
1               EP 0215 947 B1                    2 Description Background
of the Invention                       clamp connecting the heat pipe to
the rack creates insufficient pressure at the pipe/rack inter- This
invention relates generally to electronic  face to reduce the thermal
resistance therealong. modules and more particularly has reference to    If
that is the case, then means for increasing the the use of a self-activated
heat pipe for tempera-    5   contact pressure should provide the necessary
ture control and automatic mechanical clamping    heat flow rate and should
overcome the problems of electronic modules.
which exists in the known systems. The problem of thermal management
becomes         Thermal switches have been designed to utilize exceedingly
difficult and complex in advanced     the varying thermal pressure within
an integral avionics systems. Such systems typically include   10   heat
pipe to create a variable 'contact pressure a large number of circuit cards
mounted in racks  between the heat pipe and a temperature regu- or
motherboards in a high density fashion, with   lated body. See, for
example, U.S. Patent No. each card itself containing a high density of
3957107, entitled, << Thermal Switch >>. However, electronic components.
Power consumptions as      those devices have been limited to low heat high
as 150 watts are common. A high efficiency   15  applications because they
produce a maximum heat removal scheme must be provided to keep      contact
pressure which is far below that needed the components at a temperature
within the        for efficient heat removal in high heat applications
range of 200-100 QC needed for proper operation.  such as advanced avionics
systems. Although Older avionics systems were air cooled.  Arrays
insufficient contact pressure can be compensated of heat conducting fins
were provided in the   20  to some degree by highly polished surfaces along
[err] of the circuit card modules. Air coolant  the thermal interface, that
approach necessitates was forced across the fins through openings in
costly machining steps. Consquently, such de- the modules to extract heat
therefrom. That ap-    vices have not been used In circuit card modules.
proach had a number of disadvantages which          A further problem with
the known heat pipe made it undesirable for use in modem advanced   25
systems for cooling circuit card modules is that avionics systems. A
primary disadvantage was             the heat flow rate remains fixed at
the 'level used excessive power consumption.                      for heat
removal during normal operation. That Consequently, the industry has now
turned to    level is higher than needed during a warm-up liquid cooled
modules. Such systems typically     operation. As a result, excessive heat
is removed circulate a liquid coolant through cavities formed   30   during
warm-up and the circuit components are in the interior of cold plates which
support the     slow to reach normal operating temperatures. A circuit card
racks. Means are provided for corn-  need thus exists for means to provide
a variable municating heat from the circuit card components  heat flow
rate, i. e., a heat flow rate which is high to the interface between the
rack and the cold    during normal operation and which is automati- plate,
which heat is then absorbed and removed   35   cally reduced during warm-up
operation. by the liquid coolant flowing through the cold      Advanced
avionics systems also present prob- plate.
lems of maintenance and reliability. Mechanical One technique for
communicating heat from       damps are currently used to lock the circuit
card the components to the interface is to provide a     modules into the
rack. Because each module has heat pipe with the circuit cards which
absorbs   40  its own clamps, the maintenance technician for heat from the
components. A mechanical clamp      an advanced avionics system must engage
in a used to attach the cold end of the heat pipe to a  time consuming
process of inspecting and secur- portion of the rack in thermal
communication      ing great numbers of camps. Missed damps can with the
cold plate. See, for, example, U.S. Patent  produce system failure or
damage. Special instal- No. 4366526 entitled, << Heat-pipe Cooled Elec-
45  lation tools are usually needed to apply the high tronic  Circuit
Card>> and  U.S. Patent No.       closure forces associated with the
clamps. In 4 330 812, entitled  << Circuit Board  Electronic   addition to
increased tooling and  maintenance Component Cooling Structure with
Composite        inventory costs, the use of such tools and damps Spacer
>>. However, the  known  heat pipe          has frequently caused breakage
of modules  dur- techniques have proved incapable of keeping the   50  ing
routine  maintenance and  assembly  pro- circuit components in the desired
temperature     cedures. Hence, it is readily apparent that a need range.
The components become too hot because      exists for means to lock the
modules into the rack the heat flow . rate is insufficient to handle the
without the use of mechanical clamps or instal- large amounts of heat being
generated.            lation tools. It is well known that the thermal
resistance at   55 an interface between two bodies is. dependent
Summary of the Invention upon the contact pressure along the interface. As
contact pressure increases, thermal resistance      The present invention
overcomes the problems decreases to allow greater amounts of heat to
which exist in the prior arL flow across the interface. One possible expla-
60    In the present invention, one or more heat pipes nation for the
deficient heat flow rate in the    are built into circuit card modules and
arranged known cooling systems Is that the mechanical      for thermal
communication with the electronic 2   



3               EP 0 215 947 B1                   4 components thereon. The
varying internal pres-       Fig. 4 is a perspective view of another
embodi- sure generated within the heat pipes as heat is    ment of the
electronic module of the preent a&.bed thereby urges an extendable
structure       invention. outwardly from the module into intimate surface-
Fig. 5 is a perspective view of a sub-assemb to-surface contact with a
portion of the rack in    5   the module shown in Fig. 4. thermal
communication with the liquid cooled         Fig. 6 is an exploded,
fragmentary, perspective cold plate. The contact pressure increases as
view of a portion of the structure shown in Fig. 5. additional heat is
absorbed by the pipes, reducing   Fig. 7 is a sectional view taken along
the line 7-7 the thermal resistance across the contact inter-  in Fig. 5.
face and increasing the rate of heat transfer to the   10    Fig. 8 is a
graphical representation of the cold plate. The extendable structure is
con-       thermal characteristics of a typical module made structed and
arranged to produce contact press-   in accordance with the present
invention. ures capable of achieving a sufficiently low ther- mal
resistance for efficient heat removal from     Detailed Description of the
Preferred Embodi- high power, high density avionics modules.   15   ments
During warm-up operations, the - contact pres- sure remains relatively low
because the heat         Referring to Fig. 1, an electronic module made
pipes have yet to absorb significant amounts of   in accordance with the
present invention, indi- heat. The resulting high thermal resistance traps
cated generally by the numeral 10, is shown heat in the components, causing
rapid warm-up.  20   partially inserted into a typical circuit card rack 12
The modules are designed to Initially fit loosely  for an advanced avionics
system. The module 10 in the rack. As heat  from the  components is    has
a planar body 14 with tongue members 16 of absorbed by the heat pipes, the
extendable struc-  generally  rectangular cross section extending ture is
urged into engagement with the rack        along the lateral edges. The
tongue members 16 under sufficient pressure to effectively lock the   25
are constructed and arranged to be received modules into the rack. No
mechanical clamps are    within vertical grooves or guiderails 18 formed in
required.                                          opposed interior
surfaces 20 and 22 of the rack The present invention thus overcomes the de-
12. Handles 24 provided at remote ends of the ficiencies of the prior art
by providing higher    upper longitudinal edge of the module 10 facili-
contact pressure at the thermal interface, by   30  tate insertion into and
removal from the rack 12. achieving faster component warm-up from cold
A circuit card 26 containing a plurality of start conditions, and by
providing a self-activated  electronic components 28 is mounted on one or
damping mechanism which eliminates the need        both surfaces of the
module body 14. Conven- for mechanical damps and installation tools.
