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Fig.1  Overlap model of composite material skin and
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H 3.77 x 107 1.0

CFRP 2 x10* 1.0
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Table 2 External dimensions of components
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Modeling and impedance analysis of composite material
aircraft grounded return network
LIU Jianying, SUI Zheng, ZHANG Qihao, YANG Zhangang"®

( College of Electronic Information and Automation, Civil Aviation University of China, Tianjin 300300, China)

Abstract: To ensure flight safety, a metal current return network is added for composite material aircraft
to meet the grounding requirements of the electrical system on board. For the calculation problem of the im-
pedance of the composite material and the metal current return network, a Partial Element Equivalent Circuit
(PEEC) method is used based on conductors and dielectrics. The grounded reflux network is modeled inclu-
ding metal bar and composite material skin to calculate the impedance under different parameters and struc-
tures as well as the impedance between any nodes, and the influence of some component parameters on the im-
pedance value is analyzed. The simulation calculation results verify the applicability of the algorithm in this
paper and the correctness of calculation results, and provide further references for the composite material air-
craft grounded reflux network in terms of fault management and electrical protection system design.
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Table 2 Basic characteristics of 9 typical test functions
PRAL PRECAERL D RN I KERREL G, e %
Sfi(x) 10 [ -20,20] 1 000 Fe/MER O
fr(x) 1 [1,20] 1 000 B/ME R -1.293 7
S (x) 10 [ -100,100] 1 000 B/ME S 0
fa(x) 2 [ -20,20] 1 000 i /MEH 0
S5 (x) 10 [ -5.12,5.12] 1 000 e /ME R 0
S (x) 10 [ -600,600] 1 000 e /ME K 0
S (%) 2 [ -100,100] 1 000 H/ME R0
S (%) 10 [ =500, 500] 1 500 5 /ME N -4.189 8 x 10°
So (%) 10 [-5,5] 1 500 f/ME R -78.332 3
22, f, (w) Ff (a) hy BRI 3% 2 pRBR, 330
300 t
So (o) S TRL W B A pR B, () ~ f () S 22 I R VKR 250

Hewr, fs (x) 24 Rastrigin B, f; (x) 24 Griewank
%L, f, (x) A Schaffer PR,

FIHT S Fh Al ATA FEA7 e Btk B b, &
e ) JH I X R AR Ay AR R R BT AN B, oA
BB EE 2 WRTR . 2% 3CHk(13,27-30],
5 FpELAY ATA IR AP EEHLAL N 2 100, IAATA
s RE R K w S 2, e BEIN] R By 2 1 000, 4H
IEE BB 6 24 0.9, Hifth 4 Ffr ATA Fy S HE £ L
S WHR[9,17,20-21 ],

AR B~ 249 32 A UCROR - 2 000 A Bk ] 3
W S WS B2, ) P B 4 R o R Y B A i L B
P2 V- 4 S5 UG ik A0 T S5 3 4 JR) e A0 A 1 ) R
Ofe A e SR AT SHORS B, ) AR08 ik AR O
255 B AR Y O 22 1 R SRV 1O R E PR B AR I
BEXT 9 A A 3 ok K5, BT S Rl ATA 53 51 4T
30 YA SEARAL B R i AT BR L AL LR S, ()
(o) fo (o) fs () of; (20) B9 1 R AL AL 3 2 o o
Je 7R BRI AN ) A 55 T B S 72, S A BB
Bt FEaniE 2 ~ & 6 FiR

ek B f, () 7E 5 Bl ATA R B 2% UK
Ve DI IINTSEEIER 7SV S I C U B VIR 297 S ¢ RN
i A, A 3 £ B 1 2 AU RY A 100 YA AL i 72 .
B Bk R AU e 1, 3K eR B S, () YRR
BB AW B, oA, ATA \GAIA TAAIA F11 DQAB-
CIA 7E 10 W AN T FE B /IME, GMAIA (1
Rif o AR /N T At 4 FP AR o D R S, ()
7E TAAIA 5 DQABCIA & i Yig 843 B2 4% 3kt , H
TAATA i Wi S50k B2 s tR T DQABCIA . 3 o %%
Si(x) 75 GAIA 5 ATA T (1 Wi SIGH J& #2 3, GATA
ST SR BE T ATA, HLI 98 T TAATA

[) B, B X M R S, () , BB S Fb ATA 3%
TR 40 YA Al 7 o Bl 530 0 22 AR O B0 1
e, Dt oK S (x) 1Y RRCERME S W T B, Horb,
ATA [GATA .TAATA F1 DQABCIA 7£ 10 IR&EN T

&= 2001 --- GAIA
= 150} —— GMAIA
i —-— DQABCIA
SO AIA
50 f —— TAAIA
N N X ) ) ) X ) X )
0 10 20 30 40 50 60 70 80 90 100
G
B2 MR EL S, (o) 7 5 R N TR 5k T~ it

Fig.2 Optimization process of test function f, (x)

with 5 kinds of AIAs

K3 ek g S (o) 72 S B N AR Rk T i Akad 72
Fig.3 Optimization process of test function f; (x)

with 5 kinds of ATAs
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Fig.4 Optimization process of test function f, (x)
with 5 kinds of AIAs
K 2 A% /M, GMATA 1 T K 7 32 W] I /)N G Al
4 ik o MK RAL S, (v) 75 TAAIA 55 DQABCIA
T AW SiE B G, . TAATA A9 Wi S0 2 i fIK T
DQABCIA, MK K%L/, (x) 7E GAIA 55 AIA T 1Y
W S B2 I, GATA WSO FE AR T ATA, H 3
18 F TAATA



AL AT W

%5 1 T 5 T S 5 o O A 1 899
e — Y T BB £, (o) 10 B SRS T e L5 3 1 e
% Y S FE 1 HEE) 1 43 51k TAATA (GATA DQABCIA |

g © == GMATA ATA, TAATA fi % e i e 8 51 4 o B ff
i fift 0, DQABCIA 1 HE 45 I SCE] 42 7 e A A O, {H it
20 - WS T IAAIA. AIA  GMAIA I GAIA ¥y 1k

80 100 120 140 160 180 200
G

B s I eR B fs (x) 72 5 Bl N e 505 T Akl 2

Fig.5 Optimization process of test function f; (x)
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Fig.6 Optimization process of test function f, (x)

with 5 kinds of AIAs

BEXHIN G pR B £, () L 264 5 B ATA AR
A 300 WAL Ak et A o I 2 O Tk AR R A B
D R A S, (o) B RERCIE AN T T 1%, 5 B i A ik
S L F PR 298 43 ] Dl TAATA [ DQABCIA [ AIA |
GAIA #1 GMAIA . M3t B %L £, (x) 7 TAAIA Ffig
5P i SF) 0, CMATA BEGS L SL B 45238 F 0 11
—A/NE GATA IR SE SN 4238 T 0.5 %, ATA 5
DQABCIA ¥ gl S84 3 #2358 T 0 A /N

W sk ) 4 Jmy e A O, HUSRCSIU(E 438 K F 0, GATA
5 GMAIA W S5 {E 7€ 20 [ff i, ATA % Wit S 7
10 ~20 Z[H]

FEXTON 3 R B S (x0) , JEFE S Bl ATA AR
HI 100 RACAG A 72 o Bl B 80 3k a2k AR B i 3
W R AR S, (o) 18 BREELAS BT B3, 5 3309 i i
SR | e B4 43 51 GAIA [ GMAIA [ TAAIA |
ATA \DQABCIA , TAATA FE % Pk Uit S5 3 42 Jm) %
PLf# 0, DQABCIA M U 84 3] 4= )= J L f% 0,10
JEMERE IR T IAAIA, AIA  GMAIA il GAIA ¥ TG
S B 4 )R B A iR O, GMATA i1 GATA 9 1084
HE KT AIA,

XF 9 AREAL R LA 30 b 7 Ak 4
TG hT, T as R 3 Fis .

M R £, () PR AT B, 89 7 2 36 4R
VB D /N B K 43 B9 GATA . GMATA | TAAIA |
DQABCIA AIA, B4k, GAIA FI GMAIA 1 3%
FRUEL AR, AHE: S S R i - 3 (K 4
e GATA S AL M 0934946 0.237 7, I oK
B S, () 78 30 YAl 37 p A v, TAATA F1 DQABCIA
WSk B Fe L f O i BN #6°h 100% , ATA (GAIA Fil
GMAIA Y Sk EI A AR 0 T3k 0, A1, PR %KL

BRI 3 R K fs (20) , EFE S Bl ATA ALK DoAY 7 25 5 1] DA /N 35K 43 391 - GATA [ GMATA |
Hif 200 WARAL I #2 . Bif A B sk AR B 3 TAATA \DQABCIA (ATA, [ b, 76 DU 3 oR £ /) (%)
K3 INNKBRBESMAIEREEITHRUER S
Table 3 Optimization results analysis of 9 test functions with 5 Kkinds of AIAs
BRI % X H 3T H ATA GMAIA GAIA DQABCIA TAAIA
St i 1.540 5 x10~° 0.027 2 0.029 8 0 0
i 2% 8.287 9 x10°° 0.221 4 0.960 1 0 0
-2 fR AR A 5.447 4 x10°° 0.069 6 0.237 7 0 0
X Al fig s 8.6722 x10°° 0.247 2 1.101 6 0 0
fil=) ST 85 1 A U B 919.7 341.857 1 11.871 0 915.9 715.2
WARE T % 354.756 7 900.238 1 19.169 9 210.662 5 179.846 6
XA R 1] /s 43.456 8 26.525 7 0.637 7 37.647 2 29.609 3
WS B 4 JRy o A A I Bl 3/ %e 0 0 0 100 100
etk A -1.293 7 -1.2937 -1.2937 -1.293 7 -1.2937
I K -1.2937 -1.293 7 -1.293 7 -1.2937 -1.293 7
S B 5 A -1.2937 -1.2937 -1.293 7 -1.2937 -1.293 7
S (x) It A J5 22 0 0 0 0 0
S 149 39 4% Uk B 749.575 8 390.700 0 548.500 0 573.200 0 176
AR % 3.756 8 x 10* 3.152 3 x10* 4.501 1 x10* 8.782 6 x10*  2.064 9 x 10*
XA AR 1] /s 3.486 9 5.828 8 5.861 1 3.760 5 0.578 1
B B 4 R B A R I T R/ % 100 100 100 100 100
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PR L Xt I H ATA GMAIA GAIA DQABCIA TAAIA
Al i 0 0 0 0 0
e 0 0 0 0 0
-1 d R A 0 0 0 0 0
Sy (x) I A J5 22 0 0 0 0 0
S 2k AR IR B 11.562 5 32.857 1 8.529 4 5.564 1 4.625 0
AR B 2% 6.623 8 41.4522 3.804 0 5.439 6 3.3912
SER AL I ] /s 0.551 4 2.262 4 0.492 0 0.228 6 0.192 8
WS B 42 JR) Foe il B %/ %e 100 100 100 100 100
A i 4.266 1 x10* 0.031 7 0.179 3 0 0
I 0.001 2 1.999 5 2.062 7 0 0
) AR A% 8.449 9 x 10 ~* 0.238 2 0.989 7 0 0
fi(x) Elfr s % 8.3125x10°* 2.477 4 2.913 2 0 0
Sy 3 4R UK B 785.303 0 22.030 3 2.135 1 342 214.393 9
AR BT 2% 917.073 0 96.555 5 28.431 0 116.944 4 66.857 2
SER AL ]S 20.035 4 1.307 2 0.075 4 7.880 7 6.363 4
W SI0 3 4 R B A it B BN R/ % 0 0 0 100 100
Tt f 2.985 1 9.2209 4.4825 0 0
Ty 16.914 4 25.479 4 20.679 9 0 0
S 44 d5 M A 9.628 7 17.891 4 13.115 9 0 0
Ak % 15.756 6 23.313 1 23.370 3 0 0
fs (o) S 3 £ B 932.787 9 44.888 9 6.062 5 62.055 6 48.289 5
WRREOT % 414.525 7 138.483 1 8.824 7 94.445 2 28.457 3
S B9 A A B[] /s 44.309 3 3.124 4 0.255 4 2.647 4 1.689 5
WSS 4 )R B AR A LB/ %o 0 0 0 100 100
Ttk f 0.019 2 0.605 6 0.257 6 0 0
e 0.095 5 3.160 1 2.169 4 0 0
- 1 5% A 0.057 7 1.6359 0.968 1 0 0
et f )y 24 0.109 7 3.1217 2.371 4 0 0
Jol) IR 933.969 7 132.727 3 9.9250 212.789 5 44.500 0
AR 330.649 3 145.425 4 15.1253 183.222 0 19.912 3
S-SR AL B[] /s 46.585 5 9.960 1 0.522 0 8.799 5 2.1527
W S5 3 42 Jr) Fo ARG fige B 3 26/ % 0 0 0 100 100
It i 0.009 7 0.009 7 0.009 7 0 0
% 0.078 2 0.498 9 0.154 4 0 0
1) S5 A A 0.067 8 0.074 4 0.043 9 0 0
X et f )y 2% 0.213 5 0.336 6 0.2322 0 0
fi () S5 2 AR R B 661.647 1 2.6579 1.382 4 22.947 4 9.542 9
AR EOT % 1.548 4 x 10° 13.287 3 3.745 6 22.757 3 11.344 0
S A AR B[]/ s 16.399 6 0.166 4 0.053 1 0.496 3 0.351 8
W SI 3 4 JRy B A it L Eh 2R/ % 0 0 0 100 100
s i -3.9530x10°  -4.0714x10° -4.1898x10° -4.189 8 x10° -4.189 8 x10°
% 2% -3.299 6 x10° -3.558 0x10° —-4.1898 x10° -4.189 8 x10° -4.189 8 x10°
2 B AR A% -3.6072x10°  -3.7555x10° -4.189 8 x10° -4.189 8 x10° -4.189 8 x10°
el f J5 2 0.026 3 0.021 2 0 0 0
fils) ST $5 1: A U B 1416.8 868.363 6 855 904.300 0 404.500 0
AR 2 5.960 x 10° 1.170 0 x 10* 3.403 7 x 10* 1.3134 x10°  6.685 4 x10*
Y I Ak s [ /s 44.445 8 47.129 6 34.009 0 32.291 4 16.743 5
BB 4 JRy o e i T %/ %e 0 0 100 100 100
etk A -78.332 3 -78.329 2 -78.3320 -78.3323 -78.3323
Ise3 -72.6776 -75.500 8 -78.305 4 -78.3323 -78.3323
S B 5 A A -76.752 9 -76.208 9 -78.317 17 -78.3323 -78.3323
() et g7 2% 2.453 2 1.498 3 1.0222x107* 0 0
S 1 3k AR TR B 1375.4 752.875 0 294.900 0 558 421.400 0
AR KT 72 1.273 5 x 10* 5.940 7 x 10* 5.090 3 x 10* 7.992 3 x10*  9.140 5 x 10*
SES AL A /s 42.202 8 71.875 4 12.189 1 15.948 5 7.028 1
WS B 4 JRy 5 A Al I B R/ %e 43.33 0 0 100 100




%5 3 ERIAL R S E B

W B B 1 SR it R

AL AT W

G
Btk i 901

oAl i B TAATA w] DLUFE £ UE iS00 B 13 09 i
P& 4 v L I W S

Dl s S, () A3 B, B30 1 3k ARk 4
7522 M/NF] K 4 3k GAIA | TAAIA . DQABCIA |
ATA [GMATA . F 6 ff 19 75 25 D/ B K 43 51
IAATIA . DQABCIA (AIA .GMAIA GAIA, i p6 %k
S (o) 76 30 A 57 A Ak H, TAATA i 8408 A 1L
R E %l 100% o BRI, 76 03 ek 4 S, (o) PR 4K
R TAATA HAREF YRS E 1k

DI BR 2 S, (o) LS () P AR FE TP, S b
ATA F5] D)o xof i 8438 Jie /M, TAATA 1) 7 2 3%
PR BC IR /N, - B 5400 i 18] e 2. I pR R
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Improved adaptive artificial immune algorithm for solving
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Abstract: In order to overcome the shortcomings of Artificial Immune Algorithm ( AIA) used in the func-
tion optimization process, such as huge calculation amount, low convergence accuracy and slow convergence
speed, multiple adaptive immune operators are introduced, and an Improved Adaptive Artificial Inmune Algo-
rithm (TAATA) is proposed. In the classic ATA, antibody excitation calculation operator is adaptively designed
by introducing the number of iterations, and immune selection operator, clone operator, mutation operator and
clonal inhibitory operator are adaptively designed by introducing antibody population average excitation and an-
tibody excitation, which can improve the convergence accuracy, convergence speed and stability of ATA. Nine
kinds of typical and widely used functions are chosen as experiment function, and four kinds of typical AlAs
are selected as comparative algorithms to optimize the experiment functions. The comparative experiment re-
sults indicate the effectiveness and superiority of the IAAIA for solving function optimization problems.
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Structural characteristics analysis and resilience
assessment of airspace sector network
WANG Xinglong” , MTAO Shangfei

(College of Air Traffic Management, Civil Aviation University of China, Tianjin 300300, China)

Abstract: In order to ensure the safety of aircraft operations in the sector,improve the resilience of the
sector network under external disturbance, and thereby effectively reduce flight delays and airspace conges-
tion, by using complex network theory, an airspace sector network model of China is established based on air-
space sector division rules. Then, the structural characteristics of airspace sector network are analyzed by defi-
ning basic network parameters. In addition, the concept of sector network resilience is defined and a quantita-
tive evaluation method is used to measure it. Finally, resilience indicators under different recovery strategies
are comparatively analyzed, so as to develop the optimal recovery strategy of the sector network under external
disturbance and improve the network resilience. The results show that the airspace sector network of China has
a lengthy average shortest path and a small clustering coefficient. The degree distribution follows a double pow-
er-law distribution and the cumulative distributions of betweenness follow an exponential distribution. Among
them, betweenness has the greatest impact on the resilience of airspacesector network. Adopting the between-
ness recovery strategy can significantly improve the airspacesector network resilience under external disturb-
ance.

