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Abstract: The convergence speed and the filtering precision are poor when the interactive multiple model
(IMM) filtering algorithm is applied to track the anti-ship missile in S maneuver. Thus a fuzzy logic interac-
tive multiple model ( FLIMM) filtering algorithm is proposed by improving the model probability updating mod-
ule of IMM filtering algorithm in three-dimensional space. Taking relative distance and angle of sight as obser-
vation information, the algorithm assumes that the target moves in two modes: uniform motion in a straight line
and S maneuver. The simulation shows that the proposed algorithm can improve the convergence speed effec-
tively and achieve higher tracking accuracy.

Keywords: S maneuver; target tracking; interactive multiple model (IMM) ; fuzzy logic; filtering algo-

rithm

Received : 2017-03-20; Accepted: 2017-06-16; Published online; 2017-08-31 14 .30
URL: kns. enki. net/kems/detail/11.2625. V.20170831. 1430. 005. html
Foundation item: National Natural Science Foundation of China (6157020038 )

# Corresponding author. E-mail: zhouweidong@ hrbeu. edu. cn



2018 4 3 A
F44 4 H3 1)

tEMEMRKAEFER

Journal of Beijing University of Aeronautics and Astronautics

March 2018
Vol.44 No.3

http : // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2017. 0203

jbuaa@ buaa. edu. cn

SEETEERERERTEES FHREAHE
elN s, dE, BRE, TES, AW, AL

(TR BHBE TR 348 TR %8, thB 110159)

i B AN EREAMABEZAEFT AT RSB H RN TES THAMK
BEREAHEERFENENINEL MABEZRBREANEFT T2 HRALEFTELRREEEL NN
WHAMABERE, Y TELREEUMRBR TR A LS 20 ELH I, KA AKX & 5
KEAQE T, EQ BN REE TG CR B ELA2 R ke By xelEAashE
YW EEF A2 BMENER, AAETHENHEEELRERNTREN XA L 5
EMNRERARGF AR AW ARAR, FRBGEEEH LR G 2AR BN IR E LR,
Sk BEAUNT AL A0 (L GRMFENKA) EHFEE AN 3km/s K HFEE
PE AR A 234 fn Smm iy 2A12 87w % A, AR R R IR AT Fo e R4 R B R A K
HEE, LRERXA ML ENEBTRPR T oS ERe SRR KA L AE, LA
M R % AR IR BE ) A 2 3 mm BEE R T — KRR, B R U B IR B SR AR TR A BE B Ae
RN 5 A8 B B BEAR B BE 2 B F 4 Smm B KT R K O, B R R I R K R 3 B AR

I O L N I A
*x # A
FES %S 0383; 0531
EEARIRAD: A

BEE N2 ()36 B iy B 45 40 %, i =5 ) B
SRCPR R SE TN, AR 2 ) PR B R AR A A TR AR
(9 e % 1) R BT B AR 45 1 a8 1) 3R 8
B X K BH IR A2 3UIE (SSO) (AR M 3L IE (PO) HiT i R
Al 2 3E (GEO) M K A it A% R gk o 2
2 (BB SR e ol e o B R R TR AR
F14 G R DA 2 7 A i ol B8, e o D8 T 4 B R S 2R
FHREIRESE N, £ 25 1) % R 5 0 K 4 1O G BE A4 R
R LB IR IR AR B A o el e e el LA
JEE PR A R O A, HL T 7 A A A TR HE AN
Rt B PR, 2 6 0 K e P08 ) B 80 6 7 A
Pobt 2 By, VT 51 K ek o T as 1) 2R 8T b

BEES; A RB A R R E; KRR BAEE

XEHS: 1001-5965(2018)03-0420-09

99% L I~ 1y i #6 A2 LA S5 B TR R AR e X
ol 23 8] 1058 2 U R 0 K e il R o R A7 9T K 4%
SR L B P9 7 A BBV A K 25 4
Tk AN T TR Ak v 7 IR Y FL A S 1= T
TEMUR 25 IR B BRI B MO s A
il A28 AT 4 T 7 A Y 2 L 2 R TR A% AR AR 7
PR LB B 2 A B AR AR A bR PR
ST VR R AR T AR A P BT AR AR B IR S
Y R G OB NG . (DD Wi NN I S = G PN
FRRER L 20 4 R I B Y A B AE BF 5 AT
AE 2> fih 0 HRL 1) 22 (1) B 05 DR 3R o, R 4 S A
T 5 o8 4 Rl R O R AT T RIE AR R R )

