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Air traffic complexity recognition method based on complex networks
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Abstract: Identifying the complexity of air traffic is an important task in air traffic management. Most
current algorithms are usually tested using some macro-indexes, such as aircraft density, aircraft clusters,
stranded degree, and so on. In this paper, the air traffic situation is described from the perspective of complex
networks: aircraft in airspace are regarded as nodes and edges form within Airborne Collision Avoidance Sys-
tem (ACAS) communication ranges. The dynamic air traffic situation is studied by selecting topological char-
acteristic indexes such as loop numbers, node strength, average clustering coefficient, betweenness centrality
and network efficiency. On this basis, Independent Component Analysis (ICA) is used to recognize air traffic
complexity online and treat the smooth traffic as a training data set. The congestion is recognized according to
the changes of SPE-statistic, I’-statistic and I, -statistic. The simulation results show that the proposed method
has the ability to identify air traffic complexity well.

Keywords; air traffic complexity; traffic congestion identification; complex networks; Independent Com-

ponent Analysis (ICA) ; air traffic management
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CFRP and Ti6Al4V



860 b5 M = MK k% F M

2020 4F

4 &5 &

A5 T CFRP/BK & 4 B J2 # 14F Pi 1R Bt
FLa e A Bl 1) 7 DD IR RE A S AR DL, I X L
RE 1 MRS B A LT i AT 1A S 4
REW

1) TEFRFERIN TSECT  FEIRBE L FE b Y
ol ey 7 AU R R G /N T MR Bt L. HLAE
2 Tl e ok 9 E A, B R AL RS Bl e g o G2 0
R, S 1 3 R e 4 LI ey B 1) 1 R AE RS

2) fE£ CFRP JZ A& JZ i P A, b R 4 £L 3k
75 1A FLBE 2 THHEL R 52 249 1% 32 0 R e Bt £L , AR 8K
B2 W Tl R AL

3) Xf CFRP {yfLEER 0 JE B 1T T SEM 4y
M, kB 3 MR e BE L Ik A 1 Ak FLBE 2R TR R
(73 2 AL LT 8RR B R B AL W AT 3R A
B ) fLBE T i

S Z 3k (References)

[ 1] REBEMELT, RPN, €L B 5% Hl il FL A5 7L 5 AR X
P43 AT LT ] P s 28 i R R 3% 4 41 ,2012,44 (S1) :37-41.
ZHU C Y, JIANG H Y,ZHANG H Z. Comparing analysis of
milling and drilling holes for aircraft assembly [ J]. Journal of
Nanjing University of Aeronautics & Astronautics, 2012, 44
(S1):3741(in Chinese).

[ 2 ] HOCHENG H,TSAO C C. Effects of special drill bits on drill-
ing-induced delamination of composite materials [ J ]. Interna-
tional Journal of Machine Tools and Manufacture,2006 ,46(12-
13) :1403-1416.

[ 3] TSAO C C. Effect of deviation on delamination by saw drill[ J].
International Journal of Machine Tools and Manufacture,2007 ,
47(7-8) :1132-1138.

[ 4] TSAO C C,HOCHENG H. Effect of eccentricity of twist drill
and candle stick drill on delamination in drilling composite ma-
terials[ J ] . International Journal of Machine Tools & Manufac-
ture,2005,45(2) :125-130.

[ 5] FANGMANN S,MEYER I,BRINKSMEIER E. Extended theory
for orbital drilling ( helical drill-milling) [ J]. Materialwissen-
schaft und Werkstofftechnik ,2011,42(6) :506-518.

[ 6 ] DENKENA B, BOEHNKE D, DEGE ] H. Helical milling of
CFRP-titanium layer compounds[ J]. CIRP Journal of Manufac-
turing Science and Technology,2008 ,1(2) :64-69.

[ 7] BRINKSMEIER E,FANGMANN S, MEYER 1. Orbital drilling
kinematics [ J]. Production Engineering,2008,2(3) :277-283.

[ 8 ] BRINKSMEIER E,FANGMANN S. Orbital drilling of high tol-

erance boreholes [ C ] // International Conference on Applied

Production Technology ( APT’ 07 ). Bremen: BIAS-Verlag,
2007 .75-84.

[ 9] DENKENA B,DE LEON L,DEGE J H. Kinematics and unde-
formed chip geometry in helical milling [ J ]. Materialwissen-
schaft und Werkstofftechnik ,2008 ,39(9) :610-615.

[10] KiZ:. CFRP/Ti-6A1-4V & 2 45 Fy SR HE 5t 1L i 72 T 20 L oF
FLLD]. K REARY:,2012.

LU C. The optimization research on helical milling of CFRP/Ti-
6A1-4V stacks[ D ]. Tianjin: Tianjin University,2012 (in Chi-
nese) .

(1] AR, 22 24N, Sk AR , 55 . CFRP JiE % 48 75 4l Bl 4 11 A B

B4 HLBE R S BF T [0 ] b /0T 28 0 K KA 4l
2019,45(8) :1613-1621.
SHAO Z Y ,JIANG X G,ZHANG D Y , et al. Defect suppression
mechanism and experimental study on rotary ultrasonic-assisted
drilling of CFRP[J]. Journal of Beijing University of Aeronau-
tics and Astronautics,2019,45(8) :1613-1621 (in Chinese).

[12] 237, gk AT , 22 24N Bk & S e S i B A Ml po it 0 6

FILIT. C RS R 2 24 41,2017 ,43(7) - 1380-1386.
LI Z,ZHANG D Y,JIANG X G. Exit burr in rotary ultrasonic-
assisted drilling of titanium alloys[ J]. Journal of Beijing Uni-
versity of Aeronautics and Astronautics, 2017,43 (7 ) :1380-
1386 (in Chinese) .

[13] TANAKA H, OHTA K, TAKIZAWA R, et al. Experimental
study on tilted planetary motion drilling for CFRP[ J]. Procedia
CIRP,2012,1.:443-448.

[14] WANG Q,WU Y B,ITOU T,et al. Proposal of a tilted helical
milling technique for high quality hole drilling of CFRP ; Kinetic
analysis of hole formation and material removal[ J ]. The Inter-
national Journal of Advanced Manufacturing Technology,2018,
94(9-12) :4221-4235.

[15] WU Y B,WANG Q,NOMURA M. Proposal of tilt helical mill-
ing method for hole creation of carbon fiber reinforced plastic
(CFRP) [ J]. Advanced Materials Research, 2016, 1136
190-195.

[16] WANG Q,WU Y B,LI Y,et al. Proposal of a tilted helical mill-
ing technique for high-quality hole drilling of CFRP ; Analysis of
hole surface finish[ J]. The International Journal of Advanced
Manufacturing Technology,2019,101(1-4) :1041-1049.

[17] Jrimla. CRRP/ Bk & 4 B J2= b4 R} BE SR B AL O7 5 il fL B &=

W5 [D]. M B g BT ke ,2019.
FANG X E. Research on the hole-making quality of CFRP/Ti
alloy laminated materials during a new method of gyro milling
process[ D ]. Nanchang: Nanchang Hangkong University, 2019
(in Chinese).

EEE I
B U W, R, B A S 32 RS S 1 R R
THAR,



%55 3 1o AT W, % . CFRP/BK & & B JZ A P FE IR BE AL )7 1% 861

Tilted orbital milling method for hole-making of CFRP/titanium
alloy laminated structures
GAO Yanfeng” , FANG Xiang’ en, XIONG Jun, XIAO Jianhua

(School of Aeronautic Manufacturing Engineering, Nanchang Hangkong University, Nanchang 330063, China)

Abstract: In a titled orbital milling process, the cutting tool is set as tilted against the axis of the hole
with a small angle, which makes the revolving motion of cutting tool in conventional helical milling process be
changed to a conical pendulum motion. It reduces the axial drilling forces and improves the hole-making quali-
ty. In this paper, the tilted orbital milling method is adopted to make a hole for the Carbon Fiber Reinforced
Polymer ( CFRP) /titanium alloy laminated structures. The material removal rates in the region of entrance and
exit of hole, the ratios of the material removed by peripheral cutting edge and frontal cutting edge, and the ve-
locity zero point in the frontal edge are analyzed. Compared with the conventional helical milling process,
there is no sharply change of the material removal rate in the entrance and exit of hole, its peripheral cutting
edge milling ratio is increased, and the the velocity zero point in the frontal edge is not cut. The axial cutting
forces and cutting temperatures are analyzed through experiments. The results show that the axial cutting force
and temperature decrease significantly in the tilted orbital milling process. The morphology of the holes is
checked through Scanning Electron Microscope (SEM) , and the results show that the delamination of CFRP in
the region of entrance is eliminated and there is no obvious defect in the boundary region of CFRP and titanium
alloy. The results of this research show that the tilted orbital milling method is helpful to improve the hole-
making quality of CFRP/titanium alloy laminated structures and has a potential application in the industry.

Keywords: laminated structures; Carbon Fiber Reinforced Polymer ( CFRP) ; titanium alloy; helical

milling; tilted orbital milling
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antennas and IMUs on one wing
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Fig.3 Position errors using transfer alignment estimation
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Fig.4 Velocity errors using transfer alignment estimation
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Fig.5 Attitude errors using transfer alignment estimation
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Table 2 Statistical results of sub-antenna motion parameter errors using transfer alignment estimation

RMSE
BHZH

No. 1 No.3 No.5 No.7 No.9 No. 11
25 /m 0.004 6 0.0098 0.0304 0.0435 0.0530 0.0766
2 /m 0.0160 0.0250 0.0418 0.0566 0.0647 0.0757
= B/ m 0.0152 0.0296 0.0324 0.0403 0.0517 0.069 1
R/ (m - s™") 0.005 0.006 0.008 0.0162 0.0175 0.0220
e s/ (m-s™") 0. 004 0.006 0.009 0.0191 0.0220 0.0252
KEEEEE/ (m s ") 0.0039 0.0069 0.0121 0.0180 0.0235 0.0262
i /() 0.0080 0.0110 0.0138 0.0143 0.0147 0.0252
WA £/ (°) 0.0015 0.0022 0.0028 0.0035 0.0042 0.004 8
BRM/(°) 0.0013 0.0026 0.0028 0.003 1 0.004 4 0.0047
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Fig. 6  Position errors using least square

fitting estimation
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Fig.7 Velocity errors using least square fitting estimation
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Fig. 8 Attitude errors using least square fitting estimation
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Table 3 Statistical results of sub-antenna motion parameter errors using least square fitting estimation

RMSE
No.2 No. 4 No. 6 No. 8 No. 10 No. 12
Z5EE/m 0.0551 0.0234 0.0382 0.0501 0.065 1 0.0816
2% /m 0.0188 0.0385 0.0496 0.0608 0.0718 0.0856
BE/m 0.0199 0.0307 0.0385 0.0479 0.0637 0.0895
I E/ (m - s~ 1) 0.0046 0.0072 0.0119 0.0174 0.0217 0.0269
b R/ (m - s™") 0.0056 0.0077 0.0018 0.0204 0.0237 0.0278
K/ (m-s ) 0.005 1 0.0104 0.0172 0.0206 0.024 4 0.0282
Wil A/ (°) 0.0090 0.0133 0.0140 0.0160 0.0233 0.0286
W/ () 0.0019 0.0024 0.0033 0.0040 0.0044 0.0048
BEEM/(°) 0.0021 0.0025 0.003 1 0.0043 0.004 6 0.0049
T3 IMU 19 7 M R & is 3 280, 78 it ik
4 & it LB R T T RN AR 4 R A
S T REE LA D IMU 2R BUE 219 735 7 ARIUR % 2% 1 IMU (1) 7 B K Z8 AH AL H 0 19

B A E B, AR SCH e L T 3T By Markov [y
TR L AR RS LY N7 — A 20 ZE (/4% 33 X
HE DR 22T IR FH kS AL 7 ik I E R T

B SR BT AT R R Y B B AT T R
Ik, SR AR R
1) fEA AT R 2T IMU 1 TFE R i
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Global estimation method based on least square fitting for
distributed POS

YE Wen" " | LIU Yanhong’, WANG Bo’, CAI Chenguang', LI Jianli’

(1. TInstitute of Mechanics and Acoustics, National Institute of Metrology, China, Beijing 100029, China;

2. School of Instrumentation and Optoelectronic Engineering, Beihang University, Beijing 100083, China)

Abstract: Aimed at the problem that it is impossible to install high-precision sub-Inertial Measurement
Unit (IMU) on every sub-array in engineering practice, a global estimation method based on the least square
fitting for distributed Position and Orientation System (POS) is proposed. Firstly, a transfer alignment error
model from master system to slave system considering one-dimensional flexibility deformation is built. Second-
ly, Kalman Filter (KF) is used to estimate motion parameters of array antenna of the sub-arrays with sub-
IMUs. Finally, the least square fitting is used to estimate the motion parameters of the sub-arrays without sub-
IMU. The semi-physical simulation results show that the proposed method can realize the global estimation of
the motion parameters of array antenna, and the estimation precision of the motion parameters of sub-arrays
without sub-IMU is almost the same as that of its neighboring sub-arrays.

