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Fig.5 Variation of drop’s front contact point position with

time under different wetting differences
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Fig. 6  Variation of drop’ s front contact point position with

time under different Oh number
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between simulation and experiment
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Simulation analysis of ion thruster plume thermal effect
ZHANG Jianhua® , LI Jinghua, YOU Fengyi, ZHENG Hongru

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

Abstract; The plume ejected from a working ion thruster collides with the surface of spacecraft, which
may cause thermal effects such as thermal deformation of the sensitive material and lead to the failure of the
space mission in severe cases. In this paper, the plume thermal effect of LIPS-200 ion thruster developed by
Lanzhou Institute of Space Physics was simulated. The particle in cell (PIC) method is employed to process
the plasma motion, the direct simulation Monte Carlo ( DSMC) method is employed to deal with the collision
between particles, and the Maxwell model is employed to deal with the energy exchange between the particle
and the surface. Part of the measuring points in the experiment of electric propulsion plume thermal effect was
numerically simulated. The results show that the simulation results are in good agreement with the experimental
data. The error between simulation results and experimental data of the stagnation heat flow on the outlet axis
of the thruster is less than 17.0% . In addition, the influence of the heat flow meter on the flow field is mainly
concentrated within 0. 1 m near the heat flow meter, which has little impact on the overall flow field.

Keywords: electric propulsion; plume; thermal effect; PIC-DSMC method; numerical simulation
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Table 2 Comparison of LSCF radius of bulging parts profile based on experimental measurment data and finite

element fitting data with different bulging heights mm
— FL I 1) I H T Eﬁggﬁ.}u%
B (y,2) BN TR L (x,2) BN =T 22 B/ A A2
10 (-94.73, —159.32) 107. 16 (108.77, - 160. 12) 107.95 103.77
12 (-91.72, —133.30) 84.18 (113.19, - 133.25) 84.13 83.75
16 (-97.33, —114.89) 68.79 (117.74, -114.77) 68. 66 67.79
20 (-91.99, -94.10) 53.70 (117.51, -94.30) 53.90 55.15
22 (-92.85, -91.94) 52.35 (120.50, -91.92) 52.32 52. 14
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Table 4 Five-order polynomial fitting of bulging height-pressure curves
JE 13/ 5 R EZHAMA
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(MPa - s ) Ao Al Az AJ A4 As
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Effect of flow stress calculation on formability of aluminum alloy
warm sheet hydroforming
CAI Gaoshen'>” | WU Chuanyu', LANG Lihui’, GAO Zepu®

(1. Faculty of Mechanical Engineering & Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. Ningbo Xinglian Space Machinery Co. , Ltd. , Ningbo 315153, China; 3. School of Mechanical Engineering
and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: In order to research the influence of flow stress calculation on formability of aluminum alloy
warm sheet hydroforming, warm sheet bulging test was carried out to obtain bulging height-pressure curves with
different bulging diameters in this study. Based on the data of bulging parts profile measured by three coordi-
nate measuring machine, the least square circle fit (LSCF) radius were fitted, and it was found that when the
height-diameter ratio h/a was in the range of 0. 18 <h/a<0. 68, the corresponding value of roundness error
between the radius of curvature and the circle radius was 5% . By comparing the existing theoretical models for
radius of curvature and thickness, which is combined with flow stress calculation, it was found that the average
value of radius of curvature model Hill and Panknin, and the thickness model Kruglov-Hill are in the most ac-
cordance with experimental data. The combination model was used to calculate the bulging height-pressure
curves obtained by bulging test, and then the stress-strain curves with different temperatures and pressure rates
were obtained. It was found that there was a little impact on radius of curvature for different directions (rolling
direction and vertical direction) of the bulging parts formed with 7075-0 aluminum alloy at 210°C , while the
pressure rate can affect the stress-strain curves.
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Direct torque control of switched reluctance motor based on adaptive
second-order terminal sliding mode
LIU Yongzhi® , SHAN Chenglong, LIN Bowen, SONG Jinlong

( Aeronautics Engineering College, Air Force Engineering University, Xi’an 710038, China)

Abstract: The torque ripple of switched reluctance motor (SRM) can be reduced to some extent by tradi-
tional direct torque control (DTC) , but the torque ripple suppression effect is poor in the commutation zone.
And the traditional PI control has disadvantages of large overshoot, poor robustness and limited anti-disturb-
ance ability. Therefore, a second-order terminal sliding speed controller based on adaptive estimation of load
torque change rate was designed, which made the state of the system quickly converge to the equilibrium point
within a finite time. The controller will output the reference torque without the upper bound of the perturba-
tion. In addition, an improved sector segmentation method was used to optimize the voltage vector selection
principle in order to reduce the torque ripple which resulted from the commutation. The simulation and experi-
mental results show that the improved DTC system has good speed and control characteristics, strong anti-inter-
ference capability and good robustness, which can further reduce the torque ripple.
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Fig. 1 Sliding bearing of aviation fuel pump
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Table 1 Basic parameters of sliding bearing
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equations and actual values
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Lubrication characteristics analysis of a type of self-cooling
structure fuel pump sliding bearings

FU Jiangfeng' ", LI Huacong', FAN Ding', LIU Xianwei', ZHU Jiaxing' , LI Kun’

(1. College of Power and Energy, Northwestern Polytechnical University, Xi’ an 710072, China;
2. AECC Aero Engine Control System Institute, Wuxi 214063, China)

Abstract: The aim of this paper was to study the lubrication characteristics of sliding bearings for aero-
engine fuel gear pumps under low medium viscosity and self-cooling conditions. Based on the Reynolds equa-
tion for hydrodynamic lubrication of oil film and equivalent viscosity lubrication flow model, the energy equa-
tion of the internal flow was simplified by assuming the adiabatic flow of the gear pump sliding bearing, and
the thermal flow lubrication mathematical model of fuel pump sliding bearing was established based on the
combination of Reynolds equation and adiabatic flow energy integral equation. Then the lubrication character-
istics of sliding bearings, including the oil film pressure, oil film thickness, film temperature, surface leak-
age, and friction, were simulated and analyzed based on CFD numerical simulation and finite difference meth-
od under different clearance ratios, eccentricity ratios and width diameter ratios. The simulation results show
that the radial load calculation accuracy of sliding bearing is better than 4.0% by CFD method. The oil film
pressure decreases monotonically with the increase of the clearance ratio, and the oil film thickness increases
with the increase of the clearance ratio under the condition of constant eccentricity ratio. Under the condition
of constant clearance ratio, with the increase of eccentricity ratio, the oil film pressure gradually increases and
the oil film thickness decreases, while the oil film temperature is inversely proportional to the film thickness,
and the peak value of temperature is more and more obvious. Also, the oil film pressure of the sliding bearing
can be increased by increasing the width diameter ratio when the eccentricity ratio and clearance ratio are con-
stant. Therefore, in order to improve the lubrication performance of sliding bearing, it is needed to design a
reasonable clearance ratio, width diameter ratio and eccentricity ratio of sliding bearings by considering the
factors of oil film pressure, leakage, thickness and temperature rise and the interaction among them.

