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Heat sink arrangement

TECHNICAL FIELD

The present invention relates to the field of heat management of light emitting

diodes, and more specifically to a method for providing a heat sink arrangement. The present

invention also relates to a revolvable heat sink configuration and a lighting assembly

comprising the heat sink arrangement.

BACKGROUND OF THE INVENTION

Light emitting diodes, LEDs, are employed in a wide range of lighting

applications. As LEDs have the advantage of providing a bright light, being reasonably

inexpensive and has low power consumption, it is becoming increasingly attractive to use

LEDs as an alternative to traditional lighting. Furthermore, LEDs have a long operational

lifetime. As an example, LED lamps may last 50 000 hours which is up to 50 times the

operational life of an incandescent lamp.

To achieve such a long operational lifetime, one important aspect to consider

is the heat management of the LEDs in order to avoid overheating of the LEDs or the LED

module. This is not an uncomplicated task since LEDs release heat backwards, i.e. in the

opposite direction compared to the direction of the light, in comparison to traditional lighting

which mainly transfer the generated heat by the radiation of the light. Accordingly, the heat

generated by the LEDs during operation needs to be handled efficiently. This is often taken

care of by a heat sink arrangement which is configured to dissipate heat to the ambient air of

the environment. It is hence important to provide a heat sink which is able to dissipate as

much heat as possible.

US 2010/0 212 859 presents an approach to improve heat dissipation from the

LEDs. Specifically, in US 2010/0 212 859, a plurality of fins are mutually spaced and one

after the other is connected to the lighting assembly and to the neighboring fin. Hereby, the

fins are mutually spaced from each other such that the surface of each fin is able to dissipate

heat to the ambient air. However, although the heat sink arrangement in US 2010/0 212 859

provides advantages in terms of efficient cooling of the LEDs, the assembling of the heat sink



arrangement disclosed is relatively time consuming. Accordingly, there is a need for further

improvement in terms of e.g. simplified heat sink assembling and cost efficiency.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an improved method for

providing a heat sink arrangement in order to at least partially overcome the above mentioned

drawbacks of the prior art.

According to an aspect of the present invention there is provided a method for

providing a heat sink arrangement, comprising the steps of providing a plurality of heat

transferring sheets stacked in a pile, each heat transferring sheet comprises an inner edge

surface and an outer edge surface, wherein the inner edge surfaces of the heat transferring

sheets are provided substantially parallel to each other in the pile; fixating a first distance

between the inner edge surfaces of the heat transferring sheets by means of a connecting

element; revolving the pile of heat transferring sheets around a geometric axis located

parallel to and in proximity of an inner edge surface extension, such that the outer edge

surfaces of the heat transferring sheets are spaced apart from each other by a second distance

in the revolving direction in relation to the stacked pile of sheets, the second distance being

larger than the first distance, thereby forming an at least partial enclosure by the inner edge

surfaces of the heat transferring sheets; and fixating a first and a last heat transferring sheet in

relation to each other.

The present invention is based on the insight that by arranging the heat

transferring sheets in a stacked pile and thereafter fixating a first distance between the inner

edge surfaces to each other, it is possible to revolve the pile in a controlled and relatively

simple way to form an assembled heat sink arrangement. An advantage is, at least, that the

method provides for an easier and less time consuming assembling of the heat sink

arrangement in comparison to prior art solution, since the stacked pile of heat transferring

sheets can be revolved and assembled in more or less one single motion, whereas in prior art

solutions, each heat transferring sheet is individually positioned and adjusted on a surface of

the heat generated lighting assembly. Furthermore, the heat transferring sheets may also be

shaped in any desired pattern before being stacked in the pile. Hereby, the method provides

for an improvement in flexibility when producing heat sink arrangements having various

shape and design. Also, the plurality of heat transferring sheets arranged in the stacked pile

may be provided with different shapes and configurations in relation to each other, thereby

enabling for the provision of providing assembled heat sink arrangements which may not be



entirely symmetrical. Moreover, another advantage of the present invention is that heat

generating structures of a lighting assembly may be more or less embedded within the

revolved and assembled heat sink arrangement, allowing these parts to be "covered" by a

relatively large amount of the heat transferring sheets which may further improve the

dissipation of heat from the heat generating structures to e.g. the ambient air.

