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Activity optimization in aircraft manufacturing cost control
Zhou Ning Ma Jing

(School of Economics and Management, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)
Luo Jide
(Xi’ an Aviation Brake Technology Co Lid, Xianyang 713100, China)
Wang Canming
(AVIC Aircraft Co Ltd, Xi’ an 710089, China)

Abstract. Activity-based cost ( ABC) was used to replace conventional volume-based product-costing
system in addressing cost calculation and optimization issues in the aircraft manufacturing industry. Activity-
based management ( ABM) was applied to further implement cost control and optimization based on the activity
analysis results. Cost calculation based on ABC in five types of subcontract products from a China-based avia-
tion manufacturing enterprise ( XYZ) resulted in an optimized workflow. The optimization was realized via
adopting measures including a reduced or eliminated activity, activity selection or sharing. Results show that
ABC is more accurate than the conventional volume-based product-costing system, and ABM can be a more
effective optimization tool for cost reduction and cost control.

Key words: aircraft manufacture; cost accounting; cost control; activity-based costing; activity-based

management
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Fig.1 Process of subcontract production at XYZ
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Fig.2 Illustration of cost composition under traditional

volume-based product-costing system
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Fig.3 Two-stage computation for manufacturing overhead allocation
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Table 1 Product cost under traditional volume-based

product-costing system
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Table 2 Summary of activity cost drivers
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Table 3 Activity cost pool allocation J7j¢
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Table 4 Summary of product costs under ABC J¢
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Table 5 Summary of the cost distortion
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Fig.4 Parts production and quality inspection process
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Fig.5 Packaging and delivering process
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Incremental algorithm of multiple linear regression model

Wang Huiwen Wei Yuan Huang Lele”

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

Abstract. With the development of computer-related technology, people can continuously obtain data fas-

ter and faster. Facing with the massive and continuously updated data sets, incremental algorithm was intro-

duced to the popular multiple linear regression analysis. The incremental algorithm of least squares estimation

model was derived based on incremental expression of cross product matrix. And further this algorithm was ex-

tended to other estimation models and test statistics. The incremental algorithm uses the information of all data-

set, which can get the same results with non-incremental methods. This algorithm can save the time in reading

and writing data, release the impression on transportation, and thus speed up the computation. Simulation re-

sults show that, this algorithm can improve computational efficiency and is very useful in many conditions.

Key words: linear regression model; incremental algorithm; cross product matrix; estimation; test
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i3] E. &% 1E 35 % EHA ( Electro-Hydrostatic Actuator) 5§ EMA ( Electro-Me-
chanical Actuator) # pk By 3 A8 DL E AE 30 R G BUH T o 0 R IR Aok A7 AL & 09 RUE B T R
TR T EEHE, RSB REES. AR T EMUREEH R ANEMARE TR
B ERNEBZAABMEENE  BLTEEH/ T THEEXATHARRAGHFEA. A E
ERRTEHURERDRERASI DN ENE RETXAAELASHREN T
FAEBESIDFNER ETEREERBT 3 HBANBES I L% 0 ) B4 Kk, oF
HATEANGELMN. KE, A3 M A BEEHNREAFASIDFHRE . BREE T @#
TTHER LN 2WMERTEMUREES RN R R L F 0 BERRET ERRE.

X 8 W FHUKEESDRG; xR FHUKE; BAI 9 %; oK

5 H % B
hESZ%ES: TH 137
X HERFRIRAD : A X E 4 2. 1001-5965(2014)11-1492-08

Static force equalization for dissimilar redundant actuator system

Fu Yongling
(School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)
Fan Dianliang® Li Zhufeng
(School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The dissimilar redundant actuator system ( DRAS) which consists of power-by-wire actuators,
EHA (electro-hydrostatic actuator) and EMA ( electro-mechanical actuator), addresses the problem of the
distribution of central hydraulic source and pipelines. It also resolves the common fault, which indicates the
trend of more-electric-aircraft. To start with, the construction as well as the working principle of the DRAS was
described. Considering the air load of control surface and connection stiffness, the closed-loop system model
within active/active working mode was built up. Further, the mechanism of static force fighting was intro-
duced. The idea which uses the method of adjusting the electrical parameters so as to compensate the static
force fighting was proposed, and based on the above principle three kinds of static force equalization for elimi-
nating static force fighting were put forward, and then theoretical and simulation analysis were discussed. Fi-
nally, a comprehensive comparative analysis on the elimination of static force fighting, isolation and other as-
pects was exhibited for the three control strategies. The results provide theoretical directions for DRAS design
and static force fighting solutions.

Key words: dissimilar redundant actuator system; power-by-wire actuators; dissimilar redundant; static

force fighting; static force equalization
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1 B A= TP, B AL (TSV, Through-Silicon-Via) & 5 9L 7 fr & 7 3%
MR AT EREREE. MAREIL P BT RA, R B A TSV T Y
WA ETRBOTRAARTE —RRE, # @A T T HEMAHBERET TSV K
0 o B A L2 A IR T AT B AL AL ABAQUS R P B SUEE TG (user defining ele-
ment) £ 0, 530 T M A o0 IR T A, 3F R AR AT A IROT R AL oy IE 9 M AT T BSE.
FIRARTHEA TSV AT RGBT T AN E R T RA R ER TG LR
PREE A B EURE RIS HACL RS AAE, A AR TFHET R LTI HR
BT — &R
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Finite element analysis of electromigration induced stress in
through-silicon-via
Su Fei Lu Zixing Liu Ping Wang Yuan
(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)
Abstract: Through-silicon-via (TSV) plays a key role in chip’s vertical interconnection in 3D electronic
package, so its reliability shows great importance. As the current density through TSV increasing, current in-
duced stress has larger and larger influence on the TSV’ s reliability. The methodology for evaluation of elec-
tromigration induced stress in TSV was developed based on the coupling equation of stress-mass diffusion and
the principle of finite element method ( FEM ), together with the user defined element on the platform of
ABAQUS. The numerical simulation of this model was set and its accuracy was verified with analytical solu-
tion. The electromigration problem was simulated with a finite element model; The evolution and distribution
of electromigration induced stress, strain and vacancy concentration in copper pour hatch were described. So
the reliability of 3D electronic package could be assessed someway.
Key words: electromigration; electromigration induced stress; electromigration induced strain; through-

silicon-via (TSV) ; finite element
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Fig.2 Finite element model and mesh of

the plate shown in fig. 1(1/2 model)
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Table 1 Material property parameter[lo]

T/K 473
W ICH & E/GPa 72
AR L v 0.33
k/(J/K) 1.38x10°%
Dv/(cmz/s) 2.7x10°'°
A 4.0
Co/cm™? 6.02 x 10"
p/(Q -+ cm) 1.139 x10 % ~2.07 x10 7
/cem’® 1.66 x10 %
T./s 0.0018
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Fig.3 Spheric stress distribution along

the thickness direction
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Fig.4 Volumetric strain distribution along

the thickness direction
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Fig.5 Vacancy concentration distribution along

the thickness direction
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Table 2 Simulation parameter of Cu''?

28 e
T/K 473
E/GPa 120
v 0.34
k/(J/K) 1.38 x10 %
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A 0.7
C,/cm™ 8.413 x 10"
p/(Q+ cm) 1.673 x10°°
O/cm’® 1.18 x10 %
T./8 0.0018
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E+R/ESEH CCSDS Turbo A3iZ A0S AL B
R H HE W

(EEfi iR R 75 8 TR BE, Jbat 100191)

7] E. WY —HE A M Turbo % 4 & & & | % CCSDS ( Consultative Com-
mittee for Space Data Systems) #3% oF B 5 & 240l K LS ATH B, T FE A B 5 A&,
7 EL#k SEFL 16 384 bit 19 255 bit iy £ B B WK oy 15 8 7 7 oy G5 1 AL X AT S B 4 D A
B, o0 B xR B8 5 (MAP SW-MAP, log-MAP 5 3% ) 89 35 2 W G 04T T 1F 2, 5F 545 5
B FEDEHTUE FHERTFUCH + S X EBEENH XL, % E Python JI KX £ 7,
EREGEGKOEINES, AEGE T HRGE, 28 HER A RDEN XA GLE. B
MEHGERERA, IR TR EFDEEATFNRA SR AR AN EEHATT 2K
B R A SHM TEBHEN Y, GEELFIKE BE 2RAKE.

X B iR Turbo A FAH ik KA E; F%% L Python

HESHES: TNO1.22

XERARIRED: A X E % 5: 1001-5965(2014)11-1507-05

Simulation of universal CCSDS Turbo-codes decoder of
non-standard parameters
Zhao Qi Du Yujiao
(School of Electronic and Information Engineering, Beijing University of Acronautics and Astronautics, Beijing 100191, China)

Abstract: A universal Turbo-codes decoder was designed, which not only covers the parameters sugges-
ted by consultative committee for space data systems (CCSDS) , but also supports other frame length (an inte-
gral multiple of 255 bit) within 16 384 bit. Standard and non-standard frame lengths, as comparisons, were
both simulated on three decoding algorithms, including MAP, SW-MAP and log-MAP. The algorithms were
realized in the form of C + + dynamic link library. Python test program was written to generate random signal
of needed length and call the DLL mentioned above for encoding and decoding. The graphs about the relation
between signal noise ratio and bit error rate were drawn after data calculation. By simulation, the decoder
designed was proved universal. In addition, performance of different algorithms were compared and analyzed.
Simulations were done to study the relations between decoding performance and some key parameters, inclu-
ding frame length, bit rate, the number of iterations and so on.

Key words: Turbo-codes; decoding algorithms; bit error rate (BER) ; signal noise ratio (SNR) ; Python

Turbo % i T~ H A0 B 19 M B8, © 9l = 18] 4 B, FE T CCSDS fira XY RS(255,223) 4
R G54 2= 51 2 (CCSDS, Consultative Committee RS L g —, G — K E 16384 bit [
for Space Data System) 12151 Jy A5 38 {5 R TL AL S0 oo 1 06 6
WS B AR ME 2 — , CCSDS # 1l 5E X 14 Turbo % 37 XF T RLIE I SCHRE A 223 bit BB MK, 2
R 5 Mg B R, 730 )2 1784,3568,7 136, A PR BT TP Core AR BB 5T AR H
8920,16 384 bit, Horr, f{if 4 Bl 27 223 bit #YH A% &, S BR 18 07T B 55 X S A5 T T B S RS 1Y

Wi B EA: 2014-01-07; W% H AR AT iE . 20140527 09:17; DOI: 10.13700/j. bh. 1001-5965.2013. 0732
P 28 t BR 3 41F . www. enki. net/kems/doi/10. 13700/j. bh. 1001-5965.2013.0732. html
TEZERAN: B Fr(1966 - ) , L, il T HA , Bl #4% , zhaoqi@ buaa. edu. cn.
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BEFF. LB LR ) B R R £ R B i 9 K
SE M 255 bit BB (A 223) 150, EELA
Dy ARG — A oE B WK O 2 1 N R OJT K
(B . 4 4% 255 bit F i 4 bit [&7 2 7 45 B
1024 bit) . ASCHr 222 HL Turbo % 2 1 5 4 , AR
YRR IR I FH A R, 6 L S 1 £ B Rl s
PEAT TR AN 2SR LT BT R E (9 4 i
K, A 245 16 384 bit i [l 4 A9 H A i<

1 Turbo FBBSH KIFWBE L

1.1 HBSH

CCSDS FL v, Xof 32 I 75 18 4t 5% i v FH )
Turbo f3#E4T T 5 . Turbo % ) — e 24

571 (code type) : Systematic Parallel concate-
nated turbo code;

o Bt A% B2 A

3 G At < 3o U A AL

g3 B AR 16 45

SRy =1/2,1/3,1/4,85 1/6 (AT i) ;

fEBM K. kE=1784,3568,7136,8 920,
16 384 bit.

