JOURNAL OF BEILJING UNIVERSITY OF
AERONAUTICS AND ASTRONAUTICS



Administrator
赠阅


B | A /R /M NI = =g 4];&5.;»

1’

44 % H9H (K% 307 H) 2018 £9 A

B %

BT 4R SRRV AL 37 W 1 TR e R s IR X2 R
BTN 4F ESO M Z ALK AR SO(3) LA R e BB F, FHM, T4, AK
%{F‘%ﬁ}%’é AdaBoost E"Jﬂﬁ?ﬁjﬁiﬁ]*ﬂﬁiﬁ%l@&ﬁ g%y&\, ]’%J‘ﬂ-’ ﬁﬂﬂ%
%THLWMMXﬁﬁ%ﬁ% @ﬁ@ﬁ&  RRRRIE: S LGN a2 %ﬁ M
— b B S M K Bl 1 [ R R R e IR, AFs, Tk, MR, NEL
WK I G AR MORHE AL B BE AU TE oo evee e BB FREBA, B4, FetRl, 31 &
BT BoF A ZRRIE AL A BOREHR /32 ooeeees EF 2, BN, FEE RIEE, B2
AT A VR T IR BEAE HT T LB IE 5B worvve e B, FilE, WARK, TFAK
ﬁﬁiﬁiﬁc'ﬁ%*}%ﬁg Lambert /\/\],ﬂ@ 14/? f& ﬂvﬁ Fél/&{%
%T('ﬁ%ﬁﬁ%f’;l?ﬂ@%%ﬁﬂah{ﬂl ?m, %Jﬂiﬂﬂ, kﬂlé};ﬁ
%:J: lEﬂI} %E@{E&?ﬂﬂ%%éﬁﬁﬁﬁﬁ?ﬁ/% g{",gz,,;é, Er/fé&
K MU T AN 08 1R AR A 3G RG] e RER, M BAR, 3K, TR, FEF
ETHERMANER TR EBRIEAT B e A RFFE, B, REHE
— Rl ZET N E AR E SF R a a T e RRF, MFE, BF, A, M, 250
%:‘H‘izl—‘ |Jﬁﬁﬂ5}#|gfj4:u/4+1§jx7le fﬁ’&, 5}{}‘%7@
BEF RURHIE 1) Fr g 1L DX b AIG 2 3 R R I ML e oo Rk, B4, B, ki, A4
FE TG 45 UR BE L R B A BOE R A - e B BRI, AR
L F AW IR 22 O Dk ik vh 2 AT A e 5B, 2R, MTIGE, Wik, BE
BT BB A EME 6 o il e BE, RHE, BARA, ER, B
B TRV T 08 TCA DL Bl LRl 7 i - e TRt HRIEHE BOE, AW R

BT PR AR DG 1) AL Y HR R Y A O O i - s ERE OMA, KEW, B4
55T HCKS-EM [P IE ML H AR BRERSRVL - BFAR, ATV R, A R%, 2F, ik
BT A B NG B O oo 0, DK, BAH, BFE, A

HTFIEARSE: CN 11-2625/V = 1956 # m * Ad % 234 % zh = P+ ¥ 50. 00 = 900 * 26 * 2018-09

(5 8 £ % %k % F & KRF 3 F EHHE K H)

(1787)
(1797)
(1808)
(1818)
(1826)
(1839)
(1850)
(1860)
(1869)
(1878)
(1888)
(1894)
(1903)
(1909)
(1918)
(1926)
(1933)
(1941)
(1952)
(1964 )
(1974)
(1982)
(1991)
(1998)
(2004 )
(2013)


Administrator
新建图章


JOURNAL OF BEIJING UNIVERSITY OF
AERONAUTICS AND ASTRONAUTICS

Vol. 44 No. 9 ( Sum 307) September 2018

CONTENTS

Rigid pavement load transfer ability of airport based on vibration characteristics
- ZHANG Xianmin, LIU Xiaolan, ZHANG Ziwen
Cooperative attitude control on SO(3) for multiple spacecraft with time-varying gain ESO
- MA Mingyu, DONG Chaoyang, WANG Qing, ZHOU Min
Simulation of galvanic corrosion of three electrodes in marine environment
- CHEN Yueliang, WANG Andong, BIAN Guixue, ZHANG Yong
Aeroengine fault diagnosis based on multi-classification AdaBoost
- CAO Huiling, GAO Sheng, XUE Peng
Exo-atmospheric interceptor modeling and penetration and defense effectiveness analysis
- XIE Jingwei, CHEN Wanchun
Construction method of flight safety manipulation space based on risk prediction
- LI Zhe, XU Haojun, XUE Yuan, PEI Binbin
A rotary-percussive ultrasonic drill driven by single piezoelectric stack
- WANG Yinchao, QUAN Qiquan, YU Hongying, BAIl Deen, DENG Zongquan
Numerical simulation of melting process of nanoparticle-enhanced phase change materials
- ZHAO Liang, XING Yuming, LYU Qian, LUO Yegang, LIU Xin
Texture image classification based on BoF model with multi-feature fusion
- WANG Yuling, LI Ming, LI Junhua, ZHANG Congxuan, CHEN Hao
Design and correction method of spiral flute rake face of an hourglass worm gear hob
- YANG Jie, LI Haitao, RUI Chengjie, DONG Xuezhu
Energy-optimal and fuel-optimal problems for Lambert rendezvous
- XU Limin, ZHANG Tao, TAO Jiawei
Fault detection for flywheels based on chaotic attractor
- LI Lei, GAO Yongming, WU Zhihuan
Construction of knowledge network of 020 e-business based on innovation ability-fitness
- GAO Changyuan, YAN Jian, YOU Yang
Spatial isolation methodology for spectral coexistence in LEO satellite systems
- ZHANG Hongshi, JIANG Bofeng
Adaptive bilateral control for underwater manipulator in uncertainty teleoperation
- ZHANG Jianjun, LIU Weidong, GAO Li’ e, LI Le, LI Zeyu
A global network flight flow assignment algorithm based on civil-military integration
- WU Wenhao, ZHANG Xuejun, GU Bo, ZHU Xiaohui
A fatigue life analysis method for multiple riveted joint
- ZHANG Tianyu, HE Yuting, CHEN Tao, DU Xu, TAN Xiangfei, LIU Kai
Semi-supervised classification based on class certainty of samples
- GAO Fei, ZHU Fuli
Low-altitude remote sensing image registration algorithm based on dual-feature for arable land in hills and mountains
- SONG Fei, YANG Yang, YANG Kun, ZHANG Su, BI Dongsheng
Gain scheduling based decentralized robust control for aircraft engines
- PAN Muxuan, CAO Liangjin, HUANG Jinquan
Improved pulsar navigation measurement equation based on truncation errors
- XU Qiang, WANG Hongli, HE Yiyang, YOU Sihai, FENG Lei
Analysis and optimization of 2-DOF micro-positioning stage based on flexible hinges
- ZHOU Rui, ZHOU Hui, GUI Heli, DONG Hu, CAO Yi
Trajectory planning method for redundant manipulator based on configuration plane
- WANG Anqi, WEI Yanhui, HAN Han, XU Lixue
Life prediction method of lithium battery based on improved relevance vector machine
- WANG Chunlei, ZHAO Qi, QIN Xiaoli, FENG Wenquan
Flghler zigzag maneuver target tracking algorithm using HCKS-EM
. . - LU Chunguang, ZHOU Zhongliang, LIU Hongqiang, KOU Tian, YANG Yuanzhi
Modeling and prediction of stratospheric wind field based on proper orthogonal decomposition

- LI Kui, DENG Xiaolong, YANG Xixiang, HOU Zhongxi, ZHOU Xin

(1787)
(1797)
(1808)
(1818)
(1826)
(1839)
(1850)
(1860)
(1869)
(1878)
(1888)
(1894)
(1903)
(1909)
(1918)
(1926)
(1933)
(1941)
(1952)
(1964)
(1974)
(1982)
(1991)
(1998)
(2004)

(2013)


Administrator
新建图章


2018 4 9 H
F44 4 9]

> o
KRB EHRA SR RS RS Scprember 2018
Journal of Beijing University of Aeronautics and Astronautics UIE»‘EEII I52] Vol.44 No.9

http : // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2017. 0687

jbuaa@ buaa. edu. cn

B T #r 30 45 1 B9 AL 37 NI 1 8 T 12 e 1 R

(1. JE RTRF VLg%, KHE 300300

kR, A, KT

2. MM MLR R RAi2EBE, B At 210016)

B anmGTUERFINRNAE RNt Em N EF mER, XA

R 7k (¥ R B VL) M LABEAT R 2R b X A s B A X AL R R AL R T

TR R ERRFER R, REE AT B H SR M5B 7 M e A iR 20 4 i (3

MBE ALE) NN E, R ETER AR NI REEEN L AR E RIS EAT

RERMETRIFENETER R, FE L ERB IR AR iy o 7 R0 AT
X OB WA B 20 BE; ME; Kk

hE 4RSS V351.11
SCERFRIRAG: A

B3 WP T TR )4 4 Ak 5 A% ) A O AR T
T AR RS B I E R 8 A & &7
FEE IR, UL T YRR T M, B I T VTR
BB SN HE R ALY 2 A DR I 4 A A e Tk
IR I A 00 K6 00k T 4 5 3 T 1 4 3 46 b - 2%
FE 1991 4F, B I MR ST K bR
AU (FWD ) $ T $8 BE (8 3 £ 15 7 7 g
2003 4, Kim Fl Hjelmstadm@ﬂ%ﬂ({ﬁ1ﬁjﬂb}%T
51 T AROEEBE AT RS Bl LA RS 15 B4 B X A%
TPEBE B2 . 2004 4 JGRA WSS T FWD
TF 3% 2 195 A 38 il T T 2l 2 0 B 4T
T BRI 25 5 1% f PE R ¥ 4E FBLEE, 2008 4F, 8
) 72 48 B AT BROT AR E S0 BT T A AR 3 R R
A7 20T 1 025 90 25 B0 B W, DA % AN () b e 4
& IR ELAR XA T 8 R W B . 2010 4R JH IF i
2 U A BR T AR 1 S T B 9K R 2 T AY
(HWD) 15 F S B9 58 B 1% 07 2 505 42 4% W1 1) A
HRFR, 2012 48, X £ B FWD HiE 5243 K
e IR - I 2 I B SR AL AT PR RR UL T KRR
2 FOK P8 RE E W AR 2. 2012 4R A3k