Keywords: fuel gear pump; sliding bearing; lubrication model; lubrication characteristics; self-

cooling structure
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RBF neural network tuning PID control based on UMAC

LI Ming" , FENG Hang, ZHANG Yanshun

(School of Instrumentation Science and Opto-electronics Engineering, Beijing University of

Aeronautics and Astronautics, Beijing 100083, China)

Abstract: The self-adaptability and robustness of traditional PID control and current fuzzy-PID control
adopted by universal motion and automation controller (UMAC) were not strong, and the static-dynamic per-
formance of servosystem controlled by them was not ideal. In this paper, RBF neural network was adopted to
automatically adjust PID control parameters, which could strengthen the self-adaptability and robustness of ser-
vosystem and improve the controlling characteristics of servo system. This control algorithm was implemented
by embedded PLC program of UMAC. The experimental results of step response and sinusoidal tracking
response show that the rise time of servo motorposition step response by RBF neural network tuning PID control
decreases from 0. 164 s by traditional PID control and 0. 118 s by fuzzy-PID control to 0.017 s, the peak time
decreases from 0. 196 s by traditional PID control and 0. 131 s by fuzzy-PID control to 0.023 s, and the setting
time decreases from 0.216 s by traditional PID control and 0. 142 s by fuzzy-PID control to 0. 025 s, which
mean that the motor responds faster. Meantime, the dynamic following error peak value of motor position sinu-
soidal response by RBF neural network tuning PID control decreases from 188 counts by traditional PID control
and 120 counts by fuzzy-PID control to 39 counts, and the error fluctuation issmall and steady, which mean
that the dynamic tracking performance of the motor is significantly improved.

Keywords ; universal motion and automation controller (UMAC) ; RBF neural network; self-adaptabili-

ty; robustness; static-dynamic performance
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Threat evaluation method of air target based on information
entropy and rough set

YANG Yuanzhi', ZHOU Zhongliang'** , LIU Hongqiang' , KOU Tian', FAN Xiangyu’

(1. Aeronautics Engineering College, Air Force Engineering University, Xi’ an 710038, China;

2. Equipment Management and Safety Engineering College, Air Force Engineering University, Xi’ an 710051, China)

Abstract; Aimed at the problem that rough set (RS) theory cannot deal with information system without
decision when evaluation issues are processed, an air target threat evaluation model based on information en-
tropy (IE) and RS is put forward. The model adopts IE method to calculate the attribute weights, chooses the
attribute with maximal weight to replace the decision attribute, and establishes a complete RS decision infor-
mation system. Furthermore, the data is discretized via attribute importance method. Then attribute reduction
and weight calculation have been realized with decision identification matrix, and the threat degree of air tar-
gets could be quantitatively evaluated. The model provides rough set theory a broader application field, re-
duces the requirement for prior information as well as the influence of subjective factors. The simulation results
show that the proposed method can realize an effective evaluation for air target.

Keywords: air target; surface air defense; rough set (RS) ; information entropy (IE) ; threat evaluation
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Status and evaluation method of surface tactile representation technology
YAN Xuezhi® , LI Ruige, WU Qiushuang

( College of Communication Engineering, Jilin University, Changchun 130022, China)

Abstract; Surface tactile representation technology can display characteristics of the displayed contents
through our bare fingers, realizing efficient and natural interaction on multimedia terminal screens. However,
most studies in this field focus on the force tactile interaction device, and do not systematically analyze the sur-
face tactile representation device. Moreover, their performance evaluation methods for the devices are too sub-
jective to provide an objective and reliable evaluation standard. Based on the sufficient studies of the existing
tactile representation technology, this paper focuses on supplementing and improving the surface tactile repre-
sentation technology in the last decade. We divide surface tactile representation devices into five types: Vibra-
tion, stress, air squeeze-film, electrostatic and electrotactile devices. Then, we introduce and analyze the
typical devices from working principles, device structures and performance indexes in detail. Finally, advanta-
ges and disadvantages of these devices are summarized. In addition, to solve the problem that the existing
evaluation method is too rough and subjective, this paper presents an evaluation method to the surface tactile
representation technology and seven evaluation indexes such as manufacturing difficulty and work area are used
to comprehensively evaluate the performance of the surface tactile representation devices. Expert evaluation
method and analytic hierarchy process are used to obtain the weights of four devices under each evaluation in-
dex. We also obtain the performance sorting of four kinds of devices in multimedia terminal application, provi-
ding reference for selection and evaluation of the surface tactile representation devices in other fields. Finally,
we summarize the shortages of the existing devices and discuss the future research and improvement directions.

Keywords: surface tactile representation technology; tactile representation device; performance evalua-

tion method; research status; human computer interaction
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Table 2 Expression of joint angle measurements
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Table 3 Expression of scale measurements
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Table 4 Expression of vertical displacement

measurement
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Table 5 Expression of horizontal displacement

measurement
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Dynamics modeling and kinematics calculation of webbed-feet during
cormorant’ s take-off
GONG Xiao', HUANG Jinguo’”, CHEN Hongyu’, WANG Tianmiao’, LIANG Jianhong™ *

(1. Laboratory of Robotics, Research Center for Computer and Microelectronics, Ministry of Industry and Information Technology,
Beijing 100048, China; 2. School of Mechanical Engineering and Automation, Beijing University of Acronautics and Astronautics,
Beijing 100083, China; 3. Shenyuan Honors College, Beijing University of Acronautics and Astronautics, Beijing 100083, China)
Abstract: The process of taking off from the surface of water for cormorant is a combination of flapping its

wings and its webbed-feet periodically. In order to look into the contribution of the latter that helps in taking
off and to compute each period in fixed quantity of the amount of force in each flapping action, this article ex-
plores the contribution of hind limb power to the process of taking off as well as the reasons of the need of leg
strength for assistance. At the same time, through introducing various types of water walking living creatures
and looking at the differences and similarities in the ways that nature creatures walk or run on the water sur-
face, the continuous flapping mechanism of cormorant and other aquatic birds on water surface is studied. Mo-
reover, by comparing the different modes and mechanism of water movement of basilisk lizard and cormorant,
an analogy is made to study the impulse generated by the webbed-feet which sustains the body as well as the
changes of webbed-feet beating the water. With the DOF of cormorant’ s webbed-feet defined, the periodic
flapping kinematics model during cormorant taking off is established. The D-H matrix of the leg joint angle and
the webbed-feet center coordinates, as well as the Jacobian matrix of the joint angular velocity and the webbed-
feet center speed are analyzed. Through the existing video analysis, the reliability of the model is verified, and
the basic calculation is made for the movement of the cormorant’ s webbed-feet and the horizontal and vertical
direction.

Keywords: cormorant’ s take-off from surface of water; webbed-feet; dynamics modeling; kinematics

model; kinematics calculation
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Fig.1 Residual ice characteristic length
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Table 2 Test matrix

Fo5 w/(r+min~") T/C
1 2400 -7
2 2700 -7
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Table 3 Characteristic length of residual ice in

different enviromental temperature (w =2400 r/min)

T/°C At/s l,
-2 427.4 0.735
-3.5 325.0 0.389
-5 259.1 0.433
-7 274.0 0.624
-9 360.5 0.904

5.3 Btk B I R R

MK B L T AR EFAE - 7C AL, A A
MR 52 o 5 00T M oK B v e B0 an AT 11 B
7 UK BT BTt B IR) A B ) A pKARFAE K BE 1,
FAPR.