Wi HEA: 2017-04-06; F A HE: 2017-06-30; 2% H KR AT 1 : 2017-09-08 1734

W 2% H AR b 3k . kns. enki. net/kems/detail/11.2625. V. 20180302. 1552. 001. html

E&TH: HEXARRS¥ES (11472178, 10972145, 11272218) 5 I TH“H FHAA LR EFREHFIHE (2012921044) ; 10T
BB ANASCHE ) (LR2013008) 3 BRFERL % 5 H AR E R E A S m S k4 (Jbar il LR%)

= BI51E&. E-mail; tangenling@ 126. com

SIANX: FRX, ME, BRFE, ¥ FEBIHEERBERTEFTEFHRFRGHET] AFXMEMAAFFH#H,2018,44(3):
420- 428. TANG E L, LIU M, HAN Y F, et al. Discharge induced by plasma during high-velocity impact on target plate with gra-
dient potential [J ]. Journal of Beijing University of Aeronautics and Astronautics , 2018 , 44 (3 ) ; 420- 428 (in Chinese ).


Administrator
新建图章

www.cnki.net/kcms/detail/11.2625.V.20180302.1552.001.html

5 3 3

T 5 T o AW 7 £ 2 B R R 1

AL HLF 4R

421

B 2R IFIESE T AL A 7E . HEE GEO By
TR E L TR ROR TR T 2 WA,
AT 2 T B8 2 1A R 4 1 2 IR 4 TR B
JE L HUBE A LT AR 0 A3 22, AC B R 1L L5
B HL B R i o 7 A 4 B TR R L R S
IRFVHCT-HR, 7T RE 2 S SO0 K A H B 2 1T e 1Y
I B %L K 0 G T B R B R
W Ko g T AN AE B K % AT S O A
fif 7 TR 45 7 7B 17 oL FA M0 K 2 7 2 1 45 B T4
e M5 2 WP 0 0 R R R AT v R R
S 77 A 4 B TR R B R S O
%, Fukushige %578 H A< JUM Tll 2 i K 2% 72
SE UL TR T LY 1L 48 0 kL e o s ol K B
L 7 2 RO O SER g Sep
AU K 1) 7 B A 4% 1, AT T e e
7 1 5 T A REAE 234 T R e e R Y S
S IE S T v A K P R R Tt o e A S
TR L B 0 T R 3R T 4 5 %
Bt o AE IR R G SE P, Toyoda 2517 5
i K S0 G AR 2, DA A 3 4 L TR 1) S B L [ A
FL 5 A0 2 I ] . Akahoshi 2817 EAT T LY 47
LKL R 7 S A ot K T R PR T I 2 P 1 S B
Sy, 75 R AL TE 2 55 K PH RE R Tt I ) A 0 o
H 7 A G TR T AR o 1 7 R
TE B 5 I 3 S G B ST g T A g

TR B 2% P IO BH B HRL L R B A DR T
110 W S53 70 JF i 1 J6 7 ol 488 15 vt K P
WLt 7 AR S T R R B R BB T T 7 F
TBCRREE S R S RO S R o A R
SR AR He A B TR K 4 2 XL R A
B B (E X OB T AT SR A R R A
F W S50 4 5 15 A O R e T A AL 48 o 5 R H 1Y
S HERER R . H AT PN AN AT O T i 4 o A
JEE v, A AR A A T AR R HL U S T T AT
KARIE o g T BT K 4% S0 2 A1 H AT A 8 Fg i
FEALE , 75 5 56 3 rp ) G B A 20 380 10 O i, 18 4 )
FEAR B BR B B R R RN R G A
AT AR GETT R 1 AR A 4 o o B A [R] 3L A S
A EE A% T BEASR [) A [] 8] B 2% T e Al 88 6 J3E
WL A A A A TR A L O P SE R
S 78 T T AR R 1 B IR R A

1 £ I
L1 ZHER

SCH ARG L AR LR B RS
ERAG MG RGN ER T AR (LA 1),
I 2% 6 e o A A 8 T r 0 1 2R A A R A
PR R GEA o SC I 76 P FH B TR 27 56 3 2 AT
FEHL I R R A B e, i R M RE
B B 4. 8 mm (Y BRIE 45 5 AL B 7km /s,

