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1. Introduction

The dynamic devel opment of t eMddeorl rd @l Rr8aedl aartseoda rt@oi It dhtree erpaed «
of el ectronic products and idneftoerrmaitniionng ttehcehmalngey Bésul v
i mposing new, higher operat i oSbaandanfdr e ecehmciyc arl am@eeg ui 2 &@4e 6
radansthe 1958smed hEolPoées stwetrea eelgiuri o peefd 255 targets at a
with NYBAdars operating in thétobofQdwHztkanad 4 antdabncampon
50 ¢cm wavel enRBtradarnd( RardsiAo | orcaadtairosn iAsl ttinteud'ef ri end or f oec
Measurement Station) with a raAgeaabfuirabOdlemearsd vequiedpgedk v

parabolic antennas. del ay the detection of objec
Currently, works are underwayetdoceqgi g hteheprPooblaibsihl iArymyo fwi
moder nl5TRsSurveillance radar s ifnoprl edreetnetcetdi ngl raenadd yt ratc kit hg t
targets, and RZIRAt L&MWy ECadawu satpepnitieensd gdod emmee | op e d devices
detecting and identifying aceédquwiepmearetmywhairch |dleready ries sit
(*) Correspo
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Forces, the coating systems mothtadompingt eay eirn\ail si bwie ht oa
mi crowave radiation absorpti ohnascobeddn ciediucasdthosédebal useéed
with a structure guaranteei ngoc & hRieéld/h Ns cgahtt theadwitking ad d efctki ¢
Awareness -mkenthenaboveveef fi ci drmbtosnbies 0t heRilsq oing , 2 lwéht B B h €
devélngpappropriate camoufl ag8laclsbtriadresgiicn rtefciomm nar sa-4 0 ¢ e
The basic factor determininNi gtteh ad@ K & c tBa baizlikibte yr @lé t st hhea vce

in the radar range is the pansgl bdl istuy fates eodr dihneg ftlhaet
generated by the transmittersadttteer iintg hoafs rbaedeé m rweafvlieesc taen
objects in the field of view.adlahres.refl ection intensity ¢
mai nnl yt hoe material with which ed
and its shape and orientatio t h
station. These faxltload rdeder o

(also known as radar signatur > d
of rface area), the value of | it
di stinguishing the object fr« en
station.

It can be generally stated ger
cressesstion is more easily dis ~___ou
(with other detectability cor = ed)
detection range depends on th;"’?" p Jﬁ
T transmitter power; : =
f antenna directive gai n; : [ e
T the effective surface of the F'egLOdkhﬂergteNr{r’gbhOtnhbaeWk [ 2]
T the objecsectaidam. cr oss f ;

The first three factors chal ] ‘ e d
The users of the equipment t 5§ h a
direct impact on them. I n t g ean
counteracting is -sectiedocef tf 5 :

' i migtits detection range.

Assuming that t he detectior._\%" hei
ability to memleeal wawnge®, etghies
foll owing form [6]:

Y (1)
wher e: ok
Rnakmaxi mum detection range [ miEs P :
Aieffective aperture (aflea) ofl 9lipsEXhedd \/‘P‘i'Rn""Ckbn'ted Sat et €9
patro aircraft [ 14]

Giantenn-h, gain |
Pipower transmitted by the rad&tepwih technology is widel

ditarget +sa&ddir’onr ¢ sns devices for which a reducti ¢
Paid min. power received at whHiedii rgd . opbrpoedtuhcet sa asheatq flnjav pe
di stinguisheidsef rotmhrteheechel o f p@wme&r ation, obtaining the sc

properties of the receiver) [(wjeducing titstetriadharofcrndoes obj
Decrease of -stelca iroad arf drhes spifvdmeoshape eanthe surface i
done via [9, 19]: cases, exteamalde cwsdad nigrs t he

change of the spatial aPRhRbem¥Rtens PheSBbhpbkes; atte

use of highly Il ossy matefHAN&NEWYth tINEW €r elfS et idwins

be
1 e
1 e
e housings/casings:; production processes using
e
n
e

=

of barriers made of higthqghqoosos'erﬁa’tesrqcah s2gmnok! @§ M
nected with the object) tonES8RI mMehbBogdp{ddl,;, laser
use of additional Iayer% y( Iaad|d|\h'ag8pﬂ'm?anjpep%qtﬂ' %Itevr‘

