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A new composite multi-field-of-view optical sensor and
its navigation method
JIANG Jie">* | ZHENG Jiayi"*, LING Sirui"’

(1. School of Instrumentation Science and Opto-electronics Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. Key Laboratory of Precision Opto-mechatronics Technology of the Ministry of Education,
Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: According to the filtering method and navigation precision, the layout of multi-field-of-view of
a composite optical sensor with four mirrors was presented. A kind of high-precision method of autonomous
navigation based on the sensor was given. The method was to simultaneously measure the earth, navigational
star and refraction star via the four mirrors of the sensor, and autonomous navigation for satellite was realized
through geometrical position relation among satellite, the earth, and star direction. Also the measurement ac-
quisitions in autonomous celestial navigation simulation were studied. Five practicable working modes of com-
posite multi-field-of-view optical sensor are proposed. A simulation model was set up using of Kalman filtering
algorithm, and the system simulation was made using simulative data at the basic of an earth-pointing satellite
with a certain orbit altitude. Based on the simulation results of all five working modes, the observing mode of
double directly sensing horizon combined with single stellar horizon atmospheric refraction provides the highest
navigation accuracy. The position accuracy can reach order of 10 m.

Key words: celestial navigation; composite optical sensor; multi-field-of-view; information fusion; sys-

tem simulation
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Table 1 Estimators for multivariate coefficients in

different generalized linear models
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Table 2 MSEs for Possion regression
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Fig. 1 Estimation for functional coefficient under

different variances of error
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Generalized linear regression model based on functional data analysis
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Abstract: Functional linear regression model has captured much attention in functional data analysis. By
tools in semiparametric and nonparametric statistics, it is proposed to estimate the coefficients in generalized
linear regression models with both multivariate scalar covariates and functional covariates. In this framework,
the theory of generalized linear model is introduced, and the response variable is not required to be continuous
random variable and may be discrete or attribute data, which widely broadens the application of functional lin-
ear model by solving the regression problem of predictors with mixed types of multivariate data and functional
data. Besides, Logistic regression and Possion regression corresponding to categorical or discrete responses
were emphasized, and a reweight algorithm for maximizing the log likelihood function was provided. In the
procedure of estimation, functional principal component analysis and B spline were utilized, and the criterion
to select the number of basis functions was suggested. The simulation results show that the proposed estimation
and test methods are effective.
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UH model considering expansion of soils and
its finite element implementation

LUO Ting"* , ZHANG Panpan', YAO Yangping', LIU Yuemiao’, CHEN Liang’, CAO Shengfei’

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

2. Division of Environment Engineering, Beijing Research Institute of Uranium Geology, Beijing 100029, China)

Abstract: The unified hardening model (UH model) for overconsolidated unsaturated soils is applicable
to problems involving unsaturated soils. The wetting behaviors of unsaturated soils in overconsolidated condi-
tion can be described more reasonably using this model. It can also describe strain-hardening and softening
behaviors of the unsaturated soils better. Based on the UH model for unsaturated soils, a new UH model for
bentonite was proposed by considering the expansion of the soil aggregates. With just one more parameter, the
proposed model can not only describe the stress-strain behaviors of the bentonite under general loading paths,
but also describe the expansion of the bentonite under wetting paths. Based on the secondary development
platform of finite element software, the UH model considering the expansion of the bentonite has been imple-
mented. The subroutine was proved to be reasonable through the simulation of the triaxial test and the swelling
pressure test using the proposed model.
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* (km-+h-") kJ kJ T i %/ %
] iR 5 1 40 101.8 40.97 40.25
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Fig. 12 Changing curves of SOC for

different energy recovery models
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Table 4 Simulation results for different energy

recovery models

X WIthH SOC/% R MR/ % 23 LA /km
AR 2 1 80 36.3 121.3
] A 2 2 80 41.5 128.2
4 & i
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Electric vehicle energy economy based on braking intention identification

JI Fenzhu', DU Farongz’ * ZHU Wenbo'

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

2. School of Energy and Power Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract. Braking energy recovery is a main technology measure for improving the energy economy of the
electric vehicle. It is a key point to accurately identify the driving intent for braking energy recovery. The
models of braking intention identification for lifting up the accelerating pedal and depressing the braking pedal
were respectively established. Braking intention was identified using fuzzy control method. The identification
results of driver braking intention were expressed as small-strength brake, middle-strength brake and emergen-
cy brake. Two types of energy recovery modes were made up based on the braking intention identification
results. The braking force allocation strategy and calculation model were set up based on the economic com-
mission of Europe ( ECE) regulations line and I curve. A braking system simulation model was founded in the
plate of Cruise and MATLAB/Simulink, and braking energy recovery rate and driving range of the electric
vehicle were calculated for different energy recovery modes. The results show that: if energy recovery mode is
different, the braking energy recovery rate is different; in a new European driving cycle (NEDC) , the energy
recovery rate could be improved in the case of recovering the braking energy in the stage of lifting up the accel-
erating pedal, and this braking energy is set to simulate engine braking in orthodox vehicle; the driving range
increased 5.69 % in NEDC.

Key words: electric vehicle; energy recovery rate; accelerating pedal; braking intention; driving range
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Theory analysis of system instantaneous availability under
uniform distribution
YANG Yi" ", REN Sichao’, YU Yongli’

(1. School of Reliability and Systems Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. School of Sciences, Nanjing University of Science and Technology, Nanjing 210094, China;
3. Department of Equipment Command and Management, Ordnance Engineering College, Shijiazhuang 050003, China)

Abstract: The early volatility of instantaneous availability which belonged to one-unit repairable system
was analyzed in theory. Recent research progress on two kinds of availabilities was reported and the importance
of research on the instantaneous availability was highlighted. It was respectively discussed that the failure time
and repair time of system components obeyed the same as well as different uniform distribution, and then the
renewal equation was transformed into piecewise ordinary differential equations or delay differential equations.
The analytical expressions of instantaneous availability were obtained from the differential equations by the use
of the continuity and initial value. A method was put forward to judge the volatility of instantaneous availabili-
ty, that is, to judge whether there existed the value of instantaneous availability less than that of the steady-
state availability. The method has been proved to be effective, and the conclusion demonstrates that the vola-
tility exists regardless of any parameter combination under uniform distribution. The final simulation results are
in good agreement with the theoretical results.

Key words: instantaneous availability; steady-state availability; uniform distribution; volatility; differ-

ential equation
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Table 1 Comparison of confidence intervals calculated from two methods

‘ e
h VRS

0.01 0.10 0.30 0.50 0.70 0.90 0.99

100 WS 0.0390 0.1176 0.1796 0.1960 0.1796 0.1176 0.0390
Bk 5 vk 0.0426 0.0999 0.1491 0.1622 0.1491 0.0999 0.0426

1000 B85 ik 0.0123 0.0372 0.0568 0.0620 0.0568 0.0372 0.0123
e gy s 0.0107 0.0312 0.0476 0.0519 0.0476 0.0312 0.0107

10000 555 )5 1k 0.0039 0.0118 0.0180 0.0196 0.0180 0.0118 0.0039
Pl gy vk 0.0033 0.0099 0.0151 0.0164 0.0151 0.0099 0.0033




38 b B = R R

e
|

2016 4F

135 A 2 20 U o 1 T £ A1
FEARIF B (5K R, B 03 0K ) B 4 W1 1 M
AR B PE R T DL A R 4518 W
O BRI, R AR BN TR ) A X
40 7 o 1502 W D 5 0 7 5 B
Rl 56018 W W B2 100% Y
03 BT, S 5 D7 o 75 10 19 3 X ) K A )
THR ARG LWL S . Rk, B A K
RS2 ML RE A, GO0 (BB HE A+ (030 94
R 13 DX T PR PO, 5 L S o 1 725 1
I 6] 0 4345 18 100 Al 2 47 97 B8 T S A2 4% 5 )y
T I B 2 T A D o, B
5 K A K10 T LR T 0 W, 9 L
A 25 52 b TR L

4 LI
2 [t 7 12 W A R R AL BRI R e a5, =

HLE AL 114k
1 5H(15)

HEREIE 1]
(8)

AL EMAR SHLE MAE R 2 AR kAR, g4
A SC R ) T FE T AR A0, B T A 2 A AR N A%
AR . X RGN/ T R G 0 G5 i D
PO £ A A, P g (1) ~ (14) ks s (LA
ORI R ), A (15) ~ (21) I3y s (A
ROFEIERIR) o Bs R U5 T D1y k9 2% I & T
H Hugin Expert A/S Xf 2 48 #F 47 (1 st #i {5 2017
B L5 48 5 25 1 MR 3 S0 4 2 N R, 12 W o g
DU o B8 1 S T i i A, AR BRSBTS
[

A S DL ST ) 5% DL 1% 2 R YR T A
FEVER B Z 853 )R 58 B R A TR R R O )
SRAHE AT O EL A5 B 25 T 2 A ) AR 1 i B
i o )5 R Al Holdout 5631 J7 123 Ak 1145 #L 1) 12 e
YR B2 B IZ Bk Uy 5 i R B O < BE ML B W 1Y
FEAS T 38 530 20 B T2 B 30 e £ A L R T Y B
1 R U 5 8

1 A

(14)

HLBAEH 1 Ak
He ) 5ehi(20)