The above described inner edge surface extension of the heat transferring sheet

should in the following and throughout the entire description be interpreted as an extension

which is substantially perpendicular to a radial extension of the assembled heat sink

arrangement, i.e. perpendicular to an extension of the heat transferring sheets from the inner

edge surface towards the outer edge surface, and also perpendicular to a height of the pile of

heat transferring sheets. Hereby, when fixating the first distance between the inner edge

surfaces of the heat transferring sheets, the sheets may only be allowed to be spaced apart

from each other in the revolving direction and hence not in the axial- and tangential direction

in relation to the extension of the inner edge surface. Furthermore, it should be noted that the

enclosure may not necessarily be entirely enclosed by the inner edge surfaces. For example,

the step of revolving the pile of heat transferring sheets may be executed by revolution of, for

example, 270°, i.e. not necessarily revolved by 360°.

According to an example embodiment of the present invention, the method

may be preceded by the step of providing a through-hole in each of the heat transferring

sheets. Hereby, the through-holes, together and in conjunction with each other, may form a

channel in the assembled heat sink arrangement. An advantage is, at least, that the channel

may provide for improved cooling of the assembled heat sink arrangement. The through-hole

in the heat transferring sheets may be arranged at a substantially equal position for each of

the heat transferring sheets, thus forming a substantially circular channel in the assembled

heat sink arrangement, or they may be positioned differently for all heat transferring sheets in

order to form an irregular channel such as e.g. a channel extending circularly and in the

above described extension of the inner edge surface of the heat transferring sheets forming a

spiral-like channel. Furthermore, each heat transferring sheet may be provided with more

than one through hole, such that two or more channels are formed in the assembled heat sink

arrangement.

Moreover, the step of revolving the pile of heat transferring sheets may be

preceded by the step of providing a driver of a lighting assembly in close vicinity of the inner

edge surfaces of the pile of heat transferring sheets such that the driver is at least partially

enclosed by the heat sink arrangement after revolving the pile. Hereby, when revolving the



pile as described above, the driver may be enclosed within the revolved heat sink

arrangement and be in thermal connection with, for example, the inner edge surfaces of the

sheets so that the heat generated by the driver during operation of the lighting assembly may

be dissipated to the ambient air via the heat transferring sheets. The driver may also be

provided with a slightly larger dimension than the enclosed area formed by the inner edge

surfaces of the heat transferring sheets such that a pressure between the driver and the

assembled heat sink arrangement is provided, which may allow for a more controlled and

increased thermal interface between the driver and the assembled heat sink arrangement.

Furthermore, the inner edge surface may also be arranged such that it is more or less press-

fitted to a connecting element, such as e.g. a lamp foot. Hereby, a thermal interface between

the inner edge surfaces and e.g. the lamp foot may be improved for allowing heat from e.g.

the lamp foot to be transported through the heat transferring sheets. The press-fitting may be

accomplished by, in the described example, connecting the assembled heat sink arrangement

to the lamp foot by mounting it under tension. Mounting the heat sink arrangement under

tension may also be beneficial if, for example, the heat sink arrangement is configured to be

provided to a non-circular arrangement, such as a screw-like component or an elliptic

component. Hereby, the thermal connection between the inner edge surfaces of the heat sink

arrangement and the non-circular component may be achieved in a more reliable manner.

Furthermore, a substantially plane upper surface may be formed on each of the

heat transferring sheets, the upper surface being substantially perpendicular to the extension

of the inner edge surface of the heat transferring sheets and configured to connect to a circuit

board of the lighting assembly. When revolving the pile of heat transferring sheets as

described above, a generally plane surface will be formed by the cross sections of the upper

surfaces of the plurality of heat transferring sheets. The density of cross-sectional surfaces

will, due to their extension from the centre towards a periphery thereof in the assembled heat

sink arrangement, be higher at a centre portion of the assembled heat sink arrangement in

relation to the periphery. Accordingly, a heat generating area of the circuit board may to a

relatively large extent be in abutment with the cross-sectional surfaces forming the upper

surface. Hereby, the assembled heat sink arrangement may be able to sufficiently dissipate

heat, generated by the circuit board during operation of the lighting assembly, to e.g. ambient

air. Moreover, at least some of the heat transferring sheets may also comprise a folded

geometry arranged on the upper plane surface, which in addition to the cross sectional

surface formed by the heat transferring sheets may provide for a further improved heat

dissipation surface for e.g. the heat generating circuit board.



