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ABSTRACT: The work aims to study the aging mechanism of camouflage materials in the practical period, and learn the main
environmental factors of the failure of camouflage materials. The main factors affecting the aging failure of camouflage materi-
als were obtained by analyzing the performance changes of camouflage materials in natural environment and laboratory single
factor environment. Scanning electron microscope (SEM), infrared spectrometer and X-ray photoelectron spectroscopy were
used to characterize the changes in the microstructure, chemical structure and chemical composition of the materials, and to
explain the aging mechanism of the camouflage materials. The color, appearance and mechanical properties of the camou-
flage materials under different natural environments and single factor environment in laboratory were obtained. The changes
of microstructure, chemical structure and chemical composition of camouflage materials during aging were obtained. The
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aging degree of camouflage materials in Xishuangbanna is the highest and the aging degree is the lowest in Jinan natural en-

vironment. Illumination is the main factor that leads to the decline of color and mechanical properties of camouflage materi-

als. During the aging process, the main reason is that the polyurethane on the surface of the material becomes aged and

comes off, which leads to the decline of the mechanical properties of the material. When the camouflage materials are dam-

aged, the fiber failure forms are as follows: one is the fiber direct fracture and the other is that the fiber is pulled out, or

breaks during pull-out.

KEY WORDS: camouflage materials; natural environment; laboratory environment; color & appearance; mechanical proper-

ties; aging mechanism; failure form
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Fig.1 Change of gloss retention of camouflage materials
under different environment
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Fig.2 Change of color of camouflage materials under
different environment
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Fig.3 Change of mechanical property of camouflage materials
under different environment

2.2 FESLIEIMTIEZ L FHTHER
T
221 REETR

Dhy 2 3 PR B A A ] 5 36 8 PR B S A 26 RO
PR hZAn P 4 Fros . Sttl . HhE e,
REACHEATHTI , O BBt et it o B 35 A A [l A
FEM B TF o XD O It B P, A2l B AR AR
e AR A HE— 20 58 @SR R Y R 3, AR IR 2
TR FRCI P8, (R AR A BT Tt B
IS ARSE AT, DhshEalt B R (9 O 1 B8 S B T R 1
t%;ﬁ¢ﬁ%mﬂ¢ SUET D R AT RL G BE /Y

TR K, Eh55 B AL IR AL S T D 2 i e
Mﬂ%%ﬁ%?%ﬁﬁﬁ¢o
130
——JgElk
120 —o—#h3E

+ A

| \v%\\ A

\\/’\\

0 2(I)O 4(I)O 6(I)0 8(I)0 1 (I)OO
)/

B4 Dl b R A 5 0 S 3B T

TR B AR B 25

Fig.4 Change of gloss retention of camouflage materials un-
der different laboratory environment

S8 B R B /%
® g 2 =

~)
(=]
T

60 -




<132 - E N

2024 4% 2 [

222 BeaTl

B R 7] 5305 56 55 2L AR T 2
GRS 5. TR AR A&
PR DS BB R0 22 Rk, FLR B R L T}
o B HIAET , PAERERIR) €2 fo Rk
SO, RN R AR PET , OB b R
1) 62 B RAE T RORS o {220 (LR K/
W, S AR DB b 6 A K T
BRI

1or .——l—l—l"._./.’;._._.
—n— Y

8 —— &[]
—A— PEXUR A

6 B A A

3| f

4 r /.

2L

OF

0 200 400 600 800 1 000

Hiffa]/h
Bl 5 Pl e ARl 7R AN [R] 5256 28 3R 5 T 1Y B €0 A8 1k

Fig.5 Change of color of camouflage materials under different
laboratory environment
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Fig.6 Change of mechanical property of camouflage materials

under different laboratory environment
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Fig.8 Infrared spectrogram of camouflage materials

2.3.3 RETHERMNE

Fh2e 3 B R G RS FDE 2 4 1 000 h B 3R TH
ANEICEM XPS #EEWE 9 fin, EEILRSSH
WL 1, MIE 9 Hhal LUE Y, Phzie s s A4 ek 2 i 1) o6
MR e R, EESH OLEMC
JLE, IR N, Po, SigtE., 4k 1 000 h
J&, OJCESEIGI, FEIER AL E & im
R T D2 38 B b ) 2R T R SR Ak, RZE M &
Hom., CIoLE S EISHA D, FERLE PR
HER C—O W%, Ht— 3k CO, BERlH 221,
[, C ot S /b ik il 1T T R A
(AR Fife, (A58 T 1Y) 3R A R 40 FE o
2.3.4 BOMEH