FAN, AR E S HE Turbo ALY AR B &) —
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Fig.5 Space debris density changes with time
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Application of small sample theory in aero engine
development costs estimation
Liu Fang Zhang Haitao

(The Ministry of Finance and Economics Research, AVIC Development Research Center, Beijing 100029, China)

Abstract: The usability of the partial least squares method of small sample theory in military aero engine
development costs estimating was discussed. The technical and development expense data of more than ten
kinds of military turbojet and turbofan engine were collected. The technical parameters such as turbine inlet
temperature,, military fuel consumption rate, military thrust, afterburner thrust, thrust weight ratio, engine
weight, total pressure ratio, air flow, overhaul life, number of prototypes and completion time were selected.
The partial least squares method in military aero engine development costs estimating was used. The military
aero engine development cost estimation model based on the major technical parameters was formed, and the
development concept inheritance coefficient of military aero engine was established. The results show that the
model’ s accuracy is improved compared with the other existing models, reaching 10% , and can be used to
support for aero engine development cost estimation quickly.

Key words: aero engine; development cost; estimation; model; small sample theory; partial least

squares method

20 AR BASK, A b ik BIF i i 40 A K A
A% Lk A5 — 9 DR 3RO T S 25 2k Sl L
P T B4 K S HLBLASFE b 1 4R
HATHRHNE , T, Sy 7 0 R A o i kAT
BRI TERA B ot b — AU — AR, LY
38 b MCERS O A K Bl BIL e B ARG I, X — L
N 15% 4 5 5 60% , H. i 9% I 8] 48 K5 1A%

1M H TR T 9 28 fb Al 8 s AR 5 4% 1 1 AR
(AN N S RV G VIR N o NN I NI
RS DL A TF S AR P9 22 55 DR 2R 1 AR AR AE TR
A, (A5 JL-F- T A 7805 1% BT o) 2% 60 b B0 T R i 44
Ko, F135 R sl 0, i & A 2
Z L K T 30% 2 £, I, 78 & s L
SE VS UE B 15 T 53 X I ) 28 9 T SR R AT R A

s HEE: 2014-06-11; [ %8 H AR AT 18] : 2014-08-17 21:43; DOI; 10.13700/j. bh. 1001-5965.2014. 0340
P & t BR 3t 41F . www. enki. net/kems/doi/10. 13700/j. bh. 1001-5965. 2014. 0340. html
EZE® A X1 I5(1977 =) Lo, W1 ps & FH, 7 2% T R2 U, 1fyy_2004@ 126. com.


lenovo
全文下载

http://www.cnki.net/kcms/doi/10.13700/j.bh.1001-5965.2014.0340.html

55114

EloF T
X 54 NREA SR A % S BUBFR S i g i

1519

B A A AR T

TEI H 373 I 5 3 B B R0 36 F 1y
i A0 S R 2 B0 A0k X I H 1) 8 2 e oK EA T
G ATV SN RO I i LA )5l = IR
PGS SRR T 5 R A2 K B
BLBRLS AR 2, B0 AR 2 A A A B A58 3, B4
300 2V [ T e A T R R AT R A
B/ s B & S AL D, Kk s HLAEAS B 2R
JE, HoH T 2 0 A A P R) R, X HR 4 T A
F R R H AN 2, JC U ) ] B A R (e )3 T vk
AL SRR AN, EN B & T A I K
S BLF ) 2 Al SR 10 8 >R P A% 3 2 M [l 03 e Sy
(18 B 58 05 vk R AL RS B B — E B R
B

ASCHEE A E A WFIE T AE /Y HE Al B, 2%
3 [ 22 b W5/ 308 B A s AL 28 Al 20 L il 80 4
BRI OB R LSS AL, RGEUREE T 32 AR A
TS/ 103 13 i S AL AL 5 1) SRV RE FIAIF ) 2 K dE
K /IR A A5 B8 v A i B /) — 3 ( PLS, Partial
Least Squares ) [ 5 J7 3% W FH it 25 & 3l HIL 0T 3l
PGSR B F ST, N7 1R Y Y A5 i T/ 16
K SIS B BT B2 R IR R

el Py JHC At A 5 TR ) ik SR0KS B3 T 4, RE 8
AT A S sh AL il 2l ik A 5K

1 NERBICHWERFRIERE

BRI E LR Rl RS2, |1
A AT R 0 & s AL . 5ok, TR ROk & B)
BLATIY A 22 SR8 45 B, 00T 5 4 BN B2 3% 0 o) 2%
FHASHE 19 0G0 A 8, 1 TR 1 25 & s HL A 5 1
B A BN 58 & TR e e ST R I A aE R
SHHLAE T 2 A TR R B}, 2 78 0 % 18 B B0 J Rk
X — BRI O, AN BE 58 4 RE A% [ A 55 1Y iy >R Y
G 1A J5 3k, Wk B 38 TR A B e b 1y [l
VA5 BT 5 v, | S — BB B 9 Gl 3R E A 5
17 150 1) A ) 2 Al S AR AL

INEEAS B R R A 2 1 R R AR
aE VSN EYEE:IRI-EC 9 Nt A1 /S R N Y=
[ 45 % s AL B 5 B 1 3 -5 A 4% 4 42 19 BT i)
B R B EA T e A, % B T2 R o3 [l 08 BT
U B /N e 0] 05 A9 38 1. Hh T B0 R % 0 B
BOPE AR SR 51 Y B 1 ok IR T 35 [ 20 4
70 AR H EH K S MLE R B LR 1. R R
(] 9 H OC OC R a3k 2 .

x1 EZEEFEREXHNEAREIE
Table 1 U.S. military aero engine technical data
HLTE Y/10° 2 5¢ %, /N %, %, /K x,/kg x5/ (kg/m*) g/ ((kg/N)/h) %/ xg/(kg/s)
TF30 554.742 82242 2.2 1350 1746 753871 0.03 92 109
TF33 133.670 75568 1 1145 1769 282518 0.02 71 208
TF34 282.035 41229 1 1478 644 242284 0.02 120 153
TF39 496.511 181369 1 1578 3311 286336 0.01 109 705
J52 291.923 37789 1.8 1145 930 188541 0.04 74 55
157 199. 897 44453 1.4 1145 1887 167396 0.04 41 73
J60 64.1915 13338 1 1145 209 152125 0.05 71 23
J65 124.927 32095 1.2 1128 1277 124 813 0.04 46 53
J71 252.066 42542 1.5 1200 1855 161523 0.04 47 70
J75 416. 861 104 468 2 1145 2245 245574 0.04 59 114
J79 405.558 66679 2 1200 1463 265132 0.04 57 73
J85 330.418 17111 2 1167 259 152125 0.05 74 19

T Y— WS Bt B AL S & M X 2 09 R S LT 3% 10 5 o0, — T8 10 0 AE PR 25 d RO R ) 500, — B R RAT Ma B (1575 A 56 #Y
BEAE) 5oy — e R HE HE T IRLIE 5oy — A2 S ALV T 5ovs — A2 BAIL I T3 300 5 00— T 1 1A 10 AL R 2 S R0 4 0 TR B 6 30 48 5 o, — WE 1 T 02 30050

1o B M Y I (8] 5 0 — B WU A T R B9 R B HL S A

2 TEZHEHEXRHIER
Table 2 Correlation matrix between variables
AR Xy X X3 Xy Xs X6 X7 Xg
X, 1.000
x ~0.054 1.000
X3 0.627 -0.263 1.000
Xy 0.888 -0.044 0.398 1.000
xs 0.381 0.409 0.398 0.276 1.000
X -0.691 0.399 -0.805 -0.532 -0.422 1.000
x5 0.389 -0.226 0.846 0.016 0.408 -0.749 1.000
Xg 0.887 -0.400 0.765 0.732 0.166 -0.773 0.551 1.000
Y 0.648 0.605 0.565 0.491 0.662 -0.374 0.426 0.420
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Table 3 Domestic aero engine statistics table
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Table 4 Development inheritance coefficient table
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Table 5 Variables correlationtable

EY Ma  ox A xg B D xg E F X G H  x I J % K
Y 1.00

Ma 0.17 1.00

Xy 0.67 0.32 1.00

A 0.60 0.43 0.97 1.00

% -0.23 0.72 -0.08 0.08 1.00

B -0.67 0.16 -0.70 -0.55 0.50 1.00

D 0.36 0.89 0.43 0.48 0.51 -0.15 1.00

xg 0.61 -0.19 0.84 0.72 -0.55 -0.85 -0.01 1.00

E 0.56 0.12 0.74 0.68 -0.07 -0.85 0.38 0.65 1.00

F 0.70 0.44 0.81 0.78 -0.01 -0.75 0.67 0.58 0.87 1.00

X3 0.45 0.69 0.63 0.71 0.37 -0.32 0.79 0.20 0.64 0.85 1.00

G 0.37 -0.33 0.66 0.57 -0.35 -0.64 -0.24 0.83 0.56 0.34 0.10 1.00

H -0.04 0.07 -0.08 0.07 0.34 0.23 -0.07 -0.20 -0.04 -0.14 0.02 -0.22 1.00

Xy 0.53 -0.18 0.84 0.77 -0.40 -0.68 -0.13 0.93 0.57 0.48 0.21 0.8 -0.04 1.00

1 0.40 -0.14 0.71 0.63 -0.30 -0.60 0.01 0.78 0.48 0.41 0.23 0.76 -0.11 0.78 1.00

J 0.56 0.40 0.32 0.34 0.06 -0.17 0.51 0.10 0.24 0.52 0.64 0.02 -0.18 0.04 0.11 1.00

xq 0.52 0.66 0.70 0.70 0.10 -0.34 0.77 0.38 0.36 0.70 0.71 0.06 -0.17 0.31 0.43 0.58 1.00

K -0.69 0.20 -0.32 -0.26 0.25 0.57 0.02 -0.40 -0.53 -0.46 -0.25 -0.35 -0.16 -0.36 -0.30 -0.50 -0.03 1.00
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Table 6 Accuracy comparison of three

estimating methods
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Winding distribution characteristic of slot-less tubular permanent magnet
linear actuator and its experiment

Huang Xuzhen

(Jiangsu Key Laboratory of New Energy Generation and Power Conversion,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)
Li Liyi
(Institute of Electromagnetic and Electronic Technology, Harbin Institute of Technology, Harbin 150001, China)

Abstract: The slot-less tubular permanent magnet linear motor was selected as a linear actuator using for
the attitude control of aircraft. The winding distribution factor of the annular slot-less winding was researched.
The model of the winding factor distributing along the axis that considered the influence of the phase-to-phase
insulation was established. The winding distribution characteristics of the single-polar and bipolar windings
were compared. The influence of the phase-to-phase insulation on the winding distributions for these two wind-
ings was expounded. A slot-less tubular linear actuator prototype was manufactured. The tested and calculated
no-load electromotive force (EMF) waves were consistent, which verified the validity of the theoretical study.
And the thrust and dynamic response characteristics were tested. The results reflect that the linear actuator is
with the advantages of small armature reaction and quick dynamic response speed.

Key words: permanent magnet motor; linear motor; actuator; slot-less; winding factor
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Fig. 1  Structure of slot-less tubular linear actuator
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Fig.3 Single annular winding
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Table 1 Winding factor of the motor with different

phase insulation thickness

AT 26 2% 1 R BE /mm WURCPESE2H PR At Ze 2 R 8

0.25 0.9577 0.8318
0.5 0.9601 0.8364
0.75 0.9624 0.8409
1 0.9627 0.8454
1 0.9627 0.8454
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Fig.6 No-load back EMF wave
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Fig.7 Prototype of the slot-less tubular linear actuator
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150 kV/30 kW inverter for electron beam welding power supply design

Zhang Wei Du Huicong Qi Bojin "
(School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)
Xu Haiying

( Beijing Aeronautical Manufacturing Technology Research Institute, Aviation Industry Corporation of China, Beijing 100024, China)

Abstract: With the consideration of characteristics of high voltage and high power output of 150 kV/
30 kW power supply of electron beam welding (EBW ) , low-voltage circuit was designed to be composed of
insulated gate bipolar transistor (IGBT) isolated DC power supply and full bridge inverter in series, and high-
voltage circuit was paralleled by three groups of high-voltage transformer with 10 times voltage doubling rectifi-
er circuit in series. At the same time, high voltage sampling circuit, electron beam current sampling circuit,
and dual closed-loop control circuit were proposed. Based on the above technologies, the 150 kV/30 kW elec-
tron beam welding power supply was successfully developed. Experimental results show that the linearity of
output voltage and output beam current of high-voltage accelerating power supply is excellent, the stability of
output voltage and output beam current of high-voltage accelerating power supply is about 0.5% , which could
satisfy the EBW requirements.

