DEVI CE FOR THERMAL ADAPTI ON TECHNI CAL FI ELD The present invention rel ates
to a device for thernmal adaption according to the preanble in claim1l. The
present iwoentoss2al so rel ates to an object such as a vebirsEe10BNTKGEROUND
Mlitary vehicles/crafts are subjected to threats, e.g. in a situation of
war, constituting targets for attack frormland, air and sea. It is
therefore desired that the vehicle is as difficult as possible to detect,

classify and identify. For this %gééose mli ta% vehi cl es are often
carmouf | aged to the backgr ouREMlE RaTHERMAL HPARTIN fi cation and

identification fromthe bare eye. Further, they are hard to detect in
darkness with different types of inage intensifiers. A problemis that
attacking crafts such as conbat vehicles and aircrafts often are equi pped
wi th heat seeking nmeans in which advanced thermal canera system systens are
used wher ei n THEEHMEPAKCIFEsIDr afts becone rel atively easy targets. Users of
such I R-systens search for a certain type of thermal contour nornmally not

occurring in-pature sual l.y different edge geonetries nd/ aor |l arge, evenly
neated sorf add iegent BBnith SPoiet B2 GG "R G Read] Fred it pes
of techni gueshapredthblerigTfl YSEe breddmt iVepdionfalsd eslatedrte Adamieat s xh

Si gnature adaptati on techni ques conpri ses constructional actions and are

of ten conbi n@§ aweMclgdvanced material techniques in order to provide an
apparent projection of |low thermal contrast the vehicles/crafts in such

| R-systens. In FR28261 88 thernp-lum nescent nolecules in shifting | ayers
for canouflaging in anong others the thernmal range of wavel engths. A
problemnwith such a solution is that it is difficult to achieve in practice.
Furt her, thi BAGKGRAUNDcur with automatic adaption to a background. US4801
13 discloses a device where the surface of an aeroplane is heated by

Military vehicles/crafts are subjected to threats, e.g. in a situation of war,
10  constituting targets for attack from land, air and sea. It is therefore desired
that the vehicle is as difficult as possible to detect, classify and identify. For
this purpose military vehicles are often camouflaged to the background to
avoid detection, classification and identification from the bare eye. Further,
they are hard to detect in darkness with different types of image intensifiers.
15 A problem is that attacking crafts such as combat vehicles and aircrafts often
are equipped with heat seeking means in which advanced thermal camera
system systems are used wherein the vehicles/crafts become relatively easy
targets. Users of such IR-systems search for a certain type of thermal
contour normally not occurring in nature, usually different edge geometries,

20 and/or large evenly heated surfaces.

In order to protect against such systems different types of techniques are at
present used in the area of signature adaptation. Signature adaptation
techniqgues comprises constructional actions and are often combined with
advanced material techniques in order to provide an apparent projection of

25 low thermal contrast the vehicles/crafts in such IR-systems.

In FR2826188 thermo-luminescent molecules in shifting layers for
camouflaging in among others the thermal range of wavelengths. A problem



conducting a current through nmetal wres such that they thermally fit to
the tenperature of the background, wherein an evenly heated surface being
an aver ageovaiwmesnB t he background is achi eved, conpli cacisg2dossavery of
t he aeropl ane, which otherwi se would constitute a cold contrast for a
hostil e aeropl ane above this. This solutizon does not consider canoufl agi ng
by means of cooling but only by neans of heating, and results in an evenly

heated thernmal structure, which sophisticated | R-systens woul d be able to

i dentify. oam@@m@raﬁ@u@wa\mw jandiffiigudicto aghieyr ippeadice. IFNBREI 6P i s to
provi de a devi ) i i | and efficient. An
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t hermal adaptation which facilitates providing thermal canmouflaging with
desi red t her 184&11r3adisclesesha daditet wineral thelsueiate off anteerpplaseris heatedrnty on i s
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provide a device for thermally“imtating e.g eér vehicles/crafts in
order to prowavdeagenealbealofitberdackgmaundois adhigwed, toopupicating tdisdoxery pf Htee

thermal infiltration in.or around e, ene roops, during .syitable..
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of the inventive device are ined | happende
identify.

OBJECTS OF THE INVENTION

An object of the present invention is to provide a device for thermal adaption
15  which is quick and efficient.

An additional object of the present invention is to provide a device for thermal
adaptation which facilitates providing thermal camouflaging with desired

thermal structure.

An additional object of the present invention is to provide a device for thermal
20 camouflaging which facilitates providing automatic thermal adaptation of the

surrounding and facilitates providing an uneven thermal structure.

Another object of the present invention is to provide a device for thermally
imitating e.g. other vehicles/crafts in order to provide thermal identification of
own troops or to facilitate thermal infiltration in or around e.g. enemy troops

25 during suitable circumstances.



According to the invention the objects are achieved by a device for thernal
adaptation, conprising at |east one surface elenent arranged to assune a
det er m neatotznevoysd23di stri buti on, said surface el ement ceapsSEsIGsEGT I ISt
heat conducting |ayer, a second heat conducting |ayer, said first and
second heat conducting layer being mutual3y thernmally isolated by neans of
an internediate insulation |ayer, wherein at |east one thernoelectric

el enent is arran%‘ed to enerate a [;)redeterm ned tenperature gradient to a

portion of s&UM A%YQ ayEE INEEMBONs facilitated an efficient thernal

adaptation. The device may be used in a countless nunber of applications

such as cool igsbagnfobueh! biE. BhsRghBaof d tofdhly SULARGEOR of

el ectroni c conponents er e heat from I"ar ge surfaces rra be e I cI’'ent
di verted by mehryvedfbyt haedeea e thkenmal pdaptatimrasandanodbjédt; edriaT are of tkrezler to

achieve stable te ture references. The device nera I cilitates
maki ng-t e PaiRd SPREwBhivay e hEPELER erd i ineddiPE exmtsuBS Fatifed i n
the sol es5of rsHRRS ifh OlheC @AbIdMerMind CahiiSW - ofTﬂﬁa rRIcBYIRE Yt bhuzzd for
cooling or heating of seats for climate control he device may be used in
conbi nati on Wirefersesl @mbaslimentisn obrtberinventinek device! aeeadefinedfinsappendater gy
nore efficient Vi ce rtIy recovering excessive heat which finally

e
may | ncreasedgpfapg?'%tncj@' an Far cells. The device facilitates thermal
barriers by interconnection of nodule elenents such that different stable

t enper at ur es Ageyrding ke phe anvahitibhetherdbjscts fre eschidvedeby ai dle\awlfércmbirmal of
the present invention is thernal adapt ation for canoufl agi ng of e.
mlitary veh@@ﬁ@&atlommépmmlsmgeah@@ts OPRRHTacegeeARN Artasgedhier asﬁqme a

thei nsul ghi opyel et ’E’f?érHatl %ﬁﬁﬁb&%ﬁ%@@@&ﬁéé@%&?ﬁéﬁt @q?ﬂ?ﬁééﬁgfngpg_%tp\geat

such that therma on may occur during novenent
addi ti onal p@onductirtgla@zppla sad:ommheét ¢dmdqmtlagwuer1 saidrfirsoand setdred heat

construction of ther objects b 03I el enents._ This in
orter o or SPaEIS) devsr Bein i oann Beealy ofolem Pyt AT doribl T or
tactical useghrhBgaRinsulation layer, wherein at least one thermoelectric element is
arranged to generate a predetermined temperature gradient to a portion of
15  said first layer.

Hereby is facilitated an efficient thermal adaptation. The device may be used
in a countless number of applications such as cooling bag for efficient
dispersal of the cold, during cooling of electronic components where heat
from large surfaces may be efficiently diverted by means of the device during
20 calibration of IR-camera in order to achieve stable temperature references.
The device generally facilitates making the Peltier-technique more efficient.
The device may be arranged in the soles of shoes for cooling or heating. The
device may be utilized for cooling or heating of seats for climate control. The
device may be used in combination with solar cells in order to make
25 utilization of solar energy more efficient, the device partly recovering
excessive heat which finally may increase efficiency in solar cells. The device
facilitates thermal barriers by interconnection of module elements such that
different stable temperatures may be kept on different surfaces. A certain
application of the present invention is thermal adaptation for camouflaging of
30 e.g. military vehicles, wherein the heat conducting layers together with the



canera and sensor systens. According to an enbodi nent of the device said
first layer and said second | ayer have ani sotropic heat conduction such

t hat heatwoanoos32en nmai nly occurs in the nmain directi orcofSEpriopsget i on of
t he respective layer. By means of the anisotropic |ayers a quick and
efficient transport of heat is facilitatdd and consequently quick and
efficient adaptation. By increasing ratio between heat conduction in the

mai n direction of propagation of the |ayer and heat conduction crosswi se to
the layer it insylatios leyeatasditates AuickRratitranspreransedivetsionobheakswcs thet a

| arger dista - I devi 1 - "

i nt er connect erﬂ?d&gfjgrl@ggﬁéﬁeﬁégs@ﬁw\aﬁlﬁgﬂsr@gﬁ?%h?ﬁgg%cggﬁ%g' ?di\réiagg{tlonal
conposi ti on @artuldrageplidatioe rdf the Byesantr ieasntign ihéhe adnsiruntionesintheh@aheat
conductibility, along the |ayer ?qu heat con&é,lgfc]ti bility cro sgi se to the
| ayer the | aPBiest HANARZ T 1) ule feraents: iEPEeHe I8 PEPXS ency,

al ternati théofﬁbﬁmiﬁg{]%&bf%&&ca%ﬂ BPHﬁI]jt?F&?p%i’ngﬁ’ﬂ%? o ?{aﬁﬁgg ggé%?etfheﬁhfm the

| ayers bec I nne retained efficiency, they econe cheaper
and | i ght er. cAowradindgensoasysamsdi mrent of the device said first |ayer
and/or said second |layer is conposed of graphite with ani sotropic

properties. Wth such graphite.efficient diyversi f_heat and. conseguently
qui ok and ef FIEPITRS fR et oadiientor (e dire it diet oyt e waid SEFOnh)
nmay be di spelgrg ale lhsobidpi hebdopdut@se suich hthaeldat \@Indutesh mainly
thernoel ectric el enents, wherein tenperature gradients and hot spots are

reduced. Acc@CauiRgntibe amaiBreisetior of pEIPagationaitbe resredtive lanss) By rmeans
el ement 6. SLFHOSRLdAe R AL eR B aficBREAebngn'd i auhadaRl he

devi ce further conprise eat” con arranged

in the insul anhdaorsayeenthetuwekmandneffitibat sosbtativn.i By @¢lceeasing aattb bbivescond
heat conducti n%FI ayer, and has ani sotrgpi c heat conduction such that heat

conducti on m&e yOBQHQJtF_g‘ 8 & Wale qiectiog GhairaPagatiQl Phineiaysr Ay aeAbn of
the second heghqdGORHELsEise to the layer it is facilitated to arrange the thermoelectric

elements at a larger distance from each other in a device with e.g. several
15 interconnected surface elements, which results in a cost efficient composition

of surface elements. By increasing the ratio between the heat conductibility

along the layer and the heat conductibility crosswise to the layer the layers

may be made thinner and still achieve the same efficiency, alternatively make

the layer and thus the surface element quicker. If the layers become thinner
20 with retained efficiency, they also become cheaper and lighter.

According to an embodiment of the device said first layer and/or said second
layer is composed of graphite with anisotropic properties. With such graphite
efficient diversion of heat and consequently quick and efficient thermal
adaption is facilitated. Hereby heat or cold may be dispersed quickly on a

25 large surface with relatively few thermoelectric elements, wherein
temperature gradients and hot spots are reduced.

According to an embodiment of the device the thermoelectric element is
arranged in the insulation layer.



| ayer. According to an enbodi mrent of the device the surface elenent has a
hexagonal shape. This facilitates sinple and general adaption and assenbly
duri ng compasiodsszsof surface elenents to a nodul e syst egu/SEpsibbosriean even
tenperature nmay be generated on the entire hexagonal surface, wherein |ocal
tenperature differences which nay occur ion corners of e.g. a squarely
shaped nodul e el enent are avoi ded. According to an enbodi nent the device
further conprises a third heat conducting |layer in the shape of a heat

pi pe/ heat plAgcerding 4a sy embagiment thesdevice dwrthae copwsisas vninteshediata ng

| ayer. The a t - LS] y hea i t te.d h t hey
have a very g%? ?c@?tugpﬁgr%&%ﬁ]écrgngﬁg?g%qIlﬁt ;t/r)é)clﬁﬁélﬁggﬁalg%ﬁht?egth@reht aen e.g.
conventi onal teerppssiectiibeclbaant panxk/thbes¢cqridatheat ogetduetingvi lalet, handhe@ds

conducting layers facilitates quick dispersal of excessive heat fromthe
inder si de of AROTORIG &2t CERLHRION, SHSPLNRRY INFidh gOHRAUSIOR! TERIBIV: SCCHE r

good abilkty Cp&gg%}% fe(; Pﬁg Rt 8irb&RIn &frbrbgéggnoﬁ%f ?ﬁgs;erco@? R AcBAdLAIR

enbodi ment the rther conprises an~outer um nium
arranged extéayestl |y to the first heat conducting layer. The alum niumlayer
has en efficient conduction of cold and heat and is robust and durable

which results in oQd _quter protecti and .consequently i,s_suitable for
or oss- count r PoPBRTTRY 4. 2R eBTPARIeT; of fenduEReRE S e YBUIREL ok o
insul ation | aggagbmdllghdee. TnikadlitateashpleastR gederapadaplidrhard assy@bly
results in good rsolation and further has a flexible configuration for

di f f erent ap@urioaCOFHSILANIOT SistaseoRlements 10 8 mehie Susiean| Furlns @t &vakher e
Vypes of 10 r BAPREEE NI B StneBNE Bn°fhe! St Bekfadii SR JHFREIEL, b
achi eved sucloddha¢mperatiney diffecentds Whieh mby @cter #uchrnass obeqy.,a tansrety t he
like of e.g. a vehicle on which the device may be arranged for thermal
canmouf | agi ng SORPEREQEHE EleneRiArgeVPEG: ed.
According to an embodiment the device further comprises a third heat
conducting layer in the shape of a heat pipe/ heat plate arranged to divert
15 heat from the second heat conducting layer. The advantage of using layers of
heat pipe/ heat plate is that they have a very efficient thermal conductibility,
considerably higher than e.g. conventional copper. The heat pipe/ heat plate
together with the heat conducting layers facilitates quick dispersal of
excessive heat from the underside of the surface element to an underlying
20 material due to their good ability to distribute the heat on large surfaces.

According to an embodiment the device further comprises an outer layer of
aluminium arranged externally to the first heat conducting layer. The
aluminium layer has en efficient conduction of cold and heat and is robust
and durable which results in a good outer protection and consequently is

25 suitable for cross-country vehicles.

According to an embodiment of the device the insulation layer includes a
vacuum based layer. A vacuum based layer results in good isolation and
further has a flexible configuration for different applications, and therefore

fulfils many valuable aspects where volume and weight are important. This



According to an enbodi nent the device further conprises a tenperature
sensing neans arranged to sense outer tenperature of the surface el enent.
Thi s faciwotatom®3izber mal adaptati on of the surface of tireTsERd8080162 enent .
Ther eby present information about the outer tenperature of the surface

el ement is achieved such that suitable adaptati on may be perforned by neans
of the thernoelectric elenent for adaptation of the thermal surrounding.
According to an enbodi ment the device further conprises a thermal sensing
nmeans ar r ang@&pa essbpdethehaditage fatay tyeapef atrlposne sognds Aea aggorbed.

background. " Thlby Gk sud A8 181 A0 bendRRLAL] QPP Shord SBRRECIBEE O

t he surface enment.  Accor to an’e e device said
sensi ng neansbfEpipsuce asanhotoeafinsarethbRikeaofes.g. arvehige ont whisbntte ddvice

thermal structure of the hackground. Thjis .provjdes an al npost rfect
oot i on ofdihGe BranBa 1o PERDal BrasUlaniRe AL e They Beraduses
vari ations of the background being representable on e.g. a vehicle arranged

wi th sevesal ARBRIIGGBESH &hBoUifRFE tRE EIBAES furthér tERPIYES O t8fpkRfure
| R-canera may be artfanged to correspond to the resolution being

r epr esent abl éebginglreeams arranged o senseobiterderipenatre of theesunfacs eleargnt.
surface ele t corresponds to a, nunber of, grouped ¢ ra pixels.. Hereby a
very good r e s AULE RSN A AU bt dhEeritack: o 4o SutikEcSlenelich
that e.g. hegtiefgbyoiprésentsifornsalions abbuts MRV olReOtempEratateeiof tHef s@rary
properties of em ssion etc. of the background often having anot her

] ! . ; g
t enperat ure €iRMeRhis gchievad Bch dptesidipliel adaptatian yayribes perfoinse@ My y
counteraggs {h nsC'%Fth&o@rﬁé’r‘r‘rﬁée@&ﬂce\é?é?he\!nth% edqptaliag e of e Ctlrh%%SP such
that when the device is arranged on a vehicle a very good 1 herma
canouf | agi ng safrouhédingehicle is facilitated. According to an enbodi ment of
the device said thernmal sensing neans conprises at |east one |IR-sensor

menber. Here a re correct val of
%COFJ{RQ ?o an embodimen"fl?he device further comprises a thermal sensing
means arranged to sense the surrounding temperature, e.g. thermal
background. This gives information for adaptation of outer temperature of the

15 surface element.