Keywords: airspace sectors; complex network; betweenness; network efficiency; sector network resili-
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Table 2 Comparison of thermal runaway parameters of

battery under low and normal pressure
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CR2032 172.6 306 319.7  166.5 243 358.8
CR2 172.9 291 527.4  166.7 267 607.3
CRI23A 172.9 333 599.8  167.5 303 641.8
ER14250 169.5 321 169.5 166.9 282 253.6
ER14335 174.1 294 185 174.6 240 312.1

ER14505 179.7 276 244.5 170.8 270 545.9
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Table 3 Quantitative evaluation result by risk indexes

Z (TTnpO - TTlpO)
i=1

n

_ 2 (tlnp() - tllp[))
i=1

t
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- (1)
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WE(a=1) R (a=0.8)
2 s P s P
M THRI FGI | M THRI I
CR2032  2.83 3.19 2.10 2.37 2.94 2.46 1.86 1.24
CR2 2.87 3.98 2.27 3.15 2.92 3.11 2.13 1.81
CRI23A  2.93 4.12 2.32 3.26 2.98 3.26 2.14 1.87
ER14250 2.89 2.90 0.84 0.84 2.96 1.25 0.67 0.22
ER14335 2.84 3.21 1.93 2.18 2.93 1.69 0.61 0.28
ER14505 2.88 3.82 2.39 3.17 2.92 2.44 0.78 0.51
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Evaluation method of lithium battery safety based on
thermal runaway risk index
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(1. Research Center for Standards and Metrology, China Academy of Transportation Science, Beijing 100029, China;

2. Center of Aircraft Fire and Emergency, Civil Aviation University of China, Tianjin 300300, China)

Abstract: Aimed at the current research on the safety of lithium batteries, focusing on the experimental
measurement of characteristic parameters and analysis of reaction mechanisms, this paper proposes the thermal
runaway risk index of lithium batteries based on risk assessment theory and applies it to the quantitative evalu-
ation method of lithium battery safety. The ignition parameter is multiplied by the environmental coefficient to
characterize the probability of thermal runaway. The consequences of risk are characterized by the heat release
parameter and fire growth parameter. Lithium-manganese batteries (CR) and lithium-thionyl chloride batteries
(ER) commonly used in temperature monitor devices in cold-chain cargo of air-ground multimodal transport
are selected, and the above parameters are obtained by the self-designed lithium battery thermal runaway ex-
perimental platform. Thermal runaway risk index is calculated. The example analysis shows that the thermal
runaway risk index value of ER14250 lithium battery is 0. 84, which demonstrates higher safety than others.
This method can directly guide the selection of lithium batteries for temperature detection devices in air-ground
multimodal transport for cold-chain cargo to ensure the safety of transportation.
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Load measurement based on structure partition and strain bridge
decoupling for telescopic main landing gear
JIANG Qideng”

(Aircraft Flight Test Technology Institute, Chinese Flight Test Establishment, Xi’an 710089, China)

Abstract: In order to resolve the problems of low sensitivity, high coupling degree and prominent nonlin-
earity during the load measurement of telescopic landing gear by strain method, the decoupling design methods
of structure partition and strain bridge are proposed. Trough optimization design the effective parts of structure
deformation under different equivalent load components were selected on the wheel-axis and piston rod with
concentrated force transfer, and the bending moument-shear-torque strain bridge array was installed in the cor-
responding position. Furthermore , a simple and reliable load measurement model was obtained by combined
loading calibration of landing gear. The load calibration tests show that the response sensitivity of the shear
bridge on the wheel-axis to the vertical load is about 60% higher than that of the tension-compression bridge
on the strut,and has no relation with the change of the compression stroke. Finally in the landing tests the load
measurement model and flight data were used to calculate the landing load and buffer power absorption results
which satisfy the requirments of engineering accuracy.

Keywords: telescopic landing gear; cirque section; structure partition; strain decoupling; influence co-

efficients of strain bridge; load calibration and measurement; landing test
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Multi-UAV cooperative surveillance based on role switch strategy
ZHU Qian" ", XU Nuo'?, HUANG Bei', LI Qiang', ZHOU Rui’

(1. Tactical Weapons Division, China Academy of Launch Vehicle Technology, Beijing 100076, China;
2. School of Aeronautic Science and Engineering, Beihang University, Beijing 100083, China;
3. School of Automation Science and Electrical Engineering, Beihang University, Beijing 100083, China)

Abstract: With limited communication range and real-time information transmission via multihop commu-
nications, a novel multi-UAV cooperative surveillance method based on role switch strategy is proposed for
searching unknown region and monitoring some hotspots. Firstly, considering history detection information and
cooperative surveillance, a multi-UAV cooperative surveillance frame is implemented based on probabilistic
sensor model. Secondly, four attributes are proposed to characterize differences among UAV alternatives in
communication network containing ground station, and a novel UAVs role switch strategy is proposed based on
UAYV node importance evaluation to achieve tradeoff between surveillance mission and connectivity maintenance
with improved Technique for Order Preferenceby Similarity to Ideal Solution ( TOPSIS). Finally, considering
collision avoidance, connectivity maintenance and UAV dynamics constraints, UAVs motion plan is optimized
by distributed receding horizon control based on different UAV roles to achieve multi-UAV cooperative surveil-
lance. Simulation results demonstrate the feasibility and effectiveness of the proposed methods in multi-UAV
cooperative surveillance.
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for Order Preferenceby Similarity to Ideal Solution ( TOPSIS)
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Fig.1  Overall framework of crater region detection algorithm
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Fig.2 Optical characteristics of imaged crater
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Fig.7 Experimental results of crater candidate

region extraction
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DX 38 ) ] Al o A, R 8 DX A2 A e S X
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WIMERE B R o T3 A, B 4 b O AR A RO Y L
5 x5 AALE] 100 x 100, {H 2 Sy 558 36 1) 5K 5]
1% ,EF] A CraterCNN Xif 3 25 55 405 4 9 17 43 2510
Tl it BB B8 — B 4 iR ) D227 x 227 % 3
) RGB 5. K8 4y th 1 i %o 5 iy — L8 1E
AREA TR

F 1 h0905_0000 57 i ##E & 5 4H
Table 1 Groups of h0905_0000 crater dataset

X 5% IEMEAS B R A K i
TG 0 DX 45 1121 1385
R X J5 443 738
AR X 45K 458 765

. ™
(b) TitEA LA

(a) IEFEASEH]
P8 h0905_0000 [ 1 4 4t 4 H 4 1E 57URE AR 151]
Fig.8 Positive and negative examples in h0905_0000

crater dataset
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2 [ L e f i A R B B, L ACE ORI BE
Jiik53CHR[ 1,46 ] —E.

4.2.2 A TRIKREHIEEG SVM 4 % 5155
ATk

R4 3.3 1 Frik, 7EXF CraterCNN 4 I 3] 1)
FRAESEAT 73 2, 6 T BA G 5 pe Y %K 1)
B SVM 43248, pe FAE T SVM 432 28 X il 45 5k
i 4 R 1 2 TR R, 0 i 1 0 2R A% P RE R T
AR IR, A 2H 52 56 1) Y 58 SR 30 0406 4R % SVML )
PR AETTIN 1 pe BEATIEFE

1 55, £ 4> h0905 _0000 %4 4 £E /Y 7 &R IX.
I S X IR G S X A i R 20% B AR A
Forp IE SURRAS LU AH 55 (30 10% ) fFix 265k [
3 A DX PR R AR A o) 30 B A D 58 SUR B K A0
feo FLUGMIHISCRRL 21 ] T4 44 9 Haar-like $5AIE
FEE TR IBOX SEAE A Y Haar-like RRAE , B X 26
NTHRFAEAE g SVM 43 26 45 1) i A R B B B A
PEAT . &k HLZ B LA ] Haar-like $5 4 £ 47
BI] B SVM 73 26 4% Y A5 51 I 1 pe Y IEFE, 2]
o A A BRI B3k L 4E 92, Haar-like
FRAE & AT B0 7 I T B A oG D) ) A i 4
fiE, I HLIX Bl ARRAE S TR B ST (8

TE X FE— A FE 50 P 7 3E AT D Ui, of 3 52
SRR KR B ¥ 2 M o D S 0y, B — TR g ) e AR
Forh iy 4 AR U R B 4 L 53 A0 1 A S K
ol 4R B PR IEAT S UCHRAE AT LAAS B 24 i Y
TESTH XN S A Fy BERE, AKX S A F,
et L 4 45 (L A AR O F 5 PR T BT S B SVML 4y
KA RN, LR AR MNK 2 s, W LR
), MBS T pe BUH 4 0.000 1, SVM 32K
A TESE XA B 4 B U SR, RO, X
TR AT A R X 2R (RS T, SVM 43 2R 48 1Y
TR A 7 BB 0..000 1,

R2 ETFXXKREBFEENRERLE SVM 535K
ENEFEEXRER
Table 2 Experimental results for choosing the penalty
factor of linear SVM classifier with soft interval

based on cross check dataset

¥ 5 TS T pe T, BERAE
1 0.000 01 0.8326
2 0.000 1 0.893 7
3 0.001 0.884 3
4 0.01 0.8517
5 0.1 0.8326
6 1 0.8326
7 10 0.8326
8 50 0.832 6
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SN iR A
XJ CraterCNN + SVM B8 3k #E 4T B ik . 1) I 3C
BR 021 ] J7 B A S 6 1 Oy 25, 1% J7 5 2 H ETAE
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A S B A B DX I 4 2 (O SCOR 0%
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4] g5 |
&9 10-Fold Il kil i ¥ 4 & /s 2 &

Fig.9 Schematic diagram of 10-Fold training and

testing dataset

SVM 7328 & (P RE , SE 5038 45 F) ] Haar-like 43Ik
T SVM 5326 gt 21 F 5532 55 B Bt £ 0 Aok 32 X Ik
19532 CF SCHF 0 b J5 ¥ 1/ Bk 4 Haar-like +
SVM) , [l i, i K A1) I T $2 4 #9 CraterCNN $2
B3 £ 7 e 8 DX ORR AL, I 20 93 L Softmax 32K &
F AdaBoost 432548 X} CraterCNN [ 25 $5 B HY (1) 45
MEFEAT 4328 H53X 2 TS L 7 5 1Bk CraterCNN +
Softmax FlI CraterCNN + AdaBoost,

Jr# i i) CraterCNN + SVM F1 4 Fft Xof 14 5 ¥
(Haar-like + AdaBoost ,Haar-like + SVM , CraterCNN +
Softmax ,CraterCNN + AdaBoost) £ h0905 _0000 %k
a4 3 A>T BT X Y 10-Fold ¥ 46 b iy A 42
HRAWERPMF, MRMEWERS in, aTLUE
#), 76 3 T4 I, CraterCNN + SVM 35153 T #i;
R R, BRI, R, BR T AR X A 4R
P 4, CraterCNN + SVM ¥ 3818 TR P
Al m AR R R, T b Al O BT A iR
MEJE S5 R RRAE 1Y A 2R AR B =, Pk SVML Y A
45 AdaBoost fli—28 18 5 2K CraterCNN +
Softmax | CraterCNN + SVM | CraterCNN + AdaBoost
163 A 10-Fold 445 1110 F, B A 7 L4 76 51,
CraterCNN + SVM [ F, BUH &% & o [\ &, XFF
Haar-like 5 ik 1M 75, SVM 73 2 4% (9 45 12 2% T
AdaBoost 732 # H R B, 31X J2 R Ay I8 A 450 X I8 Y
Haar-like i fil: (9 2% P 7] 70 P 852 22, Fir D), 26 1%
SVM 43 26 i i P B 278 22 T AL 9 AdaBoost
IrIEA e FIAh 4.2, 1 T RTIA A XA A
G ME BE B v, U, 25 B AE 3 A XY F
JE B (R Fe AR o

F 4 A T CraterCNN 4574E I Haar-like

%3 CraterCNN +SVM 5 HEMBRAMBRERE A LXEEZT L IEER

Table 3 Contrast experimental results of Crater CNN + SVM algorithm and other crater candidate

regions classification algorithms

JE R AR AR TR 23 2 A% 2L T 7Y A DX e X AR X I FHME
Haar-like + AdaBoost 0.903 0 0.903 0 0.903 0 0.903 0

Haar-like + SVM 0.839 8 0.839 8 0.839 8 0.839 8

LR P CraterCNN + Softmax 0.929 5 0.8712 0.929 5 0.910 1
CraterCNN + SVM 0.929 5 0.898 9 0.929 5 0.919 3

CraterCNN + AdaBoost 0.898 8 0.905 5 0.898 8 0.901 0

Haar-like + AdaBoost 0.863 7 0.863 7 0.863 7 0.863 7

Haar-like + SVM 0.829 1 0.829 1 0.829 1 0.829 1

TUHER R CraterCNN + Softmax 0.916 3 0.880 5 0.916 3 0.904 4
CraterCNN + SVM 0.916 5 0.910 5 0.916 5 0.914 5

CraterCNN + AdaBoost 0.904 2 0.871 1 0.904 2 0.893 2

Haar-like + AdaBoost 0.8809 0.880 9 0.880 9 0.8809

Haar-like + SVM 0.8326 0.8326 0.832 6 0.8326

F, CraterCNN + Softmax 0.922 0 0.874 5 0.922 0 0.906 2
CraterCNN + SVM 0.922 6 0.903 9 0.922 6 0.916 4

