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BACKGROUND

[0001] Large scale data centers today are driven by a focus on total cost of ownership. To 

achieve the lowest possible total cost of ownership the data center as a whole must be looked at 

and efficiencies improved. This includes factors such as energy efficiency and reducing the cost 

of manufacturing, deploying and disposing of the data center infrastructure and the electronic 

computer systems deployed within.

[0002] Previous work by this inventor describes a clamshell type electronic computer system that

is cooled by installation into a cooled enclosure. The present disclosure describes a number of 

improvements to a clam-shell type electronic computer system that is cooled by installation into 

a cooled enclosure which reduce the manufacture, assembly, installation and deployment costs of

a clam-shell type electronic computer system.

DRAWINGS

[0003] These and other features, aspects, and advantages of the present invention will become 

better understood with regard to the following description, appended claims, and accompanying 

drawings where:

Fig. 1a shows a view of an electronic apparatus having features of the present disclosure;

Fig. 1b shows the electronic apparatus of figure 1a with a variety of hidden components visible 

to show their relative positions when assembled;

Fig. 2 shows an exploded view of the electronic apparatus from figures 1a and 1b;

Fig. 3a shows a view of the locations of DIMMs within of the electronic apparatus of figures 1a 

and 1b;

Fig. 3b shows a view of the electronic apparatus of figures 1a and 1b where the DIMMs are 

visible through their  box;

Fig. 4a shows a view of a DIMM as installed within the electronic apparatus of figures 1a and 

1

COPYRIGHT © 2018 ADC Technologies Inc.



1b;

Fig. 4b shows an exploded view of the DIMM of figure 4a;

Fig. 5a shows a cutoff exploded view of the urging mechanism that may be used to urge the rail 

portion of the electronic apparatus of figure 1 against a cooled surface of a cooled enclosure;

Fig. 5b shows details of the actuating mechanism of the urging mechanism of figure 5a, and;

Figs. 5a and b show a side view of the urging mechanism of figure 5a whereby the interaction of 

the inclined ramps can be observed.

DESCRIPTION

[0004] It is intended that the following description and claims should be interpreted in 

accordance with Webster's Third New International Dictionary, Unabridged unless otherwise 

indicated.

[0005] Referring to figure 1, an embodiment of clam-shell electronic computer system 1000 is 

disclosed, the clam-shell electronic computer system 1000 described has features designed to 

reduce the number of components and simplify manufacture and assembly whilst also improving

cooling efficiency.

[0006] Referring to figure 1c, the electronic computer system 1000 comprises a clam-shell 

chassis comprising two-halves, an upper-half 1100 and a lower-half 1200; the upper-half 1100 

being manufactured from a thermally conductive material, in this case Aluminium, the upper-half

1100 operating as a heat transmitting component, transferring heat from heat generating 

components to a rail-portion 1110 of the clam-shell chassis; the lower-half 1200 being 

manufactured from a non-thermally conductive thermoplastic and providing features which 

reduce assembly complexity and support the installation of the various components of the 

electronic apparatus, reducing the part count by providing for the combination of many features 

into a single manufactured article; a motherboard 1300 installed within the clam-shell chassis 

which comprises at least one heat-generating component and may include heat-generating 

components that have thermal design powers (TDP) of at least 10W, between 10W and 160W or 

in some cases more than 160W and as much as 300W.

[0007] One benefit of the present disclosure which improves upon clam-shell electronic 
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apparatus previously described by this inventor is the that electronic apparatus 1000 presently 

disclosed do not require the use of additional heatpipe assemblies configured to transfer heat 

from higher power heat-components such as CPUs which have the need to transmit at least 10W,

between 10W and 160W or higher powers such as those developed by a GPU of 300W and over 

to the area of the rail-portion 1110 of the clam-shell chassis. Instead the heat generated by these 

higher power heat-generating components is transmitted to the area of the rail-portion 1110 of 

the clam-shell chassis by the upper-half 1100.

[0008] A further benefit of the present disclosure is the addition of a daughterboard 1400 (also 

known as a mezzanine or expansion card or board) which is located such that the upper-half 

1100 of the chassis is located between the motherboard 1300 and the daughterboard 1400. The 

daughterboard 1400 comprising at least one heat-generating component which is in thermal 

contact with the upper-half 1100 of the clam-shell chassis, at least a portion of the heat being 

generated by the heat-generating component(s) of the daughterboard 1400 being transmitted to 

the area of the rail-portion 1110 of the clam-shell chassis via the upper-half 1100. 