Keywords: Inertial Measurement Unit (IMU) ; transfer alignment; Kalman Filter (KF) ; least square
fitting ; distributed Position and Orientation System (POS)
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Fig.1 Two-dimensional airfoil cross section of fan-wing
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Fig.2 Design of leading edge winglet of fan-wing
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Fig.3 Fan-wing cross section with single leading edge winglet
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Fig.5 Comparison between numerical calculation and test results
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Fig. 6  Variation curves of installation angle of single

leading edge winglet with angle of attack (v =12 m/s)
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8 HRAHIZ/DIRMBEE R EFRLE (v=12m/s,a=0°)

Fig. 8 Velocity contours and streamlines of single leading edge winglet(v =12 m/s, a =0°)

K 90 B I I, AR I KR F R U B 22, L I D
G /NFE R A BHL T3 BN B 3R T T & RO
3 2 BOR BN B K5 24 2k /N 3 Al e oy 24k 2238 R
(> 90°) , 7 AU KB R I 5% W 20, oK i
ISR /N IR LR 5 1 T L, R R 52 B TR 2 /N R
AOBEES , 72 FL 5 w8 AR R i o B 9K G I i % /N 3R
WHEE = AR H 2 TH 1 &R M, (H R IR B A AR A 25 T
/N T RIS VA B AR T 2E AR R XU B Y 2R
A AT R 3 0 T 0 A RO T R B0

P B F LA [ T 2 /N 3 e T R0 E D =
BICOLIE 9) o Bl i 5% /0N 38 A % s 1) 96 K, o 3 8
L DR A8 ) AR 1630 T AR H Qi 10 DX 38k 9 1 7 5 Dk /)
JE 38 R AE TS/ FE A 5% A 90° AT, A1 JT 18 /Y 1R
Jyfefio G /INER D 5% A 1R S AR AR B BT 2% 0
JEH bW R )T o

G547 8 BB BN R AY IR S0 A 2K
(ULIET10) , AT LS B 00 M A HE i 5 /0 3 0k B 35 <
EipaROE A PN S I BV = VR N T TR AN
e f 2 UL XU PR A b 1 AR T oA 3 AT
G /N T BLSIIE HE Aiy 25 22 18] 19 48 B A =R
JRURS H (575 3 9IS A T 5 B 0 1) T 0 O e,

G /INFLQ ORI I . AT
/INER A G A AE 90° [ 3 I, AT 2% /0B 9 b 3R Y
AR ZE 8Kk, Al LR A6 23 T T o H A BE AR
B R RIS/ N T (] I B ik B 3R T R
FHRTEL /N o
2.1.2 mAWEDHE

VL Ol XUF i % /N3 AS () i e #1119 T
FRBORE ) RBOI L o BT BT G/ 3 1) i B £
7] F 33 00 0 /N 11 o i 5% /0 A 2 o 1) 3K
13 Z RO T Ty 28 BRI e 3 s e/ 7 i
A2 90° [ AT IR 35 B g R {H o 5 AE 0° I, HE
IR BUEIN T 29 25% 107 T+ 3 2 B0 i AE
N HB LY A% o TG /NFL i 5 AN T
By i pUIBIRIOE NI TR NI | A i BU i BB
R /] o

Pl 12 g Bt 32300 Ay 0° I, AN [R] XU i 4 /) 3
i 5 i B U 1) S f i 2 o NI R AT DU Y Bl
& XU TG /N3 A B A 1 8O e ) R BB IR
Ja /N, 7E 90° ~ 120° B ifr i 4R 45 fe K AE, 10 I )
Z R0 B D e A 00 A2 A0 A R 2 i % A OR T 1200
i Th 1 B B0 o AN N AT DU R



%55 3

Fh B S8 A T ZR /D B9 B 3R 3R I Sl R e ST AR A8 20 875

Ko BREG/NEMNENZE(v=12m/s,a=0°)

Fig.9 Pressure contours of single leading edge winglet(v =12 m/s, a =0°)
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Fig. 10  Static pressure distribution curves on surface of
fan-wing with single leading edge winglet
(v=12m/s, @ =0°)
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Fig. 11  Variation curves of installation angle of double Fig. 12 Variation curves of installation angle of double
leading edge winglet with angle of attack (v =12 m/s) leading edge winglet with inflow(a =0°)
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Fig. 13 Velocity contours and streamlines of double leading edge winglet( installation angle of leading

edge winglet equals to 60°, o =0°)
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Fig. 14  Static pressure distribution curves on surface of
fan-wing with double leading edge winglet ( installation

angle of leading edge winglet equals to 60°, a =0°)
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Fig. 15 Variation curves of installation angle of three

leading edge winglet with angle of attack(v =12 m/s)
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Fig. 17 Velocity contours and streamlines of three leading edge winglet(v =12 m/s, a =0°)
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Fig. 18  Pressure contours of three leading edge winglet(v =12 m/s, a =0°)
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Fig. 19  Static pressure distribution curves on surface of
fan-wing with three leading edge winglet

(v=12m/s, a =0°)
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Fig.20  Velocity contours and streamlines of different-number leading edge winglet

(installation angle of leading edge winglet equals to 90°, v =12m/s, a =0°)
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K21 R TR R BRI 3RE ) 2 B (RGNS e #f D 90° 0 =12 m/s,a =0°)

Fig. 21

winglet equals to 90°
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Pressure contours of different-number leading edge winglet (installation angle of leading edge

,v=12m/s, a=0°)

, a=0°)

Fig.22  Static pressure distribution and force variation curves of different-number leading edge winglet

(installation angle of leading edge winglet equals to 90°, a =0°)
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Numerical simulation and analysis of aerodynamic characteristics of
fan-wing airfoil with leading edge winglet
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2. National Key Laboratory of Rotorcraft Aeromechanics, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;

3. Rotor Aerodynamic Key Laboratory, China Aerodynamics Research and Development Center, Mianyang 621000, China)

Abstract: The generation of lift and thrust mainly depends on the formation of low-pressure vortices above
the arc groove on the leading edge of the fan-wing, which makes the lift and thrust have a strong coupling rela-
tionship. How to decouple and control the lift and thrust is the key to the further engineering application of the
fan-wing. When the geometric parameters of the fan-wing airfoil are determined, the leading edge opening an-
gle has the greatest influence on the aerodynamic performance. Therefore, the method of installing leading
edge winglets on the leading edge of a base fan-wing airfoil was considered to change the opening angle of the
leading edge. By means of numerical simulation, the effects of single, double and three leading-edge winglets
on lift and thrust of the fan at different installation angles, inflow velocities and angles of attack are compared
and analyzed. The results show that the angle control of the leading edge winglet installation angle can not only
improve the lift and thrust of the fan-wing, but also control the strength and position of the low-pressure vorti-
ces to meet the requirements of active control of the aerodynamic force of the fan-wing, so the attitude control
of the fan-wing aircraft can be realized.
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DRO computation and its perturbative force in the Earth-Moon system
WU Xiaojing, ZENG Lingchuan, GONG Yingkui "

( Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China)

Abstract: For the aerospace engineering application of Distant Retrograde Orbit (DRO), a calculation
method and orbit characteristics are studied, and the main perturbation factors of DRO in actual force environ-
ment are analyzed to provide a theoretical foundation for DRO’ s precise modeling and nominal orbit design.
Firstly, the effectiveness of the stream function method in calculating the DRO periodic orbit family is verified
by simulation examples. Secondly, the DRO periodic orbit family is calculated by adjusting the Jacobi con-
stant, and the DRO orbits with different resonance ratios are obtained. The simulation results show that the
trajectory of DRO with an integer resonance ratio in the Earth-Moon inertial coordinate system is a closed
curve,, while DRO orbits with non-integer resonance ratio are not closed. Finally, the main perturbation factors
affecting DRO stability are analyzed by orbit extrapolation. The simulation results show that solar gravitation
and lunar orbit eccentricity are the main perturbation factors that affect stability of DRO. In the dynamic mod-
el, the standard ephemeris is used to represent the motion state of the planet. When the integration time rea-
ches more than 10 days, the model error is about kilometer-scale. Therefore, in the large spatial scale of the
Earth-Moon system, the ephemeris model can be used to analyze the motion state of the DRO approximately in
the real force environment, which could provide a basis for mission orbit design.
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grade Orbit (DRO) ; resonant orbits
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Hot forming limit of TA1S titanium alloy based on M-K model
BI Jing'?, MA Bolin’, ZHANG Yanling'>*, ZHANG Zhi"**, WU Xiangdong™ "

(1. AVIC Manufacturing Technology Institute, Beijing 100024, China;
2. Aeronautical Key Laboratory for Plastic Forming Technology, Beijing 100024, China;
3. School of Mechanical Engineering and Automation, Beihang University, Beijing 100083, China;

4. Beijing Key Laboratory of Digital Forming Technology and Equipment, Beijing 100024, China)

Abstract; In order to investigate the forming limit of TA15 titanium alloy at high temperature and clarify
the influence of parameters in the constitutive equation on the forming limit, the constitutive relationship of
TAT1S5 titanium alloy in high temperature environment was established considering the high temperature soften-
ing phenomenon, and meanwhile, the forming limit of TA15 titanium alloy plate at high temperature was ob-
tained by high temperature forming limit test platform and theoretical predicted through applying the M-K insta-
bility theory, respectively. The theoretical results indicate that the major strain under the plane strain state in-
creases from 0. 18 to 0.33 when the temperature increases from 800°C to 880°C . Based on the M-K instability
theory and the established high temperature constitutive model, the influence of the parameters in the constitu-
tive equation on the forming limit is analyzed. The results show that, increasing the values of hardening index
and the rate sensitivity factor, and decreasing the value of the softening factor can increase the strain hardening
rate, and consequently the strain state in the groove region is delayed approaching the plane strain state.
Therefore the position of the forming limit curve in strain space is improved. At the same time, the theoretical
calculation results show that the influence of the strain rate sensitivity factor on the left side of the forming limit
curve is greater than that on the right side, and it is attributed to the fact that the effect of the strain rate sensi-
tivity factor on the strain hardening rate under different strain size is different.
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min [ﬁ(x) fz(x)]

s. t.
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Bl v+, <L (0] 2 a
(Pr{ —x; -2 +1 +0.1cos § +w, <0} =«
Fb i (v, —0.5)% + (x, —0.5)* -
= 0.5 +w, <0} =«
= l6arctan(x,/x,) 0<x,x, <o

=& -p-0® (a)
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2(a) ~2(d) PG HE AL PRrue 12 S5
PR AR SCC T, B 2 (e) ~2(f) 2y CD il CS
(ERiDR TS

Zl# 1 1 IAE FR Af 50, L I 8 R 7Ly
A B AT A5 i B34 29 i A JE AN, Hh MO-
T0A (P 1 29 o 33 95 1t B /D, ARAS AT A5 fiff 1 A o
B (80.219% ) o 3 B85 4 R Ak 3 LA | ] 5 1Y
Yy 5, {2 MOIOA 1) 24 53 b B RE ) fe o, JAt [
16T : (ODMOIOA F| i F 38 N R HF 5% g b 311 24 oY 2%
P X ASACRE B i A 3 R AR 1T HL e O B A4
AT IFEAS FANBE R, 25 19 AR FRAF I R A R/
BN Q2 5 LB B 38R R A OR A T 1k b
FEOCAL )RR BERL PR 2R, [R] I — S B R AR R

/N(300) BEAEANA B PEM (E 325 BB (E . B CD.
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MR 2ZFER /N, B 1 CR A H1, DL E
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Aok T AR bR TAE 0] 1, MOIOA HA5 — % Ayl
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N BRI AT AR ) 0 0 i s T Ry R e G A

A, 4 B AR {9 34 {6 7] K1, MOIOA ) #4171
BOREAA W %, H % /0 J& MOEA/DD , MOP-
SO NSGA-TI , SPEA-T #) 6 1%, NNIA ) 8 1§,
CMIGA f1 8 %, L Jz & AgMOPSO [ 15 %,

B & 2 BNH [A]#,
min [f, (x),f,(x) ]

1]
I

Iillr{4xf+4x§ to, < fi(x)} = a
EI 2 2 s
%lr{(xl—S) +(x, =-5)" +w, <f,(x)} =«
%{(xl—5)2+x§—25+w3$0}2a
|:I 2 2
Pri7.7 - (x, =8)" = (x, +3)° +

w, <0} =a - 15 < «x,,x, <30

4

i =& _M_U(pil(a)

0E0oon

&~ Nu,o'),1 <i<4,u

BE IR 22 8 BNH Al it i gk =, Hwl {5
FRATAE (9 X I AR T Y, 3843 Pareto S LR 07 T 1k
XA 5 o 0, BEHLAS 50 2 24 o b %k
£ AR 330 A R A 00 A, SR A e A R . TR
fE7KF a =0.9, AKHE L LV e, 45 B ik 3015
A 45 SR 1B AT I ] 46 2 B, A 2R 181
—YGBEATAFEI AR S AN AL 3 BT R o

0,0 =1

x1 AEAEZEE a=0.9 TRFEET 1 RENEITLERIER
Table 1 Comparison of statistical results of different algorithms for Problem 1 with « = 0.9

