be several hun-
dreds.

The UV-LEDs may be arranged in clusters or arrays with-
in the UV-LED units. In some embodiments, each UV-
LED unit comprises a plurality of UV-LEDs arranged in
an array comprising more than one row of UV-LEDs.
For example an array may comprise Y UV-LEDs ar-
ranged in X parallel rows with Y/X UV-LEDs in each row,
such as 15 UV-LEDs arranged in 5 parallel rows with 3
UV-LEDs in each row or 49 UV-LEDs arranged in 7 par-
allel rows with 7 UV-LEDs in each row.

Preferably, Y is between 6 and 200 UV-LEDs.
Preferably, X is between 2 and 20 UV-LEDs.

[0019] The UV-LED units may be arranged in close
proximity or with space between them. The UV-LEDs are
preferably arranged in close proximity within the UV-LED
units in a way so that each UV-LED unit constitutes a
light module and so that the light emitted from each UV-
LED cannot be distinguished as more than one light
source. In some embodiments, several UV-LED units are
arranged in close proximity in a way so that they in total
constitute one light module and so that the light emitted
from the UV-LED units cannot be distinguished as more
than one light source.

"Close proximity" preferably refers to 1 mm or less be-
tween two UV-LEDs. "Space" preferably refers to a dis-
tance of 1-10 mm between two UV-LEDs.

[0020] Insome embodiments, the plurality of UV-LEDs
are arranged directly on the second surface of the cooling
wall.

In some embodiments, the plurality of UV-LEDs are ar-
ranged adjacent to the second surface.

Holding element:

[0021] One or more UV-LEDs may be arranged on a
holding element. In some embodiments, each UV-LED
unit is arranged on a holding element. This is advanta-
geous as a holding element can easily be dismounted
from the cooling wall and one or more UV-LEDs on a
holding element can be exchanged or fixed if broken.
Furthermore, it allows for easy exchange of a holding
element with a new one, if one or more LEDs on the
holding element are broken or need to be renewed/re-
placed.

[0022] Thus, the downtime for exchanging UV-LEDs
on the UV-LED lamp is reduced, as a holding element
can easily be dismounted from the cooling wall, and one
or more UV-LEDs on a holding element can be ex-
changed or fixed if broken. This advantage is in addition
to the fact that the lifespan of the UV-LEDs as well as
any electronics comprised in the UV-lamp is increased.
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[0023] In some embodiments, the holding element is
an elongated plate with a thickness of less than 1 cm,
preferably less than 0.5 cm, such as less than 0.3 cm.
[0024] A holding element is preferably a printed circuit
board on which the UV-LEDs are mounted. The at least
one internal temperature sensor may also be mounted
on the electronic circuit of such a holding element.
[0025] In some embodiments, the holding elements
holding the UV-LEDs constitute chips on boards (COBs).
[0026] Theoretically, the holding elements may hold
any number of UV-LEDs. A holding element may hold 12
or more UV-LEDs, such as 16 or more UV-LEDs, such
as 20 or more UV-LEDs, such as 24 or more UV-LEDs,
such as 30 or more UV-LEDs, such as 50 or more UV-
LEDs, such as 100 or more UV-LEDs.

Preferably, each holding element holds one UV-LED unit,
wherein one UV-LED unit comprises between 12 and
200 UV-LEDs arranged in a dense array on the holding
element.

[0027] Insome embodiments, each holding elementis
arranged on or adjacent to the second surface of the
cooling wall in a way so that heat from the UV-LEDs is
transferred through the holding element and through the
cooling wall to the cooling fluid flowing in the sub-chan-
nels, when the UV-LED lamp is in use.

[0028] The second surface of the cooling wall may
comprise means for holding the holding elements, such
as holes, so that the holding elements can be screwed
or bolted to the second surface. In preferred embodi-
ments, the second surface as well as each holding ele-
ment comprise at least two holes, so that the holding
elements can be screwed or bolted to the second surface.
The second surface may comprise protrusions shaped
and dimensioned so that they can hold the holding ele-
ments close to the second surface.

[0029] In some embodiments, the UV-LEDs are ar-
ranged on each holding element in a way so that two or
more holding elements can be placed next to each other
and the distance between at least two UV-LEDs from two
different holding elements is the same as or at least not
more than twice the distance between two UV-LEDs on
a single holding element. This is advantageous as two
or more holding elements can be placed in continuation
of each other to constitute a light module and so that the
light emitted from the UV-LEDs on two adjacent holding
elements cannot be distinguished as more than one light
source. This could also be obtained by making a larger
holding element with more UV-LEDs. However, by ar-
ranging a smaller number of UV-LEDs on several holding
elements, an easy exchange of a holding element with
a new one, if one or more LEDs on the holding element
are broken or need to be renewed, is possible.

[0030] For an elongated light module, several holding
elements may be placed next to each other comprising
parallel rows of UV-LEDs. In a preferred embodiment of
the present invention, each holding element holds be-
tween 6 and 200 UV-LEDs in a square array and the
holding elements are placed in continuation of each other
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to provide an elongated light module consisting of more
than one holding element.