[0009] Illustrated is a daughterboard 1400 which is electrically connected to the motherboard 

1300 and has heat-generating components with a TDP of approximately 25W, however the 

daughterboard 1400 may be electrically independent of the motherboard 1300 and share the 

cooling only. The daughterboard 1400 may also be a lower power or a higher power, for example

the daughterboard 1400 may be a CPU or GPU with a TDP of 300W with the upper-half 1100 

being configured with the appropriate heat-transfer characteristics for the TDP. 

[0010] Furthermore, the daughterboard 1400 illustrated is of a size suitable for use as a network 

interface card however it is not intended that a daughterboard 1400 be of any type or dimensions 

and may have dimensions smaller than, the same as or larger than the motherboard 1300. 

Furthermore it is not intended that electronic apparatus having characteristics of the present 

disclosure require a daughtercard 1400 and may have none, one or more than one daughtercard 

1400 each of which may have the same or different TDP or other characteristics.

[0011]  While the present disclosure describes a lower-half 1200 which is manufactured from a 

non-thermally conductive thermoplastic it is to be understood that the lower-half 1200 may also 

be thermally conductive and perform the same function and have similar characteristics as the 

upper-half 1100 described herein. For example this would allow two sides of motherboard 1300 
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to be cooled by a thermally conductive lower-half 1200 and a thermally conductive upper-half 

1100 while locating daughterboards 1400 on either the lower 1200 or upper halves 1100. It is 

further not intended that the terms upper-half or lower-half are interpreted to require a particular 

orientation in any embodiments embodying principles of the present disclosure.

[0012] The upper-half 1100 of the clam-shell chassis is comprised of a heat conducting material, 

in the illustrated case Aluminium sheet, which is shaped such that when the motherboard 1300 is 

installed into the clam-shell chassis one or more heat-generating components on the motherboard

1300 are brought into thermal contact with the upper-half 1100, this may be either via a thermal 

interface material (TIM) or directly via physical contact. 

[0013] The electronics apparatus 1000 shows an Aluminium upper-half 1100 which may be 

manufactured by stamping, or pressing or other sheet metal manufacturing process. Apertures 

may then be created through which various components protrude as needed The Aluminium 

sheet is then Electroless Nickel-plated to allow a subsequent, optional. solder process. The 

upper-half 1100 can be designed by first creating a 3D model of the motherboard 1300 and the 

various components installed on the motherboard 1300 and within the electronic apparatus 1000.

Next the motherboard 1300 may be adjusted to place components in locations that would allow 

for components with similar heights to be located in proximity to each other as permitted by the 

electronic needs of the motherboard 1300, this may simplify the complexity of the upper-half 

1100. Next the upper-half 1100 can be configured to follow the contours of the motherboard 

1300 and installed components, if desired allowing space for a thermal interface material to be 

placed between the motherboard 1300 and installed components that would allow the varying 

heights of the components to be absorbed by the thermal interface material and enable the upper-

half 1100 to comprise of a number of planar surfaces with different heights.

[0014] Other materials that the upper-half 1100 may be manufactured from include, but are not 

limited to, thermally conductive metals such as Copper, Silver, Gold or Steel or other metal and 

may include thermally conductive plastics, or thermoplastics subsequently coated with a 

thermally conductive material or composite materials incorporating thermally conductive 

materials such as a thermally conductive metal or a material such as Graphite, Graphene or other 

non-metal material.