tional electrical connectors (not shown), such as According to the
invention there is provided an   35   pin connectors, along the lower
longitudinal edge electronic module for use in a mounting structure  of the
module 10 provide electrical communi- having a heat sink associated
therewith compris-   cation between the components 28 and a mother- ing, a
body supporting one or more electronic      board (not shown) lying along
the floor of the components, heat pipe means associated with        rack
12, in a manner well known in the art. said body and in thermal
communication with   40     An advanced avionics system typically includes
said components for receiving heat therefrom,      a plurality of racks
which are mounted in drawer- said heat pipe means containing a heat
transfer    like fashion in a support frame forming part of the fluid in a
condensation/evaporation cycle for      aircraft structure. Opposed outer
side surfaces 30 transporting heat from relatively high temperature  and 32
of the rack 12 are provided with an array of areas to relatively low
temperature areas, charac-   45   horizontally extending tongues 34 of
generally terized in that extendable.means are associated   rectangular
cross section which are received with said body for extension therefrom
into var-   within corresponding grooves or guiderails 36 able pressure
thermal contact with said heat sink  formed in the opposed inner surfaces
38 and 40 for heat transfer thereto, said extendible means   of the support
frame side members 42 and 44. A having  expandable chamber means in fluid
com-   50  liquid coolant (indicated schematically by direc- munication
with said heat pipe means so that said    tional arrows 46 and 48)
circulated through in- extension and said variable pressure are con-
terior passageways   50 formed in the side mem- trolled by fluid pressure
within said heat pipe    bers 42 and 44 causes the members 42 and 44 to
means.                                            function as cold plates
which absorb heat from Preferred features of the invention will be de-   55
the module 10 and the rack 12. scribed with reference to the accompanying
draw-     It will be appreciated that the thermal path for ings, in which:
-                                  communicating heat from the components
28 to Fig. 1 is a perspective view of the electronic   the cold plates 42
and 44 includes the interfaces module of the present invention in a circuit
card  between the tongue members 16 and  rack rack.
60   guiderails 18 and the interfaces between the rack Fig. 2 is a
fragmentary, perspective, cutaway    tongues 34 and the cold plate
guiderails 36. In view of one embodiment of the electronic module    prior
systems, those interfaces were held together of the present invention.
by damps or bolts or by an interference fit. As a Fig. 3 is a fragmentary,
perspective, cutaway    result, the surface-to-surface thermal contact re-
view of a portion of the module shown in Fig. 2.  65   sistance at the
interfaces was in the range of 



3    5               EP 0 215 947 B1                    6 about 1.0-1.5 in
2 [err]/watt which did not afford a  contained in the preceding paragraph
is well sufficiently high rate of heat flow to the cold    known in the
art. It will be readily appreciated that plates to keep the electronic
components at       the present invention lies in applying heat pipe proper
operating temperatures. The present in-     technology in a new and
unobvious way. vention provides a technique for increasing the    5
Referring to Fig. 3, it can be seen that th contact pressure at the
interface surfaces to a    conduits 54 terminate in chambers 58 form level
sufficient to reduce the thermal interface  throughout the interior of the
tongue member 16'. resistance to about 0.4 in 2 [err]/watt or less, a   The
wick material 56 extends from the conduits three-fold  improvement which
affords an  in-      54 and lines the walls of the chamber 58. creased heat
flow rate to the cold plates and   10  Openings 60 are formed at spaced
locations resultant lower operating temperatures for the     along one
surface of the tongue member 16'. The electronic components.
number of openings can be varied as desired, but The foregoing thermal
resistance figures for    the preferred number is 6. Flexible bellows 62,
the present invention assume that the interface    preferably formed of
stainless steel, are welded to surfaces are prepared by routine machining
oper-   15  the tongue member 16' above each of the open- ations. The
thermal resistance can be reduced      ings 60. The bellows 62 have open
lower ends to even farther with special surface preparations,    permit the
interiors of the bellows 62 to be in such as polishing, in a manner well
known in the   communication with the interiors of the chambers art.
58. The wick material 56 extends through the Specific techniques for
implementing the pre-   20   openings 60 and lines the interiors of the
bellows sent invention at the module/rack interface are    62. As best
shown in Figs. 2 and 3, the bellows 62 described herein. However, the
present invention   terminate outwardly at an interface sheet 64  . is not
limited to the module/rack interface. It will'  which extends along the
tongue  member  16' and readily apreclated by persons skilled in the     is
welded to the dosed outward ends of the that the techniques expressly
described herein   25   bellows 62. are equally applicable to the rack/cold
plate        Although the preceding descriptions and illus- interface. The
present invention contemplates all  trations of the chambers 58, bellows 62
and such applications.                                 interface sheet 64
refer to only one lateral edge of Figs. 2 and 3 show a simple embodiment
which     the module 10', it is understood that the remote best illustrates
the principles of the present inven-   30  lateral edge of the module 10'
is provided with tion.                                              similar
structure. The module 10' is similar to the module 10         The circuit
cards 26' preferably have a base shown in Fig. 1. It includes a planar body
14'     formed of a copper sheet which not only provides having tongue
members 16' of generally rectangu-   a flat surface for mounting the
electronic compo- lar cross section along the lateral edges. Circuit  35
nents 28' but also provides a means for absorbing cards 26' containing a
plurality of electronic     and evenly distributing heat from th components
components 28' are mounted on both sides of the    28' to the heat pipes
52. The heat is then corm body 14'. For simplicity, the handles and the
municated longitudinally through the heat' pipes electrical connectors are
not shown.               52 to the chambers 58 where it continues out- A
plurality of heat pipes 52 extend longitudinally   40   wardly through the
bellows 62 to the interface through the interior of the body 14. The pipes
52  sheets 64 which, as shown in Fig. 1, are in thermal have a conventional
structure which includes a     communication with the cold plates 42 and 44
conduit 54, preferably made of stainless steel,    through the rack 12.