NEHS: 1001-5965(2018)09-1787-10

e X e b A T PERE A A RS AT T A
ARG K . 2017 48, EFEMAEHE " w2 R
RV THRAOFASSH(ME. . ER. K
FiE HE ) XA 1 B A i 3 IC LA 1 S
JLAF FWD TEAL NIV 8 T 44 107 1 AE A I 7
BT )92, A% 4 PR BR SR T 35 i 2 T B it
S LA X370 37 11 DX 1 52 38 32 B R b X 19 L3
PEAT I 358, 7 1 AR SC SR T BE A 40 7 B 100 1 25
IR 14 77 ¥, L 3 2 7 A 0 Bk R A
FWD , 5341 g 7 28 T A% 14T B 5 2 508 10 451
SO 1 VB FR S B 1k B S e, S 2 I R
A AR SRR 5 15 R AL ek RE R OC R I
i 38 AN B 96T T AR SC 7 ¥ 4 AT AT A R A

1 EBigH#H

1.1 & ge i

e 4 P BE S 11 32 A AT 3 A5 0 AT 1) R A2 A Al
e 8y 7, % B 46 AR (A 280 EL ) 1] 3% 45 A
(IS 77 B W78 W AN JEE BE) SREM " o
7 R 32 A1 BT R A2 A7 AR HR) A 280 EE X LA

W B 2017-11-06; ZA B 2018-02-11; M HhRATIE: 2018-03-07 1033
W 4& H R bk kns. cnki. net/kems/detail /11.2625. V.20180307.0943. 002. html

EE&THE: ERHARFILSE (51178456)
= BIS1EE. E-mail; cauczxm@ 126. com

SIA#: Kitk, M2, KFX. EFRAFUGN TN ELTEFERL] LFREAKXAFFHR, 2018, 44 (9) : 1787-
1796. ZHANG X M, LIU X L, ZHANG Z W. Rigid pavement load transfer ability of airport based on vibration characteristics [J ].
Journal of Beijing University of Aeronautics and Astronautics , 2018 , 44 (9 ) ; 1787- 1796 (in Chinese ).


Administrator
新建图章

kns.cnki.net/kcms/detail/11.2625.V.20180307.0943.002.html

1788 db RO % MR K ¥ ¥ R

A 4R
EEEE

2018 4F

i, N 7 G A A G IR IV 5% ), B R H a1
FEMER Tz .

W,
L, = 5 x100% (1)

L

L, A8 fip 22 805 Wy R R 52 4 AROBID B8 5 5
Wy N 32 g BB e 1
1.2 ZhiagHEa

R A R T A Ay N 14 e i 2 3 1 AN
JRE Pl 2 AR T 4, B4 A 2 O X AR B L ALAF
T T BRI J5 16 4932 31 5 [R] K 42 490 119 8+ o
EOTRBABE R 1, IR HE R S S A B4t
F G TE Has 3 0 45 3 AL Y 5 D A A R el
A A1 5 3 R B JE 32 i 19 U AR & B
TR I D)o B 1 om, AR
TR AR s m, O A AR R AR R O B A s kL A AR A
AR B EE 2R 5 e, O T AR B R 23 1 W
JER R e, AR LI R B e A
ARBAEFR ST A B 2R K5 2, O T s R R o Y T
B 52, 4 AR B AR AR 1O 3 AR 52, A I
T AP BE B RAN UABE T EE B A
ik, BT AR SRR B 4, S R T A R
RGN ESORDL, 0 HAE RS HORE R 5 115
R,

I P S - 8|
Fig.1 A quarter load model
1.3 EmEmEE
PR Sy 1 22 J2 A 2R A TR0 58 45 ) )2 6 ) Ol TG
Jit YA 1) A M AR S IR DAL E
THFA L p RIS BE p RALFLSRPEPE T ; S B R0 R
BT TR, Fo A 2 Oy 5 SRR RE 2 5 )2 (B 42 fik 1) 7
SCREWS PR UE 45 2 (] W47 19 4% T A R A4 & Re ik
T LA WO 1 T A 38 2 2 A A AR

2 HERM

2.1 HEHEBSHY

FF ABAQUS #ay = 4 SE R/ 4 Bk Je
REEE MR AR TR 5m x5m x0.35m, 2R
P Sm x5 m x0.3 m, M5 A E] A4 4% v N

1 em ;38 3 R A58, B - BEJR R 10 m, 3%
AN = A T TR SR S5 AL 1 F TR SE O 45 m x 15 m
HARME IS S Em s S50 mak 1 pr
I N TV P LA I A R
34 mm K JE 600 mm , g\ 1] $ 4% B FF H 42 14 mm
K Z 600 mm,

LSS U B TR BE T 1 R vy 2 3
D7 LR g W 3 A B O 1 %« T A
BRHE; LEIKHRE « .y .23 DA,
fib 25 1 < 15 AT 5 18 2 1 — i 28 &5 B 0L G otk
A5, 55— F V) 1 B 5 R %k 0..005 L o
35 )2 552 SR 1.5 2 5
i 58 ik, S8 E 10t IR K 0.7 MPa, 4
AR RL0. 072 m® (INER 4, R FH B R A
FRABE ALK A 1 o A 2K 2 i T e Bk 2 e
9 em AT ZEHE 10 m/s , fi 4R S ] 0,027,

1 hrmEEsasy’

Table 1 Parameters of dowel bar and

pavement structure' "’
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Fig.2 Influence of dowel bar parameters on

load transfer ability

H, U85S T BB AL 1 M R 5 AL T AF B A R G
P T 45 B A0 1) W, 1 i A BN D AR, B e T R
BEAE T PERE
2.2.2 H @ %HA R Y R

BT 2010 W MO SR, w2 R B
300 mmAE 4k #| 550 mm, [H] 5}y 50 mm B}, % fif &
BRI T 2 R ) AR AL LA W BT 3 () i A% A
BN T TR R B i B AIG, i 93. 6% AR fk F]
92.3% . THIJZ AR 5 A 28 GPa A5k 3| 48 GPa, [1]
PRl 4 GPa I}, 4% fif 7% H0C B a7 )23 79 P A 25 1) 728 1k
FLARUNIE 3 (b) i o A% 17 2% Bl 17 )23 M 8
F 38 T 3, By 90. 7% AE AL 194, 5% B )7 R
FEM 220 mm 284k F| 420 mm , [A] #58 40 mm B, 1%
o 2R B3O8 2 TR B AR AL LA A Il 3 (e) TR
1% i 2% K5 I 5 2 R E e 38 fm im 385, ¢l 91 5% 7%
L5193, 5% . K& JZ Mk 5L 5 M 1300 MPa 7% fk, 5]
2300 MPa, ] i 2 200 MPa [, 1% fiif £ bl 55 )= o
PERL R R AR AR W & 3 (d) iR o A& A R B
B2 R AR Y B 3G, 90. 9% A% 4k F|
95.7% , +HEsPERIE M 40 MPa Z£ 4L 5] 500 MPa
1 L Y @ i O I DA 5 e L
Bl 3(e) imn o At 2 B 2 1 5 o A5 ok 1) 1
T 2 AR, 97, 1% AL I T1.9% K A T
J2 R FE RGBS TE AR N AR T ARG DD BEAIG T
FeHEAL W EE , fif 480 7 HRE Ty S AR S AL M RE
7 TEJ2 PR AR e | B 2 R Rk J2 o AR
P T AL W EE AL T ERE o T RS T AR
77 H0 A% F3 KT A% Fof 1 R R T 45 AL = 5 5 3G TR] e
JE T H 35 0 2 48 1% 1 R B Y ST R L TH G
JIT LA Bt 25 A 35 g A ) 88 o, T TR 45 R S P R
JE R, A2 A Al R A 32 A Al ) B B 2 /N L AR
FF A% £ M BB X 422 4% 1% £ g ) 19 o7 ik Bl 4 38 1R 45
o 34 5 B TT MR (B 00 3G g ek 55 . IR Utk SE R
6 00T B2 G 18 TE AR T i R 5 A% A A %R ME 4
BONAE IR Jy M RE . FE b IR R A HL
T N R ACRAE B, S D 3 T AR T e AN
BB g7 22 808 /N IF AS B WK B T8 1% ) R g
TR
2.3 EEIRSNIFHES T
2.3.1 #AMFLAKTEDRIDFHRT R

ETF2. 1 WhMMEEASE L IFAERN
30 mm7g £k %] 40 mm, [8] B5 4 2 mm B}, 38 16 B AR
R MEAE AL 25 BEAR AT BAR S AL R AN 1] 4
JiR o B2 A% J3AT ELARIG 0, T8 T SR B, 3% A
M 5 A% 32 i B L FIAH A, 22 3B s o AR AR
JE M 450 mm 722 4L F] 700 mm , [A] FE 2l 50 mm B, 8



1790

AL AL

TR B LR K ¥ 2018 4

94.0

9351

93.0

{0 %0

/

925t

i

92,0

300 350 400 450 500 550

95

[ 2L fmm
(a) [ f2IGEHE

94t

93

flfi R 8%

\

921

91t

a0

"

25

30 35 0 45 50
2 HE B /GPa
(b) m SR

93.51

93.0t

92.5¢

AR

N

920+

91.5

_—

200

96

250 300 350 400 450
HL R /mm

() FEZ A

94

flfi R 8%

\

92

90
1 200

100

| E;OO I 2 C;UO I 2 400
SR RMPa
(d) HZ LRI

90

{fif R A%

7

80

70
0

& 3

Fig.3 Influence of pavement structure parameters
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Fig.4  Influence of dowel bar diameter on pavement vibration characteristics
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Fig.5 Influence of dowel bar length on pavement vibration characteristics
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Fig.7 Influence of dowel bar elasticity modulus on pavement vibration characteristics
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Table 2 Results of static experiment
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Rigid pavement load transfer ability of airport based on
vibration characteristics

