AT

ISSN 1001-5965
CODEN BHHDES

2015-12

Vol.41 No.12


Administrator
赠阅


SIS TSI NN S S ¢
(%% 274 #)

41 % & 12 H

2015 5 12 A

AT R

M |5z

H

/N

g Al B A i L P R BRI T 1 e AT B, oP R, TREA, X SUE, 2B AR

FE T3 2 KA SO 1R 2 BB — BRG] oeeeeeeee e

FT CO, W HE R A B JCE AR J7 ik
JK T 32 AL A 9 5 2R G0 U O 0 S T T

AR R Z O\ RLV 3335 Bl a4 Ak se it

T S B IR F AR EREE B o eereereer e e e ie e
DA PR DL TEL D IR L RN T+ eeeeeeeeee e iee e
LT T 08 I 2 8 T AR 2 T SR oo
(025 % Zh AL IR 6 B2 2 B T B J7 1 wveen e eeeesees e e
T S TR B0 B = e TR BTSRRI - veevvenn oo
TR RS AT 3 A IR BRI AR R oo
o IR L S RN O R L E T b T R T
S FEL B 0 T 2 24 BN A B (R [ 3 TSt v e e e oo
BRALLAN D BARLSE W PRI T oo
o i P TR 5 2 ML T FH (BB ATT B o vvvvovv oee omn omn emnen e e e e e

GNSS 55 A5 8L % 3 10 T I 32 A E 7 125

BTG R 8] JIBE Y (RAR A PR S Ap weeeeevee
TR Y T BB A5 L B A JT T e ove e eenee e eee e e e,
T AR BB ) AT AT L coeverereeeeeeneeeen e e

TR P S AL R A AR 1 S 19 T AR e

BTG ML AR 4 B O OECHE G 0 £ A B oo

T OCHR LN 9 MBD K dls £ € AT 5T -5 S8

SR (4 40 A 2 [ 38 0 AR ST ] v vveveeee e e
HT PD 2K SR MO R BE A2 ] B R TT T v veereneermrennn e e s e

2015 £ 41 585k

FRIEA, A, I 4E,
%?%ﬂjj}ﬂﬂﬁwﬁ%ﬁ%é’]%ﬁ'é%i%ﬁﬁ*ﬁﬁﬁﬁ
K I DX 1] 43 AT 0 0 R AL 3 08 PP AG 5 ik e e

e ECBR, EFEAE, TR

e RER FWW
EAM@, 2R
ZEF, ®AN, B8
X R, Fuefa, £ R
e AR, £ F, ik, FE
A, Bk, Bk
e SHIBH, B, FSHE
Kex, e, x|k M
WEF, TEFE, BF
WMy, TR, X
W, Tk, MR, KRE
RER, L
WX, M, REH &
IR, AR, BHE, S8, RE-PF
MNEXR, FRAE

S EHk, B¥u, ME, T4
e RAR, X RE, KNG, A
KEW, &7 E, BAK

RE, o8, BAE, MK

e R
A, NE, ZhF, REAL
SRR, TH,WHE, RE, £
Fhepmy, HAL, AWK, £FE
M, 44k

HFIEASE . CN11-2625/V # 1956  m * Ad * 206 # zh = P = ¥20. 00 x 900 = 27 % 2015-12

&= & TRAKE)

(2191)
(2198)
(2205)
(2211)
(2217)
(2225)
(2232)
(2240)
(2250)
(2256)
(2269)
(2280)
(2288)
(2296)
(2302)
(2309)
(2319)
(2328)
(2335)
(2340)
(2348)
(2356)
(2363)
(2370)
(2377)
(2384)
(2391)


Administrator
赠阅


JOURNAL OF BEIJING UNIVERSITY OF
AERONAUTICS AND ASTRONAUTICS

Vol. 41 No. 12 (Sum 274) December 2015

CONTENTS

Acoustic emission beamforming method for localizing rotor-stator rubbing fault
- HE Tian, YE Wu, YU Haisheng, LIU Wenyang, LIU Xiandong
Failure mechanism consistency identification based on acceleration coefficient constant principle
- XI Wenjun, WANG Haowei, WANG Ruiqi
Aircraft fire detection method based on CO, concentration monitoring
- ZHAO Jianhua, FANG Lili
Method for determining initial position of dead reckoning system of underwater vehicle
- ZHANG Yanshun, GUO Yajing, HUANG Xiaojuan, LI Chunyu, WANG Zhanqing
Smart meter lifetime evaluation based on multi-stress acceleration test method
- ZHA Guoqing, HUANG Xiaokai, KANG Rui
Evaluation method for accelerated degradation testing with interval analysis
- LIU Le, LI Xiaoyang, JIANG Tongmin
Optimization dCSIgn of approa(h and landlng tra]ectmy for variable configuration RLV with multi-control surfaces
N - HAO Xianwei, WANG Yong, YANG Ye, GUO Tao
Gray target tracking algorithm based on edge information
. - ZHENG Haichao, MAO Xia, LIANG Xiaogeng
Modified wide temperature compensation method for analog TCXO
- HAN Yanju, YANG Ke, ZHENG Hongyao
Guidance law with impact angle constraints based on extended disturbance observer
- ZHANG Jiao, YANG Xu, LIU Yuanxiang
Modeling method of bolted joints of aero-engine based on thin-layer element
- YAO Xingyu, WANG Jianjun, ZHAI Xue
Three-dimensional rolling path planning via dynamic fluid disturbance
SRERLRIRRITEY - YAO Peng, WANG Honglun, LIU Chang
Modehng technology of radiation belt in LEO based on data ﬂrlddlng methods
e ceeeenenes - CHANG Zheng, WANG Yongmei, TIAN Tian, ZHANG Xianguo
Difference methods for two-dimensional space-time fractional dispersion equation
- ZHANG Yinghan, YANG Xiaoyuan
Adaptive control for two-spacecraft electromagnetic formation keeping
- XU Zengwen, SHI Peng, ZHAO Yushan
Robust visual saliency detection method for infrared small target
- WANG Gang, CHEN Yongguang, YANG Suochang, GAO Min, DAI Yaping
Digital simulation on reusable liquid rocket engine availability
- LIU Shijie, LIANG Guozhu
Group delay calibration method for GNSS signal simulator channel
- LI Shiguang, KOU Yanhong, YANG Jun, WANG Wei
Analysis of image processing model based on pixels of solitary waves
- ZHU Zimin, LIU Ronggiang, LIU Fenfen, CAO Youwei
Warship spare parts allotment optimization method under mixed-constraints
- CAI Zhiming, JIN Jiashan, CHEN Yanqiao
Dynamic symbolic execution approach based on tabu search
- CAI Jun, ZOU Peng, MA Jinxin, HE Jun
Breakup characteristics of liquid jet in supersonic cross flow
- LI Feng, LYU Fuguo, LUO Weidong, ZHAO Kai, WANG Changsheng, XIONG Yiwei
Analysis of all time-delay stability for biological systems using symbolic computation methods
+ LIU Jun, NIU Wei
Comprehensive evaluation on influence degree of source data for civil aircraft technical publication
- CHEN Jie, LIU Hu, PENG Heping, SONG Yugqi
Research and implementation of MBD dataset definition based on association rules
- WANG Hong, YU Yong, YIN Pu, ZHAO Gang, WANG Wei
Distributed adaptive iterative learning control for multiple robot manipulators
- SUN Jipeng, MENG Deyuan, DU Mingjun, ZUO Zongyu
Design method of a PD-based temperature control system for laser diode
- CHEN Xi, QUAN Wei

The End of Volume 41

(2191)
(2198)
(2205)
(2211)
(2217)
(2225)
(2232)
(2240)
(2250)
(2256)
(2269)
(2280)
(2288)
(2296)
(2302)
(2309)
(2319)
(2328)
(2335)
(2340)
(2348)
(2356)
(2363)
(2370)
(2377)
(2384)

(2391)


Administrator
赠阅


20154 12 A
FHa1E 12l

December 2015
Vol.41 No. 12

tEMEMRKEFFER

Journal of Beijing University of Aeronautics and Astronautics

http : // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2014. 0828

% I

TE -, oHE, FiA, X0HE, U #
(ALt AR K% SCER 5 TR¥BE, Jtat 100191)

] B BRI AR EE B D WM 2 — 3R IR Bk TR At B AT A T L 4
XA AL, R T — AR TR A LA e e R R B R ALy B R A (AE) R R 7 .
BRE REERENREFRGAENFRAMET IR SBBITHEF XA NAERTH E
HA AT THEFRAG R 2N T HEETHAEME R AR BEE. S5, ETFRAAH
A MERMUELEREART UM LA N E RV REFN B R (ELET  + FEF M
Bl 7 M 7)) ey A B e A ME Bl , 90 B A MR B Rk E 6 R T AL R L AT B & B BBk R, R
THEREEFAENRAT B A RE. &, 855X 3#= W oy ah B o R 2 A7 % 3 AT
EARERKY  AAAFEHNERBEFNAET X RN ERBEAHR, FRA B K

jbuaa@ buaa. edu. cn

% Bk, i °T DL 5L B AL BE T Y OB R A

HmE 4SS THI7; V231
XERARIAAD: A

T T LA 0 B 2 25 L FL T LR
S8 A AU P 28 B R A R 2 . X T K
PSR LG KR, — B R R 5% 1
()T JEE |, 5 £ % B WA ML WG 119 1F 8 325 47 K 08 P 5
T I A R T 4 v R MM 9 5 S S IE
TR JEE J5 R R A 80 S G i R 47 5% 4% A 4 A
R Y A A E S . H R X T
TR FEE i o A 0 S R D AR 0 M R X
FEE A AE B K U A5 T e Rt A 0 (R A e s
Sl B I 1 i

T 2 LR 4 0 T R e A P 2 R
TRl EE 2 THT O 3P A8 O L VB P AR O | BEE 45 ) B B
ST R A RSl A X A & T
S ISR AE AW b BT S X I A
SE AL, PRI 7S 242 55 B AR A T 27 ML B A s 3
SURAS TR K R 2 . R AR A A T R 4T

NXEHS: 1001-5965(2015)12-2191-07

WIE 53 W BRI 5T 1 Al 2 5 I 190 45 AiE 42 M, O
JB T KT /NI o3 itk B 7R R Al R E L 7 vk Hall
1 Mba "™ F| FH A % &t B9 Kolmogorov-Smirnov
(KS) Ge it 4 B Ae AL 1Y R 45 R A, O3 T 1 22
SE VI HEAT R EE B4 G 7. A I 40T 3R i T
e ROV B0k 0 P e S U5 A 6 7 1%, RE AR 0 1
7 e e MU B8 P S U8 3k S8 BF 5% IR 3R W
RSB AR AL AT LIS, I 5 5l P B ) kA
3 T 3 3ok T A 23 A B R A SR T Al R 2 K 5
TET Jr A B 1 I FH T S5 R O B RO i T
VAANT B0 € I 22, pr T Pe v ol , 76 75 & G 5 41 77
(R oS TN BrUE B 14 el AR (2F))
WO A 7 b AN 5 S8l s S — ol O i,
O ALk BE B F 5838 AN UB TR A, Qi lf B P B A
ML A v B AL 6 R A TR Y S KA
Xof 5 A6 435 S5 Wi A B

i EHE: 2014-12-30; FH BHI: 2015-02-25; W4 HERATE: 2015-07-14 1603
W 2% H AR #b 3k www. enki. net/kems/detail/11.2625. V. 20150714. 1603. 003. html
E&TH: HEARFFIAE(51105018) 5 e mi ke ARl 55 2% L 0% 4 (YWF-14-JTXY-16)
* BWAEE . MIH(1979—) , 3, I T4 A\, fI2$2 , hetian@ buaa. edu. en, T EHF5E 7 8] WU 2 50 5% 12 W K 205 16 3405 46 0

SIAWNX: A, ftF, TilL, ¥ BRURERELMFERMERABER T E]] RFEREMXAFFH, 2015, 41 (12) : 2191-
2197. He T, Ye W, Yu H S, et al. Acoustic emission beamforming method for localizing rotor-stator rubbing fault [J ]. Journal of
Beijing University of Aeronautics and Astronautics , 2015 , 41 (12 ) : 2191- 2197 (in Chinese ).


Administrator
全文下载

http://www.cnki.net/kcms/detail/11.2625.V.20150714.1603.003.html

2192 G| AN T S N = 4

2015 4¢

BEXF AL R, AR SRR TR BROCIE R I T —
ol il JBE P A S5 9 05 L J5 3 RS T AN TR B 310 9 i
PO HE AL PERE , I 7 i AR Al b 7 — OB A9 [
SUHIT il B 5 . B S8, A AT BR OC 70 B K1
ABAQUS, MR 45 filf 8 1) g = 458 B 3 57 1 ilf B8 A PR
T FAR R L, 5 T BROC DT BORAS T A [ %
FIZHCT W 5 3 05 AR 5, IFWH 98 1 ik B 75 K
SO A RE 15 7 45 4 T A AL 1 e SRR X ke T3
il A0 [ 5T 5, B2 A B B S B SE L 1
AE, fEBL LA B 42 i T P01k Y [ 98 55 fe i, A
JHV B 1 I PR P A 55 o7 S 6 R A T R0

1 fiEREZSERTHE

1.1 liEENFEE

ST 5 T HLIE 22 TR B R RE ) e AR
AT LA 53 B il JBE 7 7 R A A T e Tl
FE 1) 3 2 AR T LR AL SR e 1 /R L I
il JEE 3 o it g ik 16) G 4 T3 Py ANUD 1] BEAE T P
IABBE G 55 BILIRE PN 2 1T A9 BE A5 & AR BE 45
Hr R, 7 AT A BROC BT, n] g i B i T
I 7 (AN X v 6 Ok 552 BRI JBE , JF (B B 1 A
¥ B A AR RO WL

0,0, — K T FURE T 1 T L 5 Q— e T4 2.
Ll e o g

Fig. 1 Mechanical simplified model of rubbing'"’

1.2 FiEFRTHERE

BTG 2.1 9 (Rl EE ) 2R AR A s B e
BB RIE B 2 56 15 235 ) , S 7 G JBE 75k S A PR T
BRI 2 .

TEZAE LR RS i 1 LI f] 1 Oy 1 BE (5 i) 45
g, T KB R e 8 W e A B 1 i e S5 A TR A O
ARV DA IR . 7 1 4 R A T AL I Y 5 4l 2 B e b
BHEEWT .

HFHLE RS A B AR 312 mm SME AR
$320 mm ;K 310 mm.

By RoF it oA B AR ¢300 mm (I g
J2 3 mm % F 3% E 20 mm.

P2 i@ A BB P AR G )y A 2
Fig.2 Finite element simulation model of

rotating machinery rubbing

5t - TN - 5 0 00 b R Sy B AR R M G 1
SR, BAERERE £ =2.09 x 10" N/m’ JARA L v =
0.28,% & p =7 800 kg/m’.

A FRIC 05 B E S R M AR
O[5 f27 25 ¥4 1) 195 ity 1A it o 61 2 249 o5 @ i ik 5%+
M R 5 5% 7 ML 2 A% ) lf 2 PR I AN 5 78 % il
BRI —A AR S Py R SN R i 5 1R
AT 45 K AH 42 fil, SR 5 XF B R it on — A %k
2000 r/min ; ) %% F Iy 1 1T F1 [ G 119 P BE 2% 1T 22
Ji) 2 N7 TR - T 2 flle, O K T - TR A bR A R AR
“FUVRAR RS IR A 1 i 3 T A R R BOCR
0. 15 5 @il 55 5 o7 38 H OGO 8] 5 25 4 rh (9 75 &
PG5 ARG FR 1, PR 0L m] R 5 7 358 4 24 A R M
A, BXRE AT AT A48 T ().

AR SCAE 2 Bk A BR JT K1 ABAQUS/
EXPLICIT 43 7 85 e, S 7 3k o BO(E fif 1 A4S B
£, 76 ABAQUS/EXPLICIT £ He rfr i & £ 5 114 I}
)3 20 A, HoaH B e

A, =~ l“c'"‘" (1)
el RS /N TE Y LA R ST e AN
P . A SCR R IR SE (2 4) 1 A,

lemin
(2)

L2

PO BT A R~ NG SV 1= DAL

I 5] 48 20 0 SRR AT AR 8 o R, AR SO
A, =1/(20f,.,) (3)
LIVWNR P LY & I S RN IPS i £ @
BT RS 5 SR a6 20 BE A8 T e 4l K 7S R
DR TN N E 80 TH R = 4 N5 S S

PSE , BRI IR R — A P B 20 A A
I,=X,.720 (4)
L, BT R R, AR S0 ] — B H o0 R




%12 3

] EEL 45« 20 1011 0 B A B R o P 2 S 9 RO D vk 2193

O RBE L =15 A BT DA 5 BT 560 1 Fe /NS
R i IR W . e IR 5575 5
A= o/ L i (5)

Xof AR S ) A il EE R B S R
WRAE 0.4 MHz DL, H ik, i X (3) AT DL st
[E] 3 5 A, =0. 01 ws. ARG LA F 04 B4 24 0] %0 5]
A1 235 1 T (48 I8 D 38R 3 240 m/s, 3 i AT A4 B
A EALA 8.2 mm. FEASC R A, BEAE K10 mm.
A (4) A (5) v 5 1 80,5 mm. O T 3K 45
B R 91 UL B KT BE AR SO ] Y B o S A Oy
8 T R LRI 45 PR HL T C3DSR.
1.3 HELZRRBIE

e B, 10 05 LA RY A O S Bk B R
$2 52| ABAQUS/EXPLICIT 73 #r 68 Bk 7 17 11+ 55,
5 3 (Rl 2R 7 & AR S W R 3 T, A R ST B
15 5 10 PR A U8 06 3 90 6 7 2 ank R S ol O, S T
PO A R 1 Bl WA 2 B SR BB S R SRR S o B R
0.24 MHz( [&] 3 HoRLZR BT 7R ) . Ailh B8 75 & 5 Dk 76 Bl
[FeL 285 ) v A% 5 1 1 7 PR BR AN 1] 4 O

P03l R A A AR S R AR AL
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Fig.5 Illustration of delay-and-sum beamforming
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different arrays
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Fig.7 Mirror symmetry effect of line arrays

BB HAWEINLE y 1 LA A SCHE
W 31 ) — 000 22 o — A4 40 531 42 Js ok o L el i, R
PRI FEINIE 8 Bz . HEAT S 2 A0 AT, S i — 1%
SR = A XA 3 A% AR — R 40 531 7 Ok
VS 7 1] 2y Bl B0 O a2 A 1e] , AR S U )
—ANT7 T 34 A A 8 BT 2 AT A B AT SRR RE Y
BT RS SCAT LA BRBEAR B R 5 6 85OR
e 9 Fraw AR 5 I 1 e SEBE T X TR R R
S R AL T B AR DR R R, S BT Al JEE Y A
i 5 37

P8 Tl B E A ) S R ) B Ao L AR
Fig.8 Improved array and localization scheme for
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Table 2 Rubbing position coordinates and

their localized results
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Fig. 12 Localized results of rubbing position 1#
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Fig. 13 Localized results of rubbing position 2#
(90 mm,280 mm)
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Fig. 14  Localized results of rubbing position 3#
(120 mm,289 mm)
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Acoustic emission beamforming method for localizing
rotor-stator rubbing fault

HE Tian" , YE Wu, YU Haisheng, LIU Wenyang, LIU Xiandong

(School of Transportation Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: One of the challenges restricted rubbing quantitative diagnosis is that vibration method cannot
be effective applied to rubbing fault localization. Therefore, an acoustic emission ( AE) beamforming array
was presented to localize rotor-stator rubbing fault of rotating machinery. Firstly, finite element simulation
model of rubbing AE was established based on mechanical model of rotor-stator rubbing and the structure of
rotor test-bed, which can be used to simulate AE signals and study characteristics of simulating signals and AE
wave propagation. Then rubbing localization performances of AE beamforming with typical arrays, such as line
array, crossed array and circular array, were studied based on simulation AE signals and propagation charac-
teristics of rubbing AE, and that the line array was the most appropriate for rubbing localization. Aiming to the
shortage of line array, the improved sensor array and localization scheme were approached. Finally, the pro-
posed localizing method of rubbing fault was verified by experiments. The results show that AE beamforming
method can achieve accurate localization of rubbing fault by choosing the right sensor array and suitable sensor
arrangement.

Key words: rubbing; localization; acoustic emission ( AE) ; beamforming; finite element



20154 12 A
FHa1E 12l

tEMEMRKEFFER

Journal of Beijing University of Aeronautics and Astronautics

December 2015
Vol.41 No. 12

http : // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2014. 0815

jbuaa@ buaa. edu. cn

BT INE R E AT R N By 5 i 38 — BriE # 5l

2XR', ZHET, EmE

£T
(LA TR BE R AERLE SHOR R, A 2640015 2. shId AR HLZE 91880 HBL , 75 8 266300)

] B Tk gmE R AR P &k BOILIE — B H A AE AL, UL Gamma R {6 AR
BAFRAZ,RET ET Aok 2 BA KRN 0 K BHIE — S A 5 7 k. £ E Rk LE —
AR EARENEA L, IR RES R RN E T H Gamma R W SHATF M AT
B M EMAE A R EN SR AR TRRUANARINERET - BAFE
WRAn LGl B H Il T iR by 7 ik AL RE AR 7 ik A R0 TN K.