Internal temperature sensors:

[0031] A problem with the close packaging of the UV-
LEDs is the warming of the UV-LEDs, as high tempera-
tures may decrease the lifespan of the UV-LEDs. The
present invention provides a cooling system for that pur-
pose. To be able to measure the temperature of the UV-
LEDs, at least one, preferably a plurality of internal tem-
perature sensors is arranged in close proximity to the
UV-LEDs. The at least one internal temperature sensor
is arranged and configured for continuously measuring
the temperature of the UV-LEDs and send signals to the
control system, which uses the information to regulate
the temperature and/or the flow rate of the cooling fluid
and thus the temperature of the UV-LEDs. The sending
of a signal from the temperature sensor to the receiving
part of the control system is preferably frequent. Prefer-
ably, a signal is sent from each temperature sensor more
often than every 20 minutes, such as once every second,
every 10 seconds, every minute or every 10 minutes.
[0032] Insome embodiments, each UV-LED unit com-
prises one internal temperature sensor arranged in close
proximity to the UV-LEDs, the internal temperature sen-
sor being configured to measure the temperature of the
at least one UV-LED in the UV-LED unit.

In some embodiments, a holding element holds a UV-
LED unit as well as one internal temperature sensor con-
figured to measure the temperature of at least one UV-
LED in the UV-LED unit, preferably more than one, such
as all the UV-LEDs in the UV-LED unit. The temperature
of UV-LEDs in a UV-LED unit may vary, thus the regu-
lation needs to take account for this and will depend on
the positioning of the UV-LEDs and the internal temper-
ature. In some embodiments, the internal temperature
sensor of a UV-LED unit is positioned where most heat
is expected to be accumulated, such as in the center of
a UV-LED unit. In other embodiments, the internal tem-
perature sensor is placed at a distance from the centre,
such as next to the UV-LED unit. As the center of a UV-
LED unit may be warmer than what is measured by a
temperature sensor positioned next to the UV-LED unit,
the predetermined threshold value should in such em-
bodiments be set lower to make sure that the center of
the UV-LED unit does not exceed the predetermined
threshold value.

Dew forming:

[0033] The cooling may resultin dew forming that may
reduce the lifespan of the UV-LEDs and/or the electronic
circuits on the holding elements.

[0034] A well-known approximation used to calculate
the dew point, Ty, given the actual ("dry bulb”) air tem-
perature, T (in degrees Celsius) and the relative humidity
(in percent), RH, is the Magnus formula:
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N - {RH uT
T, RH) = iﬁ( wo) ter T
, ey(T, RH)
Tap = 1
b — ~(T,RH)

wherein b=18.678, and c=257.14 °C

[0035] In some embodiments, information on the dew
point is manually provided to the control system.

In some embodiments, the control system receives in-
formation on the temperature and humidity of the sur-
roundings from at least one external sensor positioned
on a surface of the UV-LED lamp or in the external en-
vironment.

In some embodiments, the dew point is calculated based
on information on temperature and humidity in the sur-
roundings using the formula above. In some embodi-
ments, another formula is used to calculate the dew point.
The surface of the UV-LED lamp on which the external
sensor is placed, may be an inner or outer surface of the
UV-LED lamp. The external sensor have to measure the
temperature and humidity in the surroundings in a way
so the dew point on the cooling wall and/or UV-LEDs can
be calculated and dew forming on the cooling wall and/or
UV-LEDs can be avoided.

[0036] The external sensor may be a device such as
a hygrometer, which may be used to measure the dew
point in the surroundings. The external sensor may con-
sist of a polished metal mirror which is cooled as air is
passed over it. The temperature at which dew forms is,
by definition, the dew point. Manual devices of this sort
can be used to calibrate other types of humidity sensors,
and automatic sensors may be used in a control loop with
a humidifier or dehumidifier to control the dew point.
[0037] Insome embodiments, the control system com-
prises a hygrometer to provide information on the dew
point.

[0038] Insome embodiments, the control system com-
prises a humidifier and/or a dehumidifier to control the
humidity in the surroundings.

The cooling wall:

[0039] The UV-LED lamp ofthe presentinvention com-
prises a cooling wall having a first surface and an oppo-
site second surface, the at least one fluid channel being
an integrated part of the first surface and the plurality of
UV-LEDs being arranged on or adjacent to the second
surface, wherein the sub-channels are configured for
cooling the UV-LEDs by means of heat transfer from the
UV-LEDs through the cooling wall to the cooling fluid flow-
ingin the sub-channels, whenthe UV-LED lampiis in use.
[0040] In some embodiments, each sub-channel is
configured for cooling one UV-LED unit by means of heat
transfer from the UV-LEDs on the UV-LED unit through
the cooling wall to the cooling fluid flowing in a sub-chan-
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nel, when the UV-LED lamp is in use.

[0041] The cooling wall is preferably made from mate-
rial with heat conducting properties, such as metal, so
as to be able to absorb heat from the UV-LEDs and trans-
fer it to the inner fluid channels where it is absorbed in
the cooling fluid which is in constant movement to prevent
the cooling fluid from getting too warm and loose its cool-
ing properties.

[0042] In some embodiments, the cooling wall is made
from corrosion-resistant material and/or the at least one
fluid channel is coated with corrosion-resistant material
on the surface coming in contact with the cooling fluid
during use of the UV-LED lamp and/or the cooling fluid
comprises anti-corrosive chemicals such as ethylene-
glycol and/or propylene-glycol, such as at least 30% gly-
col, such as 40% or 50% to avoid antibacterial growth
and freezing issues down to 35-40 degrees Celsius.