ZHANG Xianmin'>* | LIU Xiaolan’, ZHANG Ziwen'
(1. Airport College, Civil Aviation University of China, Tianjin 300300, China;
2. Civil Aviation College, Nanjing University of Acronautics and Astronautics, Nanjing 210016, China)

Abstract; Load transfer ability needs to be detected termly to guide the maintenance and usage of con-
crete pavement of airport, while using the existing methods (such as falling weight deflectometer) is difficult
to implement airport testing in remote mountain areas and the areas where transportation is difficult. Therefore,
a bumping method of common vehicle is proposed to analyze the influence of dowel bar and pavement structure
parameters on load transfer ability and pavement vibration characteristics (i.e. , fundamental frequency, am-
plitude and phase difference). It is found that the elasticity modulus of dowel bar and subgrade modulus are
the main effect factors. The quantitative relationship between load transfer ability and pavement vibration cha-
racteristics is established with multiple factors, and the accuracy of formulas and the feasibility of bumping
method are verified by outdoor experiments.
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Cooperative attitude control on SO(3) for multiple spacecraft with
time-varying gain ESO
MA Mingyu'?, DONG Chaoyang" *, WANG Qing’, ZHOU Min"

(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. Beijing Institute of Electronic System Engineering, Beijing 100854, China; 3. School of Automation Science and Electrical
Engincering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China; 4. Beijing Simulation Center,
Science and Technology on Special System Simulation Laboratory, Beijing 100854, China)

Abstract; This paper is concerned with the cooperative attitude control of multiple spacecraft, and the
control design method on special orthogonal group (SO(3)) with disturbance is studied. The multiple space-
craft system is modeled using SO(3) method and directed communication topology. Then, a time-varying gain
extended state observer ( ESO) is proposed to estimate the total disturbance in the system, and it lessens the
peaking phenomenon. The control commands are formulated in the form of rotation matrices using the informa-
tion of adjacent spacecraft. Thus, the cooperative controller based on SO(3) method is designed, and at the
same time ESO output is used to compensate the disturbance on the system. The convergence of the ESO and
the stability of the closed-loop system are analyzed in this paper, which shows that the attitudes of the multiple
spacecraft could reach stable consensus. Simulation is conducted to verify the effectiveness of the proposed
method.
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Simulation of galvanic corrosion of three electrodes in
marine environment
CHEN Yueliang® , WANG Andong, BIAN Guixue, ZHANG Yong

( Department of Aeronautical Machinery, Naval Aviation University Qingdao Campus, Qingdao 266041, China)

Abstract: To study the galvanic corrosion behavior of three electrodes, polarization curves of CF8611/
AC531 composite (CFRP) , 7B04-T74 aluminum alloy (7B04) and galvanized 30CrMnSiA steel (GSB) were
measured. Full immersion test of the lap joint in the simulated marine environment was carried out. The circu-
lar three electrodes were designed, the steady-state corrosion field and the parameter scanning equation were
deduced, and the galvanic corrosion model of the three electrodes and the lap joint were established. The re-
sults show that the potential distribution in the steady-state corrosion field accords with the Laplace equation.
CFRP with the highest potential is cathode; GSB with the lowest is anode; the cathode or anode role of 7B04
is not fixed, it varies with the area of arbitrary electrode, and the critical area ratio is given out. The galvanic
current of each electrode obeys the exponential distribution, and the correlation coefficient is approximately 1,
which indicates a high fitting precision. On the lap joint, the potential and current density at the overlap are
the highest and they descend symmetrically to both ends. 7B04 and GSB are anodes and the current density of
them increases by about 210 and 328 times separately. This shows that the galvanic corrosion effect made by
CFRP is very significant. The corrosion type of 7B04 plate at the overlap is general corrosion, and the thick-
ness of about 1.011% loses. The simulation value of the distance of the pitting sensitive area is 3.9 —7. 6 mm
and the measured value is 4. 667 —8.872mm. The range, shape and change rule of the two are in good agree-
ment. This illustrates that the model is effective and reliable.

Keywords: marine environment; three electrodes; galvanic corrosion; simulation; carbon fiber rein-

forced polymer ( CFRP)
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Table 2 Fault identification of unit vector method
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Table 4 Numerical approximation fault identification of correlation coefficient method

A 1 2 3 4 5 6 7 8 9 24
1 1 -1 -0.803 0.803 0.311 -0.311 -0.994 -0.995 -0.993 0.377
7 -0.994 0.994 0.734 -0.734 -0.208 0.208 1 0.999 0.999 -0.435
8 -0.995 0.995 0.740 -0.740 -0.217 0.217 1 1 1 -0.422
9 -0.994 0.994 0.734 -0.734 -0.208 0.208 0.999 1 1 -0.405

24 0.377 -0.377 0.031 -0.031 -0.414 0.414 -0.435 -0.422 -0.405 1
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Aeroengine fault diagnosis based on multi-classification AdaBoost
CAO Huiling"* , GAO Sheng', XUE Peng’

(1. College of Aeronautical Engineering, Civil Aviation University of China, Tianjin 300300, China;
2. Engineering Training Center, Civil Aviation University of China, Tianjin 300300, China)

Abstract.: The data mining of aeroengine operational data is an important research for engine fault diagno-
sis. Due to the limitations of various algorithms, the accuracy of fault classification is difficult to be greatly en-
hanced with a single algorithm. Using a combination of classifications and diagnosis of multiple classification
models, AdaBoost algorithm is a good method to improve the fault recognition accuracy. This paper combined
the AdaBoost algorithm and its improved algorithm, and established a multi-classification AdaBoost algorithm.
Support vector machine (SVM) was taken as the basic classifier, and a comprehensive diagnostic model was
established. Fault identification data in statistics of fingerprint maps were processed with unit vector, ratio co-
efficient and correlation coefficient, and the training data for fault diagnosis with few effects of fault degrees
were obtained. Then the model was constructed. The experimental results illustrate that the AdaBoost based
combination algorithm can significantly improve the performance of classifier. With the actual fault cases, it is
verified that the established diagnostic model can be well applied to engine fault diagnosis.

Keywords: AdaBoost; support vector machine (SVM) ; unit vector; ratio coefficient; correlation coeffi-

cient; fault diagnosis
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Table 1 Basic parameters of rocket booster

w,

% W HBiE/kg MRHTR/kg HEH/KN TAERFE/S
1 725.7 577.8 62.55 x4 6
398.6 139.246 8
2 1134.0
508.6 40.611 35
3 4535 150.0 42.0 10
’ 150.0 42.0 10
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Exo-atmospheric interceptor modeling and penetration and
defense effectiveness analysis
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Abstract: Based on the procedure of trans-atmospheric missile defense interception in each phase, this
paper has firstly established a dynamic model for exo-atmospheric interceptor. Then according to the theory of
predicted intercepting point ( PIP) guidance and firing table interpolation, a method of exo-atmospheric mid-
course guidance has been presented to intercept intermediate-range and long-range ballistic target. On this ba-
sis, this paper has studied the interceptor deployment zones and the firing/intercept sections according to mul-
tiple target trajectories, and the protective zone of one fixed interceptor launch position. With this approach,
the effectiveness of the exo-atmospheric interception guidance method has been tested. Finally, considering
the penetration measures that ballistic missile may have taken, including maneuver orbital transfer, electronic
jamming, infrared bait, etc. , the penetration effectiveness that achieved from different measures employed by
offensive missile has been analyzed through large sample simulations. For those interceptor deployment posi-
tions where the general ballistic target can be hit, the penetration probability of the warhead can be raised up
to over 70% with the interference strategies such as maneuver orbital transfer and bait release applied in differ-
ent phases.
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Construction method of flight safety manipulation
space based on risk prediction

LI Zhe, XU Haojun” , XUE Yuan, PEI Binbin

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

Abstract: Improving the pilot’ s situational awareness is an effective measure to ensure flight safety under
the complex meteorological environment and system failure conditions. Based on the complex dynamics of pi-
lot-vehicle-environment simulation, the risk variation trend of multiple flight safety parameters is predicted un-
der a certain manipulation command, and the flight safety spectrum and flight risk probability for the flight
condition are obtained by the superposition of the flight safety parameters’ risk degrees. Through the parallel
simulation, the flight risk topology contour in the whole operation space is calculated, and the flight safety ma-
nipulation space is constructed to guide the pilot to manipulate correctly. The flight safety operation space, the
accident mechanism and the main sensitive parameters are analyzed under the icing environment and rudder
surface jammed conditions. The simulation results show that the external environment mutation or sudden sys-
tem failure can lead to safety manipulation space reduction or even distortion. The proposal of safety manipula-
tion space under the complex conditions could not only provide an intuitive and comprehensive reference to im-
prove the pilot’ s situational awareness, but also provide a visual analytical method for the accident evolution.