CraterCNN + AdaBoost 0.900 4 0.886 7 0.900 4 0.8958
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Table 4 Mean time of different feature extraction
algorithms and different classification algorithms

on 10-Fold training dataset and testing dataset

-ty IR (/s

. -1
HNEW iy LR A /s

X 45 X 45 X 35
CraterCNN H5iF $2 Bt 1.54 0.74  0.70 0.99
Haar-like 45 fiF 42 I 4.13 2.08 2.33  2.85
CraterCNN + SVM /Il 0.34  0.10 0.08 0.17

CraterCNN + Adaboost Il 796. 1 191.08 195.83 394.34

CraterCNN + SVM i iz 0.01 0.01 0.01 0.01
CraterCNN + Adaboost Jil] iz, 0.02 0.01 0.01 0.01
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Fig. 10 Visualized results of CraterCNN features and

Haar-like features based on t-SNE algorithm
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Fig. 11  Positive and negative examples in crater region

dataset composed of simulated crater images
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Fig. 12 Examples of crater region detection experimental results of crater simulation image based on analytical data
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Table 5 Candidate crater region detection experimental results of crater simulation image based on analytical data
. - P B IER 1 i B IR R 2 i E % 3 i HL &R 4
A7 PERAR TR
(F9MEEXE)  (F 1 AMREXKE) (&9 MREXE) (& 1 AREXE)
CraterCNN + SVM e 9 11 9 11
Haar-like + SVM 7 10 8 9
A SO 35.26 29.17 31.18 33.76
CraterCNN + SVM B AT BT /s 0.1853 0.198 6 0.172 8 0.198 5
Haar-like + SVM 0.240 7 0.264 9 0.231 8 0.253 9
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Fig. 13 Examples of crater region detection experimental results based on real crater simulation image
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Table 6 Candidate crater region detection experimental results based on real crater image
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A crater region detection algorithm based on automatic feature learning
LU Tingting""* , ZHANG Yao', YAN Yan', YANG Limin', YANG Weidong

(1. Research and Development Department, China Academy of Launch Vehicle Technology, Beijing 100176, China;
2. Key Laboratory of Grain Information Processing and Control, Ministry of Education, Henan University of

Technology, Zhengzhou 450001, China)

Abstract; The crater-based navigation technology has been become a novel and precise autonomous navi-
gation method in space exploration, and how to extract the crater regions from the crater navigation image is
the essential condition of the crater-based navigation method. Accordingly, in this paper, we propose an algo-
rithm for extracting crater regions via automatic feature learning. First, the candidate crater regions were ob-
tained by the maximal stable external region method. Then, the features of these regions were automatically
extracted by Convolutional Neural Network ( CNN). Finally, the true crater regions were identified from all
the candidate regions through Support Vector Machine (SVM) classifier. The experimental results demonstrate
that the proposed algorithm can extract crater regions from the navigation image with higher accuracy and ro-
bustness than the traditional crater region detection algorithms based on the handcrafted features. The proposed
algorithm obtains an F, score which is 8% higher than that of the traditional method on the standard Mars sur-
face crater database, and can be applied in the crater detection of the crater-based visual navigation method to
provide the precise navigation landmarks.

Keywords: crater region; object detection; automatic feature learning; deep learning; artificial intelli-

gence
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Fig. 1  Sketch map of grid fins/missile body configuration
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Fig.3 Effect of missile body interference on normal force

coefficients of grid fins (Ma =2.0, hy/D =0.375)

Bl 4 G of Bk 1T b 5 % U £ A
(Ma=2.0, a=6°,h,/D=0.375)
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Fig.5 Cloud chart of local angle of attack for leading edge
profile of grid fin (Ma =2.0,a =6°, h,/D =0.375)
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Numerical simulation and test investigation on interference characteristics of
grid fins with missile body at supersonic speed

LI Yonghong, YANG Xiaojuan® , CHEN Jianzhong, JIA Wei

(China Aerodynamics Research and Development Center, Mianyang 621000, China)

Abstract. For cross layout grid fin-missile body configuration, the vertical grid fins will be exposed to the
interference regions of head separated vortices, and thus the horizontal grid fins will be immersed in the missile
body upward flow while a certain body’ s angle of attack exists. Therefore, there will be a greater difference in
the aerodynamic characteristics of grid fins between two installation forms: vertically and horizontally. In order
to investigate the missile body interference on the grid fins, numerical simulations based on typical grid fin and
grid fin — missile body configuration were conducted at supersonic speed. The aerodynamic characteristics of
single grid fin and grid fin with body interference were compared. Flow characteristics and load distributions of
grid fins installed differently were analyzed. The correction method for the aerodynamic characteristics of grid
fins with body interference obtained from the aerodynamic characteristics of single grid fin was studied. Moreo-
ver, by wind tunnel validation tests, data differences of grid fins in different installation ways were obtained,
and the correction method obtained from the cross upward flow theory of the body was explored to be practica-
ble. Thus, it provides data supports for the high-speed wind tunnel tests of grid fins and data correction tech-
nology facing engineering application.

Keywords: grid fin; upward flow; normal force; correction method; missile body interference
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Experimental results of high current spike in Flash
chip by pulsed laser
SHANGGUAN Shipeng' > | ZHU Xiang'*, CHEN Rui', MA Yingqi', LI Sai'*, HAN Jianwei'

(1. National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China;

2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: High Current Spike (HCS) of nonvolatile Flash chip has been tested by pico-second pulsed la-

ser single event effect experimental facility. Accurate positioning of pulsed laser confirmed that sensitive area

triggering HCS was charge pump of the chip. Different laser energies and specific locations in charge pump

can trigger the same amplitude current spikes with different time cycle, although HCS has the same phenome-

non with single event latch-up, and completely different mechanisms. When laser energy was high enough to

be equivalent to heavy ion’ s LET value of 99.8 MeV - ¢cm’/mg, continuous irradiation on the same sensitive

area of charge pump can trigger the high current spike of the chip, which will cause catastrophic failure to the

chip due to multiple charging and discharging.
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Fig. 1 Time series of equivalent clock correction in 2019
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Table 4 Statistics of UERE and UDRE for BDS satellites
DR UERE/m UDRE/m R T L/ % DR %% UERE/m UDRE/m B2 T LA/ %
Co1 0.77 0.25 67.5 C19 0.24 0.1 58.3
C02 0.62 0.12 80.6 C20 0.69 0.15 78.3
C03 0.28 0.33 -17.9 C21 0.43 0.13 69.8
Co4 0.63 0.25 60.3 C22 0.32 0.18 43.8
C05 1.97 0.44 77.7 C23 0.33 0.09 72.7
C06 1.21 0.37 69.4 C24 0.35 0.12 65.7
Co7 0.85 0.46 45.9 C25 0.46 0.19 58.7
Co8 0.97 0.26 73.2 C26 0.43 0.16 62.8
C09 0.98 0.29 70.4 C27 0.55 0.14 74.5
C10 1.02 0.17 83.3 C28 0.41 0.19 53.7
Cl1 0.67 0.19 71.6 C29 0.38 0.19 50.0
C12 1.61 0.2 87.6 C30 0.3 0.14 53.3
C13 1.42 0.16 88.7 C32 0.26 0.1 61.5
Cl4 1.56 0.61 60.9 C33 0.45 0.17 62.2
Cl6 1.09 0.23 78.9 C34 0.32 0.13 59.4
C35 0.54 0.29 46.3
C36 0.28 0.15 46.4
C37 0.39 0.22 43.6
I 1.04 0.29 66.65 ¥iA 0.40 0.16 58.94
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Fig.5 lonospheric error calculated based on the B1l

pseudorange of COl satellite in three modes
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observed in one station of Sichuan
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Table 5 Statistics of single-frequency positioning results on two modes of basic navigation and wide-area

differential for single BDS-2 and combination of BDS-2/BDS-3

m
BDS-2 BDS-2 & BDS-3

W 24 5 AT IR 5y AT IR 5y

KT i K i K i K T
STA1 1.98 3.83 1.20 2.27 1.27 2.88 0.83 2.03
STA2 1.66 3.31 1.12 2.04 1.09 2.68 0.75 1.96
STA3 1.13 3.34 1.82 1.80 0.84 2.80 1.12 2.27
STA4 1.76 3.35 1.21 2.21 1.77 2.96 0.83 1.98
STAS 2.14 2.87 1.55 2.12 1.43 2.53 1.25 2.00
STA6 1.55 4.15 1.33 2.53 0.99 3.19 0.98 2.54
STA7 1.34 3.93 1.00 2.87 0.93 3.21 0.77 2.88
STA8 1.39 4.29 1.09 3.13 0.94 3.25 0.77 2.62
STA9 1.77 3.22 1.30 1.79 1.01 2.35 0.74 1.58
STA10 2.86 4.87 1.78 3.07 1.47 2.34 1.47 2.07
Biofice 1.76 3.72 1.34 2.38 1.17 2.82 0.95 2.19

% 6 Y BDS-2 71 BDS-2/BDS-3 R EARIH 518 & 4 W E L 45 R &8 it

Table 6 Statistics of dual-frequency positioning results on two modes of basic navigation and wide-area

differential for single BDS-2 and combination of BDS-2/BDS-3

m

BDS-2 BDS-2/BDS-3

b TR FEA G Y FEA S I E-Yi

K i K i K i K LS
STA1 3.27 4.29 2.37 3.24 1.76 2.19 1.05 1.42
STA2 2.13 3.02 0.95 1.57 1.12 1.93 0.50 0.96
STA3 1.50 2.66 1.30 2.25 1.10 2.04 0.79 1.58
STA4 1.42 2.58 0.79 2.29 1.01 2.09 0.51 1.94
STAS 3.10 4.98 2.04 3.48 1.59 3.14 1.21 2.22
STA6 2.04 4.20 1.22 2.55 1.11 2.59 0.70 1.54
STA7 2.00 3.54 0.95 1.87 1.25 2.19 0.64 1.36
STA8 2.13 4.56 1.14 3.17 1.26 2.61 0.73 1.74
STA9 2.53 3.31 1.30 1.93 1.21 2.40 0.57 1.28
STA10 3.45 5.98 1.42 3.53 1.28 2.36 0.69 1.60
I 2.36 3.91 1.35 2.59 1.27 2.35 0.74 1.56
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Accuracy evaluation of wide-area differential service for BDS-3
TIAN Qiuning'?>, CAO Yueling"*, HU Xiaogong', TANG Chengpan', GUO Rui’, YANG Yufei'

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. PLA 32021 Troops, Beijing 100094, China;
4. Beijing Satellite Navigation Center, Beijing 100094, China)

Abstract; In order to ensure the smooth transition of the wide-area differential service of the Beidou sys-
tem, the Beidou-3 System ( BDS-3) uses D2 navigation message on GEO satellite to broadcast the equivalent
clock correction and ionospheric grid information on B11/B31 frequency. This paper analyzes the characteris-
tics of the equivalent clock correction and ionospheric grid information after adding the BDS-3 satellite, and
compares the User Differential Range Error (UDRE) of satellite between the BDS-2 and the BDS-3. Com-
bined with the measured data of BDS-2 and BDS-3, this paper also evaluates the positioning accuracy of wide-
area differential service of BDS-3. The analysis results show that, after using the equivalent clock correction,
the User Equivalent Range Error (UERE) of the BDS-2 satellite changes from approximately 1 meter to ap-
proximately 0.3 meters, while the BDS-3 satellite UERE changes from approximately 0.4 meters to approxi-
mately 0.2 meters. The results show that the equivalent clock correction can correct the space signal step error
brought by the update of the broadcast message, and significantly improve the satellite space signal accuracy.
Compared with the Klobuchar 8 model broadcast by the basic navigation system, the ionospheric grid informa-
tion broadcast by the wide-area differential system can improve the accuracy of ionospheric error correction by
about 18% . In comparison with BDS-2 single system, the accuracy of single-frequency positioning for BDS-2/
BDS-3 can be improved by 26% , while that of dual-frequency positioning can be improved by 41% . The posi-
tioning accuracy of single-frequency users for wide-area differential services is 2.4 meters, and the positioning
accuracy of dual-frequency users is 1.7 meters, which is improved by 13% and 41% respectively.
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tion; wide-area differential service accuracy
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Interpenetrating polymer networks derived from ethynyl-terminated
imide oligomers and cyanate ester
LIANG Yin'?, LAN Tian’, GUO Shifeng’, WANG Xianwei’* , DIAO Xungang'

(1. School of Physics, Beihang University, Beijing 100083, China;
2. Aerospace Research Institute of Special Materials & Technology, Beijing 100074, China;

3. Ningbo Institute of Material Technology & Engineering, Chinese Academy of Sciences, Ningbo 315201, China)

Abstract: Ethynyl-terminated oligomers ( BETI) with different degrees of polymerization were synthesized
using 2,3,3",4’-biphenyltetracarboxylic dianhydride and 2,2'-bis( trifluoromethyl) benzidine as the monomers
and ethynylphthalic anhydride as the end-capper; modified cyanate ester resins were then formulated by dissol-
ving BETI in bisphenol A dicyanate, and the properties of the blends and the resulting Interpenetrating Poly-
mer Networks (IPNs) were investigated in terms of curing behavior, and thermal, mechanical, and dielectric
properties. The results indicate that the trimerization of-OCN functionality could be catalyzed by the incorpora-
tion of BETI, as evidenced by significantly reduced curing temperatures and shorter gelation time. Moreover,
IPNs show improved thermal and mechanical properties compared to pure polycyanurate. especially, when
30% weight BETI with the polymerization degree 19 was blended in pure cyanater ester resin, the class transi-
tion temperature, 5% weight loss temperature, tensile strength, and impact strength of the IPNs were in-
creased from 297°C to 309°C , 425°C to 431°C , 76 MPa to 94 MPa, and 24 kJ/m’ to 31 kJ/m*, respectively.
The dielectric constants of the IPNs are slightly higher than that of pure polycyanurate. The BETI-modified cy-
anate ester resins could be potentially used as matrix resin in aerospace industry due to their improved proces-
sability and material properties.

Keywords: imide oligomers; cyanate ester; Interpenetrating Polymer Network (IPN); processibility;

toughening
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Table 1 Geometric parameters of all-movable tail
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Table 2 Parameters of titanium alloy material
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Table 3 Parameters of nickel alloy material

p/ (kg m™?) 8 240
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A 0.30
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Table 4 Equivalent elastic constants
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Fig. 4 Prediction-correction iterative method
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Table 5 Aerodynamic response at different

angles of attack

WA/ CLWNE/%  Cp WUNE/% s Eael/s
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Aeroelastic characteristics of hypersonic vehicle tail at high angle of attack
HAO Shuai'?, MA Tielin>*, WANG Yi', ZHANG Zilun', LUO Wenli*, XIANG Jinwu’

(1. School of Aeronautic Science and Engineering, Beihang University, Beijing 100083, China;
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Abstract; During the flight of near space hypersonic vehicles, the external disturbances may result in
high angle of attack conditions. And the off-design conditions may lead to a large deflection angle of the all-
movable tail, which brings aeroelastic problem. Aimed at solving the aeroelastic problems, aeroelastic charac-
teristics were analyzed by the CFD/CSD/CTD coupled method for the all-movable tail, and especially the aer-
odynamic response and structural deformation were focused on. The results show that aerodynamic response
curves fluctuate and gradually decay to equilibrium position. The larger the attack angle is, the greater the ini-
tial amplitude is, the larger the proportion of aerodynamic coefficient decreases, and the amplitude decays fas-
ter. Bending/torsion coupling deformation occurs in the tail structure, and the structural deformation leads to
the change of pressure distribution, the reduction of the whole pressure and the decrease of lift coefficient. The
larger the attack angle is, the greater the decrease is. The maximum stress of the tail reaches 1.2 GPa at 30°
angle of attack, which has reached yield strength limit of the nickel alloy material. It should be strengthened
for the region where wing axis contacts with tail, or it should be limited for the operating angle in control law
design. Axial deformation is mainly caused by aerodynamic thermal load, and normal deformation is caused by
aerodynamic thermal load and aerodynamic force load.
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Flow visualization experiment of jet mixing enhancement using pulsed jets

KONG Bo, WANG Changsheng, DING Wenhao, ERIQITAT"

(School of Energy and Power Engineering, Beihang University, Beijing 100083, China)

Abstract; In this paper, a turbulent jet with Reynolds number 33 000 forced by a pair of pulsed jets

working in antisymmetric mode is investigated using laser-induced fluorescence technique. The evolution of

large-scale vortex structures in the shear layer is captured and the effect of forcing frequency and amplitude of

pulsed jets on vortex structure and mixing enhancement is studied. It is found that inclined and staggered vor-

tex structures are generated in the shear layer, causing the oscillation of primary jet and promoting entrain-

ment. The forcing frequency mainly influences the distance of neighboring vortex rings. There exists optimal

excitation frequency that causes the primary jet bifurcating in the far field and spreading most in the shear layer

in the forced plane. The forcing amplitude also has effect on the vortex structure. The vortex structures are lar-

ger and more coherent at high amplitude, resulting in better mixing enhancement.