TS IS SIS e TR SR S Sy = i)
AR IR AR UK, B AN B e 3 A2 Al T i 22

IrMT R 4 RO RS A B 1L AT, élf?’%L
N 2400 v/min I, 4 W R 19K ASTE 2 266 s I TT R
MR S R HE BT {EL i A 2 — 2 0 KR B T
Frmr S, B vs AR LA/ s 5L A = 2 2700 1/ min

(c) FREEILEE -5 Cal RN E 45 R

(d) BREZHLE Jy- TORfpRIBE A 45 5

(o) FRAEHAIE g -9 Cl RIS R

(c) fe 3 3 000 r/minfi PRI 45 5t

P10 BREE IR BE T K v B 5 e
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temperature on ice shedding Fig. 11  Effect of blade rotational speed on ice shedding
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Table 4 Characteristic length of residual ice in

different blade rotational speed (7 = -7°C)

w/(r+min~") At/s ',
2400 266.31 0.624
2700 198.57 0.389
3000 134.39 0.368
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Test of ice shedding on turbofan engine blade in refrigeratory environment
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Abstract; Due to the complexity and randomness of the turbofan blade icing shedding characteristics, it
is difficult to use computational simulation to obtain reliable results. On the other hand, icing wind tunnel test
can hardly be always applied due to its high cost. In this paper, a feasible, economical and reliable test meth-
od is proposed by using mixed-flow fan, water spray and temperature control system in the environment of re-
frigerator to simulate freezing weather condition during real flight. A scaled powered model of a certain civil
aircraft turbo-fan-engine is used as research object to study the blade icing and ice shedding characteristics and
rules in different working conditions. Before formal test, parameters such as flow velocity, liquid water con-
tent, and mean volumetric diameter are calibrated by anemometer, particle sizer, standard ice blade and me-
tallic grille. A fog absorber is created to solve the problem of fog recycling and accumulation, which makes it
possible to keep the stability of flow field in an enclosed refrigeratory environment. The test results show that
when the rotational speed is fixed at 2400 r/min, consuming time for shedding and residual ice characteristic
length decrease initially and increase afterwards with the decrease of environment temperature. The inflection
point appears when the temperature is in the range of —3.5°%C - - 5% ; when the temperature is fixed at
—-7%C , the consuming time for ice shedding and the characteristic length of residual ice decrease monotonously
with the increase of the rotational speed of blade.
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A fault tolerant high-performance reduction framework in
complex environment
LI Chao', ZHAO Changhai’, YAN Haihua''* , LIU Chao', WEN Jiamin’, WANG Zengho

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

2. Research Center of Geophysical Exploration, BGP INC. , China National Petroleum Corporation, Beijing 100088, China)

Abstract: Reduction is one of the most commonly used collective communication operations for parallel
applications. There are two problems for the existing reduction algorithms; First, they cannot adapt to complex
environment. When interferences appear in computing environment, the efficiency of reduction degrades sig-
nificantly. Second, they are not fault tolerant. The reduction operation is interrupted when a node failure oc-
curs. To solve these problems, this paper proposes a task-based parallel high-performance distributed reduc-
tion framework. Firstly, each reduction operation is divided into a series of independent computing tasks. The
task scheduler is adopted to guarantee that ready tasks will take precedence in execution and each task will be
scheduled to the computing node with better performance. Thus, the side effect of slow nodes on the whole ef-
ficiency can be reduced. Secondly, based on the reliability storage for reduction data and fault detecting mech-
anism, fault tolerance can be implemented in tasks without stopping the application. The experimental results
in complex environment show that the distributed reduction framework promises high availability and, com-
pared with the existing reduction algorithm, the reduction performance and concurrent reduction performance
of distributed reduction framework are improved by 2.2 times and 4 times, respectively.
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Path planning method for traction system on carrier aircraft
ZHANG Jing', WU Yu®, QU Xiangju' "

(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. College of Aerospace Engineering, Chongqing University, Chongqing 400044, China)

Abstract; A carrier aircraft moves on a carrier flight deck which has the characteristics of heavy work-
loads and multiple obstacles. In order to reduce energy consumption of the carrier aircraft and improve service
life of the aircraft engine, the carrier aircraft is usually dragged by a tractor on the flight deck, and both of
them form a traction system. In order to make the traction system can safely and efficiently complete travel
missions, a method is proposed for path planning of the traction system on the flight deck. Mathematic models
of path planning are established, which include kinematics models and maneuverability constraints of the trac-
tion system, a mission objective function and mission constraints models, and obstacle avoidance models. Ac-
cording to the above models, a method to search the optimal path is designed based on geometry theory and Di-
jkstra’ s algorithm. Taking a Nimitz class carrier as an example, a path of the traction system on the flight
deck is planned and tracking control simulation is carried out. The simulation results verify the reasonability of
the models and the effectiveness of the method.

Keywords: carrier aircraft; aircraft carrier; flight deck; path planning; obstacle avoidance
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Zonal behavior of angle of attack effects on vortices over
blunt-slender body

QI Zhongyang'®>, WANG Yankui'**, CAO Peng’

(1. State Key Laboratory of Aerodynamics, Mianyang 621000, China;
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Abstract: In order to achieve the high maneuverability of the air-to-air missile, the flow characteristics of
vortices over the blunt-slender body at different angles of attack were studied by wind tunnel forces and pres-
sure test in this paper. The Reynolds number is set as Re, =1.54 x 10°, based on oncoming free-stream ve-
locity and the diameter of the blunt-slender body (D). The flow structures over the blunt-slender body were
determined at different angles of attack according to the analysis of side forces, sectional pressure distribution
and the variation histories of the sectional side force with time. Four regions about the angles of attack are di-
vided, i.e. , attached-flow region (a<<10°) , symmetric-flow region (10° < ¢ <20°) , steady asymmetric-flow
region (20° <@ <50°) and unsteady asymmetric-flow region (a >50°). The flow characteristics of vortices
over the blunt-slender body at different angles of attack were discussed in detail.
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Table 3 Planning results of deorbit braking parameters
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Deorbit planning of reentry vehicles using ground track manipulation
SHI Shufeng, SHI Peng, ZHAO Yushan”®

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

Abstract; Aimed at the deorbit problem of reentry vehicles with constraints of reentry point location, a
deorbit planning method using ground track manipulation is proposed in this paper. The deorbit trajectory de-
sign of reentry vehicles is constrained by the parameters of the real-time orbit and the aimed reentry point.
First, based on the principles of orbital flight, the relationships between deorbit parameters and reentry point
parameters are established with the model of impulse thrust in ellipse orbit. And the principle of thrust appli-
cation for optimal deorbit is analyzed. Then, considering the influence of earth rotation and finite thrust, the
necessary condition of direct deorbit is proposed. The strategy for determining deorbit location is developed
with the method of nonlinear programming for the deorbit problem with latitude and longitude constraints of the
reentry point. And the deorbit braking parameters conforming to the fuel optimal requirement are determined as
a result. Finally, in the general case that the initial orbit does not satisfy the necessary condition of direct de-
orbit, the ground track manipulation method is proposed in terms of impulse thrust to satisfy the ground track
constraints.

