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.-1- - THERVAL CAMOUFLAGE MATERI AL 5 This invention relates to
thermal canouflage material having a_sypport |ayer and an outer plastics
I aye. whi ch has different-col oured areas in t he visi bl e wavel ength

rang or visual canouflage effect. Canmpouflage materials of this Kind are

al reaey 10 known, although the earlier ones have generally had a very @;
heavily perforated structure and nore or |l ess the character of net’s. The
‘percentage of covering for such conventional structures is 50 to 65%

Thi s has been found to be C} jects 15 are to be ,
masked against infrared e of the present (ﬁ

I nvention is-to provide a canoufl age mhlch shi el ds such warm obj ects and

which s al so capahig c?#?,?é ?éngl gbﬂgt\,\ﬁpl Etouretheec 1f°éa£l8855 §§@5| ti ve-

canera, which does not 'S nor na sent nat u
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heat ed by t |y &ddgﬁﬂ%ﬁrn*?gecﬁlfﬁggﬁﬁEngﬁg (#ygggurs ifaf Wiheh will

be i npossible to observe tenpera ure surface wll
be clearlyvigppd ﬁemaveelmsthsbangesﬁ@n vispadg camonfkage ceffisedal |y not

being particul arb&mwmsg@' emaééf:i?iﬁd bECORBRISS '§:é‘ a%keha?;tely

scoutlng met hod where | ar racti cal advances have been

whi ch h W/nﬁkeynth¥§hﬁﬂéhyt %oeaﬁlb?Fdéneﬁo@@Wﬁnﬂﬁﬂﬁr%%qurbé AMat
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spaced fron?EScﬁ rasten ofainehd- out €he apercentage s ofecROVRELRLat ed
from the gpger suele. codferPtiéhal structures is 50 to 65%. This

has been found to be insufficient when warm objects

15 are to be masked against infrared reconnaissance.

One objects of the present invention is to provide a

camouflage which shields such warm objects and which

is 'also capable capable of giving a picture, e.g. for

. heat-sensitive camera, which does not differ f£from

20 what is normally present in nature. .

A shield provided by a material of the

tarpaulin type will be heated by the hidden warm

objeét; the structure and contours of which will be

impossible to observe, but the high temperature of a

25 sirface will be clearly apparent even so, such

masking therefore normally not being particularly
servicable. |

| Infrared reconnaissance is a military scouting

method where large practical advances have been made

30 lately, which now makes it ﬁedessary to provide godd

counter-measures. What has been propbsed so far in

this direction has above all been double-layered

structures of the type where two fabrics have been

kept SPaced from each other so that the outer 1layer

35 has been insulated from the inner one. The outer

layer does indeed obtain thermal energy from the

outside, but in its thermal equilibrium it will even
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The infrared spectrum is distinguished in that

large sections thereof are heavily absorbed in air,
except in certain wavelength intervals. In

reconnaissance at distances over a couple of

kilometres there are thus only two wavelength bands
"of interest at present, namely 3-5 pm and 8-14 um.

20

25

The latter range affords the greatest difficulties
since the detector in a reconnaissance system must be
cooled very heavily, in many cases by' liquid helium
(4.2K). In the 3-5 pmm range already, cooling with
liquid nitrogen (77K) is required as a rule.

' According to the present invention, a thermal
camouflage material comprises a support layer and an
outer plastids layer whi¢h in the visible 'wavelehgth

‘range has different-coloured areas for - visual
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camouflage effect, chatacterised in that between the
support layer and the_outer layer there is a metal
reflection layer, .in that the plastics material of
the outer layer is transparent in the wavelength
ranges 3-5 pm and 8-14 um, in that the outer surface
of the outer layer is matt-finished so as to reduce
its ‘specular reflection, and in ‘that the'_'metal
reflection layer is broken up to a mosa1c structure
for avoiding radar reflection. o



.ca -uflage effect, characterised in that between the support l.ayer and the|;j
Af’gr | ayer there is a netal 30 reflection layer, "in- that the -
Nivtlcs material of the outer |ayer-i% tfansparent in the wavel engt h -
ranges 3-5 umand 8-14 um in that the outer surface of the . outer [layer

is matt-finished so as to reduce its specular reflection, .and in that.
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stripped. dmﬁnﬁnaﬂ—transparenh gamomfilage pigment for giving
the visible camouflage effect. :
It is possible to use a polyethylene £ilm which
15 " is coated with a vapour-deposited aluminium coating
~ acting as the reflection layer, this f£ilm  being
- laminated together with the support layer by means of
a fusion adhesive layer. If a roll having a textured
surface - is used, or an opposing web of matted viscous
20 weave which is stripped off after lamination, a matt
| surface is obtained on the polyethylene film.
Furthermore, the aluminium. coating will be - broken up
during rolling - into a kind of three-dimensional
_mosaic form, so that specular reflection in the
25 infrared range as well as in radar wavelength range
' will be avoided.
~ The emissxon ‘factor can be pnt at.'0.6-0.8,
_depending on material and thickness. In. accordance
with the preferred embodiment, there is arranged
30 'different layer thicknesses of the plastics during
lamination. _ This can be prov1ded by applying patches
of - different sizes and shapes (which - can  have
~ different colours. in _the visible _range). Another
| method is to. layer a partially perforated film above
35 the metal-coated plastics layer, 1mmed1ate1y before
the laminating roll nip. A variegated effect is thus'
obtained in an infrared picture, - depending on
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of applicants’ own,cosLLhed PR B 1ed pobent "ShB118at1on, there is
' utilized the fact that a heatflaminated film of
polyethylene will have stresses. If open slits, e.g.

