
2133330 THERMAL AND OPTICAL CAMOUFLAGE The invention relates to a thermal
and optical camouflage. consisting of a film having a camouflage-coloured
surface, and which is leaf-cut and extendable by stretching into a
three-dimensional foliage with a covering capacity of 5  50-90%. The term
leaf-cut is used here to define a film which is provided with slits as
described e.g. in U.S. Patent Specification 3 06.9 796. Such leaf-cut films
have been used for quite a long time and are usually fixed to a supporting
10  net. Swedish camouflage nets usually have uniform patches stretched
into hexagons measuring about 40 cm in cross section, which are put side by
side and glued on. In other 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 nature, provided that its
coloration is in satisfactory harmony with the environment of its use.
Specific nets are thus manufactured for northern  nature and for desert
nature, the nets having of course completely different coloration. 25
Such camouflage nets are however not particularly well-suited for
protection against reconnaissance with instruments using detectors for
infrared radiation in the thermal ranges of 3-5 pm and 8-14 [err]. 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 camou- flage providing
camouflaging effects in said infrared wavelength ranges and having in the
UV-visible and photo- graphic IR-wavelength range equally as good
camouflaging 5  properties as the above-mentioned camouflages. This purpose
is attained according to the invention by the film including a reflecting
metal layer which is covered on both sides by camouflage-coloured plastics
material and by the plastics material containing, at least 10 partially,
polyethylene or polypropylene. By providing the film with a reflecting
layer, the side of the camouflage which is visible from the outside
(alternatingly the side facing upwardly or the side facing 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 portions will appear
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 as PVC should
preferably be mixed. The admixture can be carried out by the film having
surface portions of polyethylene, or one side of polyethylene, or in that
certain leaf-cut patches on a net are made of 30 polyethylene and others of
another plastics material. Where applicable, this applies to polypropylene
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
efficient coverage, the camouflage material will be    3 useful for IR
camouflaging even if the camouflaged objects have somewhat higher
temperatures than that of the environ- ment. Hot objects should however be
specifically insulated so as not to be visible, and hot engines, generators
and 5 the like should be provided with specific temperature screenings and
suitably be air-cooled, the hot cooling air being led off in a manner so as
not to heat the camouflage. Hot air is not visible in IR pictures unless it
has been allowed to heat opaque objects, due to the low emissivity 10 of
air. The favourable but initially astonishing effect of polyethylene or
polypropylene, or copolymers having a considerable content thereof, is
associated with the same phenomenon; i.e. the fact that substances of low
absorb- 15  tivity also have low emissivity. This characteristic is most
pronounced in polyethylene. According to the invention it is therefore
appro- priate to mix into said type of camouflage material areas of
polyethylene or similar low-absorbing plastics. For this 20  to be useful,
the heat radiation coming from the inside must simultaneously be damped,
also making sure that the radiation coming from the outside has an
increased signifi- cance to the "colour temperature", which is done by
building in a reflecting metal layer, which layer is 25  preferably broken
up into a mosaic structure and is made thin in order not to facilitate
radar detection. The admixture of polyethylene is preferably effected in
spots. Upon stretching, leaf-cut films many times turn their backside out,
and therefore certain spots on one side 



