2133330 THERVAL AND OPTI CAL CAMOUFLAGE The invention relates to a thermal
and optical canouflage. consisting of a film having a canoufl age-col oured
surface, and which is |eaf-cut and extendable by stretching into a

t hre&-dinensional foliage With a covering capacity of 5 259?{93?? the terri =
| eaf -sut i$ used here to define a filmwhich is provided Wrh SITUs as
described e.g. in U 'S. Patent Specification 3 06.9 796. Such leaf-cut filns
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embodiments more irregular, multi-coloured configurations

are used which are attached to the net by means of clamps

15 or the like. The film material is normally matted polyvinyl

chloride. | _ - -
For optical camouflaging, such camouflage nets

function well enough by hiding the contours of covered

objects and also by'having a structure which differs only

20 slightly from the surrounding natufe, provided that its
.coloration is in satisfactory harmony with the environment {_
.of its use. Specific nets are thus manufactured for
northern -naturezand for desert nature, the nets having of
course completely different coloration.

25 Such camouflage nets are however not particularly
we;l-suited.for protection against reconnaissance with
instruments using detectors for infrared radiation in the
thermal ranges of 3-5 pm and 8-14 um. For such radiation,
the masking capacity of said known camouflage nets is much

30 too insufficient in that they appear as surfaces having
even temperature and emitting an infrared radiation totally
determined by their temperature. This in turn is largely
determined by the temperature of underlying objects and
meteorological conditions such as solar heating, for

35 example.



2 One object of the invention is to achieve a canou- flage providing
carouf | aging effects in said infrared wavel ength ranges and having i-
LNhV|S|bIe and phot o- graphic | R-wavel ength range equally as good
canouf aglng 5 properties as.the above-nenti oned canoufl ages. This
is attaFned according to the invention by,the filmincluding a reflecting
metal |ayer which is covered on both sideg by canouf | age-col oured pl astics
na}eriﬁlland by thF plastics material containing, at |east 10 partially,
.pol yet hyl ene or polyp I By ep | fisl Iz -
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Iom#absorblng C
downwardly, due to the leaf-cut) will be insulated from

15 radiation emitted by the camouflaged objects, the equi-
librium of radiation being increasingly affected by the
environment, i.e.'the surrounding nature and the ever-cold
sky. The polyethylene-~containing portions of the surface
further contributes to a temperature contrast due to the

20 fact that polyethylene in combination with an underlying

" ' metal surface exhibits a particularly low thermal emission
factor. In an infrared image these portione will appear

\Hk colder than they really are thus producing a thermo-picture
which is "pied" even if the temperature were homogeneous.

25 Therefore, portions of polyethylene and portions of other
plastics material such ae_PVC should preferably be mixed.
The admixture can be carried out by the'film having surface
_portions'of_pelyethylene, or one side of polyethylene, or
'in that certain leaf-cut patehes on a net are made of

30 polyethylene and others of another plastics material.

Where applicable, this applies to polypfopylene as well.
The plastics material may suitably be coloured

throughout with low-absorbing camouflage pigments. The

surface should be matte—structured in order to reduce the

35 specular reflectivity. |

By making the effect of the leaf-cut fairly moderate
for effiCLent coverage, the camouflage material will be



surface should be matte-structured in order to reduce the 35 specul ar -
refLegtrvrty By making the effect of the |eaf-cut farrly noderate for

ef ! C* nt coverage, the canouflage material will be . -3 useful for IR
caﬁggyfaglng even if the canoufl aged obj ects have sonewhat higher O
tenperatures than that of the edviron- ment. Hot objects shoul d however be
~specifically insulated so as not to be visible, -and hot engi nes, generators
and 5 the like should be provided with specific tenperature screenings and
sui t atgafule fan IHcanpuiilaging even iify the camonglagedorbiestsd manner so as
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pol yet ene or sorbin astlcs For this 20 "to be useful,
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al SO ABkGWEH St6 ChédBtogdifue ashud s, M8 N farmidie emilssiidatias an
1@crea ed signifi- cance to the "colour tenperature”, which is done by

i | d? 5 a reflecting netal |ayer, which layer i's 25 preferably broken
up into a noBe cEavourshike laxid 1m.tma;ibly rastomishidey efifiedto dfacilitate

radar ﬁg&gﬁg ly effected in

spot s. g%éon %tret %_e f%ﬁ%%&%& 3{ 11_-5:_ lﬁ}&'ﬁ ﬂatejl r- backsi de out,

and t¢@#§#@#¥?¥%§t%ﬁ#ﬁ%ﬁkﬂ%ﬁ%ﬁﬁQﬁm&%ﬁcﬁ§5°°iated with the same
phenomenon, i.e. the fact. that substances of low absorb-

15 tlvity also have low emissivrty. This characteristic is
most pronounced in polyethylene.