According to an embodiment of the device said thermal sensing means
comprises at least one IR-camera arranged to sense the thermal structure of
the background. This provides an almost perfect adaptation of the thermal
structure of the background, temperature variations of the background being
20 representable on e.g. a vehicle arranged with several interconnected surface
elements. The resolution of the IR-camera may be arranged to correspond to
the resolution being representable by the interconnected surface elements,
i.e. that each surface element corresponds to a number of grouped camera
pixels. Hereby a very good representation of the background temperature is
25 achieved such that e.g. heating of the sun, spots of snow, pools of water,
different properties of emission etc. of the background often having another
temperature than the air may be represented correctly. This efficiently
counteracts that clear contours and evenly heated surfaces are created such
that when the device is arranged on a vehicle a very good thermal
30 camouflaging of the venhicle is facilitated.



t he background tenperature than by only using tenperature sensor is
achieved and it is nore cost efficient than using an I R-canera. According
to an enbwoi2omm3xzB t he device said thermal sensing nearsTSERADOSESE2 at

| east one tenperature sensor. A tenperature sensor has the advantage that
it is cost efficient. According to an enfyodi nent the device further

conpri ses neans for determ ning tenperature difference between surroundi ng
tenperature and outer tenperature of the surface el enent wherein said
gener at ed t eMSEPERING dogprAdeBREdINEagk thausigyiceaisaidd theratat nransing meganNs

|nformat|onf I H@H f f &£ nt is
achieved in ag(&nﬁggé(ﬁ% l\?mg%@ﬁ%téR%zaégggroun B%n@%?g urédbg?ﬁdgr{%grnn &¢
structure of tmélebdm&ghgrruundmpécamreilthgntby aonlgnbsidg mempératurdegecsorf ig t her
conprises a SUB[)?&/H str cture arra sup ort ﬁ%rface el ements, wherein
t he support grand; ik isPereeRs o '%rﬂjtﬁﬁﬁ r@c@ﬁ’ Ghsent to

electrically engage surface elenents. As a result of the support structure

per se besngﬁ%6?d19§%t Qnd@rhbté&lrrnémréﬁ'fﬁe dé%é“%ﬁhﬁﬁhé?fnd“éé?%lﬁqﬁhéﬁns
reduced. According To an enbodi nent of the device the surface €l enent has a

thi ckness i ncomprisen g Ieasisoae) tmmpemtsfeasabssqr ¥stapperaturehsengandiag thet es a
i ght and efficient gﬁv% %r r{g to an enbodi nent of the device the
first heat c@ﬁ&ﬂ@?ﬁﬁ f IygrC &M% second heat conducti ng | ayer
respectively has a thickness in the range of 0.1 -2.5 mm preferably 0, 4-07

mm and the iAwgbtdibtg o ey @misodiliepk nges devidehdurtiaerg&odipribesO nigans  for
preferably 10-20 mm This facilitates a |ight and efficient

Gevi ce. DESCROBRITNNOD tEAEDROPIIE NiHeTRNSE: beMaaRdBHEOURINg JeaTParABIprasshbnt
| nventi ofg Wi g} he t@ﬁﬂye‘r‘%?et e Hied e%ﬁﬁﬁf%t Qidrhént WhEMINI sHRY 2héctated

descri pti on when I'nconjuncti
temperature gradlent is based upon said difference. Hereby information for

thermal adaptation of the surface of the surface element is achieved in
accordance with the background temperature/ the thermal structure of the
background.

15  According to an embodiment the device further comprises a support structure
arranged to support surface elements, wherein the support structure is
arranged to supply electric current to electrically engage surface elements.
As a result of the support structure per se being arranged to deliver current,
the number of wires may be reduced.

20 According to an embodiment of the device the surface element has a
thickness in the range of 5-40 mm, preferably 15-25 mm. This facilitates a
light and efficient device.

According to an embodiment of the device the first heat conducting layer and
the second heat conducting layer respectively has a thickness in the range of

25 0.1-2.5 mm, preferably 0,4-07 mm, and the insulation layer a thickness in the
range of 4-30 mm, preferably 10-20 mm. This facilitates a light and efficient
device.



t he acconpanying draw ngs, wherein |like reference characters refer to |like
parts throughout the several views, and in which: Fig. 1 schematically

i Il ustratwe 2ar/mspBoded view of different |ayers of a pact/sekolaosiav: ce
according to an enbodi nent of the present invention; Fig. 2 schematically
illustrates a device for thermal adaptatifn according to an enbodi nent of
the present invention; Fig. 3 schematically illustrates heat transportation
in a device according to an_enbodi ment of the present invention; Fig. 4

schemat i cal | PESCRITHEN OFARHEBRANENGPew of a part of a device for

t hermal adaptati on according to an enbodi nent of the present invention;

9. Sa schenRideiigh! ynddrbiividi &5 B Grasaftethoefigh Oilige #aBn b e of @

part of a device according to ment o resent i nvention
Sb schemat i caéfeyendd tostheafodlewany éexl]ailedeid;srzmmimmﬁvhandeadoe cacpmctongvitro an

nbodi t of th 1 t .6 t | I ustrat
Govice Tor {1 REPORRRNNAE: GRVAR M5 T HRe o BRBE AERARATS R Jocdnt

i nventiong Flp@ﬂsﬁﬁr&%hgnpgﬁecsaé\)eyap\),éw§te{rﬁ)t BSwiicR! an view of a m)dul e system
conprising el enents for recreating thermal background or simlar according

to an enbodi nent of the present invention; Fig. 7b schematically
illustrates dug. ehrsglag@atlp@lwtlllbstratﬁ@ avpexpledey siewnof diffejentzieyers gf apart

schemat] ol | %At 8 0R AkEREEORR oK R SRl ukfudhS, [T o

el enents for recreatl ng ther rral background or simlar according to an
enbodi nent ofFig.n2 sphesetitaliynvestraies; a biegice/fer siodremalt ad=dtatjori btemdingg &5 a
side view of the nodul e s¥stem|nf| . rd; Fig. 8 schematically illustrates

an obj ect su@h BbRJiERt OF thespigsept GNER¥Os threat in a direction of threat,
t he background of the thermal structure being

10  Fig. 3 schematically illustrates heat transportation in a device according to an

embodiment of the present invention;

Fig. 4 schematically illustrates an exploded view of a part of a device for

thermal adaptation according to an embodiment of the present invention;

Fig. 5a schematically illustrates an exploded view of different layers of a part
15 of a device according to an embodiment of the present invention;

Fig. 5b schematically illustrates an exploded view of a device according to an

embodiment of the present invention;

Fig. 6 schematically illustrates a device for thermal adaptation according to

an embodiment of the present invention;

20 Fig. 7a schematically illustrates a plan view of a module system comprising
elements for recreating thermal background or similar according to an

embodiment of the present invention;

Fig. 7b schematically illustrates an enlarged part of the module system | fig.
74,

25 Fig. 7c schematically illustrates an enlarged part of the part in fig. 7b;



recreated on the side of the vehicle facing in the direction of threat;
Fig. 9 schematically illustrating different potential directions of threat
for an obyweebimnesizzas a vehicle equi pped with a devi ce Pom/sSEecoesilibng of
the thermal structure of a desired background; Fig. 10 schematically
illustrates a view of different |ayers of9 a device according to an

enbodi nent of the present invention; and Fig. 11 schematically illustrates
a view of different |ayers of a device according to an enbodi ment of the

present i nv emtg.ofd Sglﬁm&ﬂglﬂydmtpﬂmmiwmIW'@QVF@*’@iCﬁmHﬁ@iﬂ%r m
ink” IS refelhathe! fordSedeSAITUREAAL] Whckhidunh of Nsifhkr D @iyolEan | i ne.
such as an opto-éelectronic coO nicati on ne, or a nonphysical ¥l ine, such
as a W r el esentmuiment ohtheeprgsemt ingehton;i nk or m crowave |ink. By

t hernoel ectric element in the enbodi nents according to the present

i nvention descriped below is.intended an elenent b ans of which Peltier
efToct (o pr bId dAPSHRREYAN dBralks e sits Cod Rt fladkls Sesiemdie” 7d
thernoel ectric el ement may also be referred to as Therno-El ectric Mdul e
(TEM . Fig. Figcoaymhbhfaichly Inlds%tésabﬁsagecteé@érp@@da ARl iseted tba t |

of a device for thermal adaptation according to an enbodi nent” of the
present i nvefdtreahinraaiestipeof dorgati hesbackgneuntd ef Bethenmal sbuaiurabgig t o

assunme a det ] i I.Qut i Y f I . nprising a
firer hoat cordeairg) s upeprate wRkE Atnedb T oRERR Y AENEDET 120! s o
first and second heat conducting |layer 110, 120 are nutually heat isolating
by means of d&ig.i itseherditiadity illostrhtitg diffdraye potedfial dindctiorishef thwedtefolr rarc

el enent 150 arranged to generate a predeternined tenperature gradient to a

portion of s&PIPASHER ascavelisiedr@yIPAgd Miller deYise forrrereaiing ohiie WEEBAL heat
conducti ng | %@F%%%@a d]e%@}ea%\é%hgﬁ%mgt ropi c heat conductibility such that

the heat con ity 1n the irection of

Fig. 10 schematically illustrates a view of different layers of a device
according to an embodiment of the present invention; and

Fig. 11 schematically illustrates a view of different layers of a device

according to an embodiment of the present invention.

15
DETAILED DESCRIPTION OF THE INVENTION
Herein the term “link” is referred to as a communication link which may be a
physical line, such as an opto-electronic communication line, or a non-
physical line, such as a wireless connection, e.g. a radio link or microwave
20 link.

By thermoelectric element in the embodiments according to the present
invention described below is intended an element by means of which Peltier
effect is provided when voltage/current is applied thereon. The thermoelectric
element may also be referred to as Thermo-Electric Module (TEM).

25 Fig. 1 schematically illustrates an exploded side view of a part | of a device
for thermal adaptation according to an embodiment of the present invention.



propagation, i.e. along the layer 110, 120, is considerably higher than the
heat conductibility crosswise to the layer 110, 120. Hereby heat or cold
may be diwpenswds3znei ckly on a large surface with rel ati pergEb@woso162
thernoel ectric el enents, wherein tenperature gradients and hot spots are
reduced. The first heat conducting |ayer1Q10 and the second heat conducting
| ayer 120 are according to an enbodi nent constituted by graphite. One of
the first heat conducting |layer 110 and the second heat conducting | ayer
120 i s arrand®@ C§Vise€ £oFHIrFepapesSUHABE aplGMR dA@ Bfrapged f {or ASSHEW: @

duct i I : - d [ 120, i d
Co be a hot e Menblfor26anrsaiate SEHUR, 0, oftBlistd s TrabeRla:
fromthe hot chedtctimnthyeri 1, ayseicoddeseatotorafuicting Ilber 4200 shigafirst cardlict i ng

| ayer and vice versa. According to referred odi nent the |nsulation
| ayer 130 & SecUuBALE Tuyo8axere LDy ASERIe PN 40'aH BAIREE on
heat is rgdugedy, ér.rﬁétﬁﬁf@ﬁis% tfo'nPlaﬁbfﬁ%@E a%?ﬁg'ttﬁﬁﬂ%éﬂb?m&gelb% 150

enbodi ment arranged in the insulatio ayer. ernoel ectric elenent 150
i s confi gureariangsddb genagte hapredaEnminad leraperaitweagaldiend,toia @ortdrcaf r ent

is supplied tsgiotﬁ?rghé%?etrq”%@ugﬁéé.laﬁygﬁhﬁgfnt 150, heat from one side of the

t her noel ectri o the other side of the
t hernoel ectric el ement 150. Thethernoel ectric elenment 150 is consequently

arranged bet weenfirshan8&ricof@méat conguetdnerayelsl 101280 heve anisdrapi@pbat e
| ayers, with asymretric heat conductibility in order to efficiently

di sper se and cenguetipiliy ssuehpthat Heat heat senductibiildyt tn the ®aibidicaction of the

two heat,gon i ng. lLayer i j r.opi joility
and the. 1 Bourlordstichy X" i ind B ED S ' ERefmchaBl, HERK o o
accor di ng t o hiebt sorddnstithilitg ctodswis® ts the layed 109, 1 be. Herdgcieeatfortdudd hayst
heat conducting | ayer 110, nay by application of voltage on the ,

t her noel ect r P& dISERESRC BHICK| %‘ngjl '@%& BYHRCE ¥t (elaiivgly daw tHegmoelectric

elements, wherein temperature gradients and hot spots are reduced. The first
heat conducting layer 110 and the second heat conducting layer 120 are

15 according to an embodiment constituted by graphite.

One of the first heat conducting layer 110 and the second heat conducting
layer 120 is arranged to be a cold layer and another one of the first heat
conducting layer 110 and the second heat conducting layer 120 is arranged

to be a hot layer.

20 The insulation layer 130 is configured such that heat from the hot heat
conducting layer does not affect the cold heat conducting layer and vice
versa. According to a preferred embodiment the insulation layer 130 a
vacuum based layer. Thereby both radiant heat and convection heat is
reduced.

25 The thermoelectric element 150 is according to an embodiment arranged in
the insulation layer. The thermoelectric element 150 is configured in such a
way that when a voltage is applied, i.e. a current is supplied to the
thermoelectric element 150, heat from one side of the thermoelectric element

150 transcends to the other side of the thermoelectric element 150. The



t hernmoel ectric element 150 is in thermal contact with the first heat
conducting layer 110 . According to an enbodi nent the device conprises an
i nt er nediwoeotva@ss2sonduct i ng el ement 160 arranged in thecrrseediabsam | ayer
130 inside of the thernoelectric elenent 150 for filling the space between
the thernoel ectric el enent 150 and the sétond heat conducting el enent 120.
This in order to facilitate nore efficient heat conduction between the
thernoel ectric el ement 150 and the second heat conducting el enent 120 The
i nt er nedi at e Wﬁio%@ﬁﬂﬁc@'ﬁﬁ@nﬁ aViQ i GPNseRYeRtb Areangesk bebyrrIT ttvei heal

where the heap, Bﬁ&ﬂg;w[dy‘éfs 'ﬁoc‘?ﬂé' ngoa[g) 9&‘;)% € lay ér%Sthgs m%ﬂﬁce %ﬁﬂﬁm

than al ong the e cbnS|der
crosswi se to cbhdud:tetylﬁym ofddrhe eﬁﬁmératyedleﬂ)@nsermdmmﬁ tistribute apaaoemldf rom

fig. 3. Accord to an errbod the fir t er medi at e e 160 is
constituted bHeidg 'ﬂ@t@wlﬂﬁt'%@ : ﬁ%&%@fr@ngpswtaﬂsaﬁ Enedd i anc
second hegt %ﬂ&gi&foy.dﬂ ERRFIcubBiy L0 S it oANa90K 1 9P BAAcsBAMt | on

in a direction perpen ar to t heat con uctlo o the first and second
heat conduct |sug‘aba>a£ememt)100,2Whid'ﬁuac¢mfd|nght@ nhnsehﬂqumehbysecomﬁmtedm)d be

no Space bet MErUrREe: Melfit SrtcRbaccandinng By8 0. ey E Bnbligieh st © 'S
conducting elv@rmg@ oh&ﬁe tﬂ'ét@néélé@thcfé%%eﬁtods@%tdk?garﬂcﬁéﬂfciéﬁg) tétﬁcﬂféjl ng

to an enbodi nent hi ckness in the range of g.

e.g. 0.4-0. 8tfmefmqeh@cttlmetﬂme@ts1Qibq@endhergl%lmngacém@rtbed@@dmﬂt@gndhctlng
appllcath ga%aqq§lredheat conduction and efficiency. The second heat
conduct i @ 4 0 has according to an enbodi nent a thickness in the
range of 1 -2.5m e.g. 0.1 - 2 mm e.g. 0.4-0.8 nm the thickness

dependi ng anwwgomum@rts an @rpbbdméntourneaddV|des¢asraﬂrl$wtancmnelrtmo:édlaue apdt
efficiency. The |nsulat|on | ayer 130 has accordjn an enbodj nent a

t hi ckness i n CPREVUEIHIG Elemment- @mangeq. inymex syt h'@y?h@f?n'@%jed‘éfpg}%l ng

among ot hers ylkmoelectric element 150 for filling the space between the thermoelectric

element 150 and the second heat conducting element 120. This in order to
15 facilitate more efficient heat conduction between the thermoelectric element
150 and the second heat conducting element 120. The intermediate heat
conducting layer has anisotropic heat conductibility where the heat
conduction is considerably better crosswise to the element than along the
element, i.e. it is conducting heat considerably better crosswise to the layers
20 of the surface element 100. This is apparent from fig. 3. According to an
embodiment the first intermediate element 160 is constituted by graphite with
the corresponding properties as the first and second heat conducting layer
110, 120 but with anisotropic heat conduction in a direction perpendicular to
the heat conduction of the first and second heat conducting layer 110, 120.