Keywords; reentry vehicle; optimal deorbit; finite thrust; nonlinear programming; ground track manipu-

lation
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Fig. 1 Schematic diagram of variable damping buffer'
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Fig.3 Schematic diagram of landing conditions
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Table 1 Parameters of variable damping buffer

Z B BfH A S
kE/(kN - m™") 50 30 ~ 70
Coae/ (KN = s+ m™") 50 30 ~ 70
r 0.5 0.3~0.7

o= e /e, — BRI,

x2 HAEIRSEIE

Table 2 Value of of landing condition parameters

Z M AR MR (o —60.m9 +60]
/(%) BB e =6,0=0.667 (2,10]

“ EBA A o =0.4,0=0.0167 (0.3,0.5]
0,/(°) WL [0,45]

Wi —¥MH ;o—hRifE2E

K3 REMMUEIWER

Table 3 Analysis results of soft landing performace

PERESS bR ¥ bR e 2%
U/mm 436.281 1.207
S/mm 53.555 2.801
L/g 9.625 0.290
7/mm 1703.846 37.111
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Table 4 Accuracy analysis of response surface model

BRI SR Ryse/10 ™ R
U 1.525 0.998
N 10.25 0.999
L 1.856 0.999
T 1.321 0.999

4.2 ZFHHFUESEMALIEIT

N T BT B A AN TR R
A, AR SCRA KA U T W38 oy g F/ME LY
Kfp, 5 U.THLYRHES o0, Fl o, AL
LB bR, LSRR P ERLS FEp U T 0 /N BUE
5 S L e R BUE AN 2 78 B AR 29 3 4 1 4
SEARAR BT 0 Herp PR AR RS AR I S
o o 2 30 o AN Ak B A Sk — A H A eR B, AR
FEL T IR A LA R A A A,
H T B ARG A B A M RE AR AR 5V
AL LR K U A FE ST 360 mm,
T FA(E 32 T+ 24 100 mm, S () 3 4 %
140 mm, L (V7 AR 12 g0 Z5 b, AR SCHUIAL
FEL =02, @ RALBCF BTN

fi == dur + (1 =)oy
mingf, =~ ¢u, + (1 -oy

fy = du, + (1 =)o,
Iﬁmi" > 360 mm
[A. > 100 mm
.t %m < 140 mm (7)
% < 12g
=02

L) (v)
Ll < x, < x|
Kofexy = (koo ,r) ' HiIHE R, 2" 5 x,"



5 10 39

X2, 45 < 5 i e 22 BEL T2 22 b i A E 0 BT B 2 Al Ak

Jb AT 4R

Al ERIERN TR S ER; U, T, 5
S e Lo ST N ZE R R BB R U LT () fe /N
H5 S LKA, AN S —REEE HEP it
G HE (NSGA-T ) AT RT3, Bk S 50 &
mE s s,

TR AT R 3. 1 5 42 3] A o 17 TR
HEAT 100 000 ¥R 52 5 BB, Sl UL f T 1Y
B SR 22, R b U T d/MES SL 1Y
KA . G AT, 15 2% A0 Ak (8] LY Pareto
IR, FF25: 1] Pareto HV M TET QN 5 7R

TE Pareto 35 It fife 45 v, 56 MM 25 ili % i 2k B2
L E I N IRVE N B B xy = (k7 e r”) ' =
(57460. 663 N/m,42 509. 866 N - s/m,0.638)To
W 2 AR AR AT ELAR R FE Ul L 000 A B AR 55
PEAT SRR B AL, i BT 19 B O b
PERE M BT 5 R N3k 6 FR .

M8 0 AL 1T J5 9 2 000 2H 52 45 = % B 40 2%
R UL T s B & 6 iR .

PR3 53R 6 MEs R ifks, UL
S.LFNT RV A RE R AR IH Y O AT T, U
PEESRTE T 0.281% FRifEZEIGIN T 6.379% L
P PEREAR T 1.455% bR ZREAL T 19.310% ,T
M PBIEREAR T70.141% bR 172.576% .

x5 MMUsHEE

Table 5 Value of optimal parameters
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Table 6 Analysis results of soft landing performace

after optimizaiton

PEREE bR ¥ oE bR 2%
U/mm 437.505 1.284
S/mm 49.588 2.564
L/g 9.485 0.234
7/mm 1701.452 38.067
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Performance analysis and parameter optimization of lander with
variable damping buffer
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Abstract: In order to analyze soft landing performance of typical legged lander with variable damping
buffer, the dynamic simulation model of lander was established. Based on the simulation model, the soft land-
ing performance of the lander in the uncertain landing environment was analyzed by using Monte Carlo meth-
od. The sample points were obtained by using dynamic simulation model and optimized Latin hypercube exper-
iment design, and the incomplete three-order polynomial response surface surrogate models which reflects the
complex relationship among the configuration parameters of landing gear, the landing environment parameters
and the values reflecting the soft landing performance were established. In order to obtain the variable damping
buffer with best performance, the buffer characteristic parameters of the variable damping buffer were opti-
mized by combining the response surface model, Monte Carlo method and non-dominated sorting genetic algo-
rithm [[ (NSGA-1I ). The simulation model verification shows that the optimized soft landing performance of
lander with variable damping buffer is enhanced.
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Carlo method ; multi-objective optimization
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Multi-model estimation of HGV based on coupled
aerodynamic parameters
ZHANG Kai', XIONG Jiajun®* , FU Tingting’, XI Qiushi’

(1. Department of Graduation, Air Force Early Warning Academy, Wuhan 430019, China;
2. Early Warning Intelligence Department, Air Force Early Warning Academy, Wuhan 430019, China)

Abstract; Using aerodynamic parameters to model the unknown aerodynamics is an effective way to im-
prove the tracking accuracy of hypersonic gliding vehicles. The aerodynamic acceleration and its derivative is
analyzed to prove the necessity of unknown aerodynamics modeling in this paper. Based on the non-coupled
aerodynamic parameter model, two coupled aerodynamic parameter models, the Bank model and the spiral
model, are constructed by using the priori information of the aerodynamic acceleration in the turn and pitch di-
rections. The target’ s state and aerodynamic parameters are estimated by a decomposed estimator, and the
state filter and the aerodynamic parameter filter are deduced respectively. Meanwhile, considering the maneu-
ver frequencies of parameters in different flight modes, the interacting multiple model tracking algorithm is
built based on the coupled aerodynamic parameters. The simulation results show that the accuracy of the pro-
posed algorithms is significantly higher than other tracking algorithms for such targets. In the meantime, the
performance of the bank model is better than that of the spiral model, and its computational complexity is
smaller.

Keywords: hypersonic flight vehicle; maneuvering target tracking; aerodynamic parameter; dynamic

modeling; interacting multiple models
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Fig.2 Simulation curves of attitude angles of

fuel-optimal attitude maneuvers
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Fig.3 Simulation curves of angular velocities of

fuel-optimal attitude maneuvers
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Table 3 Terminal accuracy of attitude maneuvers

using Monte Carlo simulation

2R P i A 8 LQR MR i

% ¥ g o 17 FRARLIE-Z % 1
¥oMm WuExE B OE b E

v/ () 0.0047  0.0047 -0.046  0.2223

0,/ (°) -0.0565 0.0565 -0.050  0.1183
/() 0.0284  0.0284 0.020  0.1980
0 /((°) +s™') 0.0046  0.0046 -0.0083 0.0768
w0,/ ((°) =s7') 0.9946  0.9946 1.0148 0.0316
wy/((°) - “) -0.4962  0.4962 -0.4897 0.0557

R4 EAENHERBFFHEGERE
Table 4 Simulation time of attitude maneuvers using

Monte Carlo simulation
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Fuel-optimal attitude maneuver using linear pseudo-spectral
model predictive control method
FENG Yijun, CHEN Wanchun” , YANG Liang

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

Abstract: In order to perform large angle attitude maneuvers of spacecraft outside the atmosphere, we
propose a fuel-optimal large angle attitude maneuver strategy using modified linear pseudo-spectral model pre-
dictive control method. First, a fuel-optimal attitude maneuver trajectory satisfying initial and terminal con-
strains is planned offline. Then, the nonlinear equation of motion is linearized under the condition of little per-
turbation based on the planned trajectory, and thus the linear perturbation propagation equations are obtained.
Finally, the analytical solution of fuel-optimal control correction to the planned trajectory has been derivated
through the discretization of state variables and control variables using Gauss pseudo-spectral method. Numeri-
cal calculation and Monte Carlo simulations were performed to validate the feasibility and effectiveness of the
proposed strategy, which can provide real-time control with terminal state satisfied in high accuracy and save
almost 10% fuel cost under the same control precision compared with traditional linear quadratic regulator
(LQR) tracking method.

