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Research on infrared/passive millimeter wave compound decoy

Xiong Zhongyang', Zhu Chenguang'?’, Duanmu Fanshun', Li Jingwei'

(1. School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China;
2. Science and Technology on Electro-Optical Information Security Control Laboratory, Tianjin 300308, China)

Abstract: An infrared/passive millimeter wave compound decoy was prepared. On the basis of MTV
pyrotechnic composition, red phosphorus was used to replace part of magnesium powder, short carbon fiber was
used as a functional additive, and a thin-film pyrotechnic material was prepared. The infrared radiation and
millimeter wave radiation properties of this material were tested and analyzed. The research results show that the
addition of a small amount of red phosphorus was beneficial to increase the radiation area; When the proportion
of red phosphorus added is more than 10%, the average flame temperature, infrared radiation intensity and
millimeter wave brightness temperature continue to decrease with the increase of red phosphorus content, after
adding a suitable amount of carbon fiber, the burning rate, flame temperature and the infrared radiation are both
enhanced; The millimeter wave brightness temperature continues to increase with the increase of carbon fiber
content, when the amount of red phosphorus added is 10% and the carbon fiber content increases from 0 to
1.75%, the millimeter wave brightness temperature increased from 330 K to 458 K, brightness temperature greater
than 400 K, longer duration.
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Tab.1 Design of formulation

Number Carbon fiber (1.0 mm) Mg P PTFE Viton
1 0% 50% 0%
2 0% 45% 5%
3 0% 40%  10%
4 0% 35% 15%
5 0% 30%  20%
1-0.50 0.5% 50% 0%
2-0.50 0.5% 45% 5%
3-0.50 0.5% 40%  10%
4-0.50 0.5% 35%  15%  50% 10%
5-0.50 0.5% 30%  20%
3-0.25C 0.25% 40%  10%
3-0.50C 0.50% 40%  10%
3-0.75C 0.75% 40%  10%
3-1.00C 1.00% 40%  10%
3-1.25C 1.25% 40% 10%
3-1.50C 1.50% 40%  10%
3-1.75C 1.75% 40%  10%

P2 A

Fig.2 Samples of membrane
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Fig.3 Average temperature of flame and combustion time of sample

with different content of red phosphorus
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Fig.4 Average temperature of flame and combustion time of flame with

different content of carbon fiber(3, 3-0.25C-3-1.75C)
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250 140
= 1120 §
S 200 | =
5 — 1100 2
a [

2 150 —~ =
k= 480 g
5 — 5
2 100 e 60 E
- B
B " 40 B
o 50| g
Z 0L . . . 0

0% 0.5% 1.0% 1.5%

Carbon fiber content

6 BRET Uk N (5] AR Y- LA S i JEE AR AR T
Fig.6 Average radiation intensity and maximum radiation area of

sample with different content of carbon fiber

MRS AT LB, ML B e A 5% B, £14h
SR o B AR AL AN K, B S T AR B K 120 em?, £1

TN T 5% B, A (it 4 0 ot J32 R0 S5 v LBt 5 41
T8 LU AT P R MDA SRR AV, WS e 2T 248 I 9 ot P 6 S5 it
JEE R G AR YW S T IO AT AR RE . MRS
1IN ) 20% B, & Bk AT 4R RE A Y 48 59
192.0 W-sr ' [#AKF] 78.7 Wesr !, #E 5 I AL 1 121.8 cm?
AR 2] 56.6 cm?, JC Bk £F 4 FE & (0 58 55 5R
183.5 Wesr ! FEAK 2] 52 Wesr !, 58 5 18 ALl 116.3 em?
P2 48 cm?,

6 v, 2140 S ik B A S5 B B R 4T 4 1 it
1) 388 0 5 38 K S W00, 355 BE T Y Bk 45 4E
0% 34 7 2 0.75%, i 55 58 B2 M\ 100.6 W-sr' 34 Jii1 F
150.3W-sr ', BREFAETR I KT 0.75% B, £150 4R o
JEE RV 5P T RRL B e £ A4 1 e g T B

TG R S WA A K 2 LT AN R A B Y R B R,
P 3 AT, Z0R A R T 10% B2 B 5 Y A A 2k 24
FNA BRI, T8 N2 05 i SRR 1) R AT 3 B 2 A s o
FEREARAY E Z R N . 208 09 51 BRIE R 240 °C,
416 °C I Fh48, HARBE SN Ry G218, US N1 ) 23
ot A o ) O S PR R, T R R 114 AT S B 43
B Jiobh, R —FOL R KT, P o RS S
1) Oy SN, A2 K 1 PyOs. P304 AR, P,Os Y FHAEIR
SR /D T Bl B N O BE R 5 R 2 0 e T AR o
LIS 2 FEMTV BYRE R REAR, BA R 22 B ] 1
K, BRIRFEAR, 2150 53 i PR A