The at least one fluid channel:

[0043] The at least one fluid channel of the present
invention comprises a first main channel being fluidly
connected to a plurality of sub-channels, each sub-chan-
nel being fluidly connected to a second main channel,
wherein the sub-channels are shaped and dimensioned
so as to provide a turbulent flow for a cooling fluid flowing
in the sub-channels, when the UV-LED lamp is in use.
[0044] Tocreate aspacewhereacoolingfluid can flow,
the present invention further comprises a plate located
adjacent to the first surface of the cooling wall, so that at
least one closed fluid channel is formed and the cooling
fluid can flow in the at least one fluid channel without
leaking cooling fluid to the surroundings.

[0045] In preferred embodiments, the at least one in-
tegrated fluid channel is made by recesses in the first
surface of the cooling wall. In other embodiments, the at
least one integrated fluid channel is a plate comprising
fluid channels, inserted in the second surface of the cool-
ing wall.

[0046] In some embodiments, the plate may comprise
recesses having a shape similar to the fluid channels, in
a way so that the closed fluid channels are part of the
cooling wall as well as the plate.

[0047] The closed fluid channels may preferably have
a square, triangular or circular cross-section.

[0048] In some embodiments, the first and second
main channels are parallel and extend in a longitudinal
direction in the first surface of the cooling wall, and the
sub-channels extend between the first and second main
channels in a transverse direction in the first surface of
the cooling wall.

[0049] It is advantageous to have a turbulent flow in
the sub-channels, as itensures a constant mixing of most
fluid in the sub-channels as well as a homogenous tem-
perature in the sub-channels. Hereby an efficient cooling
is obtained. A turbulent flow is non-laminar.

[0050] The Reynolds number (Re) is a dimensionless
quantity in fluid mechanics used to help predict flow pat-
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terns in different fluid flow situations. The Reynolds
number is used to predict the transition from laminar to
turbulent flow.

Laminar flow occurs when Re < 2300 and turbulent flow
occurs when Re > 2600.

[0051] The Reynolds number is defined as
) puls  ul
L] ¥

where p is the density of the fluid
(kg/m3), u is the velocity of the fluid with respect to the
object along which it flows (m/s), L is a characteristic
linear dimension such as the diameter of a fluid channel
(m), w is the dynamic viscosity of the fluid (Pa-s or N-s/m?
or kg/m-s), v is the kinematic viscosity of the fluid (m2/s).
[0052] In preferred embodiments, the Reynolds
number in the sub-channels is above 2400, preferably
above 2600.

[0053] In some embodiments, the arrangement of the
inlet and outlet as well as the shape and dimensions of
the at least one fluid channel are so that a laminar flow
is established in the cooling fluid flowing in the first and
second main channels, when the UV-LED lampis in use.
[0054] Insome embodiments, each sub-channel com-
prises at least one area, such as a corner, forcing cooling
fluid flowing within the sub-channels to change direction
to such an extent that a turbulent flow is provided within
the sub-channels.

The sub-channels may have a curved or bending path,
forcing a cooling fluid flowing in the path to change di-
rection to provide the turbulent flow in the sub-channels.
Each sub-channel may comprise at least one non-linear
section, such as at least one corner.

Control system:

[0055] The UV-LED lamp of the present invention is
connectedto a control system adapted to control the tem-
perature and/or the flow rate of the cooling fluid, so that
the temperature and/or the flow rate of the cooling fluid
is regulated based on inputs from the at least one internal
temperature sensor as well as information on the tem-
perature and humidity of the surroundings, in a way so
that the temperature of the UV-LEDs as measured by
the at least one internal temperature sensor, is always
above the dew point and below a predetermined thresh-
old value, when the UV-LED lamp is in use.

[0056] Shouldthetemperature fall belowthe dew point,
the system may be programmed to shut down, restart or
stop cooling of the cooling fluid.

[0057] Preferably, each holding element holds a tem-
perature sensor arranged on the holding element in a
way so that it can measure the temperature of the UV-
LEDs positioned on the holding element. The tempera-
ture sensor then sends a signal back to a control system
which is also connected to the cooling system. If the tem-
perature of the UV-LEDs is above a predetermined tem-
perature, a signal may be sent to a heat exchanger to
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lower the temperature of the cooling fluid until the tem-
perature sensors detect an allowable temperature from
the UV-LEDs. Alternatively or in combination therewith,
the flow rate of the cooling fluid may be increased so that
more heat is transported away from the UV-LEDs.
[0058] In a preferred embodiment, the control system
comprises acomputer, wherein the computer canreceive
signals representative of the temperature of UV-LEDs
from at least one internal temperature sensor and signals
from at least one external sensor representative of the
temperature and humidity of the surroundings.

The computer can calculate or receive information on the
dew point based on the received signals. The computer
can provide at least three actions. Shut down, send a
signal to a cooler, to decrease the temperature and cool
a cooling fluid, or send a signal to a pump to increase
the flow rate of the cooling fluid.

The temperature of the UV-LEDs is allowed to be within
a predetermined range, with a lower limit determined by
the dew point and a predetermined upper limit (the pre-
determined threshold value) where overheating of the
UV-LEDs is prevented.

The lower limit may be at least one degree above the
dew point, such as at least three degrees above the dew
point.

[0059] Insome embodiments, atemperature sensor is
positioned in a way so that information on the tempera-
ture of the cooling fluid leaving the cooler can be meas-
ured and used to regulate the cooler.