15 incomplete circular slits, are made in such a film
there will be'opehings since the partially attached

flaps over the holes curl outwards, the -covering

effect at right angles to the surface not being
diminished so much,'but the possibility of tangential

20 through-flow is increased very heavily. There is
further achieved a three-dimensional surface which is

‘good for masking effect in the .visible wavelength

range.

“
O

Preferably, the support_ layer is a weave

25 containing conductive metal - wires for radar
camouflage effect. '

The material may have at least over part of its

surface, holes, which occupy 5% of the total surface

_ area. ' ' |
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have stresses. |If open slits, e.g. 15 inconplete crrcular slits,

=, made in such a filmthere willy he openings since the partlally
wched flaps over the -holes curl outwards, the coverlng ef fect at
it angles to the surface not being di mnished so nuch, but the :
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The invention Will be described in more detail with
reference to the figures which illustrate embodiments of
“the 1nvention not limiting its scope.

Fig. 1 schematically illustrates a section through

15 an embodiment of a. thermal camouflage. Fig. 2 illustrates a-
second embodiment with coatings on either side of the '
strengthening layer. Fig. 3 illustrates a third embodiment
‘where the outer layer has, in patches, different thick—
nesses. Fig. 4 schematically illustrates a ~laminating

20 operation, Fig. 5 schematically illustrates a modified

laminating operation. Fig. 6 illustrates the result of the
operation according to Fig. 5. Fig. 7 schematically illus-
trates a further modified laminating operation, and Fig. 8
illustrates the result thereof.

25 Fig. 1 illustrates the_structure of a first example.
Uppermost, for facing outwards, there is a polyethylene
.layer with a mat sﬁrface, and thereinunder a crackled
metallic layer 2, an adheSive layer 3 and a strengthening
layer 4.

30 : The strengthening layer 4 may be a woven material of

' polyester or polyamide, and it may contaln material effec-
tive for radar wavelengths. This layer may also be non-woven
or of similar material, or to advantage band-woven from HD
'polyethylene or polypropylene. Such material gives high.

35 tearing strength in relation to its weight, and is thin. It

can be coated with thin films of polyethylene or polypropy-
lene, for example.

.

utilized the- fact that a heat-lamnated film of polyethylene wi || ;J
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TsEFptidht NeBr ' Hfrared. This material is usually

obtained "blown", i.e. in manufacture it is blown to
tubes which are cut up, flattened and rolled up.
These films are provided with the metallic deposit
2. This deposit may also be a metal foil, e.g.
aluminium, which in such a case must be very thin

however in order to be crackled during lamination. .

Cracking occurs with great reliability, particularly

if the strengthening layer 4 is structured, e.g.

‘woven.

A .camouflage ‘material is illustrated in Figure

2, which differs from the one shown in Figure 1 by it .

being coated with a laminated adhered layer 2' on the

‘opposite side, and with the adhering layer 3'. There

is also metallizing 2'. The camouflage sheet is thus

doubly usable. It can either be the same on both

30

sides and thereby turned with either side outwards,
or there can be a different coating on the underside
such as polyvxnyl chloride secured by an adhesive
layer of fu31on adhesive.' Another colour can also be

used, e.g. for winter camouflage.

35

In Figure 3 there is  illustrated an example
where the layer 1 is supplemented in patches with a
further layer 5' of the same material, possibly
differently coloured and which has been attached
during the laminating operation.



wavel ength range 2-15 um and may al so be reflecting 5 w thikn ot her \/

| engt hs as wel | . Vapori zed al umi ni um coati ngs over 50 A

such- properties. Thicknesses of=-%80 A function well, and such nmay

be~obt ai ned fromseveral manufacturers who can deposit t hem on . _
pol yet hyl ene, for exanple. 10 _ The layer 1 is suitably a -
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opposite side, and with the adhering layer -3'.  There is also netallizing -
2' . The canoufl age sheet i'§ thus doubly usable. It can either be the same
on both sides and thereby turned with either side outwards, or there can be
- a di fffger ent coat’i ng on the underside 30 . such as polyvinyl chloride
secured by an adhesive |ayer of fusion adhesive. Another col our can al so-

be used, e.g. for winter canouflage. In Figure 3 there “is illustrated
an exanpl e where the layer 1 is supplenmented in patches with a 35 further -
. layer '5° of "the sanme mteri aI possi bly di ffere_nt ly coloured and

which has been att ached

15 .
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durlng the lam nating operation. . -5A- In Figure 4 there is