Keywords: flow control; flow visualization; mixing enhancement; pulsed jet; vortex ring structure
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Scheduling algorithms optimization in software defined
time-triggered network
LU Jun, HE Feng" , XIONG Huagang, ZHENG Zhong

(School of Electronic Information Engineering, Beihang University, Beijing 100083, China)

Abstract: Sofiware defined Time-Triggered Ethernet ( TTE ) optimizes message scheduling in avionics
systems, and its dynamic online scheduling algorithm must ensure the transmission determinacy of all the mes-
sages in any case. When time interval of Time-Triggered (TT) message is less than the frame length, the
Rate-Constrained ( RC) message delay increases, and transmission determinacy goes down. This paper im-
proves the TT message scheduling algorithm. First, a system model of software defined time-triggered Ethernet
was established. And the mechanisms of Minimum Delay ( MID) scheduling algorithm and Back to Back
(B2B) scheduling algorithm were introduced. Then, on this basis, a Macrovoid (MAV) scheduling algorithm
was proposed to reduce the waiting delay for RC messages in special cases. Finally, OMNeT ++ experiment
was conducted to analyze the performance of these three algorithms. Experimental results show when there is
no small time interval TT messages, the message delay in the back to back scheduling algorithm is the largest,
and the macrovoid scheduling algorithm has similar message delay as the minimum delay scheduling algorithm.
However, when there are small time interval TT messages, the macrovoid scheduling algorithm has better
transmission determinacy than the minimum delay scheduling algorithm, and the transmission determinacy of
RC message by macrovoid scheduling algorithm is improved by 87.3% , compared with minimum delay sched-
uling algorithm.

Keywords ; scheduling algorithm ; Time-Triggered Ethernet (TTE) ; Software Defined Networking (SDN) ;

message delay; transmission determinacy
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Table 1 Different combustion conditions inexperiment

I-/w/(L ~min~') D yerat VC[,4/(L ~min~") u,,/ (m - s7h) u(LHA/(m -5 Re,;, ReCH4 (O/F) 1on
10 0.6 0.6 0.77 0.06 298 53 410
10 1.0 1.0 0.77 0.10 298 88 148
10 1.4 1.4 0.77 0.13 298 123 75
15 0.6 0.9 1.16 0.09 449 79 410
15 1.0 1.5 1.16 0.14 449 132 148
15 1.4 2.1 1.16 0.20 449 185 75
20 0.6 1.2 1.54 0.11 596 106 410
20 1.0 2.0 1.54 0.19 596 176 148
20 1.4 2.8 1.54 0.27 596 246 75
25 0.6 1.5 1.93 0.14 747 132 410
25 1.0 2.5 1.93 0.24 747 220 148
25 1.4 3.5 1.93 0.33 747 308 75
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Fig.2 Variation of flame images with excitation voltage

under different equivalence ratios ( V,, =10 L/min)
i 000 4 G A, 4 2 e BT V- AT, S U 9 EE T I Y
K S S i ok =k R, I B S A B
iGN LN TN
55 R 2 B3 B TR BIR KA TE S
T 3 B 52 R 43 B BT R, SDBD A B A K K K
A AR R ROR o A RO kT EEAE A,
SRR AR 3G O RIAB R BE 4R i 2 1 R M T TR
% v B[R] o 58 91 Pl A A 908 2 18 0 KM e BE BRI
X5E 2 i e KA R R — B
WA, THCHL I KO S B AR A5 AR, 3k AT BB 5 s H 1
KT U 3 i U 54 R 5 B0k B it 4R 10 4 R K
R AR A ST, 55 B AR KB TE
A FNS U 1) 52 ), H TR -0 U AR A HIF SC
SRR A5 RV E 5 W AOR B BT R R 20 KV ik
HUSHELL @, =0.6.1.4 BIFH R AAE 26V, =



WRDCE , 45 « 3 T A0 o BEL 24 B30 P 047 HB0 R AR B 5 P 119 522 i)

Je A
o

© P, =14
B3 AN Y T S SR R 36 L Y
A54k (V. =10 L/min)

Fig.3 Variation of schlieren images of jet flow with excitation

voltage under different equivalence ratios ( Vm =10 L/min)
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Fig.4 Influence of discharge on flame images at

different air flow rates (U,, =20 kV)
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jet flow at different air flow rates (U,, =20 kV)
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Fig.6 Variation of CH" chemiluminescence images with excitation voltage under different equivalence ratios
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Influence of surface dielectric barrier discharge on diffusion
flame combustion characteristics
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(1. Department of Aerospace Science and Technology, Space Engineering University, Beijing 101416, China;

2. Xi’ an Satellite Control Center, Xi’an 710043, China)

Abstract: The plasma excited by Surface Dielectric Barrier Discharge (SDBD) owns both significant aer-
odynamic effect and chemical activation effect. In order to analyze the combustion-assisted effect of surface di-
electric barrier discharge on shear-coaxial air/methane diffusion flame, the reverse excitation of plasma in-
duced jet is applied to the flame through the use of high-frequency AC power supply in the experiment, and
the influence of plasma on the flame combustion characteristics under different combustion conditions is inves-
tigated according to the obtained jet flow field schlieren photograph, flame image and CH " spontaneous emis-
sion. The results show that the air/methane mixing of elongated shear layer in the upstream of flame is en-
hanced under the plasma aerodynamic excitation, which enlarges the combustion width of the shear layer. And
the combustion heat release rate is also significantly increased, which is mainly related to the plasma activation
effect, and the activation effect significantly enhances the combustion intensity of base flame at nozzle outlet.
Both the turbulence intensity and jet angle of the flame downstream can be effectively increased with plasma
aerodynamic excitation at a reasonably low air flow rate, making the flame height reduced and the flame width
enlarged, and the effect tends to be more obvious with a higher discharge voltage.

Keywords: Surface Dielectric Barrier Discharge (SDBD) ; plasma; methane; diffusion flame; combus-

tion characteristics

Received: 2020-03-25; Accepted: 2020-04-24 ; Published online: 2020-05-20 15:53

URL : kns. cnki. net/kems/detail/11.2625. V. 20200520. 1407. 002. html

Foundation items: National Natural Science Foundation of China (51876219, 51777214)
% Corresponding author. E-mail: nws1969@ 126. com



2021 4 5 H
AT H5 )

tEMEMRKAEFER

Journal of Beijing University of Aeronautics and Astronautics

May 2021
Vol.47 No.5

http : // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2020. 0556

jbuaa@ buaa. edu. cn

L3R SRR A T A St R e R PR e 5 R B R

RET, 5k

(et iR K2 Mz Bhe 5 TR, dbat 100083)

i B AT AL BOR K E 2 B R P AL & BT B9 IR o T R B
HEA,RARERN T ERTAR, E oA RAEREMREKER(VOF) s g mE, XA
75 B B (6DOF) 4 A Fn 3 K 32 ) I 4% (GMM ) AL 2 K | 5 WAL 1A &9 A7 xF 32 30, 4 00 KL oy
WA, B LA AE T UL R A B A LR R PR KL E TR & AT
TR R AN EREA AR RAKETE BN RARES Py EETF#HATRR
Tty b o5 i, ] o g MK N G KA X KT B T R ko BN, X T RS B R R
MEAT WGz A A H TR, 2 TR RRAy R T LRSS HKE
R A, KRR 2 RITRESF RE

x # A
hE4SEE. VI VIO
XERFRERD . A

W6 B KR RATALE H 2508 &, kpL7E %
T T BT K R AR AT 45 1 g
B2 $2 o AR K BB S R FRVE K aE
W BT B B3 AR T, TROPL A2 E g Ak A
B ) A T o 2 P AR T B ) e 3R %o
A5 LAl 9 o 45 PRF ] LA 3% 368 g bl

HAT, RHLK b 38 R 0 F 5T 32 B2 4 vp 76 7
IR R T T AT X 7K b 3 1) A0 g — A
W K B B BT LAY R 4 S B B ik | of
o AT TELVE T A0 A A A A A B R A RS
F19 ) B0 A Al 32 B 2k AR T ik ok - b o B B % B Bl
WAE JLRD 25, e A 5 5 S T 2 ) AR v AR Ak
TR b 36 W R R B BE 5T 07 B A3 BG40 AT AR R S
% R A

TEBRIE 007 7 17, A K o 2 45 B 5 d 4R AT
B F] 1929 4E, Von'™ 51 A B 0 i i A &
T B A K B b 2R 1932 4 Wag-
ner ' MCHE T Von BYERIE, % 8 T AK vk P

AKEEE; FRAT; AEHMT; WERESNF; REEKR(VOF)

XE4HS: 1001-5965(2021)05-1025-13

F18 46 T RIS T T o £ 190 52 i, 3 o A 400 19 o K
phili W LR (. fE iR TAE AL I, Do-
brovol’skaya[S:iﬁi’ﬁT‘[ﬁﬁ/\ﬂ(*ﬂﬁﬁ/\ﬂ(XﬂL#‘
i IR0 5 Greenhow ® T 7 I AR 345 F 38 ) 71
Zhao 1 Faltinsen' "™ 25t T — B AR B 44 ALK o
TR R . BRI YA AGE T AL BB R B
JUAATTE AR 285 ¥ A K ) 2, %ot F & 2% JLAT FE AR B A
JK s Y A AT SR AEAEAR Z BRI

TR S 0 DAAIF 9 CAIL K 3 AR 0 e A 2 P o
gk EFH M, 1953 4F, Mcbride F1 Fisher'” £ 47
T 9 FASIFIHL B B AR 457 Lo ASE Y (1% 3 [ S 56, )
TR A D R AR DR S
BOHE B S AR 22 BRI AU T TR I g TR R A
2011 4F B KR VRSE I A T R HLBE R A 4
HE Kl R HEAT K 6 R S Y SR R . 2017
AR AR I TEMA [R33 )y 43 H7  1F BR
) S R S YIRS T RLBE Y 3 [ K
W 5] 119 328 IR A5

YriE B HA . 2020-09-25; F A HH: 2020-12-21; £ H KR A 8] : 2020-12-30 08:56
P 4% H R 3k . kns. cnki. net/kems/detail /11.2625. V. 20201229. 1533.001. html

= BI5{EE. E-mail; lpq@ buaa. edu. cn

IR XA, JwE KWK R AT PR IR & R S E A )] bR AE ALK A ¥ F AR, 2021, 47 (5) : 1025-
1037. ZHAO Y K, LIU P Q. Numerical study on maximum impact load during aircraft ditching on wave surface [J ]. Journal of Bei-
jing University of Aeronautics and Astronautics , 2021 , 47 (5 ) : 1025- 1037 (in Chinese ).


qwqw
新建图章

https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=BJHK202105016&dbname=CJFDAUTODAY&uid=WEEvREdxOWJmbC9oM1NjYkZCcDJKOERPRVFTZ1Z4N3dIRGJGK3RKUjFBMjk%3D%24R1yZ0H6jyaa0en3RxVUd8df-oHi7XMMDo7mtKT6mSmEvTuk11l2gFA!!

1026 Jb 5B AL R K ¥ ¥

2021 4F

TERCAE R 7 G, o 00 07 v L4 1 R ik
YR Tk 3 J1 (SPH) 3 R FRAK AL % (FVM) |
o otk U T R B R A K b i
Xiao &R I SPH J 8L T NACA S8 e
AT 0.5 s B30 B AL, S BRE A b (4D L
Ay (W T S2Ea ki I h BLBE 340, LA
A M. Cheng %' SR Al SPH 3 4Ll T Ml
S TR AE - K T 0 360 W T RE B % I8 F 2 R
MIBOAE o Hua 25 5% AT 0K B H RKHE
TR RHLE A K G B, L 3 2 1 ) 23 S 9 AR
JH B 20 i K A8 A7 2% H R, FVM 2543
WARMRBL St (VOF) J5 i85 732 JH T A K o i
HEABL R T A ST T RE A8 T M 4K K58
S, A B R LW 3 K IR . Streckwall
4OV SR VOF J7 p 48k <538 5 1T BF 58 B8 L
B AK whi 4. Guo 217 i VOF Jy i
00 E Fh KT 5 A T O A B AR A 8L 4 B LA
TR TG 22 18] F K6 32 3y, 6 500 6 R A0 #1240 38
0 FEVE RE 952 W5 Qu 251 SR T 1A 53 g ) Ak
(GMM ) 4 A b B8 6 ALFN A 17 22 18] 19 4R %032 3, 5
(R PLZ5 S 5 S R A5 & BT

SEBR K b 30 R A T 7 AR 4 0 ) P TR
PRI, U SR ROBL B i A 5 T I 6 R
2 B K THT 36 A R 5 000, A i PR o o 2R
AR SR BRI 7 i, DRS00 b PR3 52 4R kL
TE A TR 3 B0 e VR PR Bk b 3 A

1 HEFERKIE

1.1 #EHZE

AR Ansys Fluent PR ALAG K -
RS, SR VOF J7 sl 4k @ il i, SRS A
H B R (6DOF ) 352 KLY I3 3 B3k, % 13z
1 R (GMM) J7 3 4k 38 6L 5 /K T =2 [5] f9 AR %o
Z3,

1) PSR % . sl o7 F v o R
W T F- 24 Navier-Stokes J5 5 14 3t BE [fj 40 8 (1)
AL SE B h-e i WAL . SR SIMPLEC % i kAT
& ) 3 BE fff A, i 7 303 3 AR A A =S i,
FaE I 7 R PR OO T4 B SR O = B
MUSCL #% 20— 9 i KUK 28 B 8, 3 B R —
B e 22 4 A R A, AR S R TR B B o
A B HL

2) VOF Jigk. VOF Jy k""" i i oy 45 A
SIA— AR EORAE 3K 2 Fhal 2 B R 3 AR
ZI E . AR BN 0, FoR K RS
B LA T BN BON 1, FR% % AR 0 T

BT 0 5 1 Z ), F R % R A S I A R
AR A0 A L A =2 18] P B 1T o 1 I A v B A A 1Y
R B L2500 1o 55 q MR I PR B3

TR .
L. i(oquq) +Ve (av,) = LSQ +
, ot 0
I - . . |
E}‘Z‘l (ml"l - mwl) (1)
T -l 2)
7=l

K TAR ¢ NE g MR o O U A 1A FR S
B3 S, g BRI s m g 25 AR [] (19 5 A i 3%
p AR s v IR T R R s e S IR TEL 5 Vo
M . b ad T R RN R R A e Bk Y
HRIC #% 20 B B, §7 HC0R A = B o0 22 73 4% 5K
BT, AR W UR ] — B B 2% U