aracterised by high | oss V(”fotf/vhrrBQ'IrbICX|R/qrty‘3le%rpftq1neecex

rface of the objects. evolution of palnt ¢

st of these recommendatlo”hUItv\/éjr'éeﬁé gnak ?)réql ,m%?t t h

=
O Cc T 50w oS o5 o

2§mo”ocﬂﬂﬂ

ealth" technology used-lnfthee| dprofdupc yon?1er0fcot""hte'_nAgmerqCI
called stealth bombers and flg”hptoerrtsan[C%] URGE]I P"Paddr Sr o
has bee reduced by abouwt oa PhulnldsCeld Vi® rﬁemsh]c(tfarndjm(il(?o'r‘ﬂfo'
aboud . 1|1nndeed aircrafts madgaWPEhS¥§E§mF aceEd ﬁ]élcfgoyr a%r P
systems. i estimated h a
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safeguarded against corrosi oot awiyt hpolpir ®h @erct iwv &€ h caobart ai snigvs
including a-swinmuhc hpaasisnt90c% ati nGATA 4]1GmbHhe& s€o0vi ckeG spray g
life of paint systems ranges & rBlnp wtelveerrma|s pmoaayt hiso a toh swereea :
[ 13]. of extracting the excess spras

=

A speci al group of paint syrdemec wred pvwmiitnt aco@eli ngbeve
military applications, mai nl ysufrdraccea ndu ftlhaeg ianpg | weeadp ocro ast yi s
and military equipment [39]. aPlhg¢mmostoat i mgs ndmeé nfi myd aame o ©
camoufthgeg camoufl age vehicl epobesbpéeti s yianft teinmpcersdpasSiti@nad wihfi c
rangen bBoshbie | ightinfvriaSr)edn(dNIrRyqtuti e elledor drying | arge
range [31]. The main task of a&f WKttt i6Wd 7d0a moaurhp eargat irse t aneall
those features, which may caasl¢ ushabbbj detmpres Whdies =i fafmal thi
from its surroundings [30], GmkeH whsweseadc.at make it poss
di stsihngounie' s own assets from thFei weack@gr o amld $o0 adfdn t h esoea tmanyc
include, for example, colour ,apphdred, onitme t hgel psepanedt ex €
40] . These include:

As part of the cooperation Ibea wdlonay etrhec oFatHi.n gBARWA T ® B i
company, Kiel declmolivegyi andofrhiemeMi, | ictaawvow f | age paint | aye
Institute of Engineer Technol2ogay t¢hwigTelr) ciomt iPd a6 @ B tt ehmi
companies have attempted to modinfer tshecgr bewmt dainmit uthe mima(y
used for camouflkdgenpahet sngécaaPppnf noabnoetcubses (2 wt %), ca

The aim behind their activiticeas bwas ntao od eiwwelso d 0a 5c ovd t%) ri g
that would meet the camoufl age3.reeqtuhmregmentcsoabtdtnhg i-e19 B tea amni
spectral characteristics in tohé meangre cfarrobne n3 5r0a mont utboe si1 2(0C
colour coordinatesct s ainn flaenowcdalrabgoer amagreot ubes (2 wt %), ca
When selecting the composittenbof nlaeopabets dmMd St hwd %he t)l
of its amppldiecattioor, elan e a coanoidid ieystem effective in

camouflaging objects and protdeact i Mlguyehenoaganastsypse@mr
reconnai ssance, the foll owing rwemwee ,t aknetne rilnatyoe ra cccooautnitng +
freflectiomeddefcftiiminemtf the wakveoatonherboendaecpmoufl age
of the media (mismatch of theawdWayempéedaidagofscysh@mi

media), reflections at thePbbmAdari BtermleaYerlenC oanhtel Nle di
should also be taken into a€eebufAasion primer, camouflage
9 absorptionabeefptebentof wavel Bnkhgytsghnpakogical proces
material: applying the camoufl age topcoc
Ttransmissiopecetfdiicoencf thsSsuUundpscet hemnfCghature: 24026
the materi al . f working pressure 0.2060.25 M

The analysis of the state of etviag oaratt i roenv dd Imed ithh dte t tweeme
scientific papers, neither pubtighédl mntRocanessor 60 7i0n tO
journals, on opemanbtbobahgtesifnapppbtemdan technique: pneu
for military applications. T no. of applications: two | ay