lined with a wick material 56. A working fluid,      As the temperature
increases within the heat [err] Freon 12 or Freon 25, in the conduit 54
45   pipes 52, the internal saturation pressure of the [err] through an
evaporation/condensation cycle     working fluid also increases. The
increasing fluid to transport heat in a manner well known in the
pressure expands the bellows 62 and urges the art Specifically, heat is
carried from a location  interface sheets 64 outwardly in a direction sub-
where heat is applied, e. g., the electronic compo-  stantially normal to
the plane of the module body nents 28', to a location where heat is
removed,   50   14. Because the tongue/bellows/interface sheet e. g., a
surface in thermal communication with     assemblies 16', 62, 64 of the
module 10' are the cold plates 42 and 44. As heat from the       received
between opposed side walls 65 of the components 28' enters the heat :pipes
52, the      rack guiderails 18, extension of the interface small amount of
working fluid confined in the     sheets 64 from the body 14' urges both
the wick material 56 in a liquid state is boiled. The   55  interface
sheets 64 and the opposite surfaces of resulting vapor migrates' through
the hollow in-   the tongues 16' Into contact with the side walls 65
teriors of the conduits 54 toward a location in    of the guiderails 18
under increasing pressure. thermal communication with the plates 42 and 44.
That pressure continues to increase as additional Upon contact with the
cool surface, the vapor      heat is received by the heat pipes 52. As the
condenses and returns to the location where heat   60   contact pressure
increases, the thermal resist- was applied by a mechanism known as
capillary      ance at the contact interface decreases and pumping. The
cycle continues and is self-propa-    allows more heat to flow from the
heat pipes 52 to 



gating as long as heat is applied.                 the rack 12 and
ultimately to the cold plates 42 The present invention is not directed to
heat    and 44. Heat is thus removed from the compo- pipe technology per
se. The functional description   65   nents 28' with greater efficiency,
affording them a 4    7               EP 0 215 947 B1                    8
lower operating temperature.                       mately reaches a level
which is sufficient to [err] mentioned above, it is desirable to obtain a
snugly hold the module 10' in the rack 12 by thermal  contact resistance
of about 0.4 in-       frictional engagement alone. There is no need for 2
[err]/watt or less at the contact interface to keep  clamps or bolts to
keep the module 10' in place. the components in a high density, high power
5    If necessary, the module 10' can be provided advanced avionics module
at an operating tem-     with a heat blanket, such as an inexpensive flat
perature of about [err], preferably about      resistor, which is capable
of generating heat [err] . To achieve that resistance without      when the
electronic components 28' are in a highly polished surfaces at the contact
interface,  quiescent state. That heat produces a sufficiently it is
necessary to generate high pressure, typically   10  firm engagement
between the module 10' and the 400-900 psi, within the heat pipes. The
relation-  rack 12 to ensure a good electrical connection ships between
internal pressure and various heat   between the module 10' and the
motherboard for pipe design parameters, such as length, diameter   proper
commencement of operation of the com- and spring rate of bellows, materials
used for     ponents 28' and also to ensure that the system bellows,
conduits and wicks, and the composition   15   will continue to operate
properly even in an and quantity of the working fluid, are well within
extremely cold environment such as might be the skill of the ordinary
artisan and thus can be  encountered adjacent the exterior surfaces of an
varied as desired to suit particular needs while    aircraft meeting the
subject pressure requirements            The problem of dirt tending to
foul the electrical As mentioned above, the contact pressure at   20
connections when the module 10' is held loosely the module/rack interface
is relatively low when   in the rack 12 can be avoided by keeping the heat
is  first supplied to the heat pipes 52 and     system in a  sealed
enclosure. Such enclosures gradually increases as additional heat is
supplied.  are conventional for advanced avionics systems. As a result, the
themal resistance at the interface  When the module 10' is intended for use
in a is initially high and the heat tends to remain   25   system subject
to intense vibration, it may be trapped in the module 10'. That phenomenon
is      desirable to preload the bellows so that they advantageous in that
it permits the electronic     attenuate input vibration and do not act as
components 28' to warm-up rapidly from a cold       springs which would
amplify vibration. Such pre- start condition. As the components 28' reach
loading techniques are well within the skill of the normal operating
temperatures, greater amounts   30   art. of heat are communicated to the
heat pipes 52,       A preferred embodiment of the electronic mod-
increasing the contact pressure and decreasing      ule of the present
invention, which is more amen- the thermal resistance at the interface to
provide  able to mass manufacturing techniques, is shown a high efficiency
transfer of heat to the cold plates  in Figs. 4-7 and indicated generally
by the refer- 42 and 44 which stabilizes the temperature of the   35   ence
number 10". The functional characteristics components 28' within their
normal operating     and advantages of the module 10" are substan- range.
tily identical to those possessed by the module Fig. 8 shows a graph of
temperature versus        10' described above and will thus not be dis-
time for a test module .10' constructed as shown    cussed again in detail.
The differences reside in Figs. 2 and 3. The module 10' was supplied with
40   primarily in the details of structure and the follow- an input power
of about 40 watts. The temperature  ing discussion w111 be directed to
those differ- in the heat pipe gradualy rose from room tem-       ences.
perature to about 120F in about 7 minutes and       Referring to Fig. 4,
the module 10" includes a then stabilized at that temperature despite con-
planar body 14" having tongue members 16" of tinuing input power. The
temperature of the   45   generally rectangular cross. section along the
electronic components was slightly higher than     lateral edges. Circuit
cards 28" containing a the temperature of  the heat pipe due to thermal
plurality  of  electronic  components  28"  are losses but generally
followed a similar pattern.    mounted on one or both faces of the body
14". The' graph illustrates the rapid warm-up and the    Handles 24" are
provided at the ends of the upper low thermal resistance at operating.