3) 6DOF A1, 6DOF # B F 3K it WHLAY
B AN B J5 A, LAARAS O P Bl 3 M SR L
i85 V77 B AEBE A AR R PR A

wo= 3 (3)
¥ 3 T FRTENLIR AL AR 2 PR i
w, =K' (Y M, -0, xKo,) (4)

Krem g KB G s FS I f W2 )0
g AT K R I s M O A R R e b
T A AR F s T AR b FR ALK AR AR R

4) GMM J7 ik, GMM J5 i il T &b B R HL AN
IR T =2 0] B X 32 S, A R (3 I A A
B 5 ML — R AE 3, B R 7 A
] 190 A A 0 70 T AR, 3l e A
H I TR R S5 i A5 DB, DB S MR B (O
J ) Eh K TR A A R o ) R R E B [
DRI Ay S 06 ] 1 360 R ek 5 O 40 e i 4 9 K 3, e
T8 00 T I A R, AT R R R T I
JRAS

A 2 R BN B0 SR A% T A 2 R
32 B [ K T 7E M T AR B F R R KT, B AE
i TR Al AR 2R PP A R0 B A Y R AR
B, 0T 28 SRR Z i Ay 0.5, 4 F K i b
I 0,4 F KT R HI A 1,
1.2 BHEHERIE

T B UE bR SRR CHLA K i
iob  HR B B RS B, B T NACA TN 2929
(R O QIER ] PN I E R W 2 E i S )
FOAM T o ERE R BEAT I3, 40 X0 HE B 45 4/
ZERIR A PR, JE 25 4 0 ks (P T 320 75 L 3 i



%5 1

AT, A TRHL DR K T 38 R A P A R e ot 28 BB S

1027

FZ A SERT, R T 2 & AR 2R 4T o PE Rk,
HLI S S8 340 77, 20 9 % 5L 80 620 7 o 41 19
LA R A% 1) L Al | 42 /% . NACA TN 2929
B F [0 A% AT 1 BT R

P2 Jos 1 REHD S 5 R A RO 0 45 2R
AT L o S v oK 3 R 7 200 S BE o {EL R (i A
PALE SR ENBAT XA AL, 3% B 25 5 0T BE S dhy 5K
6 0 S AN T T P o DR 22 25 R R 8 B8 PR K
EARAUES R 5 SR 25 R W) & RAF . AT, A R
A% 20 O s A R DL SR A 22 . B BRI 2%
PR, AN SCZ e 9 BB AR AU 24 R R T 4% 114 4
JE Sk 2 TS A

IIIII!%HHIIIIIII

(a) HLRH%

(QEZEH
1 NACA TN 2929 #i&I F () 3 16 M A%
Fig.1 Surface mesh of NACA TN 2929 model F
10

o gF
£ 6f
=W gl
"-\—/. s 1 I I I I I L L L
~N
0.25
£
=
T 015
,.;1 i
=
005 1 | 1 1 1 1 1 1 1
30
= 20
&
E 10
0
0 0.4 0.8 1.2 1.6 2.0

[} [a) /s
— NACAZEG — Hf-HL IR — R0 A%

P2 BT F A S0 45 R RO R DL 45 2R X L
Fig.2 Comparison between experimental and

numerical simulation results for model F

2 HERESEIRES
2.1 WEEE ST E MR

AR ST LA o BT RS 1) S
S22 KL, 5 A SO BE ) NACATN 2929 i

TF A —2 . AN B M R W, R e
T R ITRTHEE # 0 5 0 AL S A AL
=8N R SR PR DO R IS U S S PN S U]
FERE TN D 55, CHLR T 1 A2 1Y
1B B RE SR o TR R 2 XX R R 454
HARLSH R A RO RA% B RO 380 TT . B30
TCHLILATSME A2 1 A R E

B3 TRHLAR AL 3 RS
Fig.3 Surface mesh of aircraft model

2.2 HEEK

TE PR K T30 B I 55 2255 KL /AT 5
IR AR T B RH T B o AT T 1] - 0 0 1 4k
LI RV TR A 5 25 RAT T 4 P AR
AT BISPAT F RN B R — R AT T
TR0 o 5 5 A Y- KT 3 A AR R 5 i T T 90
TRE R R bt o AR 5 ORI K TR R 3 g R 0 5
&R/ 5, A3 [ AH R S BE BRI AR O T
ey A A T T {2 SRR EE R TP K T E
Wk o D F 5 5 TR 38 I T A I 3 114 A FR e o
AR S S G I A 3 T DR FE AT

UnTE 4 Frs , TS I AR v e AU R I 5% I
R ATV AR R NS 0, Sl A A IR, y,
iR = N N /S T STV 1= B LL02 R T SO #
JKCTHT B i LAV A RN [ v, RIRINR

H . (27 21
Ah = —sin( 2Ty — 2T 5
2T - ) ()
wH 21 2
oy = = reos( e - S0) (6)

VKT

it 3
2 7K T 2
4 PR oK AR S 2 ) ) AR

Fig.4 Wavy water surface shape and vertical

velocity distribution



1028 G| AN T N N = 4

2021 4F

WL s R BT, 3 ~ 4 B0 R s H A
0.6 ~2m [, TFEPEERK L=37.5 m,i
BEH=0.6m0.9m.1.2m.1.5m.1.8 m, J&Hj
T=4.9 s RUFEPIRA 30 FEVERER M o 3PS
FE KL 2238 3l PR ) A7 Bl , H 2008

Von Karman*' [y B 58 % B , ohif 2k i 5 oh i
BV IR o PEREAE w AHALAL fih K I, PR
] |3z 2 33 fe K, W CAILRE X K T Y TR 0
FRe R, PRI A 0 7 1 Ak TROPIL AT A e R e il 2
fif o WEAHMIE VEFE T A0 AP 6 B il K 8, 7E (1/2)
ARALAL fih A, PR A2 Sl B0 0, KHLAH RS 7K T
F T DO B a2 KL A B R TR, & 4 Fs

3 KIRMETRHEERETE

R 0 R R 1 2 MO R, AR S
KHLLL 47,5 m/s BYKF- 3 1 m/s (T T3 E
F110. 79° (AR A (X 0L 12° (300 £ ) ik, &BL
WAL T 2R i e I B AL FE K T 0.2 m = EFF 46
JERE AR TR 8 s IR, RHLZ F
2o 2 SCAnF

F.’C
fx:mig
s B (7)
o+ m
fo= L
‘ mg mg

oS, JoKFad 2/, ST i 4 g v E I m
BEBE 5 F, O QAL 52 7K SF- T 18] 19 25 8l ) FK 3
Ji5F, D3 LI 32 3 7 1 i 25 s I AUK B g
3.1 = ARk

K5 O RHLAE - Jf I T A S b AN [R] 38 e 7K T
TIERER R A I, o IR AR I R K
M A fl it £, nl oK Ja B R R 2 B LR 3 A4
B B : Ok B B, & A AERT 0.3 s, B AL K T
AUHE fioh 7K THT , %0 P 50 BT 5 @ b i B B, R 2R
1E 0.3 ~4 s, L& niily AR IR 1A 1K AT 0, 1%
B Beid B2 AR 20 O WK B Be, RAETE 4 s Z
Ja , ek A7 O 2 SRR T LA K SF 5 1w Y 1 K8 Bl
ET LB B AL S OO R ARE , AN B
B o AR SOOI B o i o R R R 4 s, BB
I 00 30 1) ik 7 By B o i B B

Fe T ok BAR S BT P # oK) s H=1.8 m
KT F LAY 0 R R

AP 6 FroR 5 RALR A 12000 A0 fil K i S
WK ST, CHLILEY R 5 L 70 5 B fiiok
AR TEE A K R 5 BIR K T PR EE R, TRHILIL fi) 35 AT
PR SE il K , W6 38 AT 9 it — 20 kA B 2

R B B K

fil K B BE A A AE 0 ~ 0.3 s, [ 7 X HC T X Bir
BURHLES SR ML ; B 8 X L 1% B B el
K1z SRS T AR (R DA 5 1 9 X EE 1 B IR K T
HH B [6) 1o VAN, P A I A IR K T AL B
i AR RO B S o0 A ARDL L €, e 3 2R 8

SP- Tk 38 [ QN TET 7 () B2 0. 18 ~0.3 s AL

S8

4
3
2_
1
0

/g

a/((9)s?)

=200 -
C 1 1 1 1 1 Il
1 2 3 4 5 6 7 8
firk I /s
URES e B I KB
S ERKTE H=06m ——H=09m
H=12m ——H=15m H=18m

PS5 R ik K P i -5 TR K T 38 P i 025 6 ih 46
Fig.5 Overload history of ditching on calm and wavy water

surface with water contact at m phase

m

K6 5 Rk T KLk K AL (m A AL

Fig.6 Water contact position of aircraft on

[SIE

calm and wavy water surface (1 phase)

(a) F-Fr/K10.18 s

Iy

(b) IRKIH0.18 5
BT ok BB RALES S 5KETE S (m AL )
Fig.7 Aircraft attitude and water surface morphology

during water contact stage (1 phase)



%5 3

AT, A TRHL DR K T 38 R A P A R e ot 28 BB S

1029

B 2 vt ¥ 5] 4 ok imr, BB K B, K8 Al
AL, W KAT Ry T BOKE 2 HO K 2L B R i A
IR BE R, W R & e B v o B DR b 1] 5
FEBREE /N RAILAR 220 /K T W, KT 3 5 2218 %
A, () B 0 B R 3 K, % W e 8 81 oo Y B
A RIS B LA G LA A AR A ] B AR 2
W &9 (a) o filk 7K 19 BB FE v 2L 1A 32 1 4055
BB 2 v 455 i Ak R0 360 T 8 7K 7 AE B 1) OE R g, UK
TSR AL DRI it 2% 1 22 Ak 2 2R L A Y 1
IR 7K THT 38 B3 AR 458 F- e K T DU oy BT it
W, 25518 7(b) FE 8 AT L0, 18 s B AL B IE &8
30 [ 5 YR I T kK, E 2 5 B W BT IR B9 0. 19 s B
2, K- 1) 52 B BH I3 B 30— A A8 /N i BHL g
W, 3 # A F 0. 80 g, X L - K 1T, filk K & A S

1.0
- - VoK
—— H=18m
0.8 i~
0.6} T~
Lo
o
04t -
021\ J -t
0 0.05 0.10 0.15 0.20 0.25 0.30
B [E)/s
(@) P £
315!
AN 1 N ]
30 \ H=18m
25F
%0 20F
PR
15F \
1K A T
0sh
0 0.05 0.10 0.15 0.20 0.25 0.30
(&) /s
(b) el f 4%

B8 flk B Bead 2 & (m AHAL)

Fig.8 Overload history during water contact stage (1 phase)

&
& »

KR B2

A o
Al

(@) TV-##7KH0.18 s 8183

002

NN
ocooo
cooo
RRERD

(AN r—n
(b) BIRKIEO.18 s

&9 s W Z0ATL B il KA R ) R B ] (o AL )
Fig.9 Pressure coefficient contours on water contact

area of fuselage at the moment of impact peak (7 phase)

KPR 2 H B 5 L B R R K5 [ I
0. 18 sz, KAt A I PR ) _E 3z 3l " RALA X
JKTHT T DU B i o, R 7 1) 5k 48 B T AR
i b e, 0K 3,270 1819 (b) S e ol e (L
Z AL A Ak 7, 360 1] 96 YR 39 T 1) 07 S B S
S e AR AR A K R T AL B

o 2 SR Y 38 YR K T T e PR koK A AR Al
M7 BL T S e ok U

B B AETE 0.3 ~4 s, [ 10 XF L T b ity
BB AL A S KB 25 5 B 11 X EE 138 [ )
AL IE SRS TS AL I 72 ,0. 3 s Abdric &
RN AR G B o 18 12 %8 T RF AT T R 0 (i 1)
21, - KT TR K T AL B R A K R A Y T
153 A ARBL

WnTEl 10 e, BiH 38 R ) i — 20 & R -
T IR 7K T 38 A AL B v 2 ¥k A K R B 1L
7R TR D5 1] S A R TR A TS B ) 2 80 A
SV AEL /N R 5 A 4 3, IR K THT B9 4R 57 2
SEEEF AR EEEIN . T AR K R
FIBLEY AR ZE 3522 5 B/, I JL-F- R AE0. 8 s
WY 32 25 ) By e, JHL oS- K TG U 3. 85 g, TR
KT AL 3. 96, 5 BHL 7 18 18y 77 A ol 7K SF- 3o 88 BE o
24k 1T BEL 06 [ 9, 7K P R e O B e

S TR IR K TR 38 R AR T L5 1) s
B —2 . W& 11(b) s ,0.8 s i}
LY S A KSR 2 U e ol e 982 3R 7K T U L DA
2.40g , ~F-# K THT U (B 5 7 O 2. 53go Hl T i K By
B IR PR T o ol e i) 7 AR SRR 1] 528 ) O
/AN vl B Bl 1) 42 3 2 o) B -5 1 8K AR
2253, R oy B B 9 of ol W {EL/N TP K T
i A 30 T8 O K A BIL B A K IR 5
2 Y el g T I A, Xk 3 T 32 Sy 14 5 0 A I TE]
A TR R AR, KLY ) A2 Bl ik T TR O 1]
S, ANE 11 (e) FiR o

e e

@ FHkmE06s

Al —

(b) P51.8 m, JKTHO0.8 s

F10 s B B RALE A SR TR A (m AHAL)
Fig. 10 Aircraft attitude and water surface morphology

during impact stage (1 phase)



1030 65 M 2= At KOk 2% % 2021 4
45 4.0
- - - T - - - Tk
\ —— H=18m —— H=18m
35t !
F ) 30}
5 25} / | E =
:T—J \‘ B 20} ,'I :
% 1.5F / \\\ @ ll |‘ — = B
/ ST~ 10t \ = Y
0.5 ;[\ ,_// = '\\“:;:_vai \\ /- P \/
[ |osofoss 06 0.8 ~\¢|5 L
700305 10 15 20 25 30 35 40 0 0305 10 15 20 25 30 35 40
i [E)/s fisfE] /s
(a) /K3t 4k (b) ek 4%
6.0 150
- - - Tk - - - Tk
—— H=18m —— H=18m
50+ o 50 : =
- I R T e
i = ol S
EE a0l %( 50
= S =
N = & — L
30F L N 150
- _250- 1 1 1 1 1 1 1
2000305 10 15 20 25 30 35 40 00305 10 15 20 25 30 35 40
NGNS IS
() Tt HE (d) ffifinad B
B 11 s By Bz sh R A S AL DT RE (o AHA)
Fig. 11  Motion state and overload history during impact stage (m phase)
K 1.0 s, XFECE 12 (a) Fil (c) 1550, Bl & Pl 5 B v
A F 25TV R B DAL JEG 3 1 1L
. 0.14 N e — Sist
(@ VKOG 012 RS 462 S 7 010 S R BT ARG, [ B K 7 R 3
008 kT A BB S I FE 40k T 7 2 A 9 I
e e AL W TR K T O Sk SR 2 1.2 s, i
(b) BI04 s 8'02 TR U N, AP0 5 R ER & R B 2 1 1
. :8:82 JE AR TP oK 1w 55 (ULE 12(d) ), AT XK
JHon sommmstmes . w7
. = .
©) ‘l':iﬁﬁ'*?f(ﬁl,os :8:2 :Fﬁjj(ﬁﬂ/ﬂéﬁ
~0.14 3.2 /2 ARk
-0.16 o
,l -0.18 Bl 13 Ry CAILTE V- i K T A S FAS 6] v K
TR T 36 A 2ok 8 2, D8R K T K57
AN e > TR N v = =
LD ORI S 2 A K 9 /2 AGAL o KRS BRZE AL Hl 2, TR I L

REm M (w ML)
Fig. 12 Pressure coefficient contours on water contact

area at the moment of pitch moment peak (7 phase)