Key words: electron beam welding (EBW ) ; high-voltage power supply; inverter; high frequency trans-

former; voltage doubling rectifier
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Fig. 1 High voltage power supply system of

electron beam welding
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DC power supply

TEE 3, = 4H AC380 V 3fj Jj LR 28 4 4
TUE I B % S A5 B 25 500 VO L, B
IGBT JF 364 Q, ~ Q, 41 A 1Y 4= #fF 10 A8 | i A5 4
B2 20 kHz (4 28 3 07 U, SR I 48 B 83 78 TR 4 LT
A 20 AT R R B, B 5 19 B B R AR
AR B . e LS C, R AR
B L, RS C4 o U a8 s v R U D
25,008 U A R A R A 0 ~ 500 VO 2
.

2.2 £HPTHE

TSI 150 KV He kA S U
5% R A LU F R O 0 AP R AT AR SRS A g
i R AR A AT R

I R o VI IR A TN 3 o S VLR = TN N
e Y PR O P VRIS B 20 kHz 8 38 3 T U, Ho
R 4 A R TR R T A ) 3L, IR A R R A
) I 20 58 vT LAAS B 0R B 290 18 kV 1 28 it 7 A5
S o IR i e ol N 7 N o B VIR ANE T
HLUE ) IGBT 4 3 A8 fL B% 5% 4 —FF, WA 3

FR.
2.3 SEZTESHFEIT

% 8B i AR A 1 5L 30 i A 28 I I e
fEf KA 500V, ZSCHL 150 kV i Fe i i, 2R AL
K 7S F A 24T TH s, W 2% s 4% 19 72 1E g 12300,
W A9 7E B, DL B 30 kW 5 T SR A 11 4l A5 AR
e g et A VR AR B R e [, 150KV Y 5 o
S (045 5 G0 A U I P B s R B it (SR PR AR
PRIME , AR I AL, 2556 2% 188 TR 4 TH R HOR
MERE | 1 A BT SE M A R, R S TR 4 T s
SRR B AR S A 0 R R R SR AR
JEAR B H ol 1236, 4% 6 B U L B% o 10 £ %
Uit HAL B

[F] B, 22 0 3 g e fm R U A i T R R
30 kW, iyt 2l 2K, PRt e TR 4R T 3 41 T
JEAS a5 10 A He B i r i 1 58 3K 45 4 i AT T
BCH 1, 3 21 i Fe AR e A RS TR R O R 3
[] i 11 30 kW Ty 38 | 33 A — 2 19 4805 i o ) R
R3] 10 kW, A1 4 b fige phe w8 i 48 25 | oo A S 0 Hl
25 B . S 75 £ 1 )
2.4 Cockcroft-Walton £ iff {5 JE % 7% B8 8%

Cockeroft-Walton 10 3% F& %% ¥ L B % A 6F R
SR 2, 5 8 A R I R A L, X
AU R U RIS, AN AT DAY /N DB A R A L T
HLA AT DL AR S 85 e ) S0 i . o, — 41 2
A5 T e e % 4 D5 PR ) 4 R R

Kl 4 Cockeroft-Walton 2 35 [ 3% i g, f%

Fig.4 Cockeroft-Walton voltage doubling rectifier
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Fig.5 Main circuit topology of half bridge inverter

DC power supply
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circuit in high voltage accelerating power supply
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Press bending equivalent simulation model of integrally reinforced panel
Li Weidong Wan Min

(School of Mechanical Engineering and Automation, Beijing University of Acronautics and Astronautics, Beijing 100191, China)

Abstract: The elastic and plastic deformation distribution of skin and stiffener were analyzed during press
bending for integrally reinforced panel with inside ribs. According to the characteristics of plastic deformation
on inside stiffener and mainly elastic deformation on skin, a geometrical equivalent method was proposed which
simplified the skin component to stiffener with virtual material properties. The calculative formula of equivalent
coefficient was educed based on inertia moment. For complicated integrally reinforced panel, the establishment
process and calculative method of equivalent model were also introduced. The finite element analysis and ex-
periment of [-style single stiffener and gridding stiffener panels were carried out. The comparisons on efficient
and precision between detailed model and equivalent model were made and verified by experimental data. The
equivalent model for press bending was proved to be reliable and highly efficient which can be used for simula-
tion and parameter optimization of large complicated gridding integrally reinforced panel.

Key words: integrally reinforced panel; press bend forming; equivalent model; virtual material; finite

element analysis
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Huber' ! 5 FL4R Hy T EL A 25580 I 3 5 1 11
JEE AR A7 A SR A A5 e 8 Al g 1
PR AL T L, Troistsky' Xt Huber BH % #E 7
TR BFSE R 3 1 0iF . Bradley ™ $2 i F i 52 4%
TR i1 25 ) 7 0 5 ] e A 5 0 1 D B A
e A 7 — T 6 B AR A ok X e A B A
5 e W 5 (1 25 AR R A L i A R A T G
PRI PR 00 g 2 e e A e ko 52 A R R S 4
B 0 T S TR | - R AR A JEE AR A
Yan 48 AR T 1 4R R R
AR BT 26 20y W 5 SRR MR L R T
ol e A BE AR 7 1 A 1 BOUMA P AR 1 25 i 45
B Avi 25 AU R TS B ST R A SE
FAIAE OB, HEAT T = 5 A5 A R T 4 BT X L
HiE. Neto 2 AR T — K 4552 1 F 103 A
BE AR TCAR 0 (metamodel ) , 43 H7 48 26 1 J g

1 EEREAERTEE

Fe 8 P 25 T = 0 i SRR AR R Y I TR
PR b o 3 B R S, AT 22 B 22 0 IR
B ROE 7. HOETE R J7 2 0% 0l 0 2 A R
TR TR R foe L T 2 B AR AR M i, LIOR AURE
SR P PR R B AR kT b
B 5 R 5 4 TB04-T7451, L ) 2 PR BE S K
* 1 PR,

®1 6% TB04-T7451 M N ZHESH

Table 1 Material properties of aluminium alloy

7B04-T7451

BAMEAE JmMRGER prhrsR gEAR W REfk

s #/GPa JiE/MPa J¥/MPa %/% A K ¥ n
B 69.029 445.21 558.54 8.99 1220.21 0.86

HEALBENUE 2 O M BRI 1 R, b
AR 35 mm, A [E E , 28 K B AR
TR BB AIE , LA R ]S (e 3
AR R A A 23 BT LR 25 I 114 o i 2 o

F1 R R o3 A 1
Fig.1 Press bend forming model
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W S E R A AR ASIE . BR T AR LLAN, S BCER
I A AU JE /N B AFAES BT B B B LI
FI/IN B 7 45 SRy 10 AR AL, 33K A5 A7 BROT AR AL Al &
A% NS 5 R AR o LA L g 16 2 A1 2B A 45 4
AT T R U0 34 A R A TR A5 8 L 52 T A T A A BE
B AT LSRR A A% S 4% 9 2, W T
FE 75 B AR AU AL AR T o (3 5, 34 5 500 A7 A% 1
ARTE T SEAE BRI AT O, A5 5 P B A BE A TR 25
WIE A BRIT o3 B i AT fE.

2.1 HERBEYRE

A5 I I, PR 7 A TR B Bl Y 75 4
M AR BRI DUSRL A T 2555 2% O 431, 4
[ I N B T N 7 S O S
BB IE .

P2 M TS A AR i IE S ) 43 A

Fig.2 Distribution of normal stress on bending of [-section

SO RLRE 5 BT o0 M 3¢ B 55 3 A% 0 480 A4 ]
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Fig.3 Scheme of equivalent model
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WA RUE B BERE T, B AR B A M B =
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S R T A48 P 00 7 9 1 DA B A AT
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Fig.4 Equivalent method of complicated section
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Fig.5 Cells with grid stiffener
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P
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o 10090. 413
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Fig. 6 Equivalent plastic strain distribution of [-section sample
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Fig.7 Press bending experiment of [-section sample

A7 BR T8 73 A IR 576 A A5 A 60 452 A A Y ) 37 % 73
A AR — 20, 32 2 i D9l A Ao 5 ] SR S Y
FiRs LA, LLFE AR W) & ARG OF H S 908
Ba BN W) AT TR 80 DR 25 WIS AR R
ZEARHE /N, DT AT LAAIE ) 26 250 2 A X 58 B8 A R
HA ARG 19 2 ROR

®2 1RHEHFEFAGEPLOIUBIMTES
Table 2 Middle point displacement and press

force of I-section samples

& 3 mm & 4 mm
X RSy, fik/mm FREJy/ fiE/mm
kN migigy maegs kN mIgiEy s
STEMI AR 29.16 -2.82 -0.89 32.44 -3.79 -1.67
SERCRLE 27.94 -2.69 -0.94 31.23 -3.66 -1.73
LERARER ] 28.79 -2.65 -0.97 29.66 -3.61 -1.80
MR VO 28.84 -2.65 -0.97 29.61 -3.60 -1.81

4 MBFHFERTSNSELE
XS S A 4 i 1, R A 8 R ik I

272 mm, 5% 146 mm, & 20 mm, i H#E K 64 mm, %
44 mm, i 4% 58 BE 2 mm, 52 7 5L 2.5 mm, #j 5% 1] B
1 5 mm, H 4R ff 3 mm.

A A 8O 2 R e JLART RS ST B R E S
NA~GILT I A9 PR,

Fi AR R LU A S5 3007 1 1 53 4% A5 38U R
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Fig.8 Blank of grid reinforced panel

B9 SR A0 XA B

Fig.9 Partitions of equivalent model

®3 NEHEERRY

Table 3 Equivalent factors of grid reinforced panel

g WRW RRE KRN RS ARER FREK

A 0.0 493.2 0.0 340.8 115.9  4.7180
B 0.0 0.0 0.0 2612.7 600.0 5.3545
C 493.2  493.2  340.8 340.8 121.8  4.5376
D 0.0 0.0 2612.7 2612.7 240.0 11.8863
E 493.2  493.2  340.8 340.8 51.8 9.3168
F 0.0 2307.9 0.0 0.0 375.0  7.1545
G 2307.9 2307.9 0.0 0.0 150.0 16.3863

R 56U A OB R B A R T A R
P, — AR BT, iR Y 5 — AT
fiv 25 % EL 7 1) 10°,92 9 Y10, 48] 10 firR.

K10 JR2 7 B R K
Fig. 10 Sketch of press location

TER BRI R IC SRR T R Bt 3
I [H) 40 3% 4 B, S5 SRR S [l AR 1 3 A5
®4 HRTEBRRITHEEE

Table 4 Finite element model and computational time

. L . TR/ s
fom B ML A RN —m—mmm————
PRI (3D8R) k/mm Y FIE YIOFIR
5.2mm  5.2mm
SEREATI 93756 72340 0.881 2403 2339
B 54063 39708 0.881 765 707

B L1 I 7R O S5 OB A2 3 A i) LU H 58
RO RN S RO AR Y PR op S A AR L 2 R

SECBIE RS R KR, X 5 525 N AR i A 4k K
A RS DLW A %) L 3 W A AR L aT LU
T Bk U RS 2% ) i e I

FULL Y 1Y L0 3 S5 2088 4 107 A8 43 A1
Fig. 11 Equivalent plastic strain distribution of

Y and Y10 samples

AR FILIE ML F o3 B HEAT Y R Y10 (A% fif
A RE R RS 5. 1.5 mm () LYI2M
(ORI, 21 2 1 AT R, W AR I R AR
Fa R BBE 7 60 mm 1 iy 22000 5 {00 2 5
T, SLH A Y Feh it AR 2y 930 mm, Y10 £
AN R A AR 25 1100 mm. AW 12 FF 5.