LB TR WL s I FEhAG JLYE A ML TR
HLIL 5 HE(16) (1) L FH21) 2) HLFL A (19)

=T

e
(5)

HLEF bR il
ALFR(17)

Hi

HLE I
Tl ik
(12

LA e
LS (18)

}#

P STHES 1 4N Ty

Fig.2 Fault diagnostic model for a fuel system

K 3 o0 & G0 e A ) I R B8R R A9 92 b o
B, MR B FURE b = 100, Y1l 25 %5 48 B0 43 51
3003000 130000, i 45 I 25 B4 T i 00 38 25 4
eI, R GEE AR KR E R 95% |, i B AR
B 325 R 0.5 (B A % KT 0.5 4 hy di e
W) ARG E 3 BT R BOHE T L T 58 R
P VI ZRREA 240 25 5040 3k 20 0 B0 3 52
W v A R L 4 T BEOREL(E YRR BB K T
3000, VIl 25503 5384 0 Xt T 12 W o 1 3 0 32 v
RTEA G, E 0 SR 0 SR BB 7 300 J
3000 FHE HLAE T A e Al BE 23 AT BRI R [
BEAL , 250085 Bl O B2 B Ak 1) 10% LA L i, Bt 3

SRR LR 30000, 12 W E B B LR AR T 60%
90

LWL %
I

0T o YiHE 300
- B A3 000
- =i I SR UBE30 000

0 1 1 1 1 1
0 2 5 10 20
BB R %
3 BN SR B X 12 IR o 1 R Y R
Fig.3 Influence of missing training data on

diagnostic accuracy



5513

TR, 55 6T DU H 0 45 19 4 B3 12 W 28 48 P BE AT O

e R
39

H1 AT LA 12 W o Al BT RE 5 A 9 DA DI
S 15 0 AR b B B Bk LB b T
ARAFELLT 10 12 W7 o 0 5 it 0 200 1 o )11 2 50 B0 R
B 20 3 O B I 5 800 R 8 n i - T
I, Tod W i o 0 432 00T AR 0 LS, LA A AR
— LSRG W, LRE N R G E
AT AL

P4 Skt B A X I A 50 TIE B A A0 R It
s HLA A 10,50 ,100,500 F1 1000 A i 25 41
3 v T 30 SRR, B XIS o il 1) TR
A% R BRAR RN SR BE 1 B A X )
{8, L4 300 I 25808 R 61, AR 45 58 (13) SR 1512
TR B 1 B AR X [R) 0 B )2 68. 8% ~85.2% (B {5
X IR T 7E X 38 ), 2R 45 1% & 5t B 5212 W
JE 4b 3% 90 B P AR R 95% , 38 3k Il 2 A s K
A 300 1S 1S 1 43 A 1T LA H 12 8 6
FEARRE Az IR 0], I HL B 2 1 25 5000 i it 45 4
TR (0 38800, 4% 4 P 6 % T A DR ot AT L 6
8532 W B AR KR TR A B
o

Ll ad Il )1 000
| dpmml ii
| Il
-Jo!m@ab!i 100
o loanddl op
W T
300 = bj@’_,b
i
L iE
TR T
0 20 40 60 80 100
2 Wik HE 9%
& I EREHR 300
o Il R HLASES 000
« 4R T30 000

K4 EAE XA 5 UE

Fig.4 Verification of confidence interval

30000

3000

WIERAE RS
1 B AL

30

» BfEEME
== FBfE Kl

5 &

AR SCHTFE I et 1 T DL it 34 o 245 f) i e 12
Wi 2R GE bk RE PPN 7 ik, i SRR P

1) SRMERG BE 5 8 45 X R 45 5 10 48 A5
B 07V AT LA Ay 2 O R4 T b A6 e DL - S0 0 2% 1Y
RS W PR RE | 42 % 45 B BE 8 WL 2% 21 1| 25 B4
MR DL B K3l i O R XS T2 W R SR RE Y
SR

2) X EA EAR X R T Iy B 2R AT ot i
1A DX X 00 K A0 A 4y B o 2% A7 sl /)
YR B 5 s DA 52 0 3 50 30 A 240 i i Y R 22,
BT AR AR AT SR B OF LAY & TR S b
I o

3) SRR AR G2 T S 46 X 32 I A

JEE LA DX () 4B 255 DA 5 b AR R 24T 46
VAL UE W% 45 bR RE % 52 B SE Bk B 12 W R 42 Y
PR B et o %5 i T RAE — 2 4 B A
ORISR Y R K e 32 W B R 1 B 20 A 9 1
IR

2 %30k (References)

[ 1] HECKERMAN D. Learning in graphical models[ M ]. Berlin:
Springer Netherlands, 1998 :301-354.

[ 2] LUXH@JJ T,COIT D W. Modeling low probability/high conse-

[—

quence events: An aviation safety risk model[ C] // Proceedings
of the Reliability & Maintainability Symposium ( RAMS).
Washington,D. C. : IEEE Computer Society,2006:215-220.
TR, VRRIER VSO, A5 ST DU 307 19 2% T BT 835 4] S
o ] PP BEUE R 2y BT ST [T]. il p R 25 200K, 2014
48(1):10-13.

XU J,XU Z X,XU W ], et al. Classification of TCM syndromes

—
w
[—

in 835 cases of coronary heart disease:On the basis of Bayesian
networks principle[ J]. Shanghai Journal of Traditional Chinese
Medicine,2014 ,48 (1) :10-13 (in Chinese) .

[ 4] DALLA V L,GIUDICI P. A Bayesian approach to estimate the
marginal loss distributions in operational risk management[ J].
Computational Statistics,2008,52(6) :3107-3127.

[ 5] BASIR O,YUAN X H. Engine fault diagnosis based on multi-
sensor information fusion using Dempster-Shafer evidence theo-
ry[ J]. Information Fusion,2007,8(4) :379-386.

[ 6] 2l i, A BkEL, B 1 A, 45 L 25 % Sl LA A 14 i I il
BUWIrENIE )] A 2 4 ,2014,35(6) :1612-1622.
LI'Y B,LI Q H,HUANG X H,et al. Research on gas fault fu-
sion diagnosis of aero-engine component[ J]. Acta Aeronautica
et Astronautica Sinica,2014,35(6) :1612-1622 (in Chinese).

[ 7] DAS S,HARRIS M. Estimating accuracy and confidence inter-
val of an intelligent diagnostic reasoner system[ C ] // Proceed-
ings of the 2009 IEEE Autotestcon. Piscataway, NJ: IEEE
Press, 2009 :288-291.

[ 8 ] WINTERBOTTOM A. The interval estimation of system reliabil-
ity from component test data[ J]. Operations Research, 1984,
32(3) :628-640.

[ 9] CHOI A,DARWICHE A,ZHENG L, et al. Machine learning

[—

and knowledge discovery for engineering systems health man-
agement[ M ]. Boca Raton,FL:Chapman and Hall/CRC Press,
2011 :39-66.

[10] Besedy, 87, Ay 8. SR I 3l 24 B B 43 718 I8 & 5t il
B 5 R AR A vk [T ] [ BF R 24 C A AR R4 ), 2011,
39(11) :1699-1704.

DUAN R X,DONG D C,ZHAO S M. Information fusion method
for system fault[ J]. Journal of Tongji University ( Natural Sci-
ence) ,2011,39(11) :1699-1704 (in Chinese).

[11] ZHANG ] J. Empirical likelihood ratio confidence interval for
positively associated series[ J]. Acta Mathematicae Applicatae
Sinica, English Series,2007,23(2) :245-254.

[12] 95 R A7/NaR. BP 28 W 45 1 A BE 43 B [T ] TH 5 0L 5 6
F k2% ,1999,16(3) :55-60.



40

b B = R R

AL ALF R

MEE |57 2016 4

[14]

[15]

[16]

JIANG L,HE X R. Confidence bounds prediction for backprop-
agation neural network[ J]. Computers and Applied Chemsitry,
1999,16(3) :55-60 (in Chinese).

KOHAVTI R. A study of cross-validation and bootstrap for accu-
racy estimation and model selection[ C] // Proceedings of the
14th International Joint Conference in Artificial Intelligence,
Volof the International Joint Conference in Artificial Intelli-
gence. San Francisco, CA ; Morgan Kaufmann Publishers Inc. ,
1995,2:1137-1143.

NP, 2 B, 45 DLt S R 4% e R TR iR A
HCEE 2 Wt g i 0 [T ). B LA TFE, 2003, 14 (10) -
896-900.

LI J C,HU N Q,QIN G J, et al. Bayesian network theory and its
application in equipment fault diagnosis[J]. China Mechanical
Engineering,2003,14(10) :896-900 (in Chinese) .

. IR S B T R RS [T ] . R B R,
2010,33(3) :385-394.

LI H. The research about binomial distribution parameter esti-
mation problem [ J]. Acta Mathematicae Applicatae Sinica,
2010,33(3) :385-394 (in Chinese).

d W TR SRR B AR X [T ]. R, 1995,

[17]

[18]

11(4):169-171.
MENG Z W. The confidence interval of the binomial distribu-
tion parameters [ ] |. Journal of Mathematics for Technology,
1995,11(4) :169-171 (in Chinese).