TR 7 2 AT O S S PR R, U0 24 ids i £F
HE S5, AR K24 1 S 2R B U, PR b BT
PV 1945 T 0 1L, 46 v T MR T, B K 2 I K
T BE, XM K G LD MR A — s i R e . S
b, B AT A BT S il SRR REE, TS0 o D 25 B
IRAR I, KRR BETE B — 22 B IR, 1 ORI AIX,
e
22 EKIIERE
221 &R TENK

R SR 1 S R A S TR =z [ —
R R, %SG R PV PG IE 67 280 550 A
Tiidie DAH I SRR A TR AR S AR, H R SR
V1403088 R RS %% TR TR A5 ), 5 YR SR Hh R b
JEASB, H I R A R ST S SR TR
KF o WS K AR S T v R i Y 2 K
5 o B R AT IR AT, B T (a)~(e) S 1~5 ST

20210455-4



s Gk A2

www.irla.cn % 51 %

900

— 1-0.50

800

700

600

500

400 |

Brightness temperature/K

300

420 | —3-0.50
400 |
380 |
360 |
340 |

Brightness temperature/K

320

300 t

500

—2-0.50

450

400 |

350 +

Brightness temperature/K

300

(b

380
—4-0.50
360

340 +

320 t+

Brightness temperature/K

300

t/s
(d)
360
—5-0.50
—5
o
2 340
3
<
2
5 320 |
g
g
S 300 -
&
280 : :
0 1 2 3 4 5 6

t/s
©

& 7 & (a)~(e) FFER 1~5 5 1-0.50~5-0.50 A ZE KRS = iR LI

Fig.7 Fig. (a)-(e) are the comparison of millimeter wave brightness temperature between 1-5 and 1-0.50-5-0.50

il

T 0.50% Bk £T 4 5 2R S e 21 4 1) 8 55 8 B i
XTI

454 2.1 L1 N 1-5 S BCTT, BEA LW A
WS, MRS 2 T [, 2K DR S S BE R AR, (1
AN I T G I R i B 22 R R B S P A BT R
AN B 2T HERE S B0 5 L B R (E A 690 K A F
308 K, 5 B 2T HEAE i (19 52 T i R AE A 824 K[ A 3

347 Ko FEARMA IR FC 7 vh U8 N 21 4t I, 22 K Dk 4
SEUR2E ST . XU AR 2 1 2 K D R A S R
BB ARG & —E IR N T — B4R
FERRET A 2R DGR S0, A 3 50 Al 1 R
HI 0%~1.75%(Hk £F 4 K T 1.75% B #e DL 255 43 B
T FE) 114 ke 2T 24 Sk 8 5 X AR K 245 2 2K 1) 5 g, o
8 Firm .

20210455-5



ISk A2

% 24 www.irla.cn % 51 %
g ot JEZ L, BD:
5 i
%D% 420 | _BO.9)  They
£ 2 400 ¢ E=—p—=—p (5)
5 380 | b
S g 360 | . - e e .
EENI YIPR 9 5T e A BB TR I | S
= s 4 S FHIE B, T IR 0~1. B LAY KR35
0 MRS E T S PRiR R, R HAR DR ) 52 TR S5 T
s o , PRI .
& C rbo“ﬁbercomeﬂw = 2 REE pE B P
a AT (5) AT, PR 52 R R R R 5

P&l 8 ANTRIBRET Ak 2 B i 1 AR S a0 L ]
Fig.8 Comparison of millimeter wave radiation brightness temperature

of samples with different carbon fiber

222 IS

HRAR B P e, NP RRE L  MTRA 2  51
5 R SH A R 5 W R B R
AR S L R 1 A4 — R A
BB ST — R EAR R TR SR R . —
PRAETREE Ny T, 303 £, 55 e B, 0,

B ()

Ao b R $=6.63x 107, J-s; K NI H-2% 5
W= 1.38x 1072, J/K; ¢ 6= 3x 108, m/s; T ik
BE, K; fRAIR, Hzy AR, im.

