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A system for heat conduction between two connectable members

FIELD OF THE INVENTION

The invention relates to a system for detachably connecting a first member to a

second member, the first member comprising a portion that is surrounded by a portion of the

second member when the two members are connected with each other, said portions having

surfaces of heat conducting material for contacting each other in order to transfer heat

between the two members.

BACKGROUND OF THE INVENTION

The system can be used for any detachable connection where heat has to be

transferred between two interconnected members, but in particular such a system can be used

for detachably connecting a LED lamp with a socket for the LED lamp. The expression

"LED lamp" is used in this specification for a lamp comprising one or more light emitting

diodes (LEDs) and a base portion or plug, wherein the base portion can be connected with a

socket for holding the LED lamp.

Such a system is disclosed in US-A-2006/00505 14. This publication describes

a LED lamp having the shape of a conventional incandescent lamp. The lamp comprises a

pear-shaped bulb enclosing a LED. The base portion of the lamp has a metal outer surface,

which surface is provided with screw thread. The base portion can be screwed in a

corresponding socket, being a lamp holder provided with a metal inner surface having screw

thread. The heat generated by the LED and by its driving circuit is transferred through the

base portion of the lamp to the metal inner surface of the socket.

SUMMARY OF THE INVENTION

LEDs are often attached to a printed circuit board (PCB) by soldering, such

that a metal surface of the base portion of the LED contacts a portion of the PCB that can

absorb heat generated by the LED. However, there is a need for a detachable connection of a

LED lamp to a PCB or another carrier of the LED lamp, so that the LED lamp can be

replaced, for example by a LED lamp having another color or a LED lamp having another

light intensity. In particular in the case of bright light LEDs, the heat transfer capacity must



be relatively high, requiring a relatively large contact area, or robust contact between the base

portion of the LED lamp and the socket to which the LED lamp is connected.

An object of the invention is to provide a system for detachably connecting a

first member to a second member, the first member comprising a portion that is surrounded

by a portion of the second member when the two members are connected with each other,

said portions having metal surfaces for contacting each other in a highly heat conducting

manner in order to transfer heat between the two members.

Another object of the invention is to provide a system for detachably

connecting a LED lamp with a socket, such that a metal surface of the base portion of the

LED lamp makes highly heat conducting contact with a corresponding metal surface of the

socket.

In order to achieve one or both of these objects, the coefficient of thermal

expansion of the material of the surrounded portion of the first member is larger than the

coefficient of thermal expansion of the material of the surrounding portion of the second

member, so that the metal surfaces are pressed against each other when said portions are

heated up. Thereby, the heat conduction between the two members is significantly increased.

A part of the mutually contacting surfaces can be said metal surfaces, but preferably, all of

the contacting surfaces of both said portions are made of metal. Preferably the two surfaces

have a mutual contact area that is as large as possible, which is promoted by making the

contact surfaces of the first and the second member mutually corresponding and snugly

fitting. The surfaces, for example, can have the shape of a rectangular, square, circularly

cylindrical body or of a body of revolution of a branch of a parabola. The occurrence of

spacings/cavities in between the two members should be counteracted as much as possible,

for example in that the surfaces are smooth or for example in that the surfaces are made of

soft material and therefore are excellently suited to conform to irregular surfaces. Such a soft

material is for example thermal management foil material 6003 series from MAJR with a

Shore A hardness of lO± 2, a thickness in the range of 0.13-15 mm, and a thermal

conductivity of 2.2 W/mK, which is applicable at temperatures in the range of -50 to +

2200C. Soft metal-like materials are Woods metal having a melting point of about 700C,

InCuBi-alloy having a melting point of 58°C, Gallium, Indium, Indalloy IE, Indalloy 117.

These metal-compounds all have melting points in the range of 300C to 2000C and, due to

their softness, adapt to the imposed surface structure and thus ensure good thermal contact.

The materials of the two members can for example be any metal or metal

alloy, metal paste or metal-alloy paste like Galinstan, including a metal matrix composite,



that has an appropriate coefficient of thermal expansion. For example, the material of the

surrounded portion of the first member is aluminum, having a coefficient of linear thermal

expansion of about 23x1 0 6 per degree K at 20 0C, and the material of the surrounding

portion of the second member is copper, having a coefficient of linear thermal expansion of

about 17xlO 6 per degree K at 20 0C. Preferably, the difference in coefficient of linear

thermal expansion of the two materials is more than 3x1 0 6 per degree K at 20 0C, more

preferably more than 6x1 0 6 per degree K at 20 0C to further promote close contact between

the first member and the second member. The surfaces preferably are made of metal, as

metals are comparatively easy to work with, readily available, and simultaneously enable

electrical contact to be established between the two members.

Alternatively, non-metallic materials such as silicon rubbers, Coolpoly ®,

silicon carbide impregnated with silicon, or EPDM (ethylene-propylene-diene terpolymer)

filled with SiC, A12O3, or BN are applicable as heat conductive material.

