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1571 ABSTRACT 
An automatic thermal switch to control heat flow in- 
cludes a first thermally conductive plate 2, a second 
thermally conductive plate 25 and a thermally conduc- 
tive switch saddle 1 pivotally mounted to the first plate 
2. A flexible heat carrier 27 is connected between the 
switch saddle 1 and the second plate 25. A phase- 
change power unit 9, including a piston 13 coupled to 
the switch saddle 1, is in thermal contact with the first 
thermally conductive plate 2. A biasing element 21 
biases the switch saddle 1 in a predetermined position 
with respect to the first plate 2. When the phase-change 
power unit 9 is actuated by an increase in heat transmit- 
ted through the first plate 2, the piston 13 extends and 
causes the switch saddle 1 to pivot thereby varying the 
thermal conduction between the first and second plates 
2 and 25 through the switch saddle 1 and flexible heat 
carrier 27. The biasing element, switch saddle and pis- 
ton can be arranged to provide either a normally closed 
or normally opened thermally conductive path between 
the first and second plates. 

12 Claims, 6 Drawing Figures 
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AUTOMATIC THERMAL SWITCH 

ORIGIN OF THE INVENTION 
The invention described herein was made by employ- 

ees of the U.S. Government and may be manufactured 
and used by or for the Government for governmental 
purposes without the payment of any royalties thereon 
or therefor. 

in _- 
DESCRIPTION 

1. Technical Field 
The present invention relates to thermal switches and 

more particularly to an automatic thermal switch for 
selectively varying the heat transfer between two sepa- 
rate temperature environments. 

In many areas of modern technology, such as cryo- 
genics refrigeration, spacecraft, and electronics, it is 
desirable to control the flow of heat from one area or 
object to another. For example, in space vehicles it is Zo 
often necessary to absorb or reject heat from the envi- 
ronment to achieve a desired thermal control over tem- 
perature sensitive items (e.g., semi-conductor circuitry) 
in a payload. A direct and fixed heat path between the 
environment and payload items is often not acceptable 25 
because when the spacecraft field of view is full sun, the 
amount of heat flow to the payload items can be so great 
that the items are destroyed. Similarly, when the space- 
craft field of view is deep space, the loss of heat, by 
black body radiation, from the items can be so large that 
the items become inoperative. 

2. Background Art 
Two common prior art devices used for thermal 

control in spacecraft are louvers and an opening and 
closing cover plate (lid). The exposed surface of either 
the louvers or the lid has, for example, a low absorptiv- 
ity, high emissivity surface coating which rejects in- 
coming radiation from the sun and enhances the heat 
radiated from the surface, effectively preventing over- 
heating of a heat-producing, temperature sensitive pay- 
load item. The louvers, or lid, are open to expose a 
radiating plate having a low emissivity to space when 
the spacecraft field of view is deep space. In this way, 
the internally produced heat can be rejected, but in a 
controlled manner, such that the payload item does not 
get excessively cold. Both the lid and louver system are 
analogous to providing a surface with variable absorp- 
tion and emission properties. 

The chief disadvantage of the lid or louver systems is 
that they are susceptible to physical damage because 
they must be affixed to an exterior spacecraft surface. 
Another disadvantage lies in the magnitude of mechani- 
cal motion involved with opening and closing the lou- 
vers or lid which produces unwanted force reactions 
and tends to increase the probability of improper or 
imcomplete functioning. A third disadvantage is that 
there is still some radiative heat loss from the louvered 
system when exposed to deep space which necessitates 
the use of onboard heaters to maintain equipment at 
operating temperatures. Finally, the need for lids or 
louvers which cover the entire radiating surface area 
often results in a system which is heavier than an equiv- 
alent number of thermal switches. 

Thermal switches have been proposed to vary the 
thermal conductivity or rate of heat transfer between 
one area or object and another. One such thermal 
switch is in contact with a cold plate and includes a 
sealed extendable bellows containing a flexible wick 
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and a thermally conductive plate carried by the bel- 
lows. Freon is encased within the bellows which, along 
with the flexible wick, acts as a heat pipe. Heat from a 
cold plate is transmitted to the freon which evaporates 
and causes the bellows to expand. The expansion of the 
bellows causes the conductive plate to contact a hot 
plate so that heat is transferred between the plates. 