CR 1t/ % IAE FR AR
Rk CD¥j{g cS¥My MM/ ¥/ ¥hs

AgMOPSO MOEA/DD CMIGA  NNIA  MOPSO NSGA-II SPEA-II MOIOA 103 % s
AgMOPSO 0 14.69 16.47 14.29 20.49 15.67 15.89 18.68 0.031 1.94 5.59  63.32 19.82
MOEA/DD 14.99 0 16.73 14.44  20.61 14.38 15.72 18.14  0.031 1.94 4.05 69.34 9.24
CMIGA 16.10 17.18 0 15.66  21.02 15.60 15.60 20.69 0.027 1.96 3.98 70.83 15.02
NNIA 13.27 14.13 15.40 0 19.83 13.56 12.77 17.61 0.032 1.82 5.82  59.50 11.13
MOPSO 12. 64 13.92 14.11 12.69 0 13.28 12.49 17.57 0.026 1.91 3.90 71.96 8.63
NSGA-1I 14.21 15.41 15.89 14.81 21.20 0 14.27 19.68 0.031 1.95 4.82  64.73 8.73
SPEA- 1T 13.86 14.78 16.55 14.71 20.38 14.11 0 20.00  0.027 1.89 4.03 68.73 9.38
MOIOA 14.46 14.78 15.29 12.05 20.35 13.44 14.24 0 0.021 1.94 2.33 80.21 1.22
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Fig.2 Comparison of Pareto fronts and comparison of box plots on CD and CS for Problem 1
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Table 2 Comparison of statistical results of different algorithms for Problem 2 with @ =0.9

CR ¥ (i % IAE  FR AR
AR/ CD M csS¥fa W/ M/ Hfs

AgMOPSO MOEA/DD CMIGA NNIA  MOPSO NSGA-II SPEA-II MOIOA 103 % s
AgMOPSO 0 11.77 12.99 9.09 12.89 13.01 24.37 9.07 1.92 241.73  0.39  99.96 20.31
MOEA/DD 3.51 0 10.94 7.08 11.51 11.22  21.44 7.01 4.60 206.70 0.33 99.98 11.35
CMIGA 4.85 10.22 0 7.55 10.27 10.69 21.01 7.17 1.86 237.76  0.48  99.98 17.44
NNIA 4.87 10.97 11.22 0 10.85 11.08 21.79 7.62 1.86 241.21 0.84 99.94 12.36
MOPSO 2.76 9.37 8.63 5.80 0 9.09 17.09 5.76 3.30 192.67 0.30 99.96 11.24
NSGA-1I 4.49 9.59 9.94 7.39 10. 17 0 19.38 7.94 1.91 241.74  0.38 99.96 11.19
SPEA- 1 2.66 8.07 7.14 4.73 7.93 7.83 0 4.78 2.93 234.86 0.55 99.98 11.30
MOIOA 4.89 10.75 11.30 7.96 11.02 11.40 22.35 0 1.79 239.55 0 100 1.80

P30 IR 2 R SCICTA H 5 CD | CS B M9 46 £k B L %5
Fig.3 Comparison of Pareto fronts and comparison of box plots on CD and CS for Problem 2
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xs
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Table 3 Comparison of statistical results of different algorithms for Problem 3 with @ =0. 6

CR (/% IAE FR AR

P CD B CSHME MM/ Wi i

AgMOPSO MOEA/DD CMIGA  NNIA  MOPSO NSGA-II SPEA-T MOIOA 104 % s

AgMOPSO 0 15.61 8.54 18.39  34.82 18.91 21.89 17.39 0.32 13.22 6.61  96.07 26.04
MOEA/DD 24.41 0 9.39 21.02  40.11 21.33 25.70 21.82 0.37 11.26  4.50 97.46 12.20
CMIGA 39.40 30.80 0 34.64 58.93  35.43 41.33 33.28 0.46 13.54 ' 1.70  98.80 20.26
NNIA 25.46 18.23 10.43 0 42.59  21.80 27.97 22.05 0.24 12.06  5.39 96.87 15.19
MOPSO 12.65 7.73 2.75 8.57 0 8.90 11.15 10.12 0.33 12.49  4.80 97.72 11.84
NSGA-1I 25.38 17.63 9.61 21.25  41.64 0 26.49 21.43 0.29 12.25 4.65 97.28 11.68
SPEA-II 20.32 14.28 5.97 17.14  34.82  16.37 0 16.95 0.36 12.17  5.09 97.02 12.69
MOIOA 27.48 20.02 11.06 23.03  42.77  23.89 29.08 0 0.31 12.36 2.18 98.58 2.48
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Fig.4 Comparison of Pareto fronts and comparison of box plots on CD and CS for Problem 3
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Table 4 Comparison of statistical results of different algorithms for Problem 4 with @ =0.9

CR H1t/% IAE FR AR

Bk CD ¥y{H CS¥l ¥HME/ Wi/ B/

AgMOPSO MOEA/DD CMIGA NNIA MOPSO NSGA-T SPEA-T MOIOA 10-3 % .

AgMOPSO 0 25.95  21.47 36.51 36.93 32.80 32.84 18.10 2.82  14.94 4.32 71.46 19.07
MOEA/DD 21.79 0 21.66 35.11 36.69 30.20 31.52 17.44 2.99  13.28 0.72 92.35  8.89
CMIGA 25.36 32.19 0 44.98  40.99 34.27 37.27 21.84 2.69 14.30 0.63 90.18 15.34
NNIA 13.89  22.31  13.93 0 23.90 20.88 20.60 10.41  1.50 8.51 1.13  89.42 10.69
MOPSO 11.42  16.62  11.97 27.90 0 22.47  22.90 11.81  1.85 9.33 1.38 86.03  8.83
NSGA-TI 16.58  21.04  15.69 32.40 30.78 0 24.92  15.61 2.77 14.84 0.70 92.61  9.01
SPEA-TI 16.00  20.58  18.07 34.25 32.22 28.31 0 15.07 1.66 10.70  0.94 90.15  9.68
MOIOA 29.50  36.62  30.45 49.04 45.93 41.06 40.74 0 3.78 20.12  0.80 90.04  1.30

K5 [l 4 AR SCECH S CD (CS {H 94 £k I L8R

Fig.5 Comparison of Pareto fronts and comparison of box plots on CD and CS for Problem 4
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Fig.6  Different parameter settings of MOIOA and comparison of statistical results
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Abstract: This paper investigates a Multi-Objective Immune Optimization Algorithm ( MOIOA) based on
danger theory to solve the problem of nonlinear Multi-Objective Probabilistic Constrained Programming
(MOPCP) with unknown noise information. In the design of the algorithm, adaptive sampling methods are
used to estimate each chance constraint’ s probability and objective values, while each evolving population is
divided into infected, susceptible and uninfected sub-populations in terms of one specific immune response
mechanism contained by danger theory. The capability of global and local search can be enhanced, relying up-
on simulated binary crossover, adaptive mutation probability and polynomial mutation strategy. Numerical ex-
periment results show that the proposed multi-objective algorithm has high efficiency and has some advantages
over seven comparative methods with regard to solution quality. It has application potential to complex engi-
neering problems.
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big region of background by different methods
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A image reconstruction algorithm of transient sources based on
combined sparsities of background and variation
YANG Yi'?, DENG Li""*, DUAN Ran', YANG Zhen'

(1. Key Laboratory of Electronics and Information Technology for Space Systems, National Space Science Center, Chinese Academy of
Sciences, Beijing 100190, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract . Radio interferometers can achieve high spatial resolution imaging by combining multiple groups
of visibility data measured over long periods of time. However, the variable information of temporally variable
source is missing. A image reconstruction algorithm of varied sources by sparse baseline aperture synthesis
based on sparse constraint on direct sum of background and inter-frame difference is proposed. The brightness
temperature at initial moment and the brightness temperature difference of adjacent moments are taken as the
vector of solution to seek, and the brightness temperatures at different moments are the sums of them, which
leads to the measuring equation of the brightness temperature at initial moment and the difference. Transient
source images at different moments are reconstructed by solving the sparsity of brightness temperature at initial
moment and brightness temperature difference of adjacent moments. The results of numerical experiments show
that the proposed method matches the best on transient source in a local background and outperforms the exist-
ing methods on varying source in a global background.
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Fig.1 Schematic of fractal morphology of soot aggregate
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Table 3 Inversion results of target parameters obtained by different signal schemes under

different Gaussian noise

HU U + 32 5
Hix 2% HIME TR/ %
- 14 45 &t/ % T 25 RIS &t/ % b 22
0 0.8000 0 6.05 x10°° 0.8000 0 1.10 x10°*
c 0.8 6 0.8563 7.03 1.73 x10 7! 0.7929 0.89 6.19 x 10 72
10 0.8323 4.04 1.37 x10 7" 0.8010 0.12 1.03 x10 !
0 1.650 0 9.57 x107° 1.600 0 1.58 x10°°
D, 1.65 6 1.600 3.06 1.39 x10 7! 1.654 0.24 5.67 x10 72
10 1.615 2.12 1.49 x10 " 1.645 0.29 9.02 x10 2
0 90. 00 0 2.25x10 72 90.00 0 1.33x10°°
f,/nm 90 6 108. 81 20.90 2.99 x 10" 90.25 0.28 9.35
10 109.17 21.30 3.75 x 10" 93.38 3.75 1.77 x 10"
0 1.600 0 1.10 x10°* 1.650 0 2.29 x10°?
o, 1.6 6 1.513 5.45 1.48 x10 7" 1.600 0 3.79 x 10 72
10 1.491 6.78 2.05x107" 1.584 0.97 7.03 x10 72
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Simultaneous inversion of fractal morphology and particle size
distribution of soot aggregate based on light scattering intensity
ZHANG Junyou'?, QI Hong">**, WANG Yifei'”, REN Yatao'>, RUAN Liming'"

(1. School of Energy Science and Engineering, Harbin Institute of Technology, Harbin 150001, China;
2. Key Laboratory of Aerospace Thermophysics, Ministry of Industry and Information Technology,

Harbin Institute of Technology, Harbin 150001, China)

Abstract: The use of light scattering signals to achieve the simultaneous inversion of the fractal morpholo-
gy and particle size distribution parameters of soot aggregates have important application value in flame radia-
tion heat transfer simulation and pollution control. The direct model of inversion is based on the Rayleigh-De-
bye-Gans Polydisperse Fractal Approximation ( RDG-PFA) light scattering theory. Two signal schemes were
investigated ;: multi-angle scattering, multi-angle scattering and collimated transmittance. Before the inversion,
by comparing the residual fitness value distributions of the two signal schemes, it is found that the simultane-
ous use of scattering and transmission signals effectively reduces the ill-posedness of the inverse problem. The
inversion process is based on the Covariance Matrix Adaptive Evolutionary Strategy ( CMA-ES) algorithm,
which has a strong local search capability and provides a guarantee for fast and stable inversion of each target
parameter. The final inversion results demonstrate the feasibility and universality of the method in a large
search space. And it is also proved that the combination of multi-angle scattering and collimated transmittance
effectively improves the inversion accuracy of the target parameters.

Keywords ; light scattering; soot; aggregate; fractal dimension; inverse problems; optimization algorithm
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Fig. 1  Schematic of loop heat pipe structure
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Table 1 Parameters of loop heat pipe
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K x N2/ (mm x mm) 90 x20
E 4 L2/ um 1.75
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Wz SRR

K x N2/ (mm x mm) 60 x 20
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Fig.3 Schematic of transverse section of O-shaped sealing ring
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Visualization experimental study of compensation chamber of a
propylene loop heat pipe
LIU Cheng'*, XIE Rongjian""*, WANG Shiyue' , WU Yinong’"’

(1. Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China;
2. School of Information Science and Technology, ShanghaiTech University, Shanghai 201210, China;
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Abstract. By the employment of quartz compensation chamber and high-speed camera, the visualization
experimental study on the compensation chamber of a propylene loop heat pipe was implemented, which main-
ly focused on the variation of state of working fluid in the compensation chamber with the effect of the working
fluid inventory and heat transfer capacity, and the effect of working fluid inventory on the heat transfer per-
formance of the loop heat pipe. The results indicate that the optimal working fluid inventory for the loop heat
pipe with volume of 51.4 mL is about 19.7 g. The liquid levels inside the compensation chamber are lower
than the bayonet when the fluid inventory is less than the optimal one, intense two-phase heat exchange be-
tween the evaporator and the compensation chamber is confirmed by the observation of obvious condensation
and flow of the liquid on the outer surface of the bayonet, and the condensation rate and flow velocity increase
with the rise of heat transfer capacity; the heat transfer thermal resistance of the loop heat pipe decreases and
the heat transfer capacity below 280 K increases with the rise of the fluid inventory. With an optimal fluid in-
ventory, the liquid level inside the compensation chamber immerses the bayonet and is close to the top of the
evaporator core, and thus the best performance is obtained: a maximum power of 40 W that can be transferred
below 280 K and a corresponding thermal resistance of 2 K/W. Liquid levels inside the compensation chamber
are higher than the top of the evaporator core when the fluid inventory is more than the optimal one. The heat
transfer thermal resistance increases and the heat transfer capacity below 280 K decreases with the rise of the
fluid inventory. The liquid distribution inside the compensation chamber and evaporator core has considerable
effect on the heat leak between the evaporator and the compensation chamber, which is a significant factor for
the influence of working fluid inventory on the performance of loop heat pipe.