Pl B A R AR B 4L 1 000 h )5, H:
PRk SR e 10 A1E 11 s 1| 10a Al 11a 2
Wiz W K R, #iRa AR, ALY TR
EaHNadzshimi a2, WEPTLUE L, Gk
T2 2 G4 1 000 h 5 32 35 224 1 FR
I, UL B AR 2 B SR T R R s 5 . &
10b F1 11b JE:W7 FURE BRI, B i A RHT 1127 4 B
AF7E, J6#1k 1 000 h A1 BHE D AFFELT 4 A%, LA
2T 2k P #8142 T S 000 I Y6 S A 55 T D 2 3 I A R
TR A T B L @ 3] 10c R 11e T LAF Y, ik
AR, RN, YRR 2 S
Ko &l 10d A1 11d ZEWF R SR, TR LA A RHER 2 B

ML, J6%4k 1000 h 5, AokHG W O 2 Ik
HERIE 32224 N1 10 A& 11 7] LA, W7 D Ab Y
A RKEA— L, 4 FERRER L
FE o B AR e S SR, R4k L) 2 R R R R
— PR LT A S B ) — RO AT, K
W, ECE R by 2

5
Cls
4|
»
5 31
= Ols
|2}
g 2f
Q
° . 4 ) NI
1L [ “\‘1 WW,VWMVWWM\ - S A
| Pb4f Si2p
0 1 1 1 1 1 1 1 1 1 |'M“Mmm
NI NI
FIFTELFSLSSL SO ©
Binding energy/eV
a JFR A
4 Ofs Cls
3_
2 |
% '\HN‘N o MMJW"‘A,}\
3 2 i
g Nls
3 \
@] . O Mgty
P40
0L 1 1 1 1 1 1 1 1 1 1 1 P
O O P S O » \] L O
\"9,@90“\0@& S S LS ©
Binding energy/eV
b yt&4k1 000 hitAE

K9 Phel bRl A R JT R 19 XPS i K]
Fig.9 XPS spectrogram of different elements on the surface of
camouflage material: a) original sample; b) light aging
1 000 h sample

F1 EEEMRRETREAR
Tab.1 Surface element composition of camouflage material
%

I C 0 N Pb Si

JE IR RE 7885 1464 282 0.05 3.65
%4 1000h 6772 2348 255 031 594




- 134 - kO W B TR

2024 4% 2 [

| maga00x 100 pm EHT-500kV  WD-64mm _ Signal ASE2  Width=1.405 mm

Mag-ookx  20pm EHT-S00KV  WD-I3Smm  SignalA-SE2  Width-2810pm Signal A-SE2 _ Widh=35.12 pm

P10 Pl e Rt sk Sy 1R 7 10 b 1 A

Fig.10 Tear fracture morphology of the original sample of camouflage material

AN

100 pm EHT-500KV___ WD-61mm __SignlA=SE2 __ Widh=1405 mAJ

Mag=8.00 KX _3pm EHT=500kV  WD=64mm  Signal A=SE2  Width=35.12 pm

Width=281.0 um

Mag=L00KX 20 pm EHT-500kV  WD=I74mm Signal A=SE2

Bl 11 Pl s R 1k 1000 h R4 kb 11 43
Fig.11 Tear fracture morphology of the light aging 1 000 h sample of camouflage material

. 22 RO B2 A5 MR RE RS AL KL, JF AT OWIE
3 Zig . LLAMGIE R B XPS SETOARRE ARttt — 2 fif
T Oh 2 HE P B Rk 1) 2 A L B PR RE AR AL LA o BT

TP RET P A BHE A AR BT RSi g gy,

A3
W2, Sl X AT IS T ) A R R 1) HARIREE T, e R bkl 1 9% 2 A0 AR A



B21k 2

S, R, P RERE KL LA S LA $135-

INKFR TGRS > 1] > 5 R

2) LRI T, e ba Dl Bt kLY
JCEERE | BE A AR RE T R W] B TR % et
FIR A A o 't B DR 2 ok £ 20 3 B ek 2 f i)
THER,

3) s O PERE T, DR AR 2 fh it
b ORI R BRI o A RS, 2T 42
BUN o DRI R BRI, 2T 4 R ROE X —Fh 2
PYUEMLRE . EIEWTRG D —RhRATAERLRS, Pl BR
B SRR

i LA B ARG, B T Dh e e e bR S A P RE Y
FEATREAG . JEMRT I, ] RS I AL
LA S s FEPRIIE T 2 R AT AR, 352
WM R, LU ORI I 2 27 4 5 ai i X
Fbr R AT O A S A B, 3R TR R S AT A 4G
BT, B IR E BB A