Keywords: attitude control; linear pseudo-spectrum; model predictive control; fuel-optimal; trajectory

tracking
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Table 1 Mechanical properties of 7B04 aluminum alloy

VIES e BofH
E/GPa 70
0.,/ MPa 449
o,/MPa 490
v 0.3
o{/MPa 916
b -0.0803
& 0.2316
c -0.8734

P TR T 400 1% 4 4 Bl e R BE AR 432 A
B .C D4 A, L 20 4558 3% 8 — SN2k 46 26
TP, AR 20 AN TRAT /N 2o 3 0 HEF) T
2R

XHIZ 5 F HEAT AT B TG 20 BT, 15 2192 45 48 fa
AL 5 BR o XS A 2SR R VR S R
FAL I 6 AN IO AR 43 8 K W g 43 5 1 i [ g AR
B 6 K7 s His), sy s 505l 3 AN IE N
10 KNy 51, 8052805 90 B 3 AN VIR Ty 43 &t
KA,

Ay SR R 3 Bl AR i 22 B 57 75 fr o A 7
TR GE M FE B A AL AT F A WO . WA, AT
Pl A 22 Bl 28047 XoF 45 A8 AP % 55 7 i 19 S I, SR T
AWK S5 9% 57 19 Manson-Coffin J5 7 % 25 #4) {4 3 17
F A W . Manson-Coffin J7 72 4 i IV AF -7 iy #H
LA

’
Ae 0y

> _f(sz)” +&(2N,)" (18)
R2 RHLFE LG fE B AR AL B 1 i HE SRR
Table 2 Load spectrum arrangement sequence of an

aircraft structure’s dangerous part

AT AR AL VR T AT AR AL AV A
1 A 11 B
2 B 12 A
3 A 13 B
4 B 14 A
5 A 15 B
6 B 16 A
7 A 17 B
8 D 18 C
9 C 19 D
10 D 20 C

KS SR Tz K fE s wR s

Fig.5 Stress contour and critical site of structure
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Fig.6  Strain-time history of an aircraft

structure’ s dangerous part
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Table 3 Results of fatigue life estimated by different methods

Wang-Brown J5 %

T 45 Bannantine-Socie J7 7% FE-TfEHK % Manson-Coffin J5 i
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Comparative study of variable amplitude multiaxial
fatigue life analysis methods

LIU Tiangi', SHI Xinhong' *, ZHANG Jianyu®, FEI Binjun'
(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. College of Acrospace Engineering, Chongging University, Chongging 400044, China)

Abstract: Three commonly used variable amplitude multiaxial fatigue life analysis methods, including
Bannantine-Socie method, Wang-Brown method and Wang L-Wang D ] method are reviewed briefly based on
the current researches on variable amplitude multiaxial fatigue. Then, the algorithms of the three methods were
introduced and calculated codes were written. Finally, the fatigue life of an aircraft structural component,
which is subjected to complex variable amplitude multiaxial stress state during their service, was evaluated
using the three multiaxial fatigue life analysis methods. In addition, uniaxial fatigue life was analyzed using the
Manson-Coffin equation to compare the effect of multiaxial fatigue loading on the fatigue life of the structure.
The comparison results are as follows: the estimated result of Wang-Brown method is reasonable, the Wang
L-Wang D J method gives a conservative prediction result, the prediction result of Bannantine-Socie method is
greater than that of the other two methods, while the uniaxial fatigue life analysis method gives more dangerous
prediction result.
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Maneuvering group target tracking with multi-model
GGIW-GLMB algorithm

GAN Linhai, LIU Jinmang™ , WANG Gang, LI Song

(Air and Missile Defense College, Air Force Engineering University, Xi” an 710051, China)

Abstract: An multi-model Gamma Gaussian inverse Wishart-generalized labeled multi-Bernoulli ( MM-
GGIW-GLMB) algorithm is proposed for multiple maneuvering group target tracking. A multi-model approach
is introduced for kinematic modeling, and best fitting Gauss ( BFG) approximation is used to fuse the multiple
models in the prediction stage, which subsequently ease the computational burden of multi-model approach.
For a further performance improvement for target maneuvering, strong tracking filter ( STF) is introduced to
correct the predicted covariance calculated by BFG. The optimal sub-pattern assignment ( OSPA) metric and
its one standard deviation and labeling correctness are used to measure the maneuvering group target tracking
performance of the algorithm. The simulation results indicate that the proposed algorithm can improve the per-
formance of maneuvering group target tracking in accuracy and stability.

Keywords : generalized labeled multi-Bernoulli (GLMB) ; Gamma Gaussian inverse Wishart ( GGIW ) ;
best fitting Gauss ( BFG) approximation; strong tracking filter (STF) ; group target tracking
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Exact background subtraction processing technique in RCS
measurement in time-variant environment
YUAN Saisai, LIANG Liya, XU Xiaojian "

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

Abstract: In outdoor radar cross section (RCS) measurement, background clutter cannot be suppressed
effectively using conventional background subtraction technique due to the fact that, influenced by time-variant
outdoor environment, the amplitudes and phases of radar received returns collected at different time interval
are not perfectly coherent. A parametric model is developed to characterize the effect of such a time-variant
environment on radar received returns. Meanwhile, a technique for improved exact background subtraction is
proposed based on the parametric model. First, the return data of specified region with an ancillary reference
signal available is extracted from the measured return data to estimate model parameters by means of de-noising
cross-correlation algorithm and coherence function optimization. Then, the amplitudes and phases of the re-
ceived signals can be compensated using the time-variant parametric model, so that complete coherence can be
achieved. Finally, background subtraction can be implemented on the amplitude and phase compensated data,
resulting in exact background subtraction. The experimental results are presented to demonstrate the feasibility
and usefulness of the proposed technique.

Keywords: background subtraction; radar; radar cross section (RCS) measurement; time-variant envi-

ronment; coherent compensation
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Table 1 Parameters of tethered system

F R RFPUMET /N 100
TR F i/ kg 100
FEBR/ (kg - m?) 166.67
a8 H AR TR ke 8
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Tether swing control of tethered system based on
nonlinear model prediction
ZHANG Yujing, ZHONG Rui”

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

Abstract; On the stability control of the rope system, a stability control method of tether swing for teth-
ered system consisting of tether and tethered satellites during deorbitting is proposed in this paper. In this pa-
per, a model of motion including satellite attitude motion is eatablished, and the dynamic equation of deorbit
tethered system and the simplified equation that is convenient for controller design are proposed. According to
the model prediction theory, the reference trajectory is designed by the optimization method, and then the sta-
ble tether swing nonlinear model predictive control method is designed based on the model predictive control
method in this paper. Then, the feasibility of the designed controller and the reference trajectory are verified
by the simulation of MATLAB software platform.
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Fig. 1 Schematic diagram of 3D laser scanning
system mechanism design

TRl BERE B e RG il 2 AL Rl o — S AL B,
v ) i 1) 2 25— A4 ' ) B AR SRR 1 TE A b
TR o VAR 2 AR Sl Y 4 BE A R ) e Bl Y
AL, RIVAT 7 52 2% 22 23 i) R TG SE BRAL B Dh g, A
4% 1) 25 15 5% Bl LA O 0 B 122 SR 2% 1) DR 4 41
AR . OGN B AL RS 22 R A S T e AT
T PR SR BT I S R O I A Ja
i B 2 i T A P T 5 306 I B A% S Ol
FA4 - T AH 5, 3O N0 B A TR A A AV 41 48
I LGE 5% b b o oAy il 6 AT ARFAVD e %
1.2 Z#%NEBFEE