According to an embodiment, at least one of the inner edge surfaces and the

upper surfaces may comprise a thermal interface material. Hereby, the dissipation of heat

from the heat generating structures to the heat sink arrangement may be further improved.

The thermal interface material may, for example, be a thermal interface glue or pad, or an

aluminum heat spreader part with e.g. a self positioning geometry which may be pressed onto

the sheets.

Moreover, the above described method may also be followed by the step of

fixating a metal base on at least a portion of the outer edge surfaces of the heat transferring

sheets. Hereby, the assembled heat sink arrangement may be provided with increased thermal

capabilities towards e.g. a housing or the like in which the heat sink arrangement may be

positioned. Also, an increased stiffness of the assembled heat sink arrangement may be

provided. The fixation of the metal base may, for example, be provided by soldering,

pressing, laser welding, gluing, etc.

According to another aspect of the present invention there is provided a heat

sink configuration, comprising a plurality of heat transferring sheets stacked in a pile, each of

the heat transferring sheet comprises an inner edge surface and an outer edge surface,

wherein the inner edge surfaces of the heat transferring sheets are arranged substantially

parallel to each other in the pile; and a connecting element for flexibly arranging the inner

edge surfaces of the heat transferring sheets at a first distance from each other, wherein the

heat transferring sheets are configured to revolve around a geometric axis located parallel to

and in proximity of an inner edge surface extension, such that the outer edge surfaces of the

heat transferring sheets are spaced apart from each other by a second distance in the

revolving direction, the second distance being larger than the first distance, thereby forming

an at least partial enclosure provided by the inner edge surfaces of the heat transferring

sheets.

According to an embodiment, the connecting element may comprise flexible

properties.

Furthermore, at least one of the heat transferring sheets may be provided with

a through hole.

Still further, each heat transferring sheet may comprise an upper edge surface

substantially perpendicular to the inner edge surface extension of the heat transferring sheets.

According to an embodiment, at least one of the inner edge surfaces and the

upper edge surface of the heat transferring sheets may be provided with a thermal interface

material.



Moreover, each heat transferring sheet may comprise a recess in the inner edge

surface configured to receive a driver of a lighting assembly. Hereby, heat transferring sheets

may be pre-shaped such that the driver of the lighting assembly is sufficiently fitted in the

recess. More specifically, the driver may have a circular shape such that the radius of the

circularly shaped driver is fitted in the recess and when revolving the heat sink configuration,

the driver sufficiently enclosed in the assembled heat sink arrangement.

Other effects and features of this aspect of the invention provide similar

advantages as discussed above in relation to the previous aspect of the invention.

According to a still further aspect of the present invention there is provided a

lighting assembly comprising at least one light emitting diode, a driver for electrically

connecting the at least one light emitting diode to a power source; and a heat sink

arrangement formed by the above mentioned heat sink configuration. The lighting assembly

may also comprise a shaping element configured to receive light emitted by the light emitting

diode and to provide a light beam according to a predetermined form. According to an

embodiment, the shaping element may be at least one of a reflector, a collimator, or a lens.

Effects and features of this aspect are largely analogous to those described above in relation

to the other aspects of the present invention.

Further features of, and advantages with, the present invention will become

apparent when studying the appended claims and the following description. The skilled

addressee realize that different features of the present invention may be combined to create

embodiments other than those described in the following, without departing from the scope

of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the present invention will now be described in more

detail, with reference to the appended drawings showing example embodiments of the

invention, wherein:

Fig. 1 is a perspective view illustrating a stacked pile of heat transferring

sheets according to an embodiment of the present invention;

Fig. 2 is a perspective view of the stacked pile of heat transferring sheets in

Fig. 1 when being revolved;

Fig. 3 is a perspective view of an assembled heat sink arrangement according

to an embodiment of the present invention; and



Fig. 4 is a flow chart of a method for providing a heat sink arrangement

according to an example embodiment of the present invention.