X B W ABHE; —EHG; wE R R Gamma A

hESES. V216.5; TB114.3
N akFRIZAG . A

T 5 A DAy PR DA 7 i A7 i 18— Bl A 8K
FEE &1z N A R T i g PR I 7
it TR I A T )R R BB B A — o,
U JE 3 1 Wl A1 e H 7 AR D RV R B9 7 A A
SN TR, 7 MR s K 40 2 AT A7 i B B a6 20
TG 7 A A IGE I TR B R SR T B
— Bk,

LRI, 2% 380U B — v 40 1 75 3% al 23 S PR
R L RN ™ R I T AR PR TR AR
a7 B AE A5 L 1T B IR AR B AR AT IR 7 — Bk
17 R BB — EpE ). b, SOk [ 1 ] 2% T Bk A
IR Z BN 7 i B A B B — Fovk R AT A 5 SCRR
(241 73 51 F1) OB 8 B8 %ok 3B A6 3l — Bk Ay
HG. 5 2 STT EAE G i B AT R A R AT R
ROHLEE — EE . Her, SCER[5-7 12 B T
F 4¢3t 1 | Bartlett 4¢3 i 45 & X %0IE 25 70 A
GammaZ} Al K AR 7R 73 A WE 5 T 2R 8O0 L B — Bk
FN5 T 3% s SCHR (8 1 52 1 5 T 1B b A8 1Y 4 2k 2%
BLBE— SOk H0 51 07 ik

NEHS: 1001-5965(2015)12-2198-07

5 1 2R 5 vk 32 NI AR 0 L 5 AT, Al
)P 50 1 0 A0 DR A A 2 7 it 2R SO B AR A —
SO 0 N (A TR B 2 20 ) O ik R
FHAE T s 8, AT 3l e B o e X 6 5 40 A ST
HiRTIDICTIET é s I T2 B D 0 | B E e
10 2 AL B 77— B AR, AT SR 2 2ROk &
SERT RN A7 i g, A 08 n R Al U5 #Y A 5

N T iR R AR A A v i G AL B — B
P S XS, A SCLAPE IR AL IR Gamma i 2
7 A B TR T AR A 7 U ) 2k B
HLBR— B 53 7 1. 6 e B 1R BPL B — B
P 530 9 B R, G U S 1A T i 2R AN A D
#fE S Gamma 3 72 (19 2 500 AN R I8 0 7T 17 36 A2
MR SRS 25 1 T MU ¢ Seit i AT S 8
— BRI A J7 vk, 4R Ol 1 05 H 5 2 i %
T 2 O A U Y A S e FEE T SE I R
SR — RS T7 R R AT T IR, B K AR SR
PET7 AR A HE N ) T E B A R AT T S

YRS HEE: 2014-12-24; A B 201503-06; F%& HARATE . 2015-04-01 1635
M 2& R itk . www. enki. net/kems/detail /11.2625. V.20150401. 1635. 004. html

EEWHE: HEK AR L (61273058)

EER N BICIR(1978—) B Lo M, L0 5EL , B #4% , ush20@ 126. com
* BWAEER : EWH(1981—) B INARSRM A, [, I, wyg2010123@ 126. com, 3= ZEBT ST J5 ] Jy Jn it 48 4 | 47 96 7.

SIAWNX: ZX%, E#MH, Txa BT WERRFLRUG LK E -FBRAF[I]]. LEMEMKXAFFH, 2015,41(12)
2198-2204. Xi W J, Wang H W, Wang R Q. Failure mechanism consistency identification based on acceleration coefficient con-
stant principle [J ]. Journal of Beijing University of Aeronautics and Astronautics , 2015 , 41 (12 ) : 2198- 2204 (in Chinese ).


Administrator
全文下载

http://www.cnki.net/kcms/detail/11.2625.V.20150401.1635.004.html

%12 3

BICHR A - TN AR B AR I ) A R ROHIL B — B0 ) 1 2199

I

1 RPHE—FEF BB R IR T

JA R 4 R Y T A i ep R Ok
ROHLBE — HOPE 9 40 5 07 i, Al s H i & RO 22
F14 I8 B 2% A2 7 il o A A R ) 45 2 M0 AN TR L )
A E A AR, SCHR[ 10 gt — 2P R i ok
ROHL B A AR SR i AR RO A 1 58 AR F. SCRR
[5-7 TRASE Ry BB AR , 456 AN [ 14 77 fii 73 A7 465 250
WFFE T R BBOHL B — Sk 4 1 T ik

P s 28 KA 722 JU ) [] A ] LA S o 1
AR AR R 2 B A AN ] L 3 il 2 A A LA, i
AT S R RO B R S 5 P R AR A A 2 B 0] Y
HRA WP 1 o, MR 1 A 9 28 8000 2l f 2k
RCHIL B — B0 0 S ] R 2 460 g P E IR A 5 70 2 80
G50 1] A F T 268 TR 22 Kbk AR AL AR TR R i, 8 7Y
SRR L —A I BA WS BE B E
BORFF AL 0 1 1 B 2 8O R % 5 0
kK.

1 AL A8 55 18 R 1B Al A2 2 B 2 7] A TG 2R
Fig. 1 Relationships between failure mechanism

consistency and model parameters

2 SYEMEN N THELRE

2.1 Gamma B &2

FE T o P AR R b i R B AN T B
Pl i TR AR A, Horh Gamma 3 R4 12
FHTXE ™4 S AR A o R L. A SR BE AL AR Y
(1) ,6=012 Gamma 3, W { Y (2) ,0=0} 3 &2 LA
TR

1) Y (o) 76 AE P A A 28 0 B[R] X)) 9 2 A
SR T B AY (1) = V(e +Ar) - Y(1).

2) AY() IRAMNTFIE A Gamma 4345

AY(1) ~ Ga(aAA(1),B) (1)
X P :Ga( - )l Gamma 7347 B2, aAA (1) NP
RSELB I NEESE,A (o) JIFTa] ¢ (%) B8 R %R
FHHIWHELE A) =0,AA(t) =A(t +At) —A(t).

3) Y(e)fE =0 kbiEZ:, H Y(0) =0.

i Gamma 3 F&{ V(1) ,e=01 X7 iR 1k
R Y (o) TR BN IR RSO AE D I ] A 7
M7 fr & =infle|Y(1) =D} = {¢|Y (1) =D}
Y& Gamma 2 el ik, S (1) A48 Y () ~
Ga(aA (1) ,B) , HETMHE S 7 il 6 AT 52 B2 R R

R(t) =P(Y(t)<D) =

JD BaA(t) Y“A(’)“exp( ~ YIB)dyz
o T'(aA(s))

aA (1) -1

1 D6
mjoy exp( = y)dy (2)
KH:T( - )N Gamma BBy =Y - B AT S
Gamma FREL T'(a,z) :fwy"’lexp( - y)dy fL A
(2), 7745 BB 10 pR AR
F(t)=1-R(t) =

2.2 ESSHNTUNRE

XF T Gamma 3 & AE A0 R Ak 125 8
SCHR[11-12 ] RGE o BEFE B ) 7K B8 e A R
e B AR AFA A H 2 SCHR[ 13-14 T ] 1 58 4
A B AR E . BLR R T 3 28 A A2 0] 4
Gamma i # 2 $0 i A2 AL LA

T R — A R B F, (1) FF, (1)
O3RN AEAR AN Sy S, LS, TR R BUR
RO CHE o, A1 e, Sy HOAR N A S50 8] ), A Ay
Fo (1) =F,(e,) AR Sy S, AHS TR T S, 1Y
hnig = E A, E X

A, =0/1, (4)

AR T 2R BOAS 72 S, s R A, B

— A5 ] EE B JC G B R R, BIRHE R, R AU(S)

H BT

I'(aA(t),DB)

F(aA(t)) (3)

Fo (1) =F, (A ,t,) (5)

#a (3) RA K (5), IF & 0 1) e/ 2 h
A(t) =t,7%

I'(a,,0B8,) T(a,A,,1,,DB,)

I'(ayt,) I(a,A, L) (6)
T ARUES (6) X AE R ¢, 5 BT, 75 E0H 2
DB, =Dg,
(.0 o
aktk:athvhzk
BRI, DL SG R AT gt i
A, =a/a,
{ ' (8)
B =B,

AR o O 32 Bt A L T 0 ek e e AR AR T B
RSSO S 598 5 SOk [ 11-12 ] R i E
FH— 20, W B SCRR [ 13-14 ] 9 M8 AN 5 BE.

F ] Gamma i B X 42 M R Ak i #R R AT
SRR, — BB E] PREL A (2) =", o r Sy i i)
SR A() =1 RAK(4) ~(8) , AT #fE = iy
DI R &R

A= (/)™
B =B (9)

Ty =T,



2200 Jb B oA R K ¥ % W 2015 4
2 l v 2
w . L. W = (X, -X) (14)
3 SHE—BHENBREZRIEHE n -1
e 2 1 V2
2 H) FH Gamma 35 B2 XF 28 P18 Ak i B AR, W, = (Y, -Y) (15)

BCACE) =1, B (8) Wi Wik 2 56 Rk b
By =By AR VR IR (b R AR B A (1) =1,
R () B E AR SHOE RN B, =8, Ml r, =
roe TR R S 2 SR Ak A 1 T 5 B
SO 1 I R 3 7 1

i’iy[jk(i:1,2,---,n;j:1,2,---,m;k:1,2,---,
@) HRLST S, FH AT R A ) 3R 1k
BIHE ¢, % 07 1 0 B2 200 AT — 7= 9 2 50
15 (G By o7 ) T I 32 400 (B4R B B8R 7 114

n ajAA ()
u@ﬁwmhllnz&“%n-
exp( = AyB,) + Ayt (10)

R AA () =0 -0, TR S, TR S5
WA By = (BusBors = Bu) o Fu = (P,
;Zk’...’;mk).

%R ¢ Geit A B S e R A B, =B, I
o= BEMGL. SRR B, =B, BE M
0 BBy, B, ME R KRBk A MR — 77 S,
THIREAR B, oM [ g, I ELR IR g ik
2 WA S ST ph T R AT R G A 7 A 1 2
SRS R AL B A R[], S SR AL A
9 2 R T R B, 5 A R /N T
Y R85 — B L i 1 RO G B A
L EAT AL Normal 434 4 HE , B A~ R 1 T
RIREA 751 B Normal 4374 & 44, X 1~ Normal
G AR ¥ B A 2 75 AT AR I 9 (308 9T ¢ S
TR ST OT HH T A A B R AR e T
LT TR M ¢ G R R R 4 B
FFRREA RN T 10, 35T ¢ G5 i 10 # 3 Jr
BRI T

WX Xy, X, R N, o) HREA,
Y,V Y, R N (uy, 00 ) BREAS R
Hytw, =p, , M H p, #p,, LR ¢ 458

i
[am X - Y
= n+m W (1)
_ 1 -
SRR
o = (12)
=, 2
sz(n—l)Wl+(m—1)W2 (13)
n+m-2

T

[ X_Y~t(n+m—2) (16)
n+m W

2B E MK R p B SR AR Y 4 8
nm | X - Y|
n+m w

=t _,,(n+m=-2)

(17)

USRS ) AR B AR A 22 ) A 35 22 5+,

LA G 2 B R AT, RN Bk 2 8

KEXASL. AA YWY SHOCRA B, =

By Al ry, =r, HERLSLI 7 GEVLWI ™ KL AERL FT S, I
S, FHYRBAIE A — k.

4 {HEWIE

4.1 MERBAEZENESE RGBT
552 3 5 I B B BOR B RO A S T

Gamma 32 54 2 55000 28 b ML , A4 403 it 05 203

Bt S 451830 (9) SEATIRUE"" , {7 EUA AL O

o, ~ Ga(a,b)

{Ayi/- | (aj,,B) ~ Ga(ajAA(tij) ,B)
Ao, J IR Gamma 5375 BIBEHL S 5L, 50 1 b
S35 R IR S ORI R B

D5 EOE R SRR B N - (a,b) = (2,1);
B=1;i=1,2,--,10;j=1,2,--,20;¢, = 10,
20,-+,1005A(t;) =t;3re (0.5,1,2). ik 5%
mr:

1) 07 R A B A R H1 S, T IR
T RO Ay, AACey,).

2) R (10) 15 S, T 0S5 HHE &,
éjk*” ;jk'

3) W R A, , e (0.4,4) 3FHH S, F
IR AL R R Ay, AA ey - A,

4) R (10) 1% S, oS R HE &,
B 7,

5) $KAF &,/ B/ By 7 /7 R, H
T2 7 0 2 (9) 2 A 5 R X

F 1 IR BBy M P/ I HILT N 1,
H(&,/a,) W8 ILT%TF A, ,, % 55 ER
b 3 5 5 S T S S 1 K A AR 22 X D ) B
T 18 2 AR 75 S50 4 5 0 2 B0 Ak L A
(R(9)) R IEH 1.

(18)



%12 3

BICHR A - TN AR B AR I ) A R ROHIL B — B0 ) 1 2201

1 HEAEER

Table 1 Results of simulation test
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Table 2 Results of parameter consistency test

based on ¢ statistic
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Fig.2 Step stress accelerated degradation data
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Table 3 Parameter estimates of each product under

different accelerated stresses

S, S, Sy
G5 = - = - A -
ﬁ,,] i B_,z "n B,} B
1 0.0531 0.520 0.0325 0.501 0.0351 0.445
2 0.0261 0.467 0.0619 0.498 0.0107 0.585
3 0.0162 0.446 0.0065 0.492 0.0571 0.452
4 0.0077 0.482 0.0107 0.492 0.0302 0.437
5 0.0268 0.461 0.0248 0.395 0.0061 0.427
6 0.0085 0.505 0.0045 0.453 0.0167 0.444
7 0.0401 0.518 0.0046 0.458 0.0076 0.350
8 0.0204 0.521 0.0184 0.464 0.0123 0.529
9 0.0102 0.498 0.0075 0.546 0.0408 0.398
10 0.0446 0.563 0.0403 0.443 0.0191 0.530
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Fig.3  Goodness-of-fit test of[;k under Normal distribution

B4 F, 18 Normal 345 T BY4UG 00 2 46 56

Fig.4 Goodness-of-fit test of F, under Normal distribution
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Table 4 Results of parameter consistency test
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Failure mechanism consistency identification based on
acceleration coefficient constant principle
XI Wenjun', WANG Haowei ", WANG Ruigi'

(1. Department of Ordnance Science and Technology, Naval Aeronautical and Astronautical University, Yantai 264001, China;

2. People’s Liberation Army 91880 Unit, Qingdao 266300, China)

Abstract: To solve the problem that it is hard to identify failure mechanism consistency in accelerated
degradation test, taking a Gamma degradation model as research object, an identification method of failure
mechanism consistency based on acceleration coefficient constant principle was proposed. The theory of identi-
fying failure mechanism consistency was firstly explained, and then the acceleration coefficient constant princi-
ple was introduced to deduce the changing rule for parameters of Gamma process under different stress levels.
The method based on ¢ statistic was used to test the consistency of parameter estimates, so that whether the
failure mechanism of product remains consistent or not can be identified. The proposed method is validated
through simulation tests and case study, and the research conclusion indicates that the proposed method has a
good engineering applicability.

Key words: failure mechanism; consistency identification; acceleration coefficient; accelerated degrada-

tion; Gamma process
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i B B WL ERAARE KRB KERM T %, EFARBEFWGHIE. 247
TREKREASRBEFWNERAE, RET U CO, RENKERMNSE, &L EH I
I H CO, AL T, F-AT ALK B o 3 R AL AT BT L3R & i %
Ve, BT 2T AE B H 4 s (NDIR) R KR 32 8y CO, iR IR B M 0 B9 ALK 2 4800 7 % 2 A
TN L EENEEAEEARE IR ERABNELE ST FRE SLEEZAN
Kk AZLRARRANZF(PLS) EHE I CHLKERM BB EAZHEA RE A KERMNENE
WEES CO, ARk EZHeyx A, R A PLS & CO, RKRREWTEEA ;R T ET CO,
AR S B E O ALK BRI R T — M .
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VIR JE B 0 2 500 mL/m” . iy gL AT LA R AR K
I, CO, LA 2 i A I6F [ A2 ) 385, P ot ol it
XEEREE T CO, MR BE 0 R f M, mT DL o )
W R K A T KR

2 HigHHFE

2.1 FFEHOIMSERERNERE

HF JE & #5404 (Non-Dispersion Infrared,
NDIR) JELH Y CO, e BRI 75 BAT s Pt 4\ R
RO ey AT AR R R AR R DT SR AR, E
B A A CO, R MR B I B R T T ik 2
— O ST AR A TS EAT R 21 S i
WK R PE B Lamber-Beer 21 70 W 52 122, AR 35 <
AT e — R AR W WS IR A A 1 £ A WA iR 2 5 2
MR e ORI SRS T, X 20N R
MR 181 2 CO, SR L sh o

F 1 CO, ARt

Fig.1 Carbon dioxide infrared absorption spectra

F 4 Lamber-Beer 21 M I, 24 — R 5%
JEh 1, BT L0 A G 8RR, i T AU
W WSCVE G R SO o 2 T A i, G R T

I=1,exp( - uCL) (1)
A1 2 050 B s SR I R, 5 38
BTy REE AR FR2E A S A I AR R
A7 5 € I R B e 5 LA 3 Ok K 1Y
Y-

Selr i, i T ELANG B A2 R R R
Wesh IR EALSE R R, (08 i B — G S
DI TR P18 6 AN T A A A T AR 1 ok B, OCR: T
T NDIR J5 A UG oA e BE 000 7 125 0k 2 7
PRI FE . UG A AR 6 8520 5 S vk B2 700 Jr 2%
T2 PRI SRS ZL AP S W AT i 55 114 W S e Ak Y
WA SR PG, B R S — A T A U AR
HAWMCRE T WP 8 Z . | 2 A XOER
EIREN AR T B N =N IEAR S W v EAN
A6, BFARE, BIEA S B R & 8Ot A,
AT 77— A 5 IR R R B A5 B 2 LU AR 5

B2 BOGHE A o 2 A g i i 3 s & R
Fig.2 Schematic diagram of double beam NDIR

absorption principle

— N R AR AR I B
2.2 REMAIZRE
2.2.1 = RAR — KX
i e/ 9 (PLS) LAY 43 S kM 5 AR M
A, o R MBI — e
y=b, + b,x, + byx, + -+ +bx, (2)
Xy AR x, HAZE;n yHZENAD
B, HAERERE.
T Al e P A R ) — i 5
y=co(by) +¢,(b) =g (x) + - +
c,(b,) g, (x) (3)
Arfreg (x) WHZE « REGp WHZEWA
e, (b)) R i NS, WREL.
2.2.2 R bRk AR
1) Hodi 0 —fbab 3.
Ry TSR R A — Rt A AR
X FH A 4R B Y 470 — b Ab 38, ab B =00
X; — X

xX. = (4)

Y s

Aoeh o, AR A AT A RO s &, R TR
YR AE s o [ e (0T s, RS 8 i 1 AR
HE24.
2) $EHURA E MY
R 5 4 43 BT 1 SE AR ] A8 A I XA
PHZE I B Y SR B K Ay, X R Y i 7
X=TP' +E
{Y=UQT +F
KRBT AU 438 X MY (78551 P fIQ
Sy X MY WEATHEREE R F 55008 X F Y
{1 40045 5 22 LI
3) AR,
I R R S 3 T 0 FE A 7 A4 A T
U 2 A 75
U=TB + W (6)
AP Wl U BT (L4 5% 22 5 M B o 3 KU
W, HASTHAERE # B = (T'T) ~'T'U.