All heat conductive materials preferably have a thermal conductivity of at least

1 W/mK to promote easy cooling, more preferably the heat conductivity is at least 2.5 W/mK

up to 10W/mK or even higher to make them excellently suitable for high power applications

in which relatively much heat is generated.

In a preferred embodiment, said surrounded portion of the first member

comprises a tapering outer surface, and said surrounding portion of the second member

comprises a corresponding tapering inner surface, which surfaces contact each other when

the members are connected with each other. Tapering means that the cross sectional

dimension of the surrounded portion of the first member and of the surrounding portion of

the second member decreases in the direction in which the surrounded portion is inserted in

the surrounding portion.

Preferably, both surfaces have a matching conical shape or a frusto-conical

shape, so that the two members can be interconnected in any rotational position with respect

to each other. In a preferred embodiment, the apex angle of the two tapering surfaces is

relatively small, so that the two portions stay one inside the other due to friction between the

tapering surfaces of both portions. To this end, the apex angle preferably is between 5° and

45°, more preferably between 10° and 15°. The apex angle is the largest angle between two

straight lines on the tapering surface.

The base portion can be fixed in the socket by friction of the contacting

surfaces only. However, in a preferred embodiment, releasable fixation means are present for

keeping the first member and the second member connected with each other. Such fixation



means may be a bayonet connection or a screw thread connection, but in a preferred

embodiment, said releasable fixation means comprise a so-called snap connection,

comprising an elastic element attached to one of the members, which elastic element engages

behind a corresponding element of the other member when the two members are

interconnected. This is a simple connection means, enabling the two members to be

interconnected in different rotational positions with respect to each other when the surfaces

of the two portions are conical. This simplifies the operation for interconnecting the two

members.

Preferably, said releasable fixation means comprise an elastic element attached

to one of the members, preferably the first member, and engaging a corresponding element of

the other member.

In a preferred embodiment, one of the members is a LED lamp. Even in the

case of a relatively small difference of the coefficients of thermal expansion, there will be

intensive heat-conducting contact between two metal surfaces as soon as said portions of the

members are heated up. Therefore, the base portion of the LED lamp and the socket to which

that base portion is connected can be relatively small. For example, the surrounded portion

can be made of an alloy comprising mainly copper and aluminum, and the surrounding

portion can be made of an alloy comprising mainly copper, so that an appropriate difference

in coefficients of thermal expansion is achieved.

In a preferred embodiment, the first member comprising the surrounded

portion is the LED lamp and the second member comprising the surrounding portion is a

socket for the LED lamp. The LED lamp can be provided with a base portion forming a

plug, and the socket can be provided with a hole corresponding to the plug, so that the plug

can be inserted into the hole of the socket.

Apart from heat-conducting contact between the LED lamp and the socket,

there is also electrically conductive contact in order to supply electric power to the LED

lamp. Electric contact elements may be integrated in the heat-conductive contact surfaces as

is the case in the system described in US-A-2006/0050514. In a preferred embodiment of the

invention, the LED lamp comprises two electric contact elements contacting two

corresponding electric contact elements of the socket when the LED lamp and the socket are

connected with each other.

The invention is also related to a LED lamp comprising a base portion having

a metal outer surface for contacting a corresponding metal inner surface of a socket in order

to transfer heat from the LED lamp to the socket, the metal outer surface having a tapering



shape, and the cross sectional dimension of the outer surface decreasing in the direction

away from the LED of the LED lamp.

The invention is furthermore related to a socket comprising a metal inner

surface for contacting a corresponding metal outer surface of the base portion of a LED lamp,

the metal inner surface having a tapering shape, and the cross sectional dimension of the

inner surface decreasing in the direction in which the LED lamp has to be inserted into the

socket.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be further elucidated by means of a description of an

embodiment of a LED lamp and a socket for that LED lamp, wherein reference is made to the

drawing comprising diagrammatic Figures, wherein:

Fig. 1 is a perspective view of a LED lamp in its socket;

Fig. 2 is a view in which the LED lamp is lifted from the socket;

Fig. 3 is a sectional view of the plug of the LED lamp and the socket;

Fig. 4 shows the plug somewhat lifted from the socket;

Fig. 5 is a sectional view of the plug; and

Fig. 6 is a sectional view of the socket.

The Figures are schematic representations, only showing parts that contribute

to the elucidation of the described embodiment.