P12 AR BE AR S 96
Fig. 12 Press bending experiments of gridding stiffener

panel samples
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Table 5 Middle point displacement and press force of

gridding stiffener panel samples

Y Y10
W FEAs fMiB/mm FE S/ £ %/ mm
LS s 7= S . i
STES A 33.46 —5.19 -2.39 32.61 -5.19 -2.11
SEECREA 3219 -5.18 -2.52 31.52 -5.18 -2.35
SRR 30.15 -5.19 -2.47 30.13 -5.18 -2.21
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ORI T A PN S R AR Al A O i A
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TRITE IR 1A BROCA DRI S 56 X LU 56 ik
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it 7 T 25 0 A R UL A R 14 7 A A

2) MR BT I RE 2 280 vk, TE O 4URE A
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i AR LU Y 5 125 T 845 XS S80p R S 4
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Sensor placement of flywheel under diagnostic criteria and cost estimation

Liu Rui  Zhou Jun

Li Xin

Liu Yingying

(Institute of Precision Guidance and Control, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The sensor placement method of flywheel and cost estimation criteria were proposed. The rela-

tionship between the function modular and the fault types of the flywheel system was analyzed in order to build

the qualitative fault transmit model. The transmit model of the flywheel based on directed graph (DG) was

presented. Firstly, control circle in the DG was operated. After that, roots satisfied the detectability and isol-

ability criteria were generated in order to set up the bipartite graph. Then, greedy algorithm was used to re-

solve the key sensor selecting problem. Finally, considering the volume, the weight, the power consumption,

and the processing capacity, resource occupation degree (ROD) was proposed to describe the cost. The ROD

easily expresses the importance of certain resources, can avoid the weakness of certain resources, and also is

easy to expand. The final sensor placement result was estimated by the ROD.

Key words: flywheel; diagnostic criteria; detectability ; isolability; directed graph; cost estimation
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Impact of antenna beam granularity on sliding spotlight
spaceborne SAR image quality
Zeng Hongcheng Chen Jie Yang Wei Zhang Haojie

(School of Electronic and Information Engineering, Beijing University of Acronautics and Astronautics, Beijing, 100191, China)

Abstract: Antenna beam in sliding spotlight spaceborne synthetic aperture radar (SAR) cannot continu-
ously scan the illuminated scene, leading to paired-echo in SAR images. A method quantitatively analyzing the
impact of antenna beam granularity was presented. Firstly, mathematical mode of sliding spotlight spaceborne
SAR was proposed based on the azimuth antenna beam granularity. Then, the qualitative and quantitative
studies about the impacts of antenna beam granularity on image quality were proposed. And the expression for
determining both amplitudes and positions of paired-echo and the minimum beam granularity was illuminated.
Moreover, the impacts of paired-echo on azimuth resolution, integrated side lobe ratio (ISLR) , peak side lobe
ratio (PSLR) and system gain were discussed, at different operation frequencies, e. g. X-band and C-band.
Therefore, the analysis provides a theoretical basis for minimum antenna beam granularity design. Finally,
computer simulations testify to the validity of theoretical analysis.

Key words: synthetic aperture radar ( SAR) ; sliding spotlight; beam granularity; paired-echo; ghost
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] E. m#E iR F % (ATM, Accelerated Testing Methodology ) 2 T & & 4t kB Z K
HEuMERE RERE-BEEENEE ARGEETHENBETINRKEE THKHEE.
TR E A E Bk 2% 3 b (SIFT, Strain Invariant Failure Theory) 3 4T 20 38, 5 F W 09 & KA B &
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Long-term open-hole compression strength prediction of
composite laminates

Kang Jun Guan Zhidong Li Zengshan Li Xing
(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Accelerated testing methodology ( ATM) predicts long-term strength in low temperature with
short-term in high temperature, which is based on the viscoelasticity of matrix and the time-temperature super-
position principle (TTSP). The strain invariant failure theory ( SIFT) was modified by using micro maximum
strain criteria to judge fiber tensile and compressive failure. Master curve of storage modulus of epoxy resin
and the time-temperature shift factors were tested from dynamic mechanical analysis( DMA). Master curves of
SIFT critical parameters were constructed by tension and compression test for unidirectional carbon fiber rein-
forced plastics ( CFRP) under various temperatures with the time-temperature shift factors of matrix resin.
Long-term compression strength of open-hole composite laminates was predicted based on SIFT/ATM combined
method. The damage process of fiber and matrix was simulated by progressive damage analysis as well. Good
agreement between numerical results and experiments was observed, which demonstrates the applicability of
this method.

Key words: composite material; strain invariant failure theory; accelerated testing methodology; time-

temperature superposition principle; long-term strength
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Kinematics and performance analysis of rudder blade fixed hydraulic
spherical joint
Fang Shoulong Wang Liang Ding Shuai

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

Abstract: In view of the problem of driving method for the spherical motion mechanism, a new type of

hydraulic drive spherical joint with two degrees of freedom was proposed. The joint mechanism used a full cy-

cle rotating motor and a rudder blade swing motor as drive, adopted a measuring system of slide support frame,

and could achieve a full rotation. The oil circuit design programs for the two driving motor were given respec-

tivly. The reasonable sealing method was adopted in different parts of the mechanism. Based on the mecha-

nism theory, the forward and inverse kinematics equations and the velocity Jacobian matrix were derived and

the singular configuration of the mechanism was found. Through the analysis of dexterity performance index of

the mechanism, the workspace was found by simulation when the mechanism was in a good performance. The

spherical joint mechanism has the following characteristics, compact structure, high motion accuracy, large

load, and it can complete the omni-directional output.

Key words: spherical joints; hydraulic actuation; full cycle motor; dexterity; Jacobian matrix
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Attitude control for hypersonic vehicle based on SMDO-TLC
Shao Xingling Wang Honglun

(Science and Technology on Aircraft Control Laboratory, Beijing University of Aecronautics and Astronautics, Beijing 100191, China)

Abstract: In consideration of actuator input constraints, a novel attitude control method driven by sliding-
mode disturbance observer was presented for supersonic vehicle which is fast time-varying, strong coupling
combining with parameter non-deterministic. Firstly, via introducing the concept of second-order linear differ-
entiator (SOLD ), it was indicated that peaking phenomenon caused by a combination of first-order lag and
pseudo differentiator, which is similar with SOLD, would emerge during the transient profile of differentiation
of the nominal command in the existing trajectory linearization control ( TLC). Nonlinear tracking differentiator
(TD) was used to produce the nominal command and its derivative, saturation of actuator during transition
time was solved. Secondly, second order sliding-mode disturbance observer (SOSMDO) based on integration
of sign function was designed to reconstruct compound disturbances in the loops of attitude and angular rate re-
spectively, and then compensation control law was proposed to realize attitude control. Simulation results show
that the technique proposed can overcome the impact of large-scale perturbations of interference and aerody-
namics parameters, meanwhile good dynamic character and steady quality was achieved, the hypersonic vehi-
cle control demand of fast time-varying, high precision and strong robustness can be satisfied.

Key words: hypersonic vehicle; trajectory linearization control ( TLC) ; nonlinear tracking differentiator;

saturation for actuators; second order sliding-mode disturbance observer (SOSMDO )
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Analysis for centered nonoscillatory scheme of third order

Li Yansu Yan Chao Qu Feng Yu Jian

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

Abstract: Choosing symmetric stencils, a centered nonoscillatory scheme of third order scheme (Cn3)
constructs a formula which achieves third-order accuracy. A modification of the original estimates, in the re-
construction procedure, was undertaken by employing a monotonicity region as well as an accuracy one. After
the very modification, the Cn3 scheme not only obtained nonoscillatory results near discontinuities but also a-
chieved high-accuracy calculation in smooth regions. By using several typical one- and two-dimensional test
cases, Cn3 scheme was compared with the weighted essentially non-oscillatory (WENO) schemes of third and
fifth order. The properties of capturing discontinuities, stability/robustness and numerical dissipation were sig-
nificantly considered. The results of the numerical experiments confirm that Cn3 scheme has the ability to sup-
press spurious numerical oscillations near shocks and contact discontinuities when sharply capturing them,
which indicates its characteristics of stability and accuracy, and has low dissipation in smooth region at the
same time. Cn3 scheme is worth of further study and application.

Key words: high-accuracy scheme; WENO schemes; discontinuities capturing; stability ; numerical dis-

sipation
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On-orbit real-time health assessment of satellite attitude control system
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(School of Automation Science and Electrical Engineering, Beijing University of Acronautics and Astronautics, Beijing 100191, China)
Abstract: According to technique requirements of on-orbit autonomous intelligent management and con-
trol for spacecrafts, especially for satellite systems, an on-orbit real-time health assessment method for satellite
attitude control systems was proposed based on a multi-level fuzzy comprehensive evaluation framework. In
view of performance characteristics and actual capabilities, a satellite attitude control system was divided into
three parts of attitude measurement, actuating mechanism and attitude control. In this way, its health level
may be determined by health status of three parts so that the fuzzy evaluation for every part was carried out at
first and then the integrative health performance was given through synthetically weighted integration with the
ones of three parts. Therefore a synthetic integration strategy with variable weights for different health condi-
tions of various parts was employed to complete the comprehensive evaluation of satellite attitude control sys-
tems according to variable weight synthesizing principle, in which the variable weights depended on the mem-
bership degree of health level of various parts. Simulation experiment results demonstrate that the proposed
health assessment method can achieve on-orbit real-time health assessment of satellite attitude control system
effectively and efficiently.
Key words . satellite attitude control system; on-orbit real-time health assessment; multi-level fuzzy com-

prehensive evaluation; variable weight synthesizing principle

TRRAG MG LTI, W EZ, N2 RERIERZRE, T H R 580 & 4L 4 5 68 AH
I PR T RE AR TR BN S R R S AR AR OCIE, SRR AL B T R B i BE R R N, — B K
IEEHUB AT WM R & A AT ATl . TR R sk T, B SSYE G R RS AR W%

Wi B HEE. 2014-02-12; M4 H AREE . 2014-06-09 14 .57 ; DOIL: 10.13700/j. bh. 1001-5965.2014. 0057

P 2% H R 3k . www. enki. net/kems/doi/10. 13700/j. bh. 1001-5965. 2014. 0057. html

E£TB: HFEARBHILESEYIH (61273350)

EEBA . & K983 - ), 5, BT 53 A, 1+ 42, 1234songfei@ 163. com; = il iL/E#H : qsy@ buaa. edu. cn.


lenovo
全文下载

http://www.cnki.net/kcms/doi/10.13700/j.bh.1001-5965.2014.0057.html

1582 | O = 1/ N == S 4

2014 4

5 R bR L (R B TR R R E R BIIAE
TEL A A SR T AR G2 i AR o %
FEVEH, et 5| T4 45 B 2R 48 S0 B 2 A 2 1Y
e A5 T o 50 O St 22 i B VA R 6 R AR
T A TR BN, R TR B R R e
TSR A Ak A A AT AR T 5
AT 5515 LUBAH 58 I A S TR0

A SRy 52 BT S i At S A5 B 0% DG B 4 R i R
PR BT A R 57 B E A ARG Rz
VL EJT R T MIEWESE. SCk (4] T R £ S fd
JREE B 5 SR T — AL B e A, A
T B A G 13 B 51 SR 2 A B R A7 3 1 ik
P, S UL IR B . SCHR (S TR AR AR L
e P A T R A T U ) S o
P 5 VR R A 5, S T S 4 1 f
FEWSIN. SCHk (6] 25 Y T — il 5 T %0 0 0K 2 £ R
B4 11 3 25 ST A B 1 L AR A 2 ) R A0 I U B de
I FRER A5 1 328 00 B4, 52 B X i R AR 03 10 02
f S8 A I 5 A SCIR[ 714/ T — R 2 4R 1%
LR G BETI7 %, B 2 A 8 BEAR LR 45
1, Sz TR TR s ) S5 SRR 5 fl A . SRR
[8 14t 0o fit RS A 5 SR 3 Hh 7 T B R A B
S5 T LAAE AL TIE H 45 B o0 S L T DL 3 Bk
A8 SUHH I FIE 0 7 S R bl A B 0k SE LR B
AP f R PP . SR [ 9 ] 18 FH A5 M0 255 4 F 4 3
TS T G R A AL Ay B G L S R e G fik B
R0 B9 1E LR AT A I 6 F 5 R R B RS AT 0 3 3l
TR B AL B B R, R R ek
HRK P B A — R R AR R TS
HO ek X LA 25 2R S 0 T A BR T, LA % B4 B 9
PRI 22 1 R 58 3% , BT 1 AR 78 kLI A TG 1) 25 )
32 A0 K 2 e B 5 B i SR . A5 6 BT B A O
FEB LA b 25 R e AL 7 vk B B, BE— 25 T R
i RSP A 5 AR5, LR XA R A 7E B 1 R Ak
A3 T SR (9 H AR PR K

