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Crack initiation approach for durability analysis on aircraft
structures of a fleet

HE Xiaofan" * | SUI Fangyuan®, WANG Tianshuai', LI Yuhai'’

(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

3. Aviation Industry Corporation of China, Beijing 100022, China)

Abstract: The variability of structural properties and load spectra should be accounted for to evaluate the
durability life for a fleet by the crack initiation approach ( CIA) , but the method to determine the life standard
deviation considering the variability of structural properties and load spectra is not clear. Therefore, a durabili-
ty test was conducted for the specimens of 7B04 T74 aluminum alloys stimulating the structure details of a
fighter under three individual load spectra of a fleet, from which the lead crack growth data have been ob-
served in fractograph. As a result, the parameters of P-S-N curve for this structural detail are back-extrapola-
ted. Statistical analysis shows that the variability of load spectra has no obvious influence on the P-S-N param-
eters corresponding to those three load spectra. An equivalent P-S-N curve and parameter estimated method
have been presented to describe the influence of load spectra in a fleet. The probability of crack exceedance is
derived and the extent of damage is evaluated. Consequently, a CIA is developed accounting for both the vari-
ability of load spectra and of structural properties.
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Schematic of 6PUS parallel mechanism

Fig. 1
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Table 1 Theoretical structural parameters
i a,/mm a;,/mm a,/mm b,./mm bU/mm b,,/mm 0,/ rad ¢, /rad L,/mm
1 95.101 34.200 —-53.431 243.448 275.664 104.298 w/3 -2m/3 340
2 -17.932 99.460 -53.431 117.008 348. 664 104.298 w/3 -2%/3 340
3 -77.168 65.260 -53.431 —-360.456 73.000 104.298 w/3 0 340
4 -77.168 -65.260 —-53.431 —-360.456 —-173.000 104.298 w/3 0 340
5 -17.932 -99.460 -53.431 117.008 —348. 664 104.298 w/3 2n/3 340
6 95.101 -34.200 -53.431 243.448 -275.664 104.298 w/3 2mw/3 340
1.2 BHIREEE H 20 (5) B R 36 B 1 2] 47
PO HUR R TSR E ST sl=J.bc + J, om (6)
{37 S5 22 0 I L e,
Sk (3) TG 3 L A 40 A ' '
2 (3) PR o BB o315 I311 ((Ral) Xs1)l|:|
dL;s, + L,ds,=dp + dRa; + Rda, — db, - A dt, (4) O, O
i T y N [17] T 92 ((Ra,) xs,) ]
Psi e e s, B e R AL s Lds, = Jo= o) O
0, s'dRa,= ((Ra,) x5,) de ,0 J O'x'y's' e b5 5 N
~ . R
F5 Ovyz b R HOHI 2550 « ((Ran) xso)
A (4) 04 J,=diag([J, L, I, Jo I Jg])
dLi=svilvdp * ((Ral) Xsl‘)'lvdw +svil‘Rdai - ;E‘:I:P:Ji:[_svir sle _)‘isvil‘AiJ 9i:1529“’y6o
sTdb, — A;s!Ad t, (5)  Sl=[dL, dL, dLg ]
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Table 2 Five levels of six factors

5 x/mm  y/mm  z/mm  «/rad  B/rad  y/rad

1 -40 -20 520 0.08 0.2 0.2
2 -20 -10 490 0.05 0.1 0.1
3 0 0 460 0 0 0

4 20 10 430  -0.05 -0.1 -0.1
5 40 20 400 0.08 0.2 0.2
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Fig.2  Simulation flowchart
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Table 3 Identification results of Pole 1 errors

BRZENS L R BLH PERE 2
da;,/mm 1 1.000 2x107*
da;,/mm -1 -1.000 2x10°*
da,,/mm 1 1.000 7x107*
3b,,/mm 1 1.000 2x107*
8b;,/mm -1 -1.000 2x107*
8b,./mm 1 1.000 2x10°*
36, /rad 0.01 0.010 10°¢
3y, /rad 0.01 0.010 2x10°°
3L;/mm 1 1.000 4x10 "
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Fig.3 Locations in calibration
SIS AR T, K ML SR B A . FE S I A
R, S T HERR BT OG BR ER ACRS 3l A B B
R A i E R 2%, i s T 3 MRS
SNE 4 R 3 AN 5 S % K S
Fi7s o

B4 ShRB%H
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Fig. 6  Establishment of a fixed coordinate

P 7 R A bR AR L

Fig.7 Establishment of a moving coordinate

x4 NKEREZE
Table 4 Eight levels of six factors

%5 x/mm y/mm  z/mm a/rad  B/rad y/rad

1 -50 -50 495 0.15 0.20 0.20
2 -40 -40 490 0.10 0.15 0.15
3 -20 -20 485 0.08 0.10 0.10
4 -10 -10 480 0.05 0.05 0.05
5 0 0 465 0 0 0

6 20 20 460 -0.08 -0.10 -0.10
7 40 40 450 -0.10 -0.15 -0.15
8 50 50 440 -0.15 -0.30 -0.30
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Table 5 Identified structural parameters

i a;,/mm a; /mm a,/mm b,./mm b,-) /mm b,,/mm 0,/ rad ¢,/ rad L,/mm

1 94.796 34.153 -53.367 239.240 269.024 108.955 1.0414 -2.0964 339.816

2 -18.039 99.319 -53.400 112.966 -341.515 108.212 1.0405 -2.0971 340.544

3 -77.044 65.261 -53.435 —-345.858 -73.462 113.912 1.0484 0.004 1 340.167

4 -77.079 -65.226 -53.307 -341.796 -72.226 116.785 1.0484 3.7x10°* 340.785

5 -18.007 -99.142 -53.263 112.938 -340.372 112.367 1.0505 2.0930 340.047

6 95.021 -34.090 -53.392 239.279 -268.456 111.576 1.0511 2.0947 340. 337
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Fig. 8 Position errors before and after calibration
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Fig. 9 Angle errors before and after calibration

F6 HMAERRE

Table 6 Typical position errors

o Ax/mm Ay/mm Az/mm Aa/rad AB/rad Avy/rad
R FURE FMEE ESE AMEE BNeE AMEAE AR AMEE BEISE AMEE FeE O AMEE
5 9.4313 -0.0267 1.1640 0.0301 18.1404 -0.0217 -0.0382 0.0003 0.0099 0.0001 0.0177 0.0007
17 10.4221 0.0090 1.7794 0.0051 17.6188 -0.0107 -0.0344 0.0002 -0.0138 -0.0006 0.0161 0.0004
24 13.3283 -0.0001 2.6458 0.0012 15.2029 -0.0184 -0.0355 0 -0.0126 -0.0004 0.0141 0.0006
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Integral kinematic calibration of 6PUS parallel mechanism
FAN Rui, LI Xi, WANG Dan"

(School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: Firstly, the error Jacobi matrix of 54 parameters including the centers of U-joints and S-joints,
the length of each link and the guide’s position vectors was derived for the target 6 PUS parallel mechanism.
And the calibration model was established based on least squares method in MATLAB. The correctness of
Jacobi matrix and the validity of the identification method using least squares method can be proved with
MATLAB simulation. Secondly, the poses were selected based on orthogonal experiment and the integral
mechanism calibration experiment was carried out by a laser tracker. The 54 parameter data were obtained
through parameter identification using calibration model in MATLAB based on the calibrated results. Finally,
the calibrated consequence can be obtained through error compensation. The results show that after compensa-
tion, in one direction, the maximum position error of the target mechanism is 0. 030 mm and the maximum
angle error is 0.000 7 rad, while in three directions, the maximum position error of the target mechanism is
0.046 mm and the maximum angle error is 0. 000 8 rad. Therefore, we did a significant improvement in kine-
matic precision by integral mechanism calibration.

Key words: parallel mechanism; least squares method; orthogonal experiment; calibration; kinematic

precision
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Table 1 Thickness change of profiles for all structures

- BB S/ mm

bR 1 sabz2 MRkl Pk 2 PBL PIR2
JE 485 4y 70 70 50 50 50 50
Ak S5 4544 60 61 42 41 40 39
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Multi-objective topological optimization of heat insulation
structures used in high-speed train
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Abstract; For the high-speed train, the characteristics of heat insulation structures are the significant
consideration in performance evaluation. The structures utilized in floor, side-wall, and ceiling are
researched. The objective of this paper is to improve their performances of stiffness, heat insulation and
weight. The thickness of profile would be reduced (the thickness of blanket of glass wool would increase) by
parameter optimization in order to improve the heat-insulating property. The topological optimization is
implemented to change the load transfer path and to enhance the stiffness of structures. The optimized result is
hence achieved, and the manufacturability process is carried out. Finally, the performances of stiffness, heat
insulation and weight are improved. And the effectiveness of the analysis is validated by finite element simula-
tion. Consequently, this paper can provide quick calculations for the heat insulation structures of high-speed
train.
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swarm optimization
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Abstract: To solve the degeneracy phenomenon and the sample impoverishment problem of basic particle
filter (PF) algorithm, which makes the particles of PF algorithm unable to express the real distribution of
probability density function, a novel PF algorithm based on chaos particle swarm was proposed. Chaos
sequence was adopted in this proposed algorithm. The chaos sequence was used to generate a set of chaotic
variables, which was mapped to the interval of optimization variables to improve the quality of particles. And
chaos perturbation was utilized to overcome the search being trapped in local optimum for particle swarm opti-
mization (PSO) algorithm. The univariate nonstationary growth model (UNGM) was used for simulation to
compare the proposed algorithm with basic PF and particle swarm optimization particle filter ( PSO-PF). Under
the conditions of Gaussian and non-Gaussian noise, the performances of the proposed algorithm had been veri-
fied by the simulation. The results show that the performances of the number of effective particles and root
mean square error ( RMSE) in the algorithm are better than the performances of the basic PF and the PSO-PF
algorithm. Therefore, the accuracy and tracking performance of PF are improved.