16 R I PL B R TR Aok, %) EELO O, BL S R
P82 3 i) b 9 1E 0 A Ak g A2 B 1R
TR = A 46 3k J1 5. A& 11 (d) B, P K
T A 95 TR 7K T PR 228 285 A T e 32 4 1 BROR Stk e
AR Sk, JHL v - 0 Q5 TR K TR ) N A Sk U )
BB AE 0.6 s A1 0.4 s, H i %5 4 4% 3,
P12 (a) A1 (b) s e I %) — 3 L B R 0 I )
oA AR DL R I, G R i 00 s 7 A AR Sk T R
£/ OO - N AN 8 i TR (A B N o o

53 LLE 3 A B B O fih ok By B, K AR TE I
0.3 s, HLEF 2 1T P IR0 42 fiph A T, 325 o 6 Ol R 5
@uhifi rBL, K AETE 0.3 ~5 s, HLE vhifi AK [ I}
FEA TR AT A, 1% B B 8 AL e B O W K B
Be, RAEAES s Z A, wivili 47 O 45 R e i LK O
I (1 1 K AT 0 O 3 i B B RL 32 0 1 DL 1)
FaRE , AN B 30

AL A B el 2o B A T S s, BIIA R
330 1 fik oK i B A b B BE . WSS 13 A, 2
finh 7K ASE B D IR Y /2 RS AR I 2o e £k Y AR
P 5 - K T 5 R A AL, BR 0 T R
P 5B i 22 S, 2 DO A BT b i 06 1)



e R

%5 1 ?ﬁl%ff,éff:%m%iﬁmﬁiﬂF%ﬁ‘*%**&l‘ﬁ@ﬂiﬁﬁ%ﬁﬁﬁﬁ 1031
RN o $5 R ok HAR Iy M ~F #K A H = SNSRI R NA PO R TR N I ) Y [ B
1.8 myKia b LAY I8 FEad 2 SR JE 5 17 X EE T TR K TR B 1 o 28 0

W 14 B, 5 CHLR AT 12000 A il e, 78 i, P A o R I8 TR K IR BIL B fi K S 467 14 HE
SRR IR K T T 2 LB R v B SRR 23 K I3 AR

fil KB BERAAE 0 ~0.3 s, 18 15 X B T % B L0 — ;
, , . - - - T /
B GBS OK T 5 1 16 4 L T 2B B 6L 0l — H=18m ?
4 ’
[ = 0.6 2
S0 ) z A4 ’
20070 T o4l L
< 1 .7
0 - 02 A =
50 4 i . | | |
3% r 0 0.1 0.2 0.3 0.4 0.5
N B el
E (a) KT 4%
"o =
— - - - ik )
P —— H=18m K
'\‘:_n 15F y 7
g L0 ’
=100 | &
& 100} g
Z 200} B
& -300 o
0 1 2 3 4 5 6 7 8
fimAk || ISfa)/s
Bre |/ it Bt [ ke : : : :
0 0.1 02 0.3 0.4 0.5
o PMOKE  —— H=06m —— H=09m Bl
H=12m ——H=15m H=18m , )
: - (b) T 4%
P13 /2 AL AT 5 9 VR K T 38 R B At 2k 0
Fig. 13 Overload history of ditching on calm and wavy 0 - = Tk
05 —— H=18m
water surface with /2 phase =
Tr() -1.0 sy _
= =2=
E( -1.5¢
é 20f
il
25}
30}
0 Ol.l OI.Z 0|.3 0|.4 0.5
B /s
(OFHEES

B 16 fil K B Bz SR 2 Tl L A D e (/2 ARAL)

Fig. 16  Motion state and overload history during

O w2 ko

B 14 S RO T ALl K SR w2 AR AL

Fig. 14  Water contact position of aircraft on calm and

water contact stage (/2 phase)

C
wavy water surface (/2 phase) 01’12
i
- B e A
N
— (2) T 382
— - 0.02
(a) “F-##/KI0.18 s 9002
—_ - Z0.08
e _ ~0.08
- (b) VIR T

—dﬁ(l;i JEIRIKIEO.18 s
B 15 fuloK By B CHLEA S KEIE A (w/2 MH47)

Fig. 15  Aircraft attitude and water surface morphology

during water contact stage (/2 phase)

17 0. 18 s ik 21 AL B fil K HI 37 1 1 A 5K
= (/2 KifL)
Fig. 17  Pressure coefficient contours on water contact

area of fuselage at 0. 18 s (/2 phase)



1032

b B = R OR

e R

2021 4F

fik 7K BRF U YR 7K TS 38 [ AH AT K I K COF
Ti 1 M A S BB b B oy H20, m S
AL s A A, 2 FOKETE ST RALAHE
XK T U0 R — 8. 455 F 15(b) Al
16 A%, B VR K T T 0. 18 s HL & F2 3 fih /K
YK 1) BT AT L B T AL B R & B A e ik
IR EAR , AL By FE s A 7K T BE 45 oK T A
0T, R G [) — B 2] KO s 2N F O K T S
A6 AT 2800 AE fih 7K B B — S AR N Y o
gk Tk N, R U BE 2 gk 22 R
BI17 878 T 0. 18 s PP 7K T TE 25 38 B 1 B B i
R = E .

B B R AETE 0.3 ~5 s, B 18 Xt b T op il
BB CHLZAS HOKETE A B 19 4 b T 38 T
KL IZ SRS L AR R B 20 XL T
A 3 R 0 (L R 220, SF- 5 /K TT A IR K T B B OIS
A K FRAL ) R 7 53 A3 R B o

WmE 18 fros, i By BE AL 5 2 uli A UK.
P19 (a) fb 7 i TR 7K 1T AH 587 /K T, 7K P 3 28
Bl K BGERT E hy i i 3X 2 BOKTE TR S ) 25 R
B NE 18 (a) ~ (d) Fros. BIR K bl &
8 Ui 48 3k AT L A KR BE AH BT T HOK TH /DN
F2 26 WL B R0 28 2o g 0 12 T R B PR 3 K, KO-

40 ——
i 27 7/ 4}
i —— H=18m
Lo
#®
)
SN
%
0 05 10 1.5 20 25 30 35 40 45 50
B a)/s
(a) K33 2%
6.0
55L . - - - Tk
e —— H=18m
50k , 5
7 \
=] 45+ / ‘\
= i i )
v 4.0 ! .
&;ﬂ 350 ! K
30b\. / '
= \
25+ ST
20F
1.5

0 05 1.0 1.5 20 25 3.0 35 40 45 50
B /s
(0) TR LA

& 19

Fn)id 4 /g

FAIESEN(0)s72)

i R R P K T 0 [ I AE 0.8 s i
UTIRFNFH T 0 o 1 ISP K T A 3. 85, PR
KW R 3. 19g o BH 7 W 1 7= A {7 S 3 JE BE
Wi, 24k i AT ok 2 Il v

N~ -
— \\\\\
Q’—
(b) PR TH 0.6 5

() V-#i7KIH 0.7 s
B 18 np BB RHLRR S KEIER (w/2 M07)

Fig. 18  Aircraft attitude and water surface morphology

during impact stage (w/2 phase)

5.0
L - - Tk
ol —— H=18m
30
\
\\
\
\ /’\\
| /
v ’ Y
\ _7
\ =
OSNAT
0 05 10 1.5 20 25 30 35 40 45 50
fffa]/s
(b) a1 2%
200
- -~ Tk

100k ~ —— H=18m

0 05 1.0 1.5 20 25 3.0 35 40 45 50
B al/s
(d) faimak i

il B Bz SR 3 5 id AR A P AR (w2 AR AL)

Fig. 19 Movement state and overload history during impact stage (/2 phase)



AT, A TRHL DR K T 38 R A P A R e ot 28 BB S

1033

@
»

-,
(a) PEIRIKTEIO.4 5

(b) IR THO.6 s

rad B Ny
() PIR/KIEO.7 s
20 IR FREE A KAL) R A0 B (/2 AR AL

Fig. 20  Pressure coefficient contours on wavy

[celo ¥ SN S IelTlo S S )

water contact area (/2 phase)

Rl Y 2 , IR K T TE 284 0. 83 s | BH i
Ja KL 8T 0.95 s W ZI PR TR, £E 1. 03 s
IR B U e o JEURRAE SR 1 A4 BHL g W aed I 7K F
RN BB 7 k), 4 36 BIL By R B 2 aod i e TR
DRIEFR T i, AT KT 3 2808 R, AR ML 27 2l
e i DU 7K - 3o 28T B 9N

2 BRIP4 38 R AR TR L5 1A b s 3 AR
s AT B B (22 5 . B 19(Db)
73 T i 9B R K TR A 50 e A TR A 1] 2o 280 1
Fmg s Je , AELIR) EAE 0. 67 s B 3L 38 B BHL Ay U
RS AL 5 E K m AR R o B 18 (b) i
/0.7 s I 2, ML B e v 5 0ok I IR UL T, 2% A3 AL
PR 1 iz s, RHLA X K SOt E R, H Y
P 18 (a) X L, P52 IR 7K T B BL B A K T AR T °F
(i TR S ) 41 -% T D R L Be = A R o 2
4.55¢ RFFHK Y 2. 53g0 AH DL A O BE
AR 19 (e) Fim .

P19 (d) 7 S 25 i i B2 b e /e 1A 1 1
BOEHR R IRk B, P R OK T T 0.4 ~
0.7 s HBL T WA K, 5K BB K.
Zir I 18 (a) ~ () HIE 20, PR IFEE T 0.4 s Iif
ZIL LY R v 15 A 28 3o I Vg, L B R AR W g i RAL
PRk A IR AE 0.4 s I IR F 4 Sk A 0 B
W 0.4 s JEHLE R s ad P4y , 46K JI AN
1E0.6 s B 2] — & H B K S1HE50. 6 s JFHLE R
Ui PO 2 2o IR A T, SR IR AR I R T R 4Rk
JIFERFGEE AL 0.7 s W 2R BN EE 2 A 4h K
T JEE ) U EL

Li bk A w/2 AALAL i K R K T
KT FE 1 % A SRR R e Sk, B
AR DX 1) B 2R BLAE ool [ BE IR/ o AN TR 1Y
JEAEPIR w MALAL oK K i 20 LA X oK i
UL B, AT AE fil K B B A T A [R) TR
JK TR A w0 o A IR w2 M A Mk 7E fih K

B 220 R AL AR X K T IR R R F @ K A [
7 76 vh e B B 2 Je 30 3 TR B IR 1 BB Ely, R
L1 £ I T VT - AN 1 A N =
i WY B TR K T bl o A 0 fE G T T
KT

4 AERBEREIK BT

4.1 FEAESHERT wBAARK

3~4 GG LI AE 0.6 ~2 m REE, JREF
B AR AMRALUT S M 0.6 m,
0.9m.1.2m.1.5m 1.8 m,4kifif5 5] 5 Fh ik,
WE 21 FiR. REBIER TKEBEA 25, K
T P 4 7 2 2 AN ], AR 40 =X (6) AT A%, 7E 7] — AH
PEAL 7K T 4 325 R E R e A G

AN B3R S Bl v O E BRI BRI ZE R
S H K TH HEAT R LY, I 5 BORE 1 0 8 34 A7 AN 7] U
I OL T AR I X B o SR T AT Y R AR B
&, B YR BB AH X - K T A K ey 1 E O B
JK T 207 M LR

L= fwave,x B fcalmJ
T )
k _ fwuve,y - fuulmJ
, = T
Jeatns

ek, K 3000 3 2 R RGN BHR R BT
IRV AT WEAFL 31, 9 - 1 7 THT 7K - 2847 WA 5
Ohy e i) 817 38 B2 TR B S e, A B TR P B A 1) A
WAEAEL 5an, 0 P T 2K T ) 280967 DEE{E

22 X FU T e A A vhl B BE A K OF o 30w
R AFL , J52 TR 7 TAT 114 7K - D {49 R - K i, AH
6] 22 S0, HL G R OR, AK T i 2 {E A X
TV K T A3 0 DU 25 /K 0 0016
I, 7K P i 280 0 (K R T 1 i K TR 6. 5%, 4n

- TE

(a) AN[A} S it oL T bk s A

H=18m
H=15m
H=12m
H=09m
H=0.6m

Om w2 ™ 37/2 2m
(b) AN} g v 5L T I T 2 i) 7 A ]
[ 21 A [ 6 v 9 7K DI 285 38 B8 23 A1 (- AR AL )
Fig.21 Water surface morphology and velocity

distribution with different wave heights (1 phase)



e R

1034 B | A A /A N = = 2021 4¢
22 (b) B, Bl oo A 4 2 4 KL T 4 36 305 K 45
T ) 24 32 B ] 5 R T L B ‘3‘2 a1
K A K B B 0 /1N K ST ok 0 (F 5 YK, B 75 K o on 40
o7 Y/, PR IR ot B 10 K OF i 0 £ 5 o2s /A
VN L 20 2‘8 A

7 -
0.14 0.16 0.18 020

S K TR ] e 28 b 2 Y e i g R AR A B

R N s 1.0
Dl B B SRR T 2 A T % 0 9 )l 0, 55 Y e
1A BEAE il 7K B B, 565 2 A BRAE b i B Be o A
e N e 0 01 02 03 04 05 06 07 08
23(a) SR HE 1A o (/I 2 5 3 i
Jir R RML A T B 38 A /0N, K T i 9 B TR i‘ﬁfﬂgﬁ —g=10-gm —If{h?-gm
— H=12m — H=15m ——H=18m
T i B <o e — o Ik B
ARSIl B . 23 (a) (b)) R B (@) KTk A% e
RO 1Ak D 8 L 5 2 A ik DL 0.07
KA B R BEAR, 76— B ry P A A, B 23 (c) S
ok N N 0.06 + L]
() IR K T 9 2 A 3 5 b ol i (34 57 T
7K T PEE — (7 o W R/ N HEAT X LG o R B AR HITT: 0.05 |
ARt S IR U i S E Py NS R - N ] *k oo
(9, 253 /KA 0. 048 I, e K i ] 3o 2K 04 '
(BB 8 20 - K TH 9 30% o 0.03
&l 24 8o A EP RGO T A 1Al g % )
e I BIL B A K T B B, X 2% S Y LA JE %015 0:020 0025 0030 0.035 0.040 0,045 0050
e . T=ES
TET ol FE 7 RN o Bl 15 R, K TR 9 (b) 7K -4 e 2
JE 8 R, A0k T ROL AR X K T B T 0 RE B O P B 22 K ot b
el IR Fig.22 Horizontal overload comparison
35 Ssl -
3.0 30l 26
% 25 w as| 25t
& & 24
" 20 B 20} 2
B = | Y| 23
o5 #Woo1s I / i
10 1or)y)
0.5
0.5
0 0.02 0.04 0.06 0.08 0 01 02 03 04 05 06 07 08
i} ]/ JET Bif )/ JET A
---- PRk —— H=06m —— H=09m ---- Pkl —— H=06m — H=09m
— H=12m — H=15m —H=18m — H=12m —— H=15m —H=18m
(a) EE1A- it (b) ZE24~ bt
04 0.06
33 : ooa e T~
01} 0.02 | \-
= or a
= i-O.l o = or
-02 - -0.02 +
03[
-0.04 +
04|
05 S ' -0.06 ' ' ' ' ' ‘
0.015 0.020 0.025 0.030 0.035 0.040 0.045 0.050 0.015 0.020 0.025 0.030 0.035 0.040 0.045 0.050
Wk Wesn/p i
() B 1/l el ) A3 494 12t R K0 (d) 227tk 0 ) 2 gy 4 R RN

Pl 23 2 a5 O L (o AL )