Btk = 4E I B R GEAS A R AL, E 3 A AR
A (L 2) - OBOLIEE 1L A AR R B, A
(E T AR TR OG L, X 55 3O I B JE s e e
W17, X,0,Y,  “HEEOCHRE, | B b
TR i % Zh i s AL AR R QI BE R GE AL bR R { AL,
iR DA O I B AR e e i & 5 Y, 0,2, F-
TET PR 52 X il 0 e e e Al P L Y P AT T Y,

e bR R AT
==

K2 R R

Fig.2 System’s coordinate systems



2210 Bl P NN o

T

2018 4F

B, AR AR LA D B E B B B B 9 3h AR R R
@WIIR M FRZR LA | AN T 22 3 ST SE Y Ak
PR AR AR SCRE SCH S OB I BE A2 RS 4 Sk 21 fe
PLERAY AL A

W& 3 7, DA I B0 A S 48 A bR & | B
FEAE B PO A A AL — 5 p O TN RS
SRR 1T B B B AR, o D R B B PO OB R AR
2 A 01 TP B [ R (. B0 TN A
A 2 [ — R P RO (p, o) BAES LT

P i AE=S A A AR 2R A B ) = HE A AR (v, ,2)
X = pcos o
y = psin o (1)
z =0

FEAL B % 1Py 8534 B () A B A X
(AN FERE SRR, R R L B AR T AL %
B RS — A PTE2 NRARER (AL LB

“*p . P(x,y,z2)
3 WL R A2 i AL An AR
Fig.3 Coordinate system of laser ranging sensor
(MR P P BAT AR
‘P =,R"P +'P,, (2)
FARRAL 1 3 73 e % 40 W R, B (3) 7 o
Hor a B Al y S AR R 2 8 5% MR A

[40s ycos B cos ysin asin B - cos asin y  sin asin y + cos acos ysin B
;Rz)fx(a,ﬁ,‘)/) = Bos Bsin y  cos acos y + sin asin ysin B cos asin ysin B — cos ysin aEl (3)
U sin B cos Bsin « cos acos f3 U
WO BE % BR A AE AT R ok 4 TP = RGR'P +'Py,) (6)
PRAAAL i B AR bR R AT o B2 AedR R BV S HEROL I RGBT e BRI A
HIXE (G0 B R 19 i AT, 1A 5 1A | B o ENEE
%,Xﬁﬂﬂﬂﬁ@—ﬁlo W&E%ffﬂi&ﬂfﬁﬁﬁﬂj%/l%%x %E = IER (a,8,7)5 ﬂ@ + [T, EIEI (7)
Bilisas A L 0 1AL S0 4" | wiest B g 58 B HH
B R 2 n
o 0 0 FERESEIE L R 88 X, WhBERE (1) 0 Ay 20
VR(X.0) = [ cosg - sin o[ (4)  EEXLY R Z g AL G ATE D R T A R A
(I

sin & cos 6

P ="R'P (5)
X (2)AUA(S) 733 25 AL — s
HEFOC AR F A AL AR 2] [ AL AR 2 Hh AR BRI 78

(AT PP = A bR fE s Ty T, AT, D SO0 TN
PRI R RO 0 a5 0, AN TR il h 0 2 0,
LB S HL

KR (T) RIFAAFE (X, Y, 2)"
B

xcos ycos B +y(cos ysin asin B —cos asin y) + T, [

U

é]— %os O xcos Bsin y +y(cos acos y +sin asin ysin B) + T, ] —sin @( —xsin B + ycos Bsin a + T,) %8)
L1

0

Qﬂ@&

[Sin [ xcos Bsin y +y(cos acos y +sin asin ysin B) + T, ] +cos @( —xsin B +ycos Bsin a + T,) %
A (a,y) "I L (1) 15 50 A Bl 0 A 1

HEFOCIE AL AL PR & { B A B JsU iR il i 65 (XY
Z)" AT EE AR R AT P AR AR A,

PEHE AL IR AR A3 20 (a, By, Ty, Ty, T,)
W5 = RO 31 1 28 40 eI MRS A5G i
THUBRE P 1K J3E 0 28 G BORS JEE 19 1R 22 R il

FH A RA M IE (B BRI A5 BT ESREM (B, T Ty, T,) " SR,
B AR BT B BRI AR R B 5AAR R (4] R T = HES1 1 R GE 0 I H0R JEE , R A a0 224

%%B’Ju“’“a (a,B,y,Ty,T,,T,)" VLKA R
RAAT T 5 RIA] R RTEREME 0, 0 v

SR AT HE I S R G SRR AT 2 bR
12 R = HE O AR G i RS



5 10 39

B — P = RO R B K2 e E

Je AL 4R
211

2 SHIRE

2.1 #HREXRBARSZIRIT

PRE LI RGBT ANIE 4 Fron, iR B
FIARE AR AL o AR 3 77 250 & S B E YY)
PRIEAT I S, ) o8 A 0 490 A 1) 52 B 00 245 2R 5
HOB SR Z I MR 22 R E TR R R RS
ASCR AT — B LA 5 AL IE A5 A AR B E R
G, AE V- b 2 A b AT IBTE 3 £L AR 0 e iR TR AR
AR F 0 R AR AN [R] 1X 0 v A v 28 BB R 30T
B FL Y 3O A o 32 IR AL Ao i 1 AR
VeI Z 5005 5 BT FH BRI AL o AR E AR 9 50
e s fron, 34 6 AN AT FI A A R IR AL SR AL T
xz PRI . 25 5 1 6 N RFAE AT, d, (d, 70 3
PERbRE R X Rl Z 5005 1 L RSE o e
FEAR BB LENT 1 5 A% sh s e B 2 BT Y —
URFE S 0o, 5 A A AR y AR B A L
PE T EEAS 45 5 S5 B0 4 AiE L R AE XY R Z T 1)
ISR R COR A 2R Y AR o AR SR
Kb AR E R TR G R S P, W 2R AR
SEART- 5 ] 2 R A il o s ) PRAE T A T

K4 bR Rg
Fig.4 Calibration experimental system

d =240 mm

d__"l2[} mim a"_.' 120 mm

d =240 mm

K5 b bios B

Fig.5 Schematic of calibration plate

PEHBURFAE SR T IR

1) 6 (a) Sy SOt I B A2 J% 2 0 41 il 45 3
AL o YOG DU B A % 2 11 Jir i 0 i AR
P (1) AT 45, PRl LAAS 332 41 1 48 B T A
TEAEBR A B AP 9 AR AR AR o

2) [ 6 (b) Sy SOt I AL 2% g R A0 41 48 45 2
1 T R o = ZEMOE Al AR S 1 s i AP
FELBIL K Sl O 0 B A SR ke AT AREAVD 41 4, 5 B A
TE M- T A BT A S e TR T RUAR 3 X (1)
FHEIARE AT B U a R AR R B P
MR AR o

3) B 6(c) MARIURA AL L Y AR BRAE . 38
AT H AR B A BEALAR A RO i
Ao B AL O Y 1 8 2, PR ke AT LA 3 [ L RO A
14 A8 B AH o

4) & 6(d) i i K 5 5 8% Bl b E AR AR A
Z AR E KR AE , d, FoRAE Y 5 1 i JL A R
o FEA RIS BUAR E AR A [ A N 2
19 AL A AR AR L, T e 2 B R I a5 4