If one or more of the signals received from the at least
one internal temperature sensor is above the predeter-
mined upper limit, the computer sends a signal to the
cooler, to provide cooling of the cooling fluid.

[0060] As the computer repeatedly, for example every
second or every five seconds, receives signals from the
at least one internal temperature sensor, the computer
will stop signalling the cooler to cool the cooling fluid when
the temperature of the UV-LEDs decreases below the
predetermined threshold value. If the temperature of one
or more UV-LEDs is the same as or within a predeter-
mined distance from the dew point, the signal to the cool-
er is also stopped.

Housing:

[0061] The present invention may further comprise a
housing wherein the cooling wallis arranged, the housing
comprising an inlet providing a flow path for the cooling
fluid to the first main channel and an outlet, providing a
flow path for the cooling fluid from the second main chan-
nel out of the housing.

[0062] The inlet and outlet of the housing may prefer-
ably be a continuation of the fluid inlet and fluid outlet in
the cooling wall.

[0063] The housing and the cooling wall may be made
as one piece.

[0064] The housing may comprise a framework for the
cooling wall and the plate forming the at least one closed
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fluid channel. The function of the housing may be to sta-
bilize the structural elements of the UV-LED lamp.

Outer casing:

[0065] The UV-LEDs, the temperature sensors and or
other electronic elements may be sensitive to the external
environment and may need protection. The protection
may be an outer casing, such as a box, wherein the hous-
ing and/or the cooling wall and the plate are positioned.
[0066] Thus, in some embodiments, the UV-LED lamp
further comprises an outer casing or outer plate compris-
ing an elongated front with an area through which light
from the UV-LEDs can be transmitted.

[0067] The protection may be a single outer plate con-
figured on the cooling wall or on/in the housing to cover
the second surface of the cooling wall. However, as the
second surface of the cooling wall holds the UV-LEDs,
the outer plate is positioned at least 0.2 cm from the UV-
LED, such as more than 10 cm from the UV-LEDs. The
outer plate or outer casing preferably comprises an area,
through which light from the UV-LEDs can be transmitted.
The area may be transparent. The area may consist of
or comprise glass or plastic. In preferred embodiments,
the second surface of the cooling wall face the area of
the outer plate or outer casing through which light from
the UV-LEDs can be transmitted.

[0068] The housing and the outer casing may be made
in one piece.

Method:

[0069] In a third aspect, the present invention relates
to a method for curing of a UV curable material with the
UV-LED lamp or a UV-LED system as described above.
The method comprises:

- arranging at least part of a UV curable material in a
light zone of the UV-LED lamp,

- turning on the UV-LED system,

- providing inputs from the at least one internal tem-
perature sensor as well as information on the tem-
perature and humidity of the surroundings to the con-
trol system,

- using the control system to calculate the dew point
based on the inputs received,

- using the control system to regulate the temperature
and/or the flow rate of the cooling fluid based on in-
puts from the at least one internal temperature sen-
sor as well as information on the temperature and
humidity of the surroundings so that the temperature
of the UV-LEDs as measured by the at least one
internal temperature sensor, is always above the
dew point and below a predetermined threshold val-
ue, when the UV-LED lamp is in use, and

- curing the UV-curable material for a predetermined
period of time.
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[0070] In some embodiments, the curable material or
product may be positioned on a conveyer belt and moved
past or under the UV-LED lamp at a predetermined
speed. The length of the UV-LED lamp determines the
size of curable materials that can be cured by the UV-
LED lamp. Thus, the length of the UV-LED lamp may
vary, depending on the size and shape of the curable
products the lamp are intended to cure.

[0071] In some embodiments, the UV-LED lamp may
be able to move along one or more axes in a way so that
a curable object larger than the span of the UV-LEDs in
the UV-LED lamp can be cured by moving the UV-LED
lamp over or along the object.

[0072] The different aspects of the present invention
as described above may each be combined with any of
the other aspects as long as it is physically possible.
These and other aspects of the invention will be apparent
from and elucidated with reference to the embodiments
described hereinafter.

BRIEF DESCRIPTION OF THE FIGURES

[0073] The UV-LED lamp and UV-LED system accord-
ing to the presentinvention will now be described in more
detail with regard to the accompanying figures. The fig-
ures show one way ofimplementing the presentinvention
and is not to be construed as being limiting to other pos-
sible embodiments falling within the scope of the at-
tached claim set.

Figure 1 schematically illustrates a cooling wall of a
UV-LED lamp according to an embodiment of the
present invention, where the first surface can be
viewed.

Figure 2 schematically illustrates the arrangement
of a cooling wall and a plate of the UV-LED system
according to an embodiment of the present inven-
tion.

Figure 3A and 3B schematically illustrate a cooling
wall of a UV-LED lamp according to embodiments
of the present invention, where the arrangement of
UV-LEDs and internal temperature sensors on the
second surface can be viewed.

Fig. 3A is an embodiment where the UV-LEDs and
internal temperature sensors are arranged on the
second surface of the cooling wall.

Fig. 3B is an embodiment where the UV-LEDs and
internal temperature sensors are arranged adjacent
to the second surface of the cooling wall, arranged
on a holding element on the cooling wall.

Fig. 3C is an embodiment illustrates a holding ele-
ment holding UV-LEDs and an internal temperature
sensor.
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Figure 4 schematically illustrates the mechanisms
of a control system according to an embodiment of
the UV-LED lamp of the present invention.