FIER AR E N, TR B S X 5 BT e BP i 2 19 2%
R BT (D] R g T 5 4, 2006,25(2) :156-160.
WANG Z W,RENG X F,ZHANG R P. The research about the
application of the confidence interval analysis in BP neural net-
work [ J ]. Application of Statistics and Management, 2006,
25(2) :156-160(in Chinese).

MADSEN A L,LANG M, KJARULFF U B, et al. The Hugin
Tool for learning Bayesian networks[ M ]. Symbolic and Quanti-
tative Approaches to

Springer,2003 :594-605.

Reasoning with Uncertainty. Berlin:

&R

Fahik

5 RIBUR B RS, RS T - T 5

EHEEA A WILRL.
Tel. : 010-82338693

E-mail: jinsong_yu@ 126. com

Performance evaluation of fault diagnosis system based on
Bayesian network
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Abstract: Assessing whether a newly developed fault diagnosis system is effective is an important issue to

ensure diagnosis system performance. Due to the requirement of evaluating the performance of the fault diagno-

sis system based on Bayesian network ( BN), an evaluation method using a modified binomial distribution was

developed, considering the real distribution of diagnosis results. The parameters of the modified binomial

distribution were estimated using training data during the training process of fault diagnosis system, and both

diagnosis accuracy and confidence interval of a diagnostic system could be calculated simultaneously by this

evaluation method. The quantitive evaluation indices provided by the proposed evaluation method greatly con-

tributed to the evaluation of acceptability and reliability of a Bayesian network-based diagnosis system, and

were of great significance in supporting diagnosis system training. In conclusion, the effectiveness of the pro-

posed evaluation method was validated by an example concerning a fault diagnosis system for the aircraft fuel

system.
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Table 2 Events sorted table
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9 8 940 8.5
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Parameter estimation method based on beta-likelihood function
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(1. School of Reliability and Systems Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Research Institute of Unmanned Aerial Vehicle, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: Distribution parameter estimation is a common method which is used in reliability data analysis
to study the change rules of product reliability and evaluate the reliability level of the product. Learning from
the beta distribution which is used to describe the product reliability in life test and evaluate the reasonable de-
gree of estimator of reliability, we thought that reliability estimator is more reasonable if its probability density
function is bigger in the beta distribution, raised a beta likelihood function to evaluate the reasonable level of
the estimate in reliability analysis, discussed the distribution parameter estimation method when using this beta
likelihood function, verified the method by simulation under the exponential distribution case and Weibull dis-
tribution case, and gave the corresponding application examples. The estimation method is based on abundant
theoretic evidence, and is suitable for all kinds of distribution types. From the application examples, we know
that estimation results are reasonable and believable. Maximum likelihood estimation method takes the sam-
ples’ probability density function in the distribution to be estimated as the evaluation criteria, while, on the
contrast, our method takes the cumulative incidence estimator as the evaluation criteria. So it is more applica-
ble in the research on reliability and survival problems when concerning the cumulative occurrences.

Key words: parameter estimation ; beta distribution ; reliability data analysis; life distribution; beta-like-

lihood function

Received: 2015-01-31; Accepted: 2015-03-20; Published online: 2015-04-21 17 .24
URL : www. cnki. net/kems/detail/11.2625. V.20150421. 1724.002. html
Foundation item: Aeronautical Science Foundation of China (2014ZC51031)

% Corresponding author. Tel. . 010-82338032 E-mail: wxhong@ buaa. edu. cn



2016 4 1 H
FA24E 1

> b
R E MR K %% AL kS January 2016
Journal of Beijing University of Aeronautics and Astronautics U—l [ie) Vol.42 No. 1

jbuaa@ buaa. edu. cn

http : //bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2015. 0064

REHMAEZEGETERESERTETESH
2T gy, 2EE, FHE, 28, TAT

Iﬁ (1. etz iRy @S TR %, Jbat 100083 ;
2. dERATS MR K s kLR sh 0 B R R E S8 %E, Jba 100083 ;
3. SIS R HHLIMEALE e, JEET 1000835 4. JEEUALZS AR K BEVR 53 1 TR BE, LB 100083)

i EHVTHNZAAABRB LI RNEH T RERERMGEER , ZHEE L
HEHEBRSTARANEN A XERATH . AELH T AL . TETHATRTE, L&
HEATHREUAACETWHFEERG AT N XHBERCRFN YA, A ZAE A 4%
BB BEHAEREERNEREZALAGE L, EHER E FELNTERRELH
MEERB(HPT) T R AR A BT REAASRBM I I E, ERELH, R b 2 L%
RBIRZARAANBEL ML IR, ARFEBRRAE IV AR, ZRAZTAEZA
WARGENT ARSHEDHEAERNGS AL, ARNFRMEZRANABEZLETAR
GHNBENERET HBNEAFE,

X 8 W MELIV; NREAERA; BA; #R 4B, A5G E

FESES: V228.3

STERARIDED: A TEHE . 1001-5965(2016)01-0047-07

Lt RS Il TAE T Bt R i, = RS
MRS RO & 1 S 2R WAL R . R K )
BLH B AR S AR I, 2 LR G S B
O 2 M 7 3ok e 2 R A M L TN A 2k Ok P A B A
7, 3 IR Bl 22 A il 2 A8, 4 i S e sh B R v
TE /2 PR

HI TS = R G W BALH 52 2 vk, 72 B
i B 28 RGBT R AR IR S /B o F2 o B X
B ZE ARG O A AL T AW R R o, o
i Z AT RLIR J1 27 (CFD) J5 0 25 R Gt Jm
R ot AR AR DL T R A AT O A
I h A7 B TR B IE 7 ik MR A O
B RS S ARGk T TR IE L L
R L APLBE S E ARG T BIEN IR
LR R AR B SRR N E R R U R R IR Y

LSRR /B ok Bk L VA TR AR 1V e Do
NG ORI (= IR R Rk 0753 e
K FHUAE 58 M R B 1 IR 23 /< R B 5 B i fil
N 4 5 2 SR IR L R

A SCER XIS % B BIL I 5 a7 A5 R A T
F 3R IR0 ek L, T TR A 2 KR B R I 4 491
R EREAD A0 H7 T 28 /<28 e 16 0 50 T 5% 1k 2k
BT ms I ] R RS LR, B 5T 45 S
A B2 K S LS SRS B,
W 2z 4 10 i B T R 28 R Se RS AN AL i S 4t
5%,

1 BREZESEZRRE

1.1 EXRTHERIS
R ARG BB — B = TR G

Wi B . 201501-30; EABH: 2015-05-04; M4 H R E: 2015-09-14 17 .58
M 2% R itk . www. enki. net/kems/detail /11.2625. V.20150914. 1758. 001 . html

=« BWAEE : Tel. ; 010-82316627 E-mail: liuchuankai@ buaa. edu. cn

SIA%: ANy, 2EHE, 2#%, F BRUGARFAGTEARZEREIELNI] XM EMXAFF®R, 2016,42(1):
47-53. LIUCK, LI Y Y, LI Y R, et al. Dynamic analysis of air system with fast transients in shaft failure event[J ]. Journal of
Beijing University of Aeronautics and Astronautics , 2016 ,42 (1) : 47- 53 (in Chinese ).


Administrator
新建图章

www.cnki.net/kcms/detail/11.2625.V.20150914.1758.001.html

AL ALF R

48 db B0 M % R k2 2 R | w5 | 2016 4¢
b ph 7 R S T PR AL I S R S b Vd@waﬁ+__dﬂ+ﬁidm%

> 7, ™. 1 e 74 N T, Wy =7 > "
TR RGO AR, i T AR, 0 T T
'—ﬁﬁ@ﬂ‘]%ﬂﬁiﬂjﬂu%mﬁm]o @é%%%?\] (pT.iuT.ih‘;i _pT.ouT.oh";n)AzO (4)

Vi 2 ) 2R AR A I PN AR B R 4
SRR AR R o MR s R G
F% 9y B AL BRI Bl Al sl A5 110 S AR S AL g i S =
ARG — LA Jr O 4 ZERLA T e oo, /I
FWEILIE A E TR R T R RGO
1.2 BEARTHEHTRE
L2.1 HZrast

25 ARG R BB R 1 T 3 1 I A i i v )
SREA AR AR B R, 3k 2 i 3
RIE Ry 25 i TT A o HAE LN BT 1 R 7, 22 W 5 1B
AR AR AR, HLUH AR IR AR B S R B
WA WETCIF I S — 36 M A i Sr B 87 R
HIRE 7 i«

dpy M

Vv - W, =0 1
dt ]Z; Vi (D
d(pye,) - .