5 R F 5 L R B R T
SR, hf/KT < 1, M 1~ 2L ] | T i

(B A2

_2f°KT _2KT

By o g

2

At 1= of K
— BB A B, S LSRR A SR
BE R A U S5 ST FE, >4 K 1 L 4 9
FRAEI TR T SRS
2KT
~Af ®)
AR () B T AESE NI, S TERE IR
SRR REOCR . AR F A I, U4
S5 Ty o4 e, B RERE

2K
By = - TropAS 4

LA SR R B0 e e AT B I, Rk
S5 2R D W A ) e o R A ) 1) R A ) i 5

SRR EE R, H 5T A K. 1E 2.2.1 #8495
B, BRE 1~5 5 B0 YRR BEE R Bt A rh i R ) R
AE, 7B N P LG BB, IS4 2 K R A
T 55 T S R O AR, BRIV R e e S T o o O Y
FrEMT S o BREFEE L R0 S i
TR, 455 18] 4 FP 8 43 BTl i1, B & Bk £F 4k 5
PR BE I, AR 24 1 R 58 T BB ST 338 T I B AT, T 22 K D
AR ARSI, AKX G) AL Ty=e-T, f
PR £ 4 I\ 0% 3841 2 1.75%, KGR E T 5ess in s
BEAI, 4 S 52 1 T FFEE1E N, I U8 PH 22 0K i % 5 %
SREFFEE N

T3 — D5 T, KA S — s 2 7 A A RS B
%, Hm K AR A 5 OGRS A el B b 7= A= 1
KA Ko K2 HRIGE JOHEPT LATA Ay 2 55 P 5 19 5
B TR, BRI 2o A e R TR K P
SRIE B, KM R 5 R KL T AS W 1) Sh iz sh T e
TERRBE IO it I HL 3 s, KON R 2T B T
i, KIGTE AR 23 B 2 L 3 I AR AR T AR A0, 0 ok 245
ek be i B & AR IE OB T B T A R
T, IR HUR - 7E T 25 F R R R s B, B
RS T LI, O R AS TR] DX 38k A4 B fL O Ao 220 A AR
b, JE AR Ak 14 f 37, A8 AR i L 3 A A e L A B
FATE LR PRI, AR 25 RS IR 2T 4 5 2
ORI A S B I 345 1 BB R T DI AR 4 A R R
L, (LB SO TP R BE e X IR VE L, AR
KN A LR 9 AL S R LK B R S 1T
Ji, DATIT 8 5 T K K 245 K v A FEL R o DO ke 245
TERRBE 1k AR v 7 A 1Y) 22 K 0 SRR 18 R S R K d
TR PIANT 53 INBELTT 1~5, Bl BRI A R A,
AR S T 3055, AR S iR 0 T 9 55, VS Nl £
2R J K T % PG G R A A AR 2 2 K e R
LSRR e

20210455-6



s Gk A2

%24 www.irla.cn %51 A
3 z:lnz .L/b\ 37(5): 1-6. (in Chinese)

FEAL 55 MTV BUAR Kk 25 1 L aih b, DAZT B 40 8%
R Mg #3, WS 0 J5 U0 e 27 24V SR T RE U 7, X et
AN ZE K A S REIEA T I A, A5 10 DA 2518

(1) ALLw R AR 2 Mg By, BEAT IR MTV AL
KB RR I, IR ARBERT ] . ZTBEVR It A 10% 14
TNZE 20% BF, M8 K 24 ORI | 20 AN SR 0 | 5 I
FEUHR B 21 8 5 2 A 38 000 177 o5 2 AR, KT 20% B 43
LB AN

(2) WS Tk 27 4t J5 , 08 28 08 T N 21 471 5 55 i
JIE it 5 i 2T 4 5 2 (10 348 o S22 B SE 1 0 5 R AR B ka3
BREFAE SR 0.75% I FR0E(E

(3) TN 0B 2T 4 BE A 25038 Bk 0 2 24 00 22 oK
5, MK 2 BB AT 2 B DA O BN 1.75%, KDk AR
SRR N, HAR AR 400 K DL b AR5 LR )42
Ko B, FE IR TR 75 T R AR IR 2T 2 2 488 = 0 ok 24
KR S — R SGR 1

(4) LABR T A —Fh DI RE S I 550, 640 2 22
KPR B — 2 IR, AR TR 5 bl
AT 38 0 FH

S 3k

[11 Ruan Chenli, Dong Yuliang. Millimeter Wave Theory and
Technology[M]. Chengdu: University of Electronic Science and
Technology Press, 2013. (in Chinese)

[2] Han Yusheng, Yao Ling, Wang Shuo. Jamming and counter
technology of millimeter guidance weapon [J]. Infrared and
Laser Engineering, 2007, 36(S2): 444-448. (in Chinese)

[3] Xiao Qin, Li Yinbo, Li Yan, et al. 8 mm focal flane array
imaging technique [J]. Telecommunication Engineering, 2008,
48(5): 97-100. (in Chinese)