Accordrng to the invention it is therefore appro-
prlate to mix into said type of camouflage mater1a1 areas
of polyethylene or similar low-absorbing plastlcs. For this

20 +to be useful, the heat radiation comlng from the inside
must simultaneously be damped, also makrng sure that the
radlation coming from the outsrde has an 1ncreased 51gnlfl-
cance to the "colour temperature”, which is done by
burlding in a reflecting metal layer, which 1ayer is

25 preferably broken up into a. mosaic structure and is made
thln in order not to facrlitate radar detection.

' The admixture of polyethylene is preferably effected
in spots. Upon stretching, leaf-cut films many times turn
their backside out, and therefore'certaln'spots on one side

30 should be of polyethylene and on the other 51de of poly-
vinyl chloride, for example.

'The manufacture of the'inventiye films may'be
carried out in various ways. One poss1bility is to apply

. ta a blown polyethylene fllm layer a vapor-deposited metal

35 layer, and on top thereof a PVC plastrsol or a film of such
material. As in the known technique (see e.g. U.S. Patent
Specification 4 301 103), one must be sure to use a film



30 - shoul d be of polyethyl ene and on the other-side of poly- vinyl
chloride, for exanple. The nmanufacture of the inventive films nay be
carried out in various ways. One possibility is to apply to a bl own
pol yett Lene filmlayer a vapor-deposited nmetal 35- |ayer, and on top
t hereof "a PVC plastisol or a film of suchgmaterial. As in the known
techni que (see e.g. U S. Patent Specification 4 301 103), one nust be sure
to use a film 4 having a.matted finish in order not to spoil the optical
nmaski ng effecthaoﬂﬁglétmiiﬁéanﬁlﬁﬁﬁﬁ DhtofdéPEnot tHespypE kREVBpPeEate,
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times quite minimal apertures. The £ilm may even be pushed
15 together so far that the foliage thus formed will cover an
area which is smaller than the area initially taken up by
" the unstretched film. A very fluffy, three-dimensional
strﬁcture is then obtained giving a high covering and
- screening effect, which is particularly-advantageous'in

20 thermal camouflaging.

According to another specific embodiment, films are
used having so-called infrared pattern on one or both sides.
" Such infrared patterns are achieved by varying the emissi-
vity, and it has already been mentioned that by using poly-
25 ethylene an emission can be obtained which is lower than
that of a black body radiator of the same temperature. It
is also possible to vary thé thickness of the polyethylene
layer by giving different portions different thicknesses,
as well-as varying the infrared pattern by means of pigmen-
30 tation. One pigment which is active' in these wavelength
intervals (3-5- and 8-14 'pm) is carbon black.
The invention will now be illustrated with reference
to the figures. Figs. 1 and 2 show a leafécut'camouflage of
a type known per se. Fig. 3 shows an example of a film.
35 Fig. 4 shows a schematic method of manufacturing laminated
films. Figs. 5, 6 and 7 show different exemplary embodi-
" ments. '



" - that of a black body radiator of the sane tenperature. It is also possible
to vary the thickness of the.polyethylene |ayer by giving different

| different thicknesses, .as well as varying the infrared pattern by
meads>os) pi gnen- 30 tation. ne pigment which is active in these . 5 -
h intervals (3-5 and 8-18 pm is carbon black. The invention™w I |
now | lustrated with reference to the figures. Figs. 1 and 2 shéw a

| eaf -cut canoufl age of a type known per se. Fig. 3 shows an exanple of a
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Layers 1 and Accordingcter theyiheentionf ctiegie CDE UGSelNihhguent i cal spec-

foliage camouflages a film containing a reflecting metal

15 layer covered on both sides with' camouflage-coloured-
plastics which partly contain polyethylene. Fig. 3 shows a

" double film where 1 designates 'a polyethylene layer, 2 a

reflecting aluminium layer, 3 a layer of glue film, 4 a
textile fabric layer, 3' a laver of qglue film, 2' .a re-