AR SCHR AR £ A A B AT TR S
P2 22 e TE 032 A S0 IV e B A AR A A 4
HH — Rl 45 K i 5 ISR B H TR S R G
S RETEAG 7 2. 15 W HUBOMI 25 4 R 9 TR
G 2, 7 1 34 5 08 T TR TE LS AT ] 2
i HEAR 0 B B 258 Ak, B T R AR 45 8 40 il B IR
0 SF T IO A A I HE AT ISR 4 LT
PRI A 45 50 B0 S 0, M A RS R T 7 3
H L R SR A £ (A o 5 R 9 fk i UK
ST A G o A £t R R 0 A% S K 4 A 1 R W o
58 403 B TR HUSE I i BEVREAG B T RS S S HOR

oK. TR FEPPAl A SR b R 2 B 255 O
W 2R, i BRI, s TR A R AR Gkl
N HEAS AR A A% 5 PRAT LA 3 FR . A6 E 4%
BT F A A A b, X % R 43 1 (R ) Akt B
BEATROMIZE S PR R 25 0 OB RR AR R, 45 &
FEXT 2 GE A HE A 52 MR OO, R A A 25 JRU B

SRR, AT A s B, S BN R G R
A R 1) 7 0 S I A

1 BEifEERNEMS ST

TR AP R G 2 A I A ) A R
FrOLE 3 W00 LA AR S 2R UM B A TR, 2% 50
43 53y AN BT AR AL A i R
DL E A5 A~ TR Y f L, 45 A o R S
A ER T B DI RESCIC, AT LSS B R G4 H o (R f)
i HE BE A TEA
1.1 BTHERERHEE

TR LM R T8 h 2 AU,
N § R AR T N A o8 2
By Sy oA R TR S R SR I RE 4 U, i%
B 55 S PR S A ) R GE ) TAE 5 S HO ]
PASE PR RGeS AR A D A S 40 SO
i1 A AR AR R A% A U AR S PR
(B H A4 SCIEHEA T PR, AR O 22 (-5 T it 5 ) it
DT AR 1 B A O AR, 4 I8 45 S0 A% X T R e
AR AR R B SR R ey, (e (R))
s (e (k) ) spg. Ce (k) ), 3B (1) ~ 5K (3) i
71 S B E IR AR X T A B A SR SRR

1 e (k) <e,
B, - e (k
(e () = =5y =,
€ T €u
Lol e (k) > e,
(1)
s e.(k) <e,
k) —
%w e, <el(k) <e,
e, — €, !
/"LYJc(ec(k)) = ;
el — e‘;(k)
ﬁ e, < er(k) =< e,
of oy
Lol e (k) > e,
(2)
R] e.(k) <e,
k) -
R e T
of = Cet
L e (k) > e,

(3)



55114 KORETDRES

P2 ] R GE A S I e BT A

1583

Hodte, (k) =[x, (k) —x,, (k) |, k B 2050 &t
ZE ,x, (k) S b B 20 28 385 WO 2 52 B I o {H,
x,,, (k) 322 SCIN {8 5 e, Ry 25 25 F0 AR 248 1 B A
WA 5 e, Ay 23 25 WU AR A B B {H 5 e, N 2 AN
JRAN IR 2E R B R A U A 45 1 B S5 g SR
& JEE R BN 1R

PR 1 2 AR A T 20 2 SR PR

Fig.1 Health level membership functions of sensors

TR RSP A B R B AU R L SR
PRSI BB ) R, R BT S PILAR
HA LTI BB B A 0 | Rl 5 2 B o 1
YIS D RE BT, R B T R
P AR 23 DR AR B PR A VAR
{5 AR B4 4 o 48 4 A= RS D RE AT, M A
S THIRAS DI RE B T IZ I 220 A A R R A RO o
LAk PRI (9 OB B R 5 5 R A B R R T iR
B A it B VYA (L) 56 2R, 4% IR BTN T e
V. 1 5 Al A B 119 25 SR T JEE pR R ey, (e, (D)
P (e, (B) ) g, Cey, (B) ), 03 (4) ~30(6) fr
7S 5 73 9 B0 R X 2%t B 2K 4 1) SR B

th e, (k)=0
%—e k
(e ) = 0 e () < ey,
kel
Lol e, (k) >e.,
(4)
(k)
%e e, (k) <e,
=
MYsz(ekz(k)) = el — e, (k)
 —— e, <e,(k)<e,
= kaf 2y
(ol e, (k) >e
(5)
Iﬁl e, (k) =0
B
/‘LNsz(ekz(k))_ET < e, (k) < e,
kzf

1! e, (k) >e.,
(6)
(k)
yu,, (k) SR kB 2003 B o0

Hrpr, ek(k)—x )

B R 19 B,y (R) O T Ak B K0 42 e
I 2 B R s e, D9 458 ) A VA BRE 1 1 5 e, oA 95
TR ICIR 22 A 2L B 45 ) & A5 SR Tl B E
S eR KN A 2 .

P2 5 e % B B B A R S ) B BRI L

Fig.2 Health level membership functions of controllers

TRZEHH RERPATIL EEZ AL €
SRS Sk S RS LA e 2 A A i o AR
T3, IS B4 25 4 1 AR Al 42 o i i 225K 10 42
il 7 5 S B i A ) T G O 2%, 45 S P i R
P Bt BT A 10 L, $2 RO R PR 0F T (g B LA B
A A FR A SR 2 PR, Ce, (B) ) S, Ce, (R) )
pg, Ce, (R) ), (7)) ~ 50(9) Bzw , 0 59 1 2 4k
A V0 8 2% fit B 45 4 1) SR

h e,(k)<e,
B - ek
pe () = 5 o <e,
# = Ca
Lol e,(k)>e,
(7)
Iﬁl e,(k)<e,
k) -
%w e,<e,(k)<e,
Dezv - eZ‘ :
/"LYJz(ez(k)) =0
[C -e, (k)
Eﬁ e7)<ez(k)Sezf
" i
Lol e,(k)>e,
(8)
™ e,(k)<e,
k) -
pn (e, (1) = () "%, o () <e,
€q ~ €u
tl e,(k)>e,

(9)
Hor e, (k) =[x, (k) —a (k) [, k Wh 2005 220,
x, (k) 2k W5 20 RCHT 40 I i o 4% o R A0 DI BR (EL
w0y (k) A IESEPRE s, N PRAT 25 08 B A B 12 5 e,
PAAT 5t U BRE B A 5 e, h SAET 2 R 22 2 2 L PR
PAAT RN 25 T G e 25 2 SR J 2 R BN P 3 s



1584 B I T N N = 4

2014 4

3 SRAT BILAA 45 JS 7 gl 45 20 SR i B R

Fig.3 Health level membership functions of actuators

1.2 SHMEERNEMESTMEATR
KM 25 A PR L PR TR B A
P ZR GE A5 T o3 B A B JEE L DL SR TT AR A D L
JoE PR - R 1) 52 Wi TR 2R R A 45 B 5T A A ) gk B
JEE AR S AU {5 45 30 20t B 1 Ao o0 oAy i T I it
S AR RRE 3 A2 4R IR (1) ~ K (9) BB oT
A X % fidt o 25 5 SR Ja R B, LA T 1 Y £ B
SR Ja B R S ASORY] OC AR AE B 5 38 3 5 ) PR R AR R AR
SV HE B 5 s S A B VAN 25 R AR R AR A
A% BT O3 14 Bt BRE A5 28 b HL Al R R, AT SE B T
Xof % A8 il 0 ASA DF-A
DABRLTC R A o it o 52 o ) 2 4
U= 1ty yn > Uy | (10)
For wy S HGZ AR 53 1 B TT A s n S B
T BB A Y B
ey e i 5 5 W) DR 3R ) A AN £
A = ey sy agg) | (11)
Forbagg) Sk 25 RS R IR R 940 B RURL R
BRGSO AR AN B
Vie = 40005 Uypu» Ui | (12)
Hor v, R 2 BT R E S5 D 50,0030 L 0320
90 Xof 7 ft R IV it e 5 Al ekt B 3 At BRE A 2
Jey S A VA R I (R0 OC R RS ) Ay

A Mypa Magppa [

R, = %Jm My MNgbe g (13)
C]: : O

0"
I%ben Myt MNJbin I:,llx3
HP R 718 BT BB A X {3 5 R A SRR 5
Py P 2300 050 1 B 565 2 B FNER 3 40 ) 4,
BT AR A X i B LIVt B -5 A i B 1) SR R R 4
EL SRR A R S TS
I, 52 R AAE A 8 {8 45 A R D) RE R BRI, (R AL
R B AR R 15 1 35 . A 46 BRI ZZ KUTT 1
v JIR AT AR Y Ry B, X6 2R G £l B R AT v A 5 2
(B A5 PEAL L AR AR B T D 1Y 38 4 o B0

DIRH G, T felt BRE JEE 4 22 AL T A5 40 250 24 657 R 0, %)
T A B AR B JRE A% A AL 98D 2R 8% A eRi
0, 91 3 R AR A A R

-1

ay,

0) -1
aZan wy + (1 —a)(z,u,l,.)
j=1 j=1

-1

(14)
(0) p-1
Ay My 15
Ay, =, (15)
(0) p-1
ZaYJ/'/"LYJj
j=1
(0) y-1
ANy Mongi
ANy = (16)
(0) y-1
ayj; KNy

Hob,ay,ayy, ay R BB sy, ey, s g 9 HERRE
WA RS A R R o, B,y WA R,
O<a<1,B>1,y>1 WHRAEEA ={a,f,
Ay = fay, Ay

10 3 i R P R AT A 5 R A R DY 1) Y
B WS AT BB 25 5 VM 45 SR 4R (e 3 f B 15
B)B, A

= %aNJi} ,=1,2,- n.

B, = (byrsbypsbap) =
(Ajpe o FesAyy o Py, Ayg o Fygye) (17)
v, o on & ias 5, AR SR F A - £ 45 Y
HEAT A LS B 5 1z B3 5 3 M Tl vk B R
by s by T by 3 AR AL R 53 0 B | IE i B
R4 B 3 Al e A S SRR
1.3 BiERNEMESITHREE
HEAJE Jy AR e DA 7 58, 4 I B S R &t
2% T 3-{a R O RO 25 5 PP AL SR

BRSNS J) e R A 25 5 0 A
k.
ﬁﬁ/\ :%,(lf)
f i B, (k)

PRI e, B,y AL e, e, e
R (1) ~K(3) sl r, (),
ry, (k) ,ry, (k) ;
RIER (14) ~ K (16) 7Bl A, Ay,
A s A
b, (k) =A, or (k)
by, (k) =Ay, ory, (k)
bNJc(k) =Ay. °rNJ<=(k)
B (k) = (b, (k) by, (k) by (k))
DA A5 SRR 19 52 B ) k(1 55 4% SO 16 1) D
ZEY A e, (k) R A AR5 25 B0 X 2 25

A



55114 EN

KA TR TS P AR G S I T A

1585

T3 AE B A 5 A ) IR A T AR ALY
BER I B 1 e, 7 (ERIEBR (L o, 205 2520 1 BRAHE
e a B My, R KU, 43 )8 i 4% R
ARl R R A AU AR A Ay Ay SO0 D R
PR Ay (B) 1y (B) ey, () BOBERT & iz 5
P B LA RS B B (k). Hovb,p =
1,2, ,n,,n, NI H ;Aio) e R"™ ;B e
R'*.