Keywords: situational awareness; safety manipulation space ; flicht dynamics simulation; accident evolu-

tion; risk prediction; icing; rudder surface jamming
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Table 1 Factors and levels of drilling experiment

K FA/N B/g C/N D/(N-mm™') E/(N+-mm~') F/N

-1 6 6 7 0.18 0.41 1
0 7 8 10 0.30 0.65 2
1 8 10 13 0.41 0.95 3
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Table 2 Experimental design and results for response surface
S D/(N- E/(N- S D/(N-+ E/(N-
’LH; A/N  B/g C/N (7] (71 F/N  Y/mm *5; A/N  B/g C/N <,1 (7] F/N  Y,/mm
A= mm~ ) mm ) T mm~ ) mm )
1 6 6 10 0.18 0.65 2 17.80 28 8 8 10 0.41 0.41 2 17.04
2 8 6 10 0.18 0.65 2 19.50 29 6 8 10 0.18 0.95 2 17.92
3 6 10 10 0.18 0.65 2 19.68 30 8 8 10 0.18 0.95 2 19.17
4 8 10 10 0.18 0.65 2 19.80 31 6 8 10 0.41 0.95 2 14.44
5 6 6 10 0.41 0.65 2 16.20 32 8 8 10 0.41 0.95 2 19.24
6 8 6 10 0.41 0.65 2 18.80 33 7 6 10 0.30 0.41 1 13.52
7 6 10 10 0.41 0.65 2 19.20 34 7 10 10 0.30 0.41 1 19.40
8 8 10 10 0.41 0.65 2 18.36 35 7 6 10 0.30 0.95 1 16.80
9 7 6 7 0.30 0.41 2 16.74 36 7 10 10 0.30 0.95 1 19.32
10 7 10 7 0.30 0.41 2 18.80 37 7 6 10 0.30 0.41 3 13.60
11 7 6 13 0.30 0.41 2 17.82 38 7 10 10 0.30 0.41 3 19.22
12 7 10 13 0.30 0.41 2 19.12 39 7 6 10 0.30 0.95 3 18.40
13 7 6 7 0.30 0.95 2 15.90 40 7 10 10 0.30 0.95 3 19.20
14 7 10 7 0.30 0.95 2 19.10 41 6 8 7 0.30 0.65 1 14.40
15 7 6 13 0.30 0.95 2 18.10 42 8 8 7 0.30 0.65 1 19.72
16 7 10 13 0.30 0.95 2 19.20 43 6 8 13 0.30 0.65 1 15.64
17 7 8 7 0.18 0.65 1 14.70 44 8 8 13 0.30 0.65 1 20.30
18 7 8 13 0.18 0.65 1 19.60 45 6 8 7 0.30 0.65 3 15.70
19 7 8 7 0.41 0.65 1 15.50 46 8 8 7 0.30 0.65 3 18.80
20 7 8 13 0.41 0.65 1 18.30 47 6 8 13 0.30 0.65 3 15.80
21 7 8 7 0.18 0.65 3 16.10 48 8 8 13 0.30 0.65 3 20.10
22 7 8 13 0.18 0.65 3 20.20 49 7 8 10 0.30 0.65 2 24.30
23 7 8 7 0.41 0.65 3 13.80 50 7 8 10 0.30 0.65 2 24.10
24 7 8 13 0.41 0.65 3 20.00 51 7 8 10 0.30 0.65 2 23.60
25 6 8 10 0.18 0.41 2 17.04 52 7 8 10 0.30 0.65 2 24.60
26 8 8 10 0.18 0.41 2 18.32 53 7 8 10 0.30 0.65 2 25.10
27 6 8 10 0.41 0.41 2 14.22 54 7 8 10 0.30 0.65 2 23.80
x3 FHELHW
99 - -
Table 3 Variance analysis 05 E ,__.d"
- - : 90 58
GEKW F P M AWM ¥ U f P < 80 o
= I
i Y 364.58 17 21.45 13.46 <0.0001 £ s} j
¥ :
A 40.33 1 40.33 25.31 <0.0001 f=rg 20 -
B 30.78 1 30.78  19.32 <0.0001 1';} 3 ,hﬁ
c 25.81 1 25.81  16.20  0.0003 (Bs
D 9.07 1 9.07 5.69 0.0224
E 5.97 1 5.97 3.75 0.0608 -3 -2 -1 0 1 2 3
F 0.60 I 0.60 0.3  0.5427 PRk 2
AB 3.16 1 316 1.9 0.1674 B 15 L4 5 e 5 S I Mo ok 22 IE S
AD 1.58 1 1.58 0.99 0.3258 Fig. 15 Residual normal graph of fitting equation
AF 0.85 1 0.85 0.53 0.4711 and experimental data
BC 2.03 1 2.03 1.65 0.1267
BE 1.29 1 1.29 1.06 0.1596
A? 40.86 1 40.86 25.65 <0.0001
B? 17.99 1 17.99 11.29 0.0019
c? 41.88 1 41.88 26.29 <0.0001
D? 52.92 1 52.92 33.22 <0.0001
E? 81.43 1 81.43 51.11 <0.0001
F? 74.37 1 74.37 46.69 <0.0001 . T
Aty L
5% 2% 57.35 36 1.59 it/ 6 KTE
LR 55.86 31 1.80 6.03 0.0268 N . .
& 16 Bl g R 5T X At 0 T ) B8 T W) ) T €]
gl R %= 1.50 5 0.30
A Fig. 16  Response surface plots of mutual-influence of weight
BEE 421.93 53

on bit and free mass on drilling depth
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A rotary-percussive ultrasonic drill driven by single piezoelectric stack

WANG Yinchao, QUAN Qiquan” , YU Hongying, BAI Deen, DENG Zongquan

(State Key Laboratory of Robotics and System, Harbin Institute of Technology, Harbin 150001, China)

Abstract; To improve the chip removal efficiency of percussive ultrasonic drilling, a rotary-percussive ul-
trasonic drill (RPUD) is proposed based on piezoelectric driving principle, which is driven by single piezoe-
lectric stack. The proposed RPUD uses the vibration on both sides of the single piezoelectric stack to realize
the rotary-percussive motion of the drilling tool, and transfers one side of vibration into rotary motion and the
other side into percussive motion. Rotary motion and percussive motion can be regulated independently. To re-
alize the synchronous resonance of rotary motion and percussive motion, the modal analysis and transient anal-
ysis of ultrasonic drilling transducer are carried out by the finite element method. A prototype of rotary-percus-
sive ultrasonic drilling machine was developed, and the drilling experiment was carried out based on the opti-
mized structural design parameters. The experimental results verify the drilling function of the RPUD, and re-
sponse surface method is used to analyze the influence of the drilling parameters such as weight on bit on the
drilling efficiency.

Keywords ; deep space sampling; ultrasonic drill; piezoelectric transducer; finite element method; drill-

ing experiment; response surface method
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BB 5 P4 2R 3 T 400% . Arici 255 B
LT A FERFU K AL O, 9Kk Xt HIE 2448 N
A AR L R MR AR, & I Y IR B B
N 1% I, 7 B 5 Al R K . Harish 281 5236
9% & BRAE A AR TP A AR L B0k 1% (1) GnP
Bt S I B T 230% T L 24 40 K b T 5 44
$4 B AR F B BOR TR IS, GnP 1 5 A A 98 1 3k
AR T 48 K 43 8 kL T S SWCNT., Motahar %"
KB Ay KR 4% 1 TiO, 98Kk 74 # T IE
T\ e b BE 5 K I B [ R R R R 18% o MR AR
4R SWONT B £ 1 5 3Pk R 36 ok ) 4K
RITTA 530N 5% () SWCNT BE 84 7 It S $4
ZAH 0.2 W/mK & %E 0.28 W/mK, 73 F 44
KR RE B BB 5T 05 T, Nan 25157 R g g
ST 3 AR FEDIE X GOK I 5 bR S5 85 R R B
Y I R B 52 56 #F 47 7 5% UE ; Santamarfa-Holek il
Mendoza "’ 3 F Maxwell-Garnett 25 % 4~ it ¥ &
(EMT) BRI} 3 R [\ B 2 gh ok &2 6 b kL 26 R
RUHEAT T 58 A8 s Das 2517 36 F EMT 47 1
-2 AL TR AT T TR [ 26 R 9 K S 52 A
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Fig.1 Two-dimensional physical model "
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R 5 ZAH A (R AH T) %) A S T 38 Ao SR A 45 44 FR
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N T X R A BB A AR 2o i A A o B AR
A7 TR 40 AR UL BIE 5T, A STk 0 1 2 808 W
iy HLVEAN LR A 306. 15 ~308. 15 K Ay 41 B
TENAIAE AR, BRI PE S B 1701
AR By LR R R AT A5 A [ 1A R 53 B804 AR A2 A
BHPE LR 20 AR SCHERL 27 ] rp o7 05 B R =
BOE 3L, A IR AE 306. 15 ~308. 15 K J& X [H] P 4%
J H 850 kg/m® AR VL R N 750 kg/m’ . 24
T >308. 15 K, 5 AT 1 T B FEE priguigue, e LIS
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K1 gkdpmEsyg
Table 1 Physical property parameters of

nano materials'®"'""*’

/R e ND SWCNT GnP
Puane” (kg m ™) 3300 1100 2200
Eppo/ (W = m ™"« K1) 2200 3500 3500
(€) pano”/ (KJ = kg™' = K7')  0.519 0.643 0.643
Buana” (10 7°K 1) 1 -0.3 -0.7

®2 HEEMBMESH

Table 2 Physical property parameters of phase change materials

AR A ]
. k271 g A SO AE #1 K}
Z H7S b1 GnP & GnP {&F GnP {&F ND {471 SWCNT 4F
SHCH 1% SR 3% S8R 5% SR 3% S8R 3%
Dotiane” (kg + m ™) 850 863.5 890.5 917.5 923.5 857.5
Piquidus” (kg » m ™) 750 764.5 793.5 822.5 826.5 760.5
Eopigee/ (W - m™" - K1) 0.22 0.51 1.069 1.601 0.244 0.877
g/ (W = m ™" - K1) 0.15 0.34 0.731 1.09 0.167 0.316
e,/(kJ + kg™ K1) 2630 2610 2570.4 2530.6 2566.7 2570. 4
B/(107°K 1) 1000 990 970 950 970 960
w/(kg-m™'-s7h) 0.003 184 0.00352 0.00433 0.0054 0.0034 0.00427
L/(kJ - kg™") 176 174.24 170.72 167.2 170.72 170.72
. A0 AARE THT ) A R e T v B B A
2 HHER 30 B e A

2.1 “@REBEEE

]2 Syl £ W A 72 e il 333015 K 7 5%
R 1 9% Ak 3 A 43 i FE 480,960 1 440 Al
1920 s (AR L 43 TR B2 B o B o I8, 45 0 L v
FE R S 2R Dy Al W 5 s A0 A BT, TRORE 4 )
AR AH AR B BHE A0 1 R rh VR R A 9 A AR A REAE
A AH A R B S R B B TR
2 (a) B, 7680 16 B B, S 30 0 A4 BE T 9 A7 I
B IR, TR E Bif 25 A A A A 1 AR R AR
T HL 23850 1 A B A AL TR PR 7R 2(b)