HHEOCE
0 ..J 2 !\ .............
g - I T T
[ i
l-.‘.EirH 2 _rf SR TR HEE: SRS
W j—-~-'-‘-'—'—- __.iﬁ:‘ ____ " | I
ficri T AL T
hiegis3 — 7
| s | — | __________________________ RS

HSFC-Pro

MAFS || 10D | gty

1
Fig. 1

E N2 BE S AT 35 10 Pa,
1.2 IBEERSH

AL AR 4.8 mm 1) 7075 SL.O R EK, IR
BRAE S 5558 NN, A6 2 K & A AT — B g
JG ST T B s PR ALRY A B A 60° . R L B
S FER A o 120 mm x 120 mm x 20 mm {Y
2A12 B EIRE AR, T R ADL0 K 4% 2 I A7 75 /Y B

|
57!(-?}1 e

Experimental system

JEE v A, AL o AR . SR A 2 U
xR,

SLH R A Sk RGN S5 Y WA At
S A S A AR Y R R e 5 000 VY 2 2
AR 2 U AL LT AT B A R B R SR T 4 2 4R
o 2%, s CHL 7 AR Y R IR Bt i it TR R0



Je A S 4R

e o o B
422 Ib 5 i % i Kk ¥ it L 2018 42
®1 XREXSH
Table 1 Basic experimental parameters
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CP1 3.57
No.2 3.05 3 VP1 297.5 Ccp2 2.94 40
CP3 3.02
CP1 3.46
No.3 3.05 4 VP1 298.2 CcpP2 2.94 39
CP3 3.10
CP1 3.58
No. 4 2.98 5 VP1 297.4 CP2 3.02 38
CP3 2.91
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Discharge induced by plasma during high-velocity impact on
target plate with gradient potential
TANG Enling* , LIU Mei, HAN Yafei, WANG Ruizhi, HE Liping, LIU Shuhua

(School of Equipment Engineering, Shenyang Ligong University, Shenyang 110159, China)

Abstract: Based on the objective reality of gradient potential existence in spacecraft surface caused by
charged particles in space plasma environment in the orbiting spacecraft, discharge of spacecraft with surface
charging or deep dielectric charging would be induced by debris or meteoroids impacting. In order to simulate
the existence of the spacecraft surface potential in the laboratory, method of spacecraft surface segmentation
was used, different spacing is reserved between two adjacent surfaces, and resistance is added to create high-
potential surface and high-potential gradient as a target in the segmentation of the surface for 2A12 aluminum
plate. Potential gradient power supply circuit system, discharge test system and ultra-high speed camera photo
acquisition system were built by ourselves, and combining with two-stage light gas gun loading system, we
have carried out experiments on high-velocity impact on 2A12 aluminum target with gradient potential. In the
experiments, high-potential 2A12 aluminum was used as the target with gaps of 2mm, 3 mm, 4 mm and 5 mm
between high-potential and low-potential 2A12 aluminum, the incidence angle (between projectile flying traj-
ectory and target plane) of 60° , and the impact velocity of about 3 km/s. Voltage probe and current probes
were used to acquire discharge voltage and current. The experimental results show that the plasma discharge is
generated by forming a discharge channel between high-potential and low-potential target, the gaps with 2 mm
and 3 mm evoke primary discharge, and the discharge current increases when the level of spacing decreases;
the gaps with 4 mm and 5 mm induce the second discharge, and the discharge current does not change signifi-
cantly when the spacing between high-potential and low-potential target increases.

Keywords : high-velocity impact; gradient potential target plate; discharge voltage; discharge current;

spacing of target plate
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Table 1 Comparison of displacement u, and u, results between theoretical analysis and finit element analysis

sh 1 B % w, B % u,,
Fy/N F/N Wi/ pm  ARICHHE/ pm MR/ % HOEME/ pm AT IRICA T (E/ pm AR 8 22/ %

10 -1.31 -1.42 7.7 -0.122 -0.132 7.6
20 -2.62 -2.84 7.7 -0.245 -0.265 7.5

0 30 -3.93 -4.27 7.9 -0.367 -0.397 7.6
40 -5.24 -5.69 7.9 -0.490 -0.530 7.5
50 -6.56 -7.12 7.8 -0.612 -0.663 7.7
10 0.0209 0.0478 56 0.00375 0.007 45 49
20 -1.29 -1.37 5.8 -0.119 -0.125 4.8

5 30 -2.60 -2.80 7.1 -0.241 -0.258 6.5
40 -3.91 -4.22 7.3 -0.364 -0.390 6.6
50 -5.22 -5.65 7.6 -0.486 -0.523 7.1
10 1.34 1.46 8.2 0.132 0.142 7.0
20 0.0417 0.0956 56 0.00751 0.0149 49