BiE 2 B PRAR AR  fi FE A ROR £ 1 R
ik
5@/\:%{1(“

i B, (k)
PR s B Vi AL ey s ey

WAEA(4) ~ N 6) W ry, (k) ,ry, (k),
P (k) 5

WA (14) ~ K (16) 73 Bt Ay, Ay,
NJkz 3

S s

by, (k) =A,, or, (k)
byy, (k) =Ayy, oy, (k)
byp, (k) =Ayy, o Py, (k)

B, (k) = (by, (k) ,byy, (k) by, (k))

A4S D) HE 575 BT Ab 3R BCH B B IR ey, (B)
A AR % B TC 0 25 2 4 1 A 9 Ak B Y 5
iy A T AL 43 SR 4% B C 1Y Tt B
18 e, IRZEHRD LR e, , 2 o, B, Hl y, HE
FCFR AL, 7 9] 3 5 4% B 0 {a B 52 R 78 AR R 4
Asz’Ankz’ANJkZEXﬂL@@%ﬂZﬁI\ﬁE T, (k),
Fyg () 1y, Ch) BRSO 5 iz B30 45 21 28 25 5 1l 2
MRS S B, (k). g =1,2,- ,n,,n,
KIIREICEH AL e RV B, e R

BiE 3 SATHUA R (a8 B BRI Z5 5 3T
Hk.
iﬁ/\:en(k)
fi it B, (k)

IR 0, B, .7, AL e, e, ey,

WAE(7) ~R ) r, (k),r,, (k),

A

rNJy_(k) 5

R (14) ~ K (16) 733 & A,,A,,,
AN.IZ;

ARG

b, (k) =A,-r, (k)
by, (k) =Ay, ory, (k)
by, (k) =Ay, o1y, (k)
B, (k) = (b, (k) by, (k),by,(k))
LA PHAT v it T R 10 S B L 5 200 B (B Y 2

XF 2248 e, (k) R A, HEHE & AT 88 X5 AT Bl
543t B A5 Wi AL FE AL TSR AL 1R AE 4%
A7 e 1) A BREAS DU S E e, A2 FE I (BT e, IR 222
B ERAE e, % o, B, My, HEAREL, 53538
b A AT 2 £ B B2 ) S AL AL B A, A, A, S
XA PR 1) 3 ry, (k) 1y, () 1y, (k) AR
B S A B AT LA EE o (S B B, (k).
Hob,s =1,2, - ny,ny BIATABH A e
R'“";B, eR"*.

2 REBUERRENEZEGITM

TR YA TR 2R G th R A U A
FRHLEE 3 353 4L B 1 B B 56 5. T B BR 45 o R
GEii 7, M TR B M 7EAE 58 2 P ECHORE (JL
LY e /0N ) R A O )
LT il 5 I 2R 495 DA% G 3 R 2 b s
ARSI T 5 43 5 04 B () R 38 in T %
F 55 S G A A 2 A T 0 Bk
AL 2 BB 25 A VR S SR E B TR
YR A5 P ) R T A L S A B VR A T o B R
GRER AR R 1R BATEH R AN WES
W P2 41 28 5 PRAT LK 3 34 KRR 4% 3 43 2T
S 1 I RV 05 T B L SR SR R A O
T A1 X 4% {5 460 0% 01 S U B LT A 119 8 T
F A A A5 S LRl SR /A AL 5 4 DB B AR S
T A1 % J 4 43 fet R 01 536 W RS, X4 3 4
(1 fek B 100 M A A0 W90 255 4 3 . 0 T i R 2 A 45
B S BRFE A5  43 3 2R G B S AL R, 45 A
F G0 4% T 43 0 Mk B 04 B L B 3 A Mk B S
(s Ja B2, AT RO G 2 A S L 3678 R S bk
T R () 255 S A
Bk 4 TR YA 5 G0 (A (i HE 1 B
LA R
WA B (k),B,(k),B,(k)
kB, (k)
WAL By v AL
DA% 0 3 e R TP A 285 SR 2 2 1 DR A
B, A
e (F) o
(k) =, (F) 5
L, (k) U

e ( k) [
O
o () 5

L, (k) U

rYJxl(k) =



1586 B I T N N = 4

2014 4

e (B)
mxw=gmxmg
L, (k) D
M (14) ~ 2 (16) 4 B H A, A,
Ay
& B

by (k) =Ay oy, (k)
by (k) = Ay o ry, (k)
by (k) = Ay o ry, (k)
B, (k) = (by, (k) by, (k) by, (k))
PRSP 2 48 3 A 23 1) A B Al 25 2R
B (k) ,B, (k) B, (k) ki A0 fd HE I f e
AR 3 A SFHA R G S AR & o (R,
Py (B) 1y (k) 5 LLAS B 20 X6 28 48 J A fekt B 114 52
RS WA B A R AL A AL Ay A R
RO S S AL AR B (k) i, 4
by (k) by (R S by, (k) 53530 O 102 28 25 s il R
S 1) il 1 JRE (L IV it B 8 i AV i B T

3 HEXRERSHH

SRy B UE AR SC T B R R T A R )k RE R AT
B i Bt . i TR RS Rk
3 B AURAR I KA AR B LU 3 A B IR AL
RS AMEE BRI R 3 A IER 0 R AE
st TRERS R
L +4o,(I,- 1)g + o, (1~ 1~ 1)y =T-u,
16 +3wi(1~1)0=T, - u,

L+ oy(L=1)¢ ~ oy (1~ 1~ 1)¢=T~u,
Horp, diag(1,, 1, 1) 9y DR S B 0, A
PUIEM I 5 0,0, ¢ 705 =l R 3 AP | i
W) LM T, T, T, 923 [ 3R 355 ) JiAE =Bl iy
Pa- STNTRNTIR S| by E AT 2o AR S

PLSCHR (17 ] b DR S8 i B 50 5. A
¥ 4 SRR B O diag (80,90,70) kg » m” 5 LA
A RAEE BRI IR w, =0.2N - m; 55 [H]
T HE LR

T .=A,(3cos(wyt) +1)
T,=A,(1.5sin(wyt) +3cos(wyt))
T.=A,(3sin(w,t) +1)
Moo, 25 [ FR355 Jy AR A, = 1.5 x 1077 N+ m;
TBEMEMEEN o, =0.001 105 8 rad/s; ¥ I %
Kl -0.0524°, —0.0524°, —0.0524°]".

BB TR o il R U AR TE SR 80 s K AR il Rt

HCRE, BI55 120 s SOPRSE TR an &l 4 ~ &1 6 43 5

O AR BT BTN A A S A AR SR A B
HEEAS TR ) 2R G0 08 45 filt BRE 25 20 (it 32 L I fk B
JEE 5 AR B ) SR

LA o A TR e A i o 22 R
4 B 1 56w, 7E45 50,80,110,140,170 s J5 4351 2K
0.01,0.02,0.03,0.04,0.05N - m. [&] 7 ~ [ 9 4}
G0 A AR LT BT I A Y 25 A A L ROR B R Y B
TR 3 ) 2R G X A f i A 2 SR L

Pl 4 B R R e I BT 0 TR A A
Fig. 4 Attitude angles measured under star sensor

fault condition

IR A (R Y R ey PRl
Fig.5 Control torques of reaction flywheels under

star sensor fault condition

Pl 6 2 Al I 2R 0 0 A B A5 2 1 SR U
Fig.6  Health level memberships of attitude control system

under star sensor fault condition



55114 KOG TRBEE

1 2R G 18 U S I B A

AL ALF

W5 1587

BL7 AR e s B U BT TR A A
Fig.7 Attitude angles measured by star sensors

under flywheel fault

Pl 8 S AR FH VA ko e T R 0 1 4 R g 4
Fig. 8 Control torques under reaction flywheel

fault condition

1O TRES BRI 2R 49 X 2% felt B 45 4 11 i s 3
Fig.9 Health level memberships of attitude control system

under flywheel fault condition

3 A LA By S 56 AT, A SCRT 4 R B
PPAG T AR TR S R G WS A A R
DL 5 BE A R BXT H A B EE 1Y) S A SR
ARG BRAT A A B DA 45 R 5 T i B O LB 1
DUAR— B, X R W] T AR SCOT7 IR W e 1

4 £ it

1) 42— 2T 2 BB 25 5 1 1 2R M 1Y

TR SRS P AR G AR U A BV AG U7 1, BEAS
S BN BT AL RS S TG AR G R R R OK
- ) AE B PR AY

2) MRE R GT AT o 0 i B A BT O Ak B
Wi 149 A8 AL AT 3R I Az B LUE B8 AT A
LR RERS B W Jo T8 4 B P T o I o 4 B
AN Bt o

3) i ESLE AR RN AL RGIE R 5K A
B AL, A SO ¥R B RE A AL 92 BN TR A5 4
] 28 S0 Akt B B2 1) 552 I DA Ol 4 T 7R IS I R
PEAL A TR S S HOR TR,

S Z L #k (References)

(1] B, R, BT, 5. R & S 12 W 15 20 B 1 il 4 R
ZER [ )], T8 ,2003,24(3) 221 - 226
Xing Yan, Wu Hongxin, Wang Xiaolei , et al. Survey of fault diag-
nosis and fault-tolerance control technology for spacecraft[ J].
Journal of Astronautics,2003,24(3) :221 -226(in Chinese)

[2] Esperon M M,John P, Jennions I K. A review of integrated vehi-
cle health management tools for legacy platforms: challenges and
opportunities [ J ]. Progress in Aerospace Sciences, 2013, 56
19 -34

(3] TR, Ak, CHw, 5. 5T PHM 19 ZE 4L & 7 iC & L
[ RO 28 i R OR 2% 241 ,2011,37(9) : 1160 — 1164
Mao Deyao, Zhou Dong, Wen Peiqian, et al. Allocation mecha-
nism of military aircraft spares based on PHM [ J]. Journal of
Beijing University of Aeronautics and Astronautics, 2011,
37(9) :1160 — 1164 (in Chinese)

[4] Maul W A,Kopasakis G, Santi L M, et al. Sensor selection and
optimization for health assessment of aerospace systems[ J]. Jour-
nal of Aerospace Computing, Information, and Communication,
2008,5(1) :16 -24

[5] Zagrai A,Doyle D, Arritt B. Embedded nonlinear ultrasonics for
structural health monitoring of satellite joints[ J]. Proceedings of
the Society of Photo-optical Instrumentation Engineers, 2008,
6935 .5

[6] Haith G,Bowman C. Toward an automated situation assessment
for abnormal behavior of satellites in low earth orbit ( LEO)
[R].AIAA-2010-3335,2010

[7] Nye T W. Spacecraft health and forensics from video telemetry
[R].ATAA-2013-5532,2013

[81 ARAL, 5KV, 24738 , 55, £ 45 12 B0 A% 02 B2 A5 Bt R 34l 2 A
W[ T]. T # R ,2009,30(4) 1711 - 1721
Dai Jing,Zhang Ping, Li Xingshan,et al. Research on health as-
sessment of integrated vehicle health management[ J]. Journal of
Astronautics,2009 ,30(4) :1711 = 1721 (in Chinese)

(9] XUIE R, F 00, J8 5 bk, 55 58 AR S8 A B 7 2 b £ B 37 4l
WAL W R Tl K54 ,2009,41(3) 115 - 17
Liu Guoliang, Wang Yuandao, Zhou Baolin, et al. Health detec-
tion algorithm for integrated system health management[ J]. Jour-
nal of Harbin Institute of Technology,2009,41(3):15 - 17 (in
Chinese)



e R

1588 b5 B R K ¥ R Tl 2014 4F
[10] #rtfsm. TR TEME: EMIM]. Jb3T: b B 50 W it 2012,38(1) :39 =42 (in Chinese)

[11]

[12]

[13]

2003:331 -358

Xu Xiangfu. Introduction to satellite engineering: First volume
[ M]. Beijing: Astronautic Publishing House,2003:331 - 358
(in Chinese)

B, DRI ISR B IM]. 05 50 AR
11,1999 :1 - 42

Tu Shancheng. Satellite attitude dynamics and control ; First vol-
ume[ M ]. Beijing: Astronautic Publishing House,1999:1 - 42
(in Chinese)

B, SRR AT BB, A R TN 255 VT A H YR A IR
FMECA[J]. db 55 i K K22 ) ,2011,37(12) . 1575 -
1578

Dai Chengguo, Wang Xiaohong,Zhang Xin, et al. Fuzzy compre-
hensive evaluation in FMECA of electro-hydraulic servo valve
[J]. Journal of Beijing University of Aeronautics and Astronau-
tics,2011,37(12) :1575 — 1578 (in Chinese)

R U, %2 RV R T ISR B ROBIL 5 S 58 3 R £ 1T
FILTT . O ZS i K2 2441, 2012,38 (1) :39 - 42

Pan Bo, Jiang Tongmin. Fuzzy comprehensive evaluation of cor-
rosion damage of aircraft structures based on fault tree [ J].