Keywords: loop heat pipe; propylene; compensation chamber; visualization; working fluid inventory;

thermal resistance; porous wick

Received: 2019-06-20; Accepted: 2019-08-30; Published online: 2019-09-17 16 .58
URL : kns. cnki. net/kems/detail/11.2625. V.20190917. 1458. 001. html
Foundation item; National Natural Science Foundation of China (51776121 )

# Corresponding author. E-mail: xierongjian@ mail. sitp. ac. cn



2020 4 5 H
46 4 455 1]

tEMEMRKEFFR

Journal of Beijing University of Aeronautics and Astronautics

May 2020
Vol.46 No. 5

http: // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2019. 0329

jbuaa@ buaa. edu. cn

T CFD/CSD A8 S I EFrE T 77 i

wE, EN, ANE, IR

(FE R AR K2 ELTM LI SR 8l J) 2 [ R 4 o R S 9 %, T &0 210016)

15 B H4XEANETFE A, T CFD/CSD M A KB ET Tt AR EA R YN
B BT T k. EEHCSD K HG®RECFD RBBUK T HEHM M TERE N EAN,
B AMEE T ER LA R T4 4E, CFD B fn CSD Mk E w3 W4k 3, ik B 5 e
B—BXE—RBE UCFDEF AN A RBERFITAFAELINOAG AN,
HEWRFPEMCD Ag hE AR IR T HRA, WAER B AT T, N SA349/2% N4 F7

EANAREN CREAE

Bl AR ART FRUAE REUERF ITELER G WATE

MEM AT RIET FENAERE, RA R A RKRTHREALZE ARG o #HR

B 7 o

X $# . EAW; CFD/CSD 44 ; BT Aa#fr; B % EWNKE; FHE

mESES: V249.3
MRS A

TEELTHHLBE 3 3 1 24 73 B v, B3 3 A X
g AT I MR G 5T M 4 Al e 3 1 IE
fige X T 3 114 A E AR AN S A 2 M AT A R
KEEML W . TR BT A
HA PR 22 27 B ), O o % 23 =03 i
W ZHEARE W R B R S AR R
- W A gl A0S AR TR 48 X R s AT CSD 2y #r
MG HATERG M. RS &M 1 F T
TR A WA Bl | SR AR ] s B A
Ji€ 3 PIC Y- DR 25 AR 52 W, 2R 1Y Bl it S A A
eyl Sy 2 3 A R AR AR A B AR . S8 T
fifk PRk — 52 3% ) AL, e 3 25 o0 B AR A R
Fe T TH I 2 L M A 2 1k A5 T AL 9 25 KB 2
TR, SR T o P 3 26 R T 3 A7 A8y T, FEAE 2
R TR AR AL X DL AR AR B R AT,
VG R B 4 AT R R AR SO
F¢ H LR K CFD SR A A% fl  2E U 2R 5 70 T
FURS A, DA A v R O A B B, e R 2R

XEYHS: 1001-5965(2020)05-0941-11

I3 AT R A SRR TR FE AN A B B T 0 A AR
e NAR SR AT S48 3l g 2 RSP 23 4

CFD e 5 U552 B LR O R 5 A7 2 Fib
B i FE S B RSS. TEMFS S SR, CFD
BEHLFT CSD A5 43 51 7 st 358 P e 20, 5 B — B it
1) e 38 e e — Pl ) 22 B — YR 72 ARSI
W, CFD g F1 CSD B B £ j7E — e, 4 A~ i
)20 G B AR AT R A o A R SR T
e B AL B AE CFD/CSD A~ 458 B [A] [ B
[F1) g 4 o) R S8 4 80 B A HR B e AR
Iy —J7 W, B B B AL 2 R E R AN R
TR ACAE R FI N J2 S8R 5 A e LR Ak ARE B . SR
FHE R A HNE 1T B3 5 R 5 #% CFD K i
AR CHE T N2 4 e SR i 2 A B S R A
HRITHEACH . Johnson 27 8 1, sk 4 T
HHEARE M E 248 LK CFD £OR B 5] A BT
SFAEER N o PR, R SR S 5 vk T G F 2 A
Je AN o RN RS 5 AW FO R AR DAl O 2

Wi B 2019-06-25; A BH: 2019-09-20; P4 HRRATIE: 2019-11-13 1011
W 28 H R bk : kns. cnki. net/kems/detail /11.2625. V.20191113. 1006. 001. html

E&WMA: /L mmHpldik T8
= BI51E&. E-mail; liuyong@ nuaa. edu. cn

SIS ##, T4, NF, % HFCFD/CSD MHEWHEANEF 24 7 E[J] L FAEMK A FEF ], 2020, 46 (5 ) : 941-
951. YU J, WANG S, LIU Y, et al. Trim analysis method of helicopter based on CFD/CSD loose coupling [J ]. Journal of Beijing
University of Aeronautics and Astronautics , 2020 , 46 (5 ) : 941- 951 (in Chinese ).


qwqw
新建图章

http://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=BJHK202005011&dbname=CJFDAUTO&uid=WEEvREcwSlJHSldRa1FhcEFLUmViU2FtMWdmWVFBaE8ybXRrbUhJQ1Y2OD0%3D%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

942 b5 M = MK k% F M

2020 4F

25 A BB B AR B T Ak B L I R ORG RE - i )
LA H RS R

Tung 25 F 1986 4E 2 H1 T CFD/CSD 2 [
PR G J7 ik, Hoh CFD K fig a% iz H /N4 3h O
T2, CSD K fif 45 5 T CAMRAD - &, o 7+ 1 4k
BB IE CFD 380 A8y, fE i B AL op il i
CSD HEHLTE B A Ui M I & 1E 9y 1f G 28 3% 4% 1
PRI M & A28, % J5 ik v CFD 11 50K B A
RS SR [ 8, CFD/CSD #ARE A 1
MEEHE 0 Z 05, B iz ARl AR A, 2001 4E,
Costes 45"/ 3L F ¥ H & J7 15, 15 Al WAVES i
CFD 3R fi# %% F1 HOST f) CSD R fif 2% , ot 47 30k i
S AR T RS 0 BC S5 B 5 3R W% 5 Tk
74 By RN B B0 Y AR A ORI 4R .
2006 4, Johnson 2"’ JLF CFD/CSD fA kA 1 )7
%, CSD 3K fif 45 il CAMRAD - &, CFD 52 5 J|
HF OVERFLOW R fig 2%, 1) UH-60A B2 JiE £ 4L
A N T 3 AN ] AT RS T HEAT 4R 3l AR e 1Y
AT, IR 45 47 A AR, I B P A 2 31 2 AR R B
R %07 B ARG W R E T Sk B e
I HLXF Yk [y AR BE 3 R A (8RN AR 057 1 500 5
AT R R B AR G W) G, BB R B IE
Wy TG 2 35 5 VR AR R IR Bl A% AR T T A 3 4
OVERFLOW 1 Zfy o 4% 1« ] 4% #2117 42 A 52 8H
2006 4, Chopra 2 #@t 57 3 F UMARC () CSD %5
B o3 5 FIEE T 5 F 2 1Y Navier-Stokes J7 2
f) CFD B SR I FA #8453 19 J7 i %F UH-60A H F
BLTE 3 v AT AR S 1 4R 3l 2 fr AT T WA
M 2 B B R 0 A 2 2 B X i e A RS
G540 Bl BT B AT AT W TUAK BB T, I L TAN
B 1 ~3 ik e . BN AT CFD/CSD #
B BT IE X AT g B 5T R AT BB, 2010 4R,
g SR LA R RS g LA 9 CFD bk 48
FHLIERE CFD/CSD #ARE & 43 B J7 . 2013 4F,
TREMEET RETREBASH CREW
CFD/CSD #5443t 5 2, W 55 26 W1, e 722 31 10 Y
5 W) R e 3 <3l B A2 Ak K. 2014 4R,
GO E A I T AR B & F 9 Navier-Stokes
TR MG T BAFIRAE TN 9 CFD/CSD # 4 iF 5%
Jiik  UH-60A F T+ HL i 55 4] 3% DA 5 o g LA
WA WG AR f1 . 2015 4F 2@ R BB T
THEF Y CFD/CSD B HE A S g, 2016 4F ¥
B ST CFD/CSD # 4 7 L HER BUA, T BT
PR S AT QAR AT 38 L 3h B fif MR sh 27 . CFD
B ) FLUENT f R348 °F &, CSD B 5
TSR E RN JE ik UDF k47 22 32 2l A A%

AT B

FEA SR ) CFD/CSD #Af4 5 i H , CFD
RGN CSD AEH 3 3 76 I Jak P | DA i i
B 760 228 1 o 2 Sy TR A 3 e M AR T ik S 4R
2y 28 A A1 00 1O S50 s , e B g e e — Pl S L — K
TERB A A AT TR, Bl 3l 30 1 O, s e
FLA N A AT Z S LA IO O B . A
3 T P ANPIZE AR RO PSR Ak 2
Wit 2 2l 8T A IO, A R Ak A T R 1Y
BRYUE TN RAT A W R BC V-7 R AL 5 SMZE 0 4 P
LA CFD A5 B3 58 19 3l 1 ok A8 1E e P31 5 <
SO M Bl A, BRI ECF- EA CFD s
TESMZ B A AL AL, B B[R] s, R4 3 1
5 T F- A o

1 WEEi#RH CFD E&&

HIHUE S CFD £ — B LR & 357 14
T2 IR B R R R DAy DR X B R — XS
THOLBEFE (9 5 2% T AR PR B8 K e 3 e A 1Y 3l A4
Por=NA K. MK IE CFD T3 S alh, gk B TH L
JREFE T 75, T3 A% ) A i o — B T 5 I A 2
VR XE A, 32 fo A O A% ey 3 A7 A 7 T A AL
AR B AT 22 R 22 A KO0 4 I ik B A
WEGRIX — M) . AR SCHE T OversetGrid [ 4% Rij 4
BB 22 i BT PLE 3 4% & P A%, 5T OverCFD
BAR, i B e AR e g 52 MR A iE
IO\ RS FZ A 5 4 R i O A T A TR e 3
Gifa B
1.1 && CFD ERApIEH A2

M I2 B i 3 A HUAE T I AL ) B =R E
T, B J5 o~ A Sl ST E E A R
.

— B Jr AR AR AR T Y Navier-Stokes J5 2 B A7
IS 175 W
a0 I(E -E)) N a(F - F,) . (G -G,) _
at 0& an al

0
(1)

AU £ A0 BT 06— B 4 6 5 3
A1 A A

1 [k O
(. Ol
1 l%ul:l
% = —Cho I
To o
[
1 Lde, [
%:e +L(u +00 +w’)



%55 3

AR, AT CFD/CSD MAREA 19 ELTHHLIRC P 20 A7 U5 i 943

Hoap AR B s o sw 23500 0 R LAR AR «-
y-z ZANT5 1) b B 4 0 R oy A s ey M e, 230 R
SAEEFTARE

Lf.7. + &7, + &7,
2 )
Dg.tbx + f}b) + gzbz
oo F b, 350 R R 71 BB R 3 TR IE R 1
W, S Asbr & B AR 5 ) B pg o
| 0
%xTﬂc + n)wa‘ + T’.".sz
1
F, = 7%‘(&, + 7, + T,
Lh.7. +n,7,. + 1.7,
2 )
anbx + nyby + nzbz

ToFhE =N
O pU O
% pul +¢.p g
1
E=7|:| pvU + £ p g (3)
% pwU + &p E
Ldpe, + p)U - ¢ pL]
Afp NIEM,
O pV O
5 Venp 5
1
F = 7% poV + . p g (4)
% pwV +n.p %
Hpe, + p)V - qpH
0 pW O
S puW + {.p g
1
G :75 pUW+§),p g (5)
O pwW +¢p %
Hpe, + p) W - ¢pH
B 1 3 Ny
O 0 O
BT tET, vET D
1
_ L O
E, 7 %XT” +&7, + szﬂD (6)
O
0
O

(7)

goaad

| 0
%XTtx + gyTx)‘ + ngxz
G = G, v, 4l
7. +{7,. +{.7.
5 7
Lz b, + b, +0.b,
J N RILAAR 5 — i A b5 R (8] 5 3 ) Ja-
cobian %E % , A

_9(&,m,¢,t)
I = a(x,y,z,t) (9)

(8)

0000000 g

U=¢u+ §},1j +&w + ¢,
V=nu+nv+nw+ny, (10)
W=_u+lv+{w+(,

1.2 7 B8 4R I G 4ok T 4%

1 g SA349/2 Jig 33 - s A 19 A, L e 3
K3 i 0A209 ALY et B A —
W UL o AR SO SRR A7 B k4T fa] AL Ak B
5 B HCRAT UL 3% DS A 32 B0 = ff i T
P 6 11 28 JE A A B - v 2K () T ) 2 A, 0
T2 A B A ), 56 T OversetGrid 4R 11 5% Jig e
BAE AR LA 7 3 S B 4 # Al T A
SEARLR A A B BOEAT LA R B A X e 3R 2K
I 5 46 TR O A% A7 B AR, A 2R AR S AR AL B I
P, 3 A AN A AR A N HL AT B 22 Y T S DX

Bl 1 SA349/2 Jig 3 3¢ - i 7 k4%
Fig.1 Body-fitted grid of SA349/2 rotor blade

TR AL 87 AP JRAE

PSR JUEE P CATIA AR i3
B JL AR A RY | 357 i A ICEM 5§ OversetGrid 2§
75 3 = Ay TR M R 18 A

PBR2 R = oC AR R L, Ak R
W28 0 A%, I A 2k 0 A (T A1 2 R A% I, AR 2K
I 1) JE 1) S ) R I, DA AR G 3 G AR e
TR o

PR3 T Lk S AR I I 2 T 45 A 1k T
WS, T AE 2 A i 180 AR B S ik S 1Y) o T P A, R
Z9UWR T WA s e 2% T RO A% B S Al B R
Hyp. tangent {4 6 4% $E 7 J5 125 A= B0 AR RO A%