The paper presents the resuldsyiodfg ftUuem@pteiroanaulr et: e stos of
systems developed with the ¢sg& yphg ctairde@:n 6a mAathhes . and
innovative spherical iron parthel e maif nianPgP rioabyre rast e e/r es €a
shape and size and appl-iagendgataa Bhere's! prbaidevedy muphéin
coating tsyisstednue Ito this sol ufyd &durtemfetnt camofuf{ @€t hi ckn
minimizing the detection of eRhin®ulct e¥! AaHIRERT ¢ h@ HUUTA i oha
made possible using a systemmavddr eemeMCsh weeMael | B4 d et i gk ne
compared to the currently used| 0WwsSd ame WwWhhijcchk cedshs beegmpt
in products . fds phaet moli ttareythn ckinfeks se@®@SeRff Chhe applied
reference was made to the measgpemMen Bem. OF h ed tstmaAN Ukedsit 9 B 1
coefficients, geometric strugcadiurte s9fst dhe( avekhyes &M 6 RY
specular gloss and colour parggpmetedaSt-ing systgm2wad8s ©Ome MW
2. Experimental procedure more, the highest thickmesd8s

_ _ Om) and SP5 paint systems, b
Sampl es for the application ;fy coatings were made of S3
structural ste&l0O0wimmh xdi3@é&n snimo xs 10 fmm.

The surfaces of the steel s ampExpergnenpbtesesfity | i shed using a
machine with P80 sandpaper and washed with a solvent.
To prepare the surface and apply the paint systems, Fest
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3.1. Measur ement of attenuattiaoknenc,oefd i examitned whether t
The test st-&@c‘BT\MISthIefhecSDmef"glplngg Wéég I.tge recommended

measuraga t ehemt coowayv e rad|at|8Hd(l'—t'aq %r?pc llayer (sP1
SB203TMS refl ectometer i s ofELELY b'o t Th%ecfzeosﬁjda{ of
company as a portable measur@ﬁwgﬁfanlsﬁgytéufﬁcfain,gmﬁ.e?]4hﬁ39vet\}1e|
t he numbersofoeacwrereenctiinmirhviduOlf drea\/qacre wayv &l Inestt reque
i mportantly, the need to prjjr‘eité’wle\9 qg trpr'qﬂ84f5h°d3m=?ﬁmmrgr]r§
relation to each other and th ¢ § 6 7 8 95 1 1 1 1B 4 15 18 17 18 ] j
scope of its application to | 2] .
The walls of the | aboratory ed
a damping cover [ 771, ensuri
attenuation at the | evel of 1% he
and the reference plate in r ¢ gr
the ceohidgspspace for the p§
(the prlnC|pIe'of t h Fresnel% , 3
. L3 AN e ( ‘
05
Frequency, GHz
Fig. 4. Attenuation value |

I n the course of further a
attenuation of radar waves b\

that it was reasonable to per
in the form of absorbers adde
sgea, the focus wado poend ctaorpbcoone
The measurement result is shec
4 5 6 7 § 9 10 1 12 13 14 15 16 17 18
=
-]
r
_E
=
i
i
93
Frequency, GHz
Fig. 5. Attenuation value |
For the coating with carbon
attenuation was also insuffioc
in attenuation in the 16 GHz
Then, an attempt was mad e

Fig. 3. Test stand at WITI f”bOdinﬁe'aCsautr'lonng chhet%?tgﬂﬁgf)f’lbn
microwave radi-2aad3 oM e ftlhe o tha@miside § attenuat|

antenna set, b) signal recon?oddlén([:d‘ asrgéQ;?ro&/'céf?leﬁg é"'t’éth rli1

ser. output 1Power. OO
The system enabl es t he measeupee,[rr?e,[IOnofra Qef r_efiézc&f_'q?dn
e

coefficient or attenuati on Ofmrﬁhewé‘\;’él‘?érﬁ?@nﬁ}ﬁ ll) |§gemf0|a%
from 4 to 18 GHz. The systemrepseuratt|rhgreprslhrbcv\)n Ien 'F% thars
pi cosecond pul se transmitted Tbhye té‘tete uaantslnalttllagveant(q:r]
received by the receiving anFnSPH?alaﬁ|r?gs hgenaslan{e te%%t%%y
object and converted by the ﬁamqlalsrbq n?oadd|quatr]eo 0 S Ctl Ilﬁ)