(5)
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XY R AR S B Y AT O e FER 1 A u, @ 28 3R 5 10 3L LE b T 34 5%

Y=UQ"=TBQ" (7)
2.2.3  BEE 4 AR AT
1) #IE 77 1% 25 (RMSEC) : PF iy 5 5 A<
SHE R, AT

Ze Z(%—y)
RMSEC = (8)

T*yﬁ%tl#$%ﬁ*ﬁx HEAR
A IEAH 50 R A IE AR A 8K
2) UNE FRHL R T A AR 00 BE 1Y R A
AR AR A2 bR AL Y TR A RE AR bR, A
RroDsn g Ssw (9)
Seer Seer

—tqj Sssl 2(%‘9’) j‘jﬁzlxﬁﬂgﬁﬁ'—fé\%ﬁ

# Hs S SSR — Z(yl - 9’) ﬁ?ﬁ{ﬂ‘ﬂ’ﬁﬂl?ﬁ/ﬁﬁﬁ'¥ﬁ

5 Seep = z(% -y) j‘jfﬁ{ﬂ"@ﬁ IﬁX}L/ﬁfEE/Jﬁ%
ZTJ7 Bl ym Sl B uE SRR AR A4

3 TR SESSEEH

thRILL B R R AL 7R K 8 ~ 12 km
B AT AR R 1976 4EL EFRfER I Z RS A
A B AR E RSB CEIE B2 TR ) B T 4R v
S A ) AT RN P O EE R 15°C, R R A
101.325 kPa(1013.25 mb) ; M1 = 11 km X} i )2
) 3 B SR 3% R 0. 65°C /100 m 11 ~ 15 km
U IRE R RN -56.5C, ik 1 iR

F1 BREXRKE.KEBHE

Table 1 Data of standard atmospheric pressure and
temperature

V4R BE/km S /kPa(mb) S/ C
0 101.325(1013.25) 15.0
1 89.874(898.74) 8.5
2 79.495(794.95) 2.0
3 70.108(701.08) -4.5
4 61.640(616.40) -11.0
5 54.019(540.19) -17.5
6 47.181(471.81) -24.0
7 41.060(410.60) -30.5
8 35.599(355.99) -37.0
9 30.742(307.42) -43.5
10 26.436(264.36) -50.0
11 22.632(226.32) -56.5
12 19.330(193.30) -56.5
13 16.510(165.10) -56.5
14 14.101(141.01) -56.5
15 12.044(120.44) -56.5

JEZIK 60°C, AL KAT I AL TR | 1&/&111“”11

4 BEMES CO, REITHEKE

4.1 TRHLUANERN SR E MR ER

JE T NDIR Ji 35 () "R K 00 2% XTI B2
P ik, HOCHLAE @ 25 R AT I, R AR b g
K, WO ZTF AL I 2% AT I R 1
TR KB R R Y T AR EE Y (- 25 ~50°C)
PN B 22 A AN [R) 1Y TR B A TG A A R R A R,
AR, A5 A L A 2 L H F A o e R, SR
i Fe /N 3 vk A7 KA KO I g R R R £
AR
4.1.1 AR EIR N B0l E A

TR KRR 25 R AS R AR ) CO, Ak
W (@) TR 5 S e TR 7 4 8ol D
F Lk 20°C 1) I 5 /R R SRy A 9 I i R T Y
it LR 22 (A A B, ik 2 R

2 INMANEBRUENESH

Table 2 Measured parameters of aircraft fire detector

CO, W/ Z1 blRSss TR - AR
i/ C ;
(mL - m™%) ML /V HLE/V ) L e/ V
0 -25 4.246 4.965 0.515
0 -15 4.120 4.832 0.382
0 -5 4.008 4.711 0.261
0 4 3.905 4.593 0.143
0 12 3.855 4.531 0.081
0 20 3.783 4.450 0
0 30 3.703 4.335 -0.115
0 40 3.660 4.272 -0.178
0 50 3.591 4.183 -0.267
1000 -25 4.296 4.002 0.488
1000 -15 4.124 3.840 0.326
1000 -5 4.022 3.737 0.223
1000 4 3.933 3.642 0.128
1000 12 3.869 3.582 0.068
1000 20 3.800 3.514 0
1000 30 3.721 3.435 -0.079
1000 40 3.674 3.387 -0.127
1000 50 3.606 3.324 -0.190
4.1.2 BEAMEBEA

IR Sl kA A, kRS
20°C (1) o I R 25 A R AR SR FH A e /D
ek T A

2 CO, WHEN 0(@ =0) I, i B AN AR Yy

0 0.0158

Clo.04140
AU, =X, x O % 0.2616 +0.0913

§0.0455§
L. 9101H

(10)



2208 G| AN T S N = 4

2015 4¢

AU, IR EE T B4 L R 45 20°C [ b
Wi R 2 X, AR /T, T,T°,U, 1,
gk H— b PG B A B U IR E T 2%
RS L.

ZAPEE BRI E R R O 0.998 3, K2 IEH
J7 fRR 25 RMSEC g 0.006, [ 3 Syl 4 o 1 22 i
F T 5 S B L AR T

M CO, YkJE @ =1000 mL/m® B, i 3 *h 3
LT g

7 0.0066

Ll .25370
AU, =X, x [ X 0.2224 +0.0930

g 0.0492 5
L. 78154

(11)
A AU, IR TR B9 U E 5 20°C Bz i
TR R A X, VAR /T, T, T, U,,,,
Zo3ed VA — e Rb B B 7 e
e R E R R 9 0.999 8, K IE Y
Ji iR 2% RMSEC Jy 0.001 2, [ 4 g Il 4y JE 22
1 7 000 {15 20 92 A 1 b A .

PR3 0k e T 2 R A9 U B 5 ORI EE B (@ = 0)
Fig.3 Comparison of predicted value and actual value of

measuring voltage difference( ¢ =0)

Pl 4 00k v 22 A T A 5 L S AR 1Y L
(o =1000mL/m’)
Fig.4 Comparison of predicted value and actual value of

measuring voltage difference( ¢ =1000 mL/m”)

B34 BT LU I B R AR R 1 A% I
BRI A PR R R 5 4, A IE S B0 L & 4k
HfE 45° 4 (E 2k L, BT I0 RN L SR 30 T AH A
¢ WL B D AR R X g — N RS IE SRR A S B A
L =
4.2 CO, SFiREITHEHZEER

bR ME R OE A T (200C), KO -~
1000 mL/m’ 2 [A] 4 7 A~ A [ e B 457, I ] S )
W CO, Mk, 56 45 20 A0 B (I 5 e, S
Boan e 3 s, LA f R [ AR &, CO, SRk
JE S RS it SR FH O 57N 3 10 N7 AR

CO, SR T SRRy

o= X, x (3. 1178

) x 400.2797 +497. 1429
2.1266

(12)

XX, MAZEIL/U,,U, LS00 — 1Ak
UG 0 A m R U, AR CO, SRk BE 19 Il
LR

2 E RZBCR O 0.999 4,4 1E #4975 4R
2% RMSEC Jy 4.3975, & 5 & CO, S A&k B (1
oA 5 LI H Y LA A

H & 5 AT DU v B TSR R 40050 B R
R, TR B S LT AR 55

xR3 CO,5EREIHESH

Table 3 Concentration calculated parameter of

CO, gas
CO, KM/ (mL - m ™) IR/ V
0 4.450
80 4.254
250 4.045
500 3.822
750 3.653
900 3.567
1000 3.514

5 CO, SMRWR I 1 F00 (B 5 2 92 (E 1 L 8]
Fig.5 Comparison of predicted value and actual value of

CO, gas’ concentration
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AR SE I T CO, VR FE W I A AL S R s 2209

2 bEis FH R, ML R 480 X
HEATRMEEIE , SRS AR CO, U fh vl i 5 4
TR0 CO, PR BE (8, 398 T A 5145 5
e HEAT I

5 REHX

ph Milke 25" {9 52867 01, % A KK, CO,
R M BE OB A g Ok, AR Ak R K ik R
SmL/(m’ +s) , BEEFEK 10mL/(m® + s) , i i i
SR CO, MR e B B0 78 Ak, SR T 3 N 4
Bk BIVAT S A T A KB R 0
A G 4 AR B B0 I B Y R R B Y €O,
SRR B A A, AR TS SEIRBE Y CO, Rk
JiE CO, MR IR 10725 1 3 IR B A AL (L, kAT
P 55 3 S B, T S B T L
T b B AR AN

1) [ I R IR IR TAERE, i SE i
S W 5 5 PR TR Y CO, A BE 1 5 min (122K
WEN 1 Hz) SR IE T EIEBIME @, , AW E AT
BRI A F

:Qo(ll) + QD(tz) + oo

g, HEEHTAAR R SRS CO, MR E
EHie(t,),0(8,),,@(t,) h S min P2
AL CO, SR EE(E ;n 2 5 min N EEHUE
SCAREE T CO, AR B 1E 1 Bk

2) HWr CO, MU B A8 b 2 5 55 vk & AR 4k
{8, I JLB R0

v:¢(t)_¢(t_15) (14)
At

Krfiv 2 CO, SRR AR AL %5 0 (1) S S BT
CO, MR BE{H ; Ar S [A] ,Ar =15 s.
1 ov= 5mL/(m’ - s)
xl_{o » < SmL/(m’ - s)
Kf:x, Jyo B HAE.
Ap=¢(t) - ¢, (16)
K :Ap o CO, MR EEARfLAE.
[l Ae =200mL/m’
" _{0 A < 200 mL/m"
KPw, S A HYZ A
3) WHRGHEEEME. X, v, HITEERYE”
B SEGEEEHE Yy,
y,=x, N x,=min{x, ,x,| (18)
4) THECE W A AR S5 s B Y
GAEEAE y, TR SR 58 HE

+o(t,)

Po (13)

(15)

(17)

Eiﬁﬁ:
Y=y, NysNy, Ny, Ny=
min{y, 4, ¥, 5,Y25¥1 Y| (19)
Ay vy Yoy y, B S s BRI B 255
WA
MRE S A Y = 1, TR OB
S AT OB B s A, 2 Y =0 D]
IR ERZS i R E S

6 % it

ASCEE DL CO, Ak v BE AR Ry KO B 2
i, R NDIR Ji 3 o o W 0 36 5% vh CO, iR ik
BERAS Ak, #EAT TCAL kO BRI 4, 1 25
ﬂDT

1) T CO, SR e B W I 3E 47 RAIL K R
W& —Fp AT 2 A 30 7 i

2) Ry il DR AL A 0 B T 1 R A 43
SME A SR FH ARG B /0> 3 32 R S ROBTL K R N g
JE AR HL A R A R GAH) 0.99 DL b R IE
¥ fdiR 22 RMSEC /NF 0.01.

3) RAR /N Tk g CO, AR E T
SR H A R RT O 0.999 4 A% TE ¥ )5 AR R
22 RMSEC H 4.3975.

4) TR TERIEEMW CO, MUK
CO, W Ji A AL R FI CO, ¥e JiE AR AbAH, #E4T KL
OB S N R R R R SR
TRATE T A A g ik N R CO, ARk B
1728 Ak, B AR g 0 T S

S #k (References)

(1] TR, s E K, A UM AL AR B L AE TP iy B
LI kXK B ,2002,11(3) :180-185.

Fang J, Yuan H Y,Zhao J H. Gas sensor and its application in
fire detection[ J]. Fire Safety Science,2002,11(3) :180-185 (in
Chinese) .

[2] Hagen B C H R,Milke J A. The use of gaseous fire signatures as
a mean to detect fires[ J]. Fire Safety Journal,2000,34 (1) :
55-67.

[3] David B. Aircraft cargeo compartment smoke detector alarm inci-
dent on U. S. registered aircraft, 1974-1999 [ R ]. Washington,
D. C. :FAA,2000.

[4] Milke J A, Hulcher M E, Worrell C L, et al. Investigation of
multi-sensor algorithms for fire detection[ J]. Fire Technology,
2003,39(4) :363-382.

[5] RJebr, =EK. KRKEMSEH TRIM]. S0 b =R
HARK A AL ,1999:117-118.

Wu L B, Yuan H Y. Fire detection and control engineering[ M ].
Hefei: Press of University of Science and Technology of China,

1999:117-118 (in Chinese).



2210 E AT =R N N = <= - 4 2015 4

(6] Hhgfe, SRkIARL, B3, 4. CO Ml CO, “TIR LT AN e it R 170-176 (in Chinese) .
TE KRR i B R BF AT [ T]. S8 2% 5 0% 3% 4 #r, [12] Linstrom P J, Mallard W G. NIST chemistry webbook: NIST
2007,27(5) :899-903. standard reference database Number 69 [ EB/OL ]. Gaithers-
Du J H,Zhang R C,Huang X Y, et al. Rescarch on early fire de- burg, MD: National Institute of Standards and Technology,
tection with CO-CO, FTIR-spectroscopy [ J]. Spectroscopy and 1998. [2015-01-28 ]. http : // webbook. nist. gov/chemistry/.
Spectral Analysis,2007,27(5) :899-903 (in Chinese). [13] 5RJ7%, BARTT. LLANUMR 3 BT v 3R 58 52 i 14 b 432 5 vk B
[7] Frank I, Meixner H. Sensor system for indoor air monitoring FEL 1. AU B2 it KA 22 22,1996 ,22(6) :655-659.
using semiconducting metal oxides and TR-absorption[ J]. Sen- Zhang G J,Li | F. Study on the method for providing temper-
sors and Actuators B Chemical ,2001,78 (1) :298-302. ture and pressure compensation for IR gas analysis[ J]. Journal
[8] Melendez J,de Castro A J, Lopez F, et al. Spectrally selective gas of Beijing University of Aeronautics and Astronautics, 1996,
cell for electrooptical infrared compact multigas sensor[ J]. Sen- 22(6) :655-659 (in Chinese).
sors and Actuators A ; Physical 1995 ,47 (1) :417-421. [14] FE B, a0, tfx /> = 9 [ 09 i £k v 5 3E & v o7 o
[9] Rossberg D. Optical properties of the integrated infrared sensor [ M. 650 B 7Tkt Bkt 2006 186-191.
[J]. Sensors and Actuators A ;Physical,1996,54 (1) :793-797. Wang H W, Wu Z B. Partial lease-lquares legression-linear and
[10] Bertoni G, Ciuchini C,Tappa R. Measurement of long-term av- nonlinear methods [ M ]. Beijing: National Defend Industy
erage carbon dioxide concentrations using passive diffusion sam- Press,2006:186-191 (in Chinese) .
pling[ J]. Atmospheric Environment, 2004, 38 (11): 1625- [15] Sels [ 5 v AR AR, B 5 A5 Jm 0 36 ) 25 22 3. A e
1630. RA(KE 1976) [S]. dbmt . Bl th ik, 1982:64-70.
[11] gt AR WM AR [ M]. 0. d ER # 3R K 2E National Oceanic and Atmospheric Administration, Nation Aero-
H R A, 2006 :170-176. nautics and Space Administration, U. S. Air Force. U. S. Stand-
Zhao ] H. Modern safety monitoring technology [ M ]. Hefei: ard Atmosphere,1976[ S]. Beijing: Science Press, 1982 :64-70
Press of University of Science and Technology of China,2006 : (in Chinese).

Aircraft fire detection method based on CO, concentration monitoring

ZHAO Jianhua” , FANG Lili

(State Key Laboratory of Fire Science, University of Science and Technology of China, Hefei 230026, China)

Abstract: High false alarm of heat detection and smoke detection used in aircraft is an existed question
for aircraft fire detecting. The production rule of gaseous combustion products in fires was analyzed, and CO,
was put forward as parameter of fire detection. Through accurate monitoring of CO, concentration in the envi-
ronment, the aircraft fire detection was realized. Considering the particularity of environmental condition on
aircraft, non-dispersion infrared ( NDIR) was used to resolve the challenge of temperature compensation in air-
craft fire detection. According to the relationship among the measured voltage of aircraft fire detector, environ-
ment temperature and reference voltage, temperature compensating model for aircraft fire detector was
established based on partial least squares ( PLS) approach. And model for CO, concentration calculating had
built by using PLS method, which was based on correlation between measured voltage of aircraft fire detector
and CO, concentration. With the calculated concentration of CO,, an alarm algorithm for aircraft fire detector
was presented then, which provided a new fire detection method for aircraft.

Key words: non-dispersion infrared ( NDIR) ; partial least squares method; CO, concentration monito-
ring; aircraft fire detector; temperature compensating model ; concentration calculating model ; adaptive alarm

algorithm
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Fig.2 Principle of trajectory translation method
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Fig.3 Flow diagram of trajectory translation method
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Method for determining initial position of dead reckoning system of
underwater vehicle
ZHANG Yanshun ', GUO Yajing', HUANG Xiaojuan', LI Chunyu', WANG Zhanqing’

(1. School of Instrumentation Science and Opto-electronics Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. School of Automation, Beijing Institute of Technology, Beijing 100081, China)

Abstract: According to the characteristics of underwater navigation sensors, the method for determining
the initial position based on dead reckoning ( DR) trajectory translation strategy in the initial period of position
was proposed to improve the accuracy of the initial position of DR system. This method combined the features
of DR system and hydroacoustic navigation system, and got the optimal trajectory under the constraints of
certain movement trends by translating DR trajectory to calculate the initial position. One real sea trial data
was used to analyze this method. The results show that the position error of this method is 60.2% and 77.2%
of the error of the average method and the least squares fitting method. The application of this method can
reduce the position error of DR system and improve the stability of DR/hydroacoustic integrated navigation sys-
tem.
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Fig. 1  Structure diagram of smart meter system
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Table 1 Enhancement test project of smart meter
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Fig.2 Step-stress test profile of high-temperature
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Fig.3 Test profile of humidity cycling

P4 A5k H Ry G ) T

Fig. 4  Step-stress test profile of electric stress
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Fig.5 Accelerated life test profile of smart meter
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Fig. 6  Synthesized stress test chamber of smart meter
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Fig.7 Synthesized testing system of smart meter
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Table 3 Pseudo life data of smart meter measurement error in different stress levels

S S, S5 Sy Ss
xY P75 i 35 th i x5 i ®Y th xY th
1 0.442 57 2.353 113 0.326 169 0.309 225 0.560
2 0.363 58 1.486 114 0.350 170 0.670 226 0.358
3 0.304 59 2.835 115 0.207 171 0.392 227 0.483
4 0.284 60 1.459 116 0.299 172 0.409 228 0.319
5 0.335 61 0.868 117 0.506 173 0.341 229 0.351
6 0.305 62 1.445 118 0.348 174 0.373 230 0.460
7 0.451 63 1.575 119 0.280 175 0.739 231 0.472
8 0.293 64 1.356 120 0.243 176 0.498 232 0.416
9 0.389 65 1.255 121 0.337 177 0.365 233 0.307
10 0.587 66 0.928 122 0.208 178 0.416 234 0.510
11 0.426 67 0.953 123 0.806 179 0.568 235 0.304
12 0.369 68 1.350 124 0.351 180 0.389 236 0.308
13 0.433 69 2.015 125 0.251 181 0.745 237 0.405
14 0.531 70 1.321 126 0.473 182 0.257 238 0.372
15 0.351 71 0.811 127 0.424 183 0.261 239 0.482
16 0.344 72 1.141 128 0.339 184 0.654 240 0.311
17 0.648 73 1.113 129 0.358 185 0.250 241 0.390
18 0.421 74 1.470 130 0.429 186 0.307 242 0.384
19 0.510 75 0.933 131 0.338 187 0.330 243 0.377
20 0.317 76 1.056 132 0.280 188 0.673 244 0.334
21 0.446 71 1.302 133 0.316 189 0.162 245 0.454
22 0.482 78 1.220 134 0.905 190 0.420 246 0.443
23 0.326 79 0.635 135 0.503 191 0.496 247 0.411
24 0.455 80 1.156 136 0.418 192 0.929 248 0.342
25 0.572 81 1.271 137 0.565 193 0.424 249 0.497
26 0.782 82 1.182 138 0.242 194 0.425 250 0.416
27 0.525 83 1.985 139 0.580 195 0.516 251 0.494
28 0.401 84 0.271 140 0.416 196 0.690 252 0.300
29 0.206 85 141 0.462 197 0.386 253 0.389
30 0.425 86 142 0.299 198 0.311 254 0.409
31 0.292 87 0.471 143 0.451 199 0.231 255 0.588
32 0.514 88 1.125 144 0.319 200 0.109 256 0.409
33 0.356 89 1.498 145 1.013 201 0.338 257 0.397
34 0.343 90 0.387 146 0.471 202 0.365 258 0.316
35 0.536 91 1.544 147 0.326 203 0.201 259 0.384
36 0.477 92 0.914 148 0.357 204 0. 664 260 0.365
37 0.386 93 1.695 149 0.330 205 0.686 261 0.544
38 0.385 94 1.984 150 0.333 206 0.679 262 0.347
39 0.468 95 0.952 151 0.373 207 0.333 263 0.366
40 0.369 96 1.043 152 0.413 208 0.323 264 0.302
41 0.705 97 1.645 153 0.480 209 0.584 265 0.373
42 0.411 98 1.186 154 0.287 210 0.313 266 0.423
43 0.441 99 1.274 155 0.280 211 0.217 267 0.337
44 0.488 100 1.307 156 0.407 212 0.393 268 0.391
45 0.497 101 1.383 157 0.344 213 0.520 269 0.419
46 0.596 102 1.983 158 0.361 214 0.298 270 0.404
47 0.457 103 0.920 159 0.385 215 0.365 271 0.303
48 0.379 104 1.417 160 0.354 216 0.380 272 0.347
49 0.323 105 1.132 161 0.382 217 0.297 273 0.499
50 0.573 106 0.914 162 0.383 218 0.410 274 0.634
51 0.603 107 0.964 163 0.293 219 0.542 275 0.726
52 0.658 108 0.778 164 0.348 220 0.549 276 0.648
53 0.480 109 1.582 165 0.321 221 0.711 277 0.495
54 0.752 110 1.227 166 0.334 222 278 0.556
55 0.712 111 1.373 167 0.390 223 0.552 279 0.378
56 0.503 112 1.466 168 0.308 224 0.550 280 1.125
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Smart meter lifetime evaluation based on multi-stress
acceleration test method

ZHA Guoqing' , HUANG Xiaokai’, KANG Rui ™'

(1. School of Reliability and System Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Beijing Institute of Spacecraft Environment Engineering, China Academy of Space Technology, Beijing 100094, China)

Abstract: How to accurately analyze and assess reliability and life of smart meters under the multi-stress

and multi-parameter condition is a very hot research topic currently. Firstly, the performance of smart meter

under conditions of temperature, humidity, electrical stress, vibration and magnetic field were analyzed, and

the key performance parameters and sensitive stress were extracted based on failure mechanism analysis. Sec-

ondly, the limiting conditions of key performance parameters were explored through enhancement experiment.