DETAILED DECRIPTION OF AN EMBODIMENT

Figures 1 and 2 show a LED lamp 1 and a socket 2 being the lamp holder for

the LED lamp 1. The LED lamp 1 comprises a LED 3 and a base portion or plug 4 . The plug

4 has a conical shape and is made of aluminum. The conical outer surface of plug 4 fits in a

corresponding conical inner surface 5 (see Figure 2) of socket 2 . The socket is made of

copper and is provided with a plastic ring 6 having a circumferential groove 7 . The conical

outer surface of plug 4 contacts the conical inner surface 5 of the socket 2 when the plug 4 is

inserted into the socket 2 . When the plug 4 is heated up, the expansion of the plug 4 is larger

than the expansion of the socket 2, because of the difference of the coefficients of thermal

expansion of the material of the plug 4 and the material of the socket 2 .

The LED lamp 1 comprises two elastic elements 8, which elements 8 can

cooperate with the groove 7 of the plastic ring 6 of the socket 2, so that the plug 4 is kept in



the socket 2 . Figure 1 shows the LED lamp 1 in a somewhat lifted position with respect to the

socket 2, and Figure 2 shows the LED lamp 1 in a further lifted position.

Figures 3-5 are schematic sectional views of the plug 4 of the LED lamp 1 and

the socket 2 . Figure 3 shows the plug 4 completely inserted into the socket 2 and Figure 4

shows the position where the plug 4 is somewhat lifted from the socket 2, corresponding to

Figure 1. On top of the plug 4 is a metal member 9 having the two elastic elements 8.

Member 9 is welded on the plug 4 and carries on its top side the LED 3, which LED 3 is not

represented in Figures 3-5.

The contact elements for supplying electric current to the LED are not

represented in the Figures. These contact elements can be integrated in the two elastic

elements 8 and in the plastic ring 6 .

The socket 2 can be attached to a printed circuit board (PCB) by soldering or

screwing, so that the lower metal surface of the socket 2 contacts a portion of the PCB that

can absorb heat generated by the LED. The heat generated by the LED is transferred through

the plug 4 and the material of the socket 2 to the PCB.

While the invention has been illustrated in the drawing and the foregoing

description, such illustration and description are to be considered illustrative or exemplary

and not restrictive; the invention is not limited to the disclosed embodiment. The mere fact

that certain measures are recited in mutually different dependent claims does not indicate that

a combination of these measures cannot be used to advantage. Any reference signs in the

claims should not be construed as limiting the scope of the invention.



CLAIMS:

1. A system for detachably connecting a first member (1) to a second member

(2), the first member (1) comprising a portion (4) that is surrounded by a portion (5) of the

second member (2) when the two members (1,2) are connected with each other, said portions

(4,5) having surfaces made at least partly of heat conductive material for contacting each

other in order to transfer heat between the two members ( 1,2), characterized in that the

coefficient of thermal expansion of the material of the surrounded portion (4) of the first

member (1) is larger than the coefficient of thermal expansion of the material of the

surrounding portion (5) of the second member (2), so that the metal surfaces are pressed

against each other when said portions (4,5) are heated up.

2 . A system as claimed in claim 1, characterized in that said surfaces are made

completely of said heat conductive material.

3 . A system as claimed in claim 1 or 2, characterized in that said heat conductive

material comprises a metal.

4 . A system as claimed in claim 1, 2, or 3, characterized in that said surrounded

portion (4) of the first member (1) comprises a tapering outer surface, and in that said

surrounding portion of the second member (2) comprises a corresponding tapering inner

surface (5), which surfaces contact each other when the members (1,2) are connected with

each other.

5 . A system as claimed in claim 4, characterized in that said surfaces have a

conical shape.

6 . A system as claimed in claim 4 or5, characterized in that the apex angle of

said tapering surfaces is between 5° and 45°, preferably between 10° and 15°.



7 . A system as claimed in any one of the preceding claims, characterized in that

releasable fixation means (7,8) are present for keeping the first member (1) and the second

member (2) connected with each other.

8. A system as claimed in claim 7, characterized in that said releasable fixation

means comprise an elastic element (8) attached to one of the members (1) and engaging a

corresponding element (7) of the other member (2).

9 . A system as claimed in any one of the preceding claims, characterized in that

one of the members is a LED lamp (1).

10. A system as claimed in claim 9, characterized in that the first member is the

LED lamp (1) and the second member comprises a socket (2) for the LED lamp (1).

11. A LED lamp for use in a system as claimed in claim 10, comprising a base

portion (4) having a metal outer surface for contacting a corresponding metal inner surface

(5) of a socket (2) in order to transfer heat from the LED lamp (1) to the socket (2),

characterized in that the metal outer surface has a tapering shape, and the cross sectional

dimension of the outer surface decreases in the direction away from the LED (3) of the LED

lamp (1).

12. A socket for use in a system as claimed in claim 10, comprising a metal inner

surface (5) for contacting a corresponding metal outer surface of the base portion (4) of a

LED lamp (1), characterized in that the metal inner surface (5) has a tapering shape, and the

cross sectional dimension of the inner surface decreases in the direction in which the LED

lamp (1) has to be inserted into the socket (2).
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