Key words: chaos theory; particle swarm optimization ( PSO) ; particle filter ( PF) ; particle degenera-

cy; nonlinear system; non-Gaussian noise
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Aeroengine sensor data reconstruction with missing data
ZHOU Yuan'?, ZUO Hongfu”* , HE Jun'

(1. College of Electronic and Information Engineering, Nanjing University of Information Science and Technology, Nanjing 210044, China;

2. College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Aiming at handling incomplete sensor data, we propose an online-reconstruction model based
on the polar incremental matrix completion ( PIMC) algorithm for aeroengine sensor data, which can represent
the evolving features of system by subspace. The model extracts the current data feature from the history data
and updates the subspace to track the evolving features via new data. The proposed model was validated and
compared on two simulated datasets and the normalized mean square errors ( MSE) between the reconstruction
by PIMC and the ground truth are all less than 1 x 10 ~°. The experimental results show that the proposed mod-
el is practical for aeroengine sensor data reconstruction, which is robust to missing data and noise.

Key words: aeroengine; missing data; sensor data reconstruction; subspace; polar incremental matrix

completion ( PIMC)
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Test method of elliptical hydraulic bulging based on
constant strain rate
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3. School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: To determine the forming limit curves ( FLCs) of 2A16-0 aluminum alloy sheet at various tem-
peratures and strain rates, a modified Hollomon equation is put forward to acquire the fitted true stress-true
strain curve. Through finite element analysis (FEA) , the fracture position in elliptical hydraulic bulging with
different ovality was obtained. The forming limit data in specified strain path were determined by optimizing
the process parameters. The quantitative relation between pressure rate and strain rate was derived by establis-
hing the formula of liquid pressure, equivalent strain and strain rate. By combining the uniaxial tensile with
elliptical hydraulic bulging which is controlled by the constant strain rate, the FLCs of 2A16-0 aluminum alloy
sheet at different temperatures and strain rates were acquired. The above method provides the criterion for
quantitatively analyzing the influence rule of strain rate on FLCs and evaluating which theoretical method is
more accurate to predict FLCs.

Key words: aluminum alloy sheet; forming limit curve; elliptical hydraulic bulging; strain rate; pres-

sure variation rate
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Table 4 Results of fatigue testing
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2. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: The fatigue life of a typical aircraft structural component, which is subjected to a representa-
tive proportional multi-axial stress state, was evaluated using three different multi-axial fatigue life estimation
models. Comparisons between the evaluation results obtained by multi-and uni-axial fatigue models and those
with the test results were performed. Finite element analysis indicates that plasticity strain is significant on the
fatigue critical details when the structure endurance reaches 88% of the peak load, therefore, low-cycle fa-
tigue (LCF) life prediction models are reasonable. Three LCF models based on critical plane theory are select-
ed to estimate the fatigue life of the structure, i.e., Wang-Shang’ s model, Smith-Watson-Topper ( SWT)’ s
model and Morrow-Brown-Miller’ s model. Multi-axial fatigue test was also conducted to investigate the validity
of the models for engineering application. The comparison results are as follows. The estimatied results of the
three multiaxial models are all conservative, in which Wang-Shang’ s model gives a relatively smaller error and
is acceptable for such structures. The errors of SWT’ s model and Morrow-Brown-Miller’ s model are much
greater. For the fatigue assessment of such structural components subjected to multi-axial loading, multi-axial
fatigue life estimation methods must be used since the uni-axial fatigue life method will give too dangerous esti-
mation.
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Table 1 Nannochloropsis production in single pond

(1000 m’) in different temperature ranges

BEXE/C AR i/kg FRAK HHME/ (g -m)
>30 112.5 0.30 3.75
20 ~30 312.5 1 10.42
10 ~20 234.375 0.72 7.81
0~10 156.25 0.50 5.21
<0 0 0 0
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Table 2 Nannochloropsis composition

JCE H 4y i/ wWit%
R 40.5
Jig 2& 21.9
WK G 26.05
C 50.23
H 7.48
0 34.57
N 6.88
S 0.83
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Table 3 Consumption of fossil energy in China'""’

AETHAE R/ L 1
THFES

2012 4F 2011 4¢ 2010 4E
IR B TH 35.26 34.29 31.22
PRI 17.54 17.17 15.25
Tl i 13.25 1282.90 11.88
£ AT 7.31 7.02 6.37
A1 TH FE 4.66 4.39 4.28
RIRFETHAE 1.88 1.74 1.43
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Table 4 Potential production of Nannochloropsis
[11]

cultivation
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Table 5 Summary of HTL optimal conditions for

biocrude oil yield
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Table 6 Fuel composition obtained from microalgae

crude oil refinement

B3] JAEHIH/ wi%
PR 15
S 69.8
S 8.8
HoAh 6.4

3.3 fEHEE AT

B FEAR B T oll A 2B 77 ek S5 T 1Y 7 T 2Ry
40% (C K T5wi% 2247, H h 10wit% 47,0 K
Owt% ZE 47 ,N K 3wi% 72 47) ,HRI T. 2 J5 I 38
AN 77.2% @it A (4) ~K(6) KE 6,7
T AE H AT AR KR e B AL 55 5 Tl
LI T C ST IR I L I SOOI = [ W)
1917 J7 412 J7 t 1242 J7 t,

ARER T IR S W = o 1 /N W [ )

W, = Tﬂlgde *Tyry * Tugy ° K, 4)
WQ = Talguc *Tyry * Tury ° K, (5)
W= Talgac *Tam, * Tary Ko (6)

S T A WOHE B 72 B0 T 5700, 7K B HTL T
N HLBENN Y $R 90 R B 40% 51y, 09 HRT T
LAY RR IR 7T 2% 5K, K, K g
Il DA H R e RS A A S B e A

4 X£aREBREE CO, HMah

DA ] o] 57 ) 58 592 6 48 4 A i Jo] 300 TR 7Y
GREET g K& il K41 3 , B A BE ¢ v fo 0L 3K 3 L AGE
P 7 B B 52 B 4 A R Bl 2 vh g AT AR, 23 3l
TR HL T 2 2 58 A0 3l T 22 3l 0 s A 2 A iy
1 MJ fE B8 it 7 42 A= A J5 8 R €O, H
UNTEL 6 F 7, Bl AT 2 JE Tk A EE A5 8 A0 2 0 i i
/B CO, HFHL 53.29 ¢/MJ, 3% F2 22 h T Gl AE AR
Kt e ml K CO,, S 80/ 4 4 fir A N
CO, HERCE AR



AL fLF R

%5 T 5, 252« b [ (A0 A 2 4 T ) 46 R AR % O, TR HE 917
100

]
=

1 MIAERE AU AE 21 A
M HERCO, Bt/MI
=)

FrliETA P
6 CO, flion Lt

Fig. 6 Comparison of CO, emissions

L 25 Ml B B R 2 o 42.8 x 10° MJ/t

13 (7) T3 B DL o ROk 4 1t AR Wi =S
i f A n] s> CO, HEJiL 2. 28 t,
WCOZ—J = Qjcl—fuc] : Dcozfp (7)
it':':' : Wc()z,]%‘:_{i_\‘ 1 t %ﬁﬁm‘kﬁvﬁﬁF%;Oﬁrﬂm%%
1 ufyfi 2 SR B AR, MU 5 D R il 4 1 M FRGEE
LR LA BRI D CO, RO

I3 AR B F A AR T R UL 3K ok R AU B 1Y
10% \20% 30% F1 50% Lt {5 ] il £ it 25 HE i it L
7 AR A R > CO, R IR 7 R .

®T HUEMER D CO, HERE S

Table 7 Reduction potential of CO, emissions

using microalgae aviation fuel
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Potential production of microalgae aviation fuel and
CO, emissions reduction in China

REN Haitao', GUO Fang] , YANG Xiaoyi"z‘*

(1. School of Energy and Power Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Energy and Environment International Centre, Beijing 100083, China)

Abstract: Based on the variation of temperature and the available supply of water resource and carbon
dioxide, the appropriate location for Nannochloropsis cultivation in China was investigated in this study. The
potential of microalgae and microalgae aviation fuel annual yield is also predicted according to carbon dioxide
emissions from coal-fired power plant and the data of Nannochloropsis cultivation at Penglaiin 2013. The
results of life-cycle analysis model GREET indicate that the microalgae aviation fuel could reduce the carbon
dioxide emission compared with the fossil aviation fuel in life cycle assessment. China could produce 88. 94
million t microalgae that could be converted to 19. 17 million t aviation fuel every year. Compared with the fos-
sil aviation fuel, production of one t of microalgae aviation fuel can reduce 2.28 t of carbon dioxide emissions
according to the assessment of the whole life cycle.

Key words : microalgae ;bio-aviation fuel ;coal-fired power plant;bio-aviation fuel fabrication process;life

cycle assessment; carbon dioxide emissions reduction
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Eliminating magnetic disturbance of satellites by method of
magnetic field gradient tensor measurement

ZHANG Yiteng'?, LI Lei" ", ZHOU Bin', WANG Jindong' , FENG Yongyong'

(1. State Key Laboratory of Space Weather, National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China;
2. University of Chinese Academy of Sciences, Beijing 100094, China)

Abstract.: Based on the investigation of eliminating magnetic disturbance of satellites, in the way of mag-
netic field gradient tensor measurement method instead of traditional bi-sensor gradient method, simulation and
physical test were carried out to eliminate the satellite magnetic disturbance due to its main body, and the rela-
tionship among the structural index of Euler deconvolution algorithm, the boom length and the background
magnetic field inversion error was investigated. Simulation results show that according to 1m side length and
1 A-m’ remnant magnetism of cube satellite, magnetic field gradient tensor method has lower inversion accura-
cy of the background magnetic field under the short boom condition of 1-2 m, and higher inversion accuracy
under the long boom condition of more than 3 m, which is about 0.5 nT under the condition of 4 m length
boom. Under the long boom condition, the accuracy is approximately 3 times higher than that of the bi-sensor
gradient method.