[ 2, 157 . a teworthy i mprovement o
I n order to assess the effect|vene S the course o
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4 5 6 78 9 10 1 1z 1B M 15 1 17 I8 The findings on t he radar S
coatings containing spherical

8). The attenuation values ob
are within the range require:

" theobMl e Camoufl age Kit (Pol
":h course of further work, atter
-§ attenuation efficiency for ba
F by e.g. optimizing the concen
“ in the drigdiuct, monitoring t
thickness and the number of |

boundary of the mediajabeorbh

coating systems.
25 3.2. Measurements of the sur
Frequency, GHz

Fig. 6. Attenuation value MEASUREMEPE Scotft i SYTrdpseenPe
. rou%hness wer g carried out é

The next stage involved tests S|n|% an_ a socgber in. "t he

. . . MeaFure «tants of ecHyetrlc ?Lba
of iron with a spherical moleﬁ,u 'ﬁlr Is ructur e abs]p €

. . ofechnMeas .hem%nts 0 sufface
added to the intermediate <coat ~Uun eiqr *'_'relz OPLIC' . h?.‘_

) si.ng e Fd P S0 s.@hl aipet i no

coating system was prepareofJ i n accordance " Wi h'e
. . coheren cor.relation 1 nterfer
manufactur erdtsi on & c oaronmecnadr ni n t'he coat.i q

: . ; %]-aZXIS reso u? ?n of up to _1¢C
thickness and drying ti me. The resul'ts 0o .he radaor radi
suppression by the coating syssatver% c'onnsai sm[a“ltnrIX fOf a1 2n‘lg %

. . .w.|teh t'he "I éns %a%d’OW|%cﬁ aﬁgén
an interlayer coating conta|n|n% an absorbefr Oansd a opco
shown in Figure 7 measur ed area o .~3 mm x 0

) of 0.33 Om x 0.33 Om. Measur
4 5 6 7 8 9 10 n 12 13 14 15 16 17 18 . . .
0 e - function of numeri cal combi ne
% single surface (stitchieng)n. el
\’\ sampl er awhdirdho rcloiang ng syst ems
4‘” \ which allowed to average the
?.“ \ obtained surface stereometry
£ 5 software all owed for the ass:
E \ othe tested surfaces.
2 100 . ~
\ Figures 9ad9e show exempl ar
A \ surface geometrical structure
140 SP4, rSRbars ordd antgg yngt elmsai ned
o applying the Gaussian filter
Frequency, GHz
Fig. 7. Atten®®di cowavalhge sia) __ i
. . . F325
Bearing in mind the result t e
extensive analysi s, a deci si 2 s
with a coating of increased | I1p 0 s
of individual | ayers (the con P
Fol |l awiinng t heory, a SP5 coati F25) e S ¢
was manufactured. Figure 8 i % 20 t h
wave attenuati on measur ement L175 at i
system configuration. L15
- 4 f f: 'J" !I 9‘ 10 l‘l 1.1 1‘3 ll-l 1.5 l.ﬁ 1‘7 18 L125
.:,n\ -10
40 \\ 75
£0 5
8 o N\ N E
E.m,u \ / 0>
E-l],ﬂ \ /
\ /
-16.0 \\ //
-18.0
=200 \/
Frequency, GHz
Fig. 8. Attenuation value for the SP5 coating system
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Table 1 summari zes the most

SGS par ametlerssurffoarcet.he S

Tabl e 1. Averaged values of
strucl u(rreouSghness)
SGS Coating system
parame—gspiT sPp2 SP3 SP4 SP5
SgOm 3.2( 2.44 4.6 2.784 2.92
ssk | 0.3] o0.50[ 1.14 ©0.30{ 0.35

SKku 3.09 3.61] 5.4d9 2.974 2.094

S pdOm 13.6 11.27]113.9 14.15 8.55

SyvOm 20.1 7.90| 24.3 11.53 11. 24

SOm |33.7 19.1]38.3 25.68 19.8|

SaOm | 2.5€¢ 1.93| 3.33 2.239 2.34

The treasehddrd o rchoiantgiynsgheants aver
values of the arithmetic mean
from the a\VWearla®a298r.f328e Om.
S355 steel after grinding wit
coatings wer Sahpbpl3lé&d, 36h7adOr
par ameter is the basic ampli
assessment of the condition
tendency in the maesdrisroaciodaritg nr