Finally, an acceleration lifetime experiment program according to the result of enhancement experiment was

designed to obtain the key performance degradation data with integrated testing system and establish the degra-

dation trace model, analyze the multi-stress acceleration model, and eventually comprehensively evaluate the

smart meter reliability and life. The proposed methodology of evaluating smart meter reliability and life with

enhancement experiment and acceleration experiment, the research thought and conclusions can provide theo-

retical support for the improvement of smart meter reliability and life.

Key words: smart meter; multi-stress; multi-parameter; enhancement test; acceleration life test
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Table 1 Information on accelerated wear degradation

testing for metal alloy
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Evaluation method for accelerated degradation testing with interval analysis
LIU Le'?, LI Xiaoyang™'*, JIANG Tongmin'

(1. School of Reliability and Systems Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Science and Technology on Reliability and Environmental Engineering Laboratory, Beijing 100191, China)

Abstract: Traditional evaluation methods of accelerated degradation testing ( ADT) are based on precise
degradation data to conduct reliability and lifetime assessment. However, with interfere of the uncertainties
from human factors, the test data can be imprecise represented by interval rather than precise data. Under this
consideration, an interval analysis method for ADT evaluation was proposed based on Wiener process, which
included possibility and necessity models. Interval regression method was firstly used to transfer the problems
of modeling interval degradation data under different accelerated stress levels into quadratic programming prob-
lems. The interval drift coefficients under different stress levels with possibility model and diffusion coefficient
were obtained. Then the interval drift coefficients were extrapolated to normal stress condition with accelerated
model under necessity model, and further to analyze the relationship between measurement uncertainty and
reliability and lifetime evaluation results. Finally, the numerical study was used to present and verify the pro-
posed methodology, and conduct uncertainty sensitivity analysis. The results show that both reliability and life-
time evaluation results are effected by epistemic uncertainty of measurement, and their correctness can be
ensured with decreasing epistemic uncertainty.

Key words: accelerated degradation testing ( ADT) ; interval analysis; reliability; life evaluation; epi-

stemic uncertainty ; sensitivity analysis
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Optimization design of approach and landing trajectory for
variable configuration RLV with multi-control surfaces
HAO Xianwei' , WANG Yong™', YANG Ye’, GUO Tao’

(1. School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Beijing Aerospace Automatic Control Institute, Beijing 100854, China)

Abstract: To solve approach and landing problem of variable configuration reusable launch vehicle
(RLV) with multi-control surfaces, a design method of approach and landing trajectory was proposed. The
landing trajectory was divided into steep glide landing trajectory and flare landing trajectory. The controllable
deflection limit of the aerodynamic surfaces and deep downturn quasi equilibrium equation constraints were
considered and the steep glide landing trajectory optimization design was carried out. The RLV aerodynamic
surface adjusting redundancy and variable configuration processes were considered, with constraint conditions
of the gear down time, the flare normal overload and the grounding state, by the trajectory propagation based
on the RLV dynamics equation, the optimal flare landing trajectory was designed and optimized. The steep
glide landing trajectory and flare landing trajectory composed a complete approach and landing trajectory.
Therefore, the designed approach and landing trajectory considered multi constraint conditions and improved
the stability and safety of the landing process.

Key words: reusable launch vehicle; landing gear; multi-control surfaces; trajectory propagation;

approach and landing trajectory
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Table 1 Quantitative comparison result of proposed algorithm with KMS ,MTT,CT,LSST and DFT

SRR g4 SRR R R K

¥ 51 T 4%

KBy KMS MTT CT LSST DFT  ACEP:  KMS MTT CT LSST  DFT
S, 108 0 11 22 19 37 30 0.44 17.34  34.15 30.85 53.94 131.60
S, 75 0 17 0 0 5 18 0.92 46.21 17.07 29.75 45.07  57.09
S, 128 0 64 0 55 116 115 2.00 73.08  9.24 49.20 109.10 116.92
S, 250 0 0 0 0 44 206 0.68 15.25 10.32  10.32  30.31 124.42
S; 120 0 0 0 0 0 30 0.24 25.27 11.56 14.54  9.20  40.39
S, 70 0 2 57 0 0 3 2.43 7.07  91.00 1.85  3.52 5.21
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Fig.7 Tracking error comparison of proposed algorithm with KMS, MTT, CT, LSST and DFT
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Gray target tracking algorithm based on edge information

ZHENG Haichao' , MAO Xia®™', LIANG Xiaogeng

(1. School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. China Airborne Missile Academy, Luoyang 471000, China)

Abstract: To precisely track the gray targets undergoing drastic changes in the image sequence, a new
tracking algorithm based on edge information was proposed. Firstly, obtained by the two-concentric-circular-
window operator, a nonlinear edge detection algorithm was proposed to get high quality edge information. Sec-
ondly, a novel method to construct feature space by synthesizing edge images was proposed in order to solve
the problem that single edge feature space was not able to characterize the target thoroughly. The proposed
method provided enough information to construct target model. Then, an approach to construct the target mod-
el with the kernel-based estimation method was proposed in constructed feature space. In target localization
stage, the target position was preliminarily predicted by Kalman filter, and then the Mean Shift algorithm is
utilized to locate the target in the region around the predicted position. Finally, a new dynamic model update
strategy based on morphological operations was proposed. It can offer the proposed algorithm the ability to
obtain precise target region and automatically adjust to the changing target size and target shape. Experimental
results demonstrate that the proposed algorithm can perform well in image sequences where the targets undergo
drastic changes. Meanwhile, the proposed algorithm can obtain the precise target region, and the track window
can automatically adjust to the changing target size and target shape.

Key words: computer vision; target tracking; gray target; tracking algorithm; edge detection; Mean
Shift
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Fig.3  On-line test network for thermistors
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Table 1 Results comparison between traditional
method and modified method
A1 23 Sl R E /10 7°
AR P {57 i — WU TR — IR
T BE b 22 45 T BE Mz 45 2R
1 3.504 1.000
2 2.471 0.897
3 1.933 0.738
4 3.488 0.815
5 1.671 0.613
6 2.505 0.758
7 1.985 0.847
8 2.224 0.737
9 1.405 0.572
10 0.996 0.521

AL R Bt O 3, 10 2 A iR AT — YR
JEAMZ o, AR B AR E M IR BT £ 1 x
10 °°. A 3 5 @b A di g 2 R ], 43 0 R A% G2 0 1k
IR 7 3R R AT — UL BE A B2 i, 45 80 5 A I
T E PR 6 7. AMEETHT 3 5 ff AR 5 A 1 05
IR EVEL N =15 x107°.

K6 35— Y B w4 R
Fig. 6 Result of once temperature compensation for

oscillator No. 3

SR 1 MK 6 KW, R Uk Tr kAT —
U JE HME2 Y ROCR BT 2 08 T A% 50 07 s, AN AR
W B RN, T LT B4 R A A 10
S R, SOtk Ty v T R A AR A B —
U JEE A2 A R

4 % it

S5 LT AR SCHR T — b e A R UL b



2254

b B = R R

2015 4¢

R G it ¥O PRl R AP B T ik

1) Beah I kv, BB e LR 7 20 KA L
RS, K A ) A B ek BELARA Gl 19 2% 3 55
FEFE R T AME R 25 2 00T 5 i v 12

2) AN TR P b AL R
ARAT 0 25 2 Bfde . 2%k ATl T 2 Bl A 2 R OR
P, BT T 00 4 it , DRI ol 2R3

3) Sl Y UL, %07 ik AT AR RO e IR b
R B2 R — Yl b B R sl G 22 UM R A R B
N BCRIBEA b, LA RS AR AN B 2 &, PRI AT
25 PR T A R BRI ] SR

B R ARk B A A TUE AR
AR e T A B

S 2 Hk (References)

[1] GJB 1648A—2011. SRR 28 JH MG [ S
AR R K AT, 2011 047
GJB 1648A—2011.

Jodbat: Bk &

General specification for crystal oscillators
[S]. Beijing: General Armament Department Military Standard
Publishing Department,2011:47 (in Chinese).

[2] John R V.
A248503[ R].NJ:US Army LABCOM ETDL,1992:22-28.

[3] REIE. /R S8R B A R R LR A A iR [T ] )/ R 2 2%
% ,1993,20(6) :34-38.

Introduction to quartz frequency standards, AD-

Wu J Q. The miniature temperature compensation crystal oscilla-

tor for ultra-wide range of temperature [ J ]. Journal of Hunan
University ,1993,20(6) :34-38 (in Chinese) .

(4] #rsede, skl B Bl MR #h M 2% 5 (1]
K2F24%,2005,23(3) :81-85.

Jin B A,Yuan T L, Jia Y X. Analyse and research on the temper-

B V4 B 1

ature compensate net of crystal oscillator[ J]. Journal of Shaanxi
University of Science & Technology, 2005,23 (3):81-85 (in
Chinese) .

(5] XBak, MR T B i i B J3 A TR S A R [T ] iR B A,
2008 ,48(6) :44-46.
Deng M, Chen W. Temperature compensation technology with
wide temperature and high frequency stability[ J]. Telecommuni-
cation Engineering,2008 ,48 (6) :44-46(in Chinese) .

(6] Z=asC, tHI. m vl A7 YL AR A 2% 0 R
[J]. AB 2 45 K ,2004 ,23(5) :68-71.

Li J] W,Zu B. Temperature compensation to quartz crystal oscilla-

b

FE R A

tor by thermistor net with high accuracy within wide temperature
scope[ J]. Journal of Transducer Technology,2004,23 (5) :68-
71 (in Chinese).

(7] ¥ 8. fog 3 30T vk 76 5 MO0 I il 24805 D TCXO v o7
[J]. 5 5759%,2005,27(4) :452-454.
Huang X H. Application of the best approximation algorithms on
frequency-temperature curve fit and TCXO [ J ]. Piezoelectrics
and Acoustooptics,2005 ,27 (4) :452-454 (in Chinese).

[8] MiZ,Wei X C. A 0.1 ppm successive approximation frequency-

temperature compensation method for temperature compensated

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[19]

crystal oscillators (TCXO) [ C] // Proceedings of 2009 World
Congress on Computer Science and Information Engineering. Pis-
cataway , NJ: IEEE Press,2009 :493-498.
Wei F,Xian H H, Feng T, et al. An improved microcontroller
compensated low phase noise overtone TCXO[ C] // Proceedings
of 2009 IEEE International Frequency Control Symposium and
the 22nd European Frequency and Time forum. Piscataway,NJ:
IEEE Press,2009:974-977.
VL, BAEGR , B o, 2. — B O I RS
HLT]. B 744K ,2013,26(8) :90-92.
Sun M,Li M Q,Chen Z P, et al. A high precision temperature

i RS A R 1 A

compensated crystal oscillator in wide temperature range[ J].
Electronic Science and Technology, 2013,26 (8):90-92 ( in
Chinese) .

VLR, BRIR R4, 55, — Fh 22 4R n Ak /Y 3 #h & R IR
ax[J]. FAH I A ,2003,23(3) :52-57.

Jiang Y J,Chen C,Fu Q H,et al. A full-integrated temperature
compensated crystal oscillator[ J]. Journal of Astronautic Me-
trology and Measurement,2003,23(3) :52-57 (in Chinese).
FHELk. He TR L-HOF A S5 A 0B LIRS A AR 1 7l e i
H[D]. V4% P % iy TR K 2% ,2007 .

Yin H B. Industrialized research of temperature compensated
crystal based on analog-digital method [ D]. Xi” an: Xi’ an
Eletronic Science and Technology University, 2007 ( in Chi-
nese) .

EH R TR SR, A R R AR MR R B R A £
RIS AR [T]. Ko 5456,2010,32(6) :909-911.

Wang Y ,Huang X H,Yan L Q,et al. An integrated temperature
compensated crystal oscillator with high-precision and low-noise
[J]. Piezoelectrics and Acoustooptics,2010,32(6):909911
(in Chinese).

Asad A A. Phase noise and jitter in CMOS ring oscillators[ J].
IEEE Journal of Solid-State Circuits,2006,41(8) :1803-1816.
Behzad R. A study of phase noise in CMOS oscillators [ J].
IEEE Journal of Solid-State Circuits,1996,31(3) :331-343.
Y, B FE, A IR — R T AR R R A AR 3
1 IR B M2 5 9% . TR ,201310739925.3[ P ). 2013-12-30.
Han Y J, Yang K, Zheng H Y. A temperature compensation
method for analog temperature compensated crystal oscillator:
China,201310739925.3[ P].2013-12-30 (in Chinese).
A, T AR 4 [ M ). b 5T BE 2% AR, 2008
316-322.

Zhao S H, Zhao Y. Crystal oscillator [ M ]. Beijing: Science
Press,2008 :316-322 (in Chinese).

IV RN S, A %, A5 B T s T Bk i 2 R AL O
EIPIR [T ] J6 77 283 5 41k ,2000,24 (6) :14-19.

Sun Y F,Zheng J Q,Wang D X, et al. A survey of constraint
optimization method based on genetic algorithm [ J]. Journal of
Northern Jiaotong University, 2000, 24 (6 ) : 14-19 (in Chi-
nese) .

B, A, . R SR 2 5 W B 1A R 3 R R A 5
] L] b B 28 i R K 2% 22 4% ,2005,31(9) :1014-1017.
Lii S W,Han Y J,Wang W. Synthesis of the array’ s amplitude
and phase pattern using genetic algorithm [ J]. Journal of Bei-
jing University of Aeronautics and Astronautics,2005,31(9) :
1014-1017 (in Chinese).



5512 1] A, S - O AR DL RS R IR ST IR A O 1 2255

Modified wide temperature compensation method for analog TCXO

HAN Yanju'?, YANG Ke*?, ZHENG Hongyao’

(1. School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Beijing Institute of Metrology and Measurement, Beijing 100854, China)

Abstract: When the temperature frequency stability of the temperature compensated crystal oscillator

(TCXO) is required better than =1 x 10 ° in a wide temperature range, the rate of once success for the tradi-

tional compensation method is low. The compensation precision influences were carefully analyzed, and the

reasons were drawn that the measurement method and the calculation model of the thermistors within the tem-

perature compensation network caused the higher tolerance. So a modified wide temperature compensation
method was provided. At first, the reference thermistors were measured on-line in the wide temperature range
to obtain the practical data. Secondly, the thermistors for using were proportionally modeled according to the
reference thermistors measurement data to acquire the resistance for each temperature. At last, the modeled
thermistors were input into the temperature compensation program, and the genetic algorithm was used to com-
pute the optimized network parameters. The contrast tests were carried out, and show that the thermistor values
with new modeling method are closer to the test values than those with the traditional method, the compensa-
tion program is more flexible, and the rate of once success for temperature compensation is improved more than
90% .

Key words: crystal oscillator; temperature compensation; thermistor; genetic algorithm; modeling



20154 12 A
FHa1E 12l

tEMEMRKEFFER

Journal of Beijing University of Aeronautics and Astronautics

December 2015
Vol.41 No. 12

http : // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2015.0013

ETH KT UM =E

] B e AN B AR B R R L5

jbuaa@ buaa. edu. cn

K&, He,

(Jemm TR F

w ARG SE

X R A

25, LAt 100081)

WAL R T AT

FRTHAMB(EDO) W HIRM B sl 2. FREARMBEEMAZG XA, K IHREL
By R K o BN AE ) B AT A B AL 43l , R R EDO 3t T 3 54T 52 B oy LN Ae b2 a8 T 5N
hEREH IS BRARNTEFPHFHENRA R R T L ERIG F A BIM, A6 EERE

AMEINT BERHEE D NBES, A AAREFEMLFAEHH AN B AR ATE

HGERE,ERRVAHSEARFNH M
ra& g ® N, HEEN, 7 T TAELIA.

£ @ W kB S, KA AEAE BREE NS FRTRANE

hE 42T V488.13

XERERIRAES: A NERS:

T AR T R R 5 R R R AR
TSR B LA /N 0 R e b AR LA
Sf H T B R A T i AR e S A i A
205 35 R B 1) S 6 T B [ E H
BRI, B0 S KAT AL S B 1973 4E Kim A0
Grider"" B VR i H 5 3 A 3y 20z oy 10 3 240 o X — M
AR, S S A i X i A B 2 SR RS O vk
HE LIS T —E R

SCHRL 2 TH 0 T 18 L) 51 Ay il Eom T
— A A A T e AR AR S ok R TR
R, M S HE 2R A AR 1 52 H bR,
Bk [ 3-6 ] 4t T el A R SR A e 4 o
B, BEIROAR [7 4 0 A o vk S 4 B A AR Y
SR 3% 07 1 RE AR B 3 5K ) S E X A R R i
SREEE. i T X A Al AR 25 R R E T BA AR
SR G R R VR R B T S Y i
TS0y v A 2R R 258 0T O 4R 4 7E AR 4 R
S 7 A AR W SRS b R KR F )

ERiR e N N R e

T4 Bt b, &

s HOBE a8

1001-5965(2015)12-2256-13

v, BT B 0 R FRHIR LR S R AR T
AE. T SCHR L 11-12 ] 5 T 1 B il B R B 1
(ISR N IR | 25 3 PURIIE - SONER Y /)
Iy JRE R AT L A A AN AR T 4
(4 IR 5 , 4 e T AR . SCHR [ 13-14 ] 4
T % 8 A S B A A AT LS H AR
7 Tt A 2 A S i A s A ik
A WO A 29 AR A L AR R, SR
f14 L £ 1 R . SCRRT 15-18 ] i i Ak 3t [ AH
Xt I 1) E R Il ) SR AL I R A 29, B
PRULSIRS T B A2 A e I A2 1, HAZ f R
IE T HAR I . SCHR [ 1S ] rp B3t i ) 5 J A7
FEAT S A AL, 1 SCRR [ 16 ] 55 M 17 A A 5 28 i 1 A5
i By A AR S A ART d F AR SRR T [ E
)iz 8l H AR, (AR 45 Hh R 0 H B i BE /Y
b PRy v AE A B, SCER[17-18 ] 5 xs L3 H
Prde T BT A 29 TR S O SR UL A%
b E AR H A5 B (R ik SCRR [ 18 ] 5 & T 3 9

WS EE: 2015-01-05; A HH: 2015-04-18; M4 4 ARETiE : 2015-05-04 1531
M 2% H R itk . www. enki. net/kems/detail/11.2625. V. 20150504. 1531.001. html
* BWAEE: ke (1985—) B i1t +HE A, i+ 52 4 |, zhangjiao48303@ 126. com, 2 T 5% J5 1] Ay il 5 4% il — 41k

SIS Kix, e, WEA BT KTHRAMNENH K & AHFHFFEII] LFMEAMKXAFEFHR, 2015, 41 (12) ; 2256-
2268. Zhang J, Yang X, Liu Y X. Guidance law with impact angle constraints based on extended disturbance observer [J ]. Journal
of Beijing University of Aeronautics and Astronautics , 2015 , 41 (12 ) : 2256- 2268 (in Chinese ).