Key words: gradient tensor measurement; bi-sensor gradient measurement; magnetic disturbance of sat-

ellite; Euler deconvolution algorithm ; satellite boom
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Approach based on template for engineering drawing

CHEN Youdong" ", LI Jianyou', YOU Wei’

(1. School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Anhui EFORT Intelligent Equipment Co. , Ltd. , Wuhu 241007, China)

Abstract: To solve low efficiency caused by a variety of engineering drawing styles, we proposed an
approach based on template to generate the engineering drawing. The engineering drawing is abstracted into a
complex form. Using the template technology for the form, the engineering drawing templates architecture is
constructed. According to the characteristics of data, we design three strategies for input data. We take a
string as the parameter name, and the string is the data interface between template and data. The templates
are abstracted from the engineering drawing styles. The engineering drawings are generated by filling the
template with data and adding a set of projection views. By using CATIA component application architecture
(CAA), we have developed software system for the fast generation of engineering drawing. Through the verifi-
cation by the software system, the effectiveness of the proposed method that improves the efficiency of the engi-
neering drawing generation was confirmed.
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Cooperative localization algorithm of multi-UAVs based on
dynamic hybrid belief propagation
WAN Jiuging* , BU Shaocong, ZHONG Liping

(School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: A dynamic hybrid belief propagation algorithm for cooperative localization of multiple
unmanned aerial vehicles (UAVs) was proposed. In the case that the GPS signals of some UAVs are missing,
the position and velocity of each UAV in the group in an online and distributed manner based on the GPS ob-
servations of other UAVs, the relative distance measurements between neighboring UAVs, and the outputs of
accelerometer of each UAV were estimated by the algorithm. Specifically, the joint belief state of multiple
UAVs by factor graph was modeled, and the marginal posterior distribution of each node in the graph was cal-
culated, corresponding to each UAV, using the hybrid dynamic belief propagation algorithm. The inference
only involves local information processing on each UAV and mutual information exchanging among neighboring
UAVs, allowing the algorithm to be implemented in a completed and distributed manner. The results show that
the effectiveness of the method by comparison with traditional cooperative localization algorithms in simula-
tions.

Key words: multiple unmanned aerial vehicles; cooperative localization; graph model; belief propaga-

tion; distributed algorithm
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Fig. 1 Geometric parameter definition of nacelle
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Fig.7 Streamline in cruise condition at different ¢
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WERE AR S d, 4, dzd—jd‘/%
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I -0.0058 -0.0062 -6.92
B Co 2 0.0078 0.0022 -71.61
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2 0.0249 -0.0064 -125.70
¢, I -0.0380 -0.0380 0
’ 2 0.0460 0.0420 -8.70
- c, I -0.0040 -0.0040 -0.75
2 0.0038 0.0038 0.79
c, I -0.0116 -0.0121 -4.31
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Effects of cowling design on aerodynamic performance of airfoil with BLI
XTANG Yang, WU Jianghao* , ZHANG Yanlai

(School of Transportation Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: Boundary layer ingestion ( BLI) effect significantly influences aircraft aerodynamic perform-
ance. Cowling design further affects aerodynamic performance of airfoil with BLI effect. To clarify the effect
and its reason of main cowling design parameters on aerodynamic performance of an airfoil with BLI effect, a
detailed study was investigated by computational fluid dynamics ( CFD) method and Morris sensitivity analysis
method. Sensitivity order and coupled effect order of main parameters on aerodynamic performance were
obtained. Flow details of parameters with higher sensitivity and greater coupled effect were analyzed. The re-
sults show that in cruise and take-off conditions, the parameters with relatively great impact are cowling maxi-
mum thickness and inlet location along the chord direction. The main reason of effects of cowling maximum
thickness on aerodynamic performance is that local stall occurs at cowling surface. The variation of cowling
maximum thickness also affects the variation trend of plot of drag coefficient to mass flow rate. The coupled
effect of cowling maximum thickness and inlet location along the chord direction on aerodynamic performance is
relatively great.

Key words: blended wing body; boundary layer ingestion ( BLI); computational fluid dynamics

(CFD) ; coupled configuration; sensitivity analysis
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Table 1 Comparison of performance results between
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Profile optimization of multi-diversion combination
inducer and impeller
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(1. School of Power and Energy, Northwestern Polytechnical University, Xi’ an 710072, China;
2. China AVIC Xi’” an Aero-engine Controls Technology Co. , Ltd. , Xi’an 710077, China)

Abstract: As the research objective is to optimize the performance of the combination multi-diversion
inducer and impeller, this paper carries out the profile optimization study based on the correlation analysis of
profile parameters with the structural parameters. Using the least square method, we obtained the fitting profile
of the impeller, then compared the computational fluid dynamics (CFD) simulation results of the fitting model
with the experimental results of the original model. The contrast shows that the error values of head and effi-
ciency are less than 2% , and identifies the fitting method’ s accuracy. Finally, we compared the performances
of the different fitting models through analyzing the correlation between fitting coefficient and impeller’ s inlet
and outlet structural parameters. The results show that the internal flow fields of the three fitting models are
stable. The impeller outlet and volute tongue have some low-pressure areas, and a certain high-speed group
exists at the diffuse outlet because of the influence of vortex flow at the tongue. Ultimately, the head and effi-
ciency of profile-3 are most optimized and obviously at the design point.

Key words: multi-diversion; combination inducer and impeller; profile optimization; computational fluid

dynamics (CFD) ; numerical simulation
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Analytical solutions of steady glide trajectory for hypersonic
vehicle and planning application

HU Jinchuan, ZHANG Jing, CHEN Wanchun "

(School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: A kind of analytical solving method for the three-dimensional steady glide trajectory of the hy-
personic vehicle is presented in this paper for the online planning problem. Firstly, the lift coefficient is sepa-
rated into three components of lateral component, steady glide normal component and equilibrium glide normal
component. Then, the longitudinal trajectory, lateral trajectory and velocity are decoupled in the dynamics.
After that, the solutions of height, downrange and velocity azimuth angle are obtained by the analytical inte-
gration and the regular perturbation method, while the solutions of longitude, latitude and velocity are obtained
by the Gaussian quadrature and single-step Runge-Kutta integration separately, and the accuracy of those solu-
tions are improved by increasing the computational steps. Finally, a rapid steady glide trajectory programming
algorithm is proposed based on the above analytical solutions, and the planning parameters are the lateral lift
coefficient and steady glide normal lift coefficient. The simulation results show that those analytical solutions
are more accurate than the Bell’ s solutions, and the planning algorithm only needs a small amount of calcula-
tion and obtains the result quickly, which can be used for online trajectory planning.

Key words: steady glide; analytical solution; regular perturbation; Gaussian quadrature; trajectory

planning
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Abstract: New S-N-¢ surface model was proposed for characterizing fatigue behavior of pre-corroded me-

tallic materials and novel formulae were derived to estimate the parameters of the proposed model. Fatigue life-

group and up-down tests were conducted on un-notched and notched pre-corroded specimens for three different

types of metallic aircraft materials ( LD2CS,LDI0CS and 15CrMnMoVA ) to determine the fatigue S-N-t sur-

face.

proposed S-N-t surface model to the test data points.

metallic aircraft materials decreases with the increase of pre-corrosion time.

Good agreements were achieved between the test and the new S-N-¢ surface models by applying the new

Fatigue behavior of un-notched and notched pre-corroded
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Far-field aeroacoustic experimental study of flow around
a circular cylinder at subcritical Reynolds number
LI Ling, LIU Peiging” , XING Yu, GUO Hao, TIAN Yun

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

Abstract: To study the aeroacoustics of the flow around a circular cylinder at suberitical Reynolds num-
ber, the experimental investigation of far-field aerodynamic noise generated from flow past a circular cylinder
was carried out in D5 aeroacoustic wind tunnel at Beihang University. Under variable flow conditions in the D5
test section, the signal of the sound pressure obtained from the free-field microphones at different positions in
the anechoic chamber was measured. The dependence of far-field noise on free stream velocity and receiver
position was acquired with the fast Fourier transform ( FFT). With the qualitative and quantitative analysis of
the aeroacoustic characteristics, the experimental results validate that the noise emitted from the circular cylin-
der is the largest in the direction vertical to the flow and decreases with the angle increasing, belonging to the
characteristics of the sound radiated from a dipole sound source. The far-field aerodynamic noise generated
from the cylinder is proportional to the sixth power of flow speed and inversely proportional to the twice power
of the distance between the receiver and the center of the circular cylinder, confirming the domination of the
dipolar noise source.

Key words: flow around a circular cylinder; aerodynamic noise experiment; subcritical Reynolds num-

bers; acoustic characteristics; mechanism of noise generation and radiation
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Fig.2 Schematic diagram of hopping actuator
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Fig.3  Schematic diagram of robot hopping process
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Fig.4 Robot foot and ground contact model
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Hopping ability of gas fuel powered hopping robot on different grounds

LUAN Yunguang', WANG Huaming'>* | ZHAO Dongbiao', WANG Yang', CHEN Fenghong'

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

2. State Key Laboratory of Fluid Power Transmission and Control, Hangzhou 310027, China)

Abstract; Gas fuel powered hopping robot has great traverse obstacle ability, but its performance is
affected by ground mechanical properties greatly. For exploring ground influence on the hopping robot perform-
ance, the dynamic model of the robot is analyzed by theory and experiments during take-off process. Firstly,
hopping robot taking off dynamic model is set up and the reaction force between ground and robot foot is ana-
lyzed according to the Hunt-Crossley contact model. Secondly, the test platform is set up to test the static and
dynamic contact model relative parameters on hard clay soil and grass soil. Finally, the hopping mechanism
test experiments on rigid ground, hard clay ground and grass ground are conducted and analyzed respectively.
When 0.01 MPa propane and 0.21 MPa nitrous oxide are injected in hopping actuator, 3.55 kg hopping mech-
anism can hop 2.0m and 1.4 m on rigid ground and hard clay ground respectively, while the pressures of the
chamber are basically the same. The maximum pressure inside the chamber is about 3.1 MPa. On the grass
ground, the hopping height is 0. 1 m when 0 MPa gas source is filled in the chamber. The result shows that
robot hops lower on soft ground than rigid ground and experiments fit well with the analysis results on the three
grounds.