WA - RO A% T3 2 B A0 R

PR Al IR AT R A P S £ A



944 b5 M = MK k% F M

2020 4F

M A2 B 2 A i 18T A5

B2 IO AT RS I T 2 RS (3R
IR 5 % A 5 RO R

FT3 KPR TP 2 SRBUH A BT
A, IR OB AE 184 i 1T PR AR R 2R A%

HTRA 5 E T A% D 3R A5 4 AL A Y
S50, A% 275 T A R N T 1T 0 A% 1) BT 14 T
P 4 H 5 0 A o S TR TR X 9% 2 4, AT FE
JE T R A

1 O A RIS HG O A 9 s R 4 A
1150 71,

R 1 SA349/2 T BRI IEE M & ME ST
Table 1 Numbers of body-fitted grid of
SA349/2 rotor blade

A o s LA 9 s
st 237 x 163 x 61 2356491
P 153 x 75 x 61 699 975
S iE T 157 x 81 x 61 775737

1.3 REERHESNIE

XFFET IR, R R IL B 3 5 M A% 45
A WS A IE R, N T Eh AT, R A [ 3 Y
T REET, A% B 23 Bl T A AR 0, WO S R
FE 7 R B 2R 2 G, X 2 A0 B AR 4
L RE Ty, 45 S B e

WRILBSHE R MR mE 2 s, K
Sy TE B A E 3 ORTE 4 TR . R SRR LA
O %, LI Tt B RS B 1 909 5 AR
(L,) H1 X5 A& ] B (A = 10%c,,, ) ¥4 B, oAt 7%
WA (Ly, Ly, ) iB 3t B2 2] L, W% S8
WY J 2 B4 g TFR AN RS N7 £5
FRR B S AR I b — G S A% ]
PRy 2 £, LA AR B A, =24, ,A, =44,
A, =8A, - s TE AR B IE N, A ] B B 28
WERA, A, =A/2,A,=A/4,, XTI,
W A&, L RCSE AL B BT B S, T 3R R 1n)

K2 SA349/2 e i i L A sh i 5 R A%
Fig.2 Cartesian automatic background grid of SA349/2

rotor flow field

B3 A AT RS B L A 3T 5 R
Fig.3 Cartesian automatic background grid section for

solving in forward flight status

Bl 4 BEEFT CRESH RILE 5 MK B IS
Fig.4 Cartesian adaptive background grid of

rotor for forward flight

PN 1L25SR(R AR EAR) e’ FJr T T
PREN 0. 3R, H A 1 G S Mg (L) 18] fa A
A =10% Ciipo

R ILEE 9 901 5 A% 22 (8] 11 8] B 56 & A] 3R
N

2714, L=1
={L (11)

2'A, L<-1
1.4 RENIEEHESETR

PR AT AR, e 38 22 19 42 3l J2 78 i
A A R S S G A WA G2 Bl A
TG o AR SCHE X Jie 32 19 4 32 Bl Hh 43 Sl it o e 3 2
M WK Iz 2l PR AR I R & n 2 B2 i
Sz g, e NIAIZ Zhid GMP g X, sk AR B
i3 Motion ( BV jiE 382 Jie % — Ja] 55 1 A2 B 5¢ T 5 Aot
i R R ) A6r B Y BR AR SO R E L. BK B K
M35 3l , BT AR AL 32 46 A, 76 BF B B 1A
B S, AR A 5 iR .

Jie 35 2 WK G B A8 A LA B A &
AR IE o e 3 TE 8 e B A e % 3 Bl 1 R I
B W8 2R 52 3T AR E S 2t ik
L NCE T SWEi i o WIS E S - SV E L e
3l B, LRIERE N IEIRIZ ) ¢, MG IR & 4
iz e,

Shy i R T B8 A e A I I R 4 B R R
Mz 5.

L



%55 3

AR, AT CFD/CSD MAREA 19 ELTHHLIRC P 20 A7 U5 i 945

5 RE MMz 5 A

Fig.5 Motion and deformation of rotor grid

1) BV o BRI e AF B,
ik 3 b v LA AU 7 5 P45 3 A B B 8 A A AT
38 1 BT AL BRAR fF OversetGrid 17 5% W) % o7 B 52 F1L,
I B T 3K fiff i 3 I 7 i e Lo

2) BRI A (RS S R A 2 A i T
WA ) o AR WA Jz 3l ok B 3 ok 3K 3 4 1 iz
2SI B B, B R g SO — AN A, S
W SR Y 5 Sh AR -/ R iz g, e e X
Bl B J5 E SRR L/ B R

3) JREAM . TE SR 0 e n) A R [R]
— BEFL A 2 i A R [ A — AT AT
Jie 3 21 R 0B B 2 2 ) A A A R as S, B
R FRE A" A e e i A IR A A B
B3,

B LA A L — A S A AR A A
1) 325 31 515 HL i Xk o7 1 P A o i, BB AT
M 2R AR (B, IR H SR A BT i i . 2Ky
S AR TR b B Ry —4E B 1 0B B, 22 T ) R
T AR S CSD G0 v Y S Sl Bl 4
BEA R 1] il AL 3 A4S 7 1) B - S AV Bl 5 R
POz B RIRALAS GEBROL RS HLFL A PR
R AR R, DL Rk M 3 T 1Y 12 3 5 IF R
Motion 3L, 43 45 CFD Kitk,

Motion 3L HE SCA 8 — R 2% 78 Bl 2 A5
B, 7E CFD T30, il 1 5 W 15 5 Ay be 5 4k 2
55— AL E R T e i 3 A R R R T
T 2% 4 (ELFE HIOHIE 1% 38 25 A% ) T, 31K 5l 5 T 9 72
T 18 3y , 5 2 007 2 W 30 R P A 0 o7 B, S B
LRI o

6 Sy ik Motion SCAF il in i 32 4% 4% J7 )
AT, SRR X . fEMEZEIR G,
738 3= 47 W | 5Tk B T 1 FR R (T 5 e 3R
.

K6 e sirtA e R B

Fig.6  Schematic of blade elastic deformation

2 mESREBEESHERET CFD/
CSD Wi & KRB

A 33T Hodges Fl Dowell ™ # 57 ff) w25 45
TGI8, 35 ] Hamilton J5 3R 4 S i 38 32 (1) iz
7R, LA (A BR OGOy i R O i
FHAS S B vk F0 B 2 80 FR oy ik 7 L PILE 32
MBS TR

5IAT CFD K3 Ji & 1IF iy CSD B it 55
TN 7 R

/7 CSD b5 CFD <) Jy# & i 3 wi
Fig.7 Flowchart of CSD/CFD aerodynamic force

coupling calculation

Pl 8 Sy i@ 3L IC - B A 5 SR 1N 1 P 2 10 3R I
e ARG ITELL CSD Bidk-E 5158 REF G A
R, s IR B AR AR, R
F/M;",
F/M, = F/M (12)

XA 1(=1) WHEF iz LB 3R & # 5
AR O R A E— Rl CFD 3+ 59 5
NE A RE,



946 b5 M = MK k% F M

2020 4F

K8 JEIE ALV Mo A SR g N Ah 2 16 B i R
Fig.8 Circulation flowchart of inner and outer loop for
rotor trim and coupling strategy

F/M, = F/M! + (F/M:"} - F/M",)

i=1 (13)
e B4R b £omiz LB & s AL R
53 (e 3 <380 )1, CFD /R 2k A CFD £ A 15 %]
M3 8h 7.

XPFH (o> 1) B, /] | —& CFD it
RS IMEIE LB 4k W A ifd
F/M, = F/M" + (F/M" - F/M"))

i>1 (14)

A (14) WA B A EE i - 1 I CFD <3l 2 fir
S5 T L TP Py AR i LB AR
WA BALE S A R IL B IE CFD 15 45 4
T 2 TC 7 5 R 4 5 SR i A5 30 C - A L /P
F/M, = F/M*" + (F/M" - F/M",) (15)

G5 @ 3 8 OverCED 3K i 4% & MAT-
LAB %ty CSD £G4 7 /7 47, 36 T Linux -
B, K MPT 34715 0p . $idls 58 ¥ i@ i CFD
KA TR T B J) SO & CSD B3 1Y
TSP 8 R MR R AT o DAy B S e LA S S O
SO T3 S S LB g e A R S DU N )
OGS HEAT B IR DR o TEAEEC AR G R AT

YW1 AN AE, M AT ) b P
FA) B - i Ry JE ik, A A CSD 25 A 43 B A5 Y 1) 4] {H

KA B T A A AR e 3 L T 5 RS 3
S LB 3R E WA RIS A A R R TR e
WA F/MG, 455 R R A R e, R R
A BRIT 5 SR A 21y 2 7 T AR 5 45 4 i) 7 5 i —
T REEFE g R e 3 ) ARV R
DA A i 3 AR 2 B8 B P &L SR R Bl 1 T R
i tE R B ARG LA A AR 2 )i K 2 i g
PEASIE , 3 ASCA I8 2 s 700 T - bk 5 53 A1 Al
7 7 280 RSB ARE o
F/M, = F/M| (16)

B2 K HEIE S R/ AR B R
A0 A AN A B 45 BRI (0 WK G2 Bl 3 GMP %
25 OverCFD AL HL (IRFAI A1 W05 £ 25 T 3 3ot ok
WBE ) , 28 P 38 ik Motion U A% 328 45 Over-
CFD #ide, 76 CFD 3H55 b  EfiA% R T 2 B
O 220 M 2 i U AR B SR T SA BB ] 4 i i
£ ARC3D Diag, B ] %% 2% F] Koren , #& #5014 5%
TLNS3D Diss, 4 2 #1730 Y A4= i 4 2% A, #74K
CFD i1 e 3 A M fig i 1 Rl i o e 32 3% - 4% 1)
I H ) REC, AR IR C, X
] ) 2 A0 C, 755 51 i A0 2 g 1) 19 0 A (F/
Mg"™") i CSD L4 S BB H i A

o 7 AT eSS 1/N, BB (N, R B8
Ja v T AR & T B ), JE T AR IE B R A AR
CFD 58 s, R PR e 5 A #8572 2
W SRIHT

PR3 7E CSD LG AR b, Jlad 52 K
EUGEA A CFD SR g #1153 J1 1 CSD
B PR By, OF R P A, AR
{0 % 1) 00 ] o) % 300 T8 3 &L B AF/M
F/M, = F/M| + AF/M, (17)
AF/M, = F/M;"" - F/M, (18)

BEHCCSD Z5 5 43 BT AR Y bk AT e
AT, 1 9 AR 0 S, T 5R08 A ICF O
R UK AT i R AR AE L

PB4 CFD 25 2 g a3t 53, vl DL
JA B BEFE A M BERE 1 orev (1 rev B 1 ANJiE 4%
A a1 ) s, B 2R, B E IR
LRI I B, B CFD SR &8 “ I E 377, e it
eI AL R 1/N, rev Bl 29 T, 3 45 2]
F/M;"™

WBS WP h CSD LG Hr ik,
IS

F/M, = F/M, + AF/M, (19)
AF/M, = AF/M, + (F/M"™ - F/M,) (20)
BR6 EIFLIR2 ~ LTS, 2 WAHBE



%55 3

AR, AT CFD/CSD MAREA 19 ELTHHLIRC P 20 A7 U5 i 947

KA SIS, B AF/M, =0, it -5 90 R 2
WSk, B R A8 5 o B U 8. eIy CFD B i
S R A UR R[] I S, HL
F/M"" = F/M' (21)
DL A G AR w9 oy s 7E R R 5 i AR
Rl AF/M, R IEARIER BN, A
g (12) ~K(21) il f3
F/M, = F/M! + AF/M, (22)
AF/M, = AF/M, | + (F/M{'] - F/M,_,) (23)
it CFD BEER AN CSD £5 4 73 M7 F 7 SR 743 <
ST Z M ] AKE &8 AF/M, HAe kRl
T AR AR T BT .

3 BHIWIE

3.1 SA349/2 HEHHSH

AR SA349/2 H I HLER A R KA /N #
BEARAS (R HELE 9 0. 14) 561, t AR S 2 A B
M4 T B 4, it CFD/CSD ¥ 45 ikt &
WIS Iy, FE IR 4, e R
M 1o, 1A 20 484 , IR 8 B aer AR Bl 2 A 5
SEOR 5 RAT I ST X L, B UE AR SR

SA349/2 B THHL K 42 X e 3 g L, B ROR
FH OA209, 151 9 45 i SCHR [ 15 ] e AR SOl A i 2 0
W A% LSS o A B /R Fon A — 1R

K19 SA349/2 FLTFHLIE I 54 A
Fig.9 Comparison of blade twist of SA349/2 helicopter

3.2 CFD/CSD MiBAitEER

KA 2 1 MR A A SR e AT I LT T AR
ELA IR SIGE B, CFD fibe 5 CSD 2244007
BEHAR G 4 ~5 W, Fragd sl Jy BT Wie 8, 15 80 1
T 11 R BT S B B — o L
WA ST R AR B TR T, i —
R A SO R A R . 3R 2 AR A B

B 10 2306 (r/R = 0. 75,0. 97 ) 4b iy
BT Z A S0 B TR A D R 6 B o
[ s S RT3 A B B I B CFD f Hoit
B AR BB AT, 2k N 38 A B R T A SR AR 2
3R TR G SR A RSl B

k2 SA3492 BAH XITRA 2! WE EE
Table 2 Trim solution of SA349/2
helicopter in flight status 2"’ *)

Bm A A A

i1 37 "_\lv» P S
L D

WS o DSy

g 4.3787 1.5380 -0.6303 -3.1291 2.8975

10 2 T e o

Fig. 10 Blade section trimming process

B 11 458 7 CFD/CSD R4 i+ Sk 8 & i
T FL) BB A SCEE R AT SR K SR 43 B
SRS, B 3 T SCER S P R Y CFD 355
SEAR A SCHR [ 15 ] 285 H 9 e - #5290 it S e o7 31
LI WA B S B 8 A, CFDe81, $8 45 5 IR &
1153 CFD % b gl #omr , B o815 F5 565 5 IRl
A S TS B i B R A 38 S A TR R
e e i A Y e [ P R A R A B CAM-
RAD" '3+ 51 .