Another type of thermal switch includes a thermal 
actuator in contact with a sensor block. A piston ex- 
tends from the actuator into a cup in a heat sink. The 
piston is biased by a pair of springs to keep the piston 
from contacting the heat sink during normal operation. 
Heat transferred to the actuator from the sensor block 
causes the piston to extend into the cup in contact with 
the heat sink while compressing the springs. Thus, heat 
can flow from the heat sink and sensor block. 

Another prior art type of thermal switch variably 
conducts heat between a heat source plate and a heat 
sink plate. A plurality of bellows are attached to the 
heat source plate through conductive spacers. The bel- 
lows contain an expandable fluid and carry a thermally 
conductive plate which is disposed between the two 
plates. As the heat source temperature rises the fluid 
within, the bellows expands to cause the thermally con- 
ductive plate to contact the heat sink plate so that heat 
is transferred between the plates. 

A further prior art type thermal switch employs a 
sealed pressurized bellows which acts as a spring to 
separate an upper contact plate which acts as a heat sink 
and a lower plate which is thermally coupled to the heat 
source. A thermal actuator in contact with the heat 
source has a piston linked to the lower plate. Heat trans- 
ferred to the actuator from the heat source causes the 
piston to extend and to compress the bellows bringing 
the upper and lower plates into contact, thus allowing 
heat to be transferred therebetween. 

The aforementioned prior art thermal switches have 
proved to be unreliable in operation in highly vibrating 
environments such as spacecraft, and uneconomical to 
produce in large quantities because of their complexity. 
In addition, thermal switches have heretofore been of 
the normally “open” type (low thermal conductivity), 
with a heat path being provided between a pair of plates 
only when it is desired to have a “closed” (high thermal 
conductivity) heat path. 

A previous invention of ours for an automatic switch, 
which is the subject of U.S. patent application Ser. No. 
06/043,943, filed May 30, 1979, now U.S. Pat. No. 
4,281,708, attempted to overcome the problems of the 
prior art. This previous automatic thermal switch in- 
cludes first and second spaced thermally conductive 
plates with a thermally conductive armature pivotally 
mounted to the first plate. A phase-change power unit, 
including a piston connected to the armature, is in ther- 
mal contact with the first thermally conductive plate. A 
biasing element, connected to the armature, biases the 
armature in a predetermined position with respect to 
the first and second plates. When the phase-change 
power unit is actuated by an increase in heat transmitted 
through the first plate, the piston extends and causes the 
armature to pivot to vary the thermal conduction be- 
tween the first and second plates through the armature. 
The biasing element, armature and piston can be ar- 
ranged to provide either a normally closed or normally 
opened thermally conductive path between the first and 
second plates. 
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Although our previous invention overcomes many of 

the problems of the prior art, our present invention 
affords still greater improvements in thermal conduc- 
tion efficiency, the ability to withstand greater relative 
motion between the plates and the flexibility of uses to 
which thermal switches may be employed. 

Accordingly, an object of the present invention is to 
provide a new automatic thermal switch that is simple, 
reliable, highly efficient and lightweight. 

It is another object of this invention to provide an 
automatic thermal switch which is higRly versatile and 
can be easily adapted to accommodate a wide variety of 
heat transfer situations. 

It is another object of this invention to provide an 
automatic thermal switch which can be arranged to 
provide either a normally low thermally conductive 
heat path or a normally high thermally conductive heat 
path. 

It is another object of this invention to provide a 
plurality of thermal switches that selectively provide a 
desired amount of thermal conductivity between two 
areas. 

It is a further object of the invention to provide one 
or more thermal switches that can control the capacity 
as well as direction of heat flow. 

It is another object of this invention to provide an 
automatic thermal switch that is entirely internal to a 
space package and thus less vulnerable to physical dam- 
age. 