10 30 -1.27 -1.33 4.5 -0.115 -0.118 2.5
40 -2.58 -2.75 6.2 -0.237 -0.250 5.2
50 -3.89 -4.17 6.7 -0.360 -0.382 5.7
10 2.68 2.92 8.2 0.256 0.281 8.8
20 1.37 1.50 8.6 0.134 0.146 8.2

15 30 0.0626 0.143 56 -0.0113 -0.0223 49
40 -1.25 -1.28 2.3 -0.111 -0.110 1.0
50 -2.56 -2.70 5.2 -0.234 -0.242 3.3
10 4.02 4.38 8.2 0.382 0.418 8.6
20 2.71 2.97 8.7 0.260 0.284 8.4

20 30 1.40 1.53 8.4 0.141 0.154 8.4
40 0.0835 0.191 56 0.015 0.0298 49
50 -1.23 -1.24 0.8 -0.107 -0.103 3.9
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Method for output displacement solving of compliant micro-motion
mechanism with multi-input forces
GONG Jinliang, JTA Guopeng, ZHANG Yanfei”

(School of Mechanical Engineering, Shandong University of Technology, Zibo 255049, China)

Abstract: For the compliant micro-motion mechanism with one input force, compliance describes the re-
lation between output displacement and input force, and is an important performance index for the dynamic
performance and positioning precision. For the one with many input forces, the relation equation between out-
put displacement and input forces has the same role with the compliance. For obtaining this equation, the
method which combined the compliance matrix method and the motion raw of rigid body was proposed. Firstly,
the whole structure is divided to elements, and the relation equation between displacement and force of ele-
ment end is established. Secondly, the superposition or coordinate relation equation about displacements or
forces of different element ends was solved according to their structural relation. Finally, the equation of rela-
tion between the output displacement and the input forces was worked out by synthesizing all the solved equa-
tions. The output displacement of a micro-motion gripper was worked out by this method and contrasted with
the one from finite element analysis method. The results show that this method has the enough precision and a
good adaptability for micro-motion mechanism performance analysis and optimization. The theory suggestion
about dimension optimization was obtained by analyzing the equation by using MATLAB software.

Keywords: compliant micro-motion mechanism; output displacement; compliance matrix; micro-motion

gripper; finite element analysis
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Failure behavior based storage life test design for
inertial navigation products

XU Dan*, LIN Kunsong, Chen Yunxia

(Science and Technology on Reliability and Environmental Engineering Laboratory, School of Reliability and Systems Engineering,

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

Abstract; This paper proposed a failure-behavior-model based accelerated degradation test designing
method for assessing the storage life of accelerometer for inertial navigation products, which determines test
stress levels while lacking of the preliminary experimental data. On the basis of analyzing the product charac-
teristics and main mechanisms, the storage life characteristic parameters and test stress types are determined.
An accelerometer failure behavior model which takes the material dispersion into consideration is established to
describe the time-varying law. Given the highest stress level, based on the given confidence level and failure
behavior model, a simulation accelerated degradation test design method is proposed to determine the lowest
and intermediate stress levels with the constraint that the upper bound of degradation under lower stress level is
lower than the lower bound of degradation under high stress level. Following the proposed framework, the ex-
perimental profile is designed, and then a best test plan is finally obtained. The validity of the proposed meth-
od is verified by a case study.

Keywords; failure behavior model; inertial navigation products; test design; plan optimization; acceler-

ometer
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Optical image enhancement method in dust environment on Mars
LI Haibo', CAO Yunfeng”*, DING Meng’, ZHUANG Likui’

(1. College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
3. College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract; For dust impact on machine vision of the probe landing in Mars, a method was brought forward
to remove the effect of dust on optical image and provide clear input image for the visual system. First, a mod-
el was built for the dust image. Then, the values of the atmospheric light and the transmission coefficient of
the model were obtained by calculation. Among them, a quadtree subdivision approach was employed to calcu-
late the value of the atmospheric light. The computing method was to search the maximal average region of the
specified threshold area on the minimum image. Then the mean values of each channel on the same position of
the original image were calculated as the estimation value of atmosphere light. And on this basis, the calcula-
tion of transmission coefficient was performed. At last, the recovery of the clear picture was finished. Test on
dust images indicates that the dust image can be restored to clear image by the proposed method. Even in the
complex environment, this method has high robustness to illumination variations, dust intensity change and
scene change. Compared to other methods, this method has better effect in removing dust impact on optical
images and is superior to other methods in terms of the restoring image evaluation index. It can further improve
the clearness of dust images and provide more abundant information for post-processing.