[0015]  The upper-half 1100 of the clam-shell chassis comprises a plurality of heat-pipes 1120-
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1135 which augment it’s heat-transmitting characteristics, these are thermally connected to the 

upper-half 1100 and allow higher power to be transmitted from heat-generating components to 

the rail-portion 1110 of the clam-shell chassis. The heat-pipes 1120-1135 are bent (routed) in 

such a way that they make contact with the upper-half 1100 at one or more locations where 

increased heat-transfer is required, illustrated are heat-pipes positioned proximal to CPUs 1302, 

RAM 1304, Voltage Regulators (VRM) 1306, 2.5” SFF storage devices 1308 and M.2 storage 

devices 1310 as well as chipset 1312 and various other heat-generating components which each 

have different heat-generating and cooling needs. Each heat-pipe 1120-1135 or cluster of heat-

pipes 1120-1135 is configured to provide the necessary heat-transfer characteristics to allow heat

to be adequately removed from the proximal heat-generating component. This may be achieved 

by consulting with heat-pipe manufacturers, running thermal simulations or via experimentation 

and providing the necessary heat-pipe capacity at that location.

[0016]  The heat-pipes 1120-1138 illustrated are variously configured to cool a single heat-

generating component or multiple heat-generating components, for example CPUs 1302 which 

have a TDP of 160W are illustrated with four dedicated heat-pipes 1120 being proximal to each 

CPU 1302, while other heat-generating components such as the M.2 storage devices 1310, 

chipset 1312 and a number of misc IC’s 1314 are shown which have in one case a single heat-

pipe 1122 being bent (routed) and configured such that it is thermally connected to the upper-half

1100 proximal to each of the M.2 storage devices 1310, chipset 1312 and IC components 1314. 

One heat-pipe 1124 is also shown which is not routed to the rail-portion 1110 of the clam-shell 

chassis, instead transmitting heat to another area of the upper-half 1100 which is then further 

transmitted to the rail-portion 1110 of the clam-shell chassis by either the upper-half 1100 or the 

proximate heat-pipe 1126.

[0017]  While a number of the heat-pipes 1120-1135 illustrated are shown as being located on a 

surface of the upper-half 1100 which is not brought into direct contact with components located 

on the motherboard 1300 or installed in the electronics apparatus 1000 it is to be understood that 

this is not required and configuring the heat-pipes 1120-1138 to have at least a portion in direct 

contact, possibly via a TIM, with the various components may yield improved thermal 

efficiencies. In the present disclosure heat-pipes 1128 are shown that are routed on one-side of 

the upper-half 1100 and that are connected through apertures to an opposite side of the upper-

half 1100. It is not intended that apparatus having characteristics of the present disclosure are 

limited to having heat-pipes located on a particular side of the upper-half 1100.
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 [0018] The heat-pipes 1120-1135 may be thermally connected to the upper-half 1100 via a 

mechanical fastening device, adhesive (possibly thermally conductive) or soldering, welding or 

another means by which a thermal connection is made. The drawings associated with the present 

disclosure show an upper-half 1100 in which the heat-pipes 1120-1138 are thermally and 

mechanically connected to the upper-half 1100 via the use of a low-temperature SnBiAg solder 

which has a melting point of 138°C. The heat-pipes 1120-1135 being soldered to the upper-half 

1100 by the use of a CNC manufactured tool which holds the heat-pipes in position while heat is 

applied to the joints until the solder flows. The heat-pipes being of a water-filled copper type that

is Electroless-Nickel plated with the upper-half 1100 being similarly electroless Nickel plated to 

ASTM B733 specifications, this allows the solder to wet the surfaces appropriately and bond the 

two together with a low thermal resistance joint.

[0019] While heat-pipes 1120-1135 are described herein as a method of augmenting the heat-

transmitting characteristics of the upper-half 1100 alternative means of augmenting the heat-

transmitting characteristics of the upper-half 1100 include: the use of alternative apparatus 

having a condensing portion and an evaporative portion such as vapor chambers and other heat 

transfer apparatus which operates in a similar fashion to a heat-pipe; thermosyphons; afixing 

thermally conductive materials such as copper, silver, gold or other thermally conductive metals, 

or non-metal thermally conductive materials such as graphite or graphene to all or portions of the

upper-half 1100, or; any other means of transmitting heat from one location to another.

