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Nonlinear vibration response characteristics of
high-speed flexible rotor system
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(1. School of Energy and Power Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Collaborative Innovation Center of Advanced Aero-Engine, Beijing 100083, China)

Abstract: According to the multi-supported structure feature of high-speed flexible rotor and with the

demand of rotor dynamic design, the influence of the bearing looseness on the rotor dynamic was analyzed.

The nonlinear vibration response characteristics of the high-speed flexible rotor system were obtained through

simulation. The results show that when the working speed of rotor is above the critical speed, the periodic,

quasi-periodic and chaos can exist when the flexible rotor working. Furthermore, the influence of location of

bearing looseness, value of unbalance and bearing clearance on the vibration response of multi-supported flexi-

ble rotor was studied. The analysis results provide theoretical method for dynamic design of multi-supported

high-speed flexible rotor system.
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Power matching of flying cars during takeoff stage
based on dual-mode driving

XU Bin", TIAN Fugang

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

Abstract: To solve power-matching problem during takeoff stage of folding wing flying car, the basic
dynamic control strategy was studied. The dual-mode driving characteristics during takeoff stage were analyzed
through theoretical calculation,and the concept of the optimal switching time was proposed. Based on the basic
parameters and results of power-matching calculation of the concept car, the driving state simulation models
under different working conditions were established in Simulink. According to the driving state simulation mo-
dels, the simulation analyses on driving state during takeoff stage were conducted, and the dual-mode driver
selection principle and optimum matching scheme of switching time were obtained. The calculation results show
that the takeoff acceleration time is reduced by 22% and the takeoff distance is shortened by 13% based on
dual-mode driving. The optimization analyses on transmission and vehicle parameters and variation of output
characteristics were further conducted, from which the effect of the parameters on power performance during
takeoff stage was obtained.

Keywords; flying car; dual-mode driving; optimal switching time ; Simulink simulation; parameter anal-

ysis
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Table 1 Satellite acquisition experimental
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Fast acquisition methods based on sparse Fourier transform
ZHANG Chunxi, LI Xianmu, GAO Shuang”

(School of Instrumentation Science and Opto-electronics Engineering, Beijing University of Aeronautics and
Astronautics, Beijing 100083, China)

Abstract. The acquisition of the satellite signals is the key step of baseband signal processing in the re-
ceiver. The speed of the acquisition has a serious effect on the time to first fix (TTFF). According to the par-
allel code phase search ( PCPS) method based on fast Fourier transform ( FFT) , the sparse Fourier transform
(SFT) which computes in sub-sampled time is applied to the PCPS algorithm to simplify the acquisition
process. The fast acquisition method based on SFT is proposed. The faster acquisition is achieved by optimi-
zing the efficiency of correlation operation. The simulation results show that the computation time of the pro-
posed fast acquisition method based on SFT is 2 times faster than that of the conventional FFT-based acquisi-
tion method. And it can better meet the requirements of fast satellite signal acquisition.
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Influence of meteorological factors on aircraft fuel
efficiency in approach flight
HU Rong* , WU Wenjie, CHEN Lin, ZHANG Feifei

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

Abstract. Meteorological factors are significant to aviation flight. To investigate the fuel efficiency in avi-
ation flight, base of aircraft data (BADA) model was combined with meteorological factors, and the aircraft
fuel consumption correction model was built. Taking the example of one inbound flight approach at Guangzhou
Baiyun Airport, the flight simulation tests were developed and the influence of the change in air temperature,
air pressure and wind speed on aircraft fuel efficiency was discussed from two aspects: fuel flow and fuel con-
sumption. The results show that the correlation between meteorological factors and fuel efficiency is obvious.
When aircraft flight altitude is certain, if air temperature rises, fuel flow and fuel consumption increase, and
fuel efficiency decreases; if air pressure rises, fuel flow changes little but fuel consumption slightly decreases,
and fuel efficiency increases; if wind speed rises, fuel flow and fuel consumption firstly decrease and then in-
crease, fuel efficiency increases first and decreases afterwards, and fuel efficiency is the highest when wind
speed is 4 m/s. If flight altitude reduces, air temperature and air pressure increase but wind speed increases,
fuel flow increases with a slight fluctuation, and fuel efficiency decreases. Fuel consumption in approach can
be reduced by about 3% under the best meteorological factors. The study results are significant for improving
the fuel efficiency in actual flight.