L SUS U NP EL -y X R N e S R L7
R TR B R /NI R T A A R T
TR T LB A 5 TR R T R AR
TEHTAL /)N | G0 RE T Y A 5 S AL, O HLAE
R i e R PR ik Ja A g B, PR O A T
JHERE 7= FE WA A 0 A 0 S 2 R R
T [ A 3L B0 100 328 A 0 T A S ORI
S PR R WU ) A T AN B g o7 i A AR Y
A M 3, A2 WA A B PR B — A 3 R A R
B2 (c) B s i HL 3 B2 2 B8 R i, 76 A7 B 4
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Fig.2 Contours of liquid phase component, temperature and

velocity of paraffin during melting process
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Abstract: The latent heat thermal energy storage can be applied widely in aerospace domain and many
other industrial fields. However, phase change materials suffer from low thermal conductivity that constrains
their engineering application. Nano materials with high thermal conductivity can effectively improve the ther-
mal conductivity of phase change materials. For simulating the melting process in more detail, the physical
properties of paraffin composited with three representative kinds of nano materials were founded based on the
Maxwell-Garnett type effective medium theory (EMT). The volume of fluid ( VOF) model and the enthalpy-
porosity model were coupled to simulate the melting process of the pure paraffin and the paraffin composited
with nano diamond (ND) , single-walled carbon nanotube (SWCNT) and grapheme nano platelets ( GnP) un-
der a constant wall temperature. Meanwhile the volume expansion was taken into account. Numerical calcula-
tions show that the natural convection is mainly distributed at the region closed to the solid-liquid interface,
the region closed to the heating surface and the region adjacent to air-liquid interface. Among these three kinds
of nano materials, GnP is the most promising additive that can enhance thermal conductivity of phase change
material. For a fixed GnP loading of volume fraction of 3% , the solid phase heat conductivity coefficient of
nanoparticle-enhanced phase change materials increases by 486% compared to that of pure paraffin, and the
melting time of phase change materials decreases by 69% . Meanwhile, the melting process of the nano-com-
posite phase change materials can be significantly shortened by raising the temperature of the heating surface.

Keywords: phase change materials; nano materials; effective medium theory (EMT) model; volume of

fluid (VOF) model; enthalpy-porosity model
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Texture image classification based on BoF model with multi-feature fusion

WANG Yuling"*, LI Ming"** ", LI Junhua', ZHANG Congxuan’, CHEN Hao’

(1. College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China;
2. School of Information Engineering, East China University of Technology, Nanchang 330013, China;

3. Key Laboratory of Jiangxi Province for Image Processing and Pattern Recognition, Nanchang Hangkong University, Nanchang 330063, China)

Abstract; The obvious shortcomings of bag of feature ( BoF) model are lack of spatial and geometric in-
formation in image representation, and poor description of the content of texture image. To solve these prob-
lems, we proposed a texture image classification method based on BoF model with multi-feature fusion. The
method fuses gray gradient co-occurrence matrix (GGCM) and scale-invariant feature transform ( SIFT) as the
basic feature description of texture image, uses a dynamic weight to identify energy analysis for the optimal pa-
rameter feature selection, quantifies texture feature by BoF, then applies support vector machine to train and
predict the image, and finally obtains the classification results. The experimental results show that the pro-
posed method has better performance of texture classification into rotated texture, twisted texture, edge fuzzy
texture , light changing texture, messy texture, etc. The average classification accuracy of the proposed method
on the UIUC texture database increases by 12.8% and 7.9% respectively compared with the conventional BoF
model and concave-convex partition ( CCP) methods, which indicates that the proposed method has higher ac-
curacy and better robustness for texture image classification.
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rence matrix (GGCM) ; scale-invariant feature transform ( SIFT)
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Table 2 Rake angles on both sides of cutting teeth on
indexing torus of spiral flute rake face processed

by fixed transmission ratio
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3 B -0.03667 -4 0.08735 4
4 24 0.13101 13 -0.06232 21
584 0.41112 31 -0.51175 38
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Table 4 Rake angles of spiral flute hob processed by variable transmission ratio (°)

ENGEIN iR Rcs

WS RTMAZER

122.24 mm 124 mm 126 mm 127.5 mm 129 mm 131 mm 132.24 mm
| B AR £ 7.0257 5.0887 2.6145 0.4451 -2.0245 -6.0254 -8.5893
. A0 BT A -5.0825 -3.7369 -1.9851 -0.3786 1.4051 4.0815 5.744 1
5 B 2 A 5.9787 4.3647 2.0525 0.0680 -2.1409 -5.4143 -7.5232
e AN H A -4.1345 -3.0164 -1.4223 -0.1164 1.0664 2.9582 4.1675
3 B AR ff 4.8790 3.5458 1.6131 -0.0367 -1.9650 -4.7613 -6.5931
VA N BT A -6.5847 -4.6422 -2.0275 0.0874 2.1664 5.0544 6.7608
4B 22 BT A 4.1781 3.0228 1.4356 0.1310 -1.4132 -3.7305 -5.3140
o A5 R £ -6.1838 -4.5163 -2.1069 -0.0623 2.1592 5.5576 7.6928
s g AR F 5.3606 3.9350 2.0476 0.4111 -1.5937 -4.5527 -6.3916
M N B A -6.8991 -4.9536 -2.5040 -0.5118 1.9008 5.5543 7.9856
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Fig. 10 Variation of rake angles on both sides

AL S LA A AL AN 12 iR o

K FAS 6 (49 1% 3l e 22 T8 B 18] 1 Ai5 T T
P 1353 53] 3 s 1 JBE A T 02 T 2k 1A T B T 0% e
24 TR AR R T MR £ 1) T A A X L 1Y B I A% S
BE T T B AN (] R 5 A R D I 35 L3, M 3,
H Ly Ly MU Ly 53 50 O B2 8 A8 i T T 3, 5 R
DTS Sy AT W 00 T8 23 2 B0 TG R 1A AR 3R T £
SEER 5 Ls, (L, T Ly 73 5] g 8 5E Al T 0 10 35 45
TR ) LA W AT W 006 T8, 23 B2 BR T R 1A AR 3A T
MIAC LR

Oy BISRAE Ly R Ly, 55 70 1252 5540 1Y i A
ZERUNFR S MK 6 P LA TR 1f1 AL 19 15 3l L
T TR e A T D X RN A% T A A I A AR
+0.5°72 47, LA AR 3R 10 4k A% sl Lo e
T 70 T8 18 2% 0 14 A AR A AE £ 0.6° 48 4 o A



A R

ke T A R K ¥ ¥R Tl 2018 45
18F
17
a5 16f
L/ —=—rum )
2y — MR
o o oo A MG TR 2R
. . 5
e -40 =20 0 20 40 <5
HEIAE I i/ m (@) ARl {2 8y L Y i
(@) VAR
26
251
241

SHRAMIC)

2t
,./, s ':I;'H'HF'!. - .'.
21 e A P TR AR A\
o oo A EG AR .
20 20 0 20 40
4 IR ] i /mm
(b) P B

11 A [e) A i Aok SR £ 3 A 72 A

Fig. 11 Variation of lead angles on different torus

Fig.

=7
— — T
gl — el ik ik
oo s A Ak
S
=
& —10}t
“11t
=15 20 0 20 a5
88 2 In) e 1 /mm
() Mo THLEf 1
-8
— — VI
-9 — e 1 i 2k 3
i oo AR AL F
S _of
-
‘.T_?.
& -1
_|2 L
-13 ; ,

—4:0 —it} 0 2'[} 40
TR JIE I /mm
(b) Vi HdER

B 12 AT 3R A % 3 L Al

12 Variation of transmission ratio on different torus

(b) if ) TR

13 R IR
Fig. 13 Schematic of rake faces

x5 LUETRIREA I I T REER I E
W& EEATRNEIE A
Table 5 Rake angles on both sides of cutting teeth
corresponding to spiral flute rake face processed by

transmission ratio on tooth top torus

e S
Wifh/(0) HENLE Z/mm s/ (o) HBEOLE Z,/mm
15 0.46256 -38 -0.48352 -31
2 5 -0.03843 -21 0.13194 -13
35 -0.11490 -4 0.17631 4
454 0.26771 13 -0.20422 21
5%5% 0.33319 31 -0.43043 38

&6 LUERIMEAESNLL N TEREER T E
MEENEEAAMNBEA
Table 6 Rake angles on both sides of cutting teeth
corresponding to spiral flute rake face processed by

transmission ratio on tooth root torus

£ M £
s - -
wifa/ () WmALE Z,/mm i/ (0) WEALE Z,/mm
151 0.51102 -38 -0.42014 -31
2 5% 0.23934 -21 -0.13527 -13
3 54 -0.06867 -4 0.17025 4
4 545 0.12545 13 0.07651 21
551 0.39523 31 -0.55803 38
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Fig. 15 Measurement of angle W between
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Table 7 Measurement of rake angles of hob with spiral flute (°)
AP E W R, 4
w5 T f 2R
122.24 mm 125 mm 127.5 mm 130 mm 132.24 mm
| B Je R £ 0.2279 0.4051 0.3152 -0.3766 -0.1446
5 N BT A 0.0313 -0.1885 -0.5027 0.1250 0.0763
28 2= i £ 0.2760 0.1474 0.091 1 0.0419 0.1538
£ MG -0.2228 0.0956 0.1848 -0.0818 0.260 1
3B e N £ -0.0981 -0.0733 0.1322 -0.1371 -0.1901
5 N B A 0.1715 -0.1306 -0.2107 0.1955 -0.0612
4B e AN £ 0.3056 0.2334 -0.0860 -0.1224 0.3828
£ MG -0.1508 0.0821 ~0.2543 0.2653 0.1155
s B T N £ 0.4184 0.1666 0.3201 -0.1776 -0.1604
i BT A -0.1852 -0.3327 -0.2673 0.2891 0.2562
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Design and correction method of spiral flute rake face of
an hourglass worm gear hob
YANG Jie', LI Haitao'>** , RUI Chengjie' , DONG Xuezhu'

(1. College of Engineering, China Agricultural University, Beijing 100083, China;
2. Key Laboratory of Optimal Design of Modern Agricultural Equipment in Beijing, Beijing 100083, China)

Abstract: To improve the cutting performance and hobbing efficiency of an hourglass worm gear hob, it is
necessary to design the flutes of the hob into spiral groove, reduce the absolute value of the rake angle on both
sides of the cutting teeth, and equalize the cutting conditions on both sides of the blade. Based on the hour-
glass worm forming method and the gear meshing theory, a method for developing a helical groove with a cylin-
drical generating surface by changing the transmission ratio is proposed, and the idea behind the method is to
ensure that the lead angles of the worm helix and the rake face curve are complementary in any cross section of
the basic hob worm. The rake angles on the indexing cycle were both approximately zero, while the rake an-
gles on the left side of the cutting tooth varied from positive to negative from the tooth top to the tooth root, and
the rake angles on the right side of the cutting tooth varied from negative to positive from the tooth top to the
tooth root. And the absolute values of positive and negative rake angles were larger. The rake face of the hob
was further modified, and the modified hob model was introduced into the VERICUT software. The rake angles
were measured to verify the correctness of the design method. The results show that the method can solve the
problem that the absolute value of the rake angle on both sides of the hob is relatively large, and the rake an-
gles on both sides of the cutting teeth are controlled between —0.6° and 0.5°.