20 flecting layer and 1' a polyethylene layer. Layers 1 and 1°'
may preferably have different colurs in the optical spec-
tral area. '

The reflecting layer is suitably obtained by using (]

"blown" polyethylene film which by vaporlzatlon in vacuum
25 has been provided with an aluminium layer.
' A variant is shown in Fig. 4, where 8 designates a
schematically indicated hot-laminating device, to which are
fed a supporting layer 4 (e.g. woven fabric), a glue layer
3, a polyethylene web 6 the back side of which is provided
30 with a reflecting layer (not shown), and a matting carrier
7. Loose polyethylene patches Sareplaced on top of the
web 6, and in the laminator 8 theSe:patches will adhere to
the finished: film. In a subsequent operational step the
matte-structured matting carrier 7 is stripped off and its
35 outer structure is reproduced in the polyethylene surface
which will then be matted. _
Two specific exemplary embodiments are given below.

gF%e1£4?ﬁ¥r?tea re- 20 erctlng | ayer and 1' a polyethylene Iayer.

{



tral- area. The reflecti ng layer is suitably ‘obt ai ned by usi ng bI own"
pol yet hyl ene fil.mwhich by vaporization in. vacuum 25 has been prOV|ded

wi th an-alum niumlayer. - Avariant is shown in Fig. 4, where 8
designates a schematically indicated hot-lam.nating device, to which are
fed a portlnglayer 4 (e.g. woven fabric), a glue layer 3, a ’ -
pol yet hyl ene web 6- “the—Rack side of which ié provided 30 with a reflectin
| ayer (not shown), ﬁa matting carrier 7. Loose polyethylene pat ches 5
are placed on tgﬁaﬁﬁlb web 6 and in the |anminator 8 these patches w
adhere to the frnrshe I lm ubse uent _opera I gnal_.ste
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rolled up. I'n a second Step (see Fig he web obtained in the first step
was coated withig ﬁbﬁy t’-ﬁ’flteﬁé'ei’i I‘"ﬁ’ls( z$93['=\9‘3r]"')’L A rPQldﬁé'—héﬂtfé‘enétléi“} i zed
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(approx. 60 [er descrdbeddn §v@sﬁd@értaatgnmel§pemtﬁrcag@m &3 0% #indherard/C

pl asti sol all this was immediately 1ntroduced under supply of heat
into a laminating roll nip.

15 ' Then an additional compound web was made by applying
a top coat of PVC plastisol (anprox. 60 g/mz) to a matte
supporting web. After gelling,; a further PVC plastlsol |
layer (approx. 40 g/mz) was applled

These two webs were placed as shown in Fig. 6,

20 facing each other with a grid fabric (approx. 40-50 g/mz)
in between. The outwardly turned carriers were heated to
230°C, the PVC layers then adhering together through the

\_/ grid fabric when laminated, after which the carriers were
removed. A compound web was then obtained with a built-in

25 reflecting layer having on its one ‘'side in turn one PVC
layer, one strength layer and two PVC layers, and on its
opposite side, in addition to the thin lacquer coating,
serving as an adhesive layer, a polyethylene layer. Since
the surface layers had been stripped off from the matted

30 carriers, both surfaces were matte-structured.
The conventional grid fabric may be replaced by a
- fabric provided with metallic f£ibrils or the 1ike.fo: the
. sake of achieving a radar camouflage effect. Tight weave
' may also be used instead of grid fabrié, but in such cases

'35 the fabric must be primed with PVC plastisol to safeguard
adhesion. Adhesion through grid fabric however will take
place, with the plastic layers facing each other, right
through the fabric meshes.



" layer. (approx 40 [err]) was applied. These two webs were placed as shewn -
p-Elg. 6, 20 facing each other with a grid fabric (approx. 40-50 [err] in
 biet n. The outwardly turned carriers were heated to [err], the PVC Layers
t§§&:Edherrng toget her through the grid fabric when Ianlnated after whjch
th arriers were renmoved. ‘A conpbund web was then obtai ned wi th a‘buka-rn
25 reflecting layer having on its one side in turn one PVC | ayer, “one '
strength | ayer_and two PVC | ayers, and on its opposite side, in addition to
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speci fpge b%{ﬁé i e 0- ter preheating
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matte t39 r er to
Due to the relatlvely thick PVC coating on one
15 side, the reflecting layer was coated by a sufficiently
absorbing layer for the effect of the reflecting layer on
that side to be negllglble at the relevant IR wavelengths.
It is evident that the inventlon can be varied in
a plurality of ways, and therefore the foregoxng should
20 only be regarded as non-limiting exemplary embodiments.