4 ds - ; Wv.jhv.,:O (2)

Kb VEBERB o AN IEREE e H
BMENTMR L AR W 0 3 A S Y TR
s hy DA A SORR UM RS

e b Ty

!

py— BT Ty—RERIE
CRRET e
Fig.1 Model of cavity unit

1.2.2 ®iE T

hy 0L 38 9 2 e o P 2 7 7 o g
3R, 2 2R S P 6 R
B 5 LA — o AT TR 4 2 T A L
BRI £, IR 2 B X T A — AN TR,
PR 4 A A U AL £, 1 R 2%
dp,
ot (i = py g )A=0 (3)
PV, = LA R R, L R K A R A
SR B s, B o, 5 B R AR i 11 R
BEEE ; oy AV B 0T R 08 5
S o b T

1 7 W T 1 AR T SRR B AT B
3T P 1A 31 A o P B D Bl A A
SEAR R 7

v

"
B

A ey HEBENEEH NG, o, MEBEN
A B BE s hy R Ry 23000 S B E L B
R BB
2 AR ) U Bl BEL 7 2 ) A5 T ST A4 TR il
] (1) 2y 2 5 FE
4570
dt
(pritty; = oy, )A +[=0 (5)
A py Mp, HEBEIE B OFE B AT
P Bl BH 7, X5 T e R 2 1) 2 A 1) Bt , 2R SC
R [ 14 i o ) X A Al 5

Vy = (pri —pr A -

&
!}I l‘A pl “I:‘i
L

K2 45 TR
Fig.2  Model of tube unit

1.2.3  FiRaf

WL TTHF FEE R ARG R L A
EA SN BE Jot, EE S D
T Bt 5 b 1 JRy S B ) I E i 45 B 1 0 3 R 0
o, AT DL AR D Ab A R 0 R AT I OT . FEBRAS
TR, AT AR i T e B A B Rt
Fa S e R I
1.2.4 % &0

T L TC A AR PRI B8 43 i R T 5 N7 1 R A0 3%
e W T IO B 0T A TR i A BN, PR
T ATT A R T R A AR Ak i R ) T
AT TR ST O
1.3 HHREASRTHAIE
1.3.1 #n#EEABEALSET

TEML S KLz ARG, e e i iy %6 &
S0 B SRR . A R AR AR P, A
32 B B0 38 He 2800 A S RN YRR S AR T, A S
TEWES 2 ARG F YERE R rh | e & 45 i A5 7 Ak
R EOYE R, B I ST 5 B0 R 2R
T R G, WA 3,

BRI b, 18 %8 B s AE B AR 5 A8 P R e B
Z0 B O 1G R E 5 0 B R R SRR E A &
SeAn—g L R a0 T I Al R 2 X R
IR WA B F 1 R T 0 AR Ak R B I R TR O
8 R 20N A ] — A i e A s N S AR e ) 25
TE ms GG R IR AR 2 R G B, Bl 208



5513

b A R

P 5 T 100 8 R BBt A 2 R A 3 R AT R
W%,

B3 ek £ i A T

Fig.3 Assembly units of rotating disk cavity

1.3.2 KE#H@Mstn
FRAGZTHRKEREDBR FELAELE
e R R — R g2 (B TR R B AR
FErp A5 TE AU 2 PSP T R0 4 R T i B
ARSI T RRAL 5 R HERR LI 1 N SAR M |
RIS, B K ERR L R T E
TS ST BRI A, I 4 iR, B
ol N NV RESENTWE S 1§ 0 U A R LK G ]
5 22 BN XoF 4 T il ) He R R 1) U E G

R

K4 KEBEASGHT
Fig.4 Assembly units of long tube

2 EEIIE

T 1] %o 2 14 05 B A% % #E Visual Studio 2010 -
ATIR, & FA T Z M SR E 3D LR
TEAF 9 4k TR e Ak SR A D7 vk L SCRR (18]
TR S B R TT AR R T A S A B
R RGN B TEAE R R 3 S A A L
AR, DRI, ST o 5 T AR 3 T 2 A 7
PEAT I
2.1 BEZHSER

I TTA 1 B 2 0 B SCik [ 19 ] i %k
1 B 34 it 01 S 6 M

D75 I 119 B 25 S R0 e i ) A S ot
S (a) IR S (b) 43 045 7 %8 10 58 il i 72
T6 A 4 TRy Bt TG Ak 20 (] ) A8 Ak LR . AT LR
H, TEiR R T R S R, D A RS
ik [ 19 ] 1 20 SR 20 () BE 0 i 0 RS B 0 &, 5 ¢
MELI9] B SC IR 45 A L R AF e — B 2 5. K
JERLE T, SCHk [ 19 ] F 52 56 855 89 9 i ] 5 %0 %
o, TG i 6 B AR A 44 B S 0 L R A
S W U AL A I P R S T A B TR I e A fi
5 S 6 44 SR O 3T 4 LS R 1 B

R ) A 3 M %1 . D > . B
XL, 2 i BT A P F 2 S R g s s | | 49
)
1.0 x
= 08
Z 06
R i
o . SH
5 A Gl
; oo AT
5
0 0.5 1.0 1.5 20 25
KR i)
(a) ST
1.2
{7 BLHS S
1.0% o SR
: s TR
= 08 - - AEHELRI0O
g 06}
R o4}
02 F
0 1 2 I 3 4 5
K kg i)
(b) BRI

PS5 I 50 ORI 2 6 ik
Fig.5 Model validation of charing and discharging vessel

AN PR RSl , SRS
% 28 W0 SR AR AR L AT R g e B R . I TR 3)
BLA R ZS I (OO0 HJ2 a1 R i 5 48 08 ) 0% I Ja] % 4
W SCHR [ 19 ] 19 SE g A Y 2 /b /N 1 A B0 2
VL b o 78 58 Pk 2 2380 o Ik T A i I 722 3ok
Hh A BRAKON B 5 I S8 /N T SCRR [ 19 ] A S 50 AR
R, R4 B T A i sk B AR S R GEARE AL,
AN 23 1 I 3 AR R R 25
2.2 BEMKER

EIEITTIF M I IR S E B SCk[20] 0 B E
(AN e i I (1 3 R T N I < S R S
304.1kPa, Jii £ & 300 K, b % 3K 85 5 1 N
100 kPa 1] i B 21, 45 16 09 A7 v Ik 6] FF 03 174 #%
T TR, L ISR TR ) AE BT ms B ] Y R
ARSI R, R IE NEE ) 5 R R

J1iR B 1
B c
| |
| 100kPa
304.1 kPa,300 K -
300 K
1.219m
B,C—2 A~k .

Pl 6 T A A

Fig.6 Model of sudden discharge from a tube!

B ER AL 12 A i 3 oo F AR

20]



50 b B = R R

AL ALF R
| Mg A 2016 4

JERE RO BRI o BT S5 T TE A
B A C B0 BLAE A . T WL, AR iR
I 220, 838 A v 4 2 SR 0T IR B J S BUBOET C Y
I 18] R, 0 18— 3 I I il 3 1) 7 g £
o I, # B A EFESER 29 2.7 ms A B H
W o Pl T i B A A A RO r A R AR
Juxt ZE S B A A L AE 4 ms (19 2 8K
B 1) ol iV AR T C R RO R
— AN I A AT . IR A AR OE
P S i I 28 0 22 RS TR 25 ms 2 ) A IE

KA Fa EAE 100 kPa,
400

— TR B LA
-------- R LAk
3008 = (W BICHR 20 EHs
WCIATC 3200 % 4tg

=] o

i1 /KkPa

0 5 10 {6 20 25
ff i) ims

Bl 7 A8 T RCRUBE L B IR

Fig.7 Model validation of tube discharge

MU RS R AT LLE A oo fF R R &
FIR) A6 T A R A% 050 S Y F S AL 1 A T PN PR MR
AL I e o AS SO il 2k SCHR (20 ] ot
o X FEE T s R G AT R R
30 73 JIT 1 ARG 9 LR 22 P 2K

3w %E T 2 5K 0 ME B 53 A

3.1 fFEXZK

%l VT 2R 2 R R A R 8 R o s X
G R A K S B IR e R R R R B RS
MR RS S B . TERL A R B LI T, o Tk
G Bl BT S8 2 R 5 S TR e A A i A e

Tﬂi
At

(b) B S5

(a) W24
1,2,3,4— 855 o— R s m i %D, £, F— iR IE 5 .
F8 imiehhi A kRS BEE

Fig.8 Schematic of turbine shaft failure

LRI TNEOR A AR - (i Al = N R A R (ol
IR o I IR R I I 6] R RS S BUR R
BET L A ACRRUR T (R B A 28 AR i I 5] R A
ARG E S iy o 7
3.2 hEEE

R Ak 1 w3 0 % I 2 25 KR 4 I 4% 45
WP 9 B 7w o A4 b 0BT 2 4% 1R T 1k RS 0 1
ST EE AL WS R S ML RS AN it 0.3 ~
0.5 s (R E] P, 308 56 ok BB A 21 0l 2455 o, o R
ALK A 7 E R PR, DTS SO BL 5 4 10 RS
SRR . AT FLAT AT AR Tl By 24 R AU
0.3 s Y (CHe & A M 24 ML A Wi 4R ) 1) Ik A8
AR NI, EE ST AR BEAS R AR AR

1) B s i e Al OB 28 1) 7 A Ak M R 2 )
I 2 A R e B AR R KB T ERTT
L 240g 1) ) T B 1) 5 A2 80, 1 ms 5 i 5] i
TG I ST 2045 0k . M R R R g A
BRI BRI K S, S s B E BRSO

2) 7E 1 ms B[] P9, 8500 1 AL 2 AR R )
RS -A TS Ay 4 RBU/NGS - A, H
L ACA, R AL AR D A B T ) i A
T

3) X PR /NG 2 R 3, 2
B0 B RN 5 2 W T SRS R 32 ) AR Ak
M B LTI AE

4) ER BB AR KA 0.3 s
DI R 100% 2 MR 3G i & 122% 5 Rk 45 i 7
RN A I R N1 I ¢ I O S G
K& 24% |

Cﬁ%ﬂr

o iniLfF

[ ] waoctt
Ko it R ARG

Fig.9 Local air-system model of turbine disk

3.3 RSN

K10 25 i 1 i 48 4 1R] B DLV E L F (I
Pl 8 ) A AA iy 1] 3 52 B I T ) AR Al Bl AT T
UL TR AR 3 A A O AR R . X
Je BT AR I Sl B ) 5 A TR ) R AR R