Keywords: hourglass worm gear hob; spiral flute; rake angle; cylindrical generating surface; VERICUT
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ANE 4L DR PUESE 5T 1,

Ve AR B U6 AR B AR S B R
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PITEITHES RN E 4 ~ K6,

XFF AV Lambert [a] 8519 5 /)N 3 BE 3G 58, 4
FIF AV’ Lambert [a] 8 R fif 75 20 49 p {6 (& ¢
11285.930) 315, M H AV Lambert [i] 555K i 15 3]
(9 p {H (& m = 11 360. 100), f AV, (q) -
AV, (m) =0.094 669 588 639 047, AV, (q) &5 i}
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AV AV H AR BREUE BE p 28401 B A & 2
It R BRAR ), SRy 38 4017 195 00 DL 181 30 A A A
M4 ~F6THER -5,

%1 ALSET 1 %1 ARIANE 44L T 2§38 5 % (NORAD W {THE#%g) "
Table 1 Orbit parameters of two satellites ALSET 1 and ARIANE 44L ( NORAD two-line element sets) (2l
ALSET 1
1 27559U 02054A 08259.52685948 -0.00000002  00000-0 84653-5 0 6025
2 27559 097.9807 137.4784 0009 664 216.5494 143.5047 14.629778973 095 34
ARIANE 44L

1 28576U 91075N  08351.945684 14 0.00000179 00000-0 64019-2 0 6927
2 28576 006.5534 128.0629 6595687 237.3611 042.0029 02.83587463 72170
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Table 2 Location of starting point and ending point
km T,‘,,

£

-
ﬁz ﬁ r, T, r, :5,

-
r 3160.1254 -3850.6707  -5011.9852 =
r,  -16875.8926 14279.183 4 516.0392 %

3 ERSHMBRRE 2ol e P

* . 1.10 1.12 1.14

Table 3 Velocity of starting point and ending point

km/s
HOE v, v, v,
v, —-4.458 3.1012 -5.1916
v, -1.2765 1.7995 3.0439

%4 AV Lambert g2 IF SEEIEE

Table 4 Velocity increments at starting point and ending

point of AV Lambert problem km/s
R 1 Aw, Aw, Aw,
Aw, -1.36122 0.14784 -1.62577
Aw, 8.786 x10°°  8.841 x10° 10.017 x 10 °

%5 AV’ Lambert 852 IF & i FF G2

Table 5 Velocity increments at starting point and ending

point of AV’ Lambert problem km/s

HRE 1 Aw, Aw, Aw,
Aw, —-1.30008 0.08591 -1.67027
Aw, -0.07603 0.06670 0.01216

R6 EBHESH

Table 6 Transition orbit parameter

R h=up/ H b5 e 5/
H 75 bR 5 p/km ' 5 Mp,l o
(km* +s7) (km-s™")
AV, 11360. 100 67291.462 2.12556
AV2 11285.930 67071.429 4.4978

tot

10¢

10°}

104}

10°

107}

HpReRE I (kms™)

10"

10

10 10° 10° 10° 10°
B iE 2R km

B2 AV, AV F b R B p 22 i 0
Fig.2 Variation of AV, and AV?, function with p

116 1.18 120
BhiE 5 45/(107 km)

3 AV, AV, BAR R BB BE p A8 A6 B0 (R 45 BT
Fig.3 Variation of AV, and AV’

tot tot

function with p

(near peak point)
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Energy-optimal and fuel-optimal problems for Lambert rendezvous

XU Limin, ZHANG Tao”, TAO Jiawei

( Department of Automation, Tsinghua University, Beijing 100084, China)

Abstract: The Lambert two-impulse rendezvous problem is an important problem in orbital-transfer, ren-

dezvous and docking and other fields in space engineering. Fuel-optimal and energy-optimal Lambert rendez-

vous problems are a kind of Lambert optimization problem that has the typical application background and en-

gineering requirements. In this paper, an analytical calculation method based on vector form is proposed for

energy-optimal and fuel-optimal Lambert rendezvous problems, and then the analytic solution in vector form is

developed for the energy-optimal and fuel-optimal Lambert rendezvous problems. The nature and characteris-

tics of the two analytic solutions for optimization rendezvous problem are analyzed and contrasted. The simula-

tion results prove the correctness of this method and that fuel consumption of fuel-optimal orbit is less than that

of energy-optimal orbit.

Keywords: two-impulse orbital-transfer; Lambert rendezvous; energy-optimal; fuel-optimal; two-point

boundary value problem; optimal planning
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Fig. 1 High-accuracy simulation model of flywheel
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Table 1 Parameter setting of flywheel simulation model

Zz W ¥oH
WK G/ (A -V |
ML AR K/ (N-m-A™") 0.19
L SR R K./ (V- rad ™' - s71) 0.29
Fh R R 24 RBK/(V - rad™! o 5T 95
Ee BRI B o,/ (1 min™") 690
WHEEE S5 7./ (N + m) 0.002
RS /(N m - s7) 0.078
LG B N, 36
WHhEENE r/(N-m-s-rad™") 0.037
KA HLFH R,/ Q 2
IR B M iR 2 0, /rad 0.05
O I P R AR w,/ (rad - 571 0.2
H T R 15 A Ky 0.5
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Fault detection for flywheels based on chaotic attractor
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Abstract: Aimed at the problem that the early fault of the flywheel is difficult to detect and the precision

mathematical model is difficult to be established, a fault detection method based on the characteristics of cha-

otic attractor is proposed. This method uses the auxiliary curved surface function and the system parameters to

construct the discrete dynamical system. The approximate chaotic attractors obtained from normal data through

iteration are different with the ones obtained from fault data. The difference could be used as feature for fault

detection. The simulation results show that the discrete dynamical system constructed by this method can gen-

erate the chaotic attractor stably.

The chaotic attractor is independent of the initial iteration point.

The same

faults under different working conditions have the same characteristics. The chaotic attractor feature is sensitive

to small fault.
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Construction of knowledge network of O20 e-business
based on innovation ability-fitness
GAO Changyuan" ", YAN Jian'’>, YOU Yang'

(1. College of Management, Harbin University of Science and Technology, Harbin 150040, China;
2. Beijing Information Science and Technology University, Beijing 100192, China)

Abstract: A method for constructing knowledge networks based on the fitness of node’ s innovation ability
is proposed for 020 e-business enterprises to make accurate judgment on the knowledge innovation field and
improve the innovation competitiveness. This paper, based on the analysis on influence factors of knowledge
node’ s innovation ability of 020 e-business enterprise and their weight assignment, the fitness algorithm is
used to determine the fitness of knowledge node’ s innovation ability, and the innovation ability fitness knowl-
edge network model suitable for the 020 e-business enterprise characteristics is established. Combining five-
grade scoring method and UCINET visualization software, this paper constructs the knowledge network of Su-
ning cloud business based on the fitness of innovation ability. The experiment shows that the knowledge node
with strong innovation ability are characterized by high connectivity and relatively large shape. And finally, a
coping strategy to the innovation ability fitness knowledge network of Suning cloud besiness is put forword.

Keywords: 020 e-business; knowledge network ; node’ s innovation ability; fitness; network construc-

tion
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Abstract: The increase demand for global services in recent years has led to the deficiency of resources
in traditional low frequency band in low earth orbit (LEO) satellite communication. Thus designs of LEO sat-
ellite constellation in Ka band have drawn a lot of interests. However, utilization of Ka band in LEO design in-
evitably causes interference to the existing geostationary (GEO) satellite system in the same band. A method
of the discrimination angle based on spatial isolation in LEO-GEO coexistence systems is adopted to mitigate
the interference both in uplink and downlink scenarios and to guarantee that the interference level from LEO
system can meet the constraint requirements of communication interference in the same frequency band which
are stipulated by International Telecommunication Union (ITU). Furthermore, a concept of GEO band is de-
veloped to determine the interference exclusion zone and to research the impact on the LEO satellite constella-
tion density. Finally, simulations of the relationship among the discrimination angle, the GEO band and the
LEO constellation density are given and the minimum satellite amount in this method without interrupting satel-
lite services is found, which is significant in LEO satellite constellation design.
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Adaptive bilateral control for underwater manipulator in
uncertainty teleoperation
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(1. School of Marine Science and Technology, Northwestern Polytechnical University, Xi’ an 710072, China;

2. Science and Technology on Underwater Information and Control Laboratory, Northwestern Polytechnical University, Xi’ an 710072, China)

Abstract: An adaptive bilateral control strategy is proposed for the uncertainty of the mathematical model
and external disturbances during the teleoperation of underwater manipulator. A reference adaptive impedance
control law based on the nominal model is designed for the uncertainty of the parameters of the master manipu-
lator model and the external disturbance. The reference position of the expected model is adjusted by the devi-
ation between the force of operator and the slave manipulator, and the model uncertainty is compensated by the
adaptive control law. Aimed at the uncertainty of slave manipulator, the adaptive compensation is achieved by
the radial basis function (RBF) neural network, and the approximation deviation is eliminated by the design
of the sliding mode variable structure controller and the robust adaptive controller, which satisfies the position
tracking of the slave manipulator to the master manipulator. The tracking performance and global stability are
proved by Lyapunov function, and the asymptotic convergence of force-position tracking is guaranteed. The re-
sults show that the overall controller has good force-position tracking ability under the conditions of model un-
certainty and external disturbance. The whole system is stable and feasible, and has robustness and adaptive
control ability.