Keywords: image enhancement; dust environment; quadtree; atmospheric light estimation; Mars
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Design method of cylindrical coil systems for generating
uniform magnetic field
HU Zhaohui'*, MU Weiwei'””, WU Wenfeng'*>, ZHOU Binquan'*"

(1. School of Instrumentation Science and Opto-electronics Engineering, Beijing University of Aeronautics and
Astronautics, Beijing 100083, China; 2. Science and Technology on Inertial Laboratory,
Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract; In the field of precision measurement and aerospace, atomic gyroscope and atomic magnetome-
ter have high requirements on the uniformity of magnetic field, while the uniformity of magnetic field generated
by the traditional Helmholiz coil is not good enough for these applications. To obtain better field uniformity, a
method to calculate the parameters of cylindrical coil systems is proposed based on the Taylor expansion of the
axial magnetic field. The parameters of two-coil to nine-coil systems are computed, and the variation trends of
magnetic field uniformity, coils’ size, and coils’ maximum ampere-turn ratio with coil number are analyzed.
Numerical results demonstrate that the uniform region area of magnetic field increases almost linearly with the
increasing of coil number, and the region area where the field uniformity is better than 0.01% in nine-coil
system is about 30 times as large as that in Helmholtz coil. A method of rounding coil ampere-turn ratio is
presented when integer coil turns and the same current in each coil turn are required, and the integer ampere-
turn ratios of two-coil to nine-coil systems are given. Numerical results show that the uniformity of our coil
systems is better than those in other papers. Finally, simulation analysis for the error caused by fabrication
technique in practical five-coil system is conducted. Simulation results demonstrate that both the designed size
and magnetic field of the coil meet the practical demand of atomic gyroscope and atomic magnetometer when
error is taken into consideration.

Keywords: magnetic coils; coil parameter; coil systems design; uniform magnetic field; magnetic

field uniformity
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Distributed coordinated navigation filtering algorithm for
cooperative target by multi-satellite

LI Zhaoming' , YANG Wenge” * , DING Dan’, LIAO Yurong’
(1. Graduate School, Academy of Equipment, Beijing 101416, China;
2. Department of Optical and Electrical Equipment, Academy of Equipment, Beijing 101416, China)

Abstract; A distributed spherical simplex-radial cubature quadrature Kalman filter ( DSSRCQKF ) was
proposed aiming at the coordinated navigation problem for cooperative target by multi-satellite on orbit. The
spherical simplex rule and second-order Gauss-Laguerre quadrature rule were adopted to calculate the spherical
integral and radial integral, respectively, in order to calculate the Gaussian weighted integral in nonlinear Kal-
man filter, and a novel spherical simplex-radial cubature quadrature rule was put forward. Combined with the
nonlinear cooperative navigation mathematical model, the above rule is embedded into the distributed Kalman
filter framework to achieve the DSSRCQKF, in which the satellite only needs to communicate with its neigh-
bors. The consensus estimation of the orbital state of the target satellite is achieved using the distributed data
fusion method, thus avoiding the higher communication and computational burden in centralized filter. The
simulation results show that, compared with the distributed extended Kalman filter, DSSRCQKF improves the
real-time positioning accuracy by 11 m and the velocity accuracy by 0.02 m/s, which verifies the validity of
the proposed algorithm.
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Laguerre quadrature; nonlinear system
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Table 2 Continuation parameters and convergence

efficiency for turbulent RAE2822 airfoil test case
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Table 3 Continuation parameters and convergence

efficiency for 3D ONERA M6 wing test case

o cFL o n t/s AR X B[] 45 24/ %
PTM1 3 80  8864.73 -12.5
PTM2 4 66  7877.23 0
LPTM1 10 5x10°* 48  7167.50 9.0
LPTM2 10 5x107° 42  6231.59 20.9
LPTM3 10 1x107° 43 6074.64 22.9
LPTM4 10 5x10°° 45 6154.65 21.9
LPTM5 5 5x10°7 58  7190.52 8.7
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High-efficiency solving method for steady transonic flow field
QIAO Lei', BAI Jungiang', QTU Yasong" ", HUA Jun'?, ZHANG Yang’