(c) HRI I FL AP, (d) BalifiE i
K6 g ik A J 2

Fig.6 Schematic diagram of calibration process
2.2 WREHEZE

FroE Sk H By 2R 48 2. 1 9 HrRe Ak 23 i
BEMFXG)FHRES K (a,B,y, T, T,,T,)"
HEATACIE A4 2 R G p DU oA B . iR TE S P 3t
A on AFFAEAC N 201 1 BE R4S BT AL AR R
[BI Xt n AN HEAE 5 0 AR bR (E, FRIE N [a,y )
(i=1,2,,n) 5 1 41 & pbr et A2 b A IR
AL X B R AE ST AR B R LA R AR AR
N(Xy, Yo, Zy) "o AT 2 4LAR R I, X}
BLPEAE 12 HAFAE i, AR AR AR R (AT | iy e
AL BRAE N



2212 G| AN I T N N = 4

:Il:ﬁa—#li

2018 4F

CX Y20 = (XY, Z,)"
%XZ,YZ,ZZ)T=(XO +d Y, Z)"
cax,,Y,,Z) " =(X, -0.5d,,Y,,Z, —d.)"
Y, Y., Z) = (X, +0.5d,,Y,,Z, - d)"
X, ,Y,,Z)" =(X,,Y,,Z, -2d.)"
CaX,,Y.,Z)" " =(X, +d,,Y,,Z, -2d.)"
Y,,Z,) = (X,,Y, +d, ,Z,)"
%XS,YS,ZS)Tz(XO +d, Y, +d ,Z,)"
COX,,Y,,Z,) =(X, -0.5d,,Y, +d ,Z, -d)"
0s Y0 Zy) " = (X, +0.5d,,Y, +d ,Z, —d)"
L, Y0, Z0) " = (XY +d,, 2, - 2d)"
Ly, v, Z20) " = (X, +d,,Y, +d,,Z, -2d.)"
(9)
AR s oy SR B (8,7, Ty, Ty,
T,)  FI(X,, Yy, Zy) " ARAE i AE AR R LA™ |
A 1) I 5 PR R 22 Jee /Dy, ISR A =X (10)
JIT 73S 1 B P fige i) 7L
min Z(Exi+Eyi+EZi)

(éxyg[l;jczox;;]c[g)s Bl:i y;(cos ysin asin 8 -
g cos asiny) + T, - X,]°
LA, = {cos 0,[x,cos Bsin y + y,(cos acos y +
sin asin ysin 8) + T,] —sin @, -
% (- x;8in B + y,cos Bsina + T,) =Y, |’
%Z,- = {sin 0,[ x,cos Bsin y + y,(cos acos y +
El sin asin ysinB) + T,] + cos 0, -
L1 (—xsinB +ycosBsina+7T,) - Z|*
(10)
2 (10) Sy S 70 1y 3R 24 i /)y — Rk A AR
WL E, E, E, W XY .2 J5 0 it
S EA R ZE . ASOR LT SCHk[20 ]9 Di-
rect 22 R ARSI, BOE AL B bR S AR
RAFZH 22 )R T AL i o

3 MEXBREERDH

3.1 RugwEH

SHEOCHM R G R E 7 R, K22
By 42 B O 2l Hy 2 ORI B AR IR R s B
YRR = AEWOC A R G, T4 R R B
WP RIS, e S B =4 AR, =
O R G 4 HOKUYO UST-10LX —
A O BE A% R (A2 IA I K JDXZ-100 [ A BE T
¥ B A NI myRIO fi8 A 2CHF & Al 6] 25 4 AR
MU Z AR N o b a8 T2 56 7 48l K 2% 0 & R
B — o B T L R A R ZH B O DN B A Uk
A A T A 356 [ 2270, KT 41 4 SR A 1)

L

O B AL g

NI myRIO
fe ACH Jeti

B 7 =4Ot E R RS EUR B
Fig.7 Structure diagram of 3D laser scanning system

B R 0. 25° 35 KA R I 3 i J2£0. 06 ~ 10 m, H!
REVIG 01 O TN B A7 JRR A W 9 8 A T IR AFD R 32 1Y
i, = 5 NI myRIO dix A 3T % A 42 il 19 25
HEE LR Bl , 5 8l oy BEAR3K0.001°, 2 1 5K
4 R (1) o R DG T, A 552 36 5 AP 40 o R A 1)
ok 0.15°,

BRI RGN ZE— H IE K DrRobot 23 7] 4
FERHER 4 KA E HLAF A (Jaguar-4 x 4-Wheel ) |

—GE T AT = NSNS A .

3.2 HREXW

b B AR A 8 s, Z4EHOt I R
GitrE BN 9 s o 8528 B LR B L2 3 TE
NHK90 FaifE % & L Mg Rk 12 em x
12 em , 76 2 MU A b 48 28— 8 Bcaat HAH X7
KR CHMR L, 22 B LB AR K10 em bR & AR
BWOCIM AL &S N 2. 0m, 24 RAESE2. O mAb Ay %L
W, F% 2 5 W 6 b o AR O T B A% IRk 2
2.2m Ak, HERAE 2.2 m AR EHE

( NI myRIO(#% 1 28) )
R = RO RS
| SO (G RR R \

:

Visual Studio20137-&

] CHETHEAREEET AR |

PR TR bRE HRY
BfL A b
L

'

(MA TLABi /e j(ﬁjf>

P8 A 51 1 il AR A ]

Fig.8 Flowchart of calibration algorithm



5 10 39

B — P = RO R B K2 e E

Je AL 4R
2213

TE2.0m F12.2m REM K 6 A5 L H O A5
TCATEAR AR R { B H A I 5 E0E an e 1 R .

WA E 30 FE AN 3R 2 PR, P16 (8 1%
JbRE S Ee . Hd Ty 2 50 mm, 2%
) P A2 TR 22 2 o7 T e B Tl ) RO R B EL
2 SO AL A I BEAE B X f1 Y B A
A LA 40 mm Sy i, 2 R IR RN RS B
Z T, T, # T, EFTHLS5mm HEHE, .8 v

BN FRL 20 R i
Dgﬂg B2z LB B
e

SRS
RIGHBA g .

P9 SAMOLE RS E

Fig.9 Scence of 3D laser scanning system calibration

x1 ELPORLRE

Table 1 Coordinate value of circular hole center point
b g OB s g 22 m BHALTD
A bRAE/ mm A R/ mm

1 (208.90,2015.86,0) 7 (203.33,2225.31,0)
2 (451.83,2025.42,0) 8 (450.04,2230.17,0)
3 (93.47,2011.62,0) 9 (90.09,2214.50,0)
4 (340.23,2022.84,0) 10 (337.90,2220.12,0)
5 (208.96,2016.36,0) || 11 (203.61,2225.30,0)
6 (452.58,2029.35,0) || 12 (450.22,2229.64,0)

R2 KMEVIHEMETHRE
Table 2 Initial value and upper and lower

boundary value of unknown variables

bR S 8L ¥l he E T 5 S
X/mm 208.90 168.90 248.90
Y/mm 2065. 86 2025.86 2105.386
Z/mm 0 -5 5
a’/(°) 0 -2 2
B/(°) 0 -2 2
v/ (°) 0 -2 2
Ty/mm 0 -5 5
Ty/mm 50 45 55