Administrator
全文下载

http://www.cnki.net/kcms/detail/11.2625.V.20150504.1531.001.html

%12 3

TR, A5 T BT DU D 2% By B R 2 SR A 2257

FI 25 A0 Bl A e, SR AR A S % o A 8 2%
T 1 7 v e T S A DL b R M AR A
T A ST B R L X T A 5 AR 4 B WAL ]
] LA AT 2% 08 AT LB LT, A ] 4 B 3 i
F1% 5L 3 A5 7 i b A O A S 24 SR A 5
A DB 225 1 AR M S PR v, B A
BIR A ] S5 sy 5 51 A A2 SCRR [ 19 ] v, iy T 7 2
IR AR T o B P e U I A, S BOR Gl A
2L 1A A P T A AL ST R g, AN A 2 R R
RSSO . SRR [ 20 ] 882 T A A S 2 i 9 A
ST, JF S 7 S ) AR TR AR B (HR R T A
BT, W L RE SR R N BT RS U
SUENE L AAXE L™ A% W SR B i MLk A,
R AAT R A ks BR B PR RE. SCHR[ 21 ] PR
JH PR 3 228 i A R KR B2 T B A, AT LA B R A
AR B A R AR A R R (FUR I T = T AR
B 1 S B0 2 HLAURE, 7R B 090 B B B 4 o
A AL

A ) AT R T AR i 2 4 i L A S
BRI R R I T ARG
28I TR X T 5 9z Bl ad A A OR g (S0
A JEE P AR SR A8 AN R s ek ) Ik 5
M 0, w3 T RGNS A E T, 52
R H AR B Sl B2 b BR JG ¥k v o 3145, 4 4
B AR R 5 e, OF EL ik TRy b S R 5 8
Pl R B AR B 4. B SOk [ 22 ] 42
T %5 (DO) M8 DL, 5 F AR T4t
WL 55 (NDO ) #4457 32 R TSR 25 Hy i PR 5
PEVE A B RO TR BB B S A i 5 RV 222
[ CHE . DO W AR e TR E R KT
o A C 0, F AT ARG T R e S g, Ho
T 5 25 A BRI A T S

ASCEE Y5 T W % (EDO) Fl A FR
IF) A2 E 4 B AR 4R 1 — Bl T T H bs bl 2l ik it
11 D i 2 I T4 ot ) 249 SR B A BRI 1) AR E i
. R EDO XF & 48 #0890 (5 3R R
R AZ R EY H bR i BE 2 ) 2R A7 A3, JF 4
i THELH T B Al S 20 s i L T B9 B2t R
UEAR LR Al AT DAAR G b B B g A2 0 309 B2 O 2k A
E TS T ik 3] 158 25 %2 B Bk A [ 51A
B ER B70 fo Aff R T S A R B U R AL A
R AT I B TR RS TR MG ol S R T AR
SR AET TN 5 S A 6]
BLBIIE A [/ Bl 3 5 26 10 T 19 200 5 H 3
UE T3 S A RAF R R T G 0 EE Oy 3, R G
TACH AR A S 2 s 1R £ ) B B0 S

AR SCHR H Y Al S AR A/ 1 e R B G 1 4
B TE.

1 SEEHKEE

S TE TG % 8t A 2 o R
7 550 S ) 4 S T 5 S 780, JHG 2 S5 T L oz ) )
S g . G0 H AR 4R SRR 3 K
RV

Sk T e Ak 1 S IR B A B Ak R A,
I S R E b BT 32 1 R 7. 0 E AR 52 37 R
A b 2 R

R=V,cos(d, - q) = V,cos(d, —q) (1)

Rj=-Vsin(q - ¢,) + V,sin($, - ¢q) (2)

b,=a,/V,

{d‘)l = al/V(
R AR 45y wh H R BE B K AR K g
g 4390 A S AR AL E sa, A a, 53 51K
SR E AR 0 0 N B, R b, A B KRS
s AR BRI AR 5 V., RV, 4250k SE R B bR
£ 8

(3)

P18 - B bR I 42 AL A

Fig.1 Missile-target engagement geometry

W3t (2) PR 0 oRS L (1) fRA,
LRt

2R cos( o, - q)a . V. sin(q — ,) .\
R R " R
alcos(li)| -q) _ V[sm(;]a— ®b,) (4)
% a, =a.cos(p, —q),a, K AR ) 0EE
W T ALy Il B 4y L R SEBR TR H R, B AR
ROV 1) IR, i A T A1 O B £y S I of 5 R
A a, BRI A BT SC A
TE X HLE I 1 6, o4 76 Gl 5 I 2] & 55
A o 1 g e £ sl 2 BOR.
Y A 29 P 5 ) a2 1 = st b F AR Y
[F B 596 1 30 B ) Al A R, AR v R Al Ry B
TE 2 S 6] 220 ¢, 96 J2 2 AF -

‘q‘:




2258 G| AN T S N = 4

2015 4¢

eimp = d)tf - d)m[
i (5)
lg = o[ < 5

K b, o3 227 il 188 I 20 5 305 H bR Y
FUas ffy . b, 3OS ) Wy B SO A i 5 1 2o 7 o
i OR HARTE T 51 L 3 f i [ A
SR RS g VA o £ £ 8% 2 o 1
A R =0, MA77E
Vosin(, = gqp) =Visin(d, - qe)  (6)
- g o DA AR I 220 ) ST ER AR AR A

2 G Al A 32

Fig.2 Missile and target on collision course

fRig 1
HiEG 3.

BRiZ2 MTHEWN M, ,X(6) M qp
FEFE HLME— s [RIFE X TR g Fl b, HHRA
— ¢, WHREA(6).

Ri& 3  Hbr5 3808 Ok Uy — A5
{H, B2 .

/%%I:Pﬁi R\‘I\V'\Vm\(b;\(bm ﬂu

= <1 7
VVm< (7)

Sfig st (6) 1T
_Sinbu, ) (8)

qy=¢, - arctan( cosh,
BIVFE i Sad R 2 AT, IR AW R LR g = ¢, X
(8) i i Py 2 3 Ll 93 Fsf 220 Py SO R L2 A 15 HL A
JUU3E A 2Z ) B O 2 Ol TS g el v b AR
25 2 WY Bl R, AT S T 4 B 220 0 0 A2 5K ()
) 28 A, T AS A ASL 2 A il 43 P 220 A4 985

M (8) A, 0, =nm,n=x1, 2, -
i ML A ¢ 5 HR S A EE v
K. SCHRL 1S TRl Yodi Ay 6, SR EA g,
. IV B SN SU G i RA i Sk
LRI 5 H AL, HARME /o, Bl

151 RS A AP T 22 VS = N 3 1 161 R A R = QU 2
— A S8

-
L
il =d.=5

=0 (9) AT, IR A LR A 1 A fE R g IE L
EREE7Y)1BiY:

ESXCREA 5, =g —qp %, = ¢ — ¢y, RIH
1§ (4) Ay

X =%,

(9)

b= (= 2R = 0059, — q) +d(D)

(10)
A
Ra, .
d(t) =a, - 7 + V. sin(q - o¢,) -
V.sin(q -d,)

Hfta, ARG SR, () RGN LMD,
PRI T 5 52 R I A2 | A 4 AL 3l 3 e 2 |

RN oIl
BiZ 4 B d(o) 20 F I — A8 5L
M>0,0F
dd(1)
dﬁt <M  ¢=0,1,,r+1

e Sy EDO 73K B9 B B, R 75 R SCHE AR 20 #r

2 E5HSEET

FERAT R RS R G S X B SRR
DA 2002 N P B R S L DR > WA T
e & PR

TGS g S BB OR AER W, A SCR HT
A 47 1) BRI AT BRI E] Wi S = . SR T EDO
X ER R GEC(10) 9B T d (¢) BEAT 52 A 0
A B A BT B AR AR R G AR
WATER AT, DO &% u 15 «, Al x, A
FRUCECT . 2 & Hl AL HE RN 3 .

K3 EaH SR

Fig.3  Structure block diagram of compound guidance law



%12 3

TR, A5 T BT DU D 2% By B R 2 SR A 2259

2.1 RTINS
SCHER[22 142 1 DO i A8 RS 40b (8T
PA A, 38 a9 000 B 25 2l AR DO i Sk B AR
PS5 38) T Tz N . 255 % 18 R GRS 1)
REL DS TN IRl R S E A I S R )
Z 0 XA T AP ) R R B A YRS
(9 EDO 32 WL I 4% A A a] LAXS + 40 B AR 25 47 W
DU, L AT AT B B S B A A, A R e
UK B2
FE SR A 4t
v, =R (11)
= (4) 28
v,= - R —a,cos(d, —q) +d(t) (12)
HiE EDO it (10) sy @4 8h d(¢) , 1
e B
|1Al-|=p1 + llvq
[

%=—ll(—kt} -a,cos(P, —q) +52) +d
%:p2 + L,
[

% =-1(- Rq —a,cos(p, —¢q) + rAl) +d

r—1
Y=p, 4L,

=-1(- Rq -a,cos(p, —q) + rAl) +d7

L CH LRI

s g =p,., + l,qu
=1, (- Rj -a,cos(¢p, —q) +d(1))
(13)
Aed Hy d() WA, 4 (22,3, ,r) K
d(0) B SE T3, e R(i=1,2,,r+ 1) Fl
LeRGi=1,2,,r+1) 4% 5 i B A5 5 A1 00
1435 28, T 280 1 SR H T 9 60 By
W, AT L L 5% 4 i S50 B T DU A2 A
T HAE 2 it

A(s)=s" +w,a;s + -

sall

r+1

r r+1 _
tw,astw, a.,=

r+l

sl o+ e +lrs+lr+l:(s+wo)'+1

(14)
sl =a/e,i=1,2,,r+1,e=1/w,,w, >0
LN #R AT 5, Hoh EDO ME— 75 59 5 5 2 8.
RGEW T AL KR N

~ (r=1)
d: ZHIJ

(d - d) +
z,jw(d ~d) 4 -

(n) Loy 01
K. f ¢=J'OJO...IO o(o,)do,do,
AT UL EDO B USCSCrE CHIAL 5 22 7 i A

+1,(d-d) (15)

FE) AT AR 2 B

EE1 AR 4 F00 L, Bk BOW N &
Wigs e R(i=1,2,,r+ 1) UM &8 52 22 07
FEFFAE 2110 Hurwitz Fa 2, IR AR 2 17 & E, 1§
BSORA S, B R

I 1
s L) - < 0 55)

MR RIERZ(13) X

E,=[d() d() d9)]
W) 22 8 WL 5 22 B 285 7 R AT LU SROR
E ,=AE, +B,d" (16)
A
-0 1 0 0O
O O - o
L, 0 1 0 Ch O
o~ b O s
A,=0 Do U B,=F3 0O
O O 5
Gl 0 0 - 10 = H
O-. o o - oO 4
KA (16) , 115
E (1) =¢"E (0) + e’*u'f e "B ,d" dr
0
(17)

M TR A, W2 Hurwitz, B A 10 B A7 45 iE
{H A, B EAT SR, P, 20 (17) 55 1 Wal 1

lim e*'E_(0) =0 (18)
M= (17) 28 R an F I
D(1) =feA"('_T)de(')dT (19)
0

TEAB VB 4 W 2 B AT 42 R, MR 4 B bR 51+
SIS, WA D) B
D(1) |=

t

r—1 (Z _ )h
f Y S.B, T M4 (£)dr| <
0 h=0

h!

-1 , B k
2 'S, B, ‘ML (¢ h'T) MO dr (20)
h=0 .

K. S, A A, TE WO, b R
K.

FIRE, B TR A, 2 Huwitz, A, <0(i e
p),p MFFEAR B E L, A

. 0 1

lim [ (1) [< Z ; \S,-,,Bd\MW

(21)

P, B2 (17) F(18) 2= (21) AT A1, &R SE
NI 52 22 2 A S

HE— 2 AT LS EDO il UL I 15 22 i £ 48,
ZECUHE A, A A R AR DU



2260 b 3 M = it R K % % i 2015 4
5.8, 1= e

[0 =+ 1 C7'(=A) = CH(=A)""(=A)]" u [ul < @,

i=0,1,,r -1 At ra, ., 0 BT AR M Y Tk 2

K ¢ZLL%%¢Q, ho<; 2.3 REREHS

- HEt (9) I (28 ) Filf s iy 4 1 45 3% oo R e 6
R, MR % 22 19 L 50 L T R A My, gy EWCT ERRIERE T A0
EgmuﬂsqNLJ (22)  WIRBEE A, R HE B A (R S Sl

sl -dw < o(ps) o

IE B
MGEH 1 A] B, YR AE(E A R KB, RS
A CI3) AT LA IR IR ER d (1) S HAT R By S 8k e,
RS A TR 22 BEAE I 9K B B0 14 i s/ ). 24
PR B BOZ ET I B 1 b T 2y R A
HORGT 2, BS 5k B8O i, TR - B8
FEAE HAT FU. P, 9 sk B BOF AN BEBE 1S .
2.2 AREEKSHSEZT
XFFRGEA(10), i 2 (5) Frs i YR
FE R A BOT AR N ARG AT () 17
TER AT, BT A% u A RS «, Ml x,
B B ] i 8T 2%
T, M AT A AR T
s=x, +B|x, | sgn(x,) (24)
AH:8>0;1 <y=a/b<2,a.b HHEE.
Xfa(24) 5K T 15
§=(4 -4 +By(q -4 " (G - §p)

(25)
FRLA 01 O A3 % 0
<0 (26)
B e
i= ks — o |s|sen(s) (27)

KA k>050>0;0 <q <1 ZHBEITHEREBRIER
G (10) PR AP UAT R (] i S50 3 1 AL 1T s
R 2B A
H1 3 (4) (S (12) Fnx(14) 7] LUFS 3
- 1 .
T eos(d, —q) |

- 2Rq +d+ ﬁ‘xz |*7sgn(x,) +
By

ks+a"s‘”sgn(s)) (28)

H (28) AT, Y [ o, —q| =7/2 BF, SHEY

ERNE R a,— o , HBOR AT B 88 EO0 17
RIS i Ab 21

Fe R FVBUE RS> 0 05 0 XY A7 A £ D W P B Mg 7
R Ty B K. A48 SCHER (25 ], ) FH e 3 R B2 i
g1 (TD ) Sk S B0 M 55 480 1% JR% 245 i i3 1) 15 5 vh 3k
B gy, R TD (0T Frs
fth=fhan(z, (k) - v(k),z,(k),,1)
2 (k+1)=z(k) +1-2z(k) (30)
z(k+1)=2z,(k) +1-fh
A than(z, (k) —v(k) ,z, (k) ,r, 1) Z B i
R EOIR R A A A L R R AR R AR P K
¢ AP E IR T AR B R, Hor B R, IR R
PR 2, (B) WS EARA ¢ WHE S BIAG

HHE B 2, (k) = ¢, TD [ 5 iE B A L 2 %
SCHR[26 ], TD EA R 4f i e SIOm 25 4 2k

3 REMESH

BT AR M R G A R RS e PR RS A I F

C1E: i
x=f(x,t) f(0,6)=0 xeR" (31)

ity f: Uy x R-R" £ Uy xR EZ, Uy K
Ji R x =0 1) — D TFRBEL.

511 FHEIFELERG (31), REH A
a0 = 00 A7 BRI [ A3 A5 AR CE AR TE — A5 X
e S4B UC U, CR" /Y C 6 W ok 8
V(x) , FFHELELE c>0 LKk 0<a<],Hifg
V() TE U EIEEM V (x) + eV (0) 76 U LK 6
FE LW FR G (24) 1Y 5t S A BRI TR) £ 1y . [6] B,
A T, 2 V() WSZ a5 R B [, )

_ V()
" (1l —a)

A ewy IR — TF AR AT AT — 5

N UE ] R GEEC (10) 7R A B i E) e 8. 7E R
NRGE, AR Lk B Ty s o A X A ST —
B B, X B EAE EDO (U (13) ) i B
((24)) HEEhH (N (28) ) FEHF MM EF R 4¢
F) AL SRS

3% &2 5030 (10) # & 1 % Lyapunov pREY

(32)



12 1 [ e o R T | B 7/ L 1 £ s s ol == AT 7 O S X 2261
po Lo (33) SR T P 2 AR AR SO0 D0 25 14 A 3 6 F. TR RE , 7 52 bR
2 TAR T, B8 ko K, S K
XF 2 (33) #e i a) ¢ ok 5T 15 W T SRR R T L L, R E RS S
) A y-1 + T ML ey SEERER 5 L
V=$ﬂﬂﬂ%‘(—h—ahﬁ%ﬂﬂ+%ﬂg B, 7 A V5 3 3 A0 S o 7 P 4 A £ B o

R
p(#,) (=20 2aV DR L ) (34)
KAk, = ¢ - Grip(R) =By | & [77/R W, #
0,8 G # ¢, B, s5 <O, 3 J2 A T 5105 4% 1 (3%
TEAE—AAUEL 0 < £ <1, il 18 1 %5 2% (34) AT 1Y
=30y
"/ < p(;ez) ( _ 2(n+l)/ZZO_V(n+l)/2 _
2 =0 aVTE s e, [) (35)
BARLRE VO S e, |27 (1 - o
Wr A Vs =200 (x,) LoV KRR
BLL,BEE VRN, B IR R G B R
VU fse, |20 (1 - ) o IR R G AER
R 1) 1) i T T A0 p

T el
pme e s (1-§)a) (360)
A0 < g, < 1. [, 47 OS] 7T 1 e
| VI ()
lim 7T, < ——55; (37)
{4 2°7 p(xz)foU(l - TI)

HE— b RGUR SRS s | <p W, X F 1
SRRSO . 5 R
x, +Bli,|"sgn(x,) =¢ e<p (38)

&

”*@‘mmuywn

%, 7sgn(£,) =0

(39)

M- (e/|,|"sgn(£,)) >0 iF, K (38) 1}

IR E2F S R v B T 2, B R, M sk X
1 h

@s(gyy (40)
RN e oo
‘xl‘gﬁ‘x2‘7+8$28$2p (41)
W BB B B, B G I N Sl L R
EACO (42)
Rl -y)

L5 LR e VLI e A58 B AT AR R, 8 ad R Y
PEHIHE(28) TS ko, v LUMRIE RGBT A
BRI AN S T s =0 YARIL p N, ENARZ f g #7E
A RS E] Y BR B E I B AR g, (H R AT AR L
SR 2. RS WCSIR 22 M S 5 28 G LM 4 119 L
IR 22 JIE L AEU: , I i B 2ty S 8 38 K, 5T

4 FEERSH

P A SCBTT I A i S AT T s L
3l B AR 0 EE o, LS E T B S A e
fig. Y R — o SRR, R B RS, SR A K
A AR B H 2, ol ke Wt A 5
P& R EAR i g 5 S T SR AR B A
PRAR TR E A 2, (0) =0m,y,(0) =0m,
Wikt i H BB R, = 10 km, F) 4G L £ ff ¢, =
/6 vad , T HUFT H AR B W) 08 AT IE A 53 5N d., =
w/4rad fl b, =2w/3 rad, T3 H0 H br 14 3 B 43 5
NV, =450 m/s,V, =250 m/s. % & HERA 6 ) HL
LA, AR WIT ST, Sl S 80 P Re.
() IR, B A SR H A i T 7 5K T P00 2% 19 52 5
il S (EFTCG) 5 3¢k [15 ] 32 i (9 2 T TSMC
i S (TSMG) X H , % %% 4% il 1l S K 3 Bt
B DY B £ A I B 0 LA R A o RN

NT AR AT SR S, 985S T O R
sgn () 5| Y 3 PR LA R H sigmoid pR %L
AR P i (28 ) v Y T G pR K, 1D

sig(xsa,b) =al (1 +e) ™" =0.5] (43)

PS8 o RS 25, T sig(a) pRELAY
RAEL s 80 b MR BN 7, 51530855 sig(v) ALY
AT AR 2 M A IXCTR] 4 91
4.1 FTEHBHRESH

e A0 B, AN 8] 1 5T i 3 5 T
Xof I 1 Tt MM B R A R AT e BT e

1) SR 2 BP0, B X N 9 Xk A
N0, =m/2rad, g1 X (8) AT 1540 4A /Y 19 B2 A 2k
I qeo =3.201 rad. MR (5) #9290 504 W A7
| qro — boo | =2. 416 rad > 7/2 rad, i 15 H b5 A 18
SO ML EIN . I, #5620 (8) Bl

) - (44)
cos b, —v

2) S OR A S RO, B Y X A
N 26, =0rad, f1 3K (8) 1] 4547 4 1) 0 B2 0L 4 A
M ¢y =2.093 rad. A (S) WAFEAFRTHI, H
PRAE T 51k BRI 3E B A, RDRT LR T X (12) 31
AL

3) BIRGY T R R Ok B0k A 20 R
DU B A AR BB 2 O AT S e A
LY AT LIS BRI B A

sin §;,,,

gr=¢, - arctan(



2262 G| AN T S N = 4

2015 4¢

4.2 BIEHEIREE S0

MR RGEAE T, 20 30 55 WAL, DT A4
IRBETT A BE S B i S A B R AR EE 3 T p
RO ME T, M R G BRI AL, S B A0 R 452 .

q =gy
i=iv=asy, (45)
. - =0
BE I i S 5
v spe v
u_cos(d)m—q)( 2Rq + d) (46)

R7E 335 ¥ B S, R g4 O 47 2K (46) 14 Tl
SHEBPEERI. AR =T, > T, B, O RIIE
PR, B R S A (v v, AR BRES TN,
SWBESNPOBTE ¢ = T, WL R (T,) <0 A
2 v, ISR TEAEIE W] AT D)2 BESCHR( 15 ]
4.3 (FEEGIXE RS

R T SR S A A RO, R R G Ak
AR B S A W E M. RS H A K 0,001 s,
EFTCG (S 805 — B R :h =0.001,r =50, w, =
20,8=10,y=1.2,k=2,0=20,p=1,a=2,b =
3. S B Y B KAE @, =200 m/s”. [5] i 7E 3
KR ARFRATGIA 3(°) /s Jr 220 0.1 [ BEHL (1
A AR AR O AT

BEI1 HARED N E N EE o, =10 m/s’
MIHLE).