DETAILED DESCRIPTION

The present invention will now be described more fully hereinafter with

reference to the accompanying drawings, in which currently preferred embodiments of the

invention are shown. This invention may, however, be embodied in many different forms and

should not be construed as limited to the embodiments set forth herein; rather, these

embodiments are provided for thoroughness and completeness, and fully convey the scope of

the invention to the skilled addressee. Like reference characters refer to like elements

throughout.

Referring now to the drawings and to Fig. 1 in particular, there is depicted a

perspective view of a heat sink configuration 100 comprising a plurality of heat transferring

sheets 102. The heat transferring sheets 102 are arranged in a pile, where the inner edge

surfaces 104 for each of the heat transferring sheets 102 are arranged substantially parallel to

each other in the pile, thereby forming a substantially plane vertical surface. Furthermore,

each of the heat transferring sheets 102 are connected to each other by means of a connecting

element 106 arranged on the inner edge surfaces 104 of heat transferring sheets 102. The

connecting element is in the illustrated embodiment depicted as a connecting element having

flexible properties which is fixated to the inner edge surfaces 104 by means of e.g. gluing,

welding, soldering, or some other type of suitable adhesive composition. Although the

connecting element 106 in Fig. 1 is depicted as being connected to the entire inner edge

surfaces 104 of the heat transferring sheets 102, it should be readily understood that the use

of, for example, a wire extending through each of the heat transferring sheets 102 at a

position adjacent the inner edge surfaces 104 may be equally applicable for connecting the

heat transferring sheets 102 to each other. Still further, the connecting element 106 may also

comprise a thermal interface material to improve heat dissipation from e.g. a circuit board

configured to be arranged within an assembled heat sink arrangement and through the heat

transferring sheets 102. Such thermal interface material may, for example, be a thermal

interface glue or pad, etc.

Moreover, the depicted heat sink configuration 100 is arranged such that an

upper surface 108 is formed substantially perpendicular to the inner edge surfaces 104 of the

heat transferring sheets 102. The functionality of the upper surface 108 will be described

further below in relation to Fig. 2 . Furthermore, each of the heat transferring sheets 102 in the



pile may be provided with through holes arranged on the surface of each of the heat

transferring sheets 102. In the illustrated embodiments described herein, one through

hole 110 is arranged in each of the heat transferring sheets and positioned at different

locations on the sheets in comparison to each other. The heat transferring sheets 102 may

however also be provided with more than one through hole and the relative position between

each through hole 110 may also vary depending on e.g. desired cooling effect, etc.

As is also depicted in Fig. 1, a recess 112 is arranged in each of the heat

transferring sheets 102. The recess 112 may be configured to receive a driver (not shown) or

other component of a lighting assembly for enclosing such component within the assembled

heat sink arrangement, described below in relation to Fig. 2 .

Now, reference is made to Fig. 2 in conjunction with Figs. 1 and 4 in order to

describe the method for providing the heat sink arrangement. As illustrated in Fig. 1 and

described above, the heat transferring sheets 102 are provided SI in a pile. Thereafter, the

heat transferring sheets 102 are connected to each other by fixating S2 the inner edge

surfaces 104 of the heat transferring sheets 102 to each other. The pile of heat transferring

sheets is thereafter revolved S3 around a geometric axis 202 which is located parallel to and

in proximity of the inner edge surface extension of the heat transferring sheets 102.

Accordingly, the heat sink configuration 100 is revolved in a revolving direction 204 around

the geometric axis 202. When the pile of heat transferring sheets 102 is revolved as depicted

in Fig. 2, the outer edge surfaces 114 of the heat transferring sheets 102 are spaced apart from

each other in the revolving direction 204 such that an at least partial enclosure 206 is formed

by the inner edge surfaces 104. Hereby, the driver arranged within the recess 112 of the heat

transferring sheets 102, as described above, is at least partially enclosed by the enclosure

formed when revolving the pile of heat transferring sheets 102. Finally, a first 208 and a

last 210 heat transferring sheet in the pile is fixated S4 in relation to each other in order to

form the assembled heat sink arrangement. The fixation of the first 208 and the last 210 heat

transferring sheets may be conducted in a plurality of ways. For example, if the pile of heat

transferring sheets 102 is revolved a full 360°, the first 208 and the last 210 heat transferring

sheet may be fixated in relation to each other by means of interconnecting them with each

other. However, the pile of heat transferring sheets 102 may not necessarily be revolved

360°, the pile may, if desired, for example be revolved 270°. In such a case, the first 208

and the last 210 heat transferring sheets in the pile may be fixated in relation to each other by

means of individually connecting them to, for example, the lamp foot of the lighting

arrangement, or the like.