Key words: gas fuel powered hopping robot; dynamic analysis; ground mechanical property; contact;

experimental analysis
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Thermal flux compression algorithm to enhance RRAM reliability
XIANG Zhongyuan, ZHANG Feng”

(Institute of Microelectronics, Chinese Academy of Sciences, Beijing 100029, China)

Abstract; A thermal flux compression (TFC) algorithm is proposed through the research on the thermal
crosstalk in resistive random access memory ( RRAM) to strengthen the RRAM reliability. By adding TFC
algorithm before RRAM read-write circuit and reducing Joule heat produced in RRAM, thermal crosstalk in
RRAM could be weakened and RRAM reliability could be enhanced. With the analysis and computation of
real Joule heat produced in write data flow, TFC algorithm could judge whether to flip data, in order to reduce
the Joule heat in RRAM, that is, TFC algorithm would choose the one with lower thermal flux between original
write data flow and flipped encode data flow through the algorithm layer. Theoretical analysis and simulation
results show that TFC algorithm could reduce more than 30% write Joule heat on average and valuation of
resistive unit retention could increase by over 35% on average, with byte as the unite data block.

Key words: resistive random access memory ( RRAM) ; Joule heat; thermal crosstalk; retention time;

thermal flux compression ( TFC) algorithm
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Fig. 10 Small disturbance excitation in numerical simulation
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Aeroservoelastic unstability failure analysis in special wind tunnel test
TANG Bo, WU Zhigang® , YANG Chao, MA Chengji

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

Abstract: In an already completed wind tunnel test where a flight control system was applied, the vibra-
tion divergence of the test model under big closed-loop gain has drawn our attention. To find the mechanism of
this failure, the frequency analysis of the test data has been done and the servo stabilization under no wind
condition has been examined. Also, we built a simplified structural mechanic model according to the real situ-
ation and investigated the problem by analyzing the related differential equation of motion. The main cause for
this failure has been found: the unexpected elastic effect after the involving of support system is significant and
thus the coupling of elastic structure, control system and aerodynamic force gives rise to the aeroservoelastic
instability. In addition, a numerical simulation has been done and verified the above mechanism. To solve this
divergence problem, two improvements/solutions for the control system have been brought up: adding a struc-
ture filter in the feedback loop or changing the gain parameters of different control surfaces. Also, both the
solutions have been verified by numerical simulation. The solution of adding a structure filter has been applied
in the real wind tunnel test and expected effect has been achieved.

Key words: wind tunnel test; control systems; aeroservoelastic; vibration divergence; test improvement
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SEU soft error effect modeling and simulation method for
navigation satellite
FAN Jiping' , JIAO Jian" " | ZHAO Haitao’ , ZHAO Tingdi'

(1. School of Reliability and Systems Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Beijing Institute of Spacecraft System Engineering, Beijing 100094, China)

Abstract . Single event upset (SEU) soft error is one of the most important factors that affect the reliabili-

ty and availability of satellite. To analyze and evaluate the SEU soft error propagation and effect in navigation

satellite system, a novel finite-state machine ( FSM) /Stateflow modeling method is proposed, where the basic

model elements and modeling principles combined with protection and recovery strategies in satellite are pres-

ented. Through the simulation based on Simulink/Stateflow platform, the availability of satellite and mean task

interruption time are obtained, and the effects of several recovery strategies on the availability of satellite are

analyzed ; moreover, a co-simulation between MATLAB and STK is conducted to evaluate the constellation po-

sitioning dilution of precision ( PDOP) availability obtained from the simulation result of single satellite soft er-

ror propagation, which reflects the impacts of SEU soft error on both single satellite and constellation.

Key words: single event upset ( SEU) soft error; failure propagation; finite-state machine ( FSM) ;

availability ; Stateflow
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Table 6 Finite element method calculation results of all force states

2T ML 1 T 1) N4

HZB/BFHM L FEmEE  RRETF M 2 7N

ToAE B M 1 7 1] ik

?Léjt;f/% L Jrm 32 R 2 J5 AT/ 1 Jrim s 2 JT AT/ 1 Jrim se R 2 7 RIS/ 1 gy SR 2 7 e AR T/
/N (10 >mm) #far/N (10 > mm) Hr/N (10 > mm) # /N (10 > mm)

0 26.87 7.265 28.62 6.260 30.85 6.787 30.85 6.320

2 26.73 7.344 28.49 6.302 30.74 6.854 30.74 6.360

4 26.53 7.148 28.30 6.080 30.57 6.663 30.56 6.138

6 26.32 6.984 28.10 5.850 30.39 6.471 30.39 5.908

8 26.11 6.855 27.90 5.610 30.22 6.277 30.21 5.666

10 25.90 6.756 27.70 5.360 30.04 6.089 30.03 5.414
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fie i Bt HRRE % fie i Bt EERIR2E/ %
0 48.49 49.82 2.67 0.0505 0.0503 0.40
2 48.29 49.63 2.70 0.0507 0.0507 0
4 47.99 49.32 2.70 0.0489 0.0491 0.41
6 47.68 49.01 2.71 0.0469 0.0475 1.26
8 47.36 48.70 2.75 0.0448 0.0458 2.18
10 47.04 48.38 2.77 0.0426 0.0441 3.40
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Prediction on in-plane compression elastic properties of
satin weave composites with pore matrix
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(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Science and Technology on Complex Aviation Systems Simulation, Beijing 100076, China)

Abstract: Because of the complex meso-structure of satin weave composites, it is difficult to apply tradi-
tional methods to prediction on elastic properties. For this problem, the representative volume element (RVE)
of satin weave composite was established and research on prediction on effective in-plane compression modulus
and in-plane Poisson’ s ratio of the RVE was made. Longitude compression modulus of bending fiber yarns and
properties of pore matrix were calculated based on energy method and inclusion theory, respectively. Tradi-
tional rules of mixtures formulations were improved so as to get an accurate analytical prediction on in-plane
compression modulus and in-plane Poisson’ s ratio of the RVE. The model of the RVE was established based
on Python language being used in the finite element method software ABAQUS. Prediction on effective
in-plane compression modulus and in-plane Poisson’s ratio was made based on finite element method results of
the model under the basic forced state. The error between analytical method and numerical simulation is
small, which gives an excellent prediction on in-plane compression modulus and in-plane Poisson’s ratio of
carbon/carbon satin weave composites.
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Time-varying convex optimization for spare parts inventory
considering passivation
SONG Changhao, GUO Linhan*, WANG Naichao, MA Lin

(School of Reliability and Systems Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: Taking passivation into consideration, we apply a time-varying inventory balance equation to
setting up the time-varying backorder formula and use the extended Palm theorem to combine the cumulative
demands for spare parts with the parameters of the shape characteristics of Poisson processes to create a convex
optimization algorithm for spares considering the cumulative demands. Next, we use time-varying availability
as the optimization objective under a cost constraint to obtain the optimal configuration program in every period
by convex optimization methods. A selection rule known as the mode method is introduced to select the proper
global stock policy. Finally, a numerical example is presented to demonstrate the approach, and several in-
ventory policies are compared to prove the superiority of the proposed method.

Key words: spare parts; convex optimization; instantaneous availability ; passivation; inventory

Received: 2015-05-21; Accepted: 2015-06-21; Published online: 2015-10-19 15,19
URL : www. cnki. net/kems/detail/11.2625. V.20151019.1519.001. html
Foundation item: National Natural Science Foundation of China (61304148)

# Corresponding author. Tel. : 010-82316443 E-mail: linhanguo@ buaa. edu. cn



2016 45 5 H
B2 55

tEMEMRXXREER T
Journal of Beijing University of Aeronautics and Astronautics M lo7] Vol.42 No.5

A5

May 2016

http: // bhxb. buaa. edu. ¢n
DOI. 10.13700/j. bh. 1001-5965.2015. 0335

jbuaa@ buaa. edu. cn

ANE TZ B E & 4 BHIn gk th i [E AR A YR 55 1

"RE, IR

éél\ ) ~ )’
-
Q ﬁ (bt iz i R K2 iz Bl 5 TRESpE, Jtat 100083)

, T1F

¥ B 1T

1 B AZHARAREAETZRER &M MAAT T H E R 5 o f AR
W, AR R BT LR B i ff ARt B AR R X e, B MR S
ENRBERDE S, R ERRBEWEF R, AL Em AN S ANE, £ T
ABAQUS i tr 2 I A M T E AN ENE B RS A EEZH A IR, HELERMRRER
M e AR ALENEMBREAERARKGEAN R AEEY R, MG REEY R A, RF
A7 M Bt T (Polymethacrylimide , PMI) 8 3K 7 % v 46 4 K R 30 fr RBOR 47, Bk & 4 A0
k0 AR A B R A o R R R AL A AR T W SR R W LR Ay, T St B G R A A AR E
B HARE LY REIE, I E T 0505 B

X 8B W AeMBmBR; BORE; B R d; W E AT B4 At

hE 4SS, V257; TB330.1
M bRIRAS ;. A

F e 5450 57 2 Rk DR FG LR R L I
AL PR SR  5F VB R A ok 45 20 S i
32 T RS2 B T RBLES st
A5 96 B 455 4 1 S TR e AL B 4 ) S K
Sk, R E R R R Rk R,
JEAN A5 AR 7 JEE T R 28 A 6% R IR 41 5 4 1 R 2k
e g E— A BF 5T 52 B R AT B 45 H T 3 L
B g SR X AL G e AL 55 WU e
TRIRBT SR 2, I 42 10750 o0 455 W ) e R 368 2 oy
S RS 31, Lanzi'®! A Oh'®) 2 1] Py 58 B4
TEAT RO TN M B9 B kG i F . Falzon!” Al
Orifici ™ 25 % 45 22 Fl fz 5 2k |- 25 46 AL 56 55k 19
524 FERMBURS R R AT T IR ABEFE . Lt )
TE M SR b — B R T 0 AR S R A% L
IS T R-JR T R VT A 0 A AR
KR