M 11 (a) A Loy #fr 5 1y, %) F /R =0. 75
FEAE I TH , CFD/CSD #§G 115 5 AT L {E 2
ARG — Bk, CFD/CSD # & 1F 8 kit B
(3 T 15 CAMRAD HA7 4 (RS B, 724 S0y
e BRI O A Rk S Bl A AF/M, 3
7 1Y J7 AR BRI BC T B B (AR AR 4 A



948 b5 M = MK k% F M

2020 4F

11 IR QAT IR ZS 2 vt 30 T 2 7 RN 1L

Fig. 11  Comparison of vertical force coefficient of

blade section in low-speed forward flight

PRB W TIRB L, H 5 A7 SE I AH e B A 8
RIS BE o R T SR [ 15 ] P R 1S B Y
CFD 3 Jy , Bl P B 5 %AT S (B A B e

M 11 (h) AT LA A 45 1, CFD/CSD #A RS &
R EE ) RS RITWEAR —E M ZEE,
7 & T SCHRC P A 1 T H 35 AT SE A B A B4
V)& BE AT RE A SCHY CFD ff Bt 3ok 5840 %
JEAL B 5200, R G 2ok FE AL B 022 i T 3l 28K A R
HSCHRL LS YL A 18, FTREAAIE — E R 2

TEARHE CATIRAS T, 5 32 19 28 8 T 40 2800 X%F
sl BA ORI, I 10 FE 11 Al LA
B RRIRIE S E AR S AT AT S 8O R
R BB BT, T SRR E 2 KR T R
W3 AR n) kNI 3l £ i AT 2K 0T 90°
557 B I 365 S 2 AR Al AT S8 4 B R - b ik
MR s R 2R ARAE B, e S AT R 270° 75 6 Kt AT i
BRR R BEAT R, B LT hkoh” o X F
BTG AN AT Rk 1 58 1 i i
PRI DA AR 0 ) B e

B1245 3 T SA349 /2 H FH WL/ 3 J& 52 25 Wi

P12 AT BR A 2 T L
REAR 3 SE AL 15 Sy o3 A
Fig. 12 Distribution of blade normal force ,pitching
moment and in-plane force coefficient in

low-speed forward flight

RS TER MR E A F, N F,
%10 7 F, B R 1) AR 1) 9 2 A S . WL 12 (a)
TRl DL EDE L FE DT LR W Sk 90° F1 270° (i
KRB TR M J&m r/R =0.75 kb
T IR BIEAE

Bl 13 S/ dEE R AT GRS, il &f CFD/
CSD F & 5k RAT I ME B 36 T AT S A0
A0 W8 CFD 558, 2 ) 1w 4 s g 28 5000 %
tbo B - C, /¢ 5 E T RZEAE . H—
A 5% il r B 5 T SCERIECOF- A i CFD 3548 A SC
BRLTS ] rb gy i f9 iC 1 5 ok #E 47 CFD 35 3k 1y
45 ;CFD/CSD M &t 4E A SO 5l B/ PR
T SEE S Sk [ 15 ] P A i et R s ) R
B MIAE o 3 5k il 2 % b AN XE & B, X F R R



%55 3

AR, AT CFD/CSD MAREA 19 ELTHHLIRC P 20 A7 U5 i 949

B13 AR RAT RS S mt & i IR 7 R A L

Fig. 13 Comparison of blade surface pressure coefficient in low-speed forward flight
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Trim analysis method of helicopter based on CFD/CSD loose coupling
YU Jin, WANG Song, LIU Yong" , YANG Weidong

( National Key Laboratory of Rotorcraft Aeromechanics, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: In this paper, a helicopter trim calculation method based on the CFD/CSD loose coupling
strategy is proposed. The CSD solver and rotor CFD solver use the blade elastic axis and pitch axis as media to
exchange aerodynamic load and response data through linear interpolation method. In the coupling strategy of
this paper, CFD and CSD solver operate in the time domain respectively, and exchange the data once per rev-
olution. The aerodynamic force calculated by CFD solver is used to correct the aerodynamic input of aeroelastic
analysis in trim calculation, until the trim parameters and CFD aerodynamic force no longer change in the iter-
ative process, and the coupling trim solutions are obtained. In this paper, the SA349/2 helicopter is taken as
an example to calculate the forward flight state. The results show that the coupling method in this paper con-
verges rapidly and has good stability. The comparison between the calculation results and the measured flight
values verifies the effectiveness of the proposed method, and it has a good ability to capture the aerodynamic
curve of blade and the blade vortex distraction.

Keywords: helicopter; CFD/CSD loose coupling; trim; aerodynamic load; moving nested mesh; inter-

polation
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Table 1 Comparison of calculation results between

LSQR algorithm and Landweber algorithm

Bk M BRE/ % FHEREMRE/ % THEB /s

1 0.21 23.13
LSQR 3 0.71 24.31
5 0.91 22.87
1 0.22 2.50
Landweber 3 0.71 2.50
5 0.92 2.50
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Temperature field reconstruction of scattering flame
based on light-field imaging
HUANG Xing'*, QI Hong"** | NIU Zhitian'>, REN Yatao'>, RUAN Liming'

(1. School of Energy Science and Engineering, Harbin Institute of Technology, Harbin 150001, China;
2. Key Laboratory of Aerospace Thermophysics, Ministry of Industry and Information Technology, Harbin 150001, China)

Abstract. Light field imaging technology is an emerging non-contact temperature measurement technolo-
gy. Aiming at the important role of light field imaging reconstruction algorithm for flame temperature field
measurement, the flame temperature field reconstruction algorithm based on light field imaging was studied. A
flame temperature field reconstruction method based on the light-field imaging technique is proposed, the gen-
eralized sourced multi-flux method is used as the calculation method of direct problem, and Landweber algo-
rithm is applied to reconstruct the 3D temperature field of absorbing and scattering flame based on the flame
light-field imaging model. The Least-Square QR (LSQR) decomposition algorithm is also introduced to our
study as a comparison to verify the performance of Landweber algorithm. Effect of measurement errors on the
computational accuracy is studied. The reconstruction results demonstrate that the temperature field can be re-
constructed reasonably by these two methods, and even with 5% measurement error, the mean reconstruction
relative errors are 0.91% and 0.92% respectively, which are acceptable. The comparative results show that
the Landweber algorithm has the similar calculation precision as LSQR algorithm, but the calculation time of
the Landweber algorithm is one tenth of that of LSQR algorithm, and thus the Landweber algorithm is much
more efficient than LSQR algorithm.

Keywords: light-field imaging; temperature measurement; combustion diagnostics; inverse problems;

Landweber algorithm
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Fig.5 Curves of altitude difference between UAVs and

target in experiment 1-1
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Fig.6  Curves of distance between UAVs and

obstacles in experiment 1-1
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Fig.7 Curves of distance between UAVs in experiment 1-1
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Fig.8 Position trajectories of UAVs and

target in experiment 1-2
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9 9086 1-2 R AL B s 22 28
Fig.9 Curves of altitude difference between UAVs and

target in experiment 1-2
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Fig. 10 Curves of distance between UAVs and

obstacles in experiment 1-2
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Fig. 11  Curves of distance between UAVs in experiment 1-2
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Table 3 Switching rule of interaction topologies
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Fig. 12 Set of interaction topologies
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Fig. 13 Position trajectories of UAVs and

target in experiment 2-1
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Fig. 14  Curves of altitude difference between UAVs and

target in experiment 2-1
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B 1S SEm 2-1 HpJo A AL B Ao B s i
Fig. 15 Curves of distance between UAVs and

obstacles in experiment 2-1
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Fig. 16  Curves of distance between UAVs in experiment 2-1
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Fig. 17  Switching process of interaction topologies in

experiment 2-1
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Fig. 18 Position trajectories of UAVs and

target in experiment 2-2
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Fig. 19  Curves of altitude difference between UAVs and

the target in experiment 2-2
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Fig.20 Curves of distance between UAVs and

obstacles in experiment 2-2
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experiment 2-2
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Fig. 22  Switching process of interaction

topologies in experiment 2-2
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Active disturbance rejection based formation tracking and collision
avoidance control for second-order multi-agent system

YAO Hui, XI Jianxiang®™, WANG Cheng, HU Laihong

( College of Missile Engineering, Rocket Force University of Engineering, Xi” an 710025, China)

Abstract: In target tracking task for multi-agent formation, the agent will lose the target when it is
blocked by obstacles in the environment and external disturbances can affect the time-varying formation track-
ing control for multi-agent systems. This paper studies the time-varying formation tracking and collision avoid-
ance control for second-order multi-agent systems under the simultaneous existence of these two factors. A
switching topology control strategy based on target tracking priority is adopted to achieve continuous tracking of
the target in the obstacle occlusion environment. A formation tracking controller including the disturbance
compensation term is designed based on active disturbance rejection theory. First, an active disturbance rejec-
tion time-varying formation target tracking control protocol is proposed for multi-agent systems with switching
topologies based on consensus methods, and a formation command generation method based on tracking differ-
entiator is presented. Then, an algorithm is designed to determine the control coefficient matrix, and the sta-
bility of the system under the protocol is analyzed and proved. Moreover, a collision avoidance control protocol
is designed based on artificial potential field method. Finally, the active disturbance rejection time-varying for-
mation target tracking and collision avoidance control protocol is proposed considering the occlusion of target
tracking by obstacles in the environment. The simulation results show that the control protocol designed in this
paper still has good control effect when the above two factors exist.

Keywords: time-varying formation tracking; collision avoidance; active disturbance rejection; target

tracking priority ; switching topologies
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(1. School of Electronic and Information Engineering, Beihang University, Beijing 100083, China;
2. Institute of Unmanned Systems, Beihang University, Beijing 100083, China;
3. Hangzhou Innovation Institute, Beihang University, Hangzhou 310051, China;

4. School of Automation Science and Electrical Engineering, Beihang University, Beijing 100083, China)

Abstract: The logistics drone airport in the city needs the ability to take off and land multiple UAVs at
the same time. An airport model with single inlet and single exit, route crossing and multiple aprons is de-
signed for small and medium sized vertical takeoff and landing UAVs, and a flow control method based on
graph theory to ensure flight safety is proposed. According to the flight status of drones in the field, arrival and
departure time of drones are controlled, and flight routes within the airport are planned to ensure the flight
safety of drones. The simulation results show that the flow control method can ensure safe and orderly flight of
UAVs in the airport airspace. Arrival and departure operating capacity of airports with different sizes were test-
ed separately. When the area of a single apron is fixed, the greater the number of aprons the larger the arrival
capacity, but the smaller the arrival and departure capacity. Therefore, when designing an airport, it is neces-
sary to properly plan the number of tarmac in a given airport area.
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Fig.1 Schematic diagram of RTK single-frequency

double-difference observation principle
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Fig.2  Flowchart of single-frequency RTK dynamic

accuracy detection method
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Table 1 Maximum and minimum RMS in E-N-U
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Fig.4 Real shot of experiment

K5 scmpLik i

Fig.5 Trace diagram of experiment

i B9 AR 22 8 K, BIAE 2 em 264, 5 KD 5 45 A
5 emo WIBIA N A RTK RGIEHL BT
M %7 VA B A LR L2 R 2 em

&7 JEoR T 58k 0. 35 m/s SEH Y 5
BESHEEL, BT ELMAGH LM SEH
0 B S AR 24 MR DN, % R B S BRaE T o
T 5 SR B X R 6 R A I ) R B
RTK Z G841 %H 2 ~5 em,

6 32t e o A bR & 22 B0 I 8] 571
Fig.6 Time series of coordinate errors in
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Table 2 Accuracy analysis of dynamic real-time

positioning experiment

LR CTPHEE, TR E RARME R R
W (m-s™') d/cm d,../cm RMS(d)/cm
1 0.13 1.6764 4.5676 1.18
2 0.35 2.1517 4.8554 2.29

B 7 PR 0.35 m/s I SEH 9 BN A5 5 S A% B 4k
Fig.7 Dynamic point and checking line of
experiment with average speed of 0.35 m/s
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Method and experimental verification of dynamic accuracy
detection of single-frequency RTK
SUN Yixuan', YU Baoguo®, YANG Dongkai'"*, DU Yi', HAN Mutian'

(1. School of Electronic and Information Engineering, Beihang University, Beijing 100083, China;
2. State Key Laboratory of Satellite Navigation System and Equipment Technology, Shijiazhuang 050000, China)

Abstract . Single-frequency RTK technology is widely used in high-accuracy mapping, unmanned driving
and other fields. A single-frequency RTK dynamic accuracy detection method is proposed to accurately quanti-
fy the dynamic positioning accuracy. It is easy to operate, suitable for a wide area and does not need addition-
al auxiliary equipment. Using this method, we first establishes some reference lines on the ground, then meas-
ures RTK static and dynamic combined data along the reference lines in the run-stop mode. The static data are
fitted by the total least squares algorithm to get the called checking lines, which are then used as the refer-
ences for evaluating the dynamic positioning accuracy. The reliability of the proposed method is also checked
using the same sets of the test data. During accuracy assessment, the average deviation from the dynamic point
to the checking lines is used as the dynamic accuracy index, and the reliability index of the method is charac-
terized by the difference between the distances of two reference lines and those of two checking lines. The ex-
perimental results show that the proposed method has high reliability and can accurately quantify the dynamic
positioning accuracy of single-frequency RTK of about 2 -5 cm.