Keywords: teleoperation; impedance control; neural sliding mode control; force-position tracking;

robustness; adapation
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Table 1 Main parameter setting of algorithms
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2. National Airspace Management Center, Beijing 100094, China)

Abstract; With the rapidly continuing growth in demand for flight activities and the increasing airspace
usage conflicts, the global optimization of air traffic flow management has become an essential approach to re-
duce flight delays, decrease flight risk and ensure airspace operation safety. As a typical area of civil-military
integration development, air traffic management needs the uniform and efficient integration optimization of the
civil and military aviation flight plans. The global optimization of air traffic flow management problem is a com-
plex real-world optimization problem due to its large-scale and multi-objective, and nonseparable characteris-
CMI model,

which considers the difference in civil and military flight plans, the efficiency and safty of sector network , and

tics. This paper presents a civil-military integration flight flow multi-objective optimization

the civil and military controllers operating features. In order to resolve the unbalance and inadequacy problem
lying in population evolution process, a dynamic adaptive multi-objective genetic algorithm ( DA-MOGA ) ,
which designs the dynamic adjustment mechanism of crossover and variation based on the crowding distance
and diversity, is proposed in this paper. The validation results based on the actual data from the sector net-
works in China show that the DA-MOGA outperforms the two well-known multi-objective evolutionary algo-
rithms.
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tion; civil-military integration
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Table 1 Basic mechanical property parameters of

TB2-1 titanium alloy

T2 RS E O
PPEAS i/ MPa 85000
AL 0.33
R/ (kg +m™Y) 4.83
Jif A 5% B / MPa 880

B 17 A7 FRITAE R e & T

Fig. 17 Finite element model and position of rivets
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A fatigue life analysis method for multiple riveted joint

ZHANG Tianyu, HE Yuting” , CHEN Tao, DU Xu, TAN Xiangfei, LIU Kai

( Aeronautic and Astronautic Engineering College, Air Force Engineering University, Xi’an 710038, China)

Abstract; In the analysis of fatigue life of multiple riveted joints, the explicit dynamic analysis of the
pressing and riveting process was carried out, and the deformation form and interference after riveting process
were obtained. An APDL subroutine was developed to analyze the riveting process of various forms of speci-
mens. Detailed stress was analyzed by using load-displacement curves of fastener. The load-displacement cal-
culation method of riveted joint was proposed based on the three-dimensional elastoplastic finite element meth-
od, and compared with the experimental results, the reliability of using this method to obtain load-displace-
ment curves was validated. Riveting units were established in ANSYS by using parametric modeling to carry
out the calculation of riveting load. The fatigue life of the joint is estimated by the stress severity coefficient
method. The fatigue test of typical aviation riveted joint was carried out. The calculation results are in good
agreement with the test results, which indicates the feasibility of this method.

Keywords: multiple riveted joint; riveting process; explicit dynamic analysis; load-displacement curve;

rivet unit
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Semi-supervised classification based on class certainty of samples
GAO Fei” , ZHU Fuli

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

Abstract: The performance of supervised learning based algorithms can decrease dramatically in the clas-
sification of remote sensing images if labeled samples are insufficient. The collection of labeled samples is gen-
erally time-consuming and expensive, though unlabeled samples can be relatively easily obtained. To utilize
the information of unlabeled samples in the learning process, this paper proposes a novel semi-supervised clas-
sification algorithm based on class certainty of samples (CCS). First, a multi-class support vector machine
(SVM) is employed to determine the class certainty of unlabeled samples, which effectively measure the class
reliability of unlabeled samples. Then, the pre-processing of sample classification is carried out to enhance the
security of unlabeled samples. Finally, a new semi-supervised linear discriminant analysis ( LDA) is proposed
based on the sample class certainty and results in improved separability of the samples in the projection sub-
space. Moreover, the semi-supervised LDA can be extended to nonlinear dimensional reduction by combining
the class certainty and the kernel based methods. For classification of the testing samples, the nearest neighbor
classifier is adopted. In order to assess the effectiveness of the proposed algorithm, several experiments are
carried out on the actual synthetic aperture radar (SAR) images in comparison with other supervised and semi-
supervised algorithms. Using real SAR images, it is proved that the proposed algorithm is superior to all super-
vised and other semi supervised algorithms in the case of less marked samples. And it can converge quickly.

Keywords; remote sensing image ; semi-supervised classification; class certainty; semi-supervised linear

discriminant analysis; kernel method
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fir— A BRM M AR e, RJE,RATRER
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27 (mo)?
(18)
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i o2 gl Em )
m S 2met)? 20

Uy=6(y,y) U, . B U RS m AT, ¢, HR
BOEEE Ly U2 04T 0 B E v 20518 42 Jr 45
PRI SRRty A, SR, Xt D5 AR (14)
5 RBORRE C B 5 2O R s (19) B i
B E PR
oF T(Z(UC—PX)@(H@IM)
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aC
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n(APX + BUC) ) + AGC (19)

R :H =exp|d[ (UC -PX) (UC -PX)"]/(25°) |
M xRy, d () R XA 2L, B
A1H1xD 7 E; © N Hadamard K fH; ® Ky
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(R")" +2K'T] ;R J ol F ik bl 40 o, Hbe1”
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1.4.3 B4

AFT R S HE: (the backward approach ) [
Sk #57 TPS (Thin-Plate Spline ) 75 4 4 %1 | )] ¥ 4
By 3 BB R A LA (B &R A (T & HUik
VY& A AT G A B R R ) o T e HE A
T3 R L 4 R 802t B AR AR R A bRtk 1 (RIS
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Z: 7% [EIR 3 £ BC UE SR 9 TPS 72 6 fili 1 B 7Y
T(x,y) &=
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1=1
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FE FOBURRAIE 9 DFMM 5875 79 47 AIE 5 VS i 3o 72
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CPD J5 ¥ fe 01 VF Al i A5 1 X6 1 i 4 3 44 57 F T
O DI, TS A DFMM 5835k e 00 VA, 23 A o
PR FLOE R B AR B . BEE B AR B I (-
Iter =5, Tter =10) , CPD B35 P4l 15 1) 1) 25 4K 1H
R A3 A T XSG JE L A L2, DEMM B33

2) LE W&,
SR T — R A B KA Al 31 ( Maximum
Likelihood Estimation, MLE ) 3 5 Ji% ., R 1, 24 %
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Fig.3 Image feature extraction
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R AIOEE S AN WG E 2 B s

A S BT A /N TG N AL 2 B A i R ROk A
720 -, XS B PR A
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Table 1 Experimental data

E i (i) (ii)
Yepg/ () 6~15 15 ~25
S 2 K 30 30

640 x 450 ~ 640 x 450 ~
R/ (mm x mm) 1 100 x 850 1100 x 850
i S A2 4/ () 30 ~90 30 ~90
KFEHA/ () -90 ~90 -90 ~90
FEAE 55 282 ~712 140 ~ 600
2.1.2 #FiEARAE

TEPEAG A 56 1, B 5, T 3 i £ 15 C o 1] 5O
ZEEG EWE T B 20 ANHLE EAE. N T
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Fig. 6 Examples of image registration results for five sets of data sets (i)
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Fig.7 Examples of image registration results for five sets of data sets (ii)
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Table 2 Experimental result of exprimental database (i) and (ii) evaluation and comparison using RMSE and MAE
w2 w4 SURF SIFT CPD AGMReg GLMDTPS PRGLS DFMM
S (i) 7.283 7 12.528 7 5.436 5 5.112 3 4.919 1 3.716 3 1.321'1
RMSE
(ii) 6.062 7 11.556 6 3.257 6 3.190 4 3.106 5 2.483 2 1.012 7
(i) 4.234 4 7.288 9 3.110 2 3.044 0 3.058 1 2.038 0 1.074 9
MAE
(ii) 5.441 1 6.008 0 2.239 4 2.170 2 2.103 8 1.504 5 0.645 2