Furthermore, when revolving the pile of heat transferring sheets 102, the

above described upper surfaces 108 of the heat transferring sheets 102 forms a substantially

plane surface 212 of the plurality of heat transferring sheets 102. The substantially plane

surface 212 is configured to receive e.g. a printed circuit board and/or an LED module in the

assembled configuration. As the plurality of heat transferring sheets 102 are extending

radially at substantially mutually relative distance from each other after being revolved, there

is a higher density of material towards the centre in relation to the periphery of the assembled

heat sink arrangement. Hereby, a larger surface being able to dissipate heat is provided

towards the centre where it may be beneficial to position the circuit board or the LED

module. However, the entire substantially plane surface 212 may also, after revolving the pile

of heat transferring sheets 102, be arranged with some kind of thermal interface material in

order to even further dissipate heat from e.g. the circuit board or the LED module through the

plurality of heat transferring sheets 102.

Turning to Fig. 3 illustrating the assembled heat sink arrangement 302

connected to a lighting arrangement 300 according to an embodiment of the present

invention. The heat sink arrangement 302 is assembled in accordance with the above

description in relation to Figs. 1, 2 and 4 . In the illustrated embodiment depicted in Fig. 3, the

heat sink arrangement 302 is connected to a lamp foot 304 of the lighting arrangement 300

and a lens 306 or the like is positioned on top of the heat sink arrangement 302. As described

above, but not visibly illustrated in Fig. 3, the lighting arrangement 300 may also comprises a

driver enclosed by the inner edge surfaces 102, or more specifically, enclosed by the

recesses 112 of the heat transferring sheets 102. Furthermore, the circuit board and/or LED

module may also be positioned on the substantially plane surface 108 formed by the upper

surfaces 108 as also described above.

Moreover, the above described through holes 110 is in the illustrated

embodiment depicted in Fig. 4 located on different positions for each of the heat transferring

sheets 102. Hereby, a spiral-like channel is formed which may enable the heat transferring

sheets 102 to be cooled to a larger degree compared to if no through-holes are provided.

The lighting arrangement 300 in Fig. 3 is hence arranged with the above

described heat sink arrangement, where each of the plurality of heat transferring sheets are

arranged at a substantially mutual distance from each other in order to be cooled to a

sufficient amount by, for example, ambient air. Although the heat sink arrangement 302 in

Fig. 3 is illustrated as being cooled by ambient air, the heat sink arrangement may also be

configured to be positioned in a housing or the like. In such a case, at least a portion of the



outer edge surfaces 114 is in abutment with such a housing or the like in order to dissipate

heat generated by, for example, the LED module towards the housing, which in turn may

dissipate the heat to the ambient air.

Even though the invention has been described with reference to specific

exemplifying embodiments thereof, many different alterations, modifications and the like

will become apparent for those skilled in the art. Variations to the disclosed embodiments can

be understood and effected by the skilled addressee in practicing the claimed invention, from

a study of the drawings, the disclosure, and the appended claims. For example, a centre

portion of the heat transferring arrangement, for insertion in a generally rectangular shaped

housing, may be circularly shaped having its elongated heat transferring elements in a

generally rectangular shape instead of the circular shape described above. Furthermore, in the

claims, the word "comprising" does not exclude other elements or steps, and the indefinite

article "a" or "an" does not exclude a plurality.