[0020] The upper-half 1100 is further configured to thermally isolate parts of the upper-half 

1100, that is to provide features that prevent or reduce heat from flowing from one area of the 

upper-half 1100 to another. Still referring to figure 1c an example of this is shown in the portion 

1140 of the upper-half 1100 proximal to the two CPUs 1302 where it can be seen that the portion

1140 of the upper-half 1100 proximal to each CPU 1302 is physically isolated by a series of 

isolating cuts 1141, having thermal connectivity via the upper-half 1100 to the rail-portion 1110 

of the clam-shell chassis only. In this way heat being generated by each CPU 1302 is directed 

towards the rail-portion 1110 of the clam-shell chassis, thermally isolating the upper-half 1100 in

the area 1140 of each CPU 1302 and protecting other components in contact with the upper-half 

1100 from the heat being generated by each CPU 1302. The gap in the upper-half 1100 from the 

isolating cuts 1141 may then be blocked by the use of a foil, this to control electromagnetic 

emissions or prevent convection from occurring and reduce heating to the surrounding area.
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[0021] The upper-half 1100 is further configured to contain the rail-portion 1110 of the clam-

shell chassis which is brought into contact with a cooled enclosure when the electronic apparatus

is installed. A rail width of 40mm was selected as it was found to be an ideal width to fit side-by-

side three 8mm diameter heat-pipes flattened to a 4mm height as shown in the accompanying 

drawings. This was determined to be a good fit to the approximately 150W per 10cm length 

cooling characteristics exposed by a corresponding enclosure with channels having similar 

dimensions as is described in a previous application by the present inventor. By having the 

upper-half 1100 of the clam-shell chassis contain the rail-portion 1110 and be in direct contact 

with the cooled enclosure the number of thermal interfaces is reduced, improving the heat-

transfer characteristics of the apparatus.

[0022] The surface of the rail-portion 1110 of the upper-half 1100 which is brought into contact 

with the cooled enclosure may benefit from the application of a thermal interface material, this 

includes but is not limited to thermal greases, thermal interface pads, thermal gap pads, graphite 

pads and other thermal interface materials well-known in the art of heat-transfer. While not 

required, it was found that the use of a graphite thermal interface material applied to the surface 

of the rail-portion 1110 of the upper-half 1100 allowed for both improved thermal contact 

between the cooled enclosure and the rail-portion 1100 but also provided a lower coefficient of 

friction that enabled the electronic apparatus 1000 to be more easily installed and removed from 

the cooled enclosure. It has been found previously by this inventor that thermal gap pads 

however do provide a superior heat transfer when less pressure is being applied to the thermal 

interface such as may occurs when the weight of the electronic apparatus 1000 is being used to 

ensure contact between the rail-portion 1110 and the channel of the cooled enclosure.

[0023] Installed within the electronic apparatus 1000 are a number of components 1302-1313, 

1400 which are each cooled by contact with the upper-half 1100 of the electronic apparatus 

1000. These include: 

[0024] 2.5” SFF storage devices 1308 with a TDP of 6W each which are held in place by the 

lower-half 1200 of the clam-shell chassis and contacted to and cooled by a thermally isolated 

portion of the upper-half 1100 and serviced by two 5mm heat-pipes 1128 flattened to 4mm 

which are routed to the rail-portion 1110 of the clam-shell chassis; 
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[0025] M.2 expansion cards 1310 with a TDP of 6W each which are shown installed on top of 

the motherboard 1300 between the upper-half 1100 and the motherboard 1300, each M.2 card 

1310 is then contacted to the upper-half 1100 via an electrically insulating gap pad type thermal 

interface material, with the four M.2 cards 1310 being serviced by two 8mm heat-pipes 1122, 

1130 flattened to 4mm which are routed to the rail-portion 1110 of the clam-shell chassis;

[0026] An IC component 1312 with a TDP of 10W installed on the motherboard and contacted to

the upper-half 1100 via a thermal interface material and serviced by one of two 8mm heat-pipes 

1122 flattened to 4mm that also services the M.2 cards 1310 described above;

[0027] A plurality of RAM chips 1304 with a total TDP of 36W which are installed on the 

motherboard 1300 and contacted to the upper-half 1100 via an electrically insulating gap pad 

type thermal interface material and serviced by two 8mm heat-pipes 1132, 1133 flattened to 

4mm which are routed to the rail-portion 1110 of the clam-shell chassis;

[0028] Two CPUs 1302 with a TDP of 160W each, each CPU 1302 being contacted to a 

thermally isolated portion 1140 of the upper-half 1100 and serviced by four 8mm heat-pipes 

1120 flattened to 4mm which are routed to the rail-portion 1110 of the clam-shell chassis, each 

CPU 1302 being in direct physical contact with the upper-half 1100 and using a thermal grease 

to improve the thermal interface.