P ustrated a typi eal lam nating operation. From rolls there C
Apulled out and laid one on top of thegqther. a carrier 7 (e.g. gig;'*{f

“matted viscose ‘weave), a netallic polyethylene 5 film®6 (correspondi ng”
"tothe layers 1 and 2 in Figure 1 and 2) a hot nelt film3 and a

st(engt heni %@ygi&ng{hﬁ@ugwsﬁ;@@& 13 Bglt;swnt §0ana €8me> otk 35

-6 schemati ca [lTustTated | am nati g cone out fused

toget her . 17%933 i kpgethes. | Thpufiads e kheewkied L f Snam def i nal
product is rdiﬁﬂfﬁdeﬂp? oanahehéokhn&(i pwdh% hes Gas1i&d Iénrehbeéolm Qy,
re¥l 9. The carrier an be yse ti-nes i g her e |§
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only indscatesth Ye uded seserallogimemat ches 5 of the sane naterlm
possibly 10 differentt colgu%gd are l.gi.d on the.,p and

ol yeth
the whole is roll ed®dgt¥he efs et lé’ﬁttﬁﬂt'(ﬁ% b%/HFhiﬁra 85‘9'8‘1 4%
Fig. 3. A mdyenaﬁmbnﬁwihb tHanphminating machine 8 only indicated. In

this case, loose patches 5 of the same material, possibly
10 differently coloured, are laid on the polyethylene web 6, -
and the whole is rolled together to form the structure
obtained according to Fig; 3. A plan view of the example
shown in Fig. 5 will be seen from Fig. 6. Alternetively, a
similar result with less manual work can be obtained
- 15 according to Fig. 7 by a web 10 being provided with un-
connected cuts-which form depending flaps when the web is
rolled from the supply roller, and these flaps will lay
double. A structure is then obtained with two layers on the
main portion and, as will be seén from Fig. 8, three layers
20 at places 5'' and only one 1eyer at places 5*' . |
Example: | '
In one example there was used a weave having 16x16 -
threads of polyamide multifilament solid drawn 235 dtex with
a superficial weight of 100 g/m2. The adhesive layer was
25 Xiro type 240, superficial weight 30 g/m2, and the poly-
ethylene laYer with a'superficial weight of 30 g/m metall-
ized to 40 pm thickness on one s1de, the polyethylene being
.blown LDPE.
Mechanical prOpertiesi'
30 Weight 160 g/m? |
Tensional strength 700 N for the entire sheet
Tear strength 70 N
Pattern—embossed w1th repeat length 6 m, repeat width 1.5 m.

Coverage degree in embossed area 8-100%, average value for
35 the whole material 95%.
' Optical properties:

Visual: Uniform green w1th lightness 5.9, colour tone 23. 9
and saturation 7.7.



shovvnln Fig. 5 will be seen fromFig. 6. Alternatlvely, a simlar result \J

| ess manual work can be obtained 15 according to Fig. 7 by a web 10
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wel ght 30 %1? nnd the9p - ethylene layer with a superficial weight of

0 g/n2 neta 1zed to™4 umthl ckness on one side;, the polyethyl ene being
bI 6wn LLDPE.83&chmni cal PSdperties: 30 Wi ght 160 g/ n2 Tensional strength
700 N for tdeg ephire sh%qt% Tear strength 70 N Pattern-enbossed with repeat
|l ength 6 m _ repeat w.dth 5 m Coverage degree in enbossed area 8-100% -
aver age val@ﬂaof%m 35 th§7\%hol e material 95% -Optical propertl es: .Visual :
Uni f or My efsa¥hidal 188EReS S5 the %ﬁ%céo@ﬁeggsgw e en 77

I"engt “3

-7- Measur ed s_})egul ar reflectl on at erent wave 0-440 nm
5. 0% 683 ke 428gje) was 0.
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00. 5% 8 - 1. © A - thermal" canoufl age_ terial conpri si v
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-2, The thermal camouflage material according to
claim 1, wherein the plastics material of the outer
layer is polYethylene coloured 'through- with a
camouflage pigment which is transparent in the
20 infrared wavelength range. ”

3. The thermal camouflage material according to

claim 1 or claim 2, wherein the support layer is a

weave containing conductive metal wires for radar
25 camouflage effect. ' '

4. The thermal camouflage material according to

any one of the preceding' claims, wherein the metal

. reflection layer ié laid on the outer laYer, and in

30 that an adhesive layer' of fusion adhesive joins the

'support layer to the metallized side of the outer
layer. '

- 5. The thermal camouflage material according to
35 claim 4, wherein, on the side of the sdppott layer
o iemote from the reflection layer, there is attached _
by an adhesxve layer of fusion adhesive. a second
plastlcs layer. ' -
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8. The thermal camouflage mater1a1 accordlng to
10 any one of the precedlng claims, whereln, outside the
| plastics outers layer, there is attached a sparsely
fret-cut plastics material.

9. A thermal camouflage material substantially as
15 described with refetence to the accompanying drawings.
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