(1. School of Aeronautics, Northwestern Polytechnical University, Xi’ an 710072, China;
2. China Aeronautical Establishment, Aviation Industry Corporation of China, Ltd. , Beijing 100012, China;

3. School of Aerospace, Xi’ an Jiaotong University, Xi’ an 710049, China)

Abstract; The implicit solving approach of steady transonic flow field equals a Newton iteration for a non-
linear equation system. Globalization of Newton iteration is usually necessary in practice in order to fulfill the
convergence requirement. In the framework of homogenous continuation, a Laplace operator based function
continuation method which accelerates convergence of implicit solving of steady flow field is proposed. Consid-
ering that the steady flow field is usually initialized as uniform freestream condition, the Laplace operator is
employed to speed up information propagation from wall boundary to internal flow field due to its ellipticity and
to improve regularity of the problem due to its linearity and symmetric positive definite property. Thus the sta-
bility of Newton’ s method is improved then larger CFL number could be employed and finally the flow field
solving efficiency is improved. Due to the complexity and nonlinearity of the flow field problem, a priori opti-
mal nonlinear solving strategy is impossible to be obtained through theoretical analysis. Thus, the effect of
Laplacian coefficient on convergence efficiency is investigated through numerical experiments on inviscid
NACAOO12 airfoil, turbulent RAE2822 airfoil and ONERA M6 3D wing test cases. Generally pragmatic com-
bination of iteration parameters are also given and the proposed method is proved to gain over 20% saving in
CPU computing time compared with the classic pseudo time marching method under transonic condition.

Keywords: nonlinear equations; implicit scheme; Newton’s method; aerodynamics; transonic;

steady flow
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Feedforward decoupling and internal model control for rotor of
magnetically suspended control and sensing gyroscope

XIA Changfeng', CAI Yuanwen’, REN Yuan® ", WU Dengyun’, WANG Yingguang’

(1. Company of Postgraduate Management, Equipment Academy, Beijing 101416, China;
2. Department of Space Equipment, Equipment Academy, Beijing 101416, China;
3. Beijing Institute of Control Engineering, Beijing 100190, China)

Abstract; Magnetically suspended control and sensing gyroscope takes Lorentz force magnetic bearing

(LFMB) as torquer to drive the rotor to tilt. As there is coupling between the two radial rotation degrees of

freedom and it requires that rotor tilts with high precision and fast response, feedforward decoupling and inter-

nal model controller is proposed. Dynamic model for rotor tilting is established based on basic structure of

LFMB. Feedforward decoupling matrix is designed to perform tilting decoupling in radial direction, and then
on this basis, two-degree-of-freedom internal model controller (2-DOF IMC) is adopted to perform rotor tilting
control with high precision and fast response. Simulation results by MATLAB indicate that the proposed meth-
od can realize full decoupling for rotor tilting, response time is reduced by 57.1% than that of cross PID con-
troller, and tilting fluctuation amplitude produced by 0. Isin (2t ) ° disturbance signal is reduced by 76%
than that of cross PID controller.
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(LFMB) ; radial tilting; feedforward decoupling; two-degree-of-freedom internal model control
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forward thrust variation of USV under different guidance strategies( working condition 1)
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Path following of underactuated USV based on modified integral
line-of-sight guidance strategies
CHEN Xiao, LIU Zhong" , ZHANG Jiangiang, DONG Jiao, ZHOU Dechao

(School of Electronic Engineering, Naval University of Engineering, Wuhan 430000, China)

Abstract; Path following control is one of the key technologies for unmanned surface vehicle (USV) to
complete its mission, which is widely concerned by the field of motion control at home and abroad. In order to
improve the accuracy and robustness of USV’ s path following control under the disturbance of the external
environment such as wind, wave and flow, path following control problem of the asymmetry underactuated USV
under external disturbances such as current is discussed, and two modified integral line-of-sight( ILOS) guid-
ance strategies are proposed. Based on the modified guidance strategies and feedback control theory, path fol-
lowing of the USV at horizontal level is realized. Compared to the conventional ILOS guidance strategy, the
first modified strategy with time-varying integral gain can avoid integral windup and overshoot phenomenon; on
the basis of the first modified strategy, the lookahead distance is designed as a time-varying element in the sec-
ond modified strategy, making the USV control more flexible. In the modified strategies, integral gain and loo-
kahead distance are all computed as different functions of cross-track error, which can conduce the USV to
converge to desired path in an elegant and fast manner. Based on the cascaded system theory, the control sys-
tem proposed is proved to be global k-exponential stable ( GKES) when the target tasks are all achieved. The
theoretical analysis and simulations show effectiveness and advancement of the proposed method.