[0029] A daughterboard 1400 with a TDP of 23.5W, the daughterboard 1400 contacting the 

upper-half 1100 via a thermally conductive contact component 1102, in this case an aluminium 

part, which is permanently affixed to the upper-half 1100 via a thermal adhesive or solder joint in

a similar fashion to which the heat-pipes 1120-1135 are joined to the upper-half 1100 described 

above. The contact component 1102 providing a planar surface 1103 to which heat-generating 

components installed on-board the daughterboard 1400 can be contacted while also providing a 

good thermal connection to the heat-pipe 1126 affixed to the upper-half 1100 below the contact 

component 1102, this allows the daughterboard 1140 to be a field replaceable component while 

still allowing good thermal contact to the heat-pipe 1126 and the upper-half 1100. In this instance

the heat-pipe 1126 being a 6mm part flattened to 4mm and being routed to the rail-portion 1110 

of the upper-half 1100. Daughterboard 1400 may also be contacted directly to the upper-half 

1100 omitting the contact component 1102, this may be achieved by either running a heat-pipe 

beneath the contacting surface of upper-half 1100, running a heat-pipe that is proximate to the 
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contacting location, directly to a heat-pipe or if the power does not require a heat-pipe.;

[0030] Two voltage-regulator modules (VRMs) 1306 comprising a plurality of components with 

a total TDP of 14W for each of the two VRMs 1306, the VRMs 1306 contacted to the upper-half 

1100 via an electrically insulating gap pad type thermal interface material and serviced by two 

8mm heat-pipes 1133, 1135 flattened to 4mm which are routed to the rail-portion 1110 of the 

clam-shell chassis, and;

[0031] Additional miscellaneous components which have low levels of heat output and are 

cooled by the proximity of a number of the heat-pipes 1120-1135 that service the components 

described above, in one particular case a number of components are serviced by a single 6mm 

heat-pipe 1124 flattened to 4mm which is contacted to a plurality of portions of the upper-half 

1100, one end of the heat-pipe 1124 terminating below the thermally conductive contact 

component 1102 that provides cooling to the daughterboard 1400 described above and the other 

end of which terminates outside of the rail-portion 1110 of the clam-shell chassis. This particular 

heat-pipe 1124 not being directly in contact with the rail-portion 1110 of the clam-shell chassis, 

instead augmenting heat transfer from one portion of the upper-half 1100 to another portion of 

the upper-half 1100 whereby another heat-pipe 1126 transmits heat to the rail-portion 1110 of the

clam-shell chassis.

[0032] The electronic apparatus 1000 further comprises a plurality of DIMMs 1600, that is a 

plurality of circuit boards containing a number of heat-generating components and each circuit 

board having an edge connectors that fit into a connector on the motherboard 1300. In this case 

the DIMMs 1600 are installed so as to be vertical with regards to the motherboard 1300. As can 

be seen in figure 3 the DIMMs 1600 protrude through an aperture in the upper-half 1100 and do 

not directly contact the upper-half 1100.

[0033] Referring to figs 4a and 4b, the DIMMs 1600 comprise of one or more heat-spreaders 

1602 which are in thermal contact via a thermal interface material 1604 with a plurality of heat-

generating components 1606 installed on circuit board 1601, the heat-spreaders 1602 being 

configured to transmit heat to contact surfaces 1608 which are configured such that when the 

DIMMs 1600 are installed in the motherboard 1300 they may be brought into thermal contact, 

possibly via optional thermal interface material 1610, with another surface through which the 

DIMMs 1600 can be cooled. Figs 4a and 4b show heat-spreaders held in place by two springs 
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1612 and which transmit heat to a plurality of parallel contact surfaces 1608 which are 

perpendicular to the circuit board 1601 and lie opposite the edge fingers 1614 that fit into the 

connector on the motherboard 1300. It is not required however that the heat-spreaders be held in 

place by such a means and may be mechanically fastened using other means such as screws, 

adhesive or some other means.