25  Further the insulation layer 130 could be adapted in thickness for the
thermoelectric element 150 such that there is no space between the
thermoelectric element 150 and the second heat conducting element 120.

The first heat conducting layer 110 has according to an embodiment a
thickness in the range of 0.1-2.5 mm, e.g. 0.1-2 mm, e.g. 0.4-0.8 mm, the

30 thickness depending among others depending on application and desired



application and desired efficiency. The thernoel ectric el enent 150 has
according to an enbodi nent a thickness in the range of 1-20 mm e.g. 2-8
mm accorwongiwm3zasvari ant about 4 nm the thickness depemdEn@oasnsy ot hers
on the application and desired heat conduction and efficiency. The

t hermoel ectric el enent has according to & enbodi nent a surface in the
range of 0.01 mmR2- 60 cn®, according to an enbodi nent 0.01 mmR-20 cnR. The
i nternedi ate heat conducting el enment 160 has a thickness bei ng adapted such
that it fill Hepheosdaetion and idficipace e seeend heat rerdwtingciayee 18Pdmsnt 150
and t he heat el 100
i's according at% g&g}ﬂﬁe{%gﬂ e%dlr%éﬂg %gﬁ\ggﬁégs Iﬁ%i%%‘%gf gﬁrﬂéggﬁg‘ esd;%ﬁ 000
cn2. The thi kaensse @f0.4+:8 smf amethmkaeeﬂﬁepen@ogwmbmg;omraon@pipmdéatrmnt in
t he range of e t hi ckness dependi ng anong ot hers

-4
on the appli @QF‘ C??r?'rﬁﬂﬁ‘e@g§99‘i‘é°tl9@a@nq:%ﬁ'8l?@won and efficiency. Fig. 2

schematically illustrates a device Il for thernmal adaptation according to
an enbodi gentryefinkHation %%?HSO“H&é‘Tab@&de"&) Qﬁ‘én‘?@od-‘rﬁmféﬂf lastﬁﬁzkﬁeQQFH frd 1 oop
200 or control unit 200 arranged and a surface el ement e.g. according

to fig. 1 wheargeof AsSCcom,reny. 1020 mwoth@tmdmeastdawemdlr@ @moﬂg@h@smnt
100. The surfac Iemeci rises a thernoelectric elenent 150
arranged to P@Bﬁ?zﬁ gs%lyecqi?ffrgﬁncyr omthe control |oop 200, the

t hernoel ectric el enment 150 according to above beingconfigured in such a way

that when a Vvlettagembslecpicretsinedt 156 atasfaceording te ad@entbodiment hehickedésctri c
el ement 150 transcends to the other side of the thernoelectric el enent 150.

The control [HHE EngeiQf 30wt 6d- 208 MHE, a¢raraheIted Yarianteereht inathe nks
203, 20444 0r yrepnec 'd‘égleﬁalnpolamgngﬂwftrgeoﬁ htﬁé”?ﬁ%l hcaﬁ’é edgasnrtedlﬁgat The

devi ce corrprl ses accor RERt 4 t enperatur e Sensi
conduction and efﬁmency The thermoelectric element has accordlng to an

embodiment a surface in the range of 0.01 mm* 60 cm? according to an
embodiment 0.01 mm?-20 cm?.

The intermediate heat conducting element 160 has a thickness being
15 adapted such that it fills the space in the space between the thermoelectric
element 150 and the heat conducting layer 120.

The surface of the surface element 100 is according to an embodiment in the
range of 25-2000 cm? e.g. 75-1000 cm® The thickness of the surface
element is according to an embodiment in the range of 5-40 mm, e.g. 15-25

20 mm, the thickness depending among others on the application and desired
heat conduction and efficiency.

Fig. 2 schematically illustrates a device |l for thermal adaptation according to

an embodiment of the present invention.

The device comprises a control loop 200 or control unit 200 arranged and a
25 surface element 100 e.g. according to fig. 1 wherein the control loop 200 is
connected to a surface element 100. The surface element 100 comprises a
thermoelectric element 150 arranged to receive voltage/current from the
control loop 200, the thermoelectric element 150 according to above being



means 2 10, dotted in fig. 2, arranged to sense the present tenperature of
the surface elenment 100. The tenperature is according to a variant arranged
to be commenet/mss2Benperature i nformation, preferably ceoriSER@OS50162
informati on, fromthermal sensing neans of the control |oop 200. Hereby the
tenperature sensing neans is connected t®3control |oop 200 via a |ink 205.
The control loop is arranged to receive a signal via the link representing

tenperature data, wherein the control loop is arranged to conpare the
t enperature ganfigureds iBnpanad Wy datavhenm Yﬂ@%@rmn%&%l hept feRPNeThe

t enperat ure §ﬁ{égbt‘l e%c?ejr@ct ic éi‘@rﬁgﬁ?ﬁgg t[j]é%s%@n qthc%eP% O%n%@ on or

in connection sur ace of the't ernne r|c el énen such
t hat the tenesaiosiecthei elgmﬂlsﬂ?ﬁOI §'hkaheootnblerlodperﬂm) as ucannefctédheosthd ace

el enent 100. When the te ure sen ans of the tenperatur

Seneing meandnOITRsIGHIER REAF Mis 116 FD% CRdelk GarBecp s QTN aaer i he

t her mal sgnmmn{@é@ ﬁfaé,ﬂ?ntogﬁrol | oop 200 differs fromthe tenperature
the t

i nformation fro ermal sensing neans of the control |oop 200 the
voltage to the thernoelectric elenment 150 is according to an enbodi nment
arranged to O&eraguitatcomprisels aceardingeoaan wahbadimgst anteroprrativei sessingal ue

correspond, wherei out.er,. t erature of the surface elenent 1 I S
adapt e accor i o1y a8 Tgr ST REARH fo Srd Fredfen Rt F R fl R S gn
of the contr glriheorIGHENIEPETise ddmPRRItURAK Adbordingab Ngriam @rajdhf the
control |oop 200 conprises a switch, wherein in such a case voltage over

the t her noel &6t ¢erapaleshiontemmyaluse drioamgtian + Breserably eeMBWOsS iBfor¥tion or
provi di ngo of rphidithel QeniRRTHAM B HkGorfid (68200 MBRLSUAL Afhperaiure

el enent € co oop “accordi

i nvention, tkengieyi meaastocdhngcted tbhmnltnaﬂ/&rdp 200 béa Iagllnmﬂeﬁdﬁldetoonbel used
for thermal canouf | a%g g of ecg a vehi cI e. Fig, 3 schematically
i1lustrates MROR IS PHREPEHIO; (PCRVEedi T8N Y'aaﬁ‘@ol"éﬁ RePreseanng temperature

data, wherein the control loop is arranged to compare the temperature data

to temperature data from the thermal sensing means.

15 The temperature sensing means 210 is according to an embodiment
arranged on or in connection to the outer surface of the thermoelectric
element 150 such that the temperature being sensed is the outer
temperature of the surface element 100. When the temperature sensed by
means of the temperature sensing means 210 when compared to the

20 temperature information from the thermal sensing means of the control loop
200 differs from the temperature information from the thermal sensing means
of the control loop 200 the voltage to the thermoelectric element 150 is
according to an embodiment arranged to be regulated such that the actual
value and the desired value correspond, wherein the outer temperature of the

25 surface element 100 is adapted accordingly by means of the thermoelectric
element 150.

The design of the control loop 200 depends on application. According to a
variant the control loop 200 comprises a switch, wherein in such a case
voltage over the thermoelectric element 150 is arranged to be switched on or

30 off for providing of cooling (or heating) of the surface of the surface element.



enbodi mrent of the present invention. the device conprises a surface el enent
300 arranged to assune a determ ned thernmal distribution, said surface

el ement cwopoiogiosge3a first heat conducting |ayer 110, arseserdolsat:2
conducting layer 120, said first and second heat conducting | ayers being
mutually thermally isolated by nmeans of &k internediate insulation |ayer
130, and a thernpoelectric elenment 150 arranged to generate a predeterm ned
tenperature gradient to a portion of said first heat conducting |ayer 110 .
The device alFé®» @&hpredbs cantiohieamaasEnchieadn @snkrAMeRd oéthententign, e. g.

as descri bed 40 (€0ReRAIng %o!thd indeBAEEG IAERHBL BT 300 Gofgrelano o

certain enbodinents ses aye or e yi ng

of a surface cahmufiagintQsr 4.9. avekiclec! e. Here athird layer 3 10 and a fourth

| ayer 320 are arranged for further diversion of heat and/or thermal contact
rent fromfi

t f f heat i,
e oot e FiG sSSPl 1R BR e eraisPPTtin g dRuise W Chring Ma Ak ends

to the otger cphlRiifknt B]ethbf'&égaqhﬁ%ﬁﬂdh el enent and further through the
i nternedi ate heat conducting |ayer 160, heat transport being illustrated

with white arrows A or non-filled arrows A and transport of cold is
illustrated \Nme hdeYiee kCempuoes Baosurrfaqq eelemenbwe0®, arrangrpoior assurel @

i 7 ect on f oPet Eag MR Bitlip iR 4R SRt Bt Rt & B g
second heat eonduetiigthyeay®€r0, lel%ecéae heymrcdhommgdagn@ ngoaea@nﬂmﬂlmt are

constituted by graphite, have anisotropic heat conductibili té such that t he
heat conduct |S§P@”Q‘ eahcw@qﬁlﬁgdamrﬁ&edng)m%walbrrtbsagaldy iselated yraqa@?fgo he

layer, isgconsidg ﬁﬁeéﬁa@ Wlaﬁ%‘?rfaj)?erwEﬁaf?nﬁogdgférh@eléétﬂc CLasRM SBjp the

| ayer. Hereby hea or co sperse uic l'arge surface with

relatively fewanged rtoegt;mﬁraiecaqbredet@*mrrm«ﬁtempamurel grad@mt stum:)boetd)rpof/ver

wher eby tenpera ufre gnra i ent r] spots %e reduced, Further an even
said first "neat con uc |ng ayer 11 € device also comprises an
intermediate heat conducting element 160, e.g. as described in connection to

fig. 1.

15  The surface element 100 according to certain embodiments, see e.g. fig. 5a,
comprises layers for e.g. applying of a surface element 100 to a vehicle. Here
a third layer 310 and a fourth layer 320 are arranged for further diversion of
heat and/or thermal contact to surface of e.g. vehicles.

As apparent from fig. 3 the heat is transported from one side of the
20 thermoelectric element 150 and transcends to the other side of the
thermoelectric element and further through the intermediate heat conducting
layer 160, heat transport being illustrated with white arrows A or non-filled
arrows A and transport of cold is illustrated with black arrows B or filled
arrows B, transport of cold physically implies diversion of heat having the
25 opposite direction to the direction for transport of cold. Here it is apparent that
the first and second heat conducting layer 110, 120, which according to an
embodiment are constituted by graphite, have anisotropic heat conductibility
such that the heat conductibility in the main direction of propagation, i.e.

along the layer, is considerably higher than the heat conductibility crosswise



and constant desired tenperature nmay be kept during a longer tine. Heat is
transported further through the third layer 3 10 and the fourth |ayer 320
for di verwDaniomb3idzeat. Fig. 4 schematically illustratespamsexpbosac vi ew of
a part 1V of a device for thermal adaptation according to an enbodi nent of
the present invention. The device accordidg to this enbodiment differs form
the embodi nent according to fig. 1 only by the fact that it instead of a

thernoel ectric el ement conprises three thernoelectric elenments arranged on
top of each @H@|3Y¢hé‘|@@w&@aé@l’rﬁ9|ids@§yé?esdﬁﬁ)%fé@délUé,ﬁH%hQn@d@@ﬂ%ﬁﬁ@%ﬂj to

assunme a thernm rb?é:rﬁ first
heat conducti ng rlegé)}@%[ %’ {h%?rgg%?ngigl onghgﬁ%lvéga(é@%&“ag%%ﬁi rst
andI secgng ha\&tereloylltcthmpewwudeag@g&rﬁé@ndﬂ'&fl s’twtmglremecuawdy mem?nwlnl gven

i sol ate y means of an internediate insulation |ayer 130, and a

t her moel ectrla@%éloé‘ﬁ?rﬂ t desifed (RIPRETSCABAY BErkar SHNDG adengrriaea

predeterm ned tenperature gradient to a portion of said first heat

conducting | ay&it id tans éﬂéerﬂlhﬁgr moagh %H@Qﬁirﬂﬁ@&ert 50 @AY e BAMANL§ES an
i nt ernmedi at e heat conductl ng | ayer arranged 1n the insulation [ayer 130

i nsi de of th&20Her diversien of beall. errent 150 to fill possible space between the
t hernoel ectric el enment configuration 450 and the second heat conducti ng

bet ween 1 he {1r et ebeltabeERtaES a8k i BRed e 524 RV e L LEURE e
conducti ng eltiesrerdl atiaPtatibheadcotdingesl aateentirfinenoofithet pregest inu@mtionl 60 has
ani sotropi ¢ heat conductibility, the heat conduction being considerably

better crossw se to than al ong the elenent, i.e. _conducts heat consi der abl y

better crossviige ?M'Cﬁhécp%fﬁg}gs t%fthﬂ%eerﬁla‘?q'ﬁl?é‘te‘ﬂ'gﬁ@ntfo%o & gMmRadingahce
h wh
\(,:Mo;f i gu??ﬂt : znlché'gm% g ! %m} By I fo F‘]-@??héth?frf@&idaﬁf é'tﬁer‘?ﬁ %ﬁgc e}l%rgg?t 450c

ses t'hree thernoel ectric el enents
arranged on K:ompmiseealaneedhbﬂfnoeIAch‘rlcreéements arranged on top of each other.

The device comprises a surface element 400 arranged to assume a thermal
distribution, said surface element 400 comprising a first heat conducting layer
110, a second heat conducting layer 120, said first and second heat

15  conducting layers 110, 120 being mutually thermally isolated by means of an
intermediate insulation layer 130, and a thermoelectric element configuration
450 arranged to generate a predetermined temperature gradient to a portion
of said first heat conducting layer 110.

According to an embodiment the device comprises an intermediate heat

20 conducting layer 160 arranged in the insulation layer 130 inside of the
thermoelectric element 150 to fill possible space between the thermoelectric
element configuration 450 and the second heat conducting element 120. This
such that heat conduction may occur more efficiently between the
thermoelectric element configuration 450 and the second heat conducting

25 element 120. The intermediate heat conducting element 160 has anisotropic
heat conductibility, the heat conduction being considerably better crosswise
to than along the element, i.e. conducts heat considerably better crosswise to
the layers of the surface element 400, in accordance with what is illustrated
in fig. 3.



thernoel ectric el enent 450a being arranged outernost in the insulation

| ayer of the surface el enent 400, a second thernoelectric el enment 450b, and
a third twennmaligxBri c el ement 450c bei ng arranged i nnergusiEovhsre: n t he
second thernoel ectric el enent 450b is arranged between the first and the
third thernoelectric elenent. Wen voltaye is applied as the outer surface
402 of the surface elenent 400 is intended to be cooled heat is transported
by neans of the first thernoelectric el enent 450a fromthe surface and
toward the sdderifetmeelgstsicelement epeiigiiatiandp0 comeprisesdntea ermeelestia i ¢

el ement. 450D i anaicanae {gsd A0BART LrdRRba! HATILYSoP UL SHALACH, tpeer ds

;
the third thernoel ectric’ el emén'?'%QgOc t e second érnoel ectric

el ement 450b themioelécttie elémentr £460epbeinhg ragrangeessuteendstah tasvinsulatom lbier fir st
thernoel ectric el enent 450a. The third thernoel ectri.c el enent _450c 1 s
arranged to Of AR SOFECRAIEMENbA0: @ 5eAUI HFTIIEqieSIREenha5dBaRg Theat

conducting | gy ,tﬂ%%%déétrﬂ:h&eir@n?r 'Bbﬁmghg%n§8@QHﬁ%ﬂnﬁ1&st?!mﬁ{@Qﬁw R0,
such that the third thernoel ectric el enent “450c Contributes in transporting
excessi ve heaecamdthémaooeletteictelesienaddObeis cardandest hebvasrt the fiedt earehthe
Hereby a volta I s applied over the respective thernoelectric el enent

450a, 450b, i@gﬁhe‘[@pgpeé:ﬂﬁq ﬁ?&%di ate heat conducting elenent is arranged
bet ween the thernoelectric elenment configuration 450 and the second heat

conducti ng elvgrgmioldde ishhpictiodd Wl yuteheukrags 102lotehé sarfate eRithent 400
configuration 450 is arranged to fill the entire insulation |ayer such that

no i nternedi & entRgledcdadbet cagledl &vaht isi dransgartedd by TReanss pécthe, dirst
et el 861 BB Fhest e SR8 19 SRAAECIAR, el RGN °

about 4 mm thermdeledtrie sslechepediong T sgcotdiehsrnavelaptpci elatiept 450b is

arranged to transport heat from its outer surface towards the third

thermoelectric element 450c such that the second thermoelectric element

450b contributes to transporting excessive heat away from the first

15 thermoelectric element 450a. The third thermoelectric element 450c is

arranged to transport heat from its outer surface towards the second heat

conducting layer 120, via the intermediate heat conducting element 160,

such that the third thermoelectric element 450c contributes in transporting

excessive heat away from the first and second thermoelectric elements.