30  should be of polyethylene and on the other side of poly- vinyl
chloride, for example. The manufacture of the inventive films may be
carried out in various ways. One possibility is to apply to a blown
polyethylene film layer a vapor-deposited metal 35  layer, and on top
thereof a PVC plastisol 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    4 having a matted finish in order not to spoil the optical
masking effect. When stretching leaf-cut films of the type known per se,
the film will unfold from its plane thus forming a 5  three-dimensional
structure. In fact, this is done essenti- ally irreversibly by demanding a
great deal of plucking for laying the film together again into a flat shape
- all the portions which have turned their backsides up when stretch- ed
must be turned over again manually. According to a 10  particular
embodiment this effect can be taken advantage of by first stretching the
film into a three-dimensional foliage which can then be pushed together. In
this manner a three-dimensional foliage is obtained having small or some-
times quite minimal apertures. The film 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 structure 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 the 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
leaf-cut 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.    5 As shown in
Figs. 1 and 2, a film can be provided with slits according to Fig. 1,
so-called leaf-cuts, where- after it is drawn out into a three-dimensional
structure where the film is partly turned over. In Fig. 2 only the 5
initial stage of stretching is shown, but by studying this figure it is
already evident that the portions pointing out in their respective
directions will just turn over, and that after a certain tensional limit
has been exceeded, the structure shown in Fig. 1 cannot be restored merely
by 10  folding together. Instead, such folding-up would produce a complex
three-dimensional foilage, which is almost impossi- ble to illustrate.
According to the invention, there is used in such 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
layer of glue 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 vaporization 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 5
are placed 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.    6 Example 1
In a first step, a non-matted carrier (approx. 120 [err], clearance treated
and prepared woven fabric) was coated with a PVC plastisol paste (approx.
50 g/m2), and 5  then all this was conventionally gelled under heat and
rolled up. In a second step (see Fig. 5) the web obtained in the first step
was coated with a polyethylene film (40 [err]) having one side metallized
and coated with an lacquer (HV 36 from AB Svensk [err]), the lacquer layer
facing 10  the PVC layer. The PVC web was heated to [err], and on top
thereof was applied a matted carrier (e.g. of the type. described in
Swedish Patent Specification 8300177-6), and all this was immediately
introduced 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
(approx. 60 [err]) to a matte supporting web. After gelling, a further PVC
plastisol 



layer (approx. 40 [err]) was applied. These two webs were placed as shown
in Fig. 6, 20  facing each other with a grid fabric (approx. 40-50 [err] in
between. The outwardly turned carriers were heated to [err], 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 fibrils or the like for
the sake of achieving a radar camouflage effect. Tight weave may also be
used instead of grid fabric, 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.    7 Example 2 A first web was
manufactured by coating a matted carrier with a first PVC plastisol layer
(60 [err]) and, after gelling, a second PVC plastisol layer (90 [err]) 5
which was also gelled. A metallized and lacquered  poly- ethylene web (40
[err]) was then applied to the surface of the first-mentioned layer, the
lacquer layer facing the PVC surface, and a matted carrier was laid on top
of the polyethylene film. All of this was laminated under heat. 10 In a
specific case, the layers in a roll nip were intro- duced after preheating
the outer webs (see Fig. 7), the PVC web being heated to [err] and the
matte carrier to 



[err]. Due to the relatively 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 negligible at the
relevant IR wavelengths. It is evident that the invention can be varied in
a plurality of ways, and therefore the foregoing should 20 only be regarded
as non-limiting exemplary embodiments.    8 CLAIMS 1. Thermal and optical
camouflage consisting of a film having a camouflage-coloured surface and
being leaf- cut and extendable by stretching into a three-dimensional
foliage with a covering capacity of 50-90%, characterized in that the film
includes a reflecting metal layer covered on both sides by
camouflage-coloured plastics, and in that the.plastics material at least
partially comprises poly- ethylene or polypropylene. 2.  Camouflage as
claimed in Claim 1, characterized 10  in that certain spots of the plastics
material used sub- stantially consist of polyethylene or.polypropylene,
whereas other spots consist of another plastics material such as polyvinyl
chloride. 3.  Camouflage 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 substantially uniform polygons placed
adjacently on the supporting net 20 while covering it without any essential
overlappings or gaps. 5. Camouflage as claimed in Claim 3 or 4, charac-
terized in that the patches are made of different materials 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 as claimed in any one of the preceding 35 claims,
characterized in that one side of the film is coated    9 with polyethylene
or polypropylene, whereas its other side is coated.with another material.
9. Camouflage as claimed in Claim 1, characterized in that the film is
first stretched and then folded up 5  again in its direction of extension.
10. Camouflage as claimed in Claim 9, characterized in that the folding-up
is carried out in addition to the previous stretching, its actual size thus
being smaller than the unstretched, leaf-cut film. 10        11.
Camouflage substantially as hereinbefore de- scribed with reference to and
as shown in the accompanying drawings.    