STATEMENT OF INVENTION 
Briefly, these and other objects are achieved with a 

thermal switch for selectively varying the heat transfer 
between two separate temperature environments. First 
and second thermally conductive spaced members have 
surfaces exposed to separate temperature environments. 
A heat motor is in heat exchange relationship with the 
first spaced member. A thermally conductive switch 
saddle is pivotally mounted to the first member. The 
switch saddle is responsive to the heat motor so that the 
switch saddle is pivoted between first and second posi- 
tions in response to the amount of heat absorbed by the 
heat motor from the first spaced member. The switch 
saddle in contact with the first spaced member in the 
first position is to provide a high thermal conductivity 
path therebetween and the switch saddle being spaced 
from the first space member in the second position is to 
provide a substantially low thermal conductivity path 
therebetween. A flexible heat carrier is thermally cou- 
pled to the switch saddle and to the second spaced 
member for completing a heat transfer path between the 
first and second spaced members. 

The thermal switches of the present invention are 
simpler and more reliable than prior art switches, espe- 
cially when used in high vibration environments such as 
spacecraft, because the flexible heat carrier accommo- 
dates greater relative motion between the first and sec- 
ond plates. In addition, the use of the flexible heat car- 
rier removes all net forces acting to separate the two 
plates. All bearing forces are self-contained within the 
switch elements attached to the first conductive plate. 
The use in this invention of one contact joint instead of 
two, as in our previous invention, affords greater con- 
ductive efficiency and also permits increased bearing 
pressure at the contact surface. Thermal switches of this 
invention can be used in either a normally opened or 
normally closed version and either type of switch is 
completely automatic in operation because each switch 

4 
contains a self-contained power source (heat motor). 
The thermal switches can be varied in heat capacity, 
number and arrangement according to the amount and 
direction of thermal conduction required between the 

5 first and second plates. In addition, when used in space- 
craft to control heat flow the thermal switches can be 
placed between a pressurized equipment bay and space- 
craft skin, thereby eliminating the need to expose the 
equipment bay or the contents to a vacuum as occurred 

10 in the prior art when louvers were used to control the 
equipment bay temperature. 

Other objects, features, and advantages of the inven- 
tion are presented in the following detailed description 
of the invention when taken in conjunction with the 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings like parts are designated by the same 

references. 
FIGS. la and 16 are top and side views of one em- 

bodiment of the thermal switch employing the princi- 
ples of the present invention when the switch is in the 
normally open position; 

FIG. 2 is a cross-sectional view of a quick disconnect 

FIGS. 3Q and 36 are top and side views of a second 
embodiment of the thermal switch employing the prin- 
ciples of the present invention in the normally closed 
position; 

FIG. 4 illustrates an alternative embodiment of the 
normally closed thermal switch of FIGS. 3a and 36. 

15 accompanying drawings. 

20 

25 connector for the flexible heat carrier; 

30 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIGS. la  and 16 illustrate one embodiment of a ther- 
mal switch constructed according to the principles of 
the present invention wherein switch saddle 1 is 
mounted to a first thermally conductive plate 2 by insu- 
lated pivot pin 3 and pin support 4. Pin support 4 is 

40 mounted to plate 2 by fastener 8. A frame or support 5 
is mounted to plate 2 by fastener 7 and houses a phase- 
change piston-type power unit 9 which slidingly fits 
into annular bore 11 in frame 5. Phase-change power 
unit 9 is in good thermal contact with plate 2 and is in 

45 effect in heat exchange relationship with the tempera- 
ture environment to which plate 2 is exposed. Phase- 
change power unit 9 includes a piston 13 which is in 
driving relationship to linkage arm 15 pivotally 
mounted to frame 5 at 17. The switch saddle 1 includes 

50 an annular bore 19 in which is seated compression 
spring 21 against thermal insulating washer 23. Spring 
21 normally biases switch saddle 1 in a noncontacting 
position with respect to plate 2. As illustrated, however, 
switch saddle 1 is in a closed position, the thermal 

Switch saddle 1 is thermally coupled to a second 
thermally conductive plate 25 by flexible heat carrier 27 
and attachment block 29 which is connected to plate 25 
by fastener 30. 