20 Hereby a voltage is applied over the respective thermoelectric element 450a,

450Db, 450c.

Here an intermediate heat conducting element is arranged between the
thermoelectric element configuration 450 and the second heat conducting
element 120. Alternatively the thermoelectric element configuration 450 is
25 arranged to fill the entire insulation layer such that no intermediate heat

conducting element is required.

The respective thermoelectric element 450a, 450b, 450¢ has according to an

embodiment a thickness in the range of 1-20 mm, e.g. 2-8 mm, according to

a variant about 4 mm, the thickness depending among others on application
30 and desired heat conduction and efficiency.



and desired heat conduction and efficiency. The insulation |ayer 130
according to an enbodi nent has a thickness in the range of 4-30 mm e.qg.
10- 20 mMmmwoheiwdsx2Bness dependi ng anong ot her on appl i catrer2@ndsdesi r ed
efficiency. By using three thernoelectric elenents arranged on top of each
other as in this exanple, the net effici&hcy of heat transported away
becones higher than by using only on thernoelectric elenent. Hereby

di version of _heat is rendered nore efficient. This may e.g. be required
during i nt endéenBaulatipnhayaiel dlaceardimgderan 6”&0ﬂi'r6?6h%l$§/a?{hlﬁé§ﬂ?3$1§hthe

Al ternativel _qTﬁ%e rug. ; t her may
be used, or ﬁ%@%@?ﬁgﬁg re’eg'phgrenzgjeﬁﬁ’%?’ctﬁ[a kgﬁgﬁgng?élgﬁgﬁoﬁB&o%dgf each
other. Fig. ZppHcitemedanddésived effigiencat es an expl oded side view of a part V

of a device for thermal adaptation according to an enbodi nment of the
present invention syjtable for using on e.qg. a mJlitar ehicle for thermal
Camou | agh ng BHENgd0iEBe esmppIectle SeBinria dradoient (sbel 8pad oharcds & 1 o
as nodul esel %%@xaﬁ@&ea'fﬁé‘%@?%fﬁ&eﬁc%ﬁﬁﬁ‘%e% @@h@b&h@@%v&é}ﬁb%&m@‘ssﬁigh@#“ on,
said nmodul e el ement 500 conprising a first heat conducti'ng layer 110, a
second heat d¢hamdhyt usiggcnheonfermosiattic esamantd Herebndliveraioncohbieat isng

| ayers 110, 120, bei,ng nutuyall hermal |y isol at ed neans of an

i or medi ot o [P TIGR PHPlant . B8 HRY o R rduiraddvTid Eete ogigom
arranged to geasiRircoRidpie deicsrtlynvert eREr ature gradient to a portion of
said first heat conducting layer 110 . The nodul e el ement 500 constitutes

according to a variant a Fart of the device which is interconnected by
nodul e el eneftigrnatiyehnpvrineralosiacic elecreiiaianmnosd A0 ridearnethee may
constitutgd i fJ : i e

ol oment 107 meea e YRS T FrEe e hotielitc dhétne o SIRIEL O P TR e o
a vehicl e. Thetmardul e el enent 500 according to this enbodi nent conprises an
out er

Fig. 5a schematically illustrates an exploded side view of a part V of a device
for thermal adaptation according to an embodiment of the present invention
suitable for using on e.g. a military vehicle for thermal camouflaging.

15 The device comprises a surface element 500 also referred to as module
element 500 arranged to assume a determined thermal distribution, said
module element 500 comprising a first heat conducting layer 110, a second
heat conducting layer 120, said first and second heat conducting layers 110,
120 being mutually thermally isolated by means of an intermediate insulation

20 layer 130, and a thermoelectric element 150 arranged to generate a
predetermined temperature gradient to a portion of said first heat conducting

layer 110.

The module element 500 constitutes according to a variant a part of the
device which is interconnected by module elements, the module elements
25 according to an embodiment being constituted by module elements
according to fig. 5a, wherein the module element forms a module system as

shown in fig. 7a-c for application on e.g. a vehicle.



| ayer 5 10 . The layer is conposed of a material with efficient heat
conductibility for conducting heat or cold froman underlying | ayer in
order to weebiomad2e representing the thermal structure, petriseiaosasdi ng to
an enbodi ment is a copy of the thermal background tenperature. According to
an enbodi nent the outer layer 5 10 is matl® of al um nium or steel, which
have an efficient thermal conductibility and are robust and durabl e which

results in a_good outer protection and consequently renders suitable for
cross count r yheempguieselemant 1300sacesdingclontilisc embgdiragrtr camprisempe outer

cccord 10,0\ 816" Bl S I SNSH U1 lhebl STl e oned

under the out | ayer conducti ng I nner
heat conduct icogduetjeiity ¥@0corsduating ridiat @r tcoldafromedie unedrl ging dayareintorder to
constituted graphite. The first heat conducting |layer 110 and the second
hont | conduct TARITPE oiePToReTiage. A BOVOR CSIREMTCo MK | BHIATER. TRUSN ¢ ne
first andsth h GhiNGer K I t}8SA i

conposi ti %n %n suc%np%g%e(%?weug t%atetnﬁ%ecfa?ngl tugl fnéal réal{i‘éboﬁgﬁ?{@oﬁ ity,

i .e. heat comduembbdiment ihe obterrayer 8i0dstrnade aff guompzigen dosted! pmdpicrhe

| ayer is considerably.higher than the transversal heat, conductipilit I.e.
tho heat condade: o 191EeR Hlesmal eondlevaMy =y He dBRknandondarl whidt y
al ong the | aygsulkahnrog@sPeutef ci6rP BRE IcoASeQlighthyaehbibispd gy foFrepdss Of
graphite layers with Tayers of pure carbon, which’is achieved by refinenent

such that hi geentraNeBistasopy of the graphite layers is achieved. Hereby heat
may be dispersed quickly on a |arge surface with relatively few

h I ' I r.adi : h
reduced. Beodr it o8t pPaTarPg’ BIRELFAH SRR bR AL Rere, PRl na

heat conduct ighbadimeatid dorstitned bglgraphite, dioadanyetiuhdeythef odteeldyay 610110,
120 is greater than hundred. Wth increasing ratio it is facilitated to
having the The second heat conducting layer 120 or’inner heat conducting layer 120 is

according to a preferred embodiment constituted by graphite.

The first heat conducting layer 110 and the second heat conducting layer 120
15 have anisotropic heat conductibility. Thus, the first and the second heat
conducting layers respectively has such a composition and such properties
that the longitudinal heat conductibility, i.e. heat conductibility in the main
direction of propagation along the layer is considerably higher than the
transversal heat conductibility, i.e. the heat conductibility crosswise to the
20 layer, the heat conductibility along the layer being good. These properties are
facilitated by means of graphite layers with layers of pure carbon, which is
achieved by refinement such that higher anisotropy of the graphite layers is
achieved. Hereby heat may be dispersed quickly on a large surface with
relatively few thermoelectric elements, whereby temperature gradients and
25 hot spots are reduced.

According to a preferred embodiment the ratio between longitudinal heat
conductibility and transversal heat conductibility of the layer 110, 120 is
greater than hundred. With increasing ratio it is facilitated to having the
thermoelectric elements arranged on a larger distance from each other,
30 which results in a cost efficient composition of module elements. By



thernoel ectric el enments arranged on a | arger distance from each ot her,
which results in a cost efficient conposition of nodule el enents.

Byi ncr easwog@oton®3z2at i o bet ween the heat conductibility akcwrsgadibesdisyer 110,
120 and heat conductibility crosswise to the layers 110, 120 the | ayers may
be made thinner and still obtain the sant9efficiency, alternatively nake
the layer and thus the nodul e el enent 500 thermally quicker. One of the
first and second heat conducting |layers 110, 120 is arranged to be a cold

| ayer and andlGieasipg theeéao b@twmt%B@ﬁHCWt'btﬂﬁda@ﬁgﬁéel|ﬁ)ﬂ%rr%1Ql@o 120
|'s arranged taﬂp e Ié;tﬁtducﬂl%fﬂ{é/ g%%%ﬁﬁ%efbgtﬁe | RF'?b' G25'A8 '%&3 ran{/ be.

canoufl aging o irs at co | ng’ | ayer

outer of the nineds thimmeduartd stdl dtstyier the dasné bﬁlcmﬁogi labgrenatlvémeng{eathm Itagzed ayers
110, 120 has accordl ng to a variant ition such that the heat
conduct i bi | i @9dNeRENG H@dgfea%'ﬁm%tﬁ@é rrﬁﬁ)%l q4iCk§fe range of 500- 1500 W nK

and the heat conductibility crosswise to the graphite layer is in the range

of 1- 10 RV m@né‘&ﬁt%qlrﬁ'tgaﬁcpsé’ébrﬁm’&q'd@S%GUcﬂn&laVW11(6\0% didthrided®B be
enmbodi nent the nodul e el ement 500 conprises an'internedi ate heat conducting

el enent 160 arcclddeyerand aeoiihewlfme brstlaagesecoBd headiagedottinghtayers 110,
t her npel ectr|120el enent 1 0 t hog ssi bl.e SE) ce het ween t

t her noel ect ri'¢ elSeAER9% 0 c?ﬁdpﬁ:gg r{aua'fll l'&?ﬁ%nef glf%r Thi s

such that heghnRmdyrig él‘ﬁde@cm@rﬂrgmeatezj‘ofnmbﬁmg layebeltmee@ fheeouter of
t her noel ectric el errent 150 and the second heat conducting el ement 120. The

i nt er nedi at e thaeaenndusting dpyarang e Rl layetsot ropi ¢ heat conductibility
wherein the heat conduction is considerably better along the layers than

Crossw S?%Cgor% %rja%tﬁﬁé ?ert%%rrs tﬁg rﬁg?{ﬁﬁa@écﬁgﬁgttoﬁg’ﬂ’/{angﬁﬂ § ot HfUne&EcH rom

fig. 3. enbo ein heat™ ¢c uct
el ement 160 |tr$atcthesheetttﬂoadubtyb|ghyaaibhg ehevigraprote h":n@/&pdnasinmgtheJratmt@r of 6©0as of
i ut wit i sotropic

heat conduct 0 W/RNGH b 4E5 Biroh EPBHRIELLY £FOT o G SRBBYREIS BT < he
first and  the range of 1-10 W/mK, according to an embodiment 1-5 W/mK.
According to an embodiment the module element 500 comprises an
15 intermediate heat conducting element 160 arranged in the insulation layer
130 inside of the thermoelectric element 150 to fill possible space between
the thermoelectric element 150 and the second heat conducting element 120.
This such that heat conducting may occur more efficiently between the
thermoelectric element 150 and the second heat conducting element 120.
20 The intermediate heat conducting element has anisotropic heat conductibility
wherein the heat conduction is considerably better along the layers than
crosswise to the layers of the surface element 100. This is apparent from fig.
3. According to an embodiment the intermediate heat conducting element
160 is constituted by graphite with corresponding properties as of the first
25 and second heat conducting layer 110, 120 but with anisotropic heat
conduction in a direction perpendicular to the heat conduction of the first and
second heat conducting layers 110, 120.

The insulation layer 130 for thermal isolation is arranged between the first

heat conducting layer 110 and the second heat conducting layer 120. The



second heat conducting |ayers 110, 120. The insulation |layer 130 for
thermal isolation is arranged between the first heat conducting |ayer 110
and t he swoanth/dsm8 conducting |ayer 120. Thei nsul ati onPpPcawero1d88165
configured such that heat fromthe hot heat conducting |ayer 110, 120
mnimally affects the cold heat conducti®@ |ayer 120, 110 and vice versa.
The insul ation |layer 130 considerably inproves perfornmance of the nodule

el ement 500/ device. The first heat conducti n%@a er 110 and the second heat
conducti ng |Matmlaae@1%ﬂ%@¢mfggqr%ﬁuﬁm Ffjﬂt t P@dﬂ'@yhfhtélﬁﬁ cendugiing

nt er nedi ate I t

!thermal Lont éé{&w1ﬁl'1?ﬁeﬂn?¥rﬁ l};é tg?ﬁ%g: |ng 'f&@dyr(:ﬁnqe)%&czgérﬁ Plr]aajqo a
preferred enviagd venst. fThe |hsalahat1|Iayedbas(ﬁrcoﬂn§leraalﬁ IMPOOMED beﬁ@rtdnmcm”reﬂt 530
or a vacuum base 530 re th.r ant heat _and convecti eat
e reduceq due eSS ElaraeRt A BEY e Rherdr 1St CORGRENTG BYERIAD A e gh
| convens! odgbond bR EbAMETHGbE! %zpaavémﬁu ay A CoRled BImER al T

i.e. porous materials suc ass f| re’ fabric, or t e, occurs
to a very Iowfdmgmermemeteamsulptlesm 188. Adpei thetrheeleatigeslementndo églin

t housand tines | ower n. ventional i | at i on erials. According to
an enbodi men %rmaa'&Qefﬂ?ﬁ%@gﬁa%&té}?@ﬁ@@@%&i@ %ot with high reflection
menbranes 532. Thereby transport of heat in the formof el ectromagnetic

radi ation, Wacebrding o P bréteeedtembodinient tthavihdulamdrerdydr f3U ishg@atacuum
transportation, is counteracted. The vacuum based el ement 530 consequently

results in voaged@RMEELD3Q 05w Vaskun lheskeriayersb30 fhieseby kote sadiegtingat on
for di ff‘f’ ntanah{Hrfv(é@fléﬁ)%a F%jrédif&ggbé/ J’rg [Htér%cﬂap%e\éﬂéé\?wqq%ﬁﬁlp%ﬁw wher e

vol une an wel g are |rrpor an rdi o an enbo e pressure in

the vacuum bés eglatdtetyrbigh ini @shvientibhal |nemigaor®fmé1eﬂél5 reevihd aCHligtt alegreelbf s
also results in_the advant age t hat all \é pes, of airborne sounds maﬁlkge

absorbed. Lo®enfing®ak: e RUQEs MajerialsSuehasioags iglastetiereahrie itthg
ai rborne souRdqfifsof ANeRPIRF HeHE tAS & pressure being in the range of hundred

thousand times lower than conventional insulation materials.

15  According to an embodiment the vacuum based element 530 is covered with
high reflection membranes 532. Thereby transport of heat in the form of
electromagnetic radiation, which does not need to interact with material for
heat transportation, is counteracted.

The vacuum based element 530 consequently results in very good isolation,

20 and further has a flexible configuration for different applications, and thereby
fulfils many valuable aspects where volume and weight are important.
According to an embodiment the pressure in the vacuum based element lies
in the range of 0.005 and 0.01 torr. This also results in the advantage that all
types of airborne sounds may be absorbed. Lower acoustic level may

25 thereby be achieved such that an airborne sound from an object such as a
motor, fans or the like of e.g. a vehicle on which the device may be arranged
may be reduced.

According to an embodiment the insulation layer 130 comprises screens 534

or layers 534 with low emission arranged to considerably reduce the part of



notor, fans or the like of e.g. a vehicle on which the device may be
arranged may be reduced. According to an enbodi nent the insulation |ayer
130 conprweesimos®aens 534 or |ayers 534 with | ow em ssi eoTsEL@0gsd6et O
considerably reduce the part ofthe heat transport occurring through

radi ation. According to an enbodi nent th21insul ation layer 130 conprises a
conbi nati on of vacuum based el enent 530 and | ow em ssive |layers 534 in a

sandwi ch construction. This gives a very efficient heat isolator and nay
gi ve val ues d&fe heat Hransedh @Geviring: reughy sritiatien. cAerudiognr, amreabaskineat

el emrent 500 : ' 'i@c%ﬂ%t%r RN ,g%qp '
accordi ng toﬁ%ﬁﬁﬂ%@%&??ﬁ?o?& | Staéegbﬁ]y a negfma @?g%gdﬁ@hght

t enper at ur e $80samg) lowe arsisivélaysrsabl4iriged sandwiehseoristeicfioes€his gives a

t enper at ur e. Accordi,eg{% to a variant the tenperature sensi ﬂgoa ans.2 10 is

arranged to YEB&EFCIRMARALAgRIAH ANY KRB G & VAkEE rPTaineHBR YHYJ¥ RS

out er nost 50N 4HRE REHBBL WHRAKD nMaterial having such properties that it
changes resi gt ance dependi ng on tenperature. According to an enbodi nent the

thermal sensor conprises two types of nmetals which in their boundary |ayers
gener ate a wddle MolduleyelategEnddddudinen eaperiaesireetermperaturel senpngumMeats fr om

t he Seebeck-ef fect. The nitude of the voltage s, direct roportional
Lo the: magni Afe Pren AreRElat 8F sheoopieE i BORlich GE BohbuRpCREsor
tenperat ure ITaRYeeMpaitlirRMeBhsSIng! Mekdsbe21pakl afraRgeditbf semsy thy Peeseht
sensors are nore suitable than others, where different types of netals

generating dit¢mpeeattrey AGCREEBY rfaya warigriethe tEmaPeraiiersanstng meanged! il anged

to be conppar ont i i nf [ f t he - '
arranged Do 20rgeloR) ks o RIEBE AR, IRELEN " 3B SRS e
background. TDouterhspenahesensensaiiomatsrizs havihg, suehpropettiesrthad it skeasges | S

fixed on the éﬁger side of the first heat conducti ng{ | ayer 110. and the
tenper at ure $@¥35eRGE nBBPRNGIRD 1 Pfe BB, GCCarding tRafn semoerimel K¢ nade

very thin anghd@y sensor comprises two types of metals which in their boundary layers
generate a weak voltage depending on temperature. This voltage arises from

15 the Seebeck-effect. The magnitude of the voltage is directly proportional to
the magnitude of this temperature gradient. Depending on which temperature
range measurements are to be performed different types of sensors are more
suitable than others, where different types of metals generating different
voltages may be used. The temperature is then arranged to be compared to

20 continuous information from a thermal sensing means arranged to
sense/copy the thermal background, i.e. the temperature of the background.