conditions   50  longitudinal edge of the body 14' to facilitate made
possible by the present invention.            insertion and removal from
the rack 12. A plurality In a preferred embodiment, the tongue/bellows
of conventional pin connectors 66 are provided interface sheet assemblies
16', 62, 64 are designed  along the lower longitudinal edge of the body 14"
S to be loosely received between the side walls 65    and are electril
connected to the circuit card of the rack guiderails 18 when the interface
55   26" to provide electrical communication between sheets 64 are in a
non-extended position, i. e.,   the electronic components 28" and the
mother- when the circuit card 26' is in a cold or non-      board (not
shown) in the rack 12. operative condition. As a result, the module 10'
Openings 68 are formed at spaced locations can be easily inserted into the
rack 12 without the  along one face of the tongue members 16" at both 



need for applying high force to the module 10'. As   60  lateral edges of
the body 14". Extendable pillar the components 28' heat and cause extension
of      assemblies 70, described below in detail, are the interface sheets
64, the sheets 64 and the      mounted in chambers 72 formed in the tongues
opposed surfaces of the tongues 16' are urged       16" and have portions
which project through the into contact with the side walls 65 of the
guiderails  openings 68 for engagement with the side walls 18 under
increasing pressure. The pressure ulti-  65   65 of the rack guiderails 18
to perform functions 5    9               EP 0 215 947 B1
10 similar to those performed by the interface sheets  beam weld 118
between the cap 92 and the side 64 associated with the module 10' of the
prior      wall of the opening 68. embodiment.
Operation of the module 10" can now be readil Referring to Fig. 5, it can
be seen that the body  understood. 14" is made up of a plurality of body
segments 74    5  Heat generated by the electronic compone joined in
side-by-side fashion by mating dovetails  28" is communicated through the
conduit 76 and grooves 78 formed along opposed longi-      26" to the
plurality of heat pipes 84 extending tudinal edges of the segments 74. Each
face of    longitudinally through each of the interlocking the assembly of
body segments 74 has a recessed    segments 74 making up the body 14". Heat
flows planar central area 80, 82 which receives a circuit  10  through the
pipes 84 to the chambers 72 at the card 26".
ends of the segments 74 and is then communi- Details of the body segments
74 are shown in     cated to the pillars 114. As additional heat is Figs. 6
and 7. Although the figures and related   received by the heat pipes 84,
the internal satu- descriptions refer to only one end of the segments
ration pressure of the working fluid increases. 74, it is understood that
similar structure is  15   The pressure acts against the bellows 108 to
urge provided at both ends of the segments 74.          the pillars 114
outwardly through the guides 100. Referring to Fig. 6, it can be seen that
a plurality  The outward end surfaces 115 of the pillars 114, of heat pipes
84, preferably 6 in number, extend   which are initially flush with the
surface of the longitudinally through the body segments 74 and    body 14",
extend outwardly therefrom into pres- terminate at both ends in chambers 72
formed in   20   sure contact with the side walls 65 of the rack the end
portions of the segments 74 constituting  guiderails 18. As contact
pressure between the the tongue  members 16". For ease of manufac-
pillars 114 and the  guiderails  18 increases, the [err], the body segments
74, preferably formed of   thermal resistance at the interface therebetween
aluminum  alloy, are extruded with heat pipes      decreases to permit a
high rate of heat flow from conduits 86 formed longitudinally through the
25  the pillars 114 to the cold plates 42 and 44. The segments 74. The
chambers 72 are formed by         modules 10", which are loosely received
in the hogging out the interior of the ends of the        guiderails 18
when the end surfaces 115 of the segments 74. Wick material 88, preferably
0.020-   pillars 114 are flush with the surface of the 0.030 stainless
steel, lines the interior walls of the  module body 14", become snugly
locked into the heat pipes 84 and the chambers 72. The extend-   30   rack
12 as the pillars 114 extend outwardly into able pillar assemblies 70 are
inserted through the  high pressure frictional engagement with the side
openings 68 and mounted in the chambers 72 by      walls 65 of the
guiderails 18. The variable contact welding. The ends of the conduits 86
are sealed    pressure  between  the  pillars 114  and  the with plugs 90
to prevent escape of the working     guiderails 18, ranging from low when
heat is first fluid, preferably pure ammonia.               35   applied to
the heat pipes 84 to high after the pipes Details of the extendable pillar
assemblies 70    84 have received a substantial amount of heat, are best
understood by reference to Figs. 6 and 7.  produces an inverse variation in
thermal resist- The lower surface of a circular cap 92, prefer-  ance
between the module 10" and the rack 12 ably formed of aluminum alloy, is
connected to     which results in rapid warm-up characteristics of the
upper surface of an L-section ring 94, prefer-  40  the type described with
reference to the module ably formed of stainless steel, by inertia welding.
10' of the prior embodiment. The upstanding portion 96 of the ring 94
extends     The upper and lower parts 120 and 122 of the through' an
opening 98 of larger radius formed in  flexible portion of the bellows 108
have mating [err] center of the cap 92 and terminates flush with  wavelike
shapes which substantially conform to the outer surface of the cap 92. A
cylindrical   45  the wavelike shape of the lower surfaces of the guide
100, preferably formed of stainless steel, is  rings 94. As the bellows 108
contract under fluid received in the hub 102 defined by the upstanding
pressure from the heat pipes 84, the mating portion 96 of the ring 94 and
attached thereto by a  surfaces 118, 120 and 122 engage each other to
circumferential TIG  weld 104. The upstanding      act as a mechanical
limit or stop on the travel of cylindrical end 108 of a sealed, single coil
bellows   50  the pillars 114. By proper design of the stopping 108,
preferably formed of stainless steel, is held  action, the fluid pressures
within the chambers 72 between the guide 100 and the upstanding portion
can be increased to the desired levels. 96 of the ring 94 by an
interference fit. A cylindri-  Although the invention has been described
cal pillar 114, preferably formed of stainless steel,  thus far solely in
terms of its applicability to an is mounted on the rigid base 112 of the
bellows   55   electronic module, and more specifically to an 108 and
extends upwardly therefrom to be slid-     electronic module for use in an
advanced avionics 



ingly received within the guide 100.               system, it will be
appreciated by persons skilled in When a pillar assembly 70 is inserted
through    the art that the invention is not limited thereto but an opening
68 in a body segment 74, the bellows    can be used in a wide variety of
applications 108 and pillar 114 enter the chamber 72 and the   60
requiring thermal management and/or self-ac- lower surface of the cap 92
extending beyond the   tuated damping. The scope of the invention ring 94
comes to rest upon a lip 116 formed along  should be construed to encompass
all of those the lower edge of the opening 68. The pillar
applications and embodiments. assembly 70 is permanently connected to the
While the invention has been described with body segment 74 by a
circumferential electron   65.  reference to specific embodiments, the
exact 6    11               EP 0215947 B1                     12 nature and
scope of the invention is defined in the  means. following  claims.