5513

AL ALF R

UL, 2 - 38 0l T 280 5 P F 25 4 2% 50 R R 8 3o 4 51

W A bR LS SR AL 2 i D S
UL i g A AR AL, R R R AR E IR 2, RO
BLIE 3 B BT F SO T R N A 1. X O
ol D 228 S RGBS RS R T BRI 2 AR AR,
B B 3 AR FR AT R . PR, 2l ] B2
PIta PR 2 ) A A% S 1 AR A O
UL A WL LG BT D SE IR K 2907 ms B X
UL 7 25 ol ) B 7 i 22 ) A T B A A FE I, R
2y 8 ms Ji , i il [5] B % T A 3 R 2 AN B T AR
SE , I 1 B i 48K S T 0 2 TR BT R R

142

—— D
....... ; ---a--- FRIAIE
- ARAF

5

138 |-

136 1

e R (mes™)

134 +

132

0 2 4 6 8 10
A i) /ms
P10 5% Al 1) st it 3 AR i 7R
Fig. 10 Air velocity evolution in disk-shaft gap

BILL 25 7 4% 80 S 43 1k 7 5 R ME A (4
JEE 1 A0 I 220 B SF 2 7 ) B L R R ] A A8 Al
W, WT A AL R S Bk M A BUR R
A, L5l BT 2 A 2B R B ) 1 ms IR DY SEIEE LB
JE 2 B T 0 BN R SR 5 SR 4 B TR 1/ R
JEGEHE ., B 3 MR T AR R S
Wil , fe 4) 1 ms B[] 9L R A A TR 84 . BEE
B[] B30, B 1 M 2 RN 3 PN BT AR
RERE I 5 A3 TR 3 9T R i A Bl 2k PR R B, H
S AT 4 TR dy T R ] B S AR
SEAT, AR I g AE 0 B B B B R, R R Y
120 ms3k B (L, Fifi Ji7 72 ) Fifl B 1R R e 7 )
f T B T e AT B AR

1.2

BRI )

06 : . .
0 50 100 150 200
A fal/ms
BT R 0 B Al
Fig. 11 Pressure evolution in disk cavity

XF P 10 R 11 ik m] DL Y, 8% 2 il 1)
BN TR RS EOR A TR 28 ms (IR, (2
Je H T O B W R S K, O EL 488l ) B ) 2 AR
AINT R AR I, 7RG A AR I T
J1 A W b 32 S 58 Al 18] B AR 3 1 R

VA0 8 552 2 10 £ b 180 7 (O 435 T 8 i
R s 1) B R0 A6 R e, P12 g5 Hh T i A
DTG B 0. 3 s I E] P i e 2 P A2 1) A X Bk
l 3 B AS A o A o ol T AT DL i il 1) BT 2R 2L
IRCE S - IINEE AU R 8y IR PR
— A IHA R S R I SRR BT LS
6] JAE 2 70 ms FYIF[R] A2 A2 S 10) o 3 A4 1) /i A9 25
B b 1) 7 REAE H 55 IR R R AT OR o B
LT AR f it R 32 B ) i s A 2 R
FRIH 5 AL R B 25 5 M ) W T SO A
Xt i e 25k B <R ST A TR T RE S8 4 R AL, ik AT
AE A A5 Al W7 224 S5 1 38 A2 O B9 B8R B B
.

4 7%
£ 2
= L
' —— RAER

—— RS

|

0\

0 50 100 150 200 250 300
A 3] /ms

B 12 il 24 5 %05 13 AR X il g o AR i AR

Fig. 12 Relative axial force transient evolution in

shaft failure event

A1 85 R0 B < 36 23 R0 G o I A R AT
YRS A T8 00 9 VA, 2 A 250 ) b il By 240X 2K
PRI R AR AT A8 Sy IO il 2 B 2 A B
B Bl 8l 22 4 Bt i b BT 2

4 £ it

RSO TR A AR G A 5 R Y 4 o
J7 P R HA BB e, 7R AR R B0 E F) S A L, DT
GERT T A K S AL T BRI R T S R
PRH RS R AL B, BIFST SR

1) 0 58 Bl I SR 2R 00k AR T v e 488 1 T 1) 1Y
PR B Sl 045 78 03 T B8 B EETE 1 ms I [8] & 94 N
Rk A s T 7%

2) iR B Y IR g 9 A AT A 45 Al ) B4 A
6 PRI K RFLEIE 10 ms (B Bl FE . X T AR L



52 b B = R R

b A R

MEE |57 2016 4

{1 Dy LT, 5 Al 18] B P SR S RO 72 5 0 R
FR AR BRI R T o

3) WAEE R S A A T B FG e 39 e 2
F8 il 1 g 2% B B — A O TR AR Y A T B A
Z LA )R ZHE 70 ms B R A I, XA
] RE S B T SIS R X R e A R 4 AR
PN

AR SCEE T 45 E WS R RAF T T Rl 2 <
RGER R R o HATS R S HLE — A RS
M2 RS, KRR T S ARENAES
Mg 7 i) 50 2 B0 A2 %, 3 R A 4 S B BE 5T P AT
HRA BT

S %k (References)

[ 1] CHEW J W,HILLS N J. Computational fluid dynamics for tur-
bomachinery internal air systems|[ J]. Physical and Engineering
Sciences,2007,365(1859) :2587-2611.

[ 2] VLAD G,UMESH J, NICK H, et al. Coupled fluid-structure
transient thermal analysis of a gas turbine internal air system
with multiple cavities[ J]. Journal of Engineering for Gas Tur-
bines and Power,2012,134(1) :1-8.

[3] SUNZL,CHEW J W,HILLS N J,et al. Coupled aero-thermo-
mechanical simulation for a turbine disc through a full transient
cycle: GT2010-22673[ R]. New York: ASME,2010.

[ 4] S3GE, £&H N H TR0 A TRE R A RIE 2R &3

SOTELI]. SR ,2008,39(1) :7-9.
MA W T,WANG Y R. Dynamic simulation of evaporator of nat-
ural circulation evaporator or based on inter-component volume
methodology[ J]. Boiler Technology,2008,39(1) :7-9 (in Chi-
nese) .

[ 5] %ol , ik, Wi, . 30 i ) 8% A 52 I 0y A 2
R B[] RGN B2, 1992,4(4) :13-18.

CAI R Z,ZHANG L,XIE M Q,et al. Real-time simulation mod-
el and algorithm for thermahydraulic network [ J]. Journal of
System Simulation,1992,4(4) :13-18 (in Chinese).

[ 6] fThF, W s 2, 4. AR AR 25 Ui A 190 2% 07 16 72 & 3 L
ZERRHAG R[] AiZE 3 J 2441, 2009,24 (3)
494-498.

HOU S P,TAO Z,HAN S J, et al. Study on application of un-
steady fluid network to the air system in engine[ J]. Journal of
Aerospace Power,2009,24(3) :494-498 (in Chinese).

[ 7] THF, W, s 22, A AR AR 25 Ui AR 000 2% 5 00T 7 i %
HR I LT]. fiias 3h )22 41,2009 ,24 (6) :1253-1257.

HOU S P,TAO Z,HAN S ], et al. New simulation approach to
the unsteady fluid network and the application|[ J]. Journal of
Aerospace Power,2009,24(6) :1253-1257 (in Chinese) .

[ 81 RZ, WM M. WAIRHEZ R AL RS PLBE S = AR
[ 1] fifias 8 J12448,2013,28(9) :2003-2008.

WU H,HU X X. Solving transient second air system in engine
by characteristics method [ J]. Journal of Aerospace Power,
2013,28(9) :2003-2008 ( in Chinese) .

[9] &8, 2% W8 ,% —RERLRE —FA 2 Wit 8ok

[12]

[13]

[14]

[15]

[16]

[18]

[19]

[20]

[21]

[J]. 25 2 J12%4) ,2014,29(7) : 1710-1720.

LI P,WU H,TAO Z, et al. One-dimensional unsteady calcula-
tion method of secondary air system[ J]. Journal of Aerospace
Power,2014,29(7) :1710-1720 (in Chinese) .

SCHALLHORN P A ,HASS N E. Forward looking pressure reg-
ulator algorithm for improved modeling performance within the
generalized fluid system simulation program: AIAA-2004-3667
[R]. Reston: AIAA,2004.

REDDY H P. Simulation and state estimation of transient flow
in gas pipeline networks using a transfer function model[ J]. In-
dustrial & Engineering Chemistry Research, 2006,45 (11) .
3853-3863.

RTE- AWASEH MR ELT] = %%, 199,
17(6) :653-657.

WU D Y. Network technique of internal system[J]. Acta Aero-
nautica et Astronautica Sinica,1996,17 (6) :653-657 (in Chi-
nese) .

GALLAR L,CALCAGNI C, LIORENS C, et al. Time accurate
modelling of the secondary air system response to rapid transi-
ents[ J 1. Journal of Aerospace Engineering, 2011, 225 (8):
946-958.