The temperature sensing means 210, e.g. a thermal sensor, is fixed on the
upper side of the first heat conducting layer 110 and the temperature sensing
means in the form of e.g. a thermal sensor may be made very thin and may

25 according to an embodiment be arranged in the first heat conducting layer,
e.g. the graphite layer, in which a recess for countersinking of the thermal

sensor according to an embodiment is arranged.

The module element 500 further comprises the thermoelectric element 150.
The thermoelectric element 150 is according to an embodiment arranged in
30 the insulation layer 130. The temperature sensing means 210 is according to



according to an enbodi nent be arranged in the first heat conducting |ayer,
e.g. the graphite layer, in which a recess for countersinking of the

t her mal swooro/@sx2er ding to an enbodi ment is arranged. Phe/sEpdolosiiel enent
500 further conprises the thernoelectric elenent 150. The thernoel ectric
el ement 150 is according to an enbodi nen22arranged in the insulation |ayer
130. The tenperature sensing means 2 10 is according toan enbodi ment

arranged in layer 110 and in close connection to the outer surface of the
t her noel ect r id® @MepdimentsaTaRgackimlayge 11Reanb ) slose] eonseskentto 1he quier

configured i, upfded of ePrtHGEele%gﬁ?lém‘é?\'t% Sm?eﬁr ptﬁ% R @Qé&rﬁé éﬁwBﬁﬁeSi de
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over different nmetals or sem conductors. In this way a heat (ﬁérrp cool i ng

one side of talcliadlvelnas camesprng, i wigerehe tha h@npgtaillerenailthfem elemenk
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doped in the ot her end such that when a current is flow ng though the

sem conduct oTheetheahoelkstrar €efrant éslatcorsingeanars embddmbnbaeseﬁsrhld@ndnﬁﬂoms
hotter and the other side colder (deficiency of electragns). I ng change

of directionf#ctionmdenaceqrdiag go dRangsdtigioiefiacty e t H@'“&bp?ﬁ@ﬁt V8| taage
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over different metals or semiconductors. In this way a heat pump cooling one
15 side of the element and heating the other side may be created. The
thermoelectric element according to this variant further comprises
semiconductor rods which are positively doped in one end and negatively
doped in the other end such that when a current is flowing though the
semiconductor, electrons are forced to stream such that one side becomes
20 hotter and the other side colder (deficiency of electrons). During change of
direction of current, i.e. by changed polarity of the applied voltage, the effect
is the opposite, i.e. the other side becomes hot and the first cold. This is the
so called Peltier effect, which consequently is being utilized in the present

invention.

25 The module element 500 further comprises a support layer 540 arranged
inside of the second heat conducting layer 120. The support layer 540 is
arranged to support the module element 500. The support layer 540 is a rigid
layer which prevents the module element from becoming to soft.

The module element 500 further comprises a heat conducting layer 550 in

30 the form of a heat pipe layer or heat plate layer arranged inside the support



so called Peltier effect, which consequently is being utilized in the
present invention. The nodule el enment 500 further conprises a support |ayer
540 arramgedoiom®sxte of the second heat conducting | ayer pe2ZBE20ib@s@EEPPOr t

| ayer 540 is arranged to support the nodul e el enent 500. The support | ayer
540 is a rigid layer which prevents the 2®dul e el enent from becomng to
soft. The nodul e el enent 500 further conprises a heat conducting |ayer 550
in the formof a heat pipe |ayer or heat plate |layer arranged inside the
support | ayer |3#0 340 fofi dipeersing haakforrefficiently ¢livant pycessive heakcdwstiE heat .
The third he i Y 04 d ; i ; te
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vari ant being consti.tuted sintered copper powder. The w ck .is according
o o vari ant WHBGFRBAG BRUPS il WGk ARG LNIGHE B ardnGnio f JeEesk DoaId her
i's vaporized - Ny & Liek il 1 - e

|t ended Fomsar Sy o By hteldd@oBbet pBWer e MIEK it S BB P VAt
pressure in tshaurated dithdmuic eddelc uindgr didfesentopcesses either Isewdpqrized dmyer /

heat plate layer is relatively .|l aw, erefore t specific steam pressure
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appl i ed. The tsiparatire rabigé diesddteAinBashé heanesrtRiciBlivy.hi gher pressure than
its surrounding which results in it dispersing quickly to all areas with

| ower pressure, in which areas it condenses into the wck and emts its
energy in t hdheopresstrenigathe thiid Hegt geaddcting @yat PROoL.. et heatanipedanart bri um
pressur e has i . .S Qr i t i - i hi t hat
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The advant agenaKesuidiengjuidyretrse afcknesgorizinge i theepdinpiraivlichshéditat dgptigdhave
very efficient heat conductibility, substantiall ﬁft rﬂ]ii her than e.

convent i onal T@&pﬁ@a.m TRethi®Hi RSPt Hasr ansYetidenre rcﬁ'quéhlr%ﬁ%ﬂ‘ iSower
Rating (APC) syk®unding which results in it dispersing quickly to all areas with lower

pressure, in which areas it condenses into the wick and emits its energy in
15 the form of heat. This process is continuous until an equilibrium pressure has
arisen. This process is at the same time reversible such that even cold, i.e.

lack of heat can be transported with the same principle.

The advantage of using layers of heat pipes/ heat plate is that they have very
efficient heat conductibility, substantially higher than e.g. conventional
20 copper. The ability to transport heat, so called Axial Power Rating (APC), is
impaired with the length of the pipe and increases with its diameter. The heat
pipe/ heat plate together with the heat conducting layers facilitate quick
dispersal of excessive heat from the underside of the module elements 500
to underlying material due to their good ability to distribute heat on large
25 surfaces. By means of heat pipe/heat plate quick diversion of excessive heat
which e.g. is required during certain sunny situations is facilitated. Due to the
quick diversion of excessive heat efficient work of the thermoelectric element
150 is facilitated, which facilitates efficient thermal adaptation of the

surrounding continuously.



inpaired with the |l ength of the pipe and increases with its diameter. The
heat pipe/ heat plate together with the heat conducting layers facilitate
qui ck di swensalosi2zexcessi ve heat fromthe undersi de of pclisEpmdosmer! ement s
500 to underlying material due to their good ability to distribute heat on
| arge surfaces. By neans of heat pipe/he24 plate quick diversion of
excessi ve heat which e.g. is required during certain sunny situations is
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possibility ﬂéysﬂlm@jbe@(mﬂéél ve heat and thus efficient work of the
thernoel ectric el enment 150 is inproved. Accor d| ng to an enbodi ment the
t her mal rrenbrane 560 is constituted by a soft ﬁer w th hi gh het

conduct i bi | i thiewmogkle glenmerd 300 iftr@%%m@r'%qseﬁet ermaloMeMARAE mPLyodte
thermal cont @ﬁérn?é?aﬂn@ﬁ{brgn@ 560" %adiRdesChood thermal contact on surfaces with

small irregularities such as body of motor vehicles which irregularities
15 otherwise may result in impaired thermal contact. Hereby the possibility to

divert excessive heat and thus efficient work of the thermoelectric element

150 is improved. According to an embodiment the thermal membrane 560 is

constituted by a soft layer with high het conductibility which results in the

module element 500 obtaining good thermal contact against e.g. the body of
20 the vehicle, which facilitates good diversion of excessive heat.

Above, the module element 500 and its layers have been described as flat.
Other alternative shapes/configurations are also conceivable.

The first heat conducting layer 110 has according to an embodiment a
thickness in the range of 0.1-2.5 mm, e.g. 0.4-0.8 mm, the thickness among
25 others depending on application and desired heat conduction and efficiency.
The second heat conducting layer 120 has according to an embodiment a
thickness in the range of 0.1-2.5 mm, e.g. 0.4-0.8 mm, the thickness among
others depending on application and desired heat conduction and efficiency.



the vehicle, which facilitates good diversion of excessive heat. Above, the
nodul e el enment 500 and its | ayers have been described as flat. Qher

al t er nat iwe 28tvapsrsconfi gurati ons are al so concei vabl e. pClisERI0SS01BR AL
conducting layer 110 has according to an enbodi nent a thickness in the
range of 0.1-2.5 mm e.g. 0.4-0.8 nm th25thickness anong ot hers dependi ng
on application and desired heat conduction and efficiency. The second heat
conducti ng lT% 120 has according to an enbodi nent a thickness in the

range of 0. 1-hesngwiatien jayes. U3haes aaFording ithae ierekedinenhg thiokBess defndi ng
on appl i cat | Pande dr 485 rrnfrg ﬁa’fgrgﬁgﬂihmthé%@ﬂfé Efdrﬁgﬁgfﬁﬁﬁ]% 'dr%g%g@%\éadd on

| ayer 130 has cordlng nent a ckness f~4-30

mm e.g. 10- 2@ptivatidnhend HesikatbsHicemeng ot hers dependi ng on application and
desired efficiency. The thernoelectric element 150 has according to an

nmbodi t h t f 1-20 d t
Variant  aboul BRTORECK S RRECE | SBAS SSEREMG LA SRPUReRb B CKS T and
desired hsat wﬁ’ﬂ@r‘é‘hrg'e% g n%fé%;' Qf@)hmTﬁ'é‘cdrBFﬁbr’fB%l \‘i‘érﬁddt%b%b?%% the
according to an embodi ment has a surface in the range of 01 60 cnP

e.g. 0.01 mmthicktessnPamPheg iother nmirhendinthean @pptcatiamgard édeawed6beabs a
t hi ckness bein t ed t hat fills the,space be

her noet oot CgRERET She EHkieNa!  The (el opliRRd iRt SRS 11 anrne
surface | ayeenfbofmeathasliansurfaredin BebadgeRn 0. am’-60iceiness 0.01the’r ange
of 0.1-4 mm e.g.,1.5-2 mm and depends anong others on application and

efficiency. ?@ém%ermal menbr ane 560 according to an enbodi nent has a
t hi ckness in the range of 0.05-1 mm e.g. about 0.4 nm and depends anong

others Oﬁ‘oapﬁ*HeC%tbﬁﬂ?diZ@ fet" BolGRinGORIHEN NI 602%BE BOthitkhddie peiigpe of
a heat pipe/ heat ate
adapted such that it fills the space between the thermoelectric element 150

and the second heat conducting layer 120.

The surface layer 510 according to an embodiment has a thickness in the
range of 0.1-4 mm, e.g. 1.5-2 mm and depends among others on application
15  and efficiency.

The thermal membrane 560 according to an embodiment has a thickness in
the range of 0.05-1 mm, e.g. about 0.4 mm and depends among others on
application.

The third heat conducting layer 550 in the shape of a heat pipe/ heat plate

20 according to above has according to an embodiment a thickness in the range
of 2-8 mm, e.g. about 4 mm, the thickness among others depending on
application, desired efficiency and heat conduction.

The surface of the module element/ surface element 500 is according to an
embodiment in the range of 25-2000 cm?, e.g. 75-1000 cm?. The thickness of

25 the surface element is according to an embodiment in the range of 5-40 mm,
e.g. 15-25 mm, the thickness among others depending on desired heat
conduction and efficiency, and materials of the different layers.



according to above has according to an enbodi nent a thickness in the range
of 2-8 mm e.g. about 4 mm the thickness anong ot hers dependi ng on

appl i cat iwo,20tbe®B328d ef fi ci ency and heat conduction. ThecsseEt@ossmb2 t he
nodul e el ement/ surface elenment 500 is according to an enbodi ment in the
range of 25-2000 cn2, e.g. 75-1 000 cnR.2@he thickness of the surface

el enment is according to an enbodinent in the range of 5-40 mm e.g. 15-25
nm the thickness anong ot hers dependi ng on desired heat conduction and
efficiency, &i@ RBtsehematicalyt H'élsgﬁmﬁelaeﬁ{aﬂ ey sofFiag mosiyles calement &Q y

illustrates %c%ﬁ)‘ﬂw toegy] %fn 4 Hﬂ&tﬁ%ﬁgﬁ%ntgﬁg%ﬁ@ﬁpr ding to an enbodi nent

of the present Tnv 1 on.” Accordi ng I'ment the nodul e el enent
500 is hexagonal ly shaped. This facilitates sinple and general adaptation
and assenbl y Adgordigg clomprosi emtyodohemto dud emeygislieemiereent. 580c & diexggooalfyi g.

7a-c. Furth . t.en t t [ th ti h |
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500 conprises a control |oop 200 conneCted to ernoel ectric el ement
150 wherei n témperatuienslaycbei gergratashon1t@ estiter haxggehal csuéace; avlkergin

predet er m ned_t rature gradient,.to a portion of the first heat
Ponduct i ng | 9 g ebEes il RbE R R Rl bt nciashitngh €8+ PoShuarelt he
predet er m ne@hhpayeicdulé eldnast aay beeivioigy, ovi ded by means of applied
vol tage on the thernoelectric elenment 150 fromthe control |oop, the

vol t age bei ngi_@gased upon tenperature data or tenperature information from
I'66p

the control meghle HRMABIAPE erapisRs §0e0EHIPPR 20 FONREEEHa e E70 f or
electric 'y.tr?@?dkf‘e%étﬂe SRR ?Bﬁ”ﬁﬂgﬁeiﬁo[hé %é’rfnﬁggélg&?ik' BRnhdlio 18gmpdul e
system e intertace conprises according to an enbodr nent a connector 570.
The nodul e elaerapged naygdresrdiereneedetimiseds texhperature gnadfeandt docd pabiaunt ob
the first heat conducting layer 110 of the module element 500 according to
fig. 5a, the predetermined temperature gradient being provided by means of
applied voltage on the thermoelectric element 150 from the control loop, the
15 voltage being based upon temperature data or temperature information from

the control loop 200.

The module element 500 comprises an interface 570 for electrically
connecting module elements for interconnection into a module system. The

interface comprises according to an embodiment a connector 570.

20 The module element may be dimensioned as small as a surface of about 5
cm?, the size of the module element being limited by the size of the control
loop 200.

Fig. 6 schematically illustrates a device VI for thermal adaptation according to

an embodiment of the present invention.

25 The device comprises a control loop 200 or control unit 200 and a surface
element 500 e.g. according to fig. 5a, 5b wherein the control loop is
connected to surface elements 500. The device further comprises a
thermoelectric element 150 arranged to receive voltage from the control loop



cn2, the size of the nodule elenment being limted by the size of the
control loop 200. Fig. 6 schematically illustrates a device VI for thernmal
adapt at i ovoaomemgs2ag t o an enbodi ment of the present i neemsEeo/oihie2 devi ce
conprises a control loop 200 or control unit 200 and a surface el ement 500
e.g. according to fig. 5a, 5b wherein th27control loop is connected to
surface elenents 500. The device further conprises a thernoel ectric el enent
150 arranged to receive voltage fromthe control |oop200, the

t her moel ect r i290e tRaniiarmopsieciic slemeny 129 asevdingeiongb@nbeiggreanfighrediim a

way that when a,vgl ,n?%,le tis f n f

t her noel ectr:%ceelgé)rr@g}?e[tfég ranscgﬁééﬁélan oéétﬂ]ga e%ltdf?o oﬁ?e%%e of the

t her noel ect r iteredaiecttic Eiemdetvi 80 ataosdemds t imtd hitrse eothmll reigg  obntited ses a
tenperature sensin rreanf 2 10 arranged to sense the present tenperature of
t he surface “"erﬁ%?ﬁe@ﬁ@eefﬂ%nterrperature sensing means 2 10 is according to
an enbodi nent as shown in e.g. fig. 5a arranged on or in connection to the

outer surbacenafgd\ite bResMeY &S His fén%c%ﬁ'éht tefhppided d f@ﬁpér‘éﬁ;r&%&?@l’r@t ure
bei ng sensed is the outer tenperature of the surface el enent 500. The

control |oop nzwxé’ﬁﬁr agesgedt toeseabe sthesipngserdatesnperaturar oértbedswrcfﬁcseense
tenperature s S nd tenperature. The comnrol. 1oop 200 further
conbri ses & Sheay &0 T ImaEFAT G 5o, CBRUE s i R ROLERE sl o e
data from t henidiriifmeht 6NsHdwen RaG. fig.168a . arfdiydd8h e ins edshediofe@Nheb10 is
consequently connected to the software unit 620 via a |ink 602 wherein the

sof t war e uni OUEIOSYréGer QEH@}%@Q@Q%@&”Q@'%{“@DQH@O suspr baé the Agmpatatgieound
data or agbi ‘B'%E rth Ak ﬁ@of]?etrefem;;ggl n < @%‘@é%gg%'cg e?%rﬂmhts&?p"t her arranged

to receive ins ons rom a use i s arranged
to comuni cate. The software unit 620 is connected to the user interface
630 via a |i fMhe6€tralHeops &0Oweoraprised abB@rmal sensing means 610 arranged to

sense temperature such as background temperature. The control loop 200
further comprises a software unit 620 arranged to receive and process
temperature data from the thermal sensing means 610. The thermal sensing
15 means 610 is consequently connected to the software unit 620 via a link 602
wherein the software unit 620 is arranged to receive a signal representing

background data or ambient temperature data.