SE M-

(4 2, W DR & IR S R S a4 [Cl

PR A K ET RS ZE R, P EPUR TR 2
HEMEZEG 2, WEEGHE ST SFEE R
23 2001 AR ARBF e 0. Kb hEpIE =2,
2001.
LI J, HU B R. The Status Quo and Development of Cam-
ouflage Equipment[C]// The Rocket Engine Committee of
the Chinese Society of Aeronatics, the Composite Mate-
rials Committee of the Chinese Society of Mechanical
Engineering, and the Education and Popular Science
Committee of the Chinese Society of Composite Materi-
als in 2001 Academic Seminar. Changsha: Chinese Soci-
ety of Aeronautics and Astronautics, 2021.

(21 B, BokT, . DR 20 J152m R Rk
FE[J. FHEAB T2, 2011(11): 66-67
XIACL,CHEN Y N, QU Y H. Influence of Adhension
Strength of Camouflage Coating[J]. New Technology &
New Process, 2011(11): 66-67.

[31 i, sk, BGEH, SF. PR K HA R KRS
R, B S500%, 2022(23): 159-161
FENG H C, ZHANG J, ZHAO Z Y, et d. A Summary of
Camouflage Obstacle and Its Technical Development[J].
Science and Technology & Innovation, 2022(23):
159-161.

(4  BiskE, ERE, #FwE. Ed ORI R IR S E

P P EPL TR, 2012, 23(17): 2136-2141.
YAN Y H, WANG Z, DONG D W. Current Actuality and
Development Tendency of Military Camouflage Tech-
nology[J]. China Mechanical Engineering, 2012, 23(17):
2136-2141.

(5] SR, minHE, EAH, A T IDOGIRE LM R
EWiRECH PEEKETR%YSEFEE RS S
2012 A ARAE Sy RO ERE T2, 2012,

(6]

(8]

(9

(10]

(11]

(12]

(13]

(14]

ZHOU SL, GAOCY, WANG N X, et d. Tests of Visible
Light Compatible Infrared Camouflage Coatings[C]//
China Society of Automotive Engineering Off-Road Ve-
hicle Technology Branch 2012 Academic Annual Meet-
ing. Wuhan: China SAE, 2012.

FOSS C F. UK Armoured Vehicles Get Thermal Imag-
ing[J]. Jane's Defence Weekly, 2005, 42(1): 11.

XU, E A AR A BRI r T R[], 4
FREE T, 2006, 3(5): 92-95.

LIU K L. New Progress of Camouflage Equipment and
Performance Test Abroad[J]. Equipment Environmental
Engineering, 2006, 3(5): 92-95.

U, A, SR B AR RGO HOAR SR
JEHFT). [EBTEASEA, 2008(2): 48-50.

LI'Y, YANG J J, HAN X M. Camouflage Technology of
Air Defense Weapon System and Its Development
Trend[J]. Technology Foundation of National Defence,
2008(2): 48-50.

A, EBE, XWF, & PS4 e msk
P ik 24k 5 AR B AL MAROCIE]. 26 MR 23R,
2014, 31(4): 916-924.

SUN Y, WANG D X, LIU Y P, et a. Correlation of Ac-
celerated Aging and Natural Aging of Glass Fiber Rein-
forced Bromide Epoxy Vinyl Ester CompositesJ]. Acta
Materiae Compositae Sinica, 2014, 31(4): 916-924.
BRI, ZR0E, PNE, 5. BT LT 4EH TR AR I A
S A MR RE RY 52 Sz HCHLIEL[). MUK T FE 1R,
2014, 38(8): 1-5.

XIEKY, LI H, SUNY, et a. Effect of Hygrothermal Ag-
ing on Behaviors of Fiber Reinforced Resin Composites
and Its Mechanism[J]. Materials for Mechanica Engi-
neering, 2014, 38(8): 1-5.

L, FRE, Ihva, 55 BETRR A S MORHE T M
IX AR L A A AT ST ). 4 PR T AR, 2023,
20(3): 141-146.

AN Q, WANG D X, SUN Y, et a. Natural Aging and Life
Prediction of Glass Fiber Reinforced Composite Material
in Xiamen[J]. Equipment Environmental Engineering,
2023, 20(3): 141-146.

XIHERE, TR, B, A5 HAA SR IR MERE R Dh ke i
i R A 25 XAERERFIE[]. SRS bR Bl S T AR,
2006, 29(4): 8-12.