[0034] When installed in the motherboard 1300 the contacting surfaces 1608 of the DIMMs 1600

are all substantially parallel and lying on the same plane, a box 1700 shown in figure 3a and 3b 

is then placed such that the DIMMs 1600 are contained within the box with a surface of the box 

1700 being brought into thermal contact with the contact surfaces 1608 of the DIMMs 1600. 

Heat is then transmitted from the DIMMs 1600 through the contact surfaces 1608 into the box 

1700. The box 1700 is manufactured from a thermally conductive material, such as Aluminium 

and may be manufactured from sheet metal. The box 1700 transmits heat from the DIMMs 1600 

to the upper-half 1100 of the clam-shell chassis. The heat-transfer characteristics of the box 1700

are further augmented by heat-pipes 1702 in a similar fashion as described above for the upper-

half 1100. Shown are two heat-pipes 1702 which are in contact with the surface of the box 1700 

which is in thermal contact with the contact surfaces of the box 1700 and routed through 

apertures in a side of the box to flanges 1704 extending parallel to a surface of the upper-half 

1100. When installed the flanges 1704 are brought into contact with heat-pipes 1134, 1135 on the

upper-surface 1100 which is routed to the rail-portion 1110 of the upper-half 1100 of the clam-

shell chassis. Thus heat generated by heat-generating components 1606 on the DIMMs 1600 is 

routed first through the heat-spreaders 1602, then via a contact surface 1608 on the heat-spreader

1602 into the box 1700 whereby it is transmitted by a combination of the thermal conductivity of

the box 1700 and the heat-pipes 1702 in thermal contact with the box 1700 to a flange 1704 of 

the box 1700 which is in thermal contact with the upper-half 1100 of the clam-shell chassis 

whereby heat is then transmitted by the upper-half 1100 to the rail-portion 1110 of the clam-shell

chassis.

[0035] It is to be understood that the upper-half 1100 could instead be manufactured to allow the 

contact surfaces 1608 of the heat-spreaders 1602 to contact the upper-half 1100 directly and be 

cooled by the upper-half 1100 in a fashion similar to that described above, this would improve 

the heat-transfer by removing thermal interfaces and thus improve the temperature of the 

DIMMs 1600. The aperture and box 1700 are however intended to allow the DIMMs 1600 to be 

replaceable without having to remove the entire upper-half 1100 of the assembly, instead only 
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needing to remove the box 1700. A similar strategy can be used to allow the above described M.2

storage devices 1310 and 2.5” storage devices 1308 to be replaceable without having to remove 

the upper-half 1100 of the electronic apparatus 1000 assembly also.

[0036] Also shown in figure 1c are CPU clamps 1500 which are manufactured from a spring 

steel, the CPU clamps 1500 in this instance being designed such that they provide the force that 

is called upon for attaching a thermal solution to a socket 2011 type CPU as specified by Intel 

Corporation however it is not limited to being used for such a CPU type. Before installation the 

CPU clamp 1500 comprises four lobes 1502 which are not parallel to the clamping surface 1504 

of the CPU clamp 1500 as can be seen in the accompanying drawings, the four lobes 1502 being 

configured such that as screws 1506 are fastened through the hole in each lobe 1502 a clamping 

force is developed with the correct clamping force being reached when each lobe 1502 is brought

parallel to the clamping surface 1504 of the CPU clamp 1500. Such a CPU clamp 1500 removes 

the need for springs when clamping to a CPU 1302 while still meeting the force specifications 

for attaching a thermal solution to the delicate CPUs 1302.

[0037] Also disclosed is optional urging mechanism 1800 which is shown in figures 5a,b, c and 

d. Use of an urging mechanism 1800 has the benefit of improving the heat transfer characteristics

between a cooling surface of a cooled enclosure and the rail-portion 1110 of an electronic 

apparatus 1000. Embodiments of electronic apparatus 1000 described by the present disclosure 

may use alternative methods of creating a thermal connection between the rail-portion 1110 and 

a cooling surface of a cooled enclosure including but not being limited to adhesives or relying o 

the weight of the apparatus itself or some other urging means. It is not required that electronic 

apparatus 1000 have an urging mechanism 1800 described herein.