10. An apparatus according to any of Claims 1 to 9, wherein said fluid
pressure is sufficient obtain a thermal resistance of about 0.4 in Claims
5   2 [err]/watt or less at the thermal contact interface between the
extendable chamber means and the 1. An electronic module for use in a
mounting    heat sink. structure (30, 32) having a heat sink (42, 44)
11. An apparatus according to any of Claims 1 associated therewith
comprising:                   to 10, wherein the extendable means is con- a
body (14', 14") supporting one or more   10  structed and arranged to
provide said contact electronic components (28', 28");
pressure in the range of about 400-900 psi. heat pipe means (52, 84)
associated with said    12. An apparatus according to any of Claims 1 body
and in thermal communication with said       to 11, wherein heat transfer
to the heat sink is components for receiving heat therefrom;
sufficient to maintain the components at a tem- said heat pipe means
containing a heat trans-   15   perature in the range of about [err]  when
fer fluid in a condensation/evaporation cycle for  operating at an input
power of up to about 150 transporting heat from relatively high temperature
watts. areas to relatively low temperature areas; charac-   13. An
apparatus according to any of Claims 1 terised in that
to 12, wherein the extendable means (62, 70) is extendable means (62, 70)
are associated   20   constructed and arranged to provide a thermal with
said body for extension therefrom into van-       contact. interface with
the heat. sink (42, 44) able pressure thermal contact with said heat sink
having a thermal resistance which varies as a for heat transfer thereto,
said extendable means   function of said fluid pressure within the heat
having expandable chamber means (62, 72) in        pipe. fluid
communication with said heat pipe means   25   14. An apparatus according
to any of Claims 1 so that said extension and said variable pressure  to
13, further comprising means (118, 120, 122) are controlled by fluid
pressure within said heat  for restricting travel of the bellows in a
manner to pipe means.                                        increase fluid
pressures therein. 2. An apparatus according to Claim 1, wherein      15.
An apparatus according to any of Claims 1 the heat pipe means (52, 84) are
located in an   30  to 14, wherein the body (14") comprises a plurality
interior of the body (14', 14").                   of interconnected
segments (74), each segment 3. An apparatus according to Claim  1 or 2,
being provided with independent heat pipe means wherein the expandable
chamber means com-         (84). prise bellows (62, 108).
16. An apparatus according to Claim 7, wherein 4. An apparatus according to
any of Caims 1 to   35   upstanding pillar means (114) are connected to 3,
wherein the body comprises a planar member      the bellows means (108).
(14', 14"), the extendable means (62, 70) being      17. An apparatus
according to Claim 16, where- connected to the member for extension
outwardly    in the pillar means (114) is received within an therefrom  in
a direction substantially normal to  opening (68) formed in the body (14")
when the the plane of the member.                    40   extendable means
is in a non-extended position. 5. An apparatus according to Claim 4,
wherein       8. -An apparatus according to any of Claims 1 the heat pipe
means comprise a plurality of heat   to 17, wherein the body (14, 14") is
constructed pipes extending longitudinally across the member   and arranged
to fit loosely in the mounting and the expandable chamber means comprise a
structure (30, 32) when the extendable means (62, plurality of bellows (62,
108) located adjacent   45   70) is in a non-extended position, the
extendable lateral edges of the member.                       means and the
heat sink being juxtaposed so that 6. An apparatus according to Claim 5,
wherein    said contact pressure therebetween causes the the bellows (62)
are connected to interface means  body to fit snugly in'the mounting
structure when (64) positioned along the lateral edge of the      the
extendable means is in an extended position. member for contact with said
heat sink.       50     19. An apparatus according to any of Claims 1 7. An
apparatus according to any of Claims 1 to  to 17, wherein mating pin
connector means (66) 6, wherein the expandable chamber means com-      are
provided on the body (14") and the mounting prises cavity means (60, 72)
formed in the body in  structure for providing electrical communication 



fluid communication with the heat pipe means       therebetween. (52, 84)
for receiving fluid pressure therefrom and   55  20. An apparatus according
to Claim 4, wherein bellows means (62, 108) dosing the cavity means    the
expandable chamber means comprises bel- for moving with respect to the body
in response    lows (62) located adjacent remote lateral edges of to said
fluid pressure.                            the member (i4l which are
connected to interface 8. An apparatus according to any of Claims I to
means (64) positioned along the respective lateral 7, wherein the heat
transfer fluid is selected from    60   edges, said lateral edges and
interface means pure ammonia, Freon 12 and Freon 25.               being
loosely received between opposed surfaces 9. An apparatus according to any
of Claims 1 to  of guiderails (18) on the mounting structure (30, 8,
wherein copper sheets are interposed between    32) when the extendable
means is in a non- the body and the components for transferring
extended position, extension of the extendable heat from  the components to
the heat pipe   65   means urging the interface means and the lateral 7
11             EP 0 215 947 B1                  12 nature and scope of the
invention is defined in the  means. following claims.