Keywords . satellite navigation; single-frequency RTK; positioning accuracy; low cost; accuracy analysis

Received: 2019-06-28 ; Accepted: 2019-10-28 ; Published online: 2019-11-25 09 .07

URL: kns. cnki. net/kcms/detail/11.2625. V.20191122.1707.002. html

Foundation items: University Cooperative Project on New Technology Research (KX162600040) ; Funded by State Key Laboratory of Geo-In-
formation Engineering ( SKLGIE2017-Z-2-3)

# Corresponding author. E-mail: edkyang@ buaa. edu. cn



2020 4 5 A tTtEMEMRKXKEER May 2020
a6k S Journal of Beijing University of Aeronautics and Astronautics Vol.46 No. 5

http: // bhxb. buaa. edu. cn

jbuaa@ buaa. edu. cn

DOI: 10. 13700/j. bh. 1001-5965.2019. 0342

ETREFINKREBRBAIRANTEZAR
BE ., WEL, AE

ST |
b3
Iﬁ (1. dERtAizs iR RS AR, Jbat 1000835 2. o @ B2 B R I SE ik BRI Be , I 518055)

i E: MENARKXRARALEFN MW RE, ERRES R F EEZEZAAD
ARENERFEAN D2 RFAFR, EREMELITE. WEKZUANATHARER S
HEAFRAEZ, e BRAEWERNEZT R, AZT kBT R &E RGBT
ABEEFRETHERSHWERBZ B NRE, BHT —HREEFNR BTS2 X0
M. AERAEWH(NMS) FaEia L RET - AKLEFHNRaARNT R, 24
RGO LRI MENETREFINSERES 2 ER BN B RA WEERRAFT
B ERE AR RIS LRG| F T4 0.985, & F R L & LRG| E Tk 0.863, F A
W E T B AR A AE TC A& KR AT B9 5] A

x # A
Gl

FES S TP391.4; V448.25"1

NHEAFRRED: A

UNESTREE: VL E B PN LN R CI IS PRl
RIS Bl , 2 4040 K 15 3l 19 =27 1] 2 8] B
5 BOR QBT A E B R AR, R Y IR R ALK 40
SR S R i — o BT AT O S R B A R 1
D0 B 3 S AR e (1 B 22 5 0 B, Oy 2 4 Tl L ER
PAAN 4 Al 52 BROT: Ji8 O 552 30 2% X F 7 f it 1 mT 5
A BT, AT IH 30T 4 0k 56 T 7 B8R L R A R R T
A1 U B AT 58Ok B 22

BB A1 70 e P A A g 3 0 8l i o B R AR T
BR AR N e B 5 BT LT S R BTX
A FERE R, WA BTN A B et
TR T HERANKCR (4 3t 53t )22 2, I HL B T
B B SO i i 8 AT 2 M SO AT IR A ok — T
H B U a0 ot 7 3 SR A i 7 3t 5 g 1X)
SR 22 S ML A5 W) R o A 2 R R 9 AT AR
J5 I R B g5 A B PR L S Y M R

REF; #RWEMN%; BainRil; ERAENH (NMS) Eix; B

NXEHS : 1001-5965(2020)05-0994-11

AR R 25 BRI B ) B TR ) AN A
b, T BRI 2% 19 A7 & 2 0 JE Bl ke AT 55
H T B B R PR R 2 AN 7 AR AR E T
12 B SE RN, ROk, o o] R 551 A A 5 1T 1Y) %
A1 50, o B B AT 55 S AR 0 R A, © BN it K 4
BT ) B SR E A5

AR, [ PN A 2 2 0 B AR 2 T B A BT 1 R
O HEAT TIRA RIS o 36 [ WA HESE S 0 ==
(JPL) g Cheng 25" Wl B8 J7 1) 5 Wi A7 be i 415
SIS A 3 5 B A 50 2 4 2Z 1) JL AT A oG
PESZBL T B A BT 5 Sawabe ™ FI Kim ™ 2547
Tt B3 7 0 8 R R TR IR, A 32 R G I 1 B A BB AR
30 3o A DG RS2 B R A A T 5 2 A ) gk
T Canny J7 3 B30 % B % 5¢ B8 3 A Bl 5 T ey
SR FA L T 3% A Hough 2R3 1 Jy o, A 4k 4
4 Kanade-Luca-Tomasi ( KLT ) 4 AF #6350 3 52 31

Wi B . 2019-06-28; EABH: 2019-09-29; M4 H kA E ;. 2019-10-14 1519
M 2% H AR # ik ;. kns. enki. net/kems/detail /11.2625. V.20191014. 1332.003. html

E&MAB: HEARF¥EE4 (61703017)
+ BI51E&E. E-mail: 08109@ buaa. edu. cn

Sl AZ, #EL, MY ETREFINABREINRA T FZF L[] X TMEMKAFFH#], 2020, 46 (5) : 994- 1004.
ZHENG L, HU W D, LIU C. Large crater identification method based on deep learning [J ]. Journal of Beijing University of Aero-
nautics and Astronautics , 2020 , 46 (5 ) : 994- 1004 (in Chinese ).


qwqw
新建图章

http://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=BJHK202005016&dbname=CJFDAUTO&uid=WEEvREcwSlJHSldRa1FhcEFLUmViU2FtMWdmWVFBaE8ybXRrbUhJQ1Y2OD0%3D%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

%55 3

IR, 4 2 T ORI 2 > W RO B B0 IR 51 7 BE 5T 995

TR BRI, X A% G i BE T IR R AL B K]
E T B B3 A ST TR 3 5 i, AR AT A8 X B A B
HEAT 185 A R (H AR & K AT 55 BB,
If H.fik = SEEEE

o4 T AR SR N L BB & R, BLTE 26 T i
A1 5T B BIF 58 A B ] T AL A 2 2] A 28 R
ZRITTE Y S P4 i, ScEk[10 ]
A FE L5350 B (PCA) T ik GE i S0 B 145 2
FE 07 BB 43 B o3 1 158 3K I B A e i B
1) ; Boukercha 25" 1] FI ML 2% 2% ~J 54 56 55 15 %of [
ATHTHEAT WA 0 16 45 B B A B 2k X, 45
Fea) AL (SVM) 1 2 31 2 43 28 4 XF Bt A bo ik A7
E— 25 B R 5 Silburt 45 A P 2 B b 25 99 4 52
BT 80 F AR AR ( Digital Elevation Model , DEM)
R A BT R . X T AR SE I T B A BT
B s, 3 E T RCR AR B BPRBR  BE
g — 004 A T s IR % /N A B SR OE TR
A =320 0 TR JE S HN Y 52 2%
Bt 7 B K Bt Ay S o A O AN R A ROR A . A L
ANBYRG AT T A= i R R AR AR A ol B G
R AR Ta] L, R R 5 A BT RE 98 7E 182 K 1Y I [A] 4 1]
HLORFRIE S N Z5 4 F2 0 M, To e At 78 KA b i 27
M S A A B AR 0 D7 T BT, R BL B A S AR R
AARGR B RCPE . B, A SCUL B AR AL T
B R TR B A 0 S 0 5 6 4, B A T AS [R] B DR
B GUREAS B e, M T B TR A I I £
REB A ST A 30 N 4 HE 2L et T H pr il
I R A Sl A K 40 il ( Non-Maximum: Suppres-
sion, NMS) B35, 48 1 — B &% 26 00 w8 19 B A Bt
Z o RPN I

1 PRAERGEELE

1.1 H#ERiR

B3 A1 BUAE S AR SCWF 5 0 G2 K G B 2 20 3
) 19 28 14 A% 0 AL JSERR 2, JFG 8000 oA U 1) S A
V] Jo i 1) V7 AT 32 U SBURSCHE P 7 2% T 2% Y
2ANEER H B T RE 8 A B 2 1 25 KA AL A
GUE BRI X BD  AR SCIR T AR R e %
H i G0 A BRAE Bl R AR 5 . A BT
P K& 2K B A b, FAR 2 KRR IE 126
RYHY B3 A0 5T, NZRAEHER F A A HR B RT 0L 21, -
HH R SCHT48 5 A 7T LAIRORS: o 95 4 1) K R 5 A
G o B, A SO IR T AR E H AHAE LT A
BRFR MR 24 KA A BRI 4 .

AR A 2 07w O A 78356 [ [F
KM MK R (NASA) B n] Wik TR By
9 2018 45 4 4F ey i 07 5L AR I, 320 A B B A
ZHE A 2009 4T Pt 58 1 TRAT B T BR
138 K47 #% ( Lunar Reconnaissance Orbiter, LRO) ,
R A5 B WO BE T R R BRARBLAE A5 LAl
ATV T BE R WL BRI T RE o AR SCE IR 1
2018 AEAEAS A B A B A & 28 H 5 i A AR
A S R Y B3 A B A A B2 RO S, D K L, 18T 1 R
2018 4E 2 R4 A AHIE . @K T 2018 4
L1 AT 12 7 F) R AR BL AT 8% 09 A &, 40 4%
BT FE AL AR S BT Sk A B, B R AR ER
A 3k 400 mm , BEGE A3 W 40 £ 2 A Bk 1 A £
RAEBRATT . o FHAEE R AT S5 N R,
AR S R IR 33 M RE R 4 ) R A R 52 56 K
i, 1812 4y 2018 4% 12 T #Y &R A AHIE

I T NASA SRS 4 20 A AR
Fig.1 Simulated moon phases provided by NASA official website "’

B2 LAy AHPLIA S B E 52 A A

Fig.2 Real moon phases captured by a professional camera



996 b5 M = MK k% F M

2020 4F

1.2 RAEREFYESE

AL FE T BRER T Y 16 ¥ (Mare Crisium) |
7% ¥ ( Mare Serenitatis) & 25 4 (Tycho)3 NEA X
AR KRB B GO R AR 5. a2 T
A ERAACEBR Y H i, B A% 605 km, (1 FLZ17. 6 x
10* km®™ "™ B BR R B A B —
B2 2 600 km , BRI 4% 4 7T 4T 1 % 880 km 7
BT HGR AR SN L, B T B A Bk — 2EBF S A
AR E R BB A iz~ wFa et
B IZ W TS 55 A3 B 370, 2 A BROE T i 4R 2
BREFENRBBOGRZ " GEAENRE
MRS, WA — A5 0y = A, T 565 48 8 LA LA
FEA oL B TR AR A B 3 B W AR AR A A 3
Fis o

&3 fa il BN B AT
Fig.3 Mare Crisium,Mare Serenitatis and
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Table 1 Number of different types of

samples after data augmentation

FEAZE 5 Necrater Ccrater NCcrater
R 10000 10000 20000
V& i 8500 10000 18500
B 8500 10000 18500
ke A 16000 25000 41000
TR 43000 55000 98 000

K4 puBa A

Fig.4 Four types of crater samples
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Fig.5 Flowchart of crater identification
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Fig.6  Flowchart of multi-scale crater detection
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Table 2 Computer configuration parameters

AL B BikZH
o1 b P AL (CPU) Intel (R) Xeon(R) W-2125 CPU @ 4. 00 GHz
E % 4b 3 28 (GPU) NVIDIA GeForce GTX 1070

BAERG 64 fii Windowsl0 #/E R4
&1 16GB

F3 HEAREIEE Nerater Yl LR

Table 3 Training results of sample data set Ncrater

Al Jr i U ENEIVE 5 FAR KA
SGD 1401 0.9986 0.0077
AdaDelta 1423 0.998 1 0.0078
Adam 1414 0.9978 0.008 8
RMSprop 1418 0.9979 0.009 1

F 4 FEXRHIEE Cerater Il EER

Table 4 Training results of sample data set Ccrater

A Jr i I 25t [A] /s iR AR AR
SGD 1523 0.9976 0.0095
AdaDelta 1533 0.9971 0.0112
Adam 1550 0.9963 0.0152
RMSprop 1551 0.9972 0.0125

x5 MHEAREIEE NCerater JIIHER

Table 5 Training results of sample data set NCcrater

AT % YIRS ] /s HER AR A
SGD 2124 0.9986 0.005 4
AdaDelta 2199 0.9959 0.0127
Adam 2139 0.9946 0.0179
RMSprop 2163 0.9939 0.0167
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Table 6 Number of different types of
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Fig.7 Experimental results of sample data set Ncrater
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Table 9 Data analysis of three detection algorithms
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Large crater identification method based on deep learning
ZHENG Lei', HU Weiduo" * , LIU Chang’

(1. School of Astronautics, Beihang University, Beijing 100083, China;
2. Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, China)

Abstract. Craters are the most significant topographic features on the surface of celestial bodies. The tra-
ditional method of craters identification is mainly to study the dichotomy of positive and negative samples of
small craters, with low efficiency and accuracy. This paper takes large craters under the macroscopic view of
the planet as the research object, combines the knowledge of digital image processing and neural network , cre-
ates a crater sample library of different data sources to study the influence of data source on network model
generalization ability, and proposes a more efficient crater multi-classification identification method. Based on
the Non-Maximum Suppression ( NMS) algorithm, a higher precision crater detection algorithm is proposed.
Through parameter optimization and experimental verification, the multi-scale and multi-classification craters
automatic recognition network framework based on deep learning constructed in this paper achieves a high ac-
curacy rate, with the recognition rate up to 0.985 on homologous verification set and 0. 863 on heterogeneous
verification set, and effectively improves the redundancy of detection box and false detection in target detec-
tion.