Figure 5 schematically illustrates a UV-LED system
according to an embodiment of the present inven-
tion.

Figure 6 schematically illustrates a closed UV-LED
system according to an embodiment of the present
invention.

Figure 7 schematically illustrates a UV-LED lamp
comprising an outer plate with an area through which
lightfrom the UV-LEDs can be transmitted according
to an embodiment of the present invention.

Figure 8 schematically illustrates an embodiment a
UV-LED lamp wherein the cooling wall is arranged
in a housing. Fig. 8A shows the housing without an
outer plate, whereas fig. 8B shows an embodiment
comprising an outer plate with an area through which
light from the UV-LEDs can be transmitted.

DETAILED DESCRIPTION OF EMBODIMENTS OF
THE INVENTION

[0074] The presentinventionrelatestoaUV-LED lamp
and a UV-LED system comprising the UV-LED lamp as
well as a cooling system. The UV-LED lamp of the
present invention comprises a cooling wall, a plate, a
plurality of UV-LEDs and at least one internal tempera-
ture sensor, as well as a connection to a control system.
The UV-LED lamp is configured for cooling the plurality
of UV-LEDs in the UV-LED lamp when the lamp is in use.
In use, the UV-LED lamp is connected to a fluid based
cooling system comprising a fluid source, a fluid drain, a
cooler and a pump.

[0075] Fig. 1 schematically illustrates an embodiment
of a cooling wall 11 of a UV-LED lamp of the present
invention, showing a possible design of the first surface
of the cooling wall 11. The cooling wall 11 has a first
surface 19 and an opposite second surface 20.

[0076] The first surface 19 of the cooling wall compris-
es recesses forming a fluid channel being an integrated
part of the first surface 19. The open fluid channel 8 com-
prises a first main channel 16 being fluidly connected to
four sub-channels 17, each sub-channel 17 being fluidly
connected to a second main channel 18. The first and
second main channels 16, 18 are parallel and extend in
alongitudinal directionin thefirst surface 19 of the cooling
wall 11. The sub-channels 17 extend between the first
and second main channels 16, 18 in a transverse direc-
tion in the first surface 19 of the cooling wall 11. The sub-
channels 17 are shaped and dimensioned so as to pro-
vide a turbulent flow for a cooling fluid flowing in the sub-
channels 17, when the UV-LED lamp is in use. Corners,
forcing the cooling fluid flowing within the sub-channels
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to change direction to such an extent that a turbulent flow
is provided within the sub-channels, when the UV-LED
lamp is in use, may provide the turbulent flow. It is ad-
vantageous to have a turbulent flow in the sub-channels,
as it ensures a constant mixing of most fluid in the sub-
channels as well as a homogenous temperature in the
sub-channels. Hereby a more efficient heat transfer is
obtained.

[0077] The cooling wall 11 further comprises a fluid
inlet 9 providing a flow path for a cooling fluid to the first
main channel 16 as well as a fluid outlet 10 providing a
flow path for the cooling fluid from the second main chan-
nel 18 out of the at least one fluid channel.

The arrangement of the fluid inlet 9 and fluid outlet 10 as
well as the shape and dimensions of the at least one fluid
channel 8 are typically so that a laminar flow is estab-
lished in the cooling fluid flowing in the first and second
main channels 16, 18, when the UV-LED lamp is in use.
[0078] Referenceis made to fig. 2 illustrating a cooling
wall 11 and a plate 25 which are joined, so that at least
one closed fluid channel 8 is formed and the cooling fluid
can flow in the atleast one fluid channel 8 without leaking
cooling fluid to the surroundings, when the UV-LED lamp
is in use. The cooling wall 11 and the plate 25 may e.g.
be screwed or bolted together.

[0079] Reference is made to fig. 3 illustrating different
embodiments of the arrangement of the UV-LEDs and
temperature sensors 12 on or adjacent to the second
surface 19 of the cooling wall 11.

[0080] The second surface 20 of the cooling wall 11
holds a plurality of UV-LEDs 3 and internal temperature
sensors 12 being arranged on or adjacent to the cooling
wall 11. The sub-channels 17 on the first surface 19 of
the cooling wall 11 are configured for cooling the UV-
LEDs 3 by means of heat transfer from the UV-LEDs 3
through the cooling wall 11 to the cooling fluid flowing in
the sub-channels 17, when the UV-LED lamp is in use.
[0081] The plurality of UV-LEDs 3 may be arranged in
UV-LED units 1 along the cooling wall 11. Each UV-LED
unit 1 comprises at least one UV-LED 3, preferably more
than one UV-LED 3, such as more than six UV-LEDs 3.
A plurality of internal temperature sensors 12 arranged
and configured for measuring the temperature of the UV-
LEDs 3. Fig. 3Aillustrates an example of the arrangement
of the UV-LEDs 3 and temperature sensors 12 on the
second surface 20 of the cooling wall 11. The second
surface illustrated in fig. 3A comprises three UV-LED
units 1 arranged with a space between them. Each UV-
LED unit comprises sixteen UV-LEDs arranged in close
proximity in a row. Eight internal temperature sensors
are arranged on the cooling wall, arranged to measure
the temperature of nearby UV-LEDs.