[4] Qian Chongsong, Li Xinguo. Overview of passive millimeter
wave image [J]. Guidance & Fuze, 2003, 24(4): 29-33, 36. (in
Chinese)

[51 Yin Ximei, Feng Pengpeng. Status and prospect of terminal
sensitive technology [J]. Journal of Detection & Control, 2017,
39(5): 1-6. (in Chinese)

[6] Nie Jiangying, Li Xingguo, Lou Guowei. Analysis and

calculation of coating stealth targets with passive millimeter

wave detection system [J]. Opto-Electronic Engineering, 2010,

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

20210455-7

Nie Jiangying, Li Xingguo, Lou Guowei. Coating-stealth target
radiation transmission characteristics [J]. Chinese Journal of
Radio Science, 2012, 27(4): 733-738. (in Chinese)

Hu Taiyang, Xiao Zelong, Xu Jianzhong. Method of anti-
coating-stealth ground based metal targets by millimeter-wave
radiometric detection [J]. Telecommunication Engineering,
2010, 50(4): 1-6. (in Chinese)

Xing Yexin, Lou Guowei, Li Xingguo, et al. Millimeter wave
passive detection for stealth air target [J]. Journal of Nanjing
University of Science and Technology, 2011, 35(3): 289-293.
(in Chinese)

Zhang Anhua. Study on surface treatment of carbon fiber and its
composite material performance [J]. Chemical Management,
2020(3): 31-32. (in Chinese)

LiJ, Chen X, Wang Y, et al. Burning and radiance properties of
red phosphorus in Magnesium /PTFE/Viton(MTV)-based
compositions [J]. Infrared Physics & Technology, 2017, 85:
109-113.

Chen Minghua, Ma Haimei. Influence of carbon fiber on burning
rate infrared radiation intensity of Mg/PTFE infrared
composition [J]. Laser & Infrared, 2008, 38(10): 1008-1010. (in
Chinese)

Li Xingguo, Li Yuehua. Millimeter Wave Short-range Detection
Technology Foundation[M]. Beijing: Beijing Institute of
Technology Press, 2009. (in Chinese)

Calcote H F, Keil D G. Ion-molecule reactions in sooting
acetylene-oxygen flames [J]. Combust and Flame, 1988, 74(2):
131-146.

Goodings J M, Bohme D K, Chun-Wai Ng. Detailed ion
chemistry in methane-oxygen flames. 1. Positive ions [J].
Combust and Flame, 1979, 36: 27-43.

Chen B, Wang H, Wang Z, et al. lon chemistry in premixed rich
methane flames [J]. Combust and Flame, 2019, 202: 208-218.
Dong G, Feng Z, Li L, et al. The effect of electron ambipolar
diffusion on the ion current signals in a premixed methane
flame [J]. Fuel, 2019, 256: 115813.

Fukuyama T, Mukai N, Togawa G. Dynamic behaviours of a
flame as plasma in a strong electric field [J]. Scientific Reports,
2019, 9(1): 15811.

Peng Ru. The combustion name radiating millimeter wave and
radiation mechanism based on pyrotechnic materials[D].

Nanjing: Nanjing University of Science and Technology, 2015.
(in Chinese)


https://doi.org/10.1016/0010-2180(88)90012-0
https://doi.org/10.1016/0010-2180(79)90044-0
https://doi.org/10.1016/j.combustflame.2019.01.009
https://doi.org/10.1016/j.fuel.2019.115813
https://doi.org/10.1016/0010-2180(88)90012-0
https://doi.org/10.1016/0010-2180(79)90044-0
https://doi.org/10.1016/j.combustflame.2019.01.009
https://doi.org/10.1016/j.fuel.2019.115813
https://doi.org/10.1016/0010-2180(88)90012-0
https://doi.org/10.1016/0010-2180(79)90044-0
https://doi.org/10.1016/j.combustflame.2019.01.009
https://doi.org/10.1016/j.fuel.2019.115813
https://doi.org/10.1016/0010-2180(88)90012-0
https://doi.org/10.1016/0010-2180(79)90044-0
https://doi.org/10.1016/j.combustflame.2019.01.009
https://doi.org/10.1016/j.fuel.2019.115813

	0 引　言
	1 实验部分
	1.1 试剂与仪器
	1.2 实验过程
	1.2.1 碳纤维预处理
	1.2.2 烟火薄片的制作


	2 结果与讨论
	2.1 燃烧性能
	2.2 毫米波性能
	2.2.1 样品毫米波亮温测试
	2.2.2 机理分析


	3 结　论

