1 I NFRA- RED SENSOR This invention relates to the thermal_nanagenent of an
infra-red sensor to enable it to performover a range of anbient - T
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any heat generated in other parts of the equipnent. The
Inefficiencies in thermal heat removal at high temperatures can increase power

requirements for fans, which themselves create additional power requirements and
cooling loads.

20 Anti-icing in Optronics equipment is a particular problem (particularly for airborne
equipment where it is not possible to manually de-ice the equipment) and usually
involves resistive heating to increase the temperature of the device or lens in order for
it to operate. Again this requires the use of power which may be at a premium in the
case of airborne applications.

25
For some airborne applications, thermal management is a particuiar problem due to
the external and isolated nature of the sensor positions on the airframe in order to get
full 360° viewing coverage around the airframe. Sensor locations may be adjacent to a
composite material and afford no thermal conduction paths. The airframe may be left to
30 bake out on the tarmac in hot climates and reach >70°C. This would pose problems for

the cryogenic detector and the electronics which have an operational limit of typically
85°C. The electronic control and processing and cryogenic cooling required for a
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5el ectronics may therefore be nounted to a separate chassis nade e.g. from
al um niumall oy which includes a rear nounted heat sink for dissipating the
heat away fromthe sensor unit. Furthernore, such sensors need to operate
at |ow tenperature down to -40C, which 10requires that ice is prevented
fromformng on the front lens. Due t9 the wide angle nature of the |ens,
ice accretion on the surrounding frontal surfaces would al so cause a
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The invention is intended to overcome the deficiencies of such prior infra-red sensors,

by improving thermal management for low temperature and high temperature

operation.

20 The invention is an infra-red sensor comprising an infra-red lens, an infra-red detector
and a processing and control circuit connected to the detector and arranged to provide
an output infra-red image signal, a heat extraction device for dissipating excess heat
from the sensor, and a thermal distribution system comprising at least one first heat
pipe linking the processing and control circuit thermally to the heat extraction device,

25 and at least one second heat pipe linking the lens thermally to the procéssing and
control circuit.

The thermal distribution system operates passively, and so does not generate any heat
itself nor require any power input. it can cool the processing and control circuit board

30 in high temperature conditions, and it can maintain a satisfactorily high temperature of
the lens and lens surround in sub-zero conditions. It also is generally more reliable
than the prior active systems.



S5ext ernal fans. Both of these neasures will reduce the burden on host

pl at f or m power suppli es. In order that the invention may be better
understood, a preferred enbodi nent of the invention will now be descri bed,
by way of exanple only, with reference to the -10acconpanyi ng schematic
drawi ngs, in which: Fig. 1is a perspgctlve view of an infra-red sensor
enbodyi ng the invention, showi ng sone of the internal parts in broken
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heat f rosupplies.area to another, in this exanple fromthe infra-red detector
7 to a thermal interface 11 connected to a fin type heat sink 9 for
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on four circuit boards 17a, 17b, 17c and 17d within the sensor housing, and
di sposed around the | ens arrangenent 6. This processing and contr ol
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I nf ra-regollh &g‘@%%é}aaég?rgs 'Q%E%( leﬂﬁ ‘ol circuitry for selectively operating.
the cooling fan 10 if fitted, preferably by switching the fan on when 4
15 and Figs. 2 and 3 show principal components of the infra-red sensor of Fig. 1 with
reference to high temperature and low temperature operation respectively.

An infra-red sensor embodying the invention is shown in Figs. 1 to 3, the sensor 1
comprising.two housing components 2, 3 joined at flanges 4. An arrangement of infra-

20 red lenses 6 conveys infra-red light to an infra-red detector unit 7 housed in a vacuum
container and connected thermally to a Stirling cycle cooler 8. The cooler 8 has an
electric motor driving a compressor which, as is well known, pumps heat from one area
to another, in this example from the infra-red detector 7 to a thermal interface 11
connected to a fin type heat sink 9 for dissipating heat outside the sensor 1. An electric

25 motor fan 10 assists in the dissipation of heat from the fins of the heat sink 9 although
this may not be needed depending on the ambient temperatures the unit has-to work
over and the overall thermal dissipation of the unit.