Flexible heat carrier 27 may comprise a simple cop- 
per wire cluster or cable which is covered by a loose 
wrapping of asbestos tape and a second wrapping of 
reflective, low-emittance aluminum tape. FIG. 16 
shows five such clusters, however, any suitable number 

65 may be employed to accommodate the desired heat 
capacity. Where weight considerations are a factor and 
higher heat capacities are required, two-way flexible 
heat pipes may be employed in place of the copper wire 

35 

55 contact joint being identified at 6. 
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clusters. One-way flexible heat pipes may also be used 
where an additional control mode is desired. The flexi- 
ble heat carrier 27 may be attached directly to the 
switch saddle 1 and attachment block 29 by braising the 
ends 31 to annular surfaces provided in the switch sad- 
dle and attachment block. Preferably, however, the 
heat carrier may be adapted for quick disconnect with 
screw-on plug-ends as shown in FIG. 2. 

Referring momentarily to FIG. 2, it may be seen that 
the quick disconnect connection includes a tapered 
opening 33 in the attachment block or switch saddle for 
receiving a tapered end 35 of a flexible heat carrier 27. 
Both tapers may be approximately 2”. Thermal grease is 
preferably coated onto the ends of the heat carrier prior 
to insertion in order to assure a good thermal contact 
with the attachment block or switch saddle. The quick 
disconnect connector further includes a threaded brass 
collar 39 braised to the attachment block or switch 
body in registration with the opening for receiving a 
tapered end of the heat carrier, metal ring 41 braised to 20 the compression spring 21 through linkage arm 15. 
the heat carrier as shown, and nut 44 for engaging the Thermal contact between the switch saddle and the 
threads of collar 39. When nut 44 is screwed down on plate 2 is then broken, resulting in little or no heat trans- 
collar 39 pressure is exerted on ring 41 which pushes fer between plates 2 and 25. 
tapered end 35 snugly into the tapered surface 33 to A second embodiment of the invention is shown in 
ensure good thermal contact. Although this type of 25 FIGS. 3a and 3b. In this embodiment the thermal switch 
Connection is preferred, any suitable conventional quick 
disconnect connector may be used. 

Returning now to FIGS. la and lb, the phase-change 
power unit 9 is of a type well known in the art. Such 
devices include an internal reservoir containing a sub- 
stance which undergoes a phase-change from liquid or 
solid to gas at a temperature particular to the substance. 
For example, the phase-change substance may be am- 
monia, Freon, or deionized water. Normally such mate- 
rials are maintained in a fluid or solid state within the 
power unit. Heat transferred from the plate 2 to power 
unit 9 causes the phase-change material to undergo a 
phase-change from liquid or solid to gas, which in turn 
causes piston 13 to be extended. 

The switch saddle 1 and attachment block 29 are 
preferably made of a material having a very high ther- 
mal conductivity, such as copper. In turn, frame 5, 
thermally conductive plate 2 and the other thermally 
conductive plate 25 are preferably made of a material 
having a high conductivity, such as aluminum. The 
surface of plate 2 that engages frame 5 is coated with a 
thermal grease to insure good thermal contact and heat 
exchange with the power unit 9. The linkage arm 15 
may be machined from any suitable rigid material such 
as stainless steel. In order to assure that no heat is trans- 
ferred through the linkage arm to the switch saddle in 
the open position, an insulation pad 43 is provided at the 
point where the linkage arm 15 engages the switch 
saddle. 

In operation, the embodiment of the thermal switch 
shown in FIGS. la and l b  are in an open condition so 
long as the temperature of the plate 2 remains below the 
phase-change temperature of the power unit 9. In this 
condition, the working substance of the power unit is 
condensed, fully retracting the piston 13. The compres- 
sion spring 21 thus lifts the switch saddle, breaking the 
thermal connection between plates 2 and 25. It is noted 
that the separation between the switch saddle 1, and 
plate 2 need only be slight, on the order of thousandths 
of an inch, in order to break the thermal connection. 