The software unit 620 is further arranged to receive instructions from a user
interface 630 with which it is arranged to communicate. The software unit 620
20 is connected to the user interface 630 via a link 603. The software unit 620 is
arranged to receive a signal from the user interface via the link 603, said
signal representing instruction data, i.e. information of how the software unit
620 is to software-process temperature data form the thermal sensing means
610. The user interface 630 may e.g. when the device is arranged on e.g. a
25 military vehicle and intended for thermal camouflaging and/or adaptation with
a specific pattern of said vehicle be configured such that an operator, from an
estimated direction of threat, may chose to focus available power of the
device to achieve the best imaginable signature to the background. This is

elucidated in more detail in fig. 9.



arranged to receive a signal fromthe user interface via the |link 603, said
signal representing instruction data, i.e. information of how the software
unit 620 we 20m/®ed2Bwar e- process tenperature data form tireTiSERIOBE016ENSI NG
means 6 10 . The user interface 630 may e.g. when the device is arranged on
e.g. amlitary vehicle and intended for28hernmal canouflagi ng and/ or
adaptation with a specific pattern of said vehicle be configured such that

an operator, froman estimted direction of threat, may chose to focus
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i nt egrated ciffounaton itertbpysaftvaier erit £28. rﬁeczmmh@g topee gnab thedﬂtaﬁﬂ the
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The control bty igitd iifohaatic® Vi sesard diDidoaleitdfsobéing ispmall peejragsd 650
connected to the di %ﬁ_allanal ogue converter 640 via a link 605. Fromthe

sof twar e uni CIrgits. BPYraf? oWITES SEMt resiviEEguRceasdinge tai gnt gMRasimege
64 |
RICIER A A R (T S

superposed on a current supplying framework of the vehicle.

15 The control loop 200 further comprises a digital information receiver 650
connected to the digital/analogue converter 640 via a link 605. From the
software unit 620, information is sent analogue to the digital/analogue
converter 640 where information about which temperature (desired value)
each surface element shall have registered. All this is digitalized in the

20 digital/analogue converter 640 and sent according to standard procedure as
a digital sequence comprising unique digital identities for each surface
element 500 with associated information about desired value etc. This
sequence is read by the digital information receiver 650 and only the identity
corresponding to what is pre-programmed in the digital information receiver

25 650 is read. In each surface element 500 a digital information receiver 650
with a unique identity is arranged. When the digital information receiver 650
senses that a digital sequence is approaching with the correct digital identity
it is arranged to register the associated information and remaining digital
information is not registered. This process takes place in each digital

30 information receiver 650 and unique information to each surface element 500
is achieved. This technique is referred to as CAN technique.



di gi tal / anal ogue converter 640 and sent according to standard procedure as
a digital sequence conprising unique digital identities for each surface

el ement 580 2edoide3mssoci ated i nfornmati on about desired vacuseedil0/o0s0ikz s
sequence is read by the digital information receiver 650 and only the
identity corresponding to what is pre-prdgramed in the digital information
receiver 650 is read. In each surface elenent 500 a digital information
receiver 650 with a unique identity is arranged. Wen the digital
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connected via a |link 607 t he PL.D-circuit. In the |ink 606 a signal
o ecent g e Ria P i aesiRebvAIG ahd addl Y SareRpacne Tntor der
for each surface el enent 500 to be controll able such that desired val ue and

actual val ue Teer fe2pRROH670N8 th&dbahette870 the thBRNoEIRBIRCY BB VidtHdBnks
t hermoel ectric 150 viia the links 203, 204. The tenperature sensing _neans 2
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tenperature data sense enperature sens

The regul at 020510 reseiae the gemhav reprebentingrtentferatrerdat@iseased vy gnaand odbm
PID-circuit 660 representi ng dAnformation to increase or decrease current
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el ement 150 ifk & {9 8 St FMBIDLORLIVEER rdft8senting information to

increase or decrease current supply/voltage to the thermoelectric element
15 150.

The thermoelectric element 150 is configured in such a way that when the
voltage is applied, heat from one side of the thermoelectric element 150
transcends to the other side of the thermoelectric element 150. When the
temperature sensed by means of the temperature sensing means 210 by
20 comparison with the temperature information from the thermal sensing
means 610 differs from the temperature information from the thermal sensing
means 610 the voltage to the thermoelectric element 150 is arranged to be
regulated such that actual value and desired value correspond, wherein the
temperature of the surface of the surface element 500 is adapted accordingly

25 by means of the thermoelectric element.

According to an embodiment the thermal sensing means 610 comprises at
least one temperature sensor such as a thermometer arranged to measure
the temperature of the surrounding. According to another embodiment the
thermal sensing means 610 comprises at least one IR-sensor arranged to
30 measure the apparent temperature of the background, i.e. arranged to



voltage is applied, heat fromone side of the thernoelectric el enment 150
transcends to the other side of the thernoelectric elenment 150. When the

t enper at we 8sm®exR3by neans of the tenperature sensing weang20d0sdy:2
conparison with the tenperature information fromthe thermal sensing neans
6 10 differs fromthe tenperature inforndion fromthe thernal sensing
nmeans 6 10 the voltage to the thernoelectric elenent 150 is arranged to be
regul at ed such that actual value and desired val ue correspond, wherein the
t enper at ure 6GReaHES Alir dviagevalugeokiier beekaspn RMBeEtyre. Agapiding to yet
accordi ngly ; L: | t
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t enper at ur e $RAPONeraArhargedatot deprsethe ttieernadl rstnigae tod tmee backgrotihe. These
tenperature of_the surroundi r}[ggr Accordi.ng to anot her enbodi nent the thernmal

sensi ng neandif&redt YarpRiss ek MAa8eNYHe MRaBEnSHIC REAalydPEodR@istit e t he

apparent senmpghabetidh ©frid. g-packground, i.e. arranged toneasure an average
val ue of the ba@igroundﬁg{ enperature. According to yet another enbodi nent

the thermal sensing neans 6 10 conprises at |east one IR canera arranged to
sense t he t héigml7astschematiealhf iugiraiaskgadsindll-aTsa@ dnddweeaystear iAKt s of

t hermal sensi neans descri bed | e detail ip . connection tq fig. 7a-c.
F'g 7 schefRUIREITY sfiipee inents, BP0 oriekle, pRefdlaR: s isdpa
conpri sing S%@Eag@uﬁbe@feabﬁeéé&mm%m@.um shefRiicallp ilRpaeseah éharde
background or corresponding; fig. 7b schematically 1llustrates an enl arged
part VI -b ofarthéllkoefithe ngdulesysient inyfig.76a; anedfig.i 1§ schemalicatyllustietss
il lustratgs r - fig. 7b. The individual tenperature
regul ati ](i)ﬁ i %ﬂaefr{r?% geggfic}rg%@%b.i n each nodul e el ement 500 individually by
means of a control loop, e.g. the control loop in fig. 6, arranged in each
nodul e el emefthe5DAividieat Hempevdtere regeatiord 6 arranged dodocwyirtio eathemioddierent
constituted %er%gr?t g&?lflrldﬁ'\vﬁbaelrfg{/ rrllenar];sI 81’ a5c%-n?r'ol loop, e.g. the control loop in

fig. 6, arranged in each module element 500. Each module element 500 is

according to an embodiment constituted by the module element in fig. 5a-b.

15 The respective module element 500 has according to this embodiment a
hexagonal shape. In fig. 7a-b the module elements 500 are illustrated with a
checked pattern. The module system 700 comprises according to this
embodiment a support structure 710 configured as a framework 710
arranged to receive respective module element. The framework according to

20 this embodiment has a honeycomb configuration, i.e. is interconnected by
means of a number of hexagonal frames 712, the respective hexagonal
frame 712 being arranged to receive a respective module element 500.

The framework 710 is according to this embodiment arranged to supply
current. Each hexagonal frame 712 is provided with an interface 720
25 comprising a connector 720 by means of which the module element 500 is
arranged to be electrically engaged. Digital information representing
background temperature sensed by means of the thermal sensing means
according to e.g. fig. 6 is arranged to be superposed on the frame work 710.

As the framework it self is arranged to supply current the number of wires



The respective nodul e el ement 500 has according to this enbodi mrent a
hexagonal shape. In fig. 7a-b the nodule elenents 500 are illustrated with
a checkedwpavioemwss23 The nodul e system 700 conpri ses accordir/sg2i10/05d16s

enbodi ment a support structure 7 10 configured as a framework 7 10 arranged
to receive respective nodul e el enent. Th&1franmework according to this
enbodi nent has a honeyconb configuration, i.e. is interconnected by neans
of a nunmber of hexagonal frames 7 12, the respective hexagonal frame 712
bei ng arr ang®e} berredeced 1 thesrrpewoe aredentewd kendgtivered. toterchr medkieor k 7

10 i s accordi ' is?ﬁ% : e r :
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connect or 72@ehyemesosntafnindgunigueheformatioe fel easntod0R ¢lemant 500ebh this be
electrically engaged. Di ght al information r\Aéecgkesenti ng background

t enper at ur e YEYSEYWEES YEhRE NGEdeAdn thierage si ng nmeans according to e.g.

fig. 6 is arranged to be superposed on the frame work 7 10 . As the

framevorksi t 9@l fran@wdik %%@rﬂeﬁ@ioﬁé@f’f@é@%ﬂ fttadd'QuAdER§Ecaling FRITRY be

reduced. In the framework current w Ivered to each nodul e el enent

500 but at tletersamnts 300e al so, superposed with the current, a digital
sequence containing unique information for each nodule elenent 500. In this
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information desetiyed i0fcoreeedon i toefigp@ulis tiedrermringedcto asceles Cthebeditan
connection to fig. 6 is then arranged to receive the digital information,
wherei n a teffferaaion wherein| a &IpPa@EtyiedicRgtreb 1ppRy. ageardingr fnfkd 6t &
regul at eqgccordi j iy A4 on: t | Okt Acgording to an
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The framework 7 10 is then arranged to be fixed on e.g. the vehicle wherein
t he franmewor KActodding 4o aan @ngmatlitnent tippldgvivet is awanged oand craft such as a

military vehicle. The framework 710 is then arranged to be fixed on e.g. the
vehicle wherein the framework 710 is arranged to supply both current and
digital signals. By arranging the framework 710 on the body of the vehicle the
15 framework 710 at the same time provides fastening to the body of the
craft/vehicle, i.e. the framework 710 is arranged to support the module
system 700. By using the module element 500 the advantage is among
others achieved that if one module element 500 would fail for some reason
only the failed module element needs to be replaced. Further the module
20 element 500 facilitates adaptation depending on application. A module
element 500 may fail depending on electrical malfunctions such as short-
circuits, outer affection and due to damages of shatter and remaining

ammunition.

Electronics of respective module element is preferably encapsulated in
25 respective module element 500 such that induction of electrical signals in e.g.

antennas are minimized.

The body of e.g. the vehicle is arranged to function as ground plane 730
while the framework 710, preferably the upper part of the framework is

arranged to constitute phase. In fig. 7b-c | is the current in the framework, Ti



digital signals. By arranging the framework 7 10 on the body of the vehicle
the framework 710 at the sanme tine provides fastening to the body of the
craft/vehwol2eto/9z®3 the franework 7 10 is arranged to seppGERI1bbsi1GDdUl €
system 700. By using the nodul e el enent 500 the advantage is anong ot hers
achieved that if one nodule el ement 500 8uld fail for sone reason only the
failed nodul e el enent needs to be replaced. Further the nodul e el enent 500
facilitates adaptation depending on application. A nodule el enent 500 nay
fail dependi @gigialdnirmaitionl comtdiningdemnesatsirhianthesmoduls elemand | and &
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schematically illustrates a side view of the nodule systemVIl in fig. 7d.
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el ement 700 agcord 980! Seddtfing RO BN phdinant Migthied ' fy. 7AE i et
instead of a support structure constituted by a framework 710, a support
structure 750 constituted by one or more support members 750 or support
15 plates 750 for supporting interconnected module elements 500 is provided.

The support structure may thus be formed by one support member 750 as
illustrated in fig. 7d-e, or a plurality of interconnected support members 750
750.

The support member is made of any material fulfilling thermal demands and

20 demands concerning robustness and durability. The support member 750 is
according to an embodiment made of aluminium, which has the advantage
that it is light and is robust and durable. Alternatively the support member
750 is made of steel, which also is robust and durable.

The support member 750 having a sheet configuration has according to this

25 embodiment an essentially flat surface and a square shape. The support
member 750 could alternatively have any suitable shape such as rectangular,
hexagonal, etc.



I nstead of a support structure constituted by a franmework 7 10, a support
structure 750 constituted by one or nore support nenbers 750 or support

pl at es 759of20r0/m8g2p0rt i ng i nt erconnect ed nodul e el enent $CHBB2019/0p116Y 1 ded.
The support structure may thus be forned by one support nmenber 750 as
illustrated in fig. 7d-e, or a plurality3%f interconnected support nenbers
750 750. The support nenber is nade of any material fulfilling thernal
dermands and denands concerni ng robustness and durability. The support
nmenber 750 i dhgclbinkaeny af dharsuprpdneeEtRer fadeison truiRNEE W ORI BA1.HAE- t he
advant age thqu%gaﬁﬁ light and is robust and durable. Alternatively the
support nenber I's made of steel, which also is robust and durable. The
support nenber 750 having a sheet configuration has according to this
enbodi ment amntessemiectdd ynddude alanmfeate SH0d campgisenge thedrapelecihie aameots
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thernoel ectric el ements 150 as desCri bed above are arranged on the support
menber 750. Thepsisppdinks Mertbéb2,7b601,i &/ Zarfiandéd foocempplinicaiionr ionand fFhe

support nenber. /50 conprises |inks, 761 ,.762, .771 (12, 143,. 774 for
communi cat | ofaeh Sna PiadtE el F Ty v ik el dnpiseés: 19 the <Sumsii
i ntegrated i migmbBe7sQpport menber 750. According to this enbodi nent the

nodul e system conpri ses a support nenber 750 and seven interconnected
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el enments 500 is Torned. e
arranged on top of the support member 750 in such a way that a left column
of two module elements 500, an intermediate column of three module
elements 500 and a right column of two module elements 500 is formed. One
hexagonal module element is thus arranged in the middle and the other six

15 are arranged around the middle module element on the support member 750.

According to this embodiment current supply signals and communication
signals are separated and not superposed, which results in the
communication bandwidth being increased, thus speeding up the
communication rate. This simplifies change in signature patterns due to the
20 increased bandwidth increasing the signal speed of the communication

signals. Hereby also thermal adaptation during movement is improved.

By having current signals and communication signals separated
interconnection of a large number of module elements 500 without affecting
the communication speed is facilitated. Each support member 750 comprises

25 several links 771, 772, 773, 774 for digital and/or analogue signals in
combination with two or more links 761, 762 for current supply.

According to this embodiment said integrated links comprises a first link 761
and a second link 762 for supply of current to each column of module

elements 500. Said integrated links further comprises third and fourth links



hexagonal nodule elenent is thus arranged in the mddl e and the other six
are arranged around the m ddl e nodul e el enent on the support nenber 750.
Accor di ngwbaotomess2zenbodi nent current supply signal s andpcuorsERnbosiibnn
signals are separated and not superposed, which results in the

comuni cati on bandwi dth bei ng increased, 34 hus speedi ng up the conmuni cation
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support modules via the links. Hereby the number of connectors are reduced.

The module elements 500 are attached to the support member 750 by

15 means of any suitable fastening means.

Interconnected support members 750 forming a support structure are
intended to be arranged on the body of a craft such as a vehicle, a ship or
the like.