[0082] Fig. 3B illustrates an embodiment of the UV-
LEDs 3 and temperature sensors 12 adjacent to the sec-
ond surface 20 of the cooling wall 11. The UV-LEDs 3
and temperature sensors 12 are arranged on holding el-
ements 14 arranged on the second surface 20 of the
cooling wall 11. In the embodiment shown in fig. 3B, the
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holding elements 14 are arranged on the second surface
20 in close proximity to each other to form a light module.
Each of the holding elements is screwed or bolted to the
second surface in two points, one in the top and one in
the bottom of the holding element 14.

Inthe embodiment shownin fig. 3B, each holding element
14 holds a UV-LED unit 1 comprising nine UV-LEDs 3
arranged in a dense array with three parallel rows, each
row comprising three UV-LEDs. Furthermore, each hold-
ing element 14 holds one internal temperature sensor 12
configured to measure the temperature of the UV-LEDs
3 in each UV-LED unit 1. The cooling wall 11 and the
holding elements 14 may comprise means for fastening
the holding elements to the cooling wall. In fig. 3B, the
cooling wall and the holding element comprise holes, so
that the holding elements can be bolted to the second
surface with fastening means (28) though the holes.
[0083] Fig. 3C illustrates a holding element 14 holding
a UV-LED unit 1 comprising fifteen UV-LEDs 3 arranged
in a dense array with five parallel rows, each row com-
prising three UV-LEDs. Furthermore, the holding ele-
ment 14 holds one internal temperature sensor 12 con-
figured to measure the temperature of one or more UV-
LEDs in the UV-LED unit.

[0084] Each holding element 14 is arranged on or ad-
jacent to the second surface 20 of the cooling wall 11 in
a way so that heat from the UV-LEDs 3 is transferred
through the holding element 14 and through the cooling
wall 11 to the cooling fluid flowing in the sub-channels
17, when the UV-LED lamp is in use.

[0085] The UV-LED lamp of the present invention fur-
ther comprises a connection to a control system 13 adapt-
ed to control the temperature and/or the flow rate of the
cooling fluid flowing in the fluid channels, when the UV-
LED lamp s in use. The temperature and/or the flow rate
of the cooling fluid is/are regulated based on inputs from
the internal temperature sensors 12 as well as informa-
tion on the temperature and humidity of the surroundings.
The control system is programmed, so that the temper-
ature of the UV-LEDs as measured by the internal tem-
perature sensors is always above the dew point and be-
low a predetermined threshold value, when the UV-LED
lamp is in use.

[0086] The control system 13 may receive information
on the temperature and humidity in the surroundings from
at least one external sensor 21 positioned on a surface
of the UV-LED lamp or in the external environment.
[0087] Reference is made to fig. 4, schematically illus-
trating a control system for controlling the UV-LED lamp
of the present invention.

In an embodiment, the control system 13 is a computer
receiving signals from at least one external sensor 21 on
the temperature and humidity of the surroundings, such
as every minute, when the UV-LED lamp is in use. The
computer 13 then calculates the dew point every time a
signal is received from the at least one external sensor,
such as every minute, based on the received signals.
Simultaneously, the computer 13 receives signals rep-
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resentative of the temperature of UV-LEDs 1 from the at
least one internal temperature sensor 12. The computer
receives signals on the temperature of UV-LEDs from
the at least one internal temperature sensor 12 at regular
intervals, such as every fifth second, when the UV-LED
lamp is in use.

If the temperature of one or more UV-LEDs is above a
predetermined threshold value, the computer 13 sends
a signal to a cooler 7, to decrease the temperature of the
cooling fluid. When the computer 13 receives a signal
from the at least one internal temperature sensor 12, in-
dicating that the temperature is below the predetermined
threshold value again, it stops signalling the cooler 7 to
cool the cooling fluid. Thus, the cooler 7 stops cooling
the cooling fluid further. In other embodiments, the sys-
tem may alternatively or in combination with the above
be designed to vary the flow rate of the cooling fluid in
order to obtain a higher cooling effect in order to provide
the necessary cooling.

The temperature of the UV-LEDs is allowed to be within
a predetermined range, with a lower limit determined by
the dew point and a predetermined upper limit (predeter-
mined threshold value), where overheating of the UV-
LEDs is prevented. If the temperature of one or more UV-
LEDs falls below the dew point or if one or more UV-
LEDs is above the predetermined threshold value, the
system may shut down or warns a person responsible
for the system. The lower limit may be at least one degree
above the dew point, such as at least three degrees
above the dew point.

[0088] The present invention further relates to a UV-
LED system comprising the UV-LED lamp as described
above and further comprising a fluid-based cooling sys-
tem 5. Reference is made to fig. 5, showing an embodi-
ment of a UV-LED system of the present invention. The
cooling system 5 is adapted for cooling the UV-LEDs 3
by pumping a cooling fluid into the UV-LED lamp through
the fluid inlet 9 and receiving the cooling fluid at the fluid
outlet 10. Thus, the cooling system 5 comprises a cooling
fluid source 6 being fluidly connected to the fluid inlet 9
and a cooling fluid drain 15 being fluidly connected to the
fluid outlet 10.