Wi 7 42 4 BERE I B R 1 % R, G R Lt

XE4HS: 1001-5965(2016)05-1032-07

[E6] P R e J 2 DA A% 1 R T AR B AR R R 11
JEB {54 1 TR O 42 2 IR XA A AR S LSz B
W R 75 W LA 5 AL AR R R A, A% 88 )R] ) 2 A Ak
om0 A, LB B SRS A ik
Falzon 1 Steven'""* i 8 %0 i 5 Bz £F %l 161 JK 45 T
W4 0 22 BRPE RE AT 1 R 98 A 5%, 3R W1 45 A A PR
SR XY O A A% d o, JF MR DU R R A Bk A%
Mo 211 ok i 750 o A5 o AR TR AT 1 8 60 0 6 {1 A 4
WEST, 43 B XoF b 552 R i 238 RS B LA K% i 4% [) B Xt
iR ER SE ), IE 4 B IE R TR R AL .
Kim 25156 7R ) 20 8 0 5 b AT T 34K
B, 3 BT bl e A SH e R R R A
A T2 R 1 LA R P 5

AR SR 31 57 3 1 3 29 3R [R) T2 % B i
RIS AR AT T R 58, 4 A SO A BT 4R
VPN [R) 120 1 28 77 A Bt s e SR BB, Sy s A iR
R G MR R —E 2%

W B 2015-05-25; HEABH. 2015-06-19; M4 H R E . 2015-10-09 15.30
M 2% H R Mtk . www. enki. net/kems/detail /11.2625. V. 20151009. 1530. 001 . html

#* BIL1EE : Tel. : 010-82338873 E-mail: D5062010@ 163. com

Sl thk#®E, XFAFA, TLF, & TERAITZREZGH N WHERMERFIESH[I]. HFMREAMKXAFFH#, 2016, 42
(5):1032-1038. XUR Z, GUAN ZD, WANG R Y, et al. Failure mechanism analysis of different types of manufacture for com-

posite stiffened panels under axial compression load [J ]. Journal of Beijing University of Aeronautics and Astronautics, 2016 , 42

(5):1032- 1038 (in Chinese ).


Administrator
新建图章

http://www.cnki.net/kcms/detail/11.2625.V.20151009.1530.001.html

A F R

55 ) A EE | R T35 U8 A A BhR I B PR R bR 4yt BE 1033
B B SR Bk B 1 2 B 43 26l 2
1 KERNHKRRFE Ik, 25 A 1] 2, & 4L R N 26 2 BT R o i 30 i X
L1 HEHE e P HE TS C TR R TE L0

37 ) 25 0B P 55 6 8 B, B
P AR LI 1, R I R R 3K 6
K& — KA 50 mm P B IX, DLk G R : N _
W, W PR F T300/BA9913 4, AL — ‘jﬂw
BRI 0. 125 mm , I 0 A5 4 9 B 7S B —— /&
PMI7IWFIL K , bR Y I3 1, ks {3t 4, @Ot
A3 PR, T2 R 4 AL S0 PR 4 T , 3 ML
01 21l U Je TR A 4 L A 24 S S A
PR 5 B 5 4 52 e — R T A R
02 A4 F e e h T4, 03 M &
T N R A TS 044 45 ) 5503 41 A

G1p2 PMIifik
. GIPI0_ G2PIN  \
01)  12(02)  13(03) i =
i i ' = GlP2
1 = GIPI1
- N7 EN ENo [ 1o =
W0 T2 o
- - - o
: [+
------- R e e B
H(04) 15005 16(06)
L 8 | 80 | GIP10
320 Hi{ii: mm :
NP
S = R L =N S G]p|\_ g
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Table 1 Material properties (d) 04411
B P i M,C,Gl,G2—4 Kl Pi—3F i 2,
EII/GPa 130 Igl 2 4?E'F'§iﬂﬁf%§é§ﬁ
E,,/GPa 9.05 Fig.2  Stiffener cross-sections of four groups of
G,,/GPa 4.68 hat-stiffened panels
Vip 0.305
L[] 7 X"/MPa 1569 *2 4ERBESEE
C
X"/MPa 1140 Table 2 Ply sequences of four groups of specimen
Y'/MPa 54.7
Y¢/MPa 156 20 51 X 35 JEH B2
S,,/MPa 118 M 30 [45/ -45/0/45/0/ -45/0/90/
6 0/45/0/ -45/0/90/0]
K, =K, =K 10 01
t?l/MPa 30 Gl 18 [45/ -45/0/45/0/90/0/ -45/0]
ST * =1'/MPa 90 G2 2 [ -45/45]
G /(N-mm™ ') 0.3 M 18 [45/ -45/0/90/0/45/0/ -45/0/
G =G /(N - mm") 0.8 45/0/ -45/0/90/0/0/90/0]
-45/0/45/0/ -45/0/45/0/
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Fig.4 Typical results of strain on hat-stiffened panels
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Table 3 Test and calculation results of specimen

KR OREEE BOER BORER WA 5
A AT RTESHC BT/ TR M A/ BOR A/

kN Z¥/% kN ER/% kN kN
01 405 1.23 519.5 0.60 429 508.3
02 360 2.78 492.1 2.34 400 478.7
03 427 2.92 541.2 5.15 427 568.4
04 430 1.90 542.5  2.47 504 567.2
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S5 — RGN A R S H A BT R, M AR O3 5 BN
RO T T E A B A5 A 14 ST R R SR R

JroA-

.3

e
Eintes

(a) 0141

(d) 042
B 6 4 21350 4 s 250 A SR W 1w

Fig.6 Typical fracture cross-sections of four groups of specimens
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Fig.7  Finite element models of composite stiffened panel
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Fig. 8 Detail models of stiffeners of four groups of

stiffened panels
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Failure mechanism analysis of different types of manufacture for
composite stiffened panels under axial compression load
XU Rongzhang, GUAN Zhidong”, WANG Renyu, JIANG Siyuan

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

Abstract: In order to research the failure mechanism of secondary bonding and co-curing stiffened panels
under axial compression load, test and numerical calculation were conducted for different types of manufacture
of composite stiffened panels with edge constraint. In the test, strain gage was pasted to timely monitor the
local buckling, while the load corresponding to initial acoustic emission was detected and fracture cross-section
was observed to investigate the fracture mechanism. Based on the ABAQUS software, a finite element was ob-
served to simulate the post-buckling-progress and damage progress. The calculated results are coordinated with
the tested results very well. The results indicate that manufacture has no impact on the stability and load ca-
pacity,, while the structure types have significant influence. Polymethacrylimide ( PMI) foam can delay the oc-
currence of initial damage, even though it cannot increase the buckling load and ultimate load of panels. Ini-
tial damage of interface of secondary bonding panels occurs at a time close to fracture, while that of co-curing
panels occurs early and extends slowly, so co-curing panels show better behavior of damage resistance.

Key words: composite stiffened panel; fracture mechanism; post-buckling; fracture cross-section analy-

sis; damage progress
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air defense based on constrained optimization
XU Junfei, XING Changfeng”, WU Ling

(School of Electronic Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract. Capability requirement generation is performed under multiple constraints, so seeking the con-
straint set is its focus. In the background of area air defense of ship-to-air missile, by extracting the constraint
set that has an effect on generation of capability index through the comprehensive analysis of combat require-
ment constraints, capability requirement constraints, technology development constraints and other constraints,
the target function of warship air defense combat effectiveness was established, and we solved constrained opti-
mization of capability index through particle swarm algorithm based on the penalty function method. The curves
of the other combat capability indices before and after optimization were simulated and verified with the max
distance of early warning as the variable. Finally the capability indices produced verify the feasibility of the
model and algorithm and provide quantitative basis for combat capability requirement generation of warship
area air defense.
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1.1 e
ARSI i SR FH 0 B ORE & 2198 FR-HE G 4 (

R4/ wt% ;Cu2.9 ~3.5,Li0.8 ~1.1,S510.08,
Fe 0. 10, Mn 0. 50, Mg 0. 25 ~ 0. 80, Cr 0. 05,
Zn 0.35,Ti 0. 10, Ag 0. 10 ~ 0. 50, Zr 0. 04 ~
0.18) . RAEA R & 100 mm x 50 mm x 2mm , iz
FEMR v A T 32076007, 1 200" F1 2 000" # 4% i# 47
FTRE i 2688 TR AT Ve o 78 PHAR SR L 2 T
TR 2 AT TAL B, T4 A0 455 ¢ R R 3E A
Joo 2 1 iR A BV 1) A o 4 Ak B I
() R JEE g — 2 2 SR 2 0 A T 2 g ok ik
T vE T~ —2

F 1 K EFAAER RN SFER . AR E R E

Table 1 Chemical composition, holding time and

temperature of solutions used for surface preparation

21 T Ak F VAR 1k 2 20 B WE/C AR ]/
20 g/L Na, PO,
% i 10 g/L Na, CO, 50 60
5 g/L NaOH
7S 50 g/L NaOH 50 60
o 400 g/ HNO, 2R 30

1.2 PAtRSEALFNH A

FL A SOV TR A 50 g/ L IR + 10 g/L 2
MR, BH A S Ak HL R R 15V, 4 22 Ak i jEl
30 min, ZZE M} ] 24 5 min, i O 25°C, I 1 5% FH
e A I b F A - ) A OC R R B R Ak
o A R HEAT AU DO IR TE 2 Al . AR R
M Z J5 A 25 B 7 K BT e 2 5 W K 3 1
30 min,
1.3 SUEHHERE