1) ZIE® W5, 0, =7/2rad.

BEXE X IGO0, 505 H bR 09 AH X iz gl 2

el 4 pras. Herp AR D 5y 550 D R i 5 T A
Rl i P S - = i R = el 1 B
19.04 s, 5 J5 W I £ )& 88. 1°.

4 561 g H A shul (e, = m/2)
Fig.4 Curves of relative motion between missile and
=m/2)

target in case 1(86,

impl

HE S (a) Al 0, RGEAE ¢ = T, W %335 B
A BB AR s = 0. 75 MR TE I 1912 B i AR
B b Al A S R U Y T R R L A ¢ = T I
B3k C f, BemE R AR (43) 95 E, I 5 (e) |
S (d) B 7R, 30000 % 1 3 3057 W HL G BHR B
S S (b) FFR. S BAE WA B BT 195 40
B B0 B W BRI R ) A AR T 9 B B )
MR IAT, 5 0 OT 6 S AR R 2N B
BHCRE (R 30 (44) 19 ) G B SRS . O AR 2 AR
SR W AF S 4.2 R S B AR ¢ = T, I
ZIF0K D 5 R(T,) <0, MbHf v, ~0, BIEA
. W 6 FiR , BAiE T bR 438

K5 E{EHLSE A bR 05 ELA5 R (0, = 7/2)

Fig.5 Simulation results of constant maneuver target (6,,, =m/2)



812 3 TR, A5 T BT DU D 2% By B R 2 SR A 2263

K6 Ffl 1 e HAEX B ETE (v, ,v,) Z R NEY
B3l ( 0impl =7/2)
Fig.6 Trajectory of relative motion between missile and

target in (v, ,v,) space in case 1 (6, =7/2)

2) HERIBLE M S, W 6, =0rad.

B xb X A O, 55 5 AR B9 AR X iz Bl 2R
WnlE 7 proR. SR A A bRk, Boak A
0.8°, Mrar i 1] 0y 28. 4 s. Horfr, A FI D 43 5l oK
] 55 TT Uy F 22 45 SR ).

F7 0 55601 i E AR I SR (6, =0)
Fig.7 Curves of relative motion between missile and
=0)

target in case 1 (6,,,

M8 (a) Al 1, RGAE ¢ = T, W %83k B
SRR s = 0. (EVE B BB B, e 0 = T,
20 B Gk C O, IR R R (45) 145,
8 (c) J& 8(d) fim. i as i id 4% F ¥ H &
BRAR B4, A 8 (b) BT, FE D g, A
R(T,) <0,8tif v, ~0, B2 a2, i 9 FoR.
R T 3T B 2 7 1) 3 5, Tk I i) 38 ) s 7E
I 2 60 80 i 9 A T I 2 1) 2o 214, O 8 2
b AR b A WA B, BRI T %R S
) B

EFX % ], % 88 EDO X & %5 (10) iy T
P d (o) BB 7, 763 % i H b adk it i i gt
FE a, WG THEIBEE 7, =0,V =0 ffs0L, B b3k
BYK = 1,2 B B0, EL AR LI 28 6 4 98 w, =
10 rad/s RZE . 473K By Bout T 98 48 1 8 F1 9 5% 0 4n
B 10 fi7 . EDO H A 7R & #4945 i i g 1. 7
iF, 2K ) WL A 55 T, R8T R B A6 1% 22 B
73 I B0 14O T /N, 45 R SE P TE B

O EE e — 5

K8 EEHLSD AR 05 EAE R (6, =0)
Fig.8 Simulation results of constant maneuver

target (6, =0)

Ko B 1 A HARXE B TE (vg,v,) FHI T
PLik (6, =0)
Fig.9 Trajectory of relative motion between missile and

target in (v, ,vq) space in case 1 (Gmwz =0)



2264

b B = R R 2015 4

F10 B840 1 H O R4 5 B Rt B il 3R 22

Fig. 10  Estimation error with different extended

orders in case 1

Fig. 11

& 11

B2 HIREMEER a, =A, sin(wt/10)
m/s” [ IE ML S

EEXT AL, 2 A, =15 B, 43 R % B T
Yot f B Mok 19 37 5, S0 S B bR 0 AR X 32 3
M s & 11 Ca) FE 12 (a) Pros. £ 3 B I
w5 o i JE W B A D 88 16°, AR W 1 it
I [E] 2 19.06 s 5 75 F2 38 X 37 5t v o Ja 19 B0k A
JE R 1.3 AR 1 Yo i [R] A 29. 27 s. 7 PG Fh I
RN H RS R AR T 1 &, BIAE DS
Wi R(T,) <0,v,~0. — % H A 1, 78 1 B 1
dr HEGA B 0 ) A [l A ek i )

B2 pugAT LS B AR B AR (6, = T/2)

Simulation results of weaving maneuver target in case 2 (0

=7/2)

impl

F12 o B2 g ALl B AR 05 HE R (6, =0)

Fig. 12 Simulation results of waving maneuver target in case 2 (#6,,,, =0)



%12 3

TR, A5 T BT DU D 2% By B R 2 SR A 2265

B TR A R b, T T RS 05
/N IF B S S RO R AR, B PR R

Tt — % 5 EFTCG fil T HAE 2 L 3h
F b i 1 P R, % 18 H s ik B A iR (i A, = 1g,
1.5¢,2¢,2.5¢,3¢ I, & W2 H bR 1 D7 245
UnTEl 13 Fro. i 13 (a) TR, S 5 AR BE 4 IR I
SR Bt A 2R 58 O F AR B AR RS H B
T JRE P (LAY B8 I, S 99 7 1 2o 2O TR I R
GECSL RN W BT s = O B I (8] 45 4, D 45 2R A0
K13 (b) A& 13 (c) from.

P13 F bR s B i A [ B e 0 EL 25 2R
Fig. 13 Simulation results of weaving target with

different amplitudes of weave maneuver

YR FF H AR AL S R iR A B A, =
15, 25 28 T SR S [) Ko iy 24 R 3 o) 5 A 1
A, DT LA R AN 14 PR, HBGHEMAR 6, =
w/3,w/2, 2w/3 W, AN X ) gy ) R
23.23.19.98.21.27 s, F GL £ 9] 4y I 20 A1 2 35 ¥
T P 9 2 Y o AR AR

EEXHZ ), % 28 EDO X & 48 (10) Hh i
Fod () S RE T, BBV, =5m/s, V, =
10 m/s, (ARS8 3 32 InF A8 e B A o i 3 oK
AITEOL. 7EX BB TEY kB & n = 1.2 WTE 0L, H
LR 457 WL 2% B 7 58 w, = 10 rad/s ANAE. F P04l 1
Z5RNIE 15 FoR, EDO H ARG 1Y T AT g

Bl 14 N [R) ek A i e AT ML gl B AR 05 45
Fig. 14  Simulation results of interception of a weaving

maneuver target with various impact angles

F1S B 2 AN R Bk O RO B Ak TR 2
Fig. 15 Estimation error with different extended

order in case 2

T3 LI B AR ], R GE TP B Ak TR 2= B
75K B H5 A 3G T s/ )

[e) BN, 30 B ML SRR - IR X 9 2 A% Uk
i I SRS 5 3 AR B R I o T 2 B
T2 MR R B RS, AR R G B R PR, A S
K HTD R q, , [F] B 76 05 B 2o 72 rfoin A Jr 25
S 0.1 () i 0 MR X B LA R 16 i
R AFEEERFRY],TD HA R4 09 B 25 Pk e A )
SR L LR (YA R

Y% LG AR R R AR SRy R A S S
BRL 1S T4 iy il S A A7 X0 e B o . i B
FEMLEN I BE K @, =15 sin(0.25¢) m/s”, SCHK[ 15 ]
SRS XE W]

0= ooy [21R10 + (22%)a, -
[ cos @, | r
a R,.. . .,
71"'@(‘]—%)2 ]+



2266 G| AN T S N = 4

2015 4¢

sat( (¢ - qp) +,3(q - ‘?r)u)

(47)
LM =500;8=10;a =5/3. % S A BEAH 194
Mrig =% SCk[15].

L
sgn(6,)

K16 BRER 4% 5 FLEE R

Fig. 16  Simulation results of tracking differentiator

X F EFTCG I TSMG il 4, 16 3 H W i 3%
SN, R Yoy B A 43 5 R 19,98 s Fl 23017 s
IS W B A BE 43 00 R 89. 201 85. 4°, 5 HTER (Y
Yoidi f BE AR TG, 32 22 23 5 O 0. 8° Fl 4. 6°. |y
17 (a) & 17(d) AT AL, EFTCG il 5 4 (1) 558
BT T, Yo B ) AR, i A ).

& 17 Ce) A 17 (d) m] R, 728 bR I 21,
TSMG JI7 5 1 35 2% BH & 400 T, L0046 B 220 1) 22 4k
R EFTCG Jir 75 19 i 2k B/, H L AR {2 85
V2. EFTCG W31 s =0 Ay BT A 4%, H
TEZ T Z0 BT 75 09 5 28/, i TSCG A B b 1) 1
MG, e300 B bR 0 2R o B 2] 23 10 9 & RO 42
TSCG X 2 550 R B A i, B R PR R 22

TEJEIB Ml 5t T, S i 10 i 1) 43 00 oy
30.52 s Fll 56. 27 s; I J 09 MOy A 1R 25 55 I R
0.365°F11.267°. & 18(b) Al %1, EFTCG % AH Xt
PR A28 A0 Z AR X, B 9 B[R] 29 2 TSMG 1
— P AR A R R, TSMG i % 1 3 8
K, [E) B, TSMG 3] 35 454 18 % B[] 4 5, H I i
W EBE R AHREWRMAL, BFEKT 25
M REYE. TR 5T, TSMG AU #l S 5 5
A SR WU T FL G AE ML Y ) B B B AR, RN
B TR S o 8. A< SCHR i ol S A AN XU AE
B B R B B4, T AR A PR
li] P R b AR A

K17 [ S e e AL sl B AR p i L5 2R (0, = T/2)

Fig. 17  Simulation results of interception of weaving maneuver target with different guidance law(#6,,, =7/2)
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Guidance law with impact angle constraints based on
extended disturbance observer
ZHANG Jiao" , YANG Xu, LIU Yuanxiang

(School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Aimed at the requirement for intercepting maneuvering targets with impact angle constraint,
based on the technology of extended disturbance observer (EDO) , a novel finite-time convergence guidance
law was presented. Considering the relative motion between missile and target, the time-varying uncertainty of
missile velocity and the unknown target acceleration were regarded as the disturbance, which is estimated and
compensated by EDO. The fast tracking differentiator was introduced to solve the immeasurability problem of
the desired line of sight angle rate. Moreover, the domain of sliding mode capturability was introduced to the
performance evaluation of guidance law. The simulation experiments of different interception scenarios and dif-
ferent forms of maneuvering target were carried out. The simulation results show that the proposed guidance
law has good interception performance and robustness, and it is of less missile acceleration and higher guid-
ance accuracy, which is more helpful for the realization in engineering.

Key words: terminal guidance law; impact angle constraint; finite time convergence; extended disturb-

ance observer; tracking differentiator
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Fig.1 Typical aero-engine bolted joints structure
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Table 1 Classification of aero-engine bolted joints
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Table 2 Material properties of finite element model
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Fig.6 Influence of shear modulus on axial stiffness
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Fig.9 Influence of shear modulus on bending stiffness
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Fig. 10  Influence of elastic modulus on bending stiffness
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Fig. 12 Connection region of bolted joints structure
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Fig. 15 Influence of bolt numbers on joint stiffness
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Fig. 16  Influence of bolt preload on joint stiffness
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Modeling method of bolted joints of aero-engine based on
thin-layer element

YAO Xingyu, WANG Jianjun* , ZHAI Xue

(School of Energy and Power Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The bolted joints, which are commonly used in aero-engine structure, have important influ-
ences on dynamic characteristics of aero-engine. The thin-layer element method can simulate complex connec-
tion structure and maintain the structure integrity. Based on the thin-layer element method, the modeling prin-
ciples of aero-engine bolted joints was studied and the influence law of material parameters of thin-layer
element on bolted joints stiffness was researched. Then the material parameters of thin-layer element through
theoretical derivation were determined. Finally it was applied to actual structure and compared with detailed
finite elements model so as to verify the correctness and aspect of this method. The results indicate that the
thin-layer element method can simulate aero-engine bolted joints excellently; the axial and bending stiffness
are decided by axial elastic modulus of thin-layer element, and the shear stiffness is decided by the xy and xz
plane shear modulus of thin-layer element; the material parameters of thin-layer element can be expressed by
structural parameters of bolted joints.

Key words: bolted joints; thin-layer element method ; aero-engine; joint stiffness; finite element
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Fig.3 Paths of UAV and moving target without obstacles
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Fig.4 Paths of UAV and moving threat with static target
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Fig.5 Path of UAV in complex dynamic environment
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Three-dimensional rolling path planning via dynamic fluid disturbance

YAO Peng'’>, WANG Honglun“"?, LIU Chang"’

(1. School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Science and Technology on Aircraft Control Laboratory, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Considering the existence of moving target, moving threat and emergent threat in complex envi-
ronment, the method of dynamic fluid disturbance and the rolling optimization strategy were combined for the
three-dimensional dynamic path planning of unmanned aerial vehicle (UAV ). Based on the motion informa-
tion of moving target and threat, the relative initial fluid was constructed. Then, the influence of obstacles or
threats on the relative initial fluid was quantized by the disturbance matrix. The relative modified flow was then
obtained by modulation. Then the actual streamline which was the planning path, was easily accomplished. By
fully utilizing the real-time environmental information and considering the motion in the future, the method of
dynamic fluid disturbance was utilized to plan local path in limited time-domain. And the objective function
was built and the reactive parameter was obtained by rolling optimization to realize the online path planning.
Finally, the effectiveness of the method in complex dynamic environment is indicated.

Key words: unmanned aerial vehicle (UAV) ; three-dimensional dynamic path planning; complex envi-

ronment; dynamic fluid disturbance; rolling optimization
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Table 1 High energy charged particle detector parameters
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Fig.1 Framework of own radiation belts model
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Fig.3 Data grid of LEO space
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%12 3

WU S8 - R T RO R AR T 1 B IR LR S AR B R

2291

MSE, = MSE - MSE, (6)
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Table 2 Error analysis comparison of processing results of IDW | natural neighbor and nearest neighbor

RMSE/ RMSE,/ RMSE_/
ik @ b -2 -1 -1 2
(em™ +sr™h v s7)  (em™2esr™' v s7) (em™ 2 esr!esTh)
SR 4B vk -0.69511 1.25167 71.68575 46.598 82 54.47382
e AT A1 Tk -0.48722 1.25192 73.888 11 49.80222 54.58197
SR B A -2.19672 1.01709 48.64780 48.48342 3.99568
RMSE, / RMSE, / RMSE,/
DR N MSE,/MSE MSE,/MSE
(em ™2 +sr'es™) (em2esr™ vs™) (emPesr' s
[ SR A1 5 1 0.69511 54.58076 -3.48511 0.42256 0.57744
S8l TN 0.48722 54.657 84 -2.91982 0.45431 0.54569
J2 S A 2 2.19672 3.70774 -1.61477 0.99325 0.00675
Fpk MSE/MSE MSE, /MSE MSE,/MSE d
FI AR 40 i 0.000 09 0.57971 -0.00236 0.978 11
e 3 2R 0.000 04 0.54721 -0.00156 0.97678
J2 S A 2 0.002 04 0.005 81 -0.00110 0.98748
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Fig.6  Proton flux comparison of observation and inversion result by data grid
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Modeling technology of radiation belt in LEO based on
data gridding methods
CHANG Zheng'*, WANG Yongmei ', TIAN Tian’, ZHANG Xianguo'

(1. National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China;
2. College of Earth Science, University of Chinese Academy of Sciences, Beijing 100049, China;
3. Unit 61741, Beijing 100094, China)

Abstract: The energetic charged particle in the radiation belts of earth is the main environmental factor
which can result in performance degradation and even failure of the material and device on spacecraft, so the
accuracy of radiation belts model which is being used during design phase of spacecraft is very important to
spacecraft performance of space mission and survivability. In the development of radiation belts model based
on our own country’ s data from exploration of radiation belts, the gridding of discrete data is a fundamental
task. The key facts of data from Chinese exploration of radiation belts were introduced, the goal and road-map
of modeling were described, the application of interpolation in gridding of modeling of radiation belts in low-
earth orbit( LEO) was discussed, and the significant errors were analysed. The result of interpolation indicates
that in mainly interpolation methods, inverse distance weighting (IDW) , natural neighbor and nearest neigh-
bor are most suitable for engineering calculation, the particle flux which is inverted from data grid produced by
IDW has the highest precision, and the result from IDW will be more accurate when IDW uses small exponent
of distance.

Key words: space environment; radiation belts; data grid; interpolation; inverse distance weighting;

natural neighbor; nearest neighbor
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Difference methods for two-dimensional space-time
fractional dispersion equation

ZHANG Yinghan, YANG Xiaoyuan "

(School of Mathematics and Systems Science, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The two-dimensional space-time fractional dispersion equation is obtained from the standard
two-dimensional dispersion equation by replacing the first order time derivative by the Caputo fractional deriva-
tive, and the two second order space derivatives by the Riemann-Liouville fractional derivatives, respectively.
Base on the shifted Griinwald finite difference approximation for the two space fractional derivatives, an implic-
it difference method and a practical alternate direction implicit difference method were proposed to approximate
the fractional dispersion equation. The consistency, stability, and convergence of the two implicit difference
methods were analyzed. By using mathematical induction method, it was proven that the two implicit differ-
ence methods were all unconditionally stable and convergent and the order of convergence were obtained. The
convergence speed and computational complexity of the two implicit difference methods were compared. A nu-
merical simulation for a space-time fractional dispersion equation with known exact solution was also presen-
ted, and correciness of the theoretical analysis was verified by the numerical results.

Key words: fractional derivatives; fractional dispersion equation; finite difference method; stability;

convergence
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Adaptive control for two-spacecraft electromagnetic formation keeping

XU Zengwen, SHI Peng, ZHAO Yushan®

(School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Electromagnetic spacecraft formation flying is a new type of spacecraft formation using electro-
magnetic forces between spacecraft to control relative motion. Primary principles of the relative motion of a
two-craft electromagnetic formation were discussed. Analytical solutions of control magnetic moments according
to commanded control forces for the case of two-spacecraft electromagnetic formation were developed consider-
ing the energy consumption equilibrium. Nonlinear relative motion dynamic models for a two-spacecraft elec-
tromagnetic formation were derived based on polar coordinates. Parameter uncertainties of the equations
because of the approximation of the electromagnetic model and unknown disturbed forces were analyzed. Non-
linear adaptive feedback control laws for formation keeping were then designed, and the closed-loop dynamic
procedure of a two-spacecraft electromagnetic formation in a low earth circular orbit was simulated. Results
indicate that the relative motion equations and the adaptive control laws are valid. The formation can effective-
ly converge to desired states and the unknown parameters are estimated accurately. The simulations demon-
strate that electromagnetic forces between spacecraft can be used to realize spacecraft formation keeping and
the electromagnetic formation flying is feasible.

Key words: electromagnetic spacecraft; formation flying; formation keeping; adaptive control; uncer-

tainty
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Fig.3 Validation experiments results of proposed method
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Fig.4 Results of comparison experiments in detecting the saliency of infrared small target
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Robust visual saliency detection method for infrared small target

WANG Gang', CHEN Yongguang’, YANG Suochang', GAO Min"', DAI Yaping’

(1. Shijiazhuang Mechanical Engineering College, Shijiazhuang 050003, China;
2. Beijing Institute of Tracking and Telecommunications Technology, Beijing 100094, China;
3. School of Automation, Beijing Institute of Technology, Beijing 100081, China)

Abstract: As a key technique in automatic target detection, robust detection of small infrared target at
low signal-to-noise ratio has received a lot of attentions. In order to detect infrared (IR) small targets effica-
ciously, the apparent characteristics and visual saliency of infrared small target were both analyzed. Thereaft-
er, a robust saliency detection algorithm for infrared small target based on multiscale ordered contrast of image
patch (MOCIP) was proposed. The cascaded MOCIP was developed to detect the saliency of infrared small
target by suppressing the background and noise and enhancing the infrared small target in two consecutive
steps. Consequently, the salient target can be detected with an adaptive threshold in the saliency map obtained
by cascaded MOCIP. The robust saliency detection algorithm was presented in details and the efficacy was an-
alyzed. Verification and comparison experiments of detecting the saliency of infrared small target were both
conducted. All experiments results show that the proposed MOCIP method is effective and robust in overco-
ming the impact of noise and complex background and in detecting the saliency of infrared small target at low
signal-to-noise (SNR) ratio.