When the temperature of the environment to which 
plate 2 is exposed causes plate 2 to heat up to a tempera- 
ture at or above the phase-change temperature, piston 

6 
13 extends driving linkage arm 15 about pivot 17 to 
force the switch saddle 1 into thermal contact with 
plate 2 thereby closing the thermal, path. To assure 
adequate bearing force of the switch saddle against 

5 plate 2 and thus assuring good thermal contact, it is 
preferred that the compression spring force be not more 
than 10% of the force provided by the phase-change 
power unit. A typical force exerted by a commercially 
available phase-change power unit is about 50 psi, al- 

10 though this value varies with the phase-change material 
selected. 

When the switch is in the closed position, a high 
thermal conduction path is set up between plates 2 and 
25 through switch saddle 1, flexible heat carrier 27 and 

When the temperature of plate 2 drops below the 
phase-change temperature of the power unit 9, the pis- 
ton 13 retracts due to the condensation of the working 
substance in the Dower unit and the Dressure exerted bv 

15 attachment block 29. 

is designed to provide a normally closed (high thermal 
conduction) path between plates 2 and 25. The arrange- 
ment of elements is similar to that of FIGS. la and lb 
with the exception that switch saddle 45 has an arm 47 

30 which is directly engaged by the piston 13 of heat motor 
9. In addition, frame 49 has an arm 51 which bears 
against compression spring 21. The other end of com- 
pression spring 21 pushes against switch saddle 45 i;i a 
manner to bias switch saddle 45 in a normally contact- 

35 ing position with respect to plate 2. Insulators 53 at 
either end of compression spring 21 cut off the alternate 
heat path through the frame 49,51 to the switch saddle 
45. 

Thus, when plate 2 is below the phase-change tem- 
40 uerature of heat motor 9 the switch is in the closed 

45 
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position setting up a high thermal conduction path be- 
tween plates 2 and 25 through switch saddle 45, flexible 
heat carrier 27, and attachment block 29. When the 
temperature of plate 2 rises above the phase-change 
temperature of heat motor 9, the phase-change sub- 
stance expands to push piston 13 out against arm 47 
which separates switch saddle 45 from plate 2. In this 
embodiment, the compression spring 21 preferably pro- 
vides a load equivalent to about 90% of the total force 
provided by the phase-change power unit 9. 

In some cases the use of two or more phase-change 
power units per switch may be required to assure that 
the switch “closing” load will be sufficient to assure a 
bearing stress at the saddle makebreak contact surface 
6 of at least 40 psi. 

FIG. 4 illustrates an alternative embodiment of the 
switch shown in FIGS. 3a and 3b in the normally closed 
position. FIG. 4 also illustrates for clarity how two 
phase-change power units may be employed with a 
single switch. More specifically, the embodiment of 
FIG. 4 is similar in construction and operation to the 
embodiment of FIGS. 3u and 3b except that the pistons 
of power units 9 do not directly engage the arm of the 
switch saddle. Rather, the switch saddle 55 has two 
arms 57 which straddle the frame 59 housing the two 
power units 9. Switch saddle arms 57 are pivotally 
connected to linkage 61 by pins 63. Linkages 61 are 
connected at their other end to rod 65 by pivot pins 67. 
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Rod 65 is positioned in slot 69 formed by the walls 71 exposed to the uncontrolled temperature environment 
formed in frame 59. Compression springs 21 are posi- of space. The other plate 25 would be exposed to the 
tioned between arm 51 of frame 59 and the switch sad- payload package. When the temperature of plate 2 
dle so that the switch saddle, as in FIG. 3, is normally drops below the phase-change temperature, the switch 
biased in a contacting relationship with plate 2. 5 is closed and heat can flow in either direction assuming 