1 FH 37 5 S L B Bl B (FE-SEM, JEOL
JSM-7500) Fil J5t F J1 & 4% ( AFM, Icon, Veeco,
USA ) x4 o JIEE 1) 2 T R AT JE 300 R A7 WL %€
1.4 Bz

K LAk 2 T AE 35 ( PARSTAT 2273, Prince-
ton Application Research, USA ) #f 17 H, 4k 2 M 3t
IR ] = AR AR, 2 bE A R R i R
A Bl LA < B AN 5 A A BB AR AR R, T
PE R AR B T BUR 1 em®, HL AR 2% T/ 36 19 T4F %&
PR R T, KR 2 B 80 3. 5% 1) NaCl
VW o A E AR P 22 A B SR A iR R i A
i > BN 3. 5% 1Y NaCl i Wi A [R] I ) 22 )5 ik
Fr e A, A2 g BEAC I 3K i it fin ) 435 9
2107 ~10° Hz, Al 19 SUOBOZ 50, S0 i ih 15 5

IE{E A +10 mV ;Tafel B EEE 0.5 mV/ s,
HRIEEIE - 250 ~250 mV (494 B9 R E 1Y
0 FBL S DL T B 67 R R ) o AF AR AR B 2 08 0T
ZSimpwin AR AT

2 BR5UE

2.1 [EEBEFRBEL
2.1.1 Hj-mb £ A WL

K1 2 2198 S5-#1 5 4 BH AR S0 Ak H, 3t -5 [
KEML, RIEEABREN SRS, A bt 2
FEH 2 BB QA ALH R LL 3 V/min (1) 3
FETZE 15 V;QFE 15V &L kT Ak
30 min . 3, 3t - B 18] 1 26 25 G BR B S0 A T A 4 Y
B, N R Zen] LUE H 78 Ze M T R B B | i
SRR S, FERAPE AR P ZE
S RS BE & R H B T RS o, R T R
0.48 ARFPHIYZ M A K S5 8, Bl J5 B3 T FEIF B
B TR, HEE R 0.37 A B Z L2
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Fig.1 Current -time relationship curve of 2198 aluminum-

lithium alloy anodic oxidation
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e SE AL TF LG R B B, T1 T2 F1 S A AE Ry FE A, 7%
FRAR ARG B Be 2 R AR e v g, (B R B T &
4I0F Li Mg 1 W IF A, W& RN 2E 17 i
2 M A4 IR B W HE FE L, I AL-Cu MK S 1R
B, & Cu AHRY T M L g &, & AR AR B i
W E AT A R BE S & T R ST B
AT A BE, N 5 &AL TR B A R A
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Fig.2  FE-SEM micrographs of anodic film of
2198 aluminum alloy
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Fig.3 AFM photographs of anodic film (unsealed)
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Fig.4 Potentiodynamic polarization curves of anodic
films (sealed and unsealed) in NaCl solution

with mass fraction of 3.5%
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Fig.5 EIS of anodic film immersion in NaCl system
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Fig.6  Bode plots of unsealed anodic film immersed in NaCl solution with mass fraction of 3.5% for 1 =12 h
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Fig.7 Schematic diagrams of EIS equivalent circuit of unsealed anodic film in NaCl solution
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Table 2 Fitting results of unsealed sample Nyquist graph
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1 3.949 0.8 1.05 x 10° 22.51 0.8 2.049
4 2.270 1 5.027 x 10% 17.29 0.85 1.767
8 6.983 0.9584 4.60 x 102 14.99 0.8583 2.705
12 20.49 0.8 2.532 5.32 x10* 191.8
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Table 3 Fitting results of sealed sample Nyquist graph
=i CPE Rpw/ CPE R,/ CPE R,/
5 [a]/h QPW/(MF-cm_Z) n (Q -+ cm?) Qp/(p,F-cm_z) n (Q -+ cm?) Qh/(uF-cm'z) n (Q -+ em?)
0.1050 0.813 1.08 x10* 8.76 0.528 2.54 x10° 2.57 0.981 3.67 x107
4 0.0747 0.829  3.23 x10* 1.19 0.854 2.93x10° 7.04 0.800 1.11 x10°
8 0.0972 0.823 1.11 x10* 5.20 0.577 3.98 x10* 8.98 0.872  1.35x10°
12 0.0110 0.988  8.44 x10° 7.15 0.576  1.91 x10* 3.86 0.704 3.34 x10°
48 0.121 0.8058 2.28 x10* 1.35 0.820 2.31x107
72 0.121 0.8231 8.19 x10° 2.80 0.654 2.96 x10°
96 0.155 0.7989 8.39 x10° 1.69 0.783 2.81 x10°
120 0.166 0.8 8.20 x 10° 2.82 0.800 1.24 x10°
144 0.111 0.8489 6.18 x10° 4.04 0.605 2.92 x10°
168 0.137 0.823  5.50x10° 3.81 0.647 1.07 x10°
240 0.150 0.8 5.8 x10° 2.12 0.738  1.91 x10°
288 0.128 0.8286 4.92 x10° 3.11 6.67  2.05x10°
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Fig.10 Evolution of impedance and capacitance of porous layer and barrier layer with immersiom time during immersion (48-288 h)
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Corrosion resistance of sulfuric-adipic acidic film for
2198 aluminum alloy

WANG Xuefei, LI Songmei” , LIU Jianhua, YU Mei, LI Yingdong

(School of Materials Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: 2198 Al-Li alloys were anodized in sulfuric-adipic acid bath,and then protected by boiling wa-
ter sealing treatment. The surface morphology and cross-sectional morphology of the anodic film were evaluated
by field emission scanning electron microscopy ( FE-SEM) and atomic force microscopy ( AFM). The corrosion
properties of the anodic film were analyzed by electrochemical impedance spectroscopy ( EIS), Tafel curve and
immersion test. The anodic samples were respectively immersed in sodium chloride solution for different time,
then EIS was used to analyze the corrosion behavior. The results show that some holes of the anodic film are
connected because of the copper alloy phases. The result of EIS shows that the corrosion resistance of the
anodic film after sealing treatment increases obviously, equivalent circuit changes with extension of immersion
time, and the impedance of the porous and barrier layers decreases, so immersion process could change the
structure of the anodic film and decrease the corrosion resistance.

Key words: anodizing; 2198 Al-Li alloy; sulfuric-adipic acid; anodic film; corrosion resistance
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A multi-Agent negotiation based collaborative optimization
application in satellite design
DONG Yunfeng"* |, WEI Xiaona', HAO Zhao®

(1. School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Measurement Technology Institute, Chinese Flight Test Establishment, Xi” an 710089, China)

Abstract; Satellite design is a complex problem of multidisciplinary optimization. Collaborative optimiza-
tion algorithm, with its feature of modularization, is suitable for being applied to the multidisciplinary optimi-
zation of satellite design. To guarantee the consistency of shared variables between the system level and the
subsystem level, the traditional collaborative optimization has the limitation such as convergence dilemma and
excessive computational cost. And the traditional collaborative optimization which cannot optimize the subsys-
tems cannot ensure the optimization of satellite overall performance. This paper proposes a multi-Agent negoti-
ation based collaborative optimization algorithm by introducing the concept of Agent-based model and multi-
Agent negotiation. We take earth observation satellite as an example, and with the object that the total weight
is the minimum, a system-level Agent model and four subsystem-level Agent models including structure sub-
system, orbit subsystem, attitude subsystem and power subsystem are built. The results indicate that the multi-
Agent negotiation based collaborative optimization algorithm can ensure the consistency of shared variables,
and the subsystem optimization model ensures that the subsystems are optimal when system-level optimization is
carried out.

Key words: satellite system design; multidisciplinary optimization; collaborative optimization; negotia-

tion algorithm; Agent-based model
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2315 22 B0 (Edge Preservation Index, EPT) N
%% H. ( Target to Clutter Ratio, TCR)'"™ | B4y
{H ( Expectation of Ratio Image, ERI) DS (G (=
M |t ( Peak Signal to Noise Ratio, PSNR) %,
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Table 1 Evaluation index system of despeckling algorithm
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Table 2

Index data of Fig. 1(a) with 5 kinds of

despeckling algorithm treatment

e b5 Lee J€U% PPB  SAR-BM3D Al TDST 3 i
45 75 4

BI1(ENL) 1.7478 1.1004 1.5279 1.4713 1.4582

B2 (EPI) 0.2165 0.6574 0.4080 0.3006 0.3024

B3(TCR)  9.6499 12.4097 10.2900 11.1119 10.7712

B4(ERI)  0.9710 0.9984 0.8389 1.0550 1.0826

BS(PSNR) 21.2729 24.0000

23.7037 21.8941 21.9328
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(a) SAR[E 41

%y

(¢) PPBRESEI &

QRN € (f) TDSTiE ik
FEBEE (% FEE I 1%

1 SAR Ef& 1 Jz H R B K14
Fig.1 Image 1 of SAR and its despeckling images

(a) SARIHTZ (b) Leeﬂ&ﬁé‘-léﬂ{?