Keywords: underactuated control; unmanned surface vehicle ( USV); integral line-of-sight ( ILOS)

guidance; path following; cascaded systems; proof of stability
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Abstract: Based on Timoshenko beam theory, this paper has analyzed the dynamic properties when a
clamped beam subjected to step load and moving load respectively. In addition, K-V damping model is consid-
ered to study the influence of damping on dynamic performance of the system. To acquire the theoretical solu-
tion, proportional damping utilization condition is derived, the real modal superposition method is applied,
and eventually obtain the analytical responses when beam subjected to external loads. The numerical analysis
results indicate that the solving process is accurate and reliable, providing a measurement reference to other
methods, like Laplace transformation. The results of damping cases demonstrate that the high modes inherit
over damping property, while in low modes present oscillation convergent characteristic. Sometimes, the
damping can have significantly impact on the whole system, and for large slender ratios, the amplitude under
moving load is even enlarged. Furthermore, the dynamic response subjected to step load is dominated by the
low modes.
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Table 4 Relevant quantitative indicators when

angular velocity and noise are large
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Phase fluctuation noise adaptive cancellation system of
superfluid gyroscope

ZHAO Yulong', SHEN Huairong’, REN Yuan’ "

(1. Department of Graduate Management, Equipment Academy, Beijing 101416, China;
2. Department of Space Equipment, Equipment Academy, Beijing 101416, China)

Abstract; Aimed at the deterioration issue of gyroscope angular velocity measurement precision, which is
caused by phase fluctuation noise of superfluid gyroscope, a gyroscope noise cancellation system based on re-
cursive least square (RLS) algorithm was proposed. First, the phase detection model of superfluid gyroscope
was established, and the relationship between thin film displacement and phase of gyroscope was obtained.
Second, considering the influence of thermal motion, the noise equivalent input angular velocity model of gyro-
scope was established, the influence of gyroscope parameter on angular velocity noise was explored, and the
amplitude range of angular velocity noise was obtained. Furthermore, considering the irrelevance between an-
gular velocity noise and input angular velocity, the mixed angular velocity information which is calculated from
the thin film amplitude of the gyroscope was taken as original input of the noise cancellation system, and angu-
lar velocity noise which is caused by phase noise as the reference input of RLS adaptive filter. The noise por-
tion of the mixed angular velocity is offset by the output of RLS filter through adjusting the parameters. Final-
ly, the comparison results between this method and least mean square (LMS) algorithm show that the noise
portion in mixed angular velocity information can be effectively suppressed by this cancellation system with fast
convergence speed and good stability in the case of large angular velocity and large noise.

Keywords: superfluid gyroscope; phase fluctuation noise; adaptive filtering; recursive least square

(RLS) algorithm; noise cancellation
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Evaluation of directional ground stability and control characteristics in
crosswind landing for civil airplane based on digital virtual flight
LIU Hailiang, WANG Lixin "

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

Abstract: Based on airworthiness requirements of civil airplane, a method for evaluating ground stability
and control of crosswind landing based on digital virtual flight is established. With maximum bank angle of air-
frame and maximum lateral deviation during the landing roll-out as key parameters, and in accordance with the
results of pilot-in-loop digital flight simulation, ground stability and control as well as airworthiness compliance
of crosswind landing task of a certain large amphibious aircraft were evaluated. Simulation result shows that,
for a 20 kts crosswind component, the aircraft conducted a safe and well-behaving landing roll with a 3.44°
maximum bank angle and 2.51 m maximum lateral deviation on dry runway, which was of airworthiness com-
pliance. Further research indicates that crosswind component value and the extent of runway contamination sig-
nificantly affect the safety of crosswind landing roll-out. A 30 kts crosswind component might result in uncon-
trollable ground-looping tendency on dry runway, while contaminated runway increases landing roll-out dis-
tance and brings difficulty to direction control of taxiing. The method delivered in this paper can be applied to
the preliminary design phase of civil airplane and offer theoretical references for subsequent flight tests.