B, E0E AR YD b U, RUEE 45 R i) i ; CPD 23R
FHRK R 25, FIF GMM # 57 % Jif ¢ & ; GLMDTPS
BRI T PG 5 1 4 Sy SRR 3 R R
8 R 8 3 10 U AIE 8 3 - S X R R R
AGMReg J2& LLAE X B o 357 488 780 g %0, 1l FH 40
P 2 AR SR W 2% g 56 7 s PRGLS 3 F 42 J) R AiE FI
BT SC R F o 3R HC— A b il X A B, Ok
SEN K G A R T L, DFMM 22 LL GMM Ry
O G54 2 AP — AR 25 SR R T (R T IR IR BE 2
{18 4 JR R FE R T 0 ) o 1) Je S AR AIE ) A% 2 1) U
fEH IR T (2 (4)) 58] T 8k 1 GMM, i H i
g [l ot 3 ot 2 b ARRAE R AT X B 06 R 1A (2R(8) ) o
BEE X5 R AR il R Y R R AR AL
O 5 B 22 5 ;@4 R UM g5 #y 22 57 @ JR B L
454 25 53 s @ 4 J5y LA 29 35 B Jmy i J LA 29 3
M2 S Ee 45 R 45 5 & #) CPD (AGMReg, &
PRGLS i #t 45 . 7 SURF | SIFT, H Ji A #£ T
SURF SIFT H R A R AE O 4 B B 9 ¢ 1iF 45 58
BB % Wi fE, Wi CPD . AGMReg. GLMDTPS %
PRGLS 5 R THIEQ @D . Q@D . @B K&
Q@ , REME 1E— & T 1 47 v PR IC o ARG B2
AR DFMM B335 e ol 25 21 00 F oAt e o 45 51, 1
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Table 3 Experimental results of low-altitude remote

sensing images with complex terrain evaluation
using RMSE and MAE

w2 mmREYES KoM oxo# % o B O
RMSE 1.874 1 1.2318 1.0423 1.4536 1.4005
MAE 1.321 6 1.8757 1.0310 1.2342 1.3656
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Fig.8 Examples of four sets of image registration results
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Low-altitude remote sensing image registration algorithm based on
dual-feature for arable land in hills and mountains
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Abstract: Small unmanned aerial vehicle (UAV) aerial images (low-altitude remote sensing image) of
arable land in hills and mountains are confronted with multiple challenges of image processing due to its scale
change, geometric distortion and image overlap. To address the problems, the low-altitude remote sensing im-
age registration algorithm based on dual-feature for arable land in hills and mountains was proposed. Due to
the complex environment and the influence of light factors in hills and mountains, the feature points of remote
sensing images are extracted by using the scale-invariant SURF algorithm. And then the dual-feature descriptor
using geometrical structure of aerial images was constructed. On this basis, by taking Gaussian mixture model
(GMM) as the core and combining with two single feature difference descriptors (i. e. , global distance de-
scriptor based on euclidean distance and local structure descriptor based on sum vectors) , the dual-feature fi-
nite mixture model ( DFMM ) was obtained, which can simultaneously evaluate the correspondence between
two features. With the reproducing kernel Hilbert space (RKHS) , the spatial transformation of the global and
local structure of the registration image was carried out based on the Gaussian radial basis function (GRBF).
In order to verify the feasibility and performance of the proposed algorithm, experiments were carried out by
using UAV images with different viewpoints taken from sloping arable land in hills and mountains. Experimen-
tal results show that comparing with SIFT, SURF, CPD, AGMReg, GLMDTPS and PRGLS, our method pro-
vides better performances in most cases, and can apply to multi-view remote sensing image registration of other
complex terrain by small UAV.

Keywords: image registration; small UAV; dual-feature ; finite mixed model; reproducing kernel Hil-
bert space (RKHS)
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Gain scheduling based decentralized robust control for aircraft engines
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Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Considering the aircraft engine full envelope tracking control under the nonlinear variation dy-
namic feature within wide range, the decentralized robust tracking controller is proposed. In order to ensure
system stability and at the same time make the convergent rates of tracking errors adjustable, the dynamic re-
sponse exponential convergent parameter is introduced. A set of operating points in the full envelope are cho-
sen, and the aircraft engine power level is denoted by power lever angle (PLA). For every 5°, a PLA is cho-
sen as a design power level. A design step process is described by a process in which the aircraft engine trans-
fers from initial design power level to another design power level. Considering every design step process, a de-
centralized robust tracking controller was designed based on “stepping method”. The parameters of decentral-
ized robust tracking controller in off-design step process were scheduled by linear interpolation. A simulation
was conducted on component-level model of a certain type of turbofan engine. The results validate the effec-
tiveness of the control method.
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Improved pulsar navigation measurement equation
based on truncation errors
XU Qiang, WANG Hongli, HE Yiyang, YOU Sihai, FENG Lei"

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

Abstract; Considering that the traditional extended Kalman filter ( EKF) algorithm has to neglect the
higher order terms of the measurement model because of linearization, which causes the problem of large trun-
cation errors in X-ray pulsar navigation, an improved linear measurement equation suitable for pulsar naviga-
tion is proposed. First, the paper analyzes the physical meaning of annual parallax effect and Shapiro effect
which cause the truncation error in the process of simplifying the measurement equation. The two higher order
terms’ mathematical models are established and numerical analysis is conducted. Then, using the method of
Taylor expansion, the two higher order terms are linearized to establish an improved linear measurement equa-
tion. Finally, using the earth satellite orbit data, the two measurement equations are respectively applied to
the EKF algorithm of the pulsar navigation to verify the validity of the improved measurement equation. The re-
sults show that the improved linear measurement equation can guarantee the position and velocity estimation er-
ror within 250 m and 2 m/s under the consideration of the higher order terms, and that the improved linear
measurement equation has some robustness to the higher order term changes. However, the traditional simpli-
fied measurement equation can cause divergence.
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Abstract; In order to improve the dynamic characteristics of the micro-positioning stage, a decoupled
two-degree-of-freedom (2-DOF') parallel flexure-hinge micro-positioning stage is proposed. First, a new type
of 2-DOF micro-positioning stage is designed based on the structure characteristics of the corner-filleted flexure
hinge and micro-positioning stage. Second, the equivalent stiffness model of the micro-positioning stage is de-
duced, and the correctness of the theoretical model is verified by comparing the theoretical results with the fi-
nite element simulation. And at the same time, the influence of different structural parameters on micro-posi-
tioning stage is discussed, and the sensitivity comparison and analysis are conducted. Then, to improve the 2-
DOF micro-positioning platform equivalent stiffness as the goal, the optimization model is established, and the
adaptive particle swarm optimization algorithm is used to optimize the main structure parameters of the micro-
positioning stage. Finally, the natural frequency of the stage is calculated, and its correctness is verified by fi-
nite element simulation. The above analysis proves the feasibility and effectiveness of the mechanism.
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Trajectory planning method for redundant manipulator
based on configuration plane
WANG Anqgi, WET Yanhui® , HAN Han, XU Lixue

( College of Automation, Harbin Engineering University, Harbin 150001, China)

Abstract: This paper proposes a novel method for solving the problem of multi-goal redundant manipula-
tor trajectory planning. Specifically, Specifically, the trajectory planning path for a redundant manipulator is a
complicated process with the joint constraint and the limit of spatial obstacle. First, to ensure stability of the
manipulator motion, the work configuration of a redundant manipulator can be composed of multiple joint axes,
which are connected in sequence. Second, by using the spatial geometry method, spatial trajectory planning
for a redundant manipulator can be performed based on the configuration plane. Third, the optimized spatial
path can be quickly obtained, which achieves multi-goal trajectory planning using the method of spatial vector
leading, obstacle avoidance path comparing and choosing. Finally, a simulation using a 7-DOF redundant ma-
nipulator is conducted. The simulation result shows that the path planning problem can be solved quickly and
intuitively by this method. Further, it does not depend on the work configuration of the manipulator and can be
applied to redundant manipulators with more degrees of freedom.

Keywords : redundant manipulator; configuration plane; space geometry; trajectory planning; space ob-

stacle avoidance
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Life prediction method of lithium battery based on improved
relevance vector machine
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Abstract; Lithium batteries have the advantages of light weight and safety, long cycle life, and good
safety performance. As a widely-used energy storage power supply, lithium battery health management and life
prediction are hot topics both at home and abroad. Lithium battery life assessment methods and prediction
models were established. Battery decay models were established based on experimental historical data to evalu-
ate the working status of the entire battery, and the equipment was maintained and replaced in time to ensure
stable battery operation. In this paper, the kernel function of the relevance vector machine (RVM) was main-
ly improved, the performance of the relevance vector machine was optimized, the lithium battery life prediction
bias was reduced, and the prediction accuracy was improved.
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Fighter zigzag maneuver target tracking algorithm using HCKS-EM

LU Chunguang, ZHOU Zhongliang* , LIU Honggiang, KOU Tian, YANG Yuanzhi

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

Abstract; Motivated by identifying the turn rate of fighter zigzag maneuver under the background of col-
ored measurement noise, the joint estimation and identification algorithm with colored measurement noise is
proposed based on expectation maximization (EM) algorithm by considering the characteristics of the coupling
between the target state and the turn rate. The colored noise whitening is realized by using the measurement
difference scheme, and thus, the turn rate identification problem with colored measurement noise is trans-
formed into the turn rate identification problem with one-step delayed state. The joint estimation and identifica-
tion of both fighter zigzag maneuver target states and turn rate are achieved by EM algorithm; in the E-step),
the target state posteriori estimation is achieved accurately using the high-degree cubature Kalman smoothers
(HCKS) algorithm with colored measurement noise; in the M-step, the analytical identification result of turn
rate is obtained by maximizing the conditional likelihood function. It is verified in the final simulation that the
proposed algorithm performs better in terms of target state estimation and turn rate identification accuracy than
the traditional augmentation method and interacting multi-model algorithm. Furthermore, the performance of
the proposed algorithm is evaluated and analyzed from two aspects of window length and maximum number of
iterations. The simulation results show that the larger the window length and the maximum number of iterations
are, the higher the precision is.

Keywords: zigzag maneuver; colored measurement noise; measurement difference scheme; expectation

maximization ( EM) ; joint estimation and identification
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Modeling and prediction of stratospheric wind field based on
proper orthogonal decomposition
LI Kui, DENG Xiaolong, YANG Xixiang" , HOU Zhongxi, ZHOU Xin

(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: The stratospheric wind field has an important influence on the design and trajectory control of
the near-space low dynamic aerostat. Focused on the modeling of the stratospheric wind field, this paper pro-
poses a reduced order analysis method of the wind field data based on the proper orthogonal decomposition
(POD) method. On this basis, a Fourier model which can predict the stratospheric wind field is proposed in
this paper. This paper takes the wind field in Changsha from 2005 to 2009 as an example, uses the proposed
POD method and Fourier prediction model to model and predict the wind field, and analyzes the accuracy of
Fourier prediction model. The results show that the POD method can be used to model the east-west wind field
efficiently and accurately. The Fourier prediction model can be used to predict the east. west wind field accu-
rately and the prediction accuracy is closely related to the regularity of the actual wind field. The more com-
pact the wind field data are, the more obvious the periodicity is, the higher the prediction accuracy is.

Keywords: stratospheric wind field; proper orthogonal decomposition method; reduced order modeling;

Fourier prediction model; prediction accuracy
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