The electronic processing and control of the various components of the sensor is

30 mounted on four circuit boards 17a, 17b, 17c and 17d within the sensor housmg, and
disposed around the iens arrangement 8. Th[s processmg and control circuitry controls
the operation of the infra-red detector 7, which processes the i image and outputs an .
electronic signal representative of the infra-red image. There is also control circuitry for
selectively operating the cooling fan 10 if fitted, preferably by switching the fan on when



the tenperature of the sensor, as neasured by a tenperature sensing circuit
(not shown), rises above a predeterm ned threshold tenperature. Processing
and control circuitry also controls the operation of the Stirling cycle
cooler 8, which is switched on when it is required, either to cool the
detector 7 in high tenperature conditjons, or to 5generate heat to assi'st
in the nmaintenance of a sufficiently high tenperature in the region of the
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t he fr ontegiwh of Hee fsantdams of theders assembly G.hese plates is connected by a heat
pipe 14 to the circuit boards 17a to 17d, for therrmal managenent.

"The circuit boards 17a to 17d are al so connected, by a pair of parallel
heat pipes 13a, 2013b, to the heat sink 9, The Stirling cycle cooler 8 is
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15 The front lens and its surrounding area are in thermal contact with thermal interface
plates 5 at the front of the sensor 1, and one of these plates is connected by a heat
pipe 14 to the circuit boards 1 7a to 17d, for thermal management.

The circuit boards 17a to 17d are also connected, by a palr of parallel heat pipes 13a,
20 13b to the heat sink 9,

The Stirling cycle cooler 8 is also connected thermally by a heat pipe 15 to one of the
thermal interface plates 5, for heating the front lens arrangement when necessary
using heat from the detector and heat generated by the motor and compressor. A

25 further heat pipe 16 connects the Stirling cycle cooler 8 to the thermal interface plate
11 of the heat sink 8.

o in thls example the heat pipes 14 and 15 that need to Operate even in Iow temperature
condmons are preferably copper-methanol pipes. The other heat pipes 13a, 13b and
- 30 16 are preferably copper-water heat pipes, which give more efficient thermal transfer
than the copper-methanol heat pipes, and which have the advantage of becoming
‘inoperative in freezing conditions.



5 'The heat pipes are brazed onto the collars or plates 5, 11 etc., in
order to maxi m se heat transfer. Although not shown, the portion of the
housing 2 that surrounds the front lens at the front of the sensor 1 is
thermal |y conductive and is connected thernmally to 5the plates 5. Although
in this exanple each heat pipe 14, 1% is connected only to a respective one
of the plates 5, alternative arrangenents are possible. The operation of

t he sensor in high tenperature conditions, such as between OC and 85C, will
now be described with reference partlcularly 1o Fig. 2.  The copper-nethanol
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is switched on at temperatures above 5°C, to enhance the thermal convection and heat

dissipation at the rear of the unit.

20 in this example, the copper-water heat pipes are typically of 4mm diameter, to provide
sufficient thermal transfer capability to handie 13 Watts from the detector 7 and 7.5
Watts from each of the four circuit boards 17a to 17d, as well as heat from the cooling
engine motor and compressor. '

25 Low temperature operation is illustrated particularly in Fig. 3. Since the water filling the
heat pipes 133, 13b and 16 has a higher freezing point than the liquid of the other heat
pipes which are copper-methanol, these heat pipes become passively non-operational
in accordance with their temperature being below 0C. In low temperatures, for
example -75C to OC, the copper-water pipes are frozen and cease to function,

30 decreasing the removal of heat to the rear of the unit, and maximising thermal heat
'mdvement to the front lens. The heat pipe 14 moves heat from the circuit boards to
one of the plates 5, while the heat pipe 15 moves heat from the cooler 8, which can be



6. left on for this purpose, to the other of the plates 5. The | ens heater
12 is also'switched -on. In this exanple, the copper-nethanol heat pipes
are 6mmin dianeter, for transporting 513 Watts fromthe cooling engine 8
and 15 Watts from each pair of circuit boards 17a to 17d. These heat pipes
are enbedded into the skel eton chassié of the sensor 1 and are routed past
t he boards to energe at each end. Not every conponent of the sensor
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25107 CLf&hMB, the Stirling cycle cooler 8 and the tape lens heater 12 are optional.