Keywords ; meteorological factors; air temperature ; air pressure; wind speed; fuel efficiency; fuel flow;

fuel consumption
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BDS/GPS combined navigation receiver autonomous
integrity monitoring algorithm
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(1. School of Electronic and Information Engineering, Shenyang Aerospace University, Shenyang 110136, China;

2. Information Science and Technology College, Dalian Maritime University, Dalian 116026, China)

Abstract: In order to make receiver autonomous integrity monitoring ( RAIM) technique be applied to
approach with vertical guidance ( APV) flight phase in civil aviation navigation, the BDS/GPS combined navi-
gation RAIM algorithm is studied. An algorithm based on the optimal weighted average solution of BDS/GPS
position solution is proposed. Combined with the relationship between the optimal weighted average solution
and BDS/GPS position solution, a test statistic is established. The test threshold is obtained according to the
maximum allowable false alarm probability, and then the satellite navigation system fault is detected. Through
the weighted least squares residual method, the satellite fault is detected and identified. The results are in-
structive for the study of multi-constellation combined satellite navigation system applied to the navigation in
civil aviation APV flight phase.
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Table 1 Stable pitch angle and rising velocity of

airship for different buoyancy-weight ratios
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Table 2 Comparison between two kinds of

helium envelope structure
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1.1 11.13 1.56
1.2 11.41 2.20
1.3 11.56 2.69
1.4 11.66 3.11
1.5 11.72 3.47
1.6 11.77 3.81
1.7 11.81 4.11
1.8 11.84 4.39
1.9 11.86 4.66
2.0 11.88 4.91
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Fig. 16  Fluctuation of rising velocity of airship for

three typical buoyancy-weight ratios
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Fig.2  Simulation of radar target motion trajectory
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Table 5 Comparison of target detection results of S-band incoherent radar

FT + MP CA-CFAR + MP SO-CFAR + MP ARCHEP: + MP

’ Ny N, Ny N, Ny N, Ny N,
30 119 16030 114 3320 119 16053 120 3504
40 119 9357 114 2469 119 9368 120 1032
50 116 5674 113 1886 116 5679 120 329
60 114 3539 111 1492 114 3541 120 105
70 112 2077 109 1124 112 2077 120 36
80 112 1197 110 774 112 1197 119 16
90 109 645 107 473 109 645 119 10
100 108 331 107 284 108 331 119 6
110 106 147 105 136 106 147 119 3
120 104 44 104 41 104 44 119 1
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Table 6 Comparison of UAYV target detection results

of S-band coherent radar

FT 8% AE
’ N, N, N, N,
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Joint optimization of detection and tracking with Rao-Blackwellized
Monte Carlo data association
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Abstract: A joint optimization algorithm was proposed for radar target detection and tracking with Rao-
Blackwellized Monte Carlo data association. Rao-Blackwellization made the separation of single target tracking
and data association, where the data association was solved by the sequential Monte Carlo method ( particle fil-
tering) , leading to the multiple target tracking in the environment of clutter and false alarm measurements.
Meanwhile, the size of the wave gate depended on the distribution range of particles. Under the consideration
of the particle weights, the detection threshold was modified with the relative position of the detection units to
all the particles, improving the detection rate. Finally, combined with the algorithm for clutter suppression
with spatial features achieved in the previous research, the proposed algorithm was applied to the simulated da-
ta as well as the ground-truth data collected by the S-band incoherent and coherent radars. It is demonstrated
that the proposed algorithm can realize the detection and tracking of small targets with relatively small number
of particles.
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Influence mechanism of axial spacing on rotor blade flutter characteristics
ZHENG Yun'*", YU Yongho'