T,/mm 0 -5 5
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Table 3 Calibration results

b S 4L B
X/mm 212.35
Y/mm 2 055.97
Z/mm -2.82
a/(°) 0.011
B(°) -0.091
y/(°) 0
Ty/mm 1.34
Ty/mm 45.01
T,/mm 4.96
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Fig. 10  Histogram of mean and standard deviation
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Table 4 Reprojection error

o5 ) X J7 1) Y J5 I Z J5 Tl
S35 Y iR 22/ pixel 0.42 0.48 0.87
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A 3D laser scanning system design and parameter calibration
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( Shanghai Key Laboratory of Intelligent Manufacturing and Robotics, School of Mechatronics Engineering and
Automation, Shanghai University, Shanghai 200444, China)

Abstract: Dynamic environment map construction technology based on 3D laser scanning system has been
served as one of the important intelligent perception technologies for mobile robots. The design and calibration
of 3D laser scanning system place a decisive influence on the accuracy of the constructed environment model.
For implementation on low cost and miniaturization of 3D laser scanning system for small mobile robots, a 3D
laser scanning system composed of high precision rotating cloud platform and small 2D laser ranging sensor is
designed, and a new system parameter calibration method is proposed to improve the accuracy of 3D scanning
measurement. A hollow circular hole calibration plate was used as the calibration object to capture the 3D
scanning features automatically and accurately. The parameters of the 3D laser scanning system were then opti-
mized with a nonlinear least square algorithm. The experimental results demonstrate that the designed 3D laser
scanning system can accurately capture the 3D information of the surrounding environment, which realizes the
3D scanning data technique for high-quality environment modeling with a relatively low cost.
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Inter-block physical layer security structure design for polar code
under FTN transmission
ZHANG Chenyu, LIU Rongke "

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

Abstract; Wiretap channel is a widely-used model to describe physical layer security and polar code
shows potential in wiretap channel model due to its polarization characteristic. A new inter-block encryption
security scheme without the need of acquiring signal-to-noise ratio (SNR) is designed for the polar code under
faster-than-Nyquist ( FTN) transmission condition. With the scrambling module and the channel degradation of
the wiretap model, the bits noiseless for the legal receiver but noisy for the eavesdropper are diffused and a
one-time-pad secret key can be generated in each block. The physical layer difference of the main channel and
the wiretap channel is applied to generate secret key sequence with is decipherable for the legal receiver and
undecipherable for the eavesdropper. The secret key sequence is applied for encrypting the next block, achie-
ving inter-block security transmission within secrecy capacity. The simulation result shows that under the cir-
cumstance of FTN signaling, when the channel SNR of eavesdropper is fluctuating from that of the main chan-
nel, the inter-block secrecy scheme proposed for the polar code can achieve confidential information transmis-
sion even when the average channel degradation of the wiretap channel is 0 dB.

Keywords: polar code; wiretap channel; faster-than-Nyquist ( FTN) ; physical layer; inter-block securi-

ty structure
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Numerical simulation of melting process of phase change energy
storage unit under microgravity
RUAN Shiting, ZHANG Jimin, CAO Jianguang”® , WANG Jiang, XU Tao

( Shanghai Institute of Satellite Engineering, Shanghai 201109, China)

Abstract; In order to explore the melting process of phase change materials in the phase change energy
storage unit with fins in microgravity environment, the heat transfer and flow characteristics of phase change
materials in microgravity environment are investigated by numerical simulation. The accuracy of the numerical
simulation was verified by comparing the numerical simulation results and experimental results in gravity envi-
ronment. The numerical simulation results under both gravity and microgravity effects were compared to reveal
the characteristics of the phase change material melt process in microgravity environment. The results show
that when the phase change energy storage unit is in microgravity environment, the melting rate of the phase
change material obviously decreases, and the heat is mainly transferred by the heat conduction. The expansion
of the melted phase change material extends from the top to the space, and the local low temperature zone is in
the upper-middle of the phase change energy storage unit.

Keywords: melting process; microgravity ; numerical simulation; experimental verification; temperature

distribution ; solid-liquid distribution
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Abstract; Zero-Doppler clutter (ZDC) caused by the surrounding environment of an outdoor measure-
ment field is one of the major factors which degrade the accuracy of the target scattering signatures in wideband
radar cross section measurement. A new technique for ZDC estimation based on maximal probability is pro-
posed to effectively suppress background clutter and improve the measurement uncertainty. In this technique,
an initial ZDC estimate for each frequency is obtained by sliding windowed average of the samples over azi-
muthal angles. The maximal probability amplitudes of the initial ZDC estimates are then calculated for each
frequency. Refined ZDC estimates are finally obtained through threshold processing based on the maximal
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achieved. The experimental results of outdoor data processing for typical targets are presented to demonstrate
the effectiveness of the proposed technique.
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Table 2 Test results of classifiers
T % 2 K
e
12 7 R e K P K 1% 7 R el K& L K
CV-SVDD 0.7933  0.7827  0.9926  0.0447 221.07 322.26 91.07 100. 70
CV-MKSVDD 0.0222  0.4878  0.5149  0.9930 576.72 677.08 827.71 161.73
BA-SVDD 0.1531  0.0100  0.5245  0.5832 561.73 656.93 280. 13 327.91
BA-MKSVDD 0.2608  0.4970  0.5512  1.000 481.60 595.19 499.96 520.38
CRBA-MKSVDD 0.1956  0.3949  0.7397  0.3726 463.24 638.42 440.23 957.35
P R/ % s ]/ s
a2 A
18 7 RiR ] B P b iTUN 8% Rib e B P b ICUN
CV-SVDD 95.91 94.29 81.41 84.37 29.85 39. 14 15.75 14.20
CV-MKSVDD 97.04 9. 16 83.57 90.22 37.93 45.71 16.26 16.51
BA-SVDD 95.66 96.55 84. 65 86. 14 16.08 20.06 8.67 5.40
BA-MKSVDD 98. 00 94. 42 88.31 92.74 19.46 27.06 12.65 8. 64
CRBA-MKSVDD 98.67 97.93 92.05 93.36 18.27 25.31 10.15 7.66
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Aero-engine working condition recognition based on MKSVDD
optimized by improved BA
HE Dawei', PENG Jingbo" ", HU Jinhai', SONG Zhiping’

(1. Air Force Engineering University, Faculty of Aeronautical Engineering, Xi’ an 710038, China;
2. Xi’an Jiaotong University, Xi’ an 710054, China)

Abstract; In order to ameliorate the accuracy and efficiency of aero-engine working condition identifica-
tion, and to avoid the misjudgment and time-consuming problems in manual identification of aero-engine work-
ing condition, an intelligent recognition method, multi-kernel support vector data description based on chaotic
rate bat algorithm (CRBA-MKSVDD), is proposed. The improved strategy of multi-kernel support vector data
description (MKSVDD ) is researched. The chaotic rate method is introduced to improve the convergence
speed and convergence accuracy of the bat algorithm (BA) , and the chaotic rate bat algorithm ( CRBA) is ob-
tained with this method. The penalty factor and kernel parameter of MKSVDD are optimized by CRBA and the
characteristics of the flight parameters have been extracted. The CRBA-MKSVDD classifiers are trained based
on the characteristics of flight parameters, and the working condition of a certain type of aero-engine in one
sortie is identified by the proposed method. The results show that the accuracy of aero-engine working condi-
tion identified by the proposed method is 97.547 9% , which means that the method can be used in the re-
search and application related to aero-engine working condition.

Keywords ;: multi-kernel support vector data description (MKSVDD) ; improved bat algorithm; aero-en-

gine ; working condition recognition; flight parameters
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