The cooling system further comprises a cooler 7, such
as a heat exchanger, configured for cooling of the cooling
fluid before it enters the fluid channel 8 through the fluid
inlet 9. The cooler is configured to receive inputs from
the control system connected to the UV-LED lamp, and
regulate the temperature and or the flow rate of the cool-
ing fluid based on these inputs. A pump 24 is also con-
nected to or comprised in the cooling system, adapted
to pump the cooling fluid through the UV-LED system.
[0089] Reference is made to fig. 6, showing a closed
UV-LED system of the presentinvention. The closed sys-
tem at least comprises the fluid channel 8, the fluid inlet
9, thefluid outlet 10, the cooling fluid source 6, the cooling
fluid drain 15 and optionally the cooler. In some embod-
iments, the fluid flow through the cooler. In some embod-
iments, an external cooler cools the cooling fluid e.g. in
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a pipe, without directly being a part of the closed system.
[0090] Reference is made to fig. 7, showing a UV-LED
lamp comprising an outer plate 23 with an area 22
through which light from the UV-LEDs 3 can be transmit-
ted.

[0091] Reference is made to fig. 8, showing a UV-LED
lamp wherein the cooling wall 11 is arranged in a housing
4. The second surface 20 of the cooling wall can be
viewed in fig. 8. Fig. 8A shows the housing without an
outer plate with an area 22 through which light from the
UV-LEDs 3 can be transmitted, whereas fig. 8B shows
the housing comprising an outer plate with an area 22
through which light from the UV-LEDs 3 can be transmit-
ted.

The housing comprises an inlet 26 providing a flow path
for the cooling fluid to the first main channel 8 and an
outlet 27, providing a flow path for the cooling fluid from
the second main channel 18 out of the housing 4.
[0092] The presentinvention further relates to a meth-
od for curing of UV curable material with a UV-LED sys-
tem as described herein. The method comprise at least
the following steps:

- arranging at least part of a UV curable material in a
light zone of the UV-LED lamp,

- turning on the UV-LED system,

- providing inputs from the at least one internal tem-
perature sensor 12 as well as information on the tem-
perature and humidity of the surroundings to the con-
trol system 13,

- usingthe control system 13 to calculate the dew point
based on the inputs received,

- using the control system 13 to regulate the temper-
ature and/or the flow rate of the cooling fluid based
on inputs from the at least one internal temperature
sensor 12 as well as information on the temperature
and humidity of the surroundings so that the temper-
ature of the UV-LEDs 3 as measured by the at least
one internal temperature sensor 12 is always above
the dew point and below a predetermined threshold
value, when the UV-LED lamp is in use, and

- curing the UV-curable material for a predetermined
period of time.

[0093] Although the present invention has been de-
scribed in connection with the specified embodiments, it
should not be construed as being in any way limited to
the presented examples. The scope of the present in-
vention is set out by the accompanying claim set. In the
context of the claims, the terms "comprising" or "com-
prises" do not exclude other possible elements or steps.
In addition, the mentioning of references such as "a" or
"an" etc. should not be construed as excluding a plurality.
The use of reference signs in the claims with respect to
elements indicated in the figures shall also not be con-
strued as limiting the scope of the invention. Furthermore,
individual features mentioned in different claims, may
possibly be advantageously combined, and the mention-
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ing of these features in different claims does not exclude
that a combination of features is not possible and advan-
tageous.

LIST OF REFERENCE NUMBERS USED

[0094]

1 UV-LED unit

3 UV-LEDs

4 housing

5 cooling system

6 cooling fluid source

7 cooler, such as a heat exchanger
8 fluid channel

9 cooling fluid inlet

10 cooling fluid outlet

11 cooling wall

12 internal temperature sensors
13 control system

14 holding element

15 cooling fluid drain

16 first main channel

17 sub-channels

18 second main channel

19 first surface of cooling wall

20 second surface of cooling wall
21 external sensor

22 area in outer casing though which light from the
UV-LEDs can be transmitted

23 outer casing or outer plate

24 pump

25 plate

26 housing inlet

27 housing outlet

28 fastening means

Claims

1.

A UV-LED lamp comprising:

- a cooling wall (11) having a first surface (19)
and an opposite second surface (20),

- at least one fluid channel (8) being an integrat-
ed part of the first surface (19) of the cooling wall
(11) and comprising a first main channel (16)
being fluidly connected to a plurality of sub-
channels (17), each sub-channel (17) being flu-
idly connected to a second main channel (18),
wherein

- the sub-channels (17) are shaped and di-
mensioned so as to provide a turbulent flow
for a cooling fluid flowing in the sub-chan-
nels (17), when the UV-LED lamp is in use,

- afluid inlet (9), providing a flow path for a cool-
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ing fluid to the first main channel (8),

- a fluid outlet (10), providing a flow path for the
cooling fluid from the second main channel (18)
out of the at least one fluid channel (8),

- a plurality of UV-LEDs (3) being arranged on
or adjacent to the second surface (20) of the
cooling wall (11), wherein

- the sub-channels (17) are configured for
cooling the UV-LEDs (3) by means of heat
transfer from the UV-LEDs (3) through the
cooling wall (11) to the cooling fluid flowing
in the sub-channels (17), when the UV-LED
lamp is in use,

- aplate (25) located adjacent to the first surface
of the cooling wall (11), so that the at least one
fluid channel (8) is formed as a closed fluid chan-
nel (8) and the cooling fluid can flow in the at
least one fluid channel (8) without leaking cool-
ing fluid to the surroundings,

- at least one internal temperature sensor (12)
arranged and configured for measuring a tem-
perature of the UV-LEDs (3),

- a connection to a control system (13) adapted
to control the temperature and/or the flow rate
of the cooling fluid, so that the temperature
and/or the flow rate of the cooling fluid is/are
regulated based on inputs from the at least one
internal temperature sensor (12) as well as in-
formation on the temperature and humidity of
the surroundings, in a way so that the tempera-
ture of the UV-LEDs as measured by the atleast
one internal temperature sensor is always
above the dew point and below a predetermined
threshold value, when the UV-LED lamp is in
use.