A temperature sensing means 210 according to e.g. fig. 6 is arranged in
20 connection to the thermoelectric element 150 of respective module element
500 to sense the outer temperature of that module element 500. The outer
temperature is then arranged to be continuously compared with background
temperature sensed by means of the thermal sensing means such as
described above in connection to fig. 5 and fig 6. When these differ, means
25 such as a temperature control loop described in connection to fig. 6,
arranged to regulate the voltage to the thermoelectric element of the module
element such that actual values and desired values correspond. The degree
of signature efficiency of the system, i.e. the degree of thermal adaptation

that may be achieved, depends on which thermal sensing means, i.e. which



support nodules via the links. Hereby the nunber of connectors are reduced.
The nodul e el enents 500 are attached to the support nenber 750 by neans of
any suit abbeofoe®s®ai ng nmeans. | nterconnected support newroese20ib0sdi6z m ng a
support structure are intended to be arranged on the body of a craft such
as a vehicle, a ship or the like. A tenpdbature sensing neans 2 10
according to e.g. fig. 6 is arranged in connection to the thernoelectric

el enent 150 of respective nodul e el enent 500 to sense the outer tenperature
of that nodultemeeeateie referencehhal s asedempemaeiatera sensasn IRseangedr IR be
continuouslycg gred wi th background tenperature sensed by neans of the
thermal sensing neans such as descri bed above in connection to fig. 5 and
fig 6. Wien these differ, neans such as a tenperature control |oop
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background tenperature, but a tenperature sensor has the advantage that it

i s cost effi & annimize indflwence &f heatesi angas hithg ¥ehiele. t he |i ke tenperature
sensor is preferably arranged in air intake of the vehicle in order to
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background, i.e. arrangfeﬂ tbo Eeasure. an average val ue of

temperature Of the background, i.e. arranged to measure an average value of
the background temperature a more correct value of the background
temperature is achieved. IR-sensor is preferably placed on all sides of a

15 vehicle in order to cover different directions of threat.

As a result of the thermal sensing means according to an embodiment being
constituted by an IR-camera arranged to sense the thermal structure of the
background, an almost perfect adaptation to the background may be
achieved, the temperature variations of a background being representable on
20 e.g. a vehicle. Here, a module element 500 will correspond to the
temperature which the set of pixels occupied by the background at the
distance in question. Theses camera pixels are arranged to be grouped such
that the resolution of the IR-camera corresponds to the resolution being
representable by the resolution of the module system, i.e. that each module
25 element correspond to a pixel. Hereby a very good representation of the
background temperature is achieved such that e.g. heating of the sun, snow
stains, water pools, different emission properties etc. of the background often
having another temperature than the air may be correctly represented. This
efficiently counteracts that clear contours and large evenly heated surfaces
30 are created such that a very good thermal camouflaging of the vehicle is



t he background tenperature a nore correct value of the background
tenperature is achieved. IR-sensor is preferably placed on all sides of a
vehi cl e iwoanthw3i2e cover different directions of threarcTAs2@onsastt of
the thermal sensing neans according to an enbodi nent being constituted by
an | R-canera arranged to sense the thern8 structure of the background, an
al most perfect adaptation to the background may be achieved, the
tenperature variations of a background being representable on e.g.
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whi ch the setq &I Bhi?e‘al s occupi ed by the background at the distance in
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structure 812 of the backgro bei ng recreated on the side of the
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Seen in the direction of threat a thermal background 810 is present in the
extension of the direction C of threat. The part 814 of this thermal

15  background 810 of the vehicle 800 being viewed from the threat is arranged
to be copied by means of a thermal sensing means 610 according to the
invention such that a copy 814’ of that part of the thermal background,
according to a variant the thermal structure 814’, is viewed by the threat. As
described in connection to fig. 7a-e the thermal sensing means 610

20 according to a variant comprises an IR-camera, according to a variant an IR-
sensor and a variant a temperature sensor, where IR-camera provides the

best thermal representation of the background.

The thermal background 814°, thermal structure of the background
sensed/copied by means of the thermal sensing means, is arranged to be
25 interactively recreated on the side of the target, here vehicle 800, facing the
threat, by means of the device, such that the vehicle 800 thermally melt into
the background. Hereby the possibility for detection and identification from
threats, e.g. in the form of IR-cameras or a heat seeking missile locking at



constituted by a thermal reconnai ssance and surveillance system a heat
seeking mssile or the corresponding arranged to | ock on the target. Seen
in the diweabioor3xB threat a thermal background 8 10 i sPpTSEe0ID/050161 he
extension of the direction C of threat. The part 814 of this thernal
background 8 10 of the vehicle 800 bei ng3¥i ewed fromthe threat is arranged
to be copied by neans of a thermal sensing neans 6 10 according to the

i nvention such that a copy 814" of that part of the thernmal backg?ro_und,
accor di ng t o te (RigpHreniclgeSQhis rendesed waerer diffpult singe; itvthermal b nelteenithr eat .
As descri bwtﬁé‘bﬁ&fﬁﬁ@ﬁaon to fig. 7a-e the thermal sensing neans 6 10
according to a variant conprises an | R canera, according to a variant an

| Rsensor and a variant a tenperature sensor, where |R-canmera provides the
best thernal Asgdpeesbid@amavesdhe cbpicdatkgnalustdictiresd 14 ef thed baekgrgurmdinill 814" ,
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difficult and reduces threat from potential target seekers or corresponding.

The device according to the present invention facilitates a low signature of a
15  vehicle, i.e. Low contrast, such that the contours of the vehicle, placement of
exhaust outlet, placement and size of outlet of cooling air, track stand or
wheels, canon, etc., i.e. the signature of the vehicle may be thermally
minimized such that a lower thermal signature against a background is

provided by means of the device according to the present invention.

20 The device according to the present invention with a module system
according to e.g. fig. 7a-c or fig. 7d-e offers an efficient layer of thermal
isolation, which lowers the power consumption of e.g. AC-systems with lower
affection of solar heating, i.e. when the device is not active the module
system provides a good thermal isolation to solar heating of the vehicle and

25 thereby improves the internal climate.

Further multispectral properties, i.e. camouflage in different wave ranges, are
facilitated. The module elements 500 may, apart from thermally, also provide
low signature for certain predetermined parts of the radar range. This is

created by applying different types of thin, radar absorbing layers to the



automatic thermal adaptation and | ower contrast to tenperature varying
backgrounds, which renders detection, identification and recognition nore
di ffi cul twendiwmsszses threat from potential target seekeCI/SBR010/050162
correspondi ng. The device according to the present invention facilitates a
| ow signature of a vehicle, i.e. Low conB8ast, such that the contours of
the vehicle, placenent of exhaust outlet, placenent and size of outlet of
cooling air, track stand or wheels, canon, etc., i.e. the signature of the
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modul e syst emndasaor ok ngrytthindlagerst i g. 7a-c or fig. 7d-e offers an efficient
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provi de | ow tso g[gatur for certain predeterm ned parts of the radar range.
This is creaté pI ying different types of thin, radar absorbing |ayers
to thenodul e el ements 500. Choice of |ayer type determ nes which part of
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user interface 630 in figure 6 according to an embodiment constitute
graphically a way for the user to easily be able to choose from an estimated

15 direction of threat which part or parts of the vehicle that needs/need to be

active in order to keep a low signature to the background.

By means of the user interface the operator may choose to focus available
power of the device to achieve the best conceivable thermal
structure/signature, which e.g. may be required when the background is

20 complicated and demanding much power of the device for an optimal
adaptation.

Fig. 9 shows different directions of threat for the object 800/vechile 800, the
directions of threat being illustrated by having the object/vehicle drawn in a
semi-sphere divided into sections. The threat may be constituted by e.g.
25 threat from above such as target seeking missile 920, helicopter 930, or the
like or from the ground such as from soldier 940, tank 950 or the like. If the
threat comes from above the temperature of the vehicle should coincide with
the temperature of the ground, while it should be adapted to the background

behind the vehicle should the threat be coming straight from the front in



means according to an enbodi ment conprises a user interface e.g. as
described in connection to fig. 6 . Depending on the expected direction of
threat, twe i /mBgaature will need to be adapted to difersmtoibaskgr ounds.
The user interface 630 in figure 6 according to an enbodi nent constitute
graphically a way for the user to easily3®%e able to choose from an
estimated direction of threat which part or parts of the vehicle that

needs/ need to be active in order to keep a | ow signature to the background.
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means of The user 1 r'Tace. he device according to the present

i nvention has been described where the device is utilized for thermnal

canouf | agi ng Thecdevitarbceorgingatos e pteseduinvegtiom veaye atvardageousiy deyused means
of the device according to the invention qui (ikl.s)/.ada;%ts itself thermally to
the backgrou ~ OBRerating, srgcific thermal patterns. This is achieved according to a

variant by resulting each thermoelectric element of a module system built up
of module elements e.g. as illustrated in fig. 7a-c or fig. 7d-e such that the

15 module elements receives desired, e.g. different, temperature, any desired
thermal pattern may be provided. Hereby a pattern which only may be
recognized by the one knowing its appearance may be provided such that in
a war situation identification of own vehicles or corresponding is facilitated
while the enemy can not identify the vehicle. Alternatively a pattern known by

20 anyone may be provided by means of the device according to the invention,
such as a cross so that everybody may identify an ambulance vehicle in the
dark.

According to yet another variant the device according to the present invention
may be used for generating a false signature of other vehicles for e.g.
25 infiltration of the enemy. This is achieved by regulating each thermoelectric
element of a module system built up of module elements e.g. as illustrated in
fig. 7a-c or fig. 7d-e such that the right contours of a vehicle, evenly heated
surfaces, cooling air outlet or other types of hot areas being unique for the
vehicle in question are provided. Hereby information regarding this

30 appearance is required.



structure of the background being copied by nmeans of a thermal sensing
means such as an | R-canera or an | R-sensor. The device according to the
present iwoentoooss2smy advant ageously be used for generarCcmgEs@eosfisT
thermal patterns. This is achieved according to a variant by resulting each
t hernmoel ectric elenent of a nodule syste#dbuilt up of nodule el enents e.qg.
as illustrated in fig. 7a-c or fig. 7d-e such that the nodul e el enents
receives desired, e.qg. different, tenperature, any desired thernmal pattern
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identificati %n of g\/\ﬁ/r%?\e/@ﬁitxpgss éf fc?ﬂ%?es%?dé ' ng |s aC| qgtéergfvx%t?%\gh he
eneny can notrandiiohs§ 3coUIUe beepralided Ayt engrats vélthie adgvté esgrokdingnioblheanyone

may be provi ded of the device accordin the.invention, such as
A Lr 0SS SO twawer@%r pﬁ%rnsd%?ﬂ'sﬂf@oﬁi'ﬁ e Belinin e Mete-arg k.
Accor di ngst o t@ér‘n@”faré hﬁd@&? cf&taSF%fEcﬂSntB); tRR A" 88& N4
|nvent|on may e use generat|ng a signature o er vehicles

for e.g. inf wélatmely@heap ankdesimapéentp. intlgrate. s achi eved by regul ating each
thernoel ectric elenent of a nodule systembuilt up of nodule elenents e.qg.
as illustrat in fig. 7a-c or fig. 7d-e ght cqontours of a
Vehicl e evelty Heaplavd dpfaingd Sushirapt pert. Paferssnarofibst o
areas bei ng watighend eierh2® seabing rReams FURYLIred, Buttisudisiedo rEguleky the
information regarding this appearance is requi red. Further, thermal patterns

in the form dieraaglecirigolelersentsn o8- SQMESVO@%SC@%GSQQWMQ t f desieas
types of Or?é%ﬁe&ltgrlﬁé SR IRAER! %ﬁg ,?Oesszo @tﬁ (?‘E'éﬂt d be

prOV|ded the devicé a cor it |nve |on Whieh patterns

coul d | ook | itérappedtiier sendivg myearrs fdﬁebelmglalble?tcalrwd tr&ml'estdmrtembemmeer ns
are independent of direction of threat and are relatively cheap and sinple

to i ntegrat e and maintain this.
An additional possibility with the device according to the present invention is
production of electric current. Fig. 10 schematically illustrates a view of
15 different layers of a device X according to an exemplary embodiment of the
present invention utilizing a module element 1000 for production of electric
current. The module element 1000 is arranged to receive heat illustrated by

the arrow H.

The module element 1000 comprises the outer layer 510, the first heat

20 conducting layer 110, the second heat conducting layer 120, said first and
second heat conducting layer 110, 120 being mutually heat isolating by
means of the intermediate insulation layer 130, and the thermoelectric
element 150 arranged so as to generate electric current through the Seebeck
effect, i.e. the temperature difference sensed by the thermoelectric element

25 150 is converted into electricity. Thus a temperature difference is arranged to
be converted into electrical power by means of said thermoelectric element
(150) utilizing the Seebeck effect.

The module element 1000 further comprises according to this variant the

thermal membrane 560 arranged underneath the second heat conducting



For the above nentioned integration of specific patterns according to a
variant no thermal sensing neans is required, but is sufficient to regulate
t he t her rwel2emiomvBx23el enents, i.e. apply voltage correspeasisSEgovosdesi r ed
tenperature for desired pattern of respective nodul e el enent and

t enperature sensing neans for being abled4to read the present tenperature
and maintain this. An additional possibility with the device accordi ng to

the present invention is production of electric current. Fig
schemat i cal | yayar| 149 rfef syoxidinge\gaed ermal &ﬂnt@@yQEBNQﬁn éh@leSﬂQQ@dXheat

accor ding t 0 BRySXGIPIAEY 198100 FRMi Rl INIeSRIESE T abbraBRLORiM! il glh0 2

nodul e el enen pro rrc curren enent
1000 is arrampedet@fgreingi e figedia. i Theu stavidee durthert b@rnaruseas:vd-lhnlfhm‘rﬁ)dud e
el ement 1000 conprises the outer layer 5 10, the first heat cond ting

layer 110, tREOUEEGRAIHRIIUCSHSHEIENME P Apeed sHergaiegeiingeang 19nd heat

conducting |layer 110, 120 being nutually heat isolating by neans of the

i nter medi gt eﬁh@%b%b@l@cir@’éém&%@ﬂ 5814l b ?Wﬁeéﬁ@bﬂﬁ% Peltict %ﬁébt%?%ﬁq
arranged so as to generate electric curfent through the Seebeck fect,

i .e. the temoevatheat frdin beeardmtcsenet@erl@flthmeamad@yrra@mlwgra yokagartmthel 50 | s
converted |noeletr|C|t Thu rperature difference s arran to be
converted i nddeEIEIRE Emal, ] hISRIPBIVIG €' crroar dbB, BBl I, °
150) utilizi m@ntsb@rtSﬁeﬂmkregﬁlft@@rﬁ traﬁl@ﬁona@bﬂ of &llsiRis ﬂqoéhﬁhohgréth@fs the

conprises according to this variant the thernmal nenbrane 560 arranged
under neat h t heaseerturtngdayersrd@ePRgl ayer 120 for providi ng good ther nmal
contact between the second heat conducting | ayer 120 and the underlying

surface i aWHéﬁ’W@olY%{é S\E%]Btpla%érrﬁgéﬂéﬁtrfceéléﬁmgh9959% bl ds%gnﬁ@ctey}fie%ev' ce

further conprises a | rovi urrent
desired ener gy artenpievatoce dﬁ@nendﬁ)ﬁ@twe’élmethehmatmhdocmmg:layleamg. thelfirss by
means of the hz%% E:(Ijr?druceflngeiggeraérqé‘ﬂgeegeéoond heat conducting layer according to the
embodiment described in connection to fig. 5a. By this temperature
difference a current arises, the so called Seebeck effect. This current is than
15  utilized via the link 1015 for providing energy to e.g. charging a battery 1020
or the like. The efficiency is here affected by the semi-conductors of the
thermoelectric elements 150. The larger the temperature difference the more

current may be obtained.

There are a number of areas of application for a device according to the
20 present invention by e.g. using the efficient removal of heat being facilitated.
E.g. the device according to the present invention may advantageously be
used for e.g. a cooling bag where a device according to the present invention
efficiently would be able to disperse the cold, voltage applied over the
thermoelectric element advantageously being provided by means of a battery

25 and where voltage may be switched on and off by means of a switch.