(1. Collaborative Innovation Center for Advanced Acro-Engine, Beijing 100083 , China;
2. School of Energy and Power Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083 , China)
Abstract: The mechanism of the upstream blade row affecting the flutter characteristics of the rotor blade
is studied, using the self-developed unsteady fluid-solid coupling numerical simulation program. The influence
coefficient method is used to analyze the effect of axial spacing on the aeroelastic stability of rotor. The results
show that the neighboring blade vibration, which adjacent to the certain blade’ s suction side, determines the
value of rotor aerodynamic damping in the tuned cascade, and its effect is even larger than the certain blade
vibration itself; in the multi-row environment, inlet guide vanes (IGV) mainly affects the minimum aerody-
namic damping of rotor blade, and IGV increases the nodal diameter value of the most unstable point of aero-
elasticity ; the channel change caused by blade vibration restrains the reflection of IGV on unsteady pressure
wave; with the decrease of axial spacing, the range of unsteady influence of blade vibration is obviously in-
creased, since the effect of IGV on the unsteady pressure wave attenuates the circumferential attenuation of un-
steady pressure wave; the influence coefficient method needs to measure more blades to obtain more accurate
aerodynamic damping in the multi-row environment.
Keywords: axial spacing; influence coefficient method ; aeroelastic stability ; flutter; aerodynamic damp-

ing
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Design of decoupling controller for spinning missile based on
receding horizon optimization
CHEN Wei" , SUN Chuanjie, FENG Gaopeng, BAI Yunshan

(Institute of Systems Engineering, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: The spinning missiles are subjected to external disturbances and uncertainties during flight,
and there are the aerodynamic cross-linking, inertial cross-linking and control cross-linking. To realize stable
flight, it is necessary to design decoupling controller. Therefore, a decoupling control method based on the
receding horizon optimization (RHO) was proposed. The kinematic models of the spinning missile and the ser-
vo system were expressed in the form of state space, and the augmented equations of state were obtained based
on the equations of state of the spinning missile, the command filters and the integral of the tracking error. The
control value was calculated using the RHO based on the command filter, and in order to realize the decou-
pling control of the spinning missile, the controller gains were adjusted in real time according to the difference
between the system output and the command signal. Through the acceleration control simulation results, it can
be seen that the designed control system is basically not affected by the spinning rate, the modeling errors and
the external disturbances, which has high robustness.

Keywords: spinning missile; decoupling control; receding horizon optimization ( RHO) ; acceleration

control; command filter
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H AT 45 x0F 52 B il 4% 36 & U 7 R AT 18
ST A A R AR 1B R AT

BIRFAT O F PR AT AR S SO JHE
“parallel” , {0 5 3 17 {j F parallel” £ 4 Ji A
[, e P AT O B i P AT 54T R GRS
(AT B AT AR TR B9 A 6, 2 45 52 PR R S8 R
AGHPATHEI R R . AT H A HIE 5k
GPAT R G 3 RO K B R 4
( Dynamic Data Driven Application System, DD-
DAS) " A gl B R 2l B 0 v 5
PIAHOC, SCHR (8 ] CAETE A 253k  (H 2 WAFAE W] B
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0 K5 40 U D W PR X RUL A 520, (75 RUL #3 J2ma A, p( 20° A, )

I 45 5 51 Ry e 5 3
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2.3.1 Wiener it #2£%5 MLE-IG %
Wiener i F2 0] iC 4

x(t) =x(0) + nt + oB(t) (1)

X (0) AW BARE, KN 0.0 K

KNS WEB R, 0 W BREGB() K

FrfE Brownian iz 3, H IR M IIME R 0 7 2= R ¢ 19

EZR A B B(1) ~N(0,1) , B R AHE R

w, WA T A A5 m T o0 R b i A& gy vkl i

81 B ]

T(w) =inf{t:x(t) = w|x(0) < w}

(2)
Wiener 1 2 B.A5 UL PR
1) Wiener i ﬁ}%?ﬂﬁ):xﬁl@ﬂﬁ?‘{}\ Markov
PUR =3

2) TEANTR IS A BE A, « (1) 1S & Ax, #H
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20° At
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X ARLSR R SCBORT B3, 75 X H5 ALl AR bR A
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Xt B AL SR R B T o SRR R, A e S
B0, B
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ARG S 0 o IR ISR -
L] " Ax,
— i=1
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= , ( )’
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o = Ly il
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4 A BB % ( Cumulative Distribution Function,
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Equipment RUL prediction oriented parallel simulation technology