EAE. S K B HLB T T %S TR G B AL By A
(M. JE5T i Toll ikt 2001 :12-77.

WANG H G. Aero engine design manual—Air system and heat

transfer analysis[ M ]. Beijing: Aviation Industry Press, 2001 :
12-77 (iin Chinese).

W, R IR E A S R USRI M ] Je st b
AN AR 2 kL 2005 :268-283.

CAO Y Z,TAO Z,XU G Q, et al. Aero engine heat transfer
[ M]. Beijing: Beihang University Press,2005 :268-283 (iin Chi-
nese) .

TR}y A%, B, 55 ) ) R G AL 1A N 45 e B vk Ak
BT RGE HA#4R,1997,9(3) :78-83.

NI W D,GOU J B,SUN D,et al. Research on fluid network in
thermal power system[ J]. Journal of System Simulation, 1997,
9(3):78-83(in Chinese).

DAVID M,JOHN W C. Response of a disk cavity flow to gas
turbine engine transients[ C] // Proceedings of ASME Turbo Ex-
po 2010 ; Power for Land, Sea and Air. Glasgow : American Soci-
ety of Mechanical Engineers,2010:1113-1122.

XL, KR W], 2 He 4l , 45 BB R &5 ROR 48 I I B AL 7
B[] Uz 3 )32 4 ,2015,30(8) :1826-1833.

LIU C K,LIU H M,LI' Y R, et al. Modularized simulation of air
system with fast transient [ J]. Journal of Aerospace Power,
2015,30(8) :1826-1833 (in Chinese).

DUTTON J C,COVERDILL R E. Experiments to study the gas-
eous discharge and filling of vessels[ J ] . International Journal of
Engineering Education,1997,13(2) :123-134.

BENSON R S. The thermodynamics and gas dynamics of inter-
nal combustion engines[ M ]. Oxford: Clarendon Press, 1986
121-130.

CALCAGNI C,GALLAR L, PACHIDIS V, et al. Development
of a one dimensioal dynamic gas turbine secondary air system
model-part IT; Assembly and validation of a complete network:

GT2009-60051[ R]. Florida: ASME ,2009 :435-443.



AL ALF R

%14 XUFEHL, 45 % 50 T 24 O F 2 SR st A sy | I 5 53
[22] XUHEM. L2 & shiblas S R G i #2 i 0 B 98 [ D ] EERN:
65T BT 28 R A2, 2014 :41-59. XfEEL B YRR, B A SR, BT Y A R
LIU H M. Numerical modeling of air system with fast transient SHLERE AR i & SRR AR
in aero-engine [ D ]. Beijing: Beihang University, 2014 ; 41-59 Tel. :010-82316627
(in Chinese). E-mail; liuchuankai@ buaa. edu. cn

Dynamic analysis of air system with fast transients in shaft failure event
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Abstract: This study established the governing equations and the corresponding modularized simulation
model for air system in rapid transients. The modularized model consists of four kinds of basic components that
constitute the transient air system network ; pressure vessels, nodes, ducts, and throttles. The validation of the
modular components and their assemblies against published data has been demonstrated to be successful. The
model is proved to be able to handle volume packing effects and flow inertia effects that account for the main
contributions to fast transient scenarios. On this basis, the model is utilized to analyze the flow evolution of air
system in aero engine high pressure turbine ( HPT) shaft failure event. The results show that the shaft failure
can lead to complex dynamic response in the air system and the subsequent reversal of the turbine disk end-
load. The model established in this study successfully predicts the air system transient response within milli-
second time scales, which provides an effective approach to gain insight into the complex transient mechanism
of aero engine air system.
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Abstract. First-principles calculations were used to study the influence of W-doping on the formation
energy of oxygen vacancy in rutile TiO, oxide, in order to explore the possible effects on the corrosion resist-
ance of Ti alloys by the addition of W which is normally used to strengthen the matrix. It was found that W can
increase the formation energy of neighboring oxygen vacancy by nearly 0.7 eV, meaning that it can inhibit the
generation of oxygen vacancy and the penetration of oxygen into the matrix effectively, which is beneficial for
the oxidation resistance of Ti alloys. For the oxygen-vacancy pairs with different configurations, W can also in-
crease their formation energy, by only 0.2 eV per vacancy; therefore, the positive effects of W will be weak-
ened with the accumulation of oxygen vacancies and the acceleration of the oxidation process. Analysis on the
electronic density of states shows that for oxygen-vacancy pairs with various configurations, the energy levels of
the states of the unbounded electrons are different, which eventually lead to various formation energies.
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Structure design and motion mode analysis of a six wheel-legged robot

XU Kun"?**, ZHENG Yi', DING Xilun'

(1. School of Mechanical Engineering & Automation, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. State Key Laboratory of Robotics and System, Harbin Institute of Technology, Harbin 150080, China)

Abstract: The research of hybrid locomotion robot has become one of the hottest spots of mobile robots.

Wheel-legged robot which combines the advantages of wheeled robot and legged robot can be better adapted to

complex environment. A new combination between wheels and legs is proposed and a new circumferential sym-

metry wheel-legged robot is designed. It can transit its locomotion mode by changing its configuration. Mean-

while, it reduces mechanism complication and avoids the fray of wheels while they are used as feet in legged

motion mode. Because of its special structure, four typical “3 +3” tripod gaits and the equivalent mechanisms

in different walking gaits processes are presented and transition between them is analyzed. The forward and in-

verse kinematics models of single leg are built. Based on its structure, planning of motion mode transition from

wheeled motion mode to legged motion mode and from legged motion mode to wheeled motion mode is given

and simulated in software. Its wheeled motion mode and steering problem are analyzed and illustrated , and four

steering models are built. Some tests with wheel-legged robot prototype are made to verify its ability of locomo-

tion both in legged mode and wheeled mode and its capability of transition between different motion modes.
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Chordwise attenuation of heat transfer performance on inner surface of
hot-air anti-icing system
BU Xueqin"*, PENG Long’, LIN Guiping', ZHOU Ying'

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

2. Institute of Engineering Thermophysics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: The local heat transfer performance on the inner surface of the airfoil leading in jet impinge-
ment hot-air anti-icing system is experimentally studied through inverse flux technique using a piccolo which
has 3 rows of orifices chordwisely, among which the middle orifice is exactly facing the stagnation point. The
jet Reynolds number, Re,, the relative piccolo tube to surface distance, Z,/d, and the relative chordwise arc
length in the jet impingement zone, r/d, are studied as the factors of local jet impingement heat transfer
performance. The range of Re;, Z /d and r/d are 2.5 x 10* =1 x10°, 1.736 —=27.5, 13.21 —=61.5, respec-
tively. The local heat transfer performance curve looks like a bell, meaning it is high around the stagnation
point and decreases as the position goes aside. This curve consists of 3 parts: the stable zone, the decline zone
and the ending zone. Stable zone is only dependent on r/d. All of Re;, Z /d and r/d significantly affect the
declining rate of decline zone. However, the amount of decrease is nearly independent of r/d. The experimen-
tal correlation equation of the heat transfer performance attenuation under the circumstances of applying this
kind of piccolo structure is developed, which would be helpful for future design of anti-icing system and evalu-
ation of its thermal performance.
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Trajectory optimization method of aircraft endurance flight
based upon control surface trimming
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(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Shenyang Aircraft Design Institute of Aviation Industry Corporation of China, Shenyang 110035, China)

Abstract . Besides providing balancing moment for stable flight, control surface deflection will change the
lift-drag ratio of the airplane, which affects the endurance performance of the airplane. Based on the tradition-
al flight trajectory optimization which assumes that the airplane is a particle, the effects of lift-drag characteris-
tic on aircraft endurance performance are analyzed. Increasing lift-drag ratio at climb segment, cruise segment
and earlier descent segment, and decreasing lift-drag ratio at later descent segment will improve the endurance
performance of the airplane. In order to obtain the optimum flight trajectory and range closer to the actual
potential of airplane, a trajectory optimization method of aircraft endurance flight based upon control surface
trimming is proposed. Through this method, the optimum combined trimming mode of control surfaces can be
obtained for multi-control surface airplane. The optimization result of a type of aircraft indicates that, com-
pared to single trimming modes of control surface, the optimum combined trimming mode increases the total
range by 7.5% at most for the example airplane.

Key words: trajectory optimization; endurance performance; lift-drag ratio; control surface trimming;

total energy theory
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Stability analysis and optimization for pneumatic cabin
pressure regulating system
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Abstract: Pressure oscillation arises in cabin of aircraft equipped with the considered pressure regulating

system. To solve the problem, the scheme of cabin pressure regulating system was introduced and analyzed.

The system in differential pressure flight phase is simplified according to actual components participating in the

pressure modulating. The simplified system was taken as an example for stability analysis. The nonlinearity of

the system was analyzed in details. The describing function was obtained and the negative inverse describing

function curve was plotted. The charging and discharging dynamic of hole-container structure was studied, and

it was found that the charging and discharging transient was almost same in the condition. Then the transfer

function of hole-container structure was built as first-order element, and the similarities and differences be-

tween them were pointed out. Describing function method was employed to analyze stability of the system, and

a way of achieving stability was proposed. Full-physical simulation result shows that the required stability is a-

chieved by this way.