Journal of Beijing University of Aeronautics and Astronautics,

[14]

[15]

[16]

[17]

B A ARG T RO S BUE H Y TR RO
Ik [T]. RE TR S o THA,2014,36(3) :476 - 480
Li Xin, Liu Yingying, Li Ganhua, et al. Assessment of satellite
health state based on fuzzy variable weight theory[ J]. Systems
Engineering and Electronics,2014,36(3) :476 — 480 (in Chi-
nese )

BAMERGERESZHBREKEID]. BV B W T
K 2#,2008

Li Yueqiu. Variable weights synthesis theory and multi-objec-
tive decision-making[ D ]. Kunming: Kunming University of Sci-
ence and Technology,2008 (in Chinese)

SRR XUFE . IR RGOS Wi B R Z53R [T ]. A 3
{2447 ,2013,39(11) ;1933 - 1943

Zhou Donghua, Liu Yang, He Xiao. Review on fault diagnosis
techniques for closed-loop systems[ J]. Acta Automatica Sini-
ca,2013,39(11) :1933 - 1943 (in Chinese)

28 GO . 5 I A e R A T RE s A R 5 IR A2 I e 8 9 T
WFFE[ D] My IR - iy /R I Tolk K%, 2006

Luan Jiahui. Fault reconstruction technology and its application
in satellite attitude control system fault diagnosis[ D ]. Harbin:

Harbin Institute of Technology,2006 (in Chinese)



2014 4 11 H tEMEMRKREZER :‘tﬁ.‘-’%—j’*& November 2014
40 4 11 Journal of Beijing University of Aeronautics and Astronautics| [ 7] | Vol.40 No.11

CHRBRAEFRRAEKEESHERNSZIET A
& % A RER  ZRE

(R RIS LR K5 HLALAE e, B AU 210016)

1% R ET EHETAEREI RN B FHERERZ P AL E L&
T 2t I5] AL, %E MEINEREFRAAXLEAMZRNERETE. R ZBLRGRIT
FRD- KRR ZE LA BEER DR TERTAREANL R R EEEAR L L8
i € AR I %fﬁﬂ@%i%kﬁ‘]%/ﬁ“,ﬁﬁﬁ%ﬁT/A\#%;E%/E EEBELSRAETRATHAERE
FHEA RABEREAAAEEZEEHATNEFRA LR T EBEA L E AL AR ZRIE
W, Z 7k ARANEE B E,#R %"M‘JL e A AT R oA

X # W WHRE; AR FHET; HERN; AFRBE

hESES:. V262.4

XEEFRINAD . A M E 45 = 1001-5965(2014)11-1589-06

Gross error detection and correction method of public reference point in
aircraft assembly coordinate system
Chen Lei Huang Xiang Zhao Lele Li Shuanggao

(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: A gross error detection and correction method of the public reference point in an aircraft as-
sembly coordinate system was proposed for such deviations of a public reference point in a digitalized aircraft
assembly system as resulted from foundation sinking of a workshop or other factors. In this method, a coordi-
nates transformation linear model applicable to a large rotation angle was built by expanding the Bursa-Wolf co-
ordinates transformation model in Taylor’s expansion, and in combination with the method of quasi-accurate
detection (QUAD) , the reference point with a relatively large deviation was detected and estimated, and fur-
ther a coordinates correction model of the public reference point was put forward in a global coordinates for as-
sembly. The public reference point was measured with a laser tracker and then the public reference point coor-
dinates was corrected by the abovementioned method. Experiments prove that the gross error could be effec-
tively detected and corrected by this method, thus the precision of the aircraft assembly coordinate system
could be improved.

Key words . aircraft assembly; coordinate system; Taylor expansion; gross error detection; coordinate

correction
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Table 1 Measurement and global theory coordinate marks of public datum points mm
T4 A A 4 JR) B Al B
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X Y A X Y A

ERS18 3232.7248 11589.2308 -1509.0511 -1796.7763 22703.6194 -2769.4782
ERS27 -3604.2621 4273.6995 -1482.4198 -4689.2634 13118.614 1 -2778.7923
ERS31 -3003.3230 8393.8849 -1507.6824 -5973.7724 17078.9115 -2775.3322
ERS37 -6835.1599 13079.5816 -1557.8352 -11483.4750 19584.3944 -2780.5446
ERS43 1597.1177 2011.9014 -1054.2638 977.7342 13390.1892 -2381.2093
ERS53 211.9170 3538.4052 1612.3583 -924.7924 14131.3982 299.9791
TBI -1000.8758 -1046.7569 -1385.7494 0 9500. 0000 -2728.3635
TB4 -3964.8706 9894.3803 -1474.5040 -7499.9183 17998.4181 -2728.3783
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Table 2 Coordinate transformation parameters

before and after correction

LS 13 & IEHT BIER
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Fig.1 Deviation of the datum points before and

after correction
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Abstract: An adaptive dynamic surface control scheme based on invariant manifold was proposed for the
longitudinal motion control problem of hypersonic vehicle. With reasonable hypothesis, the longitudinal dy-
namic model was separated into flight-path angle loop and velocity loop. Flight-path angle loop was formatted
into parametric-strict-feedback form. The unknown parameters of the system were estimated based on the meth-
od of invariant manifold. The proposed dynamic surface control scheme can guarantee the global uniform stable
of the error of estimation and the global boundedness of the closed system. The decoupled relationship between
estimator and controller made the parameter tuning more easily than the traditional adaptive dynamic surface
method. Simulation results validate the prominent improvement in parameters estimation and the good perform-
ance of the closed system.
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Construction of invariants of Gaussian-Hermite moments

Zhang Chaoxin

Xi Ping Hu Bifu

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

Abstract: Moments and functions of moment are widely used in image processing and pattern recognition

due to their strong ability to represent features of an image. However, the researches on Gaussian-Hermite mo-

ments with which own orthogonal properties are still relatively less currently. Gaussian-Hermite moments were

deeply studied, and correspondently, Polar-Gaussian-Hermite moments were proposed in polar coordinate.

The method to compute the functions of both moments using raising and lowering operators were presented. Fi-

nally, the rotation invariants of Gaussian-Hermite moments were derived based on the Polar-Gaussian-Hermite

moments and an independent and complete set of the invariants were given. The given experiment validates the

correctness and good digital stability of the proposed invariants.

Key words: Gaussian-Hermite moments; Polar-Gaussian-Hermite moments; rotation invariants; pattern

recognition ; image processing
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Table 1 Results of digital stability of 18 invariants

/() ¥ Uz 3 by s e U7 s o
0 13.3810 3.1951 4.0437 1.1853 4.6365 3.9185 14.0222 1.7622 -0.3699
20 13.3818 3.1947 4.0416 1.1862 4.6340 3.9162 14.0179 1.7641 -0.3687
70 13.3816 3.1968 4.0453 1.1890 4.6345 3.9282 14.0184 1.7659 -0.3683
110 13.3818 3.1947 4.0416 1.1862 4.6340 3.9162 14.0179 1.7641 -0.3687
170 13.3825 3.1940 4.0415 1.1896 4.6287 3.9259 14.0180 1.7630 -0.3696
200 13.3818 3.1947 4.0416 1.1862 4.6340 3.9162 14.0179 1.7641 -0.3687
230 13.3821 3.1955 4.0412 1.1903 4.6317 3.9329 14.0193 1.7642 -0.3672
310 13.3812 3.1979 4.0462 1.1843 4.6390 3.9185 14.0187 1.7660 -0.3728
i 22/ % 0.0026 0.0303 0.0410 0.1560 0.0423 0.1418 0.0070 0.0492 0.3120

/() o b U5 b I s i b7 s
0 -1.7296 -1.4225 7.8066 4.8990 -0.9706 1.3113 1.2079 -26.2475 -42.1389
20 -1.7265 -1.4251 7.8041 4.8980 -0.9704 1.3112 1.2028 -26.2279 -42.0656
70 -1.7279 -1.4292 7.8020 4.8990 -0.9697 1.3069 1.2054 -26.2292 -42.1714
110 -1.7265 -1.4251 7.8041 4.8980 -0.9704 1.3112 1.2028 -26.2279 -42.0656
170 -1.7261 -1.4266 7.8003 4.8965 -0.9690 1.3110 1.2068 -26.1806 -42.1137
200 -1.7265 -1.4251 7.8041 4.8980 -0.9704 1.3112 1.2028 -26.2279 -42.0656
230 -1.7235 -1.4314 7.8068 4.9001 -0.9680 1.3102 1.2039 -26.1296 -42.1269
310 -1.7275 -1.4221 7.8089 4.9019 -0.9714 1.3115 1.2096 -26.2772 —-42.2547
s 22/ % 0.0688 0.1673 0.0274 0.0243 0.0828 0.0774 0.1801 0.1208 0.1131
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New method for single-snapshot two-dimensional direction of
arrival estimation based on noncircular signals
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(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: To resolve the problem of fast estimating two-dimensional direction of arrival (DOA) in coher-

ent signals environment with two parallel linear arrays, a new method for single-snapshot two-dimensional DOA

estimation was presented based on noncircular signals. New coordinate system was established and array re-

ceived data was changed to its conjugate data. Pseudo snapshot data was made and array aperture was doubled

by reconnecting data. The coherence between the signals was solved and two-dimensional DOA can be esti-

mated only by using singular values decomposition (SVD) for extended matrix which was made of three pseudo

snapshot matrix. The method has low complex degree and high estimation accuracy, so it is suitable for DOA

estimation of high real-time attribution background. Simulation indicates that the method is effective.

Key words: noncircular signals; single-snapshot; singular values decomposition (SVD) ; direction of ar-

rival (DOA) estimation; coherent signals
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Abstract: With the consideration of relative motion between payload and canopy, longitudinal dynamic of

parafoil was simulated. Canopy and suspension line were regarded as a 3-DOF rigid body. Adding another de-

gree of freedom of swing payload, a 4-DOF longitudinal dynamic model was proposed. Dynamic response was

solved after step increasing of throttle which led to increasing of climbing angle. The main reason of canopy

collapse that happens just after throttle up is the rapid changes of angle of attack which can be over the stall

angle. Control envelope was calculated that is composed of throttle value and corresponding growing rate of

throttle. Little change of power up has no limit on increasing rate, but large change does, and the limit increa-

ses with the increasing throttle value. In addition, mechanical energy change of payload before and after land-

ing was calculated. Rapid power up control was proposed as a new flare landing method for powered-parafoil.

The results of mechanical energy analysis method show that this new flare control can decrease mechanical en-

ergy at the moment of landing that means weaker shock to front power system.
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Fig. 12 Angle of attack response of flap down flare

P13 2T i 48 B b e 4 0y e i i 2%

Fig. 13 Suspension line tension response of flap down flare



55114 B SR A WS AR

1621

PR st Xt T 2l g 3 A 5 SR B — b B O 22 4x
8 [ 7 3. AR SCBIE 58— b S I 18] 30 3 7 DL el
SRS R BRI, W45 00T Hb 17 A L K 5
T3, K5 BUAE D 55 — PP A T ik AR SCR BB IR 1
i AHRIL, B T3 Sk 3R ek A i A AN A A
fE AR5 — Bemf ], B iR ik 00
k3t 0=t <y

EL t <t <t +t

T =
%z_ kT(t_ ly— zl)

Lal L=, + 2t

L, + 1, <t<t, +2t,

(18)

A SO P IO A Ty T, =7 N HE Ty 8RR

ky =20 N/s S HGR WS ] ¢, = T,/ , 3 7 0 £

FrmflE) ¢, =0.5 s, WK 14. o5l J1 3 # By Bo g AR

BEBHN a=3.01°,0, = -5.02°,y = -25.55°,
v=7.74 m/s.

14 Hfe SR h £k

Fig. 14  Throttle control curve

X T R R I A SR AT BT 4 e AR
JEE A b S AL BRBE S A AR Bl an i 15 ~ 18] 17
IR

H T 17 AT, 2804 ) A 2 M T A9 BE B
(] (19 728 1 e 4 e A — 0, DAY Ik > 42 M iy A /)
I, 3t I 280 A 490 1) R S O AR /DN, ) 38 4k7 1) L THT Y
21 R G rh i L

A 3R A TR R A Akl £ P ok 4%
AL, 5 220 2 LT 2614

1) i BE AR T 22 A0 A7 I A A o5 B PR IR
AH T AN il 3] 3 1T

2) BEER(E NS Al BEAR , yai > ol oy 5

3) i RE R EE KRR R 2, LB A
RS B I () R 4 4

4) RSN 1 M 2, LA R 1 M b
] 451 IR SR e 2 A L AL

1S FIIEL 17 w25 B 42 0 DX T Sl AR
F BB, F BRI 14 BB B T X AT A

I i ) ABE 7 B R NE 9 2.3 ~ 3.3 s,
BI7ERE Hb 1 2. 6 ~4. 8 m f4 25 J g A &1 14 FP 4 30
FIERON. VTS FAIE W R FH A 1 45 OA 10 D 3k AT LA
SIS 7 B A I AL, i I B I I ROR | TR
Hf LA A 5 B4 11 ).