GE Chenglong, ZHU Yuanchang, DI Yanqiang”

(Department of Electronic and Optics Engineering, Ordnance Engineering College, Shijiazhuang 050003, China)

Abstract: As an emerging simulation technology in the field of system modeling & simulation, equipment
parallel simulation has become research emphasis. In the field of equipment maintenance support, the out-
standing problem of equipment remaining useful life( RUL) prediction is analyzed, i. e. , the stable model pa-
rameters without self-evolution ability, which has become the primary factor that hinders adaptive prediction of
equipment remaining useful life. Combined with parallel systems theory, equipment remaining useful life pre-
diction oriented parallel simulation framework is proposed on the basis of modeling analysis and Wiener state
space model is taken as the basic simulation model in the framework. Driven by the dynamic implanted equip-
ment degradation observation data, the model parameters are updated online by using expectation maximum
(EM) algorithm and the data assimilation (DA) between simulation outputs and observation data is executed
by using Kalman filter( KF) , so as to realize dynamic evolution of the simulation model. The simulation model
evolution which makes the simulation outputs close to equipment real degradation state provides high fidelity
model and data for equipment remaining useful life prediction accurately. The framework is verified by the
performance degradation data of a bearing. The simulation results show that the parallel simulation method can
accurately simulate the equipment performance degradation process and the adaptive prediction of equipment
remaining useful life is realized on the basis of the improved prediction accuracy, proving the feasibility and
effectiveness of parallel simulation method.

Keywords: parallel simulation; model evolution; remaining useful life( RUL) ; data assimilation( DA) ;

parameter estimation
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Adaptive sliding mode control of solar array with input shaping
ZHOU Tong, GUO Hong, XU Jinquan "

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

Abstract. This paper proposes a control strategy which combines adaptive sliding mode control ( ASMC)
with input shaping technology for the solar array drive system (SADS) to improve the angular position control
performance and suppress the flexible vibration. To improve the angular position control performance, ASMC
is introduced, which is able to guarantee the uniform boundedness and uniform ultimate boundedness, regard-
less of the uncertainty. The command trajectory is planned by the input shaper (IS) based on the reference
model, which suppresses the flexible vibration of solar array. The simulation results verify the validity of the
proposed control strategy.

Keywords: input shaping; adaptive sliding mode control ( ASMC ); solar array; drive system;

flexible vibration
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Modular design method for filament winding machine

XU Xiaoming, ZHANG Wuxiang” , DING Xilun

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

Abstract: Winding machine is the core equipment for filament winding with the features of high produc-
tion efficiency and stable product quality. To meet the requirements of customized and small batch production,
the modular design method ( MDM) is proposed to expand the function of winding machine. The system struc-
ture is analyzed, relation matrices between components are established, and the grouping genetic algorithm
(GGA) is then employed to conduct modular optimization to cluster components into standard modules. Multi-
objective optimization method based on non-dominated sorting genetic algorithm [I (NSGA-]l ) is proposed to
create a complete system by combining instances with consideration of performance and cost simultaneously.
The modular design method for the control system is presented based on distributed network controller for a bus
system, and the network interface of the controller is standardized as independent function module, and then
the rapid configuration of the controller is achieved according to the modular configuration of the mechanical
structure. The k-nearest neighbor (kNN) method is used to classify the control mode by detecting the connec-
tion state of the module and the dynamic reconfiguration method based on component object model ( COM)
component to realize the state transition sequence and data exchange of the modules. The research on the mod-
ularization of mechanical structure, controller and software can realize the rapid reconfiguration of the winding
machine, and expand the function of the winding machine.