Keywords: deep learning; convolutional neural network; crater identification; Non-Maximum Suppres-

sion (NMS) algorithm; object detection
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Table 3 Parameters of command filters

e werE O s
a +£30° 0.8 4
B +20° 0.8 2.5
¢ +55° 0.8 2.5
» £50(°) /s 0.8 10
q £35(°) /s 0.8 10
r £20(°) /s 0.8 10
Sl [-20°,20°] +40 0.8 35
[-20°,20°] +40 0.8 35
s, [—23°,17°] 0.8 35
8.  [-23°,17°] + 0.8 35
5, [—25°,25°] £50 0.8 35
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Multiple-fault fault-tolerant control of transport aircraft based on
extended state observer
DONG Wenhan'* | TONG Yingyi’, ZHU Peng’’, GUO Jia®

(1. Aeronautics Engineering College, Air Force Engineering University, Xi’an 710038, China; 2. Graduate College,
Air Force Engineering University, Xi’an 710038, China; 3. Naval Aviation University, Huludao 125001, China;
4. Avionics Department, State-Owned Wuhu Machinery Factory, Wuhu 241000, China)

Abstract: To solve the attitude tracking problem of transport aircraft with sensor faults and actuator
faults, a backstepping fault-tolerant control method based on extended state observer is proposed. The state
observer and controller are designed separately. The extended state observer with neural network is designed to
estimate the flight states, sensor faults and actuator faults simultaneously. On this basis, the flight states are
replaced by the estimates, the control law of attitude tracking control is designed based on backstepping control
technique, and the command filter is also introduced into the fault-tolerant controller which can improve the
control performance. The final bounded convergence of closed-loop system tracking errors is derived and proved
using Lyapunov stability analysis. The simulation results show that the proposed method is effective and can
solve the attitude angle tracking problem of transport aircraft in the presence of sensor faults and actuator
faults.

Keywords: extended state observer; neural network; transport aircraft; multiple faults; fauli-
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Influence of diurnal temperature changes on oxygen concentration in
free space of fuel tank
ZHANG Ruihua, LIU Weihua® , PENG Xiaotian, FENG Shiyu

( College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The variation rule determination of oxygen concentration in the free space of fuel tank is the
basis of the design of inerting system. However, there are many factors that influence the oxygen concentration
in the free space of fuel tank. At present, people still lack the necessary analysis and calculation for the actual
phenomenon of the diurnal temperature changes. Taking the central wing fuel tank in a certain airplane as the
research object, based on FAR25 airworthiness clauses of diurnal temperature changes, this paper builds theo-
ry simulation model. The model is verified by experimental data, and the corresponding relationship between
oxygen concentration of free space of fuel tank and temperature difference between day and night is discussed.
The influence of the diurnal temperature range, oil load, initial concentration, dissolved oxygen precipitation
and other factors on the fuel tank free space oxygen concentration is analyzed, and the initial oxygen concen-
tration limit of fuel tank before shutdown at night that satisfies the requirement of airworthiness clauses is pro-
posed. The study results show that the variation range of day and night temperature, oil load, initial oxygen
concentration and other factors have different effects on the oxygen concentration in the free space of fuel tank.
The initial oxygen concentration limit of the fuel tank before shutdown should be lower than the minimum oxy-
gen concentration limit of 0.5% - 1% . The research results will be of good reference to the design of iner-
ting system and the calculation of average flammability exposure time of fuel tank.

Keywords: fuel tank; diurnal temperature changes; oxygen concentration ; airworthiness clause; inerting

system
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A difference measurement points planning method for
large-scale surface of aircraft
MAO Zhe', LI Shuanggao" ", XU Yan', ZENG Qi', ZHU Kui’

(1. College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;

2. Shenzhen JT Automation Equipment Co. Ltd. , Shenzhen 518101, China)

Abstract; Digital measurement technology has been gradually applied in aircraft large-scale component
measurement, which also brings about many issues, and the fundamental one is how to plan the number and
layout of measurement points to well describe the curve or surface. Aimed at solving the issue of complicated
curve or surface measurement points planning, a novel difference measurement points planning method based
on deterministic representation is proposed. The curve’ s deterministic representation is acquired by using
Non-Uniform Rational B-Splines (NURBS) theory, and the particle swarm optimization is adopted to optimize
the control points and corresponding weights factors to construct the high-precision fitting curve. Two different
measurement point planning strategies considering curvature and measurement uncertainty are designed, and
combined with surface characteristics, a complete and high efficiency measurement point planning process is
constructed. The measurement points planning algorithm proposed in this paper is programmed based on the
CAA, and by taking test piece as experiment object, the feasibility of the algorithm and the effectiveness of the
system are verified.

Keywords: digital measurement; measurement points planning; curve parameterization; measurement

uncertainty ; curvature extreme points
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Numerical simulation and comparison of oxygen consumption inerting and
hollow membrane inerting in fuel tank
WANG Suming, FENG Shiyu" , LI Zongqi, PENG Xiaotian, LIU Weihua

(Key Laboratory of Aircraft Environmental Control and Life Support, MITT, College of Aerospace Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: To solve the problem of oxygen mole fraction changing with time in the upper space of oil tank
of oxygen consuming inerting system. A mathematical model was established for the reaction process of the
Green On-Board Inert Gas Generation System ( GOBIGGS) , and the inerting process of the GOBIGGS and the
On-Board Inert Gas Generation System ( OBIGGS) was simulated by CFD method. The simulation results were
compared with the experimental data, which verifies the accuracy of the simulation results. The research re-
sults show that, when the flow rate of the exhaust gas from the fuel tank in the GOBIGGS is identical with that
of the Nitrogen Enriched Air (NEA) in the OBIGGS, GOBIGGS not only has shorter inerting time than
OBIGGS, but also reduces the oxygen mole fraction of the fuel tank to a lower level. The inerting effect of the
GOBIGGS is similar to that of the OBIGGS of NEAO (100% N, ) under the same flow rate. GOBIGGS makes
the upper oxygen mole fraction greater than the lower oxygen mole fraction in the gas phase space of the fuel
tank , while OBIGGS is the opposite.
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Image mosaic tampering detection based on deep learning
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Abstract: The traditional image stitching detection algorithm manually constructs the stitching features by
researchers. With the advancement of technology and the continuous development of image processing technol-
ogy, the limitations of the features of manual construction, such as weak robustness and difficult positioning,
are gradually manifested. Aimed at this kind of problem, this paper proposes to construct a Convolutional Neu-
ral Network (CNN) by means of fixed pre-convolution kernel, and detect the image tampering area by feature
self-learning. Through experiments and research, it is found that the features of the mosaic tampering area of
the spliced tamper image can be learned by the CNN model. Prior to the CNN model, the convolution kernel
uses a high-pass filter and the activation function uses an Exponential Linear Unit ( ELU), which makes the
CNN model be capable of identifying features such as splicing and tampering with image edge traces. The de-
tection results show that the positioning accuracy for the falsification image’ s tampering area is 84.3% in the
IEEE IFS-TC image forensics training set and the detection true negative rate of the tampering area is
96.18% .

Keywords: Convolutional Neural Network ( CNN) ; image mosaic forensics; deep learning; Exponential
Linear Unit (ELU) ; loss function

Received: 2019-11-13; Accepted: 2019-11-29; Published online: 2020-02-21 15 .40
URL: kns. cnki. net/kems/detail/11.2625. V. 20200220.2245.001. html

* Corresponding author. E-mail: askquestionbl@ 163. com



(IERMMZ=MRKFEFH) MR E

(AFMEMEKXFFR)ARLTMEMERF IS AMEREAAFZHRAABF EH %
SHARAFFERMUACAR), KAUARBRAEMRABALRRE LSS I F KR,
BAHBAF DA ERRGAELSEZ B AIFRTE, KA PE AR FZHERAZC
#9F), 5t 4% Ei Compendex % B M IMAUR Lk & R4k k., AR @B A ShATF L 4T, A3t —
TREHPFNREATF B LFHFRRFE HFHZRH,

1 BXEERAE

1.1 KA @&k AISTAFH,

1.2 TZABEMEMRAHAFEAAEXOMRAHAFA IR CAEERTSHE FThRAFS
IR FESETFRARA BEHEAFAILIE AR FRHH IR FTENAAFZREEBR
R TERIRBE RS EMRAOARL LT, MEMRAAFLHRKEA F @ AR LA MRT AR
RIBFEROERNKF BRNHE BRAAFRIBRERSFFEGLFLELRFK LS E
T

2 RMER

2.1 X AAHE FFR FARAER TR,

2.2 #XARAMER, HRAAFLALAL, FARTARERNM, FLERRKIEEEAL, —
AR AR R A,

2.3 EMPH,KETE, BRAW,ZHSE, TG REHFT EH,

2.4 XBBHIMF P XML (—MAAT 20 NXF) AFH P L EAE TR T LB
G, P X R (RN H ok BERAGER), PLXEFA(S5~8A), FEHS X5, ELH
& AR E AL B AL PR IR R B A, E LA, LR LG F B, A L
Ko BRTAZAEALRA LHREAS T , MHEE,

2.5 MEFIRAERAT MR BEATEREA,

3 WUHMER . RASREN

3.1 RBAZERAFEFREIH HETLERTINASE,

3.2 ZABEFZIEAERBREAALEL , FABSEmEH, wREBBHIMABTRK
F)RFIMEATB S A X ARKIZECTH, BRI, HFH—FREX,TWN—WERA G,

3.3 RB—ZF8 g EEITR,

3.4 kB2 HEEEFHEARRE , FRAHMAEZARCRINT LRSI Z KT %HT,
AR ES B A LAREIE RS T RAART ARG, RBLEBNEZEENL,

EREF ML : 100191 W FiHRE K FEHAE 37T 5 LFMAEAMR K F F R 5% 3
DA TSR K F Aok 405,407,409 5 19

2] 1% : (010)82315594,82338922,82314839,82315426

E-mail; jbuaa@ buaa. edu. cn

http: //bhxb. buaa. edu. cn

http: //www. buaa. edu. cn



(LR R KFEFHRD

T OFE (R BT
CLA R4 I R )

BEE (BIER) . TAb

HR R

% OF OBE OE M

X4 i

Wit ABIEF

bt TkBERk

MR R

HIRE B

UatEAs]  EButd

FHLBEREZERS

TR PhEME EKSE ERE MR
MO ROLE BREE R

OO0 X EHzm EXRU KT
Aowo =M KRS XIBMN e
AN N 771 <Y W5 o N 1 3 S S TN
mibRze Mgk A FF K
A8 TR MRS A s sk
Buofpise  BEM E ¢ w0 R iR
BB B O BRI

IERMEMRKFFH

Beijing Hangkong Hangtian Daxue Xuebao

(

B (I EMEFRFRY
(HF| 1956 44 F])
% 46% %58 2020 £5H

JOURNAL OF BEIJING UNIVERSITY OF
AERONAUTICS AND ASTRONAUTICS
(JBUAA)

(Monthly, Started in 1956)

Vol.46 No.5 May 2020

FERAM PR ARILAE T AE B Administrated by Ministry of Industry and Information
ERBL AR K Technology of the People’s Republic of China
&/ ORWT Sponsored by  Beijing University of Aeronautics
EHAR AL HUR K240 and Astronautics (BUAA)
G T (Beijing 100083, P. R. China)
Bp %4 100083 Chief Editor  ZHAO Qinping
M wb AERTIEEX AR 37 5 Edited and Published by Editorial Board of JBUAA
B Rl JEnURME BRI PR A H Printed by  Beijing Kexin Printing Co., Ltd.
£ 1T AU REER Distributed by BUAA Culture Media Group Limited
ZITEE EPMSNRAT Telephone (010) 82315594 82338922
BEZEE  (010) 82315594 82338922 82314839
82314839 E-mail jbuaa@buaa.edu.cn
BEF{S# jbuaa@buaa.edu.cn http: //bhxb.buaa.edu.cn
Tl = ISSN 1001-5965

7 CN11-2625/V

B A e 50.00 7t/ H#A



	01_2020北航学报自然版第5期封面
	2020-05中英目录
	BH正文2020-05-1
	BH正文2020-05-2
	BH正文2020-05-3
	BH正文2020-05-4
	BH正文2020-05-5
	BH正文2020-05-6
	BH正文2020-05-7
	BH正文2020-05-8
	BH正文2020-05-9
	BH正文2020-05-10
	BH正文2020-05-11
	BH正文2020-05-12
	BH正文2020-05-13
	BH正文2020-05-14
	BH正文2020-05-15
	BH正文2020-05-16
	BH正文2020-05-17
	BH正文2020-05-18
	BH正文2020-05-19
	BH正文2020-05-20
	BH正文2020-05-21
	04_封3
	05_2020北航学报自然版第5期封底