Key words: infrared (IR) small target; image patch; contrast; saliency detection; target detection; sig-

nal-to-noise ratio (SNR)
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Fig.1 States of reusable liquid rocket engine system within preventive maintenance time
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Table 1 Probability distribution of HPFTP work time
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Table 2 Probability distribution of HPFTP

preventive maintenance time

g e s 1] /s DX TR AR 40 A eR B AR AL BRI Vi

2500 0.06 0.06 0.00 ~0.05
5000 0.15 0.21 0.06 ~0.20
7500 0.18 0.39 0.21 ~0.38
10000 0.17 0.56 0.39 ~0.55
12500 0.20 0.76 0.56 ~0.75
15000 0.16 0.92 0.76 ~0.91
17500 0.04 0.96 0.92 ~0.95
20000 0.03 0.99 0.96 ~0.98
22500 0.01 1.00 0.99 ~1.00
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Table 3 Probability distribution of HPFTP

corrective maintenance time

HIGHEfEms /s XA 20 A0 pR Bl 3R BEHL ARG 1

36 000 0.16 0.16 0.00 ~0.15
43200 0.23 0.39 0.16 ~0.38
50400 0.14 0.53 0.39~0.52
57600 0.18 0.71 0.53~0.70
64 800 0.16 0.87 0.71 ~0.86
72000 0.09 0.96 0.87 ~0.95
79200 0.04 1.00 0.96 ~1.00
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Table 4 HPFTP simulation results when preventive maintenance time is 10 000 s

k

P t'/s M., /s /s M.,/s /s /s T/s N M /s My/s
j=1

1 5000 57600 9000 43200 18 000 1000 10000 100800 12500

2 6000 43200 15000 — — 4000 10000 43200 10000

3 9000 36000 18 000 — — 1000 10000 36000 15000
39 2846 79200 14000 — — 7154 10000 79200 20000
40 17000 — — — — 0 10000 17000 15000
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Fig.3 HPFTP availability-preventive maintenance

time relationship
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Fig.4 HPFTP availability-preventive maintenance

time distribution
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Digital simulation on reusable liquid rocket engine availability
LIU Shijie, LTANG Guozhu”®

(School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The reusable liquid rocket engine ( RLRE) , which can reduce the space launch cost, is one of
the future spacecraft development directions. It is difficult to assess the RLRE availability for its complexity,
differences of the component life model and other uncertain factors. As an example, the availability of space
shuttle main engine (SSME) high-pressure fuel (hydrogen) Turbopump ( HPFTP) was analyzed using Monte
Carlo simulation technology based on the historical data of SSME. The method, taking into account the impact
of early maintenance on the later maintenance, did not involve the life distribution model of components, and
can reasonably simulate the process of system failure occurrence. The results show that under incomplete main-
tenance the mean best reasonable preventive maintenance time of HPFTP is 6340 s, it can be reused theoreti-
cally 12 times for satisfying the mission requirement of the space shuttle, and the corresponding mean best
availability is 0.285. The availability of HPFTP is low due to its severe working process. This study provides
a reference for studying the aerospace propulsion reusability.

Key words: liquid rocket engine; high-pressure fuel (hydrogen) turbopump; reusability; availability;

preventive maintenance time; Monte Carlo method
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1B 2% B SE AR TE 77 i

20 EEAEMR RS TR R TR 2R, Jbat 100191)

i Bt aRFMILE RS (GNSS) 55 H W& & o 2 o A7 X 7 % A AL
MEREMEX G LT AT HEREEWENRARGEGZ THANE, EARH
R EEEANEATHNENERERFAREZ RETETANHENENENE RS
MM R T &, FHIT AT ONSS G oMU BAAHNEFRZ AL v L, XA AGEALE
HUABHFHARMENBEFEENSH R E TRE O SAME T DM (1 PPS) 5
Bl #HATIEFR. RA, AR EERNAE S HATHRARE, AR =R FELHEHALLPPS L
FHEALE A O th BE L 7 6 B A, xR CEE B oL it BE UL N B e AR L2 7 69 B IR R
BAE Ho x4 B AR WA 09 B B JEAR R . R B, o0 A AL b 3 07 i e A R AR LA e B
HOTHE, ERERZA, AXRKENEEZARTAT, WELHZEMKTO0.7ns.

x &
Wl ZRAHEAEE

FESZES: V448.25°3

XHERFRIRAD: A

2R S T2 & 4 (Global Navigation Satel-
lite System , GNSS) {5 5 & Ul v ( ] FRALAU 4% ) J& —
o b BE AR A5 5 U, AT LA A& MR 40 A= il S
B PR EE b S i TR 5 O 28 23 Tl A% 6 B3k H WpL
M55, 2 AR WL & A 77 v iy oG B I ik i
# - AR I L A AR S, LA F B A
T AR b B B HE A+ 3 B

HARTE LT 7EAE — 07 AR o i 20 455 41
o A o 11 i S AR S 1 R L % £ B
V75 A5 AU 25 T B 18 19 32 7 T IS 22 1 B B A SR AL PR
T M — 2, T 22 TR] A 25 i B A R A 2 e
I SE . A5 4] 245 108 3 A I SE 2 A AL g A L Y 4R B
Z—, HHIF 5 TR AU % 8 3 A I SE 8 B E 5V
RIE W58 — p 1, & 2 0 A7 76 3K 4 1. SCHR

W: 2 FMELERS(CNSS)E T EMUH; HHE; AEAMRME; KAEHK

XEHS: 1001-5965(2015)12-2328-07

(12 45 0 1 —Ff ) e s 3 s UL 0 i £
I 3Bl ASE T P B O 12 o TR S R DL R
bk i (One Pulse Per Second,1 PPS) {55 T
[F1) P B S 9 Ay 452 400 45 308 T8 A P 2 AR . 8 1 TH
I R ST 0 A Ao 380 e AT 32 00 158 2%, SCR [ 3 ]
FH 7 e a5 09 BT 73 Bt sR BN S 5 #4775 18
SR TPV 208 D 75 30 98 BRIl 2%
(EL A Fie/IMEL D AR A7 B0 5% 5. SCRR [ 4 ] 8 80 e i B
U PIE FEAT RAEIEWCT- I J5 , ] 40 Br 2 3 &
H T e B OO T 0 2, BB 4 /0N L7 380 AH A7
B 1 SCHRLS-7 1 FH S UA 5 A AH S SBRR 2, R
N5 5 5 A M OS5 S AT AH G AL B, 2 31 A1
RIERAXS T 1 PPS b T4 () i i , 51717 T 55 4 A5 40
o P 308 TR RSB AT K STk [ 14 ] 1) I Y6 B Sl 8l

YA 2015-01-04; R A B 2015-01-23; M4 H kAT & : 2015-04-01 16:47
W 2% R itk . www. enki. net/kems/detail /11.2625. V.20150401. 1647.007. html
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Fig.1 Time domain waveform at phase transition point
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Fig.2 Block diagram of closed-loop pseudorange

measurement method
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Fig.3 1 PPS rising edge determination using

cubic spline interpolation
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Table 1 Statistical results of group delay
measurement using correlation domain open-loop

estimation method
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Table 2 Statistical results of group delay
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Group delay calibration method for GNSS signal simulator channel
LI Shiguang', KOU Yanhong™*, YANG Jun', WANG Wei'

(1. National Key Laboratory of Metrology and Calibration Technology, The Second Institute of China Aerospace Science and
Technology Corporation, Beijing 100039, China;

2. School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Two kinds of traditional group delay calibration methods for global navigation satellite system
(GNSS) signal simulator channels have been reported so far,which are phase transition point method and cor-
relation peak method. Both of them measure the group delay in a special simulation scenario with zero or fixed
pseudorange, and the measurements under non-ideal channel transmission characteristics are biased estimates
of the group delay. A group delay calibration method for simulator channel based on closed-loop pseudorange
measurement was proposed, and the corresponding group delay calibration system for GNSS signal simulator
channels were designed. Firstly, the navigation signal and one pulse per second (1 PPS) signal outputted by
the simulator in normal constellation dynamic scenariowere recorded simultaneously by a high-speed direct ra-
dio freqency (RF) sampling and storage system. Secondly, the navigation signal was captured and tracked by
a software receiver, and the 1 PPS signal rising edge was determined by cubic spline interpolation and used as
the pseudorange measurement epoch. Then the group delay can be obtained by data comparison between the
software receiver-measured pseudorange and the simulator-recorded true pseudorange. Finally, the group
delays of two different commercialsimulators were calibrated employing all the above methods. The experimen-
tal results show that the proposed method is effectively feasible and the measurement uncertainty reaches below
0.7 ns.

Key words: global navigation satellite system ( GNSS) signal simulator; group delay; direct radio freqen-

cy (RF) sampling; software receiver; cubic spline interpolation
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Analysis of image processing model based on pixels of solitary waves

ZHU Zimin'? | LIU Ronggiang ', LIU Fenfen’, CAO Youwei’

(1. School of Mechatronics Engineering, Harbin Institute of Technology, Harbin 150001, China;
2. College of Mechanical and Electrical Engineering, Northeast Forestry University, Harbin 150040, China)

Abstract: Through the study on nonlinear effect of digital image pixel grid, the one-dimensional and two-
dimensional time evolution equations model of nonlinear effect between pixels were established, the analysis of
the equation model shows that the image was discrete in space, but on the structure of mutual information was
a continuous differential difference equations, and the equation had analytic solitary wave solutions. The model
was used to study the interaction of image pixels between two solitary waves, pixel solitary wave of two solitary
wave solutions were given, and used the interaction of solitary waves of the pixel to study the performance of
model, it was found that pixel solitary wave can still maintain their properties unchanged after the interaction,
so pixel itself can be replaced by pixel solitary wave. To study the interaction situation of pixel solitary wave,
it was found that pixel solitary wave amplitude was nonlinear superposition of the two, so it could be used as
the result of the influence. The phase change of pixel solitary wave can map for direction and provide direction
information of the image. The experiment result shows that the model can be used in image filtering, although
the smoothness is not optimal, image details retain more.

Key words: pixel grid; nonlinear differential difference equations; solitary wave algorithm; multi-scale

image solitary wave; image filtering
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Table 6 Experts weight coefficients
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Table 7 Multi-attributes of spare parts

HlE AL T
wwi s M/ T/ 4/ G/ M/ Vi Wy
a a a Tt kg m’ h

LRU, 1 0.05130.44520.0836 1.4 19.6 0.49 4.7
LRU, 1 0.07950.5019 0.1073 2.1 27.3 0.82 4.3
LRU, 1 0.0878 0.3936 0.0994 1.5 21.4 0.64 3.8
LRU, 2 0.06130.48710.0552 1.8 23.8 0.75 4.5
SRU;;, 2 0.13740.39820.0976 0.5 1.47 0.14 2.6
SRU, 1 0.0927 0.4175 0.0665 0.4 2.31 0.22 1.9
SRU,; 2 0.12190.4328 0.0811 0.9 1.88 0.38 2.4
SRU;; 1 0.1573 0.3264 0.0817 0.4 1.59 0.17 0.9
SRU;, 1 0.1781 0.2994 0.0907 0.6 2.37 0.15 0.7
SRU;; 2 0.1292 0.3144 0.0786 0.3 2.61 0.11 1.1
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Table 8 Maintenance per hour of spare parts for

expert scoring and experts weight coefficients

Ly L RAT 4y
%% LRU, LRU, LRU, LRU, SRU, SRU,,SRU,, SRU;, SRU,, SRU., 47 &

1 4.7 43 3.8 45 2.6 1.9 2.4 0.9 0.7 1.1 0.3
2 4.8 4.5 3.6 4.7 2.6 2.0 2.1 0.7 0.7 0.9 0.25
3 4.8 4.4 3.9 4.7 2.7 2.1 2.2 0.8 0.6 1.2 0.25
4 4.9 4.4 3.7 4.8 2.5 1.8 2.0 0.8 0.8 1.1 0.1
5 4.6 4.2 3.8 4.3 2.7 1.9 2.5 0.9 0.8 1.0 0.1
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Table 9 Relative values on constraint condition

AR (B
SRR
M’ V' w’ z'
LRU, 0.1414 0.1879 0.1266 0.1768 0.1582
LRU, 0.2121 0.2617 0.2119 0.1626 0.2121
LRU;  0.1515 0.2051 0.1654 0.1398 0.1655
LRU, 0.1818 0.2281 0.1938 0.1713 0.1938
SRU;; 0.0505 0.0141 0.0362 0.0975 0.0496
SRU;, 0.0404 0.0221 0.0568 0.0730 0.0481
SRU,;  0.0909 0.0180 0.0982 0.0834 0.0726
SRU;;  0.0404 0.0152 0.0439 0.0303 0.0325
SRU;;,  0.0606 0.0227 0.0388 0.0258 0.0370
SRU;;  0.0303 0.0250 0.0284 0.0395 0.0308

o C MV W 20— PR A A o R AR AR
T K R G0 B IR A TR TR B RN



%12 3

B2, A R AT BT A 0 B A 5

2345

FR10 FEAREHFTHERAEGHETHER
Table 10 Optimal support project of carrying spare

parts under different constraints

B R
#AE 24 R
FEL  FE2  HER3I  FHE4L O HES
LRU, 2 1 2 2 1
LRU, 1 1 1 1 1
LRU, 1 1 1 1 1
LRU, 3 3 3 3 3
SRU,, 3 4 4 3 3
SRU,, 2 2 1 1 1
SRU,, 2 4 2 3 3
SRU;, 1 1 1 1 1
SRU,, 1 1 1 1 1
SRU,, 3 3 3 3 3
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Table 11 Results of warship spare parts project under

different constraints

AW

H. AN
#wHHE ¢/ M/ v/ W/ BT
itk : A
& m (N/Y) ’
%% 1 17.8 183.88 6.96 52.3 N 93.08
%2 18.7 169.51 7.37  55.0 N 88.39
%3 17.9 183.04 6.88  53.0 N 93.05
J%E4  18.3  183.45 7.12  52.8 N 93.77
J#s5 16,9 163.85 6.63  48.1 Y  91.97
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Fig.2  Optimal curve of support probability under

cost constraints
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Fig.3 Optimal curve of support probability under

mass constraints
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Fig.4 Optimal curve of support probability under

volume constraints
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Fig.5 Optimal curve of support probability under

maintenance per hour constraints
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Fig.6 Optimal curve of support probability under

mix-constraints
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Warship spare parts allotment optimization method under
mixed-constraints
CAI Zhiming"*, JIN Jiashan*'*, CHEN Yangiao'’

(1. Military Key Laboratory for Naval Ship Power Engineering, Naval University of Engineering, Wuhan 430033, China;
2. College of Power Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract: The quantitative or qualitative constraints of the warship spare parts allotment optimization
problems are mainly focused on by the group of international and domestic academics, the mixed problems
which include all of them are relatively less in the previous papers. Firstly, the warship carrying spare parts at
the mission preparation before sailing was taken as a research background, the warship support cost, ware-
house space, carrying ability and maintainability were adopted as mixed-constraints conditions, an optimized
model of the warship spare support probability was built, the method of scoring by experts, normalization and
marginal algorithm were applied to build the warship spare parts allotment optimization model and process opti-
mization. Secondly, the model algorithms and system resource constrained factors were being confirmed and
dynamically updated. Finally, in the given example, the calculated result was analyzed, and the feasibility of
the proposed method was verified.

Key words: mixed-constraints; spare parts; spares support probability ; allotment optimization; compari-

son matrix; marginal effect method
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Table 1 Contrast of typical dynamic symbolic

execution tools
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Je—MF A E, SwordSE AT #R Y B — A T
(A AR IR— AP T A8 &1, JF R A it bk i A
) 32 MO Y o bk 4R 5 . SwordSE R RE [A] 1 4 SC 1
MAr AT BT T, AT TSR A 2257
ERLATREE R TN
2.1.2 H54#H

PF AL 1 2 MR T2 AT O 30, 3B BR P 72
L OUE TR IR At s N s 2 N R
AR N RIA HOR RO AT T AL 1 U 2 5 A
] 4] R Bk S B, SwordSE FL#7E VEX IR - {4
A, 466 A A ik A B3 Ay v ) 3 5 B 2 R (Interme-
diate Representation Super Block, IRSB). — 4~
IRSB Al LIALR 1 ~50 KL L, E-—THA
H 2 1 g e, &> TRSB i 3 /> &8 73 21 Al -
— MR RRTE) R, 15 W T XA IRSB A i LAY
JIr A Il B A2 e A 2R — AN TR IR AR A AR —
FEE KL RIS — B IR 7], 76 IRSB YR
R, 88 X A IRSB A7 58 ) T — > Z AT 1Y
IRSB {1 #uhil: (75 IRSB {4 v [8] W] BB i 23 A7 4% 1 Bk
Feitiy). 81 2 J& IRSB iy —A>/n ], 7T DL X
A~ TRSB A 3 Al if 22 B 10t (12, R R Ky O
132(32 %A ;7 6 % IR KA (%i'F N1 ~6),

Hh s 1 ~5 kit — 4 IR i)y 41, AUk
TR g 454 (XA IRSB & — /N1 TRSB,
KK IRSB i b A 2% (9 1 4] 7 914 i, mT AAC R
50 KL gndE %) seJm — 4% IR iEA) (56 6 2% ) il
— A B, 2 B IRSB R R HSRE AT 1Y i 4,
AL DL i (0] Bk e (return ), o ] DL 2% 4 Bk B
(if).

IRSB % {1 IR i /) ( statement) 2H A, 1 IR
A 3O IR K 3 (expression ) #4) . i 404 Ist_
IMark ,Ist_Put, Ist_Store, Ist_Exit %5 12 fh2& A, 3
KA lex_Triop, lex_Binop, lex_Unop % 12 fi
AR AL 3 R A AR AR A D IRSB, & 2%
3BT IRSB iy i m) (A 1Y 1 ) 28 B 30 75 itk — 2P
I3RS e AT R R s USRS, N Tst_ WiTmp 35
] ) AR T ) 28 B KR e AT Y 3R gk 2K AL A
HEAE B 1) [0 BR S, 10 S B AT R AT 5 A8 AT Y
Bk,

&2 RSB 7R fi
Fig.2 An example of IRSB

2.1.3 # R

e b — S G b, il 5 T XS
A5 i AT, T IR AEAE — N BUUE 45 4 DEP o, 4
& 3 Ji7s , f€ DEP 1 value i 5% T £F %5 48 & 1 17
JECHE Ik, buf G2 5 T X 4F 45 A8 i #E. SwordSE
R A5 AR B YR — S R 9 B A5 . AR AR
FrigATad R, 2= A AR £ I I A5 &, SwordSE Ry
B A ) A% Al 2 15— 4> DEP.

K3 DEP $ili4ii
Fig.3 DEP data structure
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Exit 147 B, 48 A B A, K A SRR s
B2 75 52 i AR MR, 3 {8 A — A I e 8 i [
1 B G A A I B A 1) DEP AP buf 245
25 QR A g 25, DK X i 48 4 bk AT buf A iy oy
25 VA — e % X 3] — A SO0, XA buf g2
— A IR BARMERARAX. B4 5
1) 6 12 9 FOR ), 1T LA H 3 4% B 42 A0 32 795 5 B
A “input (0) ™ (HPH AR SE 1 AS597) 5200

4 IR IR I B8 AR 20 R A

Fig.4 An example of path constraint represented by IR

Xt 1 B8 SCAE AT 40 T, A5 R A ) depen-
ding on input” 1], ¥4 if J5 I A9 29 28 3P
K AFB—DEE T, XN LB B R
4 PC.

2.2 ETF STP KEHBHARKME

BT T A 15 8 VEX IR
BRI AR AXES PC, T Kk 2 H K
2RI PC I 2R A B AR A

SwordSE F&F LI W JS 3E £ STP b 2R sk
fife i : OSTP IR H AU & A K, H 3 Fe 2 fdi A
#5; @STP 3 & TR A 1] # , T SwordSE j 4=
EOEAT /N W R S X DA

KA R S W2 O TR RIR 29 A=
4 PC B AR Gy STP SZHF 1 i A A%
PR A XIS pe. BN, 1K 4 B ERAR Y
WA STP k8 5 0K 5 iR s @X) pe B2
B A BURR AR, A2 R B A

IS &4 i AR 2 0 R STP A% X
Fig.5 STP format of path constraint showed in Fig. 4

2.3 ETEIRTNRERE

B52.1 ~2.2 M T A AW BT
PATIIRE , V25 5 — Rl oA BERS I i 77 5 4
SO SR figp A BRT A A (A ] T4 ) |
S0 35 051 6 % 0K A A A AN [ T b A R
1T iAE.

TERE P AT i v, 23 18 BIAR 22 19 23 3039 A
(ZRAFBEF R ) , i ™ A2 T A [ B9 A e $h0F T
&, mE 6 s, DO@WO .00 . 0.
DGO #B e 2 ¢ AT B AL, B ¥ 20 301

MR 2 | AR B K. SwordSE (1 H 119 5 2
A5 AT FE T AR PR 18] P e 31036 1] 7 1 e IR ) B A

F6 T
Fig.6 Program execution paths

ST AT — YT ol D) ARy ) — AR
7, — A AR TR I — AR AR, A
e BEAR 3 Dy I, 50 2R AE — E Y AR R R Ak,
W 1 R, BEAR 1 R R 00 LR IR B R e B AR
HWRBHR.