For higher thermal dissipation during high temperature operation, an additional heat
pipe (not shown) may be mounted externally of the sensor in place of the rear heat sink
9. This is ideally a loop heat pipe for moving the heat over substantial distances with
15 low losses. A looped heat pipe is one that is able to work in any orientation. It can
move heat larger distances than conventional heat pipes with less loss. This is useful
as heat movement is driven by the temperature differential, so high losses reduce the
differential and reduce the amount of heat that can be removed. Moving it over larger
distances mean there is a befter chance to remove the heat to an external surface or a
20 larger heat sink in a more advantageous location for heat removal.
http:/iwww.thermacore.com/products/loop-heat-pipes-and-loop-devices.aspx

Different working fluids of the heat pipes may of course be selected to suit the
operating conditions and the particular application of the sensor.

25



1, An.infra-red sensor conprising an infra-red lens, an infra-red detector
and a processing and control circuit connected to the detector and arranged
to provide an 5output infra-red i mage signal, a heat extraction device for
di ssi pating excess heat fromthe sensor, and a passive thermal distribution
system conprising at |east one first heat pipe linking the processing and
control circuit board thermally to the heat extraction device, and at | east
one second heat pipe linking the lens thermally to the processing and
control circuit. 10 2. A sensor adddAltiSng to claim 1, conprising a
Stirling cycle cooler arranged to punp heat fromthe detector to the heat
extraction device. 3. A sensor according to claim2, in which the Stirling
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to any paeg¢eshtraycicdudti m in which the first heat pipe or pipes are filled
Wi bg a liquid whose freezing point is higher than that of the second heat
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3. A sensor according to claim 2, in which the Stirling cycle cooler is connected
16 thermally to the infra-red lens by a third heat pipe of the thermal distribution system, for
heating the lens with waste heat from the Stirling cycle cooler for anti-icing purposes.

4. A sensor according to any preceding claim, comprising an electric heater
adjacent the infra-red lens for heating it selectively.

20
5. A sensor according to claim 4, in which the processing and control circuit is
arranged to monitor the temperature of the infra-red sensor and to switch on the
electric heater when the temperature is below a predetermined threshold to augment
the passive heating supplied.

25

6. A sensor according to any preceding claim, in which the first heat pipe or pipes

are filled with a liquid whose freezing point is higher than that of the second heat pipe .
or pipes. |

30 7. A sensor according to any preceding claim, in which the first heat pipe or pipes
is filled with water. =

8. A sensor according to any preceding claim, in which the second heat pipe or
_ pipes is filled with methanol.
35



8 9. .A sensor according to any preceding claim in which the heat
extraction device conprises a heat sink. 10. A sensor according to any
preceding claim in which the heat extraction device 5conprises an electric
fan to provide additional cooling. 11. A sensor according to claim110, in
whi ch the processing and control circyit is arranged to nonitor the
tenperature of the infra-red sensor ahnd to switch the electric fan.on only

when the_ tenperature is e redet ermin resh . 12, A sensor
accordi na‘ to n%?”%?re%"&aﬁdﬁ’gq§|aé‘?rﬂ?eﬁeﬁ' qlgg}ﬂ' ﬁﬂgﬁ:ﬁlﬁ)ﬁfe @%(a?re ¢ ?t'8'217%8%@? ce
conpr i sesomptidesiegt sihkat pi pe. 13. A sensor substantially as described
herein with reference to the acconpanying 15draw ngs.

10. A sensor éccording to any preceding claim, in which the heat extraction device
5 comprises an electric fan to provide additional cooling.

11. A sensor according to claim 10, in which the processing and control ciréuit is
arranged-to monitor the temperature of the infra-red sensor and to switch the electric
fan on only when the temperature is above a predetermined threshold.

10 '
12. A sensor according to any preceding claim, in which the heat extraction device
comprises a ‘Looped’ heat pipe.

13. A sensor substantially as described herein with reference to the accompanying
15 drawings.