The device may also be used in cooling of electronic components, e.g. for
cooling of processors, where heat from large surfaces may be diverted
efficiently by means of the device according to the present invention and

thus, efficient cooling may be provided.



drive heat fromone side to another of the sane by applying a voltage to
the thernoel ectric elenment and thus supplying a current on the sane. The
t ranspor twof2otva@ss2sesul ts in transportati on of el ectrongcCiIrsE20m/8)161 her s
t he heat conducting layers 110, 120. Wen the voltage over the

t hermoel ectric el enent 150 is disconnect4d there is a tenperature

di fference between the heat conducting |layers, e.g. the first heat
conducting |layer and the second heat conducting |ayer according to the
enbodi nent dé'é‘@r fpwgei aceosdingecta die tsesery. ingantiery roay «lse heevgedre@uring
difference a I SBS,|pt al | b ef f Thi t is
than utili ze&g\}j&;ar%ﬁ?he%lrfi %ﬁ i'(_\)) %n%%r qgr 8\?/&i ﬁg ?%ﬁ'reg? fsif)étél'eg&é@ﬁglr'ggtpﬁé; a
battery 1020 referdrioesl iBsemedhe affthie adexicry acsorergetatfetivedtiby & hery even
sem -conductors of the thernoelectrjic el enents 150 ;%g Iarger t he

tenper at ure GHFEBF SR% DenBaRfAnedy r ThisHtMA% LS, &SE8 18 rentrepe” gy Sunber
of areas gf ! I i } j i A eeptdon by
g e gt ReE e Rl i PUhEBIREBP S BEnE Atd Bl HIERSeL i MR, Yo
accordi ng t oof Heoderlesenand theecavityrin ey casy ahexigewlshyitpasesed for e.g. a
cool ing bag where a device according to the present invention efficiently

woul d be abl e, to, disper e col.d. voltage appl.ie ver the. thernoel ectric
o emont - advauseoetaes fieh e sduce. Henl e acRBRRS fo e Presahe yeRiRT is

vol t age may @?e@ﬂré Qﬂiﬁhsﬂﬂ/eaﬂ@dacﬁefrta!w dBERIES and rﬁaﬁw'et@ihlen'éwe@ebélétﬁ/eﬁﬁy

al so be used in cooling of electronic conponents, e.g. for cooling of

processors, Widlehp&RvIGe BRy asvgatagaouslyese aagnaed i ¢4 tleel selesiiséresy by
means of 4 he ¢ 1‘0?%e%giﬁ_ﬁfljﬂ'ewgtérpsﬁ&es/&fr Bhid! f&vgﬂcgﬂg?%é:zrei}?ﬁ HP4Se f%étf OF! e;t

V.
cool ing may bé’provi devicte according to I nvention m

al so be used cdolinghin surhimar ahbesy difringrhéd?-to aveidasweatingdefithedeatchi eve st abl e
tenperature references. By neans of the device according to the invention a
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thermoelectric element.

The device may further be utilized for heating of seats, cooling of seats of a
15  vehicle such as a car, wherein e.g. a battery is used for supply of voltage to
the thermoelectric element and a temperature regulator for regulating the

temperature, i.e. the voltage over the thermoelectric element.

As described above, the device facilitates thermal barriers by composition of
module elements such that different temperatures may be maintained on
20 different surfaces.

The device may also advantageously be used in combination with solar cells
for rendering use of solar energy more efficient, the device making use of
parts of the excessive heat formed. Fig. 11 schematically illustrates a view of
different layers of a device Xl according to an exemplary embodiment of the
25 present invention utilizing a module element 1100 in combination with a solar
cell 1110. The device Xl thus comprises a solar cell 1110 being arranged
outermost at the module element 1100 for receiving heat illustrated by the

arrow H.



where the wavel ength is controlled by either heating of the laser in the
case of diode laser and the cavity in the case of external cavity |asers.
Due to thwofaokoosizat the surface el ement according to treTSEREEN5016NIVENt i On
IS pressure insensitive to a certain degree and may be di mensi oned
relatively small the device may advant agédusly be arranged in e.g. the

sol es of shoes, e.g. for heating in winter shoes/during cold to avoid
freezi ng of the feat or coollngoln sumer shoes/ during heat to avoid

sweating of tlhe medule gtamenén 100 copnpyisesribe dipst hent C‘@é‘ﬁ'%@“&@@ﬁﬂﬂpsmﬁj | n
e.g. laptop @E‘éoﬁ&’ 3t dNRLERSS ?§%§r' §26! géTB”ﬁrst E*P@ ded heaY cBHﬁ& ga
(0] veni cl e car

utilized for "heating of sears, Seat's suc
wherein e.g. Iaydmatm@rMZOSbezsgdm‘Jtonallythmtysohétung)byergeamsmfltteenrhemmdatamctr| c

el emrent and a ture requl ator for regul atin erature, |
Che vl t age ARG AYRE aBeRBE: e dngi BamREICHleRRsk HB0caT w;isot%tqjev. ce
facilitatgs hgprRb Qé&trrube&grém fh? Iifhd Q5 ;@é‘f‘ﬂ%cﬁ gke ttém%%ﬁﬂurt i co

di fferent tenperatures nmay mal nt al ned on er ent sur
may al so advainﬁexgews:te,nsled byethe ﬂhemmdmleamcoalamerﬁ 460ars @ehmrtécbrlnto

renderi ng use, of .s ener nmore efficient, the device nmaking use of
parts of t ho kSt M Rog  SeRRar liiereRte e intianbet 9e.qqrw§ft?§t'e§° -
view of di ff%‘lé?!ﬂrﬁcdl%tﬁ\!?ér 8 nediRVorsaid thanresidLiieg él@rm’é'ﬁt ‘?X@(U')puﬁfzm the
enbodi nent of the Eresent invention utilizing a nodul e el'enent 1100 in

conbi nati on Wweehegkeffear cell 1110 . The device X thus conprises a solar
cell 1110 being arranged outernost at the nodul e elenent 1100 for receiving

heat illuystr d %naé}% o] first

heat conﬁgct ﬁ&% ayeré?i%ﬁé&hé'@gggﬁ ﬁgg pgﬂg% uct1'ng &ége{ﬁpﬁ%ﬁgggpﬁfi rst

and second heaé¢rmeanaientbrage 1580earahyéd uritlerbeathgtheuseedrd/ heettcohdatttg ng by

means of the internediate insulation |ayer 130, and the thernoelectric

el ement 150 &AYeAnigddins@ydgs tq grovide good thermal contact between the second heat
conducting layer 120 and an underlying surface, and between the first heat
conducting layer 110 and the solar cell 1110 in order to provide good thermal

15 contact there between.

The solar cell 1110 is arranged to generate electricity by means of the
photoelectric effect at the same time as the underlying thermoelectric
element is arranged to generate electricity by converting the temperature
difference between the first and second heat conducting layers 110, 120. The
20 device therefore further comprises a link 1115 for providing a current
produced by means of the module element 1100 for energizing a desired

energy receiving means.

The module elements 1100 are thus arranged to lie under a solar cell 1110
and by means of the current arising from the temperature difference due to

25 the Seebeck effect as described above a small part of the excessive heat
may be converted to useful energy.

The device also relates to an object to which a device according to the
invention may be arranged. The object is according to an embodiment a craft

such as a vehicle, a plane, a boat or the corresponding. The object may also



generate electric current through the Seebeck effect, i.e. the tenperature
di fference sensed by the thernoelectric elenent 150 is converted into

el ectri ciwg.20iines32a tenperature difference is arranged PorTle2@0605m61ed into
el ectrical power by neans of said thernoelectric elenment ( 150) utilizing

t he Seebeck effect. The nodul e el enent 14490 further conprises according to
this variant the thermal nenbrane 560 arranged underneath the second heat
conducting layer 120 in order to provide good thermal contact between the
second heat ®8miltkindgPfBytablelobieghwhare thedeeYice Aplsbe Ra@agedfar seeliten t he
first heat cqnd i 110 a e ap.cel ' d ovi de
good t hermal %Eoﬂgé%@t gérbzalgét ke%.go%%esggib aréscglq' ﬁé@q gbagi,r%egcté nEE(')
gener at e el ecbniponent, baptopasisoad, sehkeefehot oel ectric effect at the sane tine
as the underlying thernoelectric elenent is arranged to generate
electricity converting the tenperature difference. betwee he first and
Second heat dORIIEEORGY HeBFPUETO O 156 PRIETaLyPRBOTIEREPoPk tPer PRSP
conpri sessa lidyihtibh Has erPhiRVidlidBr the HifRRbs B AdLEatHoR ¥inBRRAESfiort. he
nodul e el ement 1100 tfor energizing a desired energy receiving neans. The
nmodul e el eneig potl ind@ndackta beiexhaustivgedr toolimit éheimentiandoltae pretise famt and
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converted t o peseitioheRNEKilyd inTihe aleVTIee epltiiRlifehit Werd ehayerodedbséribethi ch a
device according to the invention may be arranged. The object is according

to an enbodi e rarder é@aﬂ’QStsQﬂHa'@s the \RiSWiC'tﬂ'%S_, of Ieaifé/zenﬁo%o%l’ﬂd di‘S practical
correspopgi n%pgﬁéﬁio%@ qﬁére%?yeﬁ‘éﬁl £ ofts Kb Pin ﬁH%FgrlPlt‘? R &GStanth e the
devi ce may beTarrangéd TOr c¢odling>or heating according to above, such as
e. g. cool i ngihaptioalfec vadous embispimennts, arldapiththe shdeas nsedifications as are

suited to the particular use contemplated.



The foregoing description of the preferred enbodi nents of the present

i nvention has been provided for the purposes of illustration and

descri pt iwo.2010098®3n0t i ntended to be exhaustive or to IPcwiSE2d10®50162/€nt i on
to the precise forns disclosed. Obviousl49 many nodifications and
variations will be apparent to practitioners skilled in the art. The
enbodi nents were chosen and described in order to best explain the
principles of the invention and its practical applications, thereby
enabling oth&lAIMG [ 1ed in the art to understand the invention for various
enbodi nents and with the various nodifications as are suited to the

ticul I t
Eﬁ;r :ag'ltje?lr zeaebg\og%\ﬁ e(@t ﬁ%ﬁﬁaﬁhyﬁgﬁloﬁl gﬁéh{aﬁl%g Wég?éaggg?ﬁar ranged to
assune a det etemerd (1108 I@r n300;di500) | buanged &ai abssnd ag edetezmimed cibiepmiaki ng a
Loy s 1e SPRUBLAR e ebeh Bl STSSd 6 T SRR ATy 720
i sol ated By meams ePfse%Bnél rﬁ@eft”&ﬂ«\cﬁk%ngnl%zéﬁt('l@(st|s%\(@rflrét HAH) secHmr kgt at

| east one thernoel ectric el enent 50a I's arranged to
gener ate a piceddueling nager ebgog atmuntsa@r athiesmally olsa)lqiedt bcm nogansai of fan st

| ayer 110 evij c ccC 1, wh d f |
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that heat corgbHéhiOMSTRIAT0E, AGDW! $4508) idarrant éddbfgiﬁéréﬂé af r@ﬁ@mﬁécpn of
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the respective layer ( 110, 120). 3 A device according to claim1l or 2,

wherei n sai dt¢mp§tatur@@nad(enitqe)poam of saidifisstdeverid 1Phyer ( 120) is
conposed of graphite with ani sotropic properties. 4 . A devi ce accordi ng to

any of cl@gi myl- e e I ( ,
450c) i sl]grrazngg‘ddlé\dgl\8 ﬁéedﬁpk@ﬁg tpl ((L::;%PTI(?1 %ﬁé%ﬁ s%lBEﬂFst le%grgg i ng to%(k:)l aim
4, further ceepondgi iagean(1|2®t)ehaeell ameotre[arc deatuconduptiehesaoh thatcbgat
arranged in the insulati op er (. 1%0& bet Weden E.he .

conduction mainly o curs in main direction of propagation of the

respective layer (110, 120).

3. A device according to claim 1 or 2, wherein said first layer (110) and/or
15 said second layer (120) is composed of graphite with anisotropic properties.

4. A device according to any of claim 1-3, wherein the thermoelectric

element (150; 450a, 450b, 450c¢) is arranged in the insulation layer.

5. A device according to claim 4, further comprising an intermediate heat
conducting element (160) arranged in the insulation layer (130) between the
20 thermoelectric element (150; 450a, 450b, 450c) and the second heat
conducting layer (120), and has anisotropic heat conduction such that heat
conduction mainly occurs crosswise to the main direction of propagation of

the second heat conducting layer (120).

6. A device according to any of claims 1-5, wherein the surface element
25 (100; 300; 500) has a hexagonal shape.

7. A device according to any of claims 1-6, further comprising a third heat
conducting layer (550) in the shape of a heat pipe/ heat plate arranged to
divert heat from the second heat conducting layer (120).



thernoel ectric el enment (150; 450a, 450b, 450c) and the second heat
conducting |layer (120), and has ani sotropi c heat conduction such that heat
conduct i ovormaionoy32eccurs crosswi se to the main directi orcofSEpriopsget i on of
t he second heat conducting layer (120). 6 . A device according to any of
clainms 1-5, wherein the surface el ement 46100; 300; 500) has a hexagonal
shape. 7 . A device according to any of clains 1-6, further conprising a
third heat conducting layer (550) in the shape of a heat pipe/ heat plate
arranged to & vérdevieaacéarding: teenyeichaimieht/ . dgHRICGaMRyising ap qUiepYer . A
devi ce accor g} - Qf cl Al - I 4-G0 11S1439 r er
(51 0) of al g?nﬂ% b&agur%gﬁugrgdggét ernzﬁzﬁt?/ﬁq?g};pﬁeth%i ﬂ%ﬁ r?]éedz;tcc%{(?n Hh ilﬁggﬁyayer
(110). 9 . (NM@evice according to any of clains 1-8, wherein the
insulation layer ( 130) includes a vacuum based el enent (530). 10 . A
devi ce accorgi n% t,0 .an furt hqr conpri.si erature

f clai 1-9, temn
sensi ng meand- ( b108YICEr9GREUR0S SRR TR e pERERILr BCof S REDT IRV
el ement (5100713@0Rciug8 k- vakliunfhasad ERnAG@580Ng to any of clainms 1- 10,

further conprising a thermal sensing neans (61 0) arranged to sense the
surroundi ng tenperature, e.g. thermal b_ack%‘r@;und. 12 . A device according
to claimil, Whérdgviceaceprdngrtadnysefralaing flgthes compristigaitedperaturecast

one | R-caner ran o) t he c c d. 13
"R dovi oo 2 oS0 HEngERBS aP I B e e AL e bR e, Bl e e Bluck OF RIS 0)
conpri ses at el@astt (A00; 860;s80®or nenber. 14. A device according to claim
11, wherein said thernal sensing neans (61 0) conprises at |east one
tenperature sensor. 15 . A device accordi nsq to any of claips 1- 14, further
conpri si ng médné @&\jge according to any of claims 1-10, further comprising a thermal

10 sensing means (610) arranged to sense the surrounding temperature, e.g.

thermal background.

12. A device according to claim 11, wherein said thermal sensing means
(610) comprises at least one IR-camera arranged to sense the thermal
structure of the background.

15 13. A device according to claim 11, wherein said thermal sensing means
(610) comprises at least one IR-sensor member.

14. A device according to claim 11, wherein said thermal sensing means
(610) comprises at least one temperature sensor.

15. A device according to any of claims 1-14, further comprising means (200,
20 210, 610, 600) for determining temperature difference between surrounding
temperature and outer temperature of the surface element (100; 300; 500),

wherein said generated temperature gradient is based upon said difference.

16. A device according to any of claims 1-15, further comprising a support
structure (710; 750) arranged to support surface elements (100; 300; 500),

25 wherein the support structure is arranged to supply electric current to
electrically engage surface elements (100; 300; 500).



2 10, 6 10, 600) for determning tenperature difference between surroundi ng
tenperature and outer tenperature of the surface el enent (100; 300; 500),
wher ei n swodoganes2at ed tenperature gradi ent is based upearsacdodsdiber ence.
16 . A device according to any of clains 1- 15, further conprising a
support structure (71 0; 750) arranged té7support surface elenents ( 100;
300; 500), wherein the support structure is arranged to supply electric
current to electrically engage surface elenments ( 100; 300; 500).17 . A

devi ce accor o'l|7n@ doviee RcePrANG toiny- 0T @aimihdr &9, Wheein ihe suEaee eﬂ*@ﬁ?nk 100;

gg&) c2a2c20£ i Ng h'a{% at@ﬁ‘cl{n%lgrgrgn EH @6@%%§Whé@| rsf;’?]eat conducil ﬁg

| ayer ( 1 10) and the second heat conducting |ayer ( 120) respectively has
a thickness i18. Ahelevareg@cobrding to2.ahymof q;ia'mhsar‘&bl?y \Qhéreﬁﬂ timey fiesid hehe

i nsul ati on | ayer 30) a nes nther e referahly
10550 " 10 SR dby e (B nERE o ik, Sehone) et 1 congict e 187l 1120)
tenperatuse ‘i‘ééﬁ&ftl‘?@@ehéss aatrh"(ﬁdh%g |F1 Qh@%ﬁ?@%ﬁr@ @CQ 5%91 edr@f‘érébl?% apper by
neans of said thernoélectric el enent utilizing t he Seebeck ‘effect.

20. An obj ecmmg@eoy, the. msukationalaye( §080), acibigkniess rig thed@mgeeofaétﬁﬁ)r timg to
any. precedi ng, gealiTs 10-20 mm.

19. A device according to any of claim 1-18, wherein a temperature
difference is arranged to be converted into electrical power by means of said
10 thermoelectric element (150) utilizing the Seebeck effect.

20. An object (800), e.g. a craft (800), comprising a device according to any
preceding claims.