The UV-LED lamp according to claim 1, wherein the
plurality of UV-LEDs (3) are arranged in UV-LED
units (1) along the cooling wall (11), wherein each
UV-LED unit (1) comprises at least one UV-LED (3),
preferably more than one UV-LED (3), such as more
than 6 UV-LEDs (3).

The UV-LED lamp according to claim 2, wherein
each UV-LED unit (1) comprises a plurality of UV-
LEDs (3) arranged in an array comprising more than
one row of UV-LEDs.

The UV-LED lamp according to claim 2 or 3, wherein
each UV-LED unit (1) further comprises at least one
internal temperature sensor (12) arranged in close
proximity to the UV-LEDs (3), the atleastone internal
temperature sensor (12) being configured to meas-
ure the temperature of the at least one UV-LED (3)
in the UV-LED unit (1).
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The UV-LED lamp according to any of claims 2-4,
wherein each UV-LED unit (1) is arranged on a hold-
ing element (14), and wherein each holding element
(14) is arranged on or adjacent to the second surface
(20) of the cooling wall (11) in a way so that heat
fromthe UV-LEDs (3) is transferred through the hold-
ing element (14) and through the cooling wall (11)
to the cooling fluid flowing in the sub-channels (17),
when the UV-LED lamp is in use.

The UV-LED lamp according to any of the preceding
claims, further comprising a housing (4) wherein the
cooling wall is arranged, the housing comprising a
housing inlet (26) providing a flow path for the cooling
fluid to the first main channel (8) and a housing outlet
(27), providing a flow path for the cooling fluid from
the second main channel (18) out of the housing (4).

The UV-LED lamp according to any of the preceding
claims, further comprising an outer casing (23) or
outer plate (23) comprising an elongated front (21)
with an area (22) through which light from the UV-
LEDs (3) can be transmitted.

The UV-LED lamp according to any of the preceding
claims, wherein the first and second main channels
(8, 18) are parallel and extend in a longitudinal di-
rection in the first surface (19) of the cooling wall
(11), and the sub-channels (17) extend between the
firstand second main channels (8, 18) in atransverse
direction in the first surface (19) of the cooling wall

(11).

The UV-LED lamp according to any of the preceding
claims, wherein each sub-channel (17) comprises at
least one area, such as a corner, forcing cooling fluid
flowing within the sub-channels to change direction
to such an extent that a turbulent flow is provided
within the sub-channels (17), when the UV-LED lamp
is in use.

The UV-LED lamp according to any of the preceding
claims, wherein the control system (13) receives in-
formation on the temperature and humidity in the sur-
roundings from at least one external sensor (21) po-
sitioned on a surface of the UV-LED lamp or in an
external environment.

The UV-LED lamp according to any of the preceding
claims, wherein the arrangement of the fluid inlet (9)
and fluid outlet (10) as well as the shape and dimen-
sions of the at least one fluid channel (8) are so that
alaminar flow is established in the cooling fluid flow-
ing in the first and second main channel (16, 18),
when the UV-LED lamp is in use.

A UV-LED system comprising a UV-LED lamp ac-
cording to any of claims 1-11, further comprising a
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13.

14.

15.

22

cooling system (5) for cooling the UV-LEDs (3), the
cooling system (5), comprising:

- a cooling fluid source (6) being fluidly connect-
ed to the fluid inlet (9) and a cooling fluid drain
(15) being fluidly connected to the fluid outlet
(10),

- a cooler (7) for cooling of the cooling fluid con-
tained in the cooling fluid source (6), and

- a pump (24) connected to the system and
adapted to pump the cooling fluid through the
system.

The UV-LED system according to claim 12, wherein
the cooling fluid source (6) and the cooling fluid drain
(15) are connected so as to provide a closed system
where the cooling fluid is recirculated in the closed
system comprising the at least one fluid channel (8),
the inlet (9), the outlet (10), the cooling fluid source
(6) and the cooling fluid drain (15).

Use of a UV-LED system according to claim 12 or
13 for curing of UV curable material, such as ink,
coating, lacquer, adhesive, or polymer resin.

A method for curing of UV curable material with a
UV-LED system according to any of claims 12-13,
the method comprising:

- arranging at least part of a UV curable material
in a light zone of the UV-LED lamp,

- turning on the UV-LED system,

- providing inputs from the at least one internal
temperature sensor (12) as well as information
on the temperature and humidity of the sur-
roundings to the control system (13),

- using the control system (13) to calculate the
dew point based on the inputs received,

- using the control system (13) to regulate the
temperature and or the flow rate of the cooling
fluid based on inputs from the at least one inter-
nal temperature sensor (12) as well as informa-
tion on the temperature and humidity of the sur-
roundings so that the temperature of the UV-
LEDs (3) as measured by the at least one inter-
nal temperature sensor (12) is always above the
dew point and below a predetermined threshold
value, when the UV-LED lamp is in use, and

- curing the UV-curable material for a predeter-
mined period of time.
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