Fig.23 Vertical overload comparison (7 phase)



e R

%5 W A2 AT A TAIL IR K TR 3 e R R A IR ot B A T 5 1035
5 4.0
AR oo TR
A’ C 351 — H=06m
N i — H=09m
(@) B/ K 40,016 010 W 0T — H=12m
0.06 g 25 — H=15m
I I
Ar=—. o %02 SRl
(b) Ik =/ K 450.032 -0.04 151
-0.06
-0.08
Loe// N\ e
(2N r=—n 0.5
(o) /i K 110,048 06 08 10 12 14
P24 55 1A ot 0 R 20 fk K AR A TR ) A (o AR ) Ao [}/ J] 441
Fig.24  Pressure distribution on water contact area at the ORSIENE Sl
moment of the 1st impact peak (m phase) 004
4.2 FEHSERT w2 B HK o=
WE0.6m0.9m1.2m.1.5m.1.8 m,{{ _0.04 =
PRV K AR, RALBOK G B ORI 25 S
B o ASTH 13RS i 1 0 3 I AL 245 0 |
5 VK T E AT X L, I S ORI 04 F E AT AN [ —012}
A5 L B 6 4 . \\\\

B 26 XFEE T A R A i B B 4 7K P a2
2 5 K BH g VA L, I8 TR K THT AR KT BHL g i fE
Wit 9B 1R < U R T 28 U sk /) e AP AL 5 0.6 m
1NN R o 1 YT N S o N = N T R
P 0.6 m I K T 25 HH B H Al 0w 5 P i
JK TR, IR TE 25 % AL HIL B A K TR JEE 5 i
B o BB W O, TRHLAE B gk B i 2l
TE 7K HR Y R T T R A U AR, AT i B e A
Y/, H PR IR 25 51 R /Y B T3 XCig I 25
KW

P 27 7S 5 IR K THT A I 1] 5 2l £k Y o il
WEE L % R - i /K THT o B e 8 9 3 R A [ A
A AL R T 3 T MR U8 R U ROBTLAR X K T L
R JEARUCIE A, DRI o o D AELAR A i o 2 ik
2 1.8 m I, g Ve 50V 1/ TR W i 1 80%

H=1.8m

H=15m

H=12m

H=0.9 m

% [H=0.6 m
X
—m/2 (VU w2 ™ 3m/2

(b) 7 [} g5 oy e 90T 90 T s ) Sk 7R R
& 25 A [ 96 e 149 7K T TR 25 0 B 43 A1 (/2 A L)

Fig.25 Water surface morphology and velocity distribution

with different wave heights (/2 phase)

0.015 0.020 0.025 0.030 0.035 0.040 0.045 0.050

a1 N
(b) 7K -ty 1 ik KK

26 K HO L (/2 # L)

Fig.26 Horizontal overload comparison (/2 phase)

()3 /g

5

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

| — H=09m

Il — H=15m

e VKT
— H=0.6m

— H=12m

— H=18m

0.2 04 06 0.8 1.0
A )/ )i 4
(a) T 1h) 1 A e o

7

o

e

0.015 0.020 0.025 0.030 0.035 0.040 0.045 0.050

TS
(b) T ARUERS H

P27 i O L (w2 A )

Fig.27 Vertical overload comparison (/2 phase)



1036 G| AN T N N = 4

A 5 4

2021 4F

5 & i

AR Ansys Fluent B 45 7 5 K12 5l 19
A% DT RN, T R BB S A RAILAE S R i i
VI NP/ SRS SO EIPIRC R o £ N TR N s A SRl
FECHLAE I IR T 0 38 [ ] 6 18 38 119 1 R 2 , 6
7 CHLE PR o AL A /2 A AL il K

1) KHLLE m AHGZAL il K, 25 B AR 938
IR 4 285 2 A0 /K T IR, TR ik 7K A7 Sl 30 1] 3% T )
BLEY IELER , A 7] F - 15K 1 A AL B e S, 1 iR AL
AR 7K TR T BE A, PR 7 figh K B Bt B T
K THT A 11 e ol 06 5 2438 R A bt B BE -
KT AR K T — 2% L5 BB A K s
P B TR Ty 0 2% 2 R0 AL A A R Ll
P2 i S AT, K BLBE D I OK flk
I B F) e ot WA 028 O 5, 25 90 e A 8 R i B
F5 4 i ofr U (K 2 o o - 5 K T ) 2 1)
R 28, A 30 5 5 i 3 R PR AT 5 o ol
Berf, DR oK T 7K Y- BHL g 06 {249 W R T F- K T
(1 17T T [ ook U L DR /0 D) B 904 5 9 O T 3 UK e
G, (EL7E B 30 o 2o A v R K T B Y 2 Tk
(CIRULS DY R SN B O /N ol =/ 1

2) RAHLTE m/2 FHALAL il K 1) 25 2 B AL
PG KT o 24 AL DUHE S B 30 B 25 35 4%
AT KT, LR S S, G P RATL AT RS K
TET T T3 DR/ 0N 5 - K T A () 5 B A G R
HEA whili B B, "ML S 5 A R I 8 ) L
A P A0 6 T A5 AL A X K T T R T
KT T B AL B A K THT AR 21 1 K T Y B
R 4l A A IR K T A i ) ok 0 8 R T
PR o 8 S EA T, R BRSO,
ity B B K S a0 {8 JLF- 3/ S oK T
e i) o 8 0 U % RS- A T R 8 3 o o
o v R BR AR o A P I AR S B 5
Hh e TR e T TRBIL N 1) AR 17 2 AT 19 B TV L A
SR INE AR SR AU 45 SR 15 21 1 % BR 804 7T O L4
HE%

HRa SR AT LI A T A 4017 a2t 35
T B 36 e A, T S P P RLR AR I, BT IR Y
T8 DL AL 2 22 R Xk AN LU S s B 90 1y BF 5 i A
%

2% 3k (References)

[ 1] PATEL A A,GREENWOOD J R P. Transport water impact and
ditching performance : DOT/FAA/AR-95/54[ R]. Washington,
D. C. :Galaxy Scientific Corp Pleasantville,1996.

[ 2] THOMSON R G, CAIAFA C. Structural response of transport
airplanes in crash situations: DOT/FAA/CT83/42[ R]. Wash-
inton, D. C. ; Federal Aviation Administration Technical Center
Atlantic City,1983.

[ 3] VON KARMAN T. The impact of seaplane floats during land-
ing: NACATN321[ R]. Washington,D. C. : NACA,1929.

[ 4] WAGNER H. Phenomena associated with impacts and sliding
on liquid surfaces[ J]. Journal of Applied Mechanics,1932,12
(4):193-215.

[ 5] DOBROVOL'SKAYA Z N. On some problems of similarity flow
of fluid with a free surface[ J]. Journal of Fluid Mechanics,
1969,36(4) :805-829.

[ 6 ] GREENHOW M. Wedge entry into initially calm water[ J]. Ap-
plied Ocean Research,1987,9(4) :214-223.

[ 7] ZHAO R, FALTINSEN O. Water entry of two-dimensional
bodies[ J]. Journal of Fluid Mechanics,1993,246.593-612.

[ 8 ] ZHAO R,FALTINSEN O,AARSNES J. Water entry of arbitrary
two-dimensional sections with and without flow separation[ C] //
Proceedings of the 20st Symposium on Naval Hydrodynamics.
Washington, D. C.: The National Academies Press, 1997
408-423.

[ 9 ] MCBRIDE E E,FISHER L J. Experimental investigation of the
effect of rear-fuselage shape on ditching behavior: TN 2929
[R]. Washington,D. C. :NACA,1953.

[10] 26, vpose. CHLBIRUK R el s R gkt [(M] /

HEMREE, oA, B b BT 02 Tl R AL, 2011 383-
391.
WEI F,XU J F. Design of measurement and control system for
forced landing test on airplane model[ M] /CHU LT,YE S L,
translated. Beijing: Aviation Industry Press,2011:383-391 (in
Chinese) .

[11] s, akRh, B0, 45 SRR I 4 5 R7E RALBE Bk A
P g iy B C /7 2017 4F (55 = ) o [ 28 Bk 2 4
ARSI (M) - Jb st p E %8 52 25,2017 :340-345.
PU J H,ZHANG K,WEI F et al. Application of camera measure-
ment technology in forced landing test on aircraft model[ C] //Pro-
ceedings of the 2017 (3rd) China Aviation Science and Tech-
nology Conference ( Volume 2 ). Beijing: Chinese Society of
Aeronautics and Astronautics,2017 ;340-345 (in Chinese) .

[12] XU G D,DUAN W Y,WU G X. Numerical simulation of water
entry of a cone in free-fall motion[ J]. Quarterly Journal of Me-
chanics and Applied Mathematics,2011,64(3) :265-285.

[13] XIAO T,QIN N,LU Z, et al. Development of a smoothed parti-
cle hydrodynamics method and its application to aircraft dite-
hing simulations[ J]. Aerospace Science and Technology,2017 ,
66:28-43.

[14] CHENG H,MING F R,SUN P N, et al. Towards the modeling
of the ditching of a ground-effect wing ship within the frame-
work of the SPH method[ J]. Applied Ocean Research,2019,
82.370-384.

[15] HUA C,FANG C,CHENG ]J. Simulation of fluid-solid interac-
tion on water ditching of an airplane by ALE method[ J]. Jour-
nal of Hydrodynamics,2011,23(5) :637-642.

[16] STRECKWALL H, LINDENAU O, BENSCH L. Aircraft ditc-

hing: A free surface / free motion problem[ J]. Archives of Civil



%5 R 2T, A T TR K TR 38 A R R o o 2R B 1037

and Mechanical Engineering,2007,7(3) :177-190. [20] MUZAFERIJA S. A two-fluid Navier-Stokes solver to simulate

[17] GUO B D,LIU P Q,QU Q L,et al. Effect of pitch angle on ini- water entry[ C] // Proceedings of 22nd Symposium on Naval Ar-
tial stage of a transport airplane ditching[ J]. Chinese Journal of chitecture. Washington, D. C. ; National Academy Press, 1999 .
Aeronautics,2013,26(1) :17-26. 638-651.

[18] QU Q L,HU M X,GUO H,et al. Study of ditching characteris-
tics of transport aircraft by global moving mesh method [ J]. EE BT :
Journal of Aircraft,2015,52(5) :1550-1558. 2 N~ i 1 0 11 5 e e o -0 1 s M Y % A =

[19] HIRT C W,NICHOLS B D. Volume of fluid ( VOF) method for
the dynamics of free boundaries[ J]. Journal of Computational XImE B, R A, EEA s
Physics,1981,39(1) :201-225. B S R s B AT SR A R A

Numerical study on maximum impact load during
aircraft ditching on wave surface

ZHAO Yunke, LIU Peiqing”

(School of Aeronautic Science and Engineering, Beihang University, Beijing 100083, China)

Abstract: This paper uses numerical methods to study the magnitude of the maximum impact load on the
fuselage and its physical cause during the compulsory landing of the wave. In the numerical calculation, the
finite volume method and Volume of Fluid ( VOF) method are used to capture the free surface. The Six-De-
gree-of-Freedom (6DOF) model and the Global Motion Mesh (GMM) are used to process the relative motion
between water and the aircraft, and simulate the forced landing process of the aircraft. By selecting the wave-
front phase of the aircraft that has the maximum sinking speed relative to the water surface as the position of
the forced landing water contact, the ultimate impact load on the fuselage is predicted. The results show that
during the water-impacting stage of the wavy surface, the fuselage encounters an unforeseen impact peak on a
calm water surface, and the magnitude of the impact peak is related to the sinking speed of the aircraft relative
to the water surface. This paper also compares the movement attitude and overload change history of aircraft
forced landing under five different wave height sea conditions, and gives the influence rules of wave height on
the maximum impact load and the peak values of other parameters, which provides a reference for the design of
aircraft load distribution.

Keywords ; aircraft ditching; wave surface; impact load ; computational fluid dynamics; Volume of Fluid
(VOF)
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I e R AR 56 4% 1 8 5 % AT BA AR T

e T 25 7 J S P KA R 56 H ) AR B S
HR G, RAG BN 2 s S FOA T S, AR
WHE IR XENSEXN G, L WDPR-8 1f
Sy AT % 6 5 5 Sl 4 1 T A T R AT AT

ARICBHSCHR[ 147, e E A AT 3
R ANHUAG R 2 F22 ARl sh SR e B Bt T
W L T s i) % 48 2 A JR I 3 SR 1 WDPR-8 57
FERERL, LA RGE T 2 Fh S BRI G P9 8N 40 i
FE KM Sy 05 %, 376 8 JE WDPR-8 % R 4
PR ML 2225 0 3 XU 1 6 B v AT T KUK B
DA IR]— 48 53530 F WDPR-8 32 4% i 5825 J) & ¢
JE 6 A TR A U 45 10 T 75 3 A ik 36 4% SR R AT 1L 43
B, % 8¢ WDPR-8 S 45 137 ] T XU 8 56 14 7T 45 1k
T W Rt 36 235 S 1 A

1 R EREER

1.1 REAREESTIREXZENH

AR SCIR R A TS T AR A BR A A 2
S RSB FL-5 KW AR 247 00 o 3% KU 2
— JEAIG T B ] 3 KU B B K 1,95 m, A
HEARN 1.5 m, XU G R R 0. 19% |, 5 KR
A 53 m/s, KU & R 48 B8 45 & B % bR
GJB 1061—91"" #i5 ,

B 1N BCA 1L 54 ] R S EENLI ) FL-5 X
o AL g TR 2R SCHE B T I S A 4

KL FL-5 KR K 25 0 S #
Fig.1 FL-5 wind tunnel and machete tail support

P4, 3By 193 R R 0k S 50 A ML A R £
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HEBIAT L U H R I I T U T A A ML B 1 i
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V35 RE B TR £ 002 1 G R D A s A T X, T s
I AT —90° ~90° 3 [l A i 3 1 A8 4o
1.2 RIeHEE

% JE F) FL-5 KU K/ K BHL2E R, A S0k
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W 2 FiR o

RS S R o 2E F22 i H A5 5 e L
Sl 7 1 SRS ML AR SR, SR 3R A 1 LR
LG IR R VI R R A4 30 R ik
L, B B RO S . AR STk 2],
PR L AR Bk S LR LR e R S A
AR T 5025 71 R S £, DR e A Sk e 3
T WDPR-8 374 15 15 45 25 J) B 32 4% (4 LA 9

Y TZ B A I A A ELA BN e ~F- B < B A
T, TR TR B 26 R, S A AT AR
ST ik AR S N . HL R AR T O R 4
Ha), 7 (485 A58 TR 222 T AL B 25 T R S HE I SEAT 1

/ 60°

500 mm

P2 G A Y ] 2 R

Fig.2  Brief sizes of test model
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1.3 WDPR-8 T#EFEHH LN

[ 3 iy WDPR-8 3 4% Jit ¥ AF ML 1 45 14 7R &
Ko B AURARBR R O,x,y,2, TR O, FEAL
RV B0 8 Gy, S RHLBE A B 2k 5 5 2L
KT IE DT ] 52, SR BT v, il 75 CHLBC AL
NI XEFR P S 1R O sy, Bl B TR
DM 7 5 FEATLAE 28 RO R XU 3 3 B RO ik 1
SR AR 7 e T, A AU AL B Al 2 5 KU i e Bt
MRFEAT G W ARIR R O,x,y,2, FL T UKL
P& T T HIBLAE |50 x, Bl XU G 50 Be A i, 6
WD 0,2, TR E T 0 ,x, B, 76 KR A 1 X FR
T AR 1T J5 50, y, Sl B T 8E B0 DU 4 2

A | BB 8 MRPIL P 4E R 2T Oy A B
(WL 3) iz A & 7 A 5 R Pk b ORI 1 A0 400 1)
FE o TRMUBL AL I i 2 R 3% 2 30 4] ik i ALK B 1
VR IR 22 K1 RN H 4 4 00 St LR I