(c) PPBIEREIE (S (d) SAR-BM3DJ/RBEI (%
(e) /I (f) TDSTi
FEBEIE % FEREIE 19

B2 SAR & 2 B H k5t &
Fig.2 Image 2 of SAR and its despeckling images

F3 SHEMERLER2(a)IEREE
Table 3 Index data of Fig. 2(a) with 5 kinds of

despeckling algorithm treatment

3.2 WHMERMEERSN
3.2.1 BRI EARAILG FHRE T
27
AWTFEEIE T 10 A2 L [T EE SAR 1R B fi
S 5T 1) BB X SAR RIS B B B 2% 1) O 4
PR 8 B — J2 U 2% 46 B (9 A B 2R AT
P LA, PP 28 SR e 1~ 9 IR RUBEE i LA &4k
PR B PR [ o ol o ) 7 R I R AT — B AR B
M T —EE bR CR <0. 1, NIk 10 2 % FKiF 5
A2 B0 W R B AT R — Bk . R R R IR )R
U3 M i KA ik RAR SCT7 3k WAL 4 9] 45 21 %k
P 1 () B BRESRE 125 B IF- A 48 B K 2R 1Y )2 U003 # 12
P ANAR SO A, I3 4 R
x4 2HITMBEMBNENIL
Table 4 Comparison of weights resulting from

two evaluation methods

Eisan JER S HTEAE ARICHERE Xt ik
B1(ENL) 0.2921 0.2483 ~0.0438
B2(EPI) 0.1201 0.1381 0.0180
B3(TCR) 0.0705 0.0811 0.0106
B4 (ERI) 0.1016 0.0864 -0.0152
BS5 ( PSNR) 0.4157 0.4462 0.0305

M 4 n[ LLFE H,ENL Fl ERL 2 4~ 38 A5 7 5
A LRI (RVE R A ik BCE ) (19 Bl b A
A7 BT FEAR i EPLUTCR I PSNR 3 >4 45 19 AL &
AT, X5 R 2 X TR EA AR R (E
IR AR WSS 25 RO — B0y . G BRI, & 503k
(14 4 B (E A B v, 26 B 45 0303k A8 I T4 s B 1Y
RIS AR, P A B %46 i 1A 2 R I
VLSS AL FLPF 0 45 5 154 PSNR, O L 85 B b 1
F Pk 4R, PPB Al SAR-BM3D 78 %4545 F 19 £
W] O T HAb A b, P A SCOT I 20 1 B AR
e TS R U A ik, AT A R AR B TR
SRR SEBR B S AR . A, AR SO VA XS TR AR
P 946 TE W B2 AN, 7 ] 4 32 T RN
3.2.2 AL Estls i ikeim e R oM

5 4y s AR SCOT X 5 Fof o Bt 00 e B
RORBPEM S50

RS AXAETEWEREZNTEDRHF

Table 5 Rating and ranking of various kinds of

despeckling algorithm within AAHP

EERaN Lee €)% PPB  SAR-BM3D gggiﬁi TDST & A7 lgﬂi;;) @ﬁ;;) [E]ﬂz;;) @ﬁi;)
BI(ENL) 2.7997 1.7389 2.6591 2.6063 2.5917 Lee Ui -0.380240 5 -0.240830 3
B2 (EPI) 0.1194 0.6756 0.0977 0.1387 0.1428 pPPB 0.654673 1 0.505191 1
B3(TCR) 8.5549 12.9777 9.3197 10.1015 9.7815 SAR-BM3D 0.378 801 2 0.336952 2
B4 (ERI) 1.0005 1.0084 0.9075 1.0034 1.0043 NS AR B - 0.290 820 3 -0.260950 4
B5(PSNR) 21.0892 22.0000 21.0625 21.3663 21.2599 TDST & -0.362410 4 -0.340360 5
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Adaptive evaluation method based on analytic hierarchy process
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(1. School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Academy of Mathematics and Systems Science, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: In order to improve the performance of classical analytic hierarchy process ( AHP) which has

defects of subjectivity and less quantitative component, at the same time according to the objective information

which is implied by a plurality of target data matrix, the classical AHP was modified and a changeable weight

evaluation method based on AHP was proposed. The conclusion is that the new method is able to adjust the

weights of the evaluative parameter dynamically by analysis of the data distribution. By this way the weight of

low discrimination index is reduced while the weight of high discrimination index is improved, which makes

the AHP more objective, and to some extent the guiding role of the scarcity index is also reflected. The effec-

tiveness of the new method is verified by using the example of the evaluation of the despeckling algorithm of

synthetic aperture radar image.

Key words: analytic hierarchy process ( AHP) ; changeable weight; evaluation method; scarcity index;

despeckling algorithm
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Table 2 Results of genetic algorithm

WHL Join/ (m = s71) /84 Joia/ (m = s71)
1 12.909 036593 4 6 12.909036 594 8
2 12.890905 5015 7 12.909 0422993
3 12.909 036 606 6 8 12.909 0507762
4 12.909 036593 1 9 12.909036 8600
5 12.8909037623 10 12.909036 655 4
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Table 4 Number of subintervals after each iteration

DX T35 BA A L v e 5 728 ik X [ 0 H

B8 - : - -
Wik A HEB HEC KD
1 138 138 88 88
2 188 188 84 126
3 444 444 128 166
4 929 732 147 318
14 14261 1223 389 1838
15 21437 1485 501 1668
16 15723 1262 685 1509
17 3435 1001 885 1646
18 0 932 940 1583
71 561 585 244
72 494 421 133
73 606 366 6
74 661 317 0
102 980 211
103 1028 63
104 728 0
142 122
143 83
144 0
X 5] % H e KM 21437 1782 1662 2208
iz 5 ]/ min 316 83 72 64
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Table 5 Updating table of optimal estimated

value during each iteration
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Optimization of double-impulse rendezvous using gradient-splitting
interval optimization algorithm
LIU Qi, ZHU Hongyu"

(School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: The optimal problem of time-open double-impulse rendezvous was studied and the gradient-
splitting interval optimization algorithm ( GIOA) was introduced. Considering the characteristics of the prob-
lem, GIOA utilized the interval selection strategy which selected a finite number of subintervals to compute,
the interval splitting strategy based on the result of the gradient optimization algorithm, the interval contraction
strategy based on monotonicity, the test of constraints and the updating strategy of target estimated value based
on gradient, etc. As the gradient-algorithm was only used for the interval splitting strategy and the updating
strategy of target estimated value, it had no negative effect on GIOA’ s inheriting of the global characteristic
and convergence of the interval optimization algorithm. Simultaneously it accelerated the appearance of an in-
terval containing the optimal value with small width and the updating rate of target estimated value. Thereby
the operation efficiency was improved. By the interval selection strategy, the increase of subinterval numbers
has been controlled, and the storage costs have been reduced. In the simulation, GIOA solves the optimal
problem of time-open double-impulse rendezvous successfully, and shows the advantages of the algorithm.

Key words: impulse rendezvous; interval optimization; gradient optimization; interval splitting;

global optimization
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Table 4 Basic parameters of combustor

28 AP/ % A,/mm* A,/mm’® 6/(°)
Bl 3 200 105 x 105 47.5
KOG T T, MR I k.
mzlcp,uTin + mfcp,fTO = mch,gTz (9)

Aom, Fomg 5350 g A3 ORI R S R A
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BR8] k4%, Beahny €, thSCmk [ 19 ] 3815 . MR 4
HAGE BN S T A TR, AR
A (6) ~(9) , BELERMRES FR,

x5 H6) ~XOOWIHEER

Table 5 Calculation results of Eq. (6)-Eq. (9)

SRR w/(m-s™") L,/mm T,/K
it s 25.26 167 1150
iF TR 20.87 174 950
S0 8 X A Y i R O
Tey = (1 = 0% )T + %07, (10)

0% R T P S AR B Tk T, 73501
Ry L7 SR ) T G T R T X O A R ], R
6 N AN R B AR LA T B 6T Jid s 1]
F6 bARMMESMENITELER
Table 6 Calculation results of time and frequency

with different b

b/%  Teomy.a/MS Ty /M 7/ms %/ms LA lf/;,T/%
0 0.550  6.660  7.150  7.937 9.91
10 0.544  6.778  7.322  8.197 10.68
30 0.531  7.134  7.665  8.403 8.78
50 0.488  7.490  8.009  8.772 8.70
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Table 7 Calculation results of 7, , and its wariation

conv

range caused by error of @ with different b

RZGIEI 702 1

0/° b/ % Teony.2/ MS
' AR [/ ms
45 ~50 0 6.576 ~6.624 -0.084 ~0.036
45 ~50 10 6.754 ~6.803 -0.024 ~0.025
45 ~50 30 7.110 ~7.159 -0.024 ~0.025
45 ~50 50 7.466 ~7.515 -0.024 ~0.025
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Pressure oscillation characteristics of n-butanol/kerosene mixture in
non-premixed combustor

XU Sai, XU Quanhong, LIN Yuzhen®, HUO Weiye, QIN Hao

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

Abstract: To further develop the application of the biomass fuel in gas turbine combustor, the wave con-
vection model was conducted based on the experimental results to quantitatively analyze the influence of
n-butanol/kerosene mixing ratios on the pressure oscillation frequencies in a non-premixed combustor. The
experimental results show that the pressure oscillation frequencies decrease with the increasing volume propor-
tion of butanol under the experimental condition of com bustor inlet pressure 1. 98 MPa, inlet temperature of
600 K and fuel/air ratio of 0. 03. However, the amplitudes have no significant changes with the increase of
volume proportion of butanol. The results of wave convection model are in good agreement with the experiment
data. The calculation results show that the variation of convective time caused by the variation of heat value of
different fuel components is the main cause of the variation of pressure oscillation frequencies. It provides ref-
erence for the control of pressure oscillation in a non-premixed combustor.

Key words: pressure oscillation; fuel components; entropy waves; non-premixed combustion; convec-

tive time
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Tablel Basis functions of switch state of thrusters in

three axises
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Fig.1 Schematic diagram of approaching trajectory
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velocity and position between two spacecrafts
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Hi &7 W) D, G (R 2 R 31. 44 s, O34,
45 S vl N PR B Ok 6. 22 3 0 BB oR I I S
Ty 1,20, I AEMA R N 5. 02 kg, HEHR 2 TSR Al
VAR SO 28 L D 48 8 3 B[R] B AR T 30.09%
BREHHFERRAR T 4. 18% o A7 %8 L5y 48 35 hif
JE pRRSCAT BT B 0, 2 RS IR T R T %L H
e AR SCT5 SR AT 07 B R 4 XF 1% 2204 0. 001 2 m,
A BE I 46 X% 22 R 0..006 8 m/s , i 2 280k 2
SRCER LR Bk of i A R IR T R
SR HE Ty A% TF IR A, 2 e/ Bk b E B
20 ms ki 0 AR RATHLE S T P kAT
BB AE 3 A7 ) b AL B AH X R 2N F 1% B
=TT OGRS AL 48 W, Fi LAA SOy 3] LA R OR B
IRIFRUB. AR, BB A 50k A Sy
BALAFAE T RCRAR Y 0], 2% 18 B AL K & iz
SRS I TH SRR 7 AR X IR, A STy YR TS I ) 23
BA, Y AT 55 I (B A FEAR I, A] DLSR T B Ze A )
PRI, b T AR SO B SR 38 A% g R T LA
S5 3R LU 7 58 R e 2 O 3 ik 1) ) 495 2R LA A
ANEBERIINNCII 8 R Y SRR R B DDA PR/
B, (BRI RCRER .