Keywords: civil airplane; crosswind landing; ground stability and control characteristics; flight simula-

tion; landing gear; airworthiness
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Vibration modal analysis of inflatable self-supporting booms

MA Ruiqiang, WEI Jianzheng, TAN Huifeng"

( Center for Composite Materials and Structures, Harbin Institute of Technology, Harbin 150001, China)

Abstract: The inflatable self-supporting boom, which is made of laminated aluminum film and local dis-
crete self-supporting thin shell, has the ability to support the effective load at zero inner pressure. In order to
improve the accuracy predicting the vibration characteristics of the inflatable self-supporting boom, the vibra-
tion differential equation of the self-supporting boom was first deduced based on the Timoshenko beam theory
and Hamiltonian principle, and a new beam element model considering the prestress and configuration change
for inflation pressure was proposed. Moreover, this beam element model also considers the discrete characteris-
tics of the self-supporting shell in self-supporting boom, and the mass matrix established by this model is closer
to true value. Then, this beam element model is verified by the vibration test results, and the verified results
show that this model has better accuracy than the traditional beam element model. Finally, the influence of the
inflatable pressure and the width of self-supporting shell on the vibration characteristics of the self-supporting
booms is analyzed. This study would provide a theoretical reference for the design of the inflatable self-support-
ing boom.
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Abstract: In order to improve the dynamic adaptability of reservoir, overcome the ill-posed problems of
output weights in echo state network ( ESN) , and balance the fitting and generalization ability, a fault diagno-
sis model of plasticity echo state network based on L, ,-norm regularization is presented. BCM rule was intro-
duced into the reservoir construction to train the connection weight matrix. Meanwhile, the L, ,-norm penalty
term was added to the objective function in order to improve the sparsification efficiency. An iterative numeri-
cal oscillation problem was solved by using a smoothing L, , regularizer, and finally the model was solved by
using the half threshold iteration method. The model is applied to the fault diagnosis of airborne radio station,
and the simulation results prove the validity and superiority of the model.
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Fig.2  Schematic of optimization process
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Table 2 Parameters of aerostat

E 4 B fH
HE/m 30
T A/ m’ 2826
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TCATE ] 6 H21 H(E®RH)
AT/ (°N) 40
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Table 3 Thermal radiation characteristic

parameters of common materials
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Fig.3 Envelop division map .
F4 HAS1HREE
JELEEIK Table 4 Absorption rate of sample point 1
2700 % = Ve 4 = UEIES
e 1 0.34 25 0.39
ot 2 0.23 26 0.33
B 3 0.12 27 0.25
Spoutiy 4 0.36 28 0.28
o 5 0.23 29 0.46
AR 6 0.13 30 0.19
st 7 0.43 31 0.38
et 8 0.32 32 0.28
Siphes 9 0.24 33 0.41
(a) F R A3 A1 10 0.14 34 0.42
fELHE/K 11 0.10 35 0.12
s 12 0.49 36 0.16
;% 13 0.35 37 0.28
2300 14 0.18 38 0.11
A 15 0.25 39 0.31
it 16 0.26 40 0.28
by 17 0.18 41 0.18
;ﬁ 18 0.47 4 0.37
aam 19 0.42 43 0.27
o 20 0.48 44 0.12
R : 21 0.17 45 0.41
(b) B NGS5 22 0.37 46 0.23
& 4 %Mﬂﬁ@:ﬁ%ﬁ 23 0.29 47 0.26
Fig.4 Temperature distribution of envelop 24 0-45 48 0-18
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Fig.5 Temperature distribution of sample point 1
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Optimization of aerostat helium temperature differences between
day and night based on Kriging model
LIN Kang', MA Yunpeng" ", WU Zhe', WANG Qiang’

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

2. China Academy of Aerospace Aerodynamics, Beijing 100074, China)

Abstract; Considering the entire skin coating of aerostat envelop materials as one material, the effect of

absorption and emission rate of aerostat envelop materials on helium temperature differences between day and

night is investigated. In order to further reduce helium temperature differences between day and night, in this

paper, aerostat envelop materials are divided into illuminated side with materials of low absorption rate and

backlight side with materials of high emission rate. Under the established thermal analysis model, material

properties in different parts of aerostat envelop materials are optimized with the method of Kriging model. Tt

holds the thoughts that aerostat envelop materials can be divided into 48 parts, Latin hyper-cube method is

used to do sampling, and sample response can be obtained through thermal analysis so as to build a Kriging

approximate model. As the result, it shows that the helium temperature difference between day and night is re-

duced to 28.6 K, which is 7.7% less than the traditional ways of analysis.

Keywords: aerostat; thermal analysis; Kriging model; skin thermal characteristics; helium temperature

differences between day and night
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