Upon the increase of temperature of plate 2 above the a two-way heat carrier is used. When plate 2 looks at 
phase-change temperature of the power units 9, pistons deep space with no sun, its temperature is very cold 
13 (not shown in FIG. 4) will extend, pushing rod 65 and, the switch being closed, heat will flow from plate 
vertically in slot 69. An upward force is exerted upon 25 to plate 2 and thence to space. When plate 2 “sees” 
switch saddle arms 57 through linkages 61 causing 10 the sun, its temperature rises, finally exceeding the 
switch saddle 55 to separate from plate 2 breaking the phase-change temperature and thus opening the thermal 
thermally conductive path between plates 2 and 25. switch and stopping the heat flow. Moreover, the sys- 

It should be apparent that the thermal switch of the tem in this case dumps heat to space selectively, the 
present invention is readily adaptable to widely varying switch being closed only when plate 2 does not see the 
thermal requirements. For example, although the draw- 15 sun. This precludes any reverse heat flow when plate 2 
ings illustrate five heat carriers, the number actually is sun-exposed. 
used will vary to achieve the desired heat carrying It will be evident to one skilled in the art that the 
capacity of the switch for each application. The heat possible combinations of control and capacity is very 
carrying capacity can be further varied by using heat large, representing permutations of three carrier types, 
pipes instead of copper wire clusters, by varying the 20 one to five carriers per switch and up to the number of 
number of switches or by any combination of these. The switches and combination of switches that space or 
switch activation temperature can be selected by speci- weight limitations in any given application will permit. 
fying the appropriate phase-change material in the Moreover, because of the design of this invention the 
power unit. The switch closing force is controlled by relative motion between plates 2 and 25 can be at least 
the number of phase-change capsules. Additional con- 25 plus or minus 0.5 inches in each of three mutually per- 
trol capability is provided by the option of one-way or pendicular directions. In addition, the planes of the two 
two-way flexible heat pipes or by coating the exposed plates can easily be varied by plus or minus 10”. Ac- 
surfaces of the termally conductive plates 2 and 25 with cordingly, the thermal switch of this invention is sub- 
materials of different coefficients of solar absorptivity stantially unaffected by relative motion between the 
and infrared emissivity. 30 plates due to, for example, vibratory and static and 

To illustrate the use of a normally open thermal dynamic load-induced deflections. 
switch of the type illustrated in FIGS. la and lb, as- Although the thermal switch of the present invention 
sume that thermally conductive plate 25 is exposed to has been described in the context of a space application, 
deep space in a near earth orbit. The switch is fixed to other uses of the above described thermal switch, such 
plate 2. When plate 2 is heated (by internal spacecraft 35 as in the fields of cryogenics, electronic packaging, or 
power sources) to a temperature just in excess of the solar heating, will be apparent to those skilled in the art. 
phase-change temperature of the power unit 9, the While the automatic thermal switch of the present 
switch closes and heat flows from plate 2 to plate 25 invention has been described in considerable detail, it is 
from which it is dumped by radiation to deep space. understood that various changes and modifications may 
When plate 2 eventually loses enough heat to drop its 40 occur to persons of ordinary skill in the art without 
temperature below the phase-change temperature, then departing from the spirit and scope of the invention as 
the switch opens and the heat flow to space is cut off. defined in the appended claims. 
This prevents the payload items attached to plate 2 from 
becoming too cold as would almost certainly occur if 
plate 2 radiated directly to space. 

If plate 25 in this case were exposed to the sun and its 
surface were bare aluminum (solar absorptivity of 0.15 
and infra-red emissivity of 0.04) its equilibrium tempera- 
ture would be 450” F. This would cause a high heat 
flow back from plate 25 to plate 2 and, unless a one-way 50 
heat pipe were used, there would be no stopping the 
heat flow until plate 2 approached the intolerably high 
450” F. 

If, on the other hand, the exposed surface of plate 25 
were painted white (solar absorptivity of 0.32 and infra- 55 
red emissivity of 0.86) then the hottest possible tempera- 
ture of plate 25 from solar heating would be 95” F. In 
this case, the heat backflow through the switch in the 
closed condition would be limited to 95” F., a more 
tolerable environment. 