4 5 #

1) i 51 AR &R, 4R T — b 32 4%
PRI L EL AR AR 1 48 TF SRS M A BR 4 D A&

R e 36 30 9 P38 R R 7 %

2) K PR B A 3 A g AR A A R 8 SRR B L
T, B B A Y 5 ) A A5 X8 T G W R £ 1 )
14 012 A 52 B AR

3) PAFEARS M H AR fig 2 38 1T B Ul #L3 h
1, 8% G AR 225 100 YOk AR 2 1l B i 2R
RS T R FEAE D AT OGS UK, 6 I S AR )
SRARA, I L 1 1 () FZORE I AR L e 7 28

AR SCOIFIEAFAE T SRR AR A 7], Y AE 55 1)
AN FEAM I, o R B MR 38 M 3 5 0 Y
HE pRB, AR SOy B0 B 5 vk AT DLIE T A A
BR 4 3 T B I3 1L ) T, AR S it T — i 4
DEAHEE T 285 T SRS (4 A7 BR A 7 AT R 45 158 A0 4l
Triko

£ %3 Hk (References)

[ 1] STAMM S, MOTAQHEDI P. Orbital express capture system:
Concept to reality[ C] // Proceedings of the Society of Photo-opti-
cal Instrumentation Engineers. Bellingham: SPIE, 2004, 5419,
7891.

[ 2] ODA M. Space robot technology experiments on NASDA’ s ETS-
VII satellite [ J]. Advanced Robotics the International Journal of
the Robotics Society of Japan,1998 ,13(1) :335-336.

[ 3] LANDZETTEL K, PREUSCHE C, ALBU-SCHAFFER A, et al.
Robotic on-orbit servicing-DLR’ s experience and perspective
[ C] //IEEE/RS]J International Conference on Intelligent Robots
and Systems. Piscataway ,NJ: IEEE Press,2006:4587-4594.

[ 4] sBak0g, skn e, 4TI RN, 25 B HE & 7 B AR SRR 10 2 o 3
WERMERFIT )], FH2: R ,2010,31(2) :386-390.

GUO J F,ZHANG L J,CUI N G. Optimal control for space cap-
ture of noncooperative target[ J]. Journal of Astronautics,2010,
31(2) :386-390(in Chinese).

[ 5] MRATEARE. MUK 4 2C 2 i K08 I BOAR X L5 A 1T 5 1%
HLT]. AL AL LR 2244, 2007, 33(5) :544-548.
ZHU R Z, LIN Y. Relative attitude estimation and control
schemes for the final approach phase of spacecraft rendezvous
[J]. Journal of Beijing University of Aeronautics and Astronau-
tics,2007,33(5) :544-548 (in Chinese).

[6] FAuli, A AR A BREEEREIRII]. b
] 25 (] Bk 2 AR, 2008 (5) 2 7-12.

LU S,XU S J. Control laws for autonomous proximity with non-
cooperative target[ J]. Chinese Space Science and Technology,
2008(5) :7-12(in Chinese) .

[ 7] PHILLIP | M, KAVRAKI L E, BEDROSSIAN N. Spacecraft
rendezvous and docking with real-time randomized optimiza-
tion: ATAA-2003-5511[ R]. Reston: AIAA,2003.

[ 8 ] BOYARKO G,YAKIMENKO O,ROMANO M. Optimal rendez-
vous trajectories of a controlled spacecraft and a tumbling object
[J]. Journal of Guidance, Control, and Dynamics, 2011,

34(4).1239-1252.



%5 LI , 45 - = 35t % g AR 10 O R 4% A PR A 0T S 3 I L R 1091
(9] ZERK, WG, IE & “ATSPUE 0 BBy sk gr ik ()] 474.

[10]

[11]

[12]

[13]

[14]

[16]

T 24,2008 ,29(2) :397-406.

YONG E M,CHEN L, TANG G J. A survey of numerical meth-
ods for trajectory optimization of spacecraft[ J]. Journal of As-
tronautics, 2008,29(2) :397406 (in Chinese).

HUANG G Q,LU Y P,NAN Y. A survey of numerical algo-
rithms for trajectory optimization of flight vehicles[ J]. Science
China Technological Sciences,2012,55(9) :2538-2560.

S R, ) TR S5 B TR G R A ] BREKCE B LT
PEALTI] . AERTAL A AR K 541, 2014,40(7) :910-915.
PENG K,GUO L L,XIANG K H, et al. Optimization of lunar
soft landing trajectory based on hybrid method [ J]. Journal of
Beijing University of Aeronautics and Astronautics, 2014,
40(7) :910-915(in Chinese) .

BB L TG , . H R K g BA B ) R 5 B B
A7k D] 30 50T 28 i KK 2% 2% 4k, 2015, 41 (4) -
737-743.

SHAO L F,SHI P,ZHAO Y S. Dynamics modeling and motion
programming for electromagnetic formation flight[ J]. Journal of
Beijing University of Aeronautics and Astronautics, 2015,
41(4) :737-743 (in Chinese).

B Al i, 3 2o . )R i S O 35 R g /N g PR B RO R
BRI [ T] . v [ 2 W24 R 2011 (5) 11824

DUAN C H,DONG Y F. Optimal control spacecraft fly-around
releasing using continuous thruss based on Gauss pseudospec-
tral method [ J]. Chinese Space Science and Technology,
2011(5) :18-24 (in Chinese).

T K B, T R T g A T A R R RUPL A 5 A R
JrARER R B AL AL Bt [ 1], & & Bkl 2 41, 2012,29(5) -
196-202.

FENG X B, HUANG H, WANG W. Strength optimization of
large wind turbine blade root on the genetic algorithm[ J]. Acta
Materiae Compositae Sinica,2012,29 (5):196-202 (in Chi-
nese) .

GANDOMI A H, YUN G J. Coupled SelfSim and genetic pro-
gramming for non-linear material constitutive modeling[ J]. In-
verse Problems in Science and Engineering, 2015,23 (7).
1101-1119.

WEMER J C,KALGANOVA T. Disease modeling using evolved
discriminate function[ C] // Proceedings 6th European Confer-

ence on Genetic Progrmming. Berlin ; Springer,2003,2610 :465-

[17]

[18]

[19]

[21]

KISHORE J K,PATNAIK L M, MANI V, et al. Application of
genetic programming for multi-category pattern classification
[J]. IEEE Transactions on Evolutionary Computation, 2000,
4(3):242-258.

By, 3 0. FETHLAR S T 0 PR BRI T].
M KAl ,2011,29(4) .61-65.

ZHONG S,DONG Y F. The design of satellite attitude control
law based on machine learning[ J]. Aerospace Control, 2011,
29(4) :61-65(in Chinese).

FUE 380, R R, 45 S Tt i i i o) 2R
RGO [J]. RG24 ,2008,20(4) :1076-1079.
BAI Y,JIANG Y H,ZHU Y C,et al. Modeling main steam tem-
perature system of power plant using genetic programming[ J].
Journal of System Simulation,2008,20(4) :1076-1079 (in Chi-
nese) .

25 BB, JE B AR 38 A% g R R O B N 9 AR A b it i T
[J]. V4% 3238 K222 41,2002 ,36 (7) :736-739.

LI L M,QU L S. Genetic programming for dimensionless param-
eters construction[ J |. Journal of Xi’ an Jiaotong University,
2002,36(7) :736-739 (in Chinese).

SRR WA BRI IE TR D] IR IR IR
Tk k2, 2006:8-19.

GUO Q C. Research of constant thrust attitude control method
[D]. Harbin: Harbin Institute of Technology, 2006:8-19 ( in
Chinese) .

S

i

EER N
DR L WA, BB W AT DA TA

SR B

E-mail ; xnwei@ buaa. edu. cn

ERE WL HR, WA I F BT K A
BRBE B AR ALK 4 30 g1 2% 5 # i BOR RAT AR S AR
HAR,

Tel: 010-82338880

E-mail: sinosat@ buaa. edu. ¢n

ME B, L, P AT RRI . FEEETTT A CE S



At AL AR

1092 st 5 MK Ok ¥ ¥ R - L) 2016 4

Finite thrust spacecraft approaching trajectory planning based on
genetic programming
WEI Xiaona', DONG Yunfeng"* , HAO Zhao

(1. School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Measurement Technology Institute, Chinese Flight Test Establishment, Xi” an 710089, China)

Abstract: Based on the genetic programming algorithm with the introduction of the basis function, this
paper proposes a new way to deal with finite-thrust spacecraft trajectory optimization when approaching a non-
cooperative object in the final approach phase. Thruster switch state is defined as the basis functions which re-
spectively multiply by the switch state duration and then sum as the thruster state function. The thruster state
function is converted into genetic programming tree structure. Fuel consumption is defined as the fitness func-
tion of genetic programming, and the constraint conditions of obstacle avoidance and approaching precision are
induced into the fitness function in the form of penalty function. Genetic programming algorithm is used to ob-
tain the optimal-fuel trajectory planning scheme by training all the possible combinations of thrusters switch
state. The result is global optimal, and the thrusters switch frequency is not high. The trajectory planning re-
sult based on finite thrust of a spacecraft approaching non-cooperative object shows that the thruster is only
opened and closed 5 times, greatly reducing the requirement for switching frequency. Approaching time is re-
duced by 30. 09% compared with the Gauss pseudospectral method, and fuel consumption is reduced by
4.18% .
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