Key words; aircraft cabin; pressure regulating; pneumatic; stability; optimization; describing function
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Fig.3 Convergence curves of example 1
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Table 3 Calculation results of example 2
T B o POt b
T Bun Bum WRE/% /s
PSO 3.0033 4.0132 3.4523 0.278 79.41  1.485

P./10

CS 3.0015 3.3133 3.0992 0.970 28.14 1.010
1Cs 3.0000 3.0792 3.0148 1.285 4.774 1.072
FGCS 3.0000 3.0130 3.0027 1.338 0.874 1.283
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Fig.5 Convergence curves of example 2
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Fig.6 Handle mechanism of an aircraft door
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Table 4 Distribution parameters of random

variables in example 3

B AL AE SR 5 R s3I
l,/mm 120.0 0.01 &S
I,/ mm 370.0 0.01 1B
ly/mm 115.0 0.01 &5
d/mm 320.0 0.01 EA& S i
u/mm 19.0 0.01 EAB AR
w/mm 96.0 0.01 o]
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Fig. 8 Convergence curves of example 3
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Table 5 Calculation results of example 3

5 B Pty itst ik
FE S Buw Buan e B2E/% AR/

P/10°¢

PSO 4.3687 4.4709 4.3884 5.709 10.46 26.83
CSs 4.3687 4.3712 4.3691 6.238 2.175 59.54
ICS 4.3687 4.3694 4.3688 6.247 2.040 61.25
FGCS  4.3687 4.3687 4.3687 6.249 1.995 60.79
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Global-best guided fuzzy cuckoo search algorithm and its application

QIN Qiang, FENG Yunwen" , XUE Xiaofeng

(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: A global-best guided fuzzy cuckoo search algorithm is proposed to deal with the deficiencies of
cuckoo search algorithm, such as poor at exploitation and accuracy, slow convergence, etc. A global-best
guided strategy was introduced into the nests update formula to take advantage of the current optimal nest loca-
tion information when producing new nest location in order to maintain the diversity of the nests and increase
the algorithm’ s exploitation. In addition, the proposed method utilize fuzzy set theory to adjust the two main
coefficients, one is search step, the other is the fraction of worst nests, and is thereby able to improve the ac-
curacy and the global convergence. The performance of the proposed algorithm was tested by two classical
structural reliability limited state functions and then it was applied to reliability analysis of an aircraft door loc-
king mechanism. Experimental results show that compared with the particle swarm optimization, standard cuck-
oo search algorithm and improved cuckoo search algorithm, the proposed algorithm enhances the accuracy and

the convergence effectively, and it has better optimization results when applied to reliability analysis problems.
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Fig.1 Modeling framework of quantitative reliability model based on integration of knowledge and data
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Fig.3  Structure of an axial piston pump
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Table 1 Dimensions, degradation parameters and

associated uncertainties of slipper-swash plate

28 AN 7E 43 A /mm
HEMBILERE d, N(1.2,0.035)
FEZEBH R FLK B L N(9.0,0.04)
EH0HNAE N(4.4,0.04)
IR Ty N(7.7,0.05)
R BR Ay, N(0.0066,0.001)
TE S B R U(0.00008,0.00012)

x2 BERERTSH BUFTIERERHEN
Table 2 Dimensions, degradation parameters and

associated uncertainties of barrel-port plate

2 AN RE 53 A /mm
A EHMAT 242 R, N(27.10,0.07)
HEM S48 R, N(25.70,0.07)
HEME N 1R Ry N(20.10,0.07)
W AT R4 R, N(18.65,0.07)
TE 3 ) [B] B2 A, N(0.009,0.001)
TC I ) S A R U(0.0001,0.00015)

K8 HEZXKRTA
Fig.8 Test bench of piston pump

®3 HlRMNSHtEERLE
Table 3 Degradation of leakages of

performance testing

i Z1 MR/ (L - min ")
0 0.79
140 1.12
420 1.28
700 1.20
980 1.13
1260 1.25
1540 1.36
1820 1.45
2100 1.59
2380 1.69
2700 1.78




108 G| AN T S N = 4

AeALF 4R

2016 4F

R B AT 7 A% U e B I 1) AR A A 4 R AR
SR T A B S i AR R i 2 105X ( Time-
Dependent generalized Polynomial Chaos, TDgPC )
g 7 s 1 ) AR AR B A W )
Ui 5 By TDgPC 40k

y(1,8) =ao(t)+za/1(t)F.(§il)+

z z a’]’z(t>r2(§i] af;z) +

i = 1L2 1

2 Z zaili2i3(t)r3(§il’§i2’§i3) (18)

f=lip=1i3=1

Koo R E = (dy L,y ,ry by or) R T PG
SR, RN S E0 A Y AN TR 76 303 i AR 5 A
ks r, G — A HMSE B ER ML,
I+ ) 5 IEA S i 4k B TDgPC 5% b 8™
a, ()% TDgPC WyHFAF R %, AN B, Be i ml it
I & ) TDgPC ﬁD—F-

y(t, §)—a(t)+za’(t)F &)+

ip=1

2 Zazliz(l)r2(§£,v§£2>+

f=lip=1
6 i iy

Y X ala (OT(ELELED  (19)

f=lip=liy=1

K€" =(R,R,, R R by r) W2 IS
B, e R B A2

ARSCR AT SCHR [ 11 ] 42 S 9 8% 8l fe /s 3R ik
SRIUTDgPC Y I 22 22 %, 19 (a) FTE9 (b) 43531

5 —
- WRERR
w3l i
K [
&  2f
a
E—
i [LREIES - G—
0 05 10 15 20 25 340
t/(10°h)
(a) 5511~ R Mlla,
0.02
| ET T 2
=002} :
ﬁ -004
£ 006 .
B il . EL?)’T—LE]{%&
-0.10f
g 05 10 15 20 25 30
t/(10°h)
(b) 524~ F%la,

P9 FEERENMR i TDgPC R HHY I AL FFAE
Fig.9 Time-varying characteristics of

TDgPC coefficients for friction pair leakage
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Table 4 Summary statistics of posterior distribution of
dimensions and degradation parameters of

slipper-swash plate

28 YE AeER S% oM HE 95% ALt
dy/mm 1,275 0.01443 252 1.275 1.298

1
I/mm 9.045 0.008651 9.031  9.045  9.058
ry/mm o 4.49  0.01732  4.463  4.49 4.517
rg/mm 7.812 0.02167  7.779  7.812  7.846
hy/um  6.218 0.941 4.641  6.234  7.744
r/pm  0.10  0.012 0.082  0.10 0.12

x5 BEREARTSH BUBEENEERSTH
MERITE
Table 5 Summary statistics of posterior distribution of
dimensions and degradation parameters of

barrel-port plate

28 B 2R S%afis hE 95% arfisd

R,/mm 27.26 0.03048 27.21 27.26 27.31
R,/mm 25.86 0.03049 25.81 25.86 25.91
R;/mm 20.26 0.03051 20.21 20.26 20.31

R/mm  18.81 0.0305  18.76  18.81  18.86

h,/pm  8.618  0.941 7.041  8.634  10.14

r/um  0.125  0.014 0.103  0.125  0.148
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Posterior distribution of friction rates of

slipper-swash plate and barrel-port plate
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Table 6 Summary statistics of posterior distribution of

shear modulus of slipper-swash plate

SR W ARUERE S% el HE 95% Sr i

T Y] /MPa 36 500.0 1440.0 34260.0 36500.0 38750.0
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Table 7 Summary statistics of posterior distribution of

model error parameter

ZRAF BE bRMERE S% s T 95% ML

o’ 0.2199 0.1301 0.09367 0.187 0.4517
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Integrated method of knowledge and data for quantitative
reliability modeling
HAO Zhipeng' , ZENG Shengkui>* , GUO Jianbin"?, MA Jiming’, LI Qilin*

(1. School of Reliability and Systems Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Science and Technology on Reliability and Environmental Engineering Laboratory ,
Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
3. Sino-French Engineer School, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

4. Jincheng Nanjing Electrical and Hydraulic Engineering Research Center, AVIC, Nanjing 211140, China)

Abstract: Keys of quantitative reliability design lie in the establishment of the quantitative reliability
model. Current modeling methods mainly rely on design staff’ s knowledge on product failure rules, including
failure modes, environmental disturbances, failure mechanisms, etc. However, the inherent finiteness and im-
perfection of knowledge are bound to bring both model error and input uncertainties to the quantitative reliabili-
ty model. To address this problem, we proposed a knowledge-and-data integrated Bayesian modeling method to
develop the quantitative reliability model, quantifying the model error and input uncertainties. First of all, the
tasks of the knowledge-and-data integrated modeling of the quantitative reliability model were explained, and
the corresponding framework was established. Then the principle of Bayesian integration of knowledge and data
was clarified. After that, the general method of Bayesian integration of knowledge and data was proposed, and
two specific Bayesian integration methods for both performance fluctuation and degradation data were addressed
respectively. Finally, the effectiveness and feasibility of the proposed method were illustrated by a case of an
airborne axial piston pump.