[0038] Urging mechanism 1800 is used to urge the rail-portion 1110 of the electronic apparatus 

1000 against the cooling surface of the channel of the cooling enclosure into which the electronic

apparatus 1000 is installed by bracing against the opposing surface within the channel, thus 

improving the heat transfer characteristics of the thermal interface. The urging mechanism 1800 

comprising a first linear component 1810 and a second linear component 1820 each linear 

component 1810, 1820 having a plurality of inclined planes 1812, 1822. The first and second 

linear components 1810, 1820 being configured such that when the first linear component 1810 

and second linear component 1820 are brought together the opposing inclined planes 1812, 1822 

align and are in contact such that moving the first linear component 1810 in the direction defined
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by the long axis of the linear components 1810, 1812 while holding the second linear component

1822 fixed causes the first linear component 1810 to move in a direction such that the distance X

decreases or increases, depending on the direction of movement. 

[0039] The urging mechanism further comprising an actuating mechanism which comprises: a 

bolt 1830; threaded transfer component 1832 which is mechanically fixed to linear component 

1810 by two fasteners 1833 and into which bolt 1830 is threaded; and bolt receiver 1834 which 

is mechanically fixed to linear component 1820 by fasteners 1835 and receives the end 1831 of 

bolt 1830 into a groove 1836 that forces the bolt receiver 1834 to follow the movement of bolt 

1830. The actuating mechanism configured such that when bolt 1830 is turned the two linear 

components 1810, 1820 are moved in the direction defined by the long axis of the linear 

components 1810, 1820 thus increasing or decreasing the distance X. While an actuating 

mechanism based on a bolt 1830 is described other actuating mechanism that creates a linear 

movement of linear component 1810 relative to linear component 1820 may be used, including 

the use of levers and other mechanical apparatus. As it’s expected that such an actuating 

mechanism will be used infrequently bolt 1830 has the benefit of reducing the amount of 

material used for the mechanism, reducing waste and also has the additional benefit of allowing 

the use of a torque wrench to precisely control the amount of pressure and torque placed upon 

the urging mechanism 1800.

[0040] Referring to figure 2, the urging mechanism 1800 is fitted on top of the rail-portion 1110 

of the upper-half 1100 running along at least part of the length of the rail-portion 1110. When 

installing the electronic apparatus 1000 the bolt 1830 is actuated so as to reduce the distance X 

and allow the electronic apparatus 1000 to be easily slid into place. Once installed the bolt 1830 

is again turned to increase the distance X causing the rail-portion 1110 of the upper-half 1100 to 

be urged against the cooling surface of the channel. To minimize the risk of the urging 

mechanism 1800 sticking and to ease installation a graphite pad or other low friction component 

such as Nylon, Teflon or similar may be installed on the surface of the urging mechanism 1800 

that is contacted to the channel of the cooled enclosure when installed and the urging mechanism

1800 actuated.

[0041] Optionally manufacturing the first linear component 1810 and the second component 

1820 out of a thermally conductive material such as Aluminium has the benefit that the urging 

mechanism 1800 can be used to additionally transmit heat via the contact between first linear 
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component 1810 and second linear component 1820 creating an additional path for heat to be 

transmitted to the cooled enclosure.

[0042] Referring back to figure 5d, setting the angle ß of the inclined planes 1812 and 1822 to be

equal to approximately 10.5 degrees has been found to be a good balance between the force 

required to turning the bolt 1830 and the linear displacement of linear component 1810 required 

to generate a change in distance X of approximately 2mm. Increasing the angle ß to 15 degrees 

increases the amount of work that needs to be done when turning the bolt 1830 for the same 

change in X but does decrease the linear displacement of linear component 1810, decreasing the 

angle ß to 5 degrees or less decreases the amount of force required to to turn bolt 1830 but 

increases the linear displacement that the linear component 1810 to achieve the same change in 

X. 

[0043] Although specific embodiments of the invention have been shown and described herein, it

is to be understood that these embodiments are merely illustrative of the many possible specific 

arrangements that can be devised in application of the principles of the invention. Numerous and 

varied other arrangements can be devised by those of ordinary skill in the art without departing 

from the scope and spirit of the invention. These include but are not limited to computer servers 

and other microprocessor based systems, telecommunications systems, network apparatus 

including switches and routers and any other equipment that can be installed within a data center 

environment.

What I claim is:

1. Electronic apparatus having features as described.
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