Keywords: filament winding machine; modular method; multi-objective optimization; distributed con-

trol; component object model (COM) technology
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to azimuth between Saturn and apse line
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Fig.3 Curves of eccentricity and periapsis height with

initial azimuth of Saturn choices of 30°, 40° and 50°,when

atmospheric drag is excluded
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different initial azimuth of Saturn
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Effect of planet’ s third-body gravitational perturbation on
aerobraking of moon’ s explorer
JIANG Ling, WANG Yue" , XU Shijie

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

Abstract: An averaged orbital dynamics model for a natural satellite aerobraking was established and an
Titan explorer was simulated to study the notable planet’ s third-body gravitational perturbation during the
process. Firstly, non-singular Milankovitch elements were introduced to represent the orbital motion. A semi-
analytical orbital equation was obtained considering moon’ s atmospheric drag, oblateness perturbation, and
planet’ s gravitational perturbation. Secondly, taking Titan explorer as an example, simulations and analysis
were carried out with different azimuth choices between Saturn and apse line when atmospheric drag was exclu-
ded and included. The results show that different initial azimuth of Saturn with respect to the apsidal line
would cause that eccentricity and periapsis height oscillate in different intervals, which will ultimately influ-
ence the aerobraking result.

Keywords: aerobraking; third-body gravitational perturbation; Milankovitch elements; averaged orbital

elements; semi-analytical orbital motion equation
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Experimental analysis of carbon dioxide diffusion
coefficient in RP-3 jet fuel
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Abstract: The rule of mass diffusion of CO, in jet fuel is an important consideration in the research of the
aircraft fuel tank inerting system. A pressure-decay test apparatus was constructed to measure the diffusion coef-
ficient of carbon dioxide in RP-3 jet fuel by monitoring the pressure variation at constant temperature of —20, 0,
20, 40, and 60°C , respectively. The two-dimensional diffusion equation in the hermetic container was derived
based on Fick’ s law, and the concentration distribution was determined via the numerical method with the
assumption that diffusion coefficient was known. Then pressure on ullage was predicted by utilizing mass conser-
vation and real gas state equation and the calculating result was compared with the experimental data. By adop-
ting the diffusion coefficient as the independent variable, the error functions as the experimental and theoretical
data were derived. The optimum solution to the diffusion coefficient was obtained by Husain single variable
search method to minimize the error. The study also reveals that the diffusion coefficient increases with the rise
of the temperature, and the Arrhenius equation could be employed to correlate the diffusion coefficient and tem-
perature.
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SSA” L., =96,6_, =list(1:50) 0.770 2.487 1.781 1.871 2.437 2.622 0.02
SSAY L., =96,G., =list(1:50) 0.770  2.509  1.843  2.175  2.500  2.295 0.02
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Fig.9 Fitting and forecasting results with LSTM
model (learning rate 5 =0.03, Aircraft B)
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Table 2 Experimental results for different prediction models ( Aircraft B)
EES Wi 4 B RMSE i
e LR 214 A 14 2 4 34 6 12 4 FER/s

RMSE i Jim Wl il ke Dl
Holt-Winters® «=0.011,8=0.210,y =0.191 2.907 1.749 3.605 3.353 2.609 2.474 0.02
Holt-Winters™ «a=0,83=0,y =0.438 3.231 1.837 4.252 3.807 2.950 2.816 0.02
ARIMA p=4,d=1,q=1 2.565 1.719 2.079 2.566 2.091 2.021 1.77
SSA' L., =96,G, =list(1:50) 0.853  0.178  2.142 1.768  4.289  5.023 0.02
SSA" L., =96,G_, =list(1:50) 0.853  0.730 1.686 1.987  2.904  3.161 0.02
MLR L, =24 2.547 1.729  2.026  2.912  2.418  2.360 0.02
SVR L, =24,0=3,¢ =0.252,0_,=0.023 1.353 0.241 1.374 2.893 2.278 2.121 0.03
RNN L=12,8 . =6,seed =100,steps =1000,17=0.03  2.058  0.828  2.630  2.556  2.484  2.671  3.13
GRU L=12,S,,, =6,seed =100,steps =1000,7=0.03  1.559  1.696  1.257  3.525  2.815  2.690 5.36
LSTM L=12,S . =6,seed =100,steps =1000,7=0.03  1.276  0.956 1.691 1.703 1.237 1.580  5.64