10. An apparatus according to any of Claims 1 to 9, wherein said fluid
pressure is sufficient obtain a thermal resistance of about 0.4 in Claims
5    [err]/watt or less at the thermal contact interface between the
extendable chamber means and the 1. An electronic module for use in a
mounting    heat sink. structure (30, 32) having a heat sink (42, 44)
11. An apparatus according to any of Claims 1 associated therewith
comprising:                  to 10, wherein the extendable means is con- a
body (14', 14") supporting one or more   10  structed and arranged to
provide said contact electronic components (28', 28");
pressure in the range of about 400-900 psi. heat pipe means (52, 84)
associated with said    12. An apparatus according to any of Claims 1 body
and in thermal communication with said       to 11, wherein heat transfer
to the heat sink is components for receiving heat therefrom;
sufficient to maintain the components at a term- said heat pipe means
containing a heat trans-   15  perature in the range of about [err] when
fer fluid in a condensation/evaporation cycle for  operating at an input
power of up to about 150 transporting heat from relatively high temperature
watts. areas to relatively low temperature areas; charac-  13. An apparatus
according to any of Claims 1 terised in that
to 12, wherein the extendable means (62, 70) is extendable means (62, 70)
are associated   20   constructed and arranged to provide a thermal with
said body for extension therefrom into vari-   contact interface with the
heat sink. (42, 44) able pressure thermal contact with said heat sink
having a thermal resistance which varies as a for heat transfer thereto,
said extendable means  function of said fluid pressure within the heat
having expandable chamber means (62, 72) in         pipe. fluid
communication with said heat pipe means   25  14. An apparatus according to
any of Claims I so that said extension and said variable pressure  to 13,
further comprising means (118, 120, 122) are controlled by fluid pressure
within said heat  for restricting travel of the bellows in a manner to pipe
means.                                       increase fluid pressures
therein. 2. An apparatus according to Claim 1, wherein     15. An apparatus
according to any of Claims 1 the heat pipe means (52, 84) are located in an
30  to 14, wherein the body (14") comprises a plurality interior of the
body (14 14").                    of interconnected segments (74), each
segment 3. An apparatus according to Claim  1 or 2,     being provided with
independent heat pipe means wherein the expandable chamber means corn-
(84). prise bellows (62, 108).                            16. An apparatus
according to Claim 7, wherein 4. An apparatus according to any of Claims 1
to   35   upstanding pillar means (114) are connected to 3, wherein the
body comprises a planar member     the bellows means (108). (14' 14"), the
extendable means (62, 70) being      17. An apparatus according to Claim
16, where- connected to the member for extension outwardly   in the pillar
means (114) is received within an therefrom  in a direction substantially
normal to  opening (68) formed in the body (14") when the the plane of the
member.                    40   extendable means is in a non-extended
position. 5. An apparatus according to Claim 4, wherein     18. An
apparatus according to any of Claims 1 the heat pipe means comprise a
plurality of heat  to 17, wherein the body (14', 14") is constructed pipes
extending longitudinally across the member  and arranged to fit loosely in
the mounting and the expandable chamber 'means comprise a     structure
(30, 32) when the extendable means (62, plurality of bellows (62, 108)
located adjacent   45   70) is in a non-extended position, the extendable
lateral edges of the member.                      means and the heat sink
being juxtaposed so that 6. An apparatus according to Claim 5, wherein
said contact pressure therebetween  causes the the bellows (62) are
connected to interface means  body to fit snugly in the mounting structure
when (64) positioned along the lateral edge of the     the extendable means
is in an extended position. member for contact with said heat sink.      50
19. An apparatus according to any of Claims 1 



7. An apparatus according to any ofClaims 1 to  to 17, wherein mating pin
connector means (66) 6, wherein the expandable chamber means corn-     are
provided on the body (14") and the mounting prises cavity means (60, 72)
formed in the body in  structure for providing electrical communication
fluid communication with the heat pipe means      therebetween. (52, 84)
for receiving fluid pressure therefrom and   55    20. An apparatus
according to Claim 4, wherein bellows means (62, 108) closing the cavity
means  the expandable chamber means comprises bel- for moving with respect
to the body in response   lows (62) located adjacent remote lateral edges
of to said fluid pressure.                           the member (14') which
are connected to interface 8. An apparatus according to any of Claims 1 to
means (64) positioned along the respective lateral 7, wherein the heat
transfer fluid is selected from   60   edges, said lateral edges and
interface means pure ammonia, Freon 12 and Freon 25.              being
loosely received between opposed surfaces 9. An apparatus according to any
of Claims 1 to  of guiderails (18) on the mounting structure (30, 8,
wherein copper sheets are interposed between   32) when the extendable
means is in a non- the body and the components for transferring
extended position, extension of the extendable heat from  the components to
the heat pipe   65   means urging the interface means and the lateral 7
13               EP 0 215 947 B1                  14 edges into contact
with said opposed surfaces      gen (62, 108) beinhalten, die die
Hohiraumvorrich- under sufficient pressure to snugly hold the body  tungen
verschlieBen, um  in Abhdngigkeit des in the mounting structure.
FlOssigkeitsdruckes eine Bewegung im VerhAltnis zum KOrper zu ermmglichen.
5     8. Die Vorrichtung nach einem der Ansprfiche Patentansprfiche
1 bis 7, worin die WarmeaustauschflOssigkeit aus purem Ammoniak, Freon 12
und Freon 25 ausge- 1. Ein elektrischer Modul zur Verwendung in      wAhit
wurde. einer Befestigungsstruktur (30, 32), der eine mit    9. Die
Vorrichtung nach einem der AnsprOche ihr verbundene Warmesenke aufweist
(42, 44),  10   1 bis 8, worin Kuptarbleche zwischen dem Korper mit:
und den Komponenten angeordnet sind, um War- einem KOrper (14, 14") der
einen oder mehre-   me von den Komponenten zu den Warmerohrvor- re
elektronische Komponenten (28', 28") tragt;    richtungen zu
transportieren. einer Wairmerohrvorrichtung (52, 84), die mit    10. Die
Vorrichtung nach einem der Anspr~che dem  Korper verbunden ist und in
thermischem    15   1 bis 9, worin der FlOssigkeitsdruck ausreichend
Kontakt mit den Komponenten ist, urn Wirme von    lst, urn einen
Wirmewiderstand von ungefihr 0,4 ihnen aufzunehmen;
in2 0Walt oder weniger an der thermischen wobei die Wirmerohrvorrichtungen
eine Wir-     Kontaktschnittstelle zwischen den ausdehnbaren
meeaustauschflssigkeit  in  einem   Kondensa-      Kammervorrichtungen und
der Warmesenke zu tionasVerdampfungskreis beinhalten, urn Warme   20
orhalten. von  Bereichen mit relativhoher, Temperatur zu       11. Die
Vorrichtung nach einern der AnsprOche -eichen mit reaiv niedriger
Temperatur zu        1 bis-i,'  rin die Dehnungs r' .ungen  o isporeren ;
dadurch gakennzeichnet, daB         konstruiert und angeordnet sind, um
einern Kon- Dehnungsvonchtungen (62, 70) mit dern Kr-      taiddruck in dem
Bereich von ungefahr 400-900 per verbunden sind, urn sich von ihm
fortzudeh-   25   psi zu erhalten. nan und in einem variablen
WArmedruckkontakt         12. Die Vorrichtung nach einem der Anspriche mit
der Warmesenke Wirme zu ihr zu transferie-     i bis 11, worin der
Wirmetransport zu der Warme- ren, wobel die Dehnungsvorrichtungen ausdehn-
senke ausreichend let, urn die Komponenten bei bare Kamrnmervorrichtungen
(62, 72) aufweisen,     einer Temperatur in dem Bereich von ungefihr die in
FlOssigkeitskontalt mit den Warmerohrvor-  30   20C bis 100OC zu halten,
wenn sie bei dner richtungen stehen, so daB die Fortdehnung und
Eingangsleistung von bis zu 150 Watt arbeiten. der variable Druck durch den
FlOssigkeitsdnrck in    13. Die Vorrichtung nach einen der AnsprOche den
Warmerohrvorrichtungen gesteuert wrd.          I bis 12, worin die
Dehnurgsvorrichtungen (62, 2. Die Vorrichtung nach Anspruch 1, worin die
70) so konstruiert und angeordnet sind, daB dine Warmerohrvorrictungen (52,
84) in einem Innen-   35  thermische Kontaldschnitisteile mit der Warme-
tail des Kxrpers (14', 14") angeordnet skid.       senke (42, 44)
bereItgestelt wird, die enen thermi- 3. Die Vorichtung nach Anspruch 1 oder
2,        schen Widerstand hat, der als eine Funktion des worin  die
ausdshnbaren  Kammervorrichtungen       Fl ssIkeitsdruckes in dem Wirmerohr
variert Faltenbalge (62, 108) beinhalten.                    14. Die
Vorrichtung nach einem der Anspriche 4. Die Vorrichtung nach einem der
AnsprOche   40   1 bis 13, die ferner Vorrlchiungen (118, 120, 122) 1 bis
3, worin der K6rpe ein ebenes Element (14,   beinhaltet, urn die Bewegung
der Faitenbilge in 14") beinhaltet, wobei die Dehnungvorichtun-       einer
Art und Weise zu beschrinken, so daB der -%n (62, 70) mit dem Element
verbunden sind, urn   F10ssigkeilsdruck in ihnen ansteilt ii nach auaen in
einer Richtung; die imwsent-      15. Die Vorrichwung nach emn der
Anspruche ",idhen senkrecht zu der Ebene des Elementes ist,  45   1 bis 14,
worin der Korper (14") sine Viekzahl von von ihmn forlzudahnen.