P15 a8 4y e AR v 8 I ] 1) 728 1

Fig. 15 Position of the lowest point of payload vs time

P16 AR BR G0 Yy < 38 4 B I ] 174 A5 1k
Fig. 16  Velocity of canopy and payload vs time

after flare control

P17 a8 AL B RE B I 1) B 22
Fig. 17 Mechanical energy of payload vs time

4 #£ it

AR SO T ST B Gk 1) DO F el BE AR T BOR
fifp T AR 3 1 B BR A 3 AR S B
B I3 44 S B BB O e A RS E TR Y



1622

b H o= A K KR

AL ALF

xR Tl 2014 4F

TETHARZAS T 192 . 1 9 3 ad 7 b e R 1 10 ff 52
B o I O T A K R A RE T 3SR AT 2R KB
TIHRY I AR I LA

A o Xk 22 Fp A 3 T 9 3 A Bl ) S
BB TR A RO T RGN 2 4 ) 1 R L
ZINERE 5 B P 488 sk S5 I G R 5 25 4 7 4 R
B, 30038 23 b 25T /1N T FIR i EL A" E 1l 3 4 A
KPR e i P TR, IF B A BRI E
Wt 5 0 8 0 8 AT D/ 5 > 40 3 3 i e e, 3
AR E AT I A B O AR A

Fh T3l g 3 e A0 3 3 38 B IR A AR
2y 3 A AE Rl A 7 30 s 2T i) 1 2
Sy HE TSR S RS R AT A4 R
LT Y B D BRI BL R BR  TT v P RR I L 1
WeE % 19 B L PR ) ) 48 3 8 0 AT LA A W Bt il 7 3
AR S 2 B I AT A 4 T S PILAR AR A2 Al
175 0 LA B o R 8 I SR A, T AR A% — AN B 5
F1% 8 I 7 11 I T8, 7 02 [ Be P 38 4er ) 1) HIL B i Ak
TR, AT LA R0k 20 36 28 45 4y 0 2 iy
3 1 Z G nd ehadi. DRI R e 1) B g 45 4 5 B
2y 3 3 A 14 42 [ 3 Bl T AT .

2% ik (References)

[1] Yang H,Song L,Liu C,et al. Study on powered-parafoil longitu-
dinal flight performance with a fast estimation model[ J]. Journal
of Aircraft,2013,50(5) :1660 - 1668

[2] sk@tE, @&hE. S NRERGEH S % @B R
Giffy Hoe ) ,2010,22(11) 12541 - 2544
Zhang Juntao, Hou Zhongxi. Research on longitudinal dynamic
modeling of powered parafoilsystem[ J]. Journal of System Simu-
lation,2010,22(11) :2541 - 2544 (in Chinese)

[3] sk%2x Rk B RG B AE R OFoE ] i Kz
#,2012,30(1) ;29 -32
Zhang Xinghui,Zhu Erlin. Thestudy of the flare-landing perform-
ance and control of parafoilsystem|[ J]. Aerospace Control 2012,
30(1):29 -32(in Chinese)

[4] Goodrick T F.Simulationstudies of the flight dynamics of gliding
parachute systems[ R]. AIAA-79-0417,1979

[5]

(6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

REH . ARG 12 IR RO D] KU [ B R
PR K A:,2005
Xiong Jing. Research on the dynamics and homing project of
parafoilsystem [ D ]. Changsha: National University of Defense
Technology ,2005 (in Chinese)
Strickert G, Witte L. Analysis of the relative motion in a parafoil-
load-system[ R]. ATAA-2001-2013,2001
Yakimenko O A. On the development of a scalable 8-DOF model
for a generic parafoil-payload delivery system[ R]. ATAA-2005-
1665,2005
Prakash O, Ananthkrishnan N. Modeling and simulation of 9-
DOF parafoil-payload system flight dynamics[ R]. ATAA-2006-
6130,2006
REHF R FI. AT R 2RI R AW D [T]. $1dL i
KB ,2005(5) :5 - 11
Xiong Jing, Qin Zizeng. Calculation of full-span parafoil with vor-
tex lattice method[ J]. Aerospace Science and Technology of Hu-
bei Province,2005(5) :5 —= 11 (in Chinese)
BRILRL. 2= Ju 2 [ ML bt U Rt 28 i K R Hh it
2009 :150 - 169
Qian Yiji. Aerodynamics [ M ]. Beijing: Beijing University of
Aeronautics and Astronautics Press, 2009 :150 - 169 (in Chi-
nese )
Lingard J S. Ram-air parachute design [ C ]//Precision Aerial
Delivery Seminar,13th ATAA Aerodynamic Decelerator Systems
Technology Conference. Clearwater Beach: ADS Technical Com-
mittee, 1995
Barrows T M. Apparentmass of parafoils with spanwisecamber
[J]. Journal of Aircraft,2002,39(3) ;445 —451
Cockrell D J. Apparentmass:its history and its engineering leg-
acy for parachute acrodynamics[ R]. AIAA-91-0827,1991
B, 28 /N, R OCRL. R R G MM BT R BEFE (1]
25 B2 5 R ,2002(4) 134 - 40
Xiong Jing, Qin Xiaobo, Cheng Wenke. The added mass re-
search in parachute system [ J]. Chinese Space Science and
Technology,2002(4) :34 —40(in Chinese)
Lissaman P B S,Brown G J. Apparentmass effects on parafoil-
dynamics[ R]. AIAA-93-1236,1993
Nicolaides J D. Parafoilwind tunnel tests| R ]. AD731564,1971
B FL R REHOR[T]. KR ] 532 /8%, 1999(2) =5 -9
Zhao Qiuyan. Flaremaneuver of ram-air parafoil [ ] ]. Spacecraft

Recovery & Remote Sensing,1999(2) :5 =9 (in Chinese)



20144 11 A
H40% 111

tEMEMER K F ER 2|8 e E ] November 2014
Journal of Beijing University of Aeronautics and Astronautics =] Vol.40 No. 11

ETREEZNR/BAHEA
= O e

SCEL
(AL AL R K2 AISETES R TR % B, dbat 100191)

1 B ERAEWMF RN E, A0 F AR oA A2 sz BAR L L
FRETETAREZNABRINMBER. AELZFTNEARTE, ABHH#TLE, 56 TH
KA GELEHTHRORAS, ZRENABRTENE W, 247 7 & o0 ik L VL4 I 5 A X B R
Jip/ 3 &R RN TE R e Fr I 5 IR . DL R AL R B, B E T 1% AT SR B SE R
HRE. AR T EZRIUTNR, ZTERG SR T EHELS 2T NMTHREFENL
R, WEERIT AR M RETENER,FENTEEAAN N KRN L 22 T k.

X 8 WA wFRit; Zal; WP RRLNT; ARER; B

FESES. X 949; X 913.4; N 945

XHERFRIRAD : A X E 4 2. 1001-5965(2014)11-1623-06

Hazard analysis technique based on hazard factors
Zhao Yuan Zhao Tingdi

Jiao Jian~

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

Abstract: Considering the lack of concrete hazard analysis tool for implementing hazard analysis during

the preliminary design stage, a hazard analysis technique based on hazard factors was proposed. In this hazard

analysis technique, hazard elements were identified, components of a system were classified, and the states of

different component types were analyzed, based which potential hazards can be identified by analyzing the

effect of various coupling relationships between these states to the hazard elements. A case study about the fuel

system on airplane was presented which demonstrates the engineering practicability and effectiveness of the

technique in preliminary hazard analysis. The hazard analysis technique can effectively identify potential haz-

ards at the preliminary design stage, provide a basis for the subsequent design and system safety, and can also

be used for safety analysis of follow-up development phase.

Key words: preliminary design; safety; preliminary hazard analysis; hazard factors; risk
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Fig. 1 Three factors of hazard and its relationship with risk
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Vibration-controlling mechanism and controlling effectiveness of
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Abstract: The given electromechanical coupled kinetic equations of the plate with piezoelectric network
were solved by decomposing the responses into linear combination of sub-modal piezoelectric systems’ respon-
ses. Through the research of the response behaviors of sub-modal piezoelectric systems when the coupled sys-
tem was stimulated by a pulse, it is found that there are two different ways for the coupled system to dominate
their vibration. The optimal electrical parameters of sub-modal piezoelectric systems were found through the a-
nalysis of transfer functions. Based on that, one of the sub-modal piezoelectric systems was set optimally; In
this condition, the response behaviors of all sub-modal piezoelectric systems and the multiple-mode controlling
effectiveness of the system were studied. The results show that the plate with piezoelectric network has the ca-
pacity to suppress multimode vibration; Particularly, when one modal requires higher control effect, this sys-
tem with parallel resistor and inductor can satisfy the aforementioned request.
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Bl F f# # Newman-Raju A X 4 X T ERE T ERBARUCHE XA, LA FRE — 2 #
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Solution of stress intensity factor of surface cracked geometry with
clamped ends
Cao Shusen He Xiaofan® Yang Boxiao Liu Wenting

(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)
Abstract: Determination of the stress intensity factor ( SIF) of surface cracked geometry with clamped
ends is necessary for crack growth analysis in laboratory. Based on the feature of the clamped ends, the
clamped condition was simplified as a combined uniform tension stress and bending moment act with the rota-
tion angles of the specimen ends retained to be zero. The elastic potential energy of the equivalent model was
derived based on Newman-Raju expression of SIF for surface crack under free uniform tension and bending mo-
ment, and then the function relationship between the uniform tension stress and the bending moment was de-
duced using Castigliano’ s first theorem. By superposition, the SIF expression of the equivalent model was giv-
en. To verify the validity of the expression, SIF solutions of some representative surface cracked geometry with
clamped ends were obtained by Abaqus. Comparisons indicate that the expression is accurate enough. In addi-
tion, the relationship of crack shape and length-to-thickness ratio to the modifying factor for clamped ends was

analyzed.
Key words: surface crack; stress intensity factor; clamped ends; superposition principle; finite element

method
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Fig.1 Clamped ends condition in fatigue tests
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Fig.2 Establishment of the equivalent model
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Fig.5 Specimen model unde free uniform tension

P 6 Jedp AR
Fig.6 Model of the clamped ends conditions

WIS R4 7 R 8 B . R4 WIAS I 7
BECHIGAL R 3 A4y, I 8 R IX ) 1,2,3 FF
7. DX 1 S S S0 ET 2 A X, DL S S0 2 R il

2, RO I 9 SR R 24 P T T R BURT G BE
60 Al IR T AR g BEIE , 267 S C3D6, [ A 4
OF D7 VER A4 X8 2 DL 0T 2 O b £k, A
T (5] ) B 24 ANl AR 1) B R 4 SRR R
6] 55 L, de R 5 de/INEY LU AEL R 2, 5 EE0HT %
7 1B 60 AT, A% IR S 7S T A, 6
C3D8R,, A% K] 73 7 12 2 714805 o 98 DX 38 (X0 3)
SR T E A A% 53, D00 A S 28 Ay DO TR A R % C3D4 5
P T o3 RS THAR ST C3ID8R, F i WA &) 43

B7 AR R o
Fig.7 Mesh method of the whole model

P8 5 20U RS K
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Table 1 Comparison of SIFs under free uniform

tension and clamped ends condition

K/(MPa /m)
a/mm 0=0° 0 =90°
FTerr WARM E/% Ry B 250/ %
4 372 393 -5.4 295 297 -0.8
5 422 463 -8.9 388 391 -0.7
6 483 562 -14 518 520 -0.4
7 582 747 -22.1 744 746 -0.3

Hi:h=20mm;w =7.5mm;t=5mm;b =4 mm.
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K9 A hi R T K-0 2k
(h=20mm,w =7.5mm,t=5mm,a =6 mm,b =4mm)
Fig.9 K-0 curves under free uniform tension and
clamped ends condition (h =20 mm,

w=7.5mm,t=5mm,a =6 mm,b =4 mm)
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Curves of correction factor under deferent variables
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