[erv]. ‘Due to'the relatively t hi ck PVC coating on one 15 side, the
reflecting | ayer was coated by a sﬂﬂ“ﬂﬂﬂﬂ“”ﬂ”lﬂmgl ng | ayer for the

ef fect”of the reflecting | ayer on t gligible at the
reIerH; I R mavelengths It irs evident ‘thht The® idvention can be varied. in
a plur |ty of* ways, and therefore the fogegoing should 20 only be r ai?d
as non-limting exenplary enbodi ments. 8 CLAIMS 1. Thernmal and opt f 4
canouf | age consisting of a filmhaving a canoufl age-col oured surface a
bei ng | eaf - culCIL&IMSext endabl e by stretching into a three-di nensional
foliage with a covering capacity of 50-90% characterlzed in that the film
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p?rt i aldl y Céﬁpfﬂﬂ%ﬁ Hwﬂrg et &)ﬁh@g@%%@e%blbh?aw eaefaae asanaaihﬁgreﬁz-t
clainmed in daim at cer astics
arerial used e Al el o stob eibibgl iote a8 BRZESrimonsienat
‘wher eas ot her sﬂnﬁmag@ommtn:aoboaamuhgrcpbasutysoﬂaSGPBaB,sahbrastpnh;ednyl
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over kappi ngs or® PrRB¥ 180 aimed in-aim3 or 4, charac-
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patches CO%' St tt&(u &%i%n%p% so%lfy%% plastics material used sub-
stantially consist of polyethylene or. polypropylene, _
whereas other spots consist. of another plastics material
such as polyvinyl chloride.

3. Camouflag? as claimed in Claim 1, characterized

15 in that the stretched film is attached to a supporting net
in the form of adjacent patches. _

4. Camouflage as claimed in Claim 3, characterized
in that the different patches are shaped as_substantiélly
uniform polygons placed adjacently on the supporting net

20 while covering it without any essential overlappings or

o gaps. _
SJ' . 5. Camouflage as claimed in Claim 3 or 4, charac-
terized in that the patches are made of different materials
v : such that some patches consist of polyethylene or polypro-

25 pylene, whereas others consist of polyvinyl chloride, for

= example,

6. Camouflage as claimed in any one of Claims 3-5,
characterized in that the stretched patches are attached to
the supporting net by means of gluing.

30 7. Camouflage as claimed in any one of the preceding
claims, characterized in that the stretched patches are
attached to the supporting net with the aid of mechanical
fastening means such as clamps or stitches.

8. Camouflage és claimed in any one of the preceding

35 claims, characterized in that one side of the film is coated\



25 pyl ene, whereas others congj E“m»chloride, for‘exhnple. 6. °
Camoufl age as clained in any gmu m“ characterized:in that the
stretchet\pat ches are attache ¢t he swpporting net by neans of glui.ng. 30

7. nquf age as clainmed in any one of t he preceding cl ai s,
char &t ized in that the stretched pag ches are attached to the suppo?{ing
net w e aid of nechanical fastening neans such as clanps or stitches.

8. Canpuflage as clainmed in any one of the preceding 35 clains,
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or pol ypropyl ene Its other side |s coated.wi th another material.

9. Cannuflaéé geatedi Weh| Anether materiabet erized in that the filmis

2 Io rstCa strfeltched and, thcaméﬁfﬂ%qleuas&mmea im clslxﬁlltﬁféha)fa@iezful?m on:
mouf | age in riz i n e_fol ding-up
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bei ng sril | agathabnt hesudireettbedof | emtensioni | m 10

camoul | age substaghlal bynBReisse! 08 Qeéfafméa 13061084 91 téhgféée&'f@eao and

as shown in the acconpan
in that the folding-up 1s carrled out in addition to the

prev1ous stretching, its actual size thus being smaller
than the unstretched, leaf-cut film.

-

10 11. Camouflage substantially as hereinbefore de- k.)
scribed with referénce to and as shown in the accompanying
drawings. ' '