LIUH T, CHENG H F, CAO Y, et a. Preparations and
Properties of Basic Cloths of the Scattering Anti-Radar
Camouflage Net[J]. Ordnance Material Science and En-
gineering, 2006, 29(4): 8-12.

AN TR 5 2 45 S8 BRI AT I R PR Y 3 A ).
TR HF7, 1998(4): 41-46.

WANG C F. Analysis of Microwave Characteristics of
Various Base Cloth of Anti-Radar Camouflage Net[J].
Engineer Equipment Research, 1998(4): 41-46.

ERE, INVE, W, A GREFUERT RN AR B AL SR
RSB AL SR BTN AR
%, 2022, 39(3): 1353-1362.



- 136 -

2024 4% 2 [

(15]

[16]

(17]

(18]

(19]

[20]

WANG D X, SUN Y, XIEK Y, et a. Long Term Aging
and Failure Behaviors of Carbon Fiber Reinforced Poly-
mer Composites in Simulated Marine EnvironmentsJ].
Acta Materiae Compositae Sinica, 2022, 39(3): 1353-1362.
FAE ] AL Z R RS 0 S KU S AL
WFFE[d]. kLT, 2012, 42(4): 12-16.

LU Y L. Ageing Mechanisms and Influencing Factors for
Organic Coatings Used in Plateau Environment[J]. Paint
& Coatings Industry, 2012, 42(4): 12-16.

WILLIAMS P, NORRIS K. Near Infrared Technology in
Agricultural and Food IndustriesfM]. United States of
Americaa. American Association of Cereal Chemists,
2001:185-210.

RSELAT, HEAL, XU, SR ANt RE A PP 4
ARPUR[. £L5MEAR, 2013, 35(8): 512-517.

HAO L C, XIAO H, LIU W. Review on Evaluating
Methods of Thermal Infrared Camouflage Performance of
Textileg[J]. Infrared Technology, 2013, 35(8): 512-517.
TKIh. AILTAMERI R GG E ISR RIS D]
K& KHFEMT R, 2020.

ZHANG G Research on Key Technologies of Optical
Thin Film in Short and Medium Wave Infrared Detection
System[D]. Changchun: Changchun University of Science
and Technology, 2020.

VETC. ELD MR KRR BB, #0065 L5,
1998, 28(5): 260-266.

TANG D Y. Review of the Development of Infrared
Technology in China[J]. Laser & Infrared, 1998, 28(5):
260-266.

INDUSHEKAR R, SRIVASTAVA A, SEN A K. The Art

(21]

(22]

(23]

[24]

(29]

of Camouflage and Role of Textiles Incamouflage[J].
Manmade Textilesin India, 1996, 39(12): 449-453.
XK. BB i S OHAERELT]. SRR Tk,
2001, 16(2): 5-8.

LIU L B. The Chemica Degradation and the Related
Property of PolyurethanesJ]. Polyurethane Industry,
2001, 16(2): 5-8.

BILBAO R, MASTRAL J F, CEAMANOS J, et a. Ki-
netics of the Thermal Decomposition of Polyurethane
Foams in Nitrogen and Air Atmospheres[J]. Journal of
Analytical and Applied Pyrolysis, 1996, 37(1): 69-82.
e, JUEIE, (TR, LR IR eI 5 5 AR BT
C43HT[I). DY) T 244)%, 2010, 31(11): 123-126.

HOU X Q, FAN JJ, HE Y H. Fracture Analysis of Fiber
Reinforced Resin Matrix Composites[J]. Journa of Si-
chuan Ordnance, 2010, 31(11): 123-126.

T, TG, %, %. VAR T AT 4EE
AR IR S5 AR TR I b BE K BT IR B0 A ], 1L
T4 T, 2023, 52(6): 808-811.

WANG C C, WANG Z B, CHANG J, et a. Corrosion Re-
sistance and Fracture Morphology Analysis of Carbon
Fiber/Epoxy Resin Composites Prepared by VARI Proc-
esg[J]. Liaoning Chemical Industry, 2023, 52(6): 808-811.
Sl XImR, 2085, 5. PAE i piis i 2 5
7¢ 1P BE S W FOE R[] b s 28 i K R 22 4,
2014, 40(10): 1361-1365.

LYU K, LIU X D, LI Y F, et a. Properties and Fracture
Surface Morphology of Fiber-Reinforced Shell for In-
vestment Casting[J]. Journal of Beijing University of
Aeronautics and Astronautics, 2014, 40(10): 1361-1365.