mitinander verbundern  Segmanten (74) bein- 5. Die Vorrichtung nach
Anspruch 4, worin die    haltet, wobei for jedes Segment unabhvngige 



Warmerohrvorrichtungen sine Viekzahl von Wir-      Wgrmerohrvornichtungen
(84) bereitgestellt wer- merohren beinhalten, die sich longitudinal Ober
den. das Element und die ausdehnbaren Kammervor-  50      16. Die
Vorrichtung nach Anspruch 7, worin richtungen erstrecken und eine Vielzahl
von Fal-   aufgerichtete Stngorrichtungen  (114) mit den tenbalgen (62,
108) umfassen, die neben lateralen  Faltenbaigvorrichtungen (108) verbunden
sind. Ecken des Elementes angebracht sind.                 17. DVi
Vorrichtung nach Anspruch 16, worin 6. Die Vorrichtung nach Anspruch 5,
worin die    die Stotzvorrichtung (114) von einer in dem KMr- Faltenbilge
(62) mit Schnidstellenvorrichtungen   55   per (14") eingebrachten 6ffnung
(68) aufgenom- (64) verbunden sird, die antlang der laieralen     men wird,
wenn die Dehnungso      an sich Ecke des Elementes zum Kontait mit den
Warme-     in einer nicht gedehnten Position befinden. rohren angeordnet
sind.                              1& Die Vorrichtung nach einem der
Anspriche 7. Die Vorrichtung nach einem der AnsprOche      1 bis 17, worin
der Kirper (14', 14") so konstruiert 1 bis 6, worin die ausdehnbaren
Karnmervorrich-   60   und angeordnet ist, daB er sich locker in die tungen
Hohiraumvorrichtungen (60, 72) beinhal-     Befestigungsstruidur (30, 32)
einf~gt, wenn die ten, die in dem Korper eingebracht sind und in
Dehnungsvorrichtungen  (62, 70) sich in einer Flussigkeitskontakt mit den
Wirmerohrvorrich-     nicht gedehnten Positon befinden, wobei die tungen
(52, 84) stehen, urn FiOssigkeitsdruck von  Dehnungsvorrichtungen und die
Warmesenke ne- ihnen  aufzunehmen, und  Faitenbalgvorrichtun-   65
beneinandergestellt sind, so daB der Kontald- 8    15         .    EP 0215
947 B1                    16 druck zwischen ihnen den Korper veranlaBt;
sich    dications 1    3, dans lequel le corps compron enganliegend in die
Befestigungsstruktur einzuffi-  une piece plane (14'; 14"), les moyens
extensibi gk  (wenn die Dehnungsvonchtungen sich in         (62, 70) 6tant
relies a la piece pour s'etendre6 einer ausgedehnten Position befinden.
I'ext6rieur de celle-ci dans une direction sensi 19. Die Vorrichtung nach
einem der Ansprfche    5   ment normale au plan de la piece. 1 bis 17,
worin zueinander passende Steckerver-     5. Dispositif solon la
revendication 4, do bindungsvorrichtungen (66) auf dem Korper (14")
lequel les moyens de caloduc comprennent plu- und der Befestigungsstrultur
bereitgestellt wer-  sieurs caloducs setendant longitudinalement & den, um
esine elektrische Verbindung zwischen     travers la piece et les moyens de
chambre expan- ihnen herzustellen.                           10  sible
comprennent plusieurs soufflets (62, 108) 20. Die Vonichtung nach Anspruch
4, worin        situes au voisinage de bords lat6raux de la piece. die
ausdehnbaren Kammervorrichtungen Falten-         6. Dispositif solon la
revendication 5, dens bilge (62) beinhalten, die in der Nahe van entlernt
lequel les soufflets (62) sont relies & des moyens liegenden lateralen
Ecken des Elementes (14')      d'interface (64) positionn6s le long du bord
lat6ral angeordnet sind, die mit Schnittstellenvorrichtun-   15   de la
piece pour ete en contact avec le radiateur. gen (64) verbunden sind, die
entiang der jeweili-    7. Dispositif selon lune quelconque des reven- gen
lateralen Ecken angeordnet sind, wobei die     dications 1 a 6, dans lequel
les moyens de lateralen Ecken und die Schnittstellenvorrichtun-  chamnbre
expansible comprennent des moyens de gen lose zwinschen gegenOberliegenden
Oberfla-     cavite (60, 72) formes dons le corps en communi- chen von
FOhrungsschienen (18) auf der Befesti-  20   cation fluide avec les moyens
de caloduc (52, 84) gungsstruktur (30, 32) aufgenommen sind, wenn      pour
recevoir de ca dernier une pression de fluids .die   e                  ,
,rori.chtngen  . .. .... -icht  at des moyensa doesoufflet (62-408).
fermant le, gedehnten. Position befinden, wobel sine Deh-      moyens de
cavit6 pour so deplacer par rapport au nung der Dohnungsorrchtungsn die
Schnittstsl-      corps en r6ponse A ladite pression de fluide.
lenvoriclhtungen und die lateralen Ecken in einen   25  8. Disposatlf solon
lune quelconque des reven- Kontakt mit den gegenOberliegenden Oberflachen
dications 1 & 7, dens lequel le fluide de transf-rt unter elnem
ausreichenden Druck zwingt, so daB    thermique est chfisi parmi l'ammoniac
pur, le der KOrper enganliegend in der Befestigungs-      fr6on 12 et
lefreon 25. struklur gehalten wird.                              9.