systemds S355 steel was obser
devi athieons uaoff atc®qg rwhiigdhhmewass c |
WAB h

by a strong c®8®prelaateiten .
application of the masking
significantly increased.
Suppl ementary information o
tested el ements is provided

coefficientasyfmm@kanyd esbe coef
concen+tkruarttBosski $hese parameter

the presence of |l ocal elevati
well as defects (e.g. scratect
The obtained kurrkasBspwalae

distribution of ordinates f ol

di stribution. The analysis o
paint system has a positive
coef f3 cliseknetwness) , which prov
with a smooth surface withou
coating systems have negat.i
coefficient TheSsgkaa lalmed te r v anl
for tmhaedadmd chdtmgngt em resul ts
t hat there ar e numer ous el e
surface, which is the result
adhesion measur

order to determine the ac

di vidual |l ayers forming th
measur ements
possible to de
acted on to
nature of t he
Adhesion m

her, adhesi on
sts made it

at i ngs hsoyusl tde nb e
t he
out
ptuel sl t

t est adhesion measure
[24] were perfor med

alysis of

so carried
d usstt a ryd aor fdf
Pubff
4624:2016

0
i

0
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Fig. 9. Ilsometsucfamageb6rofigbhesspssés pveiret carried -beatbd

coating systems: a) SP1, b)adiPesi ean SeBer dpySmeFed)skd®P5

gluing aedc&dtsatnadmapr dticw t he sur f a
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sing epoxy glue. Appropriatd@dratdahneenmearst uosfe dpdinmike meo it &
urface of the system was maimthaifmed usert RGt 4A8hueyd uuesn ep tnnc
l ose to each other and to thki edgtd© f oimh ew e riRea pHda I8 = al Achat artgi Y

ompl etlei nkriomgs of the adhesi ygstwinish were apptpbetl tie S355
onskede Then, after cl eani ngl5ohemnc oxatlior0g menu ixr Qu m@hi. N § b &
punch, the punch was Dbroken (wsicrhg ca ame ansgu rsiynsgt edne,v i verei cam da
val ue of the fcoorntpeo nveanst reepaodk.y rTewdoh e s 5 ve The obtained adhesi

u
S
Cc
C
C

devi atei csoumamari zed in Tabl e 2
Tabl e 2. Refsful tt sstofacphiddi on measur ement s
Coating Adhesi on, Advhaelsuleo’nNStarlwv'(Lzrd ; Breakup
2.16
2. 68 . .
SP1 2.57 2.31 040 COheIS'Ve !
1.60 ayer
2. 46
2. 44
2.50 . .
sp2 2.709 2.68 0.20 Cohestve !
> 92 ayer
2. 74
3.04
1.81 . .
sP3 2.33 2. 41 0.44 COheIS'Vpe“”
2 52 ayer
2.35
1.87
2. 24 . .
SP4 1.95 2.35 0.60 Cohesive |
2 34 ayer
3.37
3.13
3.14 . .
SP5 3.80 3.42 0.60 COhels'Ve !
4. 27 ayer
2.78
The adhesion results of the @goadiidid $YiSdLIMSa WEIN gs S M {ag
obtained test results show that t he h| ghest average val
adhesion (3.42 MPa) was charaTchteraldhtes' nf Ly &Sl sPls t%q ng© &t
The SP1 paint system with thef aICOV\Pestteasvte’ra"‘bheerveablyu ar al dngy it
(2.MPa) had approx. 33% less &PFOLGRIFIHInpSY S tderpo ?’ﬁg SI*‘V?S
r aeacbrs o rchoiantgiynsgt em. The resul tis®VePfl St HPakghéd@oPystems
measurements wer e characterlzeohebsy' O W& 3| ?fsb‘refdhebwsats%w
deviati on, whi ch proves t hedUgh 'htyre(pfoﬁeaHtEasb|qut@/esb\gnatth'(
measurements. Figure 10 shovx)smpaf"rFtePé(mplaa (%,oumlsuer\,\;:@dwftephge
sampl e afotfefr ttehset padbasson medSHy@ed (Table
Tabl e 3. Experimental design
Controll ed Observed
SPP ADHESI ON
SP1 5 replica
SP2 5 replica
Hori zon| SP3 5 replica
SP4 5replicat
SP5 5 replica
After the tests, a total of 2
Fig. 10. View of the sample after measuring the adhesion

SP5 paint coating system
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