1E : f /N RMSE {E Al iR /NFE I iy T R 2k pRic
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Table 3 The first five groups of optimal parameters andcorresponding model accuracy for LSTM model ( Aircraft A)

o 2 T 5 8 ET S X4 B RMSE B —
L S e n 6 RMSE 1 AWl 5 2 AN 3 A8 6 At 12 it
1 3 21 0.005 1.261 0.694 0.921 1.261 1.154 1.676 1.56
2 14 10 0.03 0.321 2.539 1.834 2.506 2.390 1.909 3.63
3 17 8 0.005 1.311 1.923 1.824 2.137 2.004 2.041 3.94
4 19 11 0.03 0.289 0.054 0.762 1.290 2.058 2.061 4.84
5 4 16 0.03 0.584 3.860 2.759 2.395 1.991 2.081 1.66
=4 LSTM EHEFG S ARERASHAEASUREAERREE (B ©il)

Table 4 The first five groups

of optimal parameters and corresponding model accuracy for LSTM model ( Aircraft B)

LR 28 V%S DA B RMSE B 7
s L S e n e RMSE A 1 AW 2 A 3 I 6 RS 12 AN ez
1 10 7 0.005 1.794 1.703 1.209 1.005 0.942 0.864 2.55
2 3 18 0.003 2.288 0.833 1.398 1.162 1.227 1.571 1.44
3 19 18 0.005 0.945 0.495 1.804 2.206 2.093 1.636 5.95
4 3 13 0.003 1.978 0.306 1.400 1.517 1.300 1.647 1.31
5 3 6 0.01 2.056 0.563 1.436 1.440 1.182 1.647 0.97
AFF 5% ] S P 0 9k o
4 4

ASCHR T 2T LSTM flE 3R 40 22 I 2% 1) R ¢
g B I (8] 7 51 B0 5 3% , A4 X LSTM A58 7 g
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3) 5 A 2 YA 36 0 22 R 2% (RNN I
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Exploring LSTM based recurrent neural network for
failure time series prediction
WANG Xin', WU Ji""*, LIU Chao', YANG Haiyan', DU Yanli’, NIU Wensheng'"’

(1. School of Computer Science and Engincering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. Fenglai Vocational Education Central School, Beijing 100076, China;

3. Aeronautical Computing Technique Research Institute, Aviation Industry Corporation of China, Xi’ an 710068, China)
Abstract. Effectively forecasting the failure data in the usage stage is essential to reasonably make relia-
bility plans and carry out reliability maintaining activities. Beginning with the historical failure data of complex
system, a long short-term memory ( LSTM) based recurrent neural network for failure time series prediction is
presented, in which the design of network structure, the procedures and algorithms of network training and
forecasting are involved. Furthermore, a multilayer grid search algorithm is proposed to optimize the parame-
ters of LSTM prediction model. The experimental results are compared with various typical time series predic-
tion models, and validate that the proposed LSTM prediction model and the corresponding parameter optimiza-
tion algorithm have strong adaptiveness and higher accuracy in failure time series prediction.
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Frequency extension method of TEM cells based on
slotted waveguide antenna
SONG Chunjiang'*, FENG Xiaoyao’, DAI Fei’*

(1. Department of Engineering Physics, Tsinghua University, Beijing 100084, China;
2. Institute of Beijing System Engineering, Beijing 100101, China;

3. School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: In order to break through limitatiions in actual testing, the extension method of {requency range
of a transverse electromagnetic (TEM) cell is studied. Using the theory of electromagnetic field and microwave
technology, the influence of adding slots to the cell on the higher order modes is analyzed, and the suppressing
effect of slots on the higher order modes is reinterpreted by summarizing the variation of the distribution of sur-
face current. According to the principle of slotted waveguide antenna, a new method has been proposed to de-
sign the slotted surface of the TEM cell. Along with the numerical simulation of electromagnetic field, the pa-
per validates the effectiveness of an engineering method to suppress higher order modes and evaluates the accu-
racy of the control parameters and the constraint conditions. The effect of the new method is further verified by
processing a real cell and its measurement. The simulation and test results show that, without reducing the test
space and affecting the main mode, the engineering method of slotted cell can extend the bandwidth by 42.9%
by suppressing higher order modes.

Keywords ; transverse electromagnetic (TEM ) cell; electromagnetic compatibility; higher order mode;

working bandwidth; slotted waveguide antenna
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