Consider the case in which it is desired to control 
plate 2 to a maximum phase-change temperature and no 
minimum temperature specifications for plate 2 apply. 
Consider further that it is desired to dump heat to space 
whenever possible, that is when the control plate does 65 
not “see” the sun. In this case, a normally closed type 
switch such as illustrated in FIGS. 3a and 36 or 4 would 
be bolted to plate 2, which in this example, would be 

We claim: 
1. A thermal switch for selectively varying the heat 

45 transfer between two separate temperature environ- 

first and second thermally conductive spaced mem- 
bers, respectively having surfaces exposed to two 
separate temperature environments; 

a heat motor being in heat exchange relation with said 
first spaced member; 

a thermally conductive switch saddle spatially sepa- 
rated from said second member and pivotally at- 
tached to said first member, said switch saddle 
being responsive to said heat motor so that said 
switch saddle is pivoted relative to said first mem- 
ber between first and second positions in response 
to the amount of heat absorbed by said heat motor 
from said first spaced member, said switch saddle 
in direct contact and providing a high thermal 
conductivity contact joint with only said first one 
of said spaced members when in said first position 
and said switch saddle being spaced from said first 
spaced member thereby opening only said high 
thermal conductivity contact joint when in said 
second position; and 

flexible heat carrier means thermally coupled to said 
switch saddle and to said spaced member for com- 

ments, comprising: 

60 
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pleting a flexible, fixed conductive heat transfer 
path between said switch saddle and second spaced 
member. 

2. The thermal switch of claim 1 wherein said switch 
saddle is normally disposed in one of said first or second 5 
positions, and wherein said heat motor drives said 
switch saddle into the other Of said positions in response 
to a temperature increase in said first spaced member. 

3. The thermal switch of claim 2 including means for 
biasing said switch saddle in one of said first or second 10 
positions. 

4. The thermal switch of claim 1 wherein said heat 
motor includes a phase-change power unit coupled 
between said first spaced member and said switch sad- 
dle. 

5. The thermal switch of claim 1 wherein said flexible 
heat carrier means comprises one or more copper wire 
clusters. 
6. The thermal switch of claim 1 wherein said flexible 

heat carrier means comprises one or more flexible heat 20 
pipes. 

ductive contact with only said first one of said 
spaced members when said switch saddle is pivoted 
against said first one of said spaced members; 

means for providing a flexible fixed, thermally con- 
ductive heat transfer path between said switch 
saddle and said second spaced member; 

for biasing said switch saddle in a predeter- 
mined position with respect to said first thermally 
conductive member; and 

means, in heat exchange relation with said first one of 
said thermally conductive spaced members and 
coupled to said switch saddle, for driving said 
switch saddle against said biasing means in re- 
sponse to a temperature change in said first ther- 
mally conductive spaced member to change the 
thermal conductivity across said contact joint 
thereby varying only the thermal conduction be- 
tween said first and second thermally conductive 
‘paced members 

9. The thermal switch of claim 8 wherein said driving 

l5 

said ‘Ontact joint. 

7. The thermal switch of claim 1 including means for 
quickly disconnecting said flexible heat carrier means 

comprises a phase-change power unit, 
power unit including a piston coupled to said switch 

from said switch saddle and said second spaced mem- 
ber. 

8. A thermal switch for selectively varying the heat 
transfer between two separate temperature environ- 
ments, comprising: 

first and second thermally conductive spaced mem- 

25 10. The thermal switch of claim 8 wherein said flexi- 
ble heat carrier means comprises one or more copper 
Wire clusters. 
11. The thermal switch of claim 8 wherein said flexi- 

ble heat carrier means comprises one or more flexible 

12. The thermal switch of claim 8 wherein said means 
for providing a flexible heat transfer path is coupled to 
said switch saddle and said second spaced member by a 
quick disconnect mechanism. 

bers respectively having surfaces exposed to two 30 heat pipes. 
separate temperature environments; 

a thermally conductive switch saddle spatially sepa- 
rated from said second member and pivotally at- 
tached to said first one of said spaced members and 
providing a contact joint in direct thermally con- 35 * * * * *  
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