W 4 frs 251405 SR F A siP, (x,,,

1 700
i mm _{ /q&o

2, ')]

2 360 mm

,
0 mm

=)

3 WDPR-8 S  FLAEHLAG H 7 T
Fig.3 Schematic diagram of structure of WDPR-8

support prototype

K4 WDPR-8 B sl i £ E7n T
Fig.4 Schematic diagram of joint points’ location on WDPR-8

Vi) (0= 1,2, 8) M P ok [ 5 A SR 1
(1000 8 T R B SRS ALPF b o R T S TR A B
Bi(xgi,ygi,zgi)T(i =1,2,--,8),

F 1P G B, G HARA R, b P
FEMDS MRS BR R Oy, 3,2, T EIAEAR 5L B, R
HIH AR BR R O,x,y,2, T HOARER £

&1 WDPR-8 XEMEMSH
Table 1 Structure parameter of WDPR-8 support

P./mm B,/mm

L x), Y 2, *y Ve Zy

1 -332 125 -4 240 733 -1910
2 -332  -125 -4 240 -733 -1910
3 0 -642 -13 —443 -599 -1910
4 0 642 -13 —443 599 -1910
5 0 61 14 —347 346 -70
6 -332 125 4 77 588 -70
7 -332 -125 4 77 —-588 -170
8 0 -61 14 -347 -346 -170

2 WDPR-8 T &A%

2.1 WDPR-8 HiEZhZF A
WDPR-8 345 F 4 ik i ok 428 il 28 1< 7428 1k ok 5
BUXF ML B A A Y o PRI, T A ST ML
141328 By 27 15 70 i 2 400 K A8 b 5 B TR A7 8 2 () 11
5 WDPR-8 L WM IE s KRR E
B, B H R A R IR IR AR 20 N R TR
HEQL R S LA, & R RiC N r, = O,P,,
B, = 0,B.,X, = 0,0, fEMRIALFR R, 4K K
LR
L =B, -X,-Rr (1)

KLY

FEHLALAE

K5 WDPR-8 SIS 32 K AR K
Fig.5 Schematic diagram of WDPR-8 support

institutional kinematics relationship
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Bt O, (MU R 7 O,y 2, A HR R L

cos cos @ cos Ysin Psin ¢ — sin Ycos ¢
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kFikAH

T u] uS
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AR A E AR L (i=1,2,--,8) 5
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KA SR RIS R o oo, B AR K F Filsk
LR HBE 5 WDPR-8 324 2 48 19 < 3 1
o T IRE A A% R ORA R
S5 R FRAE AR SCR A AP A 2 Tl SR T A RS W
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PREFF5F o

R 1Y 3 — Vi 1 3 Py R AL IR Sl 174 B A B A

A A B 2R 2] b 2l A6 B R I T B AR A B, B FR
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cos sin fcos ¢ + sin Ysin ¢
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B I R AL B BB A LSRR b DT 5 A AR 4
RIFBR S PE R GERIDUM EAES . S BB Y
Bl b AT R T E L, R AT KA AR R Sk
DR B KA 250 AR HIATOF , BE
R M 82 SO0k A A T R o

T WKL TAR G ) R S L2
BT o IR T S 2 368 5 T L A Y [
Mo W OFT IR R SO IE AR (Rl B E AR
20 mm ) , HAif o 8 A 4fE G A 5 KR R g [ 0 L 55
— i 5 AR SCAT HE RS &, OF HL 2 1w 22 i R 80 nT A
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BUR A TR SO 522 6 7 WDPR-8 S04 I
B AT 9 4 LA 0,02 mm J5E B4R §5 BT
B Lk AT A

Bl 6 BT WDPR-8 ST (458 Y 25 44 1] 1 (]
Fig.6  Model structure profile applied to WDPR-8 support

RSB

R

BT T2 0 RSP A AL 45 g ) 1
Fig.7 Model structure profile applied to

mathetes tail support
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P8 Dy MY finzé WDPR-8 SC4% R SE i il 5 A
A, HTESISRMA(ERAA 1.2 mm),
AG PR LGRS Kz BHhmae e
HEZL 5 WDPR-8 SZ4% R GEAEHL AL, I 5 R 4L
WIEE >R 1 6090 FRAIMF F5 5 . BR 1.2 mm BLK AL
U LLAI Y BT A SR S B 2R G A AR U B L
Sho MNAE 514 o A B BT b s 8 RN R
WDPR-8 3245 R GiAH Ll T AL 40 %5 U1 R SO ik 5
B sh iy T/ o

F2 REKETR

Table 2 State and condition of wind tunnel test

B Bl
W Vy/(m - s7h) 20,30
s/ () -8 ~40
e £/ (°) 0,-5,-10, -15
it/ C 15
e ) 253 b A

5 8 HEAIEFET WDPR-8 % T iy 4 Hi i
Fig.8 Test photos of model supported by WDPR-8

4.1 EEMRAE

ARSCAE R 30 m/s T, ] 2 M ST T
PR . 189 43k T WDPR-8 SZ# R 4, Il
PR EE X9 0 00 I 453 2 A9 TH 7 e PRl 28 7 IR
HEMEARL R, B C, W R « A
Wi

AR SCHR [ 2 ] H 56 0 Ja XA 3 3 T A 78 3K
BT BERIPRE, R 3 S T 2 R SR A T IR
A R B 2 5 22 50 A B

Y975 23R (H ~ 5P 1 w22 19 J5 A
5 IEL N ECAE RT3 4, B

@D=J;;<w>wwz (5)
At ox o WDPR-S 40 B0 0 25 s 9 %
IR B 45 4 (.

HEREST BT BT 194 3 BHR, S48 WDPRS
1525 7 R S B TS PR B0 10 1 07 22 4 AR
FARD At A — MO L 2 BR K, e

1.0

051

-1.0 L I I I I I I I
-8 -6 -4 -2 0 2 4 6 8 10
al(®)

9 JET WDPR-8 433 45 5K B ik
Fig.9 Accuracy verification based on WDPR-8

support test results

R3 EEMREMNHATEER

Table 3 Mean variance results of repeatability tests

¥ )y %/ %
a/(°)
WDPR-8 % % PN
-8 1.048 0.685
-6 1.125 0.742
-4 0.972 0.798
-2 0.741 0.674
0 1.077 0.847
2 1.072 0.831
4 1.350 0.917
6 1.116 0.771
8 1.050 0.760
10 1.070 1.156

JIFETT T B R A R B ) R AR AT AR L
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o BRI A T LR R 4 vy E SRR JE
4.2 HmEidsE
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P e [ B 5 HH T 2 b S R K

WP 10 JIroR 2 Bk SHEEA B T T A 80 £
BT G /NI L R T ) R BUR R AR AR LR
PEEBCRECA o T 0 Y MR, e R TH 1 R %L C
P B 38° .

I 1T A i A i 6 T LA M R] — R 7
WDPR-8 SCHMIME G T RS T R ZF T &
B Cp I/ BB C, M2 B T KT B
R ILPAE [A] — o B o



e R

U, J— MEE |52
1044 B[ AU =N/ NI NI = 2021 4
2.0 0.12
L A
15l 0.10 /A
008} RN
10} //' -\A\
0.06F y NP
o 05} L): 0.04+ A/ﬁ-
/m
0.02} /e/:
i A
of A’é
) v )
-0.5+ —a— TR ~002} u/A —a— AR
=  WDPR-837#% =  WDPR-837#%
-0.04 L

-1.0 (R SR B ) A SR B S R) S, R
-15-10-5 0 5 10 15 20 25 30 35 40 45
al(°)
B 10 F IRl & e (V, =30 m/s)

Fig. 10  Comparison of lift characteristic curves at

Vy, =30 m/s
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Comparative experimental study on wind tunnel based on
WDPR-8 and machetes tail support
PAN Jiaxin'?, LIN Qi""*, WU Huisong', ZHOU Fangui', WANG Xiaoguang'

(1. School of Aerospace Engineering, Xiamen University, Xiamen 361102, China;
2. China Aerodynamics Research and Development Center, Mianyang 621000, China)

Abstract: For a dynamic test model designed in China in recent years with a typical advanced fighter lay-
out, Wire-Driven Parallel Robot with 8 Wires ( WDPR-8) support and a traditional machetes tail support were
used in a FL-5 wind tunnel for a comparative blow test. According to the wind tunnel test environment and the
system’ s stiffness and working space, WDPR-8 wire structure and supporting mechanism were designed, and
the prototype was built; for the blocking ratio and the distance between the two centers are small, the versatili-
ty of the model in the two support systems was ensured, and the test model of the built-in six-component bar
balance was designed ; the wire tension signal is used to parallel the WDPR-8 vision acquisition system and the
wind tunnel VSS acquisition system to achieve that the three systems work synchronously. Repeatable tests,
longitudinal tests, and transverse tests were performed under conditions in which the test conditions are con-
sistent except for the support system. During data processing, the WDPR-8 was not modified for the tail brack-
et, and the tail support was modified for the tail bracket. The comparison of the test results of the two supports
shows that the maximum mean square error of the lift coefficient obtained by the repeated tests in longitudinal
test is near. The maximum mean square error of lift coefficient, drag coefficient, pitching moment coefficient
obtained by the two supports do not exceed 3.6% . In the transverse test, the variation law of the derivative of
the lateral force coefficient to the side slip angle obtained by the two supports are basically the same throughout
the test angle of attack. The lift coefficient hysteresis loop curve obtained from the single-degree-of-freedom
pitch oscillation test performed with WDPR-8 is consistent with the static lift coefficient curve. The lift coeffi-
cient hysteresis loop was continuous from beginning to end, and the area of the unsteady hysteresis loop increa-
ses with the shrinkage frequency, which is in line with the physical meaning. The experimental research re-
sults reflect the feasibility and effectiveness of the WDPR-8 support.

Keywords: wind tunnel test; comparative test; Wire-Driven Parallel Robot ( WDPR ) ; machetes tail

support; aerodynamic characteristics
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Single-baseline interferometer positioning method
based on azimuth multiple hypothesis
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2. Department of Automotive Engineering, Hefei Technology College, Hefei 238000, China)

Abstract: In order to solve the problem of ambiguity of phase difference information measured by one-
dimensional single-baseline interferometer in an airborne single-station passive positioning system, the positio-
ning method that measures only the phase difference change rate is improved, and the fuzzy phase difference is
used as an effective positioning parameter. And a single-baseline interferometer phase measurement and posi-
tioning method based on azimuth multiple hypotheses is proposed. The possible distance and azimuth informa-
tion of the radiation source target is initialized using the fuzzy phase difference and the phase difference change
rate, and the target location of the radiation source is solved by the Gauss-Extended Kalman Filter ( GS-EKF)
algorithm. This method overcomes the shortcomings of using only the phase difference change rate to locate the
impact of the maneuver of the observation platform, effectively shortens the positioning time, and does not
need to consider the solution of phase ambiguity. Its positioning performance is superior to the positioning
method that only measures the phase difference or the phase difference change rate. In practical engineering
applications, this method can reduce equipment complexity and cost.

Keywords : passive positioning; single baseline; phase difference; phase difference change rate; Gauss-

Extended Kalman Filter ( GS-EKF)
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Escort strategy based on loyal wingman in denial environment
TIAN Lei'*, ZHAO Qilun’, DONG Xiwang">** | LI Qingdong'?*, LYU Jinhu'**, REN Zhang'**

(1. School of Automation Science and Electrical Engineering, Beihang University, Beijing 100083, China;
2. Science and Technology on Aircraft Control Laboratory, Beihang University, Beijing 100083, China;
3. Beijing Institute of Electronic System Engineering, Beijing 100854, China;
4. Advanced Innovation Center for Big Data and Brain Computing, Beihang University, Beijing 100083, China)

Abstract; Escort strategy has always been one of the important studies of the major military powers and
the denial environment with characteristics of strong electromagnetic interference and strong confrontation game
puts forward higher requirements for escort strategy. This paper presents an escort strategy based on the dis-
tributed time-varying formation tracking control method. In this strategy, the high-cost lead aircraft detects the
enemy missiles and releases several low-cost wingmen as loyal wingmen while moving for evasion. The time-
varying formation tracking control methods are adopted to keep the wingmen on the line of sight axis associated
with the lead aircraft and the enemy missiles, and then if necessary, the wingmen are sacrificed to protect the
lead aircraft. As a result of the fact that the azimuth angles of enemy missiles are global information, the dis-
tributed observers are designed to estimate them. In the denial environment, the complex electromagnetic in-
terference leads to the intermittent communication so that the communication topologies of systems composed by
lead aircraft and wingmen are switched frequently. In order to deal with the damage of the communication to-
pology caused by the electromagnetic interference and improve the ability of electromagnetic interference resist-
ance, based on the observer theory, adaptive control theory and sliding mode control theory, a distributed con-
trol protocol with switching topologies is constructed under external disturbance of wingmen and the lead air-
craft evasion. It is proven that the wingmen under the protocol can realize the escort strategy based on loyal
wingman by Lyapunov theory in the denial environment. Finally, the effectiveness of the escort strategy is veri-
fied by simulating the attack scenario of the missiles.

Keywords: escort strategy; denial environment; distributed observer; sliding mode control; adaptive

control
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Fig. 1  Spatio-temporal structure of UAV network
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Fig.2 UAV network intrusion detection framework
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Fig.6 Effect of method design on detection result
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UAV network intrusion detection method based on
spatio-temporal graph convolutional network
CHEN Zhuo, LYU Na“, CHEN Kun, ZHANG Yanhui, GAO Weiting

(College of Information and Navigation, Air Force Engineering University, Xi’ an 710077, China)

Abstract: Compared with ground networks, UAV networks have the characteristics of fast moving nodes,
frequent topology changes, and unreliable communication links. Traditional intrusion detection methods are
difficult to apply. Aimed at the spatio-temporal dynamic characteristics of UAV networks, an intrusion detec-
tion method: Attention-based Spatio-Temporal Graph Convolutional Network ( ATGCN) is proposed, which
combines graph convolutional network and gated recursive unit into spatio-temporal graph convolutional net-
work. The spatio-temporal graph convolutional network extracts the spatio-temporal evolution characteristics of
the network from complex and changeable data, attention mechanism is used to extract the features most rele-
vant to intrusion detection, and the support vector machine is used as the last layer of the model for classifica-
tion to identify network attacks. The experimental analysis of multiple datasets shows that the proposed method
can adapt to the dynamics and instability of UAV networks, has higher accuracy and lower false positive rate
than traditional detection methods, and has good robusiness and adaptability.
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Table 1 Basic information of datasets
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Table 2 Experimental results on different datasets

M 4 ACCO ACCI ACC2 MAE
Movielens 1m 0.4195  0.8725  0.9782  0.735
Movielens 100k~ 0.4193  0.8642  0.9752  0.743
YELP 13 0.4333  0.8291  0.9333  0.624
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Table 3 Experimental results on Movielens 100k dataset
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Rating prediction model based on heterogeneous
network representation learning
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Abstract: In recent years, it has become a hot spot to deeply analyze the personalized data of e-com-
merce users and provide recommendation services. The basis of recommendation service is to mine the potential
interest of users and predict user’ s interest of products. Therefore, this paper takes this as the background to
study the user’s rating prediction of products. This paper studies the application of relational data of e-com-
merce in recommendation system, and puts forward a method of rating prediction by using network representa-
tion learning. First, the relational data is constructed into a heterogeneous network, and the users and items
are the nodes in the network. Then, a personalized heterogeneous network sampling method is designed,
which takes into account the network structure information and the similarity between nodes, and the nodes are
represented and learned. Finally, the learned user and items representation vectors are input into the neural
network for training, and the optimized neural network model is used to predict the score. The experimental
results show that this method has high accuracy on YELP 13| Movielens 100k and Movielens 1m datasets.
Compared with common methods, the accuracy is improved by more than 6.5% .
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