Fuzzgrind R B9 A2 18 R AL 2 R, %
CRE LR PNE RN S ER (B K P WA T
ARG B B AR R EE R pe, RGN pe
(9 29 SR A U, 38 i 29 TROR A A= R 1 AR
PR 5 9K I e B T 2 G 5 1 s DU A 2 A i ) 0 3t
PR e — A D 5 2 AU AR B D TR A, AR
BER 2 AR 1, e 3 IR TR RE B4 5 0 AR R
S5 3ACIC ], AR, T A7 37 A i I 3K ]
BB AT A, BB R BT A Al RE B R Y
AR IR R

FE B AEX Fuzzgrind i 7 K MAE , &
IR AE A I 3 ) I, A TR R A R
o I, T ELAR 25 5 B JR AR A R
AL R BCRARAR. HBLIX A ] AY 5L ] 3=
B TR 1 H A B R $E B, Fuzzgrind B v A 4 5L
£ 00 3 A9 O SR8 R 0 51 ) D D4R U AR S o
A EAEAFTE A ] O WA AR &R AR 10 b 7 22 fi)
22 5 ] BEAR/INEE AR (R , by e 4k 2 A A [ i AR AR
b5 Q¥ BT A AR I DU T B AE S R T
R EGE 2, B =R ARG

FEXS B AR, SwordSE SR T AR R R A
%R RE MRS SR L, B RE
e bR ) 33 TR A - DA 48 2l o AL PR
BRVER, PERE VT 41 1Y 1 B AAE N B A TS 2
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TEFAAL IR T) N 4 B 5T 2 0 A B A I Bk AR, ROR
P T PR AR R OR SR MR S 1 A R
T T AR R R Y S B
2.3.1 #EIFNIHK
HESL VP SRR H R R Al T A
VE R8T 0 F - i A3 (R A A . SwordSE LR JF K
T30 IRSB 1Y ¥ i R AE S F 5 A PR 1, a0
A (V) s PEUHE R, 38 BZ A AT 201
IRSB Y%t i % .
Score( X5, [i]) = Numg, (X, [i]) (1)
BHE RSB 8, AR S — Y Val-
grind tool , X} TRSB A7 #fi Bk , ¥ E — 1> 42 Jay 28
N, B AT —1 IRSB, 506 N fm 1.
2.3.2 #I5iE%E
SwordSE i 1 24 45K i N — > Fh 1 Fir AR 2E
M2 THA, EIEE Can _N(2™") J2 X 26 1 i
A —AT4E, (2) Fros e 4 BT R &
K LA N Fh 71 T A
Can_N(«™") =Sub(X3i,[ 1) (2)
o AR A T R AR A, X B
AT S A, A B K e S B AR T 1
AR IR 2 S HRR T 70, 2R 28R Y 5%, i
W% F i AMRAFAE crash SCPFEI2 5 8 O, W4
¥ A VR R B AT VR A, AR S kAT K AL
BN EAE R B 24 oA, R — DA
fig e £ .
AR R AR JE 6 A VP (AT HE T, i K
PR E SR 7 AME R — AR AL =X
(3) PR 45 3h 28855 $hAT — IR, e 108 4 it B 37—
W, BRI 5 AT 19 A7 i AR 2 4 i
AR RAE 1 B 1 B (E B KA
x"" =Max_, (Can_N(x"")) (3)
2.3.3 #3i#ZEk
BB RH AL EN T SR 7 I H
B PR, an X (4) B . an 2858 4k 2060 D13
BT STEE R R P EE SRR PR
— Wt a4 (b o R B AR 2E AR N N T
—ATEBE I 22 H E IR, il an 251 1B Ry 3 3%
ARBUE AR 2278 3 LA, izl 4 461 A i i
PN 73 v N5 5/ =
H = {Score(x""""") | (4)
2.3.4 #EIIZ AN
e b R 3h A5 AT HOR AT IR

AR AT ERA  H RS2 BRI HFCY IR, Z R T
SR i SR ik BE 1) AT S AL ARSI AR L n =z
KA R e 1 % A2 0o A 22 K, T P A 3
A WE— BT 5 AT T H A X — . 3
1 T BRI 7 4P A ST B A A I [ A 4R 3 AT B
Z A, B e 1 B SR A T RE 1) KA T
TR A, IR G B AR R S /N RS FR T

SwordSE [ 45 1k #1043 Sk W Ff A 52 - O H 3l
5 1k, B 48 R 58 H bR B2 7 1Y B A AT B8 4 (1
WA BB BEAE) I, A S R8RS T
RUFR)Y 5 @ uik il 457 1k, B3 o 5 8 — 2L A, ik 3
g (E B4 0k 2%, B AT LA 20 R O dsc ok
KBE W] DU AR S R e RO R A5 55  E H
THORBIFEF.

5 Fuzzgrind 281{8) , SwordSE #2 Ht — /4~ & X
1 settings. cfg” R AE AT P 4 100, H P ] DLl 5
St K S TG B SO R BEE 58 2. 3.3 T ER B 25 (H
E BRANAS Y 4 2 A o E S 2 R, B SR R A X
W7 Fros . B2 R gzip” , N7 i BRE]
7 B AR BC B SCPF hC A A5 R S8 R R AR
A AT & i 15 47 . /SwordSE. py gzip” /AT JF Uy
HIRE

K7 A SRR

Fig.7 Format of configuration file

3 KIS

A5 % SwordSE 47 52 46 W 1 A M RE PF-Ail
F B WA 7 RE ) ORI R G T, LA
22 M 3 2 R A 5 ST T H Fuzzgrind £
Z M Q T 1A K W B8 J1, B B R A A Sk I
Oday Y1l .

W 3R 45 4 Intel i5-4200M, CPU = 4 Ky
2.5 GHz, NAE R 4G, #:/E & 5520 Ubuntu 12. 04 32
PR GE. MK X A IE T 7E Linux R4 F By — L
R A /N Y R R
3.1 BE#E R

F2 B XA A (6] 8 B 1R] Y LR [E] A H AR
FEJF, SwordSE il Fuzzgrind W 2 i $& ) /) JC &5 &
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AR Z . 35 UL A Fuzzgrind JF A BE B %12
f77E Ubuntu 12.04 R4 I, 1M H G817 7E MUA 1L
BWBRIHA Ubuntu 9. 04 R & 1, HAH T BT IR
KK Valgrind. SwordSE ¥f Fuzzgrind ff T LA T JL
A7 T R R QO L DT E B OB 9 Valgrind JiR
A EEREW AL Ubuntu 12.04 Fisf7; @M T
[P AR RO S U gt A W AW = LN DR 5 g
@I T A AT S EAE N T @5 AT 4
SRR,

P, X — &R e A 92 50, i AT I A B
HRFIL G SwordSE AR 51 AZE R RAE LT
Fuzzgrind ( # # #| Ubuntu 12. 04 F J5 ) Fuzz-
grind ) 1) P& AR 4E RGOR.

SRR AN BT SRR S A
TEBC B SO B 4 & T S8, Hoh SwordSE Y
“MaxCons” ¥ 1% B & 200, “MaxDiff” ¥ & R 1,
“MaxH” ¥ 1% & & JC PR K ; Fuzzgirnd 3% A “ Max-
Diff” 1 “ MaxH” 2 %, “MaxCons” 0 ¥ 1% B N
200. % [F] — K ER A, 25 2 AR T 1 FhF-AaA IF R
P i A7 iy, W) I JT 46 iz 47 SwordSE 1 Fuzz-
grind, I T I, 4 B — B (8] & 7 P 3 7 AR A0 I
W B H  JF A A e 15 A E A A9 Ik A A
A

2 2905 T 1Eff ] SwordSE 1 Fuzzgrind ] 32
7B X [E] 2350 295 min A1 10 min B P
HRBWBARECH . R 2 W] LU, e ) Y
[6] 4 , SwordSE 48 3| 1 % 42 % H W] &2 £ F Fuzz-
grind. 38 0 % AR I A 401 E AT ARG A, K B
SwordSE Az it i I 12 FH 451 5 A7 ¥ 52 11 Fuzzgrind /2
TR 9 A7 A 22 T AT b, TR SR P Ol W
%% SwordSE 7¢ 1k 2| B {8 J5 fE A gh {5 1k, T Fuzz-
grind A7 233 A S FR 4G R 48 2 ( RIOE 2R 1 52 09 24
A A2 A ) A R R k. £ BT R,
SwordSE A9 A2 38 R ACR B B AL T Fuzzgrind.

#& 2 SwordSE #1 Fuzzgrind B2 FeE LK
Table 2 Comparison of SwordSE and Fuzzgrind’s
path searching ability

3 5 min W3 10 min

BB e B 19 s 72 5 o B 19 e 72 50
R B A
SwordSE  Fuzzgrind ~ SwordSE  Fuzzgrind
gzip 1.4 450 161 920 258
aplay 1.0.25 96 47 189 78
php 4.4.5 390 210 578 320
swidump 0.9.2 158 112 330 194
zip 3.0 397 209 685 237
bzip2 1.0.6 414 307 793 551
jpeg2swf 0.9.2 393 353 834 799

3.2 ImiREH i &E ik

X —#B 73 52 4 32 P L SwordSE #Y Oday I
K N BE 7. B H AT 1k, SwordSE FE S5 E
SR T 4 A4 Oday Pl (k26 P il 1 JRUAR RRAS Y
Fuzzgrind A Al & ) , A0 46 P9 A~ 48 200 ) O il —
A BCER O I 3 A — A B B T R ( double
free) , HAKGNZR 3 FiR.

% 3 SwordSE B4l 2| &Y 0day i iR
Table 3 0day vulnerabilities detected by SwordSE

AR FRRA S A SO ATIET SO /KB i 26 1

wav2swf 0.9.2 wav 261.1 HEHBR O
png2swf 0.9.2 png 150.4 HORURS
swfdump 0.9.2 swf 749.5 R
tiff2pdf 3.9.5 uff 147.0 XU BT

DL wav2swf 0.9.2 #5508 0 I i 4 491 2E 47 49
Mr. Bl 785 A — AN IE 5 B wav 35 81 SCHF yujian.
wav, K /N 172 KB, fil %& T 8 19 90 38 61
5 558N 6] 558. wav, X W6 14 1 7 32 A%
AT IR, KIEATHAT 19 A1 58 A,
HoAth =15 YA A, an el 8 B

8 yujian. wav 5 558. wav {ij 48 NFEAY

Fig. 8 The first 48 bytes of yujian. wav and 558. wav

TR B B 9 i, X L 558, wav fE
wav2swf 0.92 9% AR, B E AR w LI, RS
PORKAT I AN (R0 TR ) 7
— 5 BRI, R B0 U T R R R AR T R
B 0 5% ,558. wav 55 33 A FIEH 34 A F AR
2 1A “0x0000” B5 1 R T BR %L

9 wav2swf 0.9.2 B 0 JmiA B £
Fig.9 Phenomenon of wav2swf 0.9.2 integer division by

zero vulnerability

4% #

ARSCERM T —Fh ik TSR EN S
AT IF 3k, RSB T — A MR A e A
SwordSE. %77 %58 70 AT T 25 s 8 Rk m &
Ja iz A FCHE ), A R T O AR 1 R
Jey VAT R A R R, R OR B T AR 1R AR
SwordSE A T 8F A, A T ) o AR
P, SCRRRE SCHE A a2 47 2 80X P 2K AR
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Dynamic symbolic execution approach based on tabu search

CAI Jun', ZOU Peng”', MA Jinxin’, HE Jun’

(1. Science and Technology on Complex Electronic System Simulation Laboratory, Academy of Equipment, Beijing 101416, China;

2. China Informaiton Technology Security Evaluation Center, Beijing 100085, China)

Abstract: Software vulnerabilities are one of the root causes of network security problem, and software

vulnerability detection is currently a hot topic in the field of network security. Dynamic symbolic execution is

one of the most studied approaches for vulnerability detection recently. Aimed at the problem that existing

dynamic symbolic approaches produced a large number of duplicate or near-duplicate test cases, we proposed a

novel dynamic symbolic execution approach based on tabu search, and implemented a corresponding tool

named SwordSE. The proposed approach took advantage of the tabu search algorithm’ s ability of global opti-
mization, it can do optimized seed selection by establishing an evaluation function, and can avoid duplicate
path search by establishing a tabu list. Experiment results show that SwordSE’ s path search efficiency is sig-
nificantly better than those of existing tools, and has detected four zero-day vulnerabilities until now.

Key words: network security; software vulnerability detection; tabu search; dynamic symbolic execu-

tion; intermediate representation
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Fig.1 Schematic of directly-connected wind tunnel system
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Fig. 6 Schematic of liquid jet in supersonic cross flow
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Fig. 7 Schlieren images from all the cases
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Table 2 Schlieren method and PLIF test cases

) i 25
ol Mk — : " >

P*/MPa ¢ Re;/10 We/10*  Oh/10

1 7K 0.5 1 1.47 1.97 0.53

2 M 0.5 1 0.54 5.39 2.37

3 7K 1.0 2.146  2.94 3.95 1.06

4 M 1.0 2.146 1.09 10.79 4.74

5 7K 1.5 3.293  4.41 5.92 1.59

6 1.5  3.293 1.63 16.18 7.11
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Fig.8 Schlieren image and data extraction method
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Fig.9 Data graphs of bow shock surface and

fuel/air interface
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Fig. 12 Data graphs of surface wave classified by liquid jet
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Breakup characteristics of liquid jet in supersonic cross flow

LI Feng™', LYU Fuguo', LUO Weidong', ZHAO Kai'’>, WANG Changsheng' , XIONG Yiwei'

(1. School of Energy and Power Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Aviation University of Air Force, Changchun 130022, China)

Abstract: In order to study the atomization mixing characteristics of liquid fuel in scramjet combustor as
well as determine the key factors influencing the atomization so as to realize efficient combustion, the flow field
structure of the shock wave, jet penetration and induced bow shock strength of liquid jet aviation kerosene
RP-3 and water in supersonic flow were experimentally studied respectively by mainly using the schlieren meth-
od,assisted with planar laser induced fluorescence ( PLIF) technology and particle diameter measurement
technology in supersonic combustion cold spray experiment platform. And jet atomization mixing characteristics
were mathematically analyzed. It is demonstrated that defined dimensionless parameters could qualitative ana-
lyze variation trend associated with both two kinds of liquid jet in supersonic cross flow, and the conclusion is
consistent with the experimental result. Within the scope of the dynamic pressure ratio of 1.0 = 3.3, the jet
penetration and induced bow shock strength increases with the increase of dynamic pressure ratio and jet veloc-
ity. Surface tension and viscosity have important effects on the supersonic jet mixing.

Key words: scramjet; traverse jet; schlieren method; planar laser induced fluorescence ( PLIF) ; atomi-

zation
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Analysis of all time-delay stability for biological systems using
symbolic computation methods
LIU Jun, NIU Wei"

( Sino-French Engineer School, Beijing University of Aeronautics and Astronautics, Beijing 100191 ,China)

Abstract: All time-delay stability for biological systems shows that the time-delay system possess good
reliability, so this issue has always been the highlight of the scholars research. However, researchers usually
adopt the traditional mathematical methods or numerical calculation methods. Based on Hurwitz criterion and
polynomial complete discriminant system, a sufficient and necessary algebraic criterion of all time-delay stabil-
ity for nonlinear biological systems with parameters was introduced. By using symbolic computation methods,
such as the methods of Grobner basis, triangular decomposition and real solution classification, a systematic
and algorithmic approach for automatically analyzing all time-delay stability of biological systems with parame-
ters was proposed. All the computations in our approach are all exact, which may help biologists and engineers
to perform algebraic analysis for certain biological models. The successful experiments on the all time-delay
stability analysis of several biological models, such as time delayed Lotka-Volterra systems and SIR epidemic
models with time delay, showed the feasibility of our algebraic approach and also the superiority of symbolic
computation methods compared with traditional mathematic methods.

Key words: symbolic computation; all time-delay stability; algebraic approach; biological systems;

nonlinear
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Comprehensive evaluation on influence degree of source data for
civil aircraft technical publication
CHEN Jie', LIU Hu"', PENG Heping’, SONG Yugqi’

(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
2. Technical Publication Department, Commerical Aircraft Corporation of China Shanghai Aircraft

Customer Service Co. ,Ltd. , Shanghai 200241, China)

Abstract: The influence degree analysis of source data mainly depends on manual work in the current
maintenance of civil aircraft technical publications. This process forcefully depends on professional ability of
staff, so it can’t guarantee the reasonable priority of source data in implementation of maintenance process,
impacting the normal use of civil aircraft easily. Based on analysis for main professional process of technical
publications business, the influence degree model of source data based on analytic hierarchy process ( AHP)
used comprehensive evaluation method, established the evaluation index system for influence degree model and
determined weight coefficients, and then it obtained value and grade of numerical influence degree, which can
be a basis of priority judgment for changes of source data. This model makes the influence of source data quan-
tifiable and standardized, and keeps influence analysis of source data free from personnel, decreasing human
error in professional activity. The analysis for an example shows that the method proposed can reasonably judge
the priority of maintaining source data and can be used in conjunction with the system of technical publications
preparation and management, which has important value in engineering applications.

Key words: technical publication; source data; influence degree; analytic hierarchy process (AHP) ;

priority
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Fig.1 Components of MBD dataset
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Table 2 Created history record of MBD dataset
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Table 3 Generate frequent item set
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Table 4 Extraction of association rules
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Fig.3 Frame of MBD dataset definition system
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Research and implementation of MBD dataset definition based on
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Abstract: A model based definition (MBD) dataset definition method based on the association rules was
proposed to meet the requirement of product full three dimensional digitalization development. Firstly, this
method thoroughly decomposed all the design, manufacturing and inspection standards used in the product’s
development process. All the standard operation method, order and requirement ( engineering note items) of
all the standards were uniformly encoded, managed and released by the computer. Secondly, the association
rule was utilized to mine the MBD dataset’ s creation history records, by which the potential association rela-
tionships among engineering note items can be revealed. Finally, based on the association relationships among
engineering note items, the proper engineering note items can be pushed out as needed in the process of MBD
creation. The proposed method uses the association rule theory in data mining as its basis, exploiting the help-
ful knowledge and experiences obtained from MBD dataset’ s creation history, thus is capable of improving the
MBD dataset’ s creation efficiency by engineering note items recommendation.

Key words: association rules; model based definition ( MBD) dataset; engineering note items; data

mining; recommendation
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Distributed adaptive iterative learning control for multiple
robot manipulators

SUN Jipeng', MENG Deyuan“"?, DU Mingjun®, ZUO Zongyu'"

(1. The Seventh Research Division, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: A hybrid adaptive and iterative learning method was proposed to obtain distributed control pro-
tocols for multiple manipulator systems with undirected interaction topology to achieve consensus tracking of the
specified desired reference trajectory. By introducing an appropriate adaptive iterative learning parameter, the
proposed adaptive iterative learning control ( AILC) protocol can overcome the effects of disturbances and
model uncertainties of manipulators, where the AILC law of each manipulator needs only the relative informa-
tion between it and its nearest neighbors. Moreover, it is shown that all manipulators can be rendered to
achieve the perfect tracking of the desired reference trajectory though its information can be accessed by only a
portion of manipulators, where the boundedness of both the tracking error and the control input can be simulta-
neously guaranteed. In addition, the Lyapunov analysis method is employed to validate the obtained results,
and the effectiveness of the proposed AILC protocol is illustrated through an example.

Key words: multiple manipulator systems; consensus; distributed protocol; adaptive control; iterative

learning control
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Design method of a PD-based temperature control system for laser diode
CHEN Xi'?, QUAN Wei"'?

(1. Science and Technology on Initial Laboratory, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
2. Fundamental Science on Novel Instrument & Navigation System Technology Laboratory,

Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Semiconductor lasers are widely used as pump and probe laser light source in atomic physics
and quantum science equipment researches. The characteristics of the laser diodes, such as threshold current,
wavelength, output power, lifetime, are temperature dependent, therefore it is vitally important to control the
temperature of semiconductor lasers. Based on the relation between laser temperature and the output power, a
photodiode (PD) based laser temperature control system was proposed. The light power of lasers can be
acquired by the monitor photodiode in the laser package and then the laser junction temperature can be
obtained by the relation between the power and the temperature. A double close loop control system was
designed using the photodiode integrated with the temperature sensor and the thermoelectric coolers as the
actuator. The test result indicates that the long-term stability of the photodiode-baserd laser diode temperature
control system can realize better than +5 mK and meet the requirement of semiconductor lasers for the experi-
ment and study of atomic physics.

Key words: semiconductor laser; atomic physics; temperature control; photodiode (PD); long-term

stability
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