CLAIMS:

1. A heat sink configuration (100), comprising:

a plurality of heat transferring sheets (102) stacked in a pile, each of the heat

transferring sheet (102) comprises an inner edge surface (104) and an outer edge

surface ( 114), wherein the inner edge surfaces (104) of the heat transferring sheets (102) are

arranged substantially parallel to each other in the pile; and

a connecting element (106) for flexibly arranging the inner edge surfaces (104)

of the heat transferring sheets (102) at a first distance from each other, wherein the heat

transferring sheets (102) are configured to revolve around a geometric axis (202) located

parallel to and in proximity of an inner edge surface extension, such that the outer edge

surfaces ( 114) of the heat transferring sheets (102) are spaced apart from each other by a

second distance in the revolving direction (204), the second distance being larger than the

first distance, thereby forming an at least partial enclosure (206) provided by the inner edge

surfaces (104) of the heat transferring sheets (102).

2 . The heat sink configuration (100) according to claim 1, wherein the

connecting element (106) comprises flexible properties.

3 . The heat sink configuration (100) according to claim 1 or 2, wherein at least

one of the heat transferring sheets (102) comprises a through-hole ( 110).

4 . The heat sink configuration (100) according to any one of claims 1 to 3,

wherein each heat transferring sheet (102) comprises an upper edge surface (108)

substantially perpendicular to the inner edge surface extension of the heat transferring

sheets (102).

5 . The heat sink configuration (100) according to any one of claims 1 to 4,

wherein at least one of the inner edge surfaces (104) and the upper edge surface (108) of the

heat transferring sheets (102) is provided with a thermal interface material.



6 . The heat sink configuration (100) according to any one of claims 1 to 5,

wherein each heat transferring sheet (102) comprises a recess ( 112) in the inner edge

surface (104) configured to receive a driver of a lighting assembly.

7 . A lighting assembly (300), comprising:

at least one light emitting diode,

a driver for electrically connecting the at least one light emitting diode to a

power source; and

- a heat sink arrangement formed by a heat sink configuration (100) according

to any one of claims 1 - 6 .

8. The lighting assembly according to claim 7, further comprising a shaping

element configured to receive light emitted by the light emitting diode and to provide a light

beam according to a predetermined form.

9 . The lighting assembly according to claim 8, wherein the shaping element is at

least one of a reflector, a collimator, or a lens.

10. A method for providing a heat sink arrangement, comprising the steps of:

providing (SI) a plurality of heat transferring sheets (102) stacked in a pile,

each heat transferring sheet (102) comprises an inner edge surface (104) and an outer edge

surface ( 114), wherein the inner edge surfaces (104) of the heat transferring sheets (102) are

provided substantially parallel to each other in the pile;

- fixating (S2) a first distance between the inner edge surfaces (104) of the heat

transferring sheets (102) by means of a connecting element;

revolving (S3) the pile of heat transferring sheets (102) around a geometric

axis (202) located parallel to and in proximity of an inner edge surface extension, such that

the outer edge surfaces ( 114) of the heat transferring sheets (102) are spaced apart from each

other by a second distance in the revolving direction (204) in relation to the stacked pile of

sheets, the second distance being larger than the first distance, thereby forming an at least

partial enclosure (206) by the inner edge surfaces (104) of the heat transferring sheets (102);

and



fixating (S4) a first (208) and a last (210) heat transferring sheet in relation to

each other.

11. The method according to claim 10, preceded by the step of:

- providing a through-hole ( 110) in each of the heat transferring sheets (102).

12. The method according to claim 10 or 11, wherein the step of revolving the pile

of heat transferring sheets (102) is preceded by the step of:

providing a driver of a lighting assembly (300) in close vicinity of the inner

edge surfaces (104) of the pile of heat transferring sheets (102) such that the driver is at least

partially enclosed by the heat sink arrangement after revolving the pile.

13. The method according to any one of the preceding claims, wherein a

substantially plane upper surface (108) is formed on each of the heat transferring sheets, the

upper surface (108) being substantially perpendicular to the extension of the inner edge

surface (104) of the heat transferring sheets (102) and configured to connect to a circuit board

of the lighting assembly (300).

14. The method according to any one of the preceding claims, wherein at least one

of the inner edge surfaces (104) and the upper surfaces (108) comprises a thermal interface

material.

15. The method according to any one of the preceding claims, followed by the

step of:

- fixating a metal base on at least a portion of the outer edge surfaces of the heat

transferring sheets.
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