Dispositif salon l'une quelconque des reven- 30   dications I A 8, dans
bsquel des feuilles de cuivre sont interpos6es entre le corps et Ies
composants Revnndlatlons                                      pour
transf6rer la chaleur issue des composants vers los moyens de caloduc. 1.
Module  6loctronique  pour une  utilisation     10. Dispositif solon  l'une
quelconque  des dans une sruture de montage (30, 32) associeo   35
revendlIcations 1 a 9, dans loquel la pression de & un radiateur (42, 44),
comprenant:              fluids est suffisante pour obtenir un. r6uistance
un corps (14', 14") supportant un ou pluslours  thermique d'environ 0,4
in2'C/watt ou moins & composants lectroniques (28, 23');
l'interface de contact thermique entre les moyens des moyens dobcaloduc
(52, 84) associ6s  ce    de chambre extensible et l radlateur. corps et on
communication thermique avoc los-   40   11. Disposift salon  l'une
quelconque  des dits composants pour recevoir la chalour prove-
revendications 1 & 10, dans Ioquel les moyons nant dudit corps;
extensibles sont realises et disposes pour foumir les moyens do caloduc
contenant un. fluide     la presslon de contact danm la gammi  d'environ de
transfert thrmilque dans un cycle do conden-    400-900 psi. 



sationl6vaporation pour Is transport de chaleur   45  12. Disposiffl salon
l'une  quelconque  des de zones de temperature relativement 6elvee vers
revendications I a 11, dans loquol le transfort de des zones de terp6rature
oement bass;             chaleur vers le radlateur est suffsant pour
mainte- caracteris6 en ce quo                              nir les
compofants & une tnperature dons la des moyens extensibles (62,70)
associesa &ce   gamma d'environ 20-100C danm un fonctionne- corps .pour
s'etendre a pivtir de celu-ci on   50   ment avoc une puissance d'entr6e
jusqu'a environ  A. contact thermique a pression variable avec le      150
watts. radlateur pour un transfert de chabsur vers co       13. Dispositif
solon  lune  quelconque  des demier, les moyens extensales comportant des
revendications I & 12, dans loquel les moyens moyens de chambre expansible
(62, 72) on           extensibles (62, 70) sont r6alis6s et disposes pour
communication fluids avec ls moysns de calo-   55  fournir un interface de
contact thwermique avec ls duc de sorte quo l'extension et la pression
varia-  radiateur (42, 44) presentant une resistance thor- ble sont
command6es par la pression du fluids au   mique qui vare en fonction avec
la pression de sein des moyens de caloduc.                        fluids au
sein du caloduc. 2. Dispositif solon la revendication  1, dans      14.
Dispositif solon  lune  quelconque  des lequel les rnoyens de caboduc (52,
84) sont situes   60  revendications I i 13, comprenant en outre des a
l'int6rieur du corps (14', 14").    .            moyens (118, 120, 122)
pour restreindre la course 3. Disposii salon la revendication 1 ou 2, dans
des soufflets de fagon a accroitre dans ceux-ci los lequel les  moyens  de
chambre  expansible        pressions de fluids. comprennent des soufflets
(62, 108).                 15. Dispositif solon  l'une  quelconque  des 4.
Dispositif solon lune quelconque des reven-   65  revendications 1   14,
dans Isquel le corps (14") 9 .~. *.,....~                                .
I II~III!I  1   11, 11  11 111111111 * S L _    17               EP 0 215
947 B1                   18 comprend  plusieurs  segments  interconnectes
19. Dispositif selon  l'une  quelconque  des (74), chaque segment 6tant
equipe de moyens de     revendications 1 a 17, dans lequel des moyensmde
calodq,,,,)d6pendants (84).                        connecteur & broche
d'accouplement (66) so 16. Dispositif selon la revendication 7, dans
prevus sur le corps (14') et la structure d lequel des moyens de colonne
droits (114) sont    5   montage pour foumir entre ces demiers un reli6s
aux moyens de soufflet (108).               communication 6lectrique. 17.
Dispositif selon la revendication 16, dans     20. Dispositif selon la
revendication 4, dans lequel les moyens de colonne (114) sont regus au
lequel les  moyens  de  chambre  expansible sein d'une ouverture (68)
formee dans le corps     comprennent des souf lets (62) situ6s au voisi-
(14') lorsque les moyens extensibles sont dans   tO   nage de bords
lateraux eloignes de la piece (14') une position non 6tendue.
qui sont reli6s a des moyens d'interface (64) 18. Dispositif  selon  l'une
quelconque  des    positionnes is long des bords lateraux respectits,
revendications 1 a 17, dans iequel le corps (14',  lesdits bords lat6raux
et moyens d'interface etant 14") est r~alis6 et dispos6 pour sinserer de
fagon  regus de fagon amovible entre des surfaces oppo- amovible dans la
structure de montage (30, 32)   15  s6es de rails de guidage (18) sur la
structure de lorsque les moyens extensibles (62, 70) sont dans  montage
(30, 32) lorsque les moyens extensibles une position non 6tendue, les
moyens extensibles   dans une position non 6tendue, I'extension des et le
radiateur etant juxtaposes de sorte quo la   moyens extensibles poussant
les moyens d'inter- pression de contact entre eux provoque un ajus-    face
et los bards latiraux en contact avec les tage en frottement doux du corps
dans la struc-   20   surfaces opposees sous une pression suffisante ture
de montage lorsque les moyens extensibles     pour tenir doucement
st corps dane Ia stucture snt ,deis une position 6tendue. ......   .de
trionirge. 25 30 35 40 45 50 55 60 65 10    