Key words: quantitative reliability design; quantitative reliability model; Bayesian integration; knowl-
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Table 1 Key parameters of main landing gear

retracting device
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Fig.2 Hydraulic operating actuator of main landing gear
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Table 2 Key parameters of main landing gear

hydraulic operating actuator
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Fig.3 Controllable operating actuator of main landing gear
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Table 3 Key parameters of dynamic simulation

model of main landing gear retraction
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Table 4 Landing gear retraction simulation results of

conventional design under different load factors
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Fig.8 Variable design (p, =20.6 MPa) parameters r, and

r, as functions of load factors
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Fig.9  Strut rotational speed of variable design under

different load factors
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Fig. 10 Actuator cylinder pressure and back pressure of

variable design under different load factors
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Fig. 11 Actuator force of variable design under

different load factors
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Fig. 12 Actuator force derivative of variable design under

different load factors

£S5 p,=20.6 MPa T HGIHHEERKEFEER
Table 5 Landing gear retraction simulation results of

variable design (p, =20.6 MPa)

n,

1.0 1.2 1.4 1.6 1.8 2.0
1./ 10.89 10.92 10.91 10.92 10.96 11.01
w,/(rad +s7") 0.084 0.082 0.079 0.074 0.065 0.046
Pamse/MPa 13.32 12.05 11.91 11.87 11.8 11.68
F,./kN 168.6 199.6 232.8 265.8 298.9 331.8

F.,/(10°N - s7') 0.959 0.976 1.0  1.011 1.016 0.975
F._/(10°N - s~') 1.767 1.822 1.893 1.978 2.065 2.192
Gun/ (Lo s™h) 0.643 0.667 0.699 0.738 0.791 0.880

B2 Ik VB AT T 19% , 4 FF 6 Bk A TR )
BEAR T 17% , 4f 1 A8 b & e ROE W EH R AR T
79% e 1) A R e RO ELIEAR T 49% , B i
B R A MR T 3.2% . AT LR T AR A
SO B A BE 08 A7 20 B IR Y8 S8 W0ES I S AR
b SR VA I R v B R I e A U R AR R 1
ik
3.2 THEWHIEHB[SHMHEERNRI
Lory =k, (ry +ry)  Hod by D 15 3 ] A S
MRS AR Z I, BBt bk, =1.0
oL, KIS kBB A BT L E,n, = 1.2
9 T B0 B9 05 LA R X Nk 6 Frs .
x6 kWAREMN =1.2 TRHHELEEXL
Table 6 Simulation results (rn, =1.2) comparison of

variable designs with different k,

kin

1.0 2.0 0.5
r 0.00033 0.000 49 0.000275
I 0.00018 0.000095  0.0004
t./s 10.92 11.01 11.04
w,/(rad - s7h) 0.082 0.052 0.103
Pomax/ MPa 12.05 23.43 4.87
Fon/kN 199.6 199.6 199.6
F,, /(10°N-s"")  0.976 1.058 0.878
F,_/(10°N-s"")  1.822 2.276 1.604
G/ (Los™h) 0.667 0.821 0.613

6 AL, k, =2.0 33t MR 2 0k 3 &
FAEE K, = 1.0 BT B, (E AT 1 TR g 06 R 5
1o, SR o T R R R K 5k, = 0.5 Byt
BN FF IR Ty (A5 ool R B K, = 1.0 19
BT ARG, (H 28 b B B R, A R LT
I, O RME Ay, = 1.0 A9 28 JOSCROHE 3h a% Bt 2

FIEAY

4 TERKHIES R IERERE S XL

4.1 fEBIRENIERNEREEMAED SR
A A A SO AE By o BT 2 5 i AT g I
PSR DLt Ko 3 T 00 MR VR ZRBEAE 7 11s 241k
AR AE . A7 ARG AR 3, A5 AR B B
£ P FHT LA Dk /N WS A9 8 e AT 8 AR i BT 0 49 9 7 o
W p, =19.0 MPa,r, =0.000 15,35 & i1 9 48 5 ik
AR A% r A, B B2 LS p, =20.6 MPa
MBI RS EL AN 13 ke p, =19.0 MPa (25
MBI A R ANE T R
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Table 7 Landing gear retraction simulation results of
variable design (p, =19.0 MPa)

4 -
1.0 1.2 1.4 1.6 1.8 2.0
t./s 11.05 11.04 11.05 11.06 11.01 4.356
,/(rad - 571) 0.083 0.081 0.077 0.069 0.053 0.012
Pone/MPa 11.24 11.19 11.12 11.04 10.89 7.77
/kN 167.5 199.5 232.7 265.8 298.7 323.3

amax

F,./(10°N-s"') 0.77 0.782 0.799 0.808 0.791 1.507
Fo_/(10°N - s~') 1.421 1.482 1.548 1.63 1.736 1.527

a-

Guma/ (Lo s™h) 0.632 0.663 0.699 0.751 0.837 2.528

HET7 AW, n, =1.0~1.8 1 THMLIE
A AT e KR D) FUZS ) vh s A p, =
20.6 MPa fy728 B H A BT REAR, M n, =2.0 ()
TR B A e R HE ) LB BRI T 2.6%
B g A2 b 30 TE W 4 K, HL#5 2 Y AU
K
4.2 p,=19.0 MPa TiFE g it M itk R & R 3T Lt

ik — B RO 3h 1 B B8 AR iR e
i r, BEASTE fie Ko 2% T 00 T Bl WK A 2 7 AT R
LRGN, D) AT DL R AR 25 4 o AT U A . R
r,=0.00155s /s, +0.0002,r, =0.002 85, g ik
JE ) p, =19.0 MPa [ 48 3 % 11 5 Z §if JL A % 11
TEn, =2.0 T & 007 B 45 R X5 Lk &l 14 ~
K 1713 8 FiR o
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L ;JI‘=2O 6 MPa fii )
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= 06} p,=19.0 MPa 7
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=
g D3
; A
¢ L 2 34 5 6 7 8§ 9 1o
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Fig. 14 Strut rotational speed comparison of

different designs (n, =2.0)

Fig. 15 Actuator cylinder pressure and back pressure

comparison of different designs (n, =2.0)
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Fig. 16  Actuator force comparison of different

designs (n, =2.0)
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Fig. 17  Actuator force derivative comparison of

different designs (n, =2.0)
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Table 8 Simulation results (n, =2.0) comparison of

different designs

p, =20.6 MPa p, =19.0MPa

W A AR [
t,/s 11.01 11.01 4.356 6.533
w,/(rad - s7") 0.033 0.046 0.012 0.021
Pamax/ MPa 3.77 11.68 7.77 0.97
F o/ kN 332.1 331.8 323.3 323.1
1:’a+(106N cs7h 0.856 0.975 1.507 0.678
Fh‘k/(]oﬁ]\].s’l) 2.02 2.192 1.527 1.106

G/ (Lo s71) 0.879 0.880  2.528 1.139
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Design and simulation of controllable aircraft main landing
gear operating actuator
HUANG Chen, JTA Yuhong”

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

Abstract: Conventional aircraft landing gear hydraulic system has little controllability during operation.
Landing gear hydraulic operating actuator designed to operate under maximum aircraft load factor during land-
ing gear retraction may lead to more serious impact under common load factors. Conceptual design of a control-
lable operating actuator applied to aircraft main landing gear was raised, which employs 2-way proportional
throttle valves to adjust hydraulic damping according to load factor. Multibody model of landing gear retracting
device and hydraulic model of operating actuator were combined in main landing gear retraction simulation un-
der different load factors. Controllable design generates lower strut ending speed, actuator back pressure and
structural impact compared with conventional design under certain design constrains. Effects of actuator input
pressure and damping relation between the input and output throttle valves on simulation results were studied.
Improved design of controllable operating actuator was raised, which further lessened maximum actuator load
and impact of landing gear retraction by using the effect of inertia force.

Key words: aircraft landing gear; landing gear retracting devices; hydraulic actuators; dynamic simula-

tion; impact
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V£ 71 ¥ ) & 4t ( Reaction Control System, RCS)
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Fig. 1  Shape of RLV (upward view)
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T S AT AR NI L2580 0y 207 e st (9)
Fime ESOREmMEx=[a B p p g rI' K
o O I S dE H G OA RN u =
[8. 8. Lues Myes Nues 1", HHt Loy My 1
Nres 7390128 RCS 14 i i ) 6 7 € AT 48 A 1R AL A
FRIRHe WA Fw AT 3 A EIE EA Y, T E
T3 B A3 AR R R 3 AR AR P A
P RAE 1 2, DO B TR i A
B b 20 T RGN 7 A2 g 0y AT g, BIE AN Y,
Ly 195 O B 2, 330 T e A A TR
THITE PR AT 88 ok Ui 2 T R

@Z - pcosatanB + g — rsinatanf +
L] gcosucosy B L
% Veosp mVcosf
%:l‘/ +gsm¢% —rcosa + psina
m
1
Ca_ . LtanB
%—pcosa cosg T Sina oy TV
1 &tanf tany .
cospucosy + (Ycosu + Lsiny)
[ mV
H (-1 v Dpg + (11— 11 =10 gr
II‘: = +
[ LI - 1.1,
% LL, +I.N,
[ L1 =11,
= - (I, - L)pr-1.(p" -7r) + M,
iy I
O )
1 (L= L0+ 100pg + L(= 1+ 1, = Lar
o s
E IN, +1.L,
L1

LI =11,
(9)



122 | A

K

NP NIV I S

Ab At 4R

2016 4

Keg HE SN Y A0 15y IR A
& AWM LA F 51,0, F L, R EEE BT
LAV BB Ly M RN, S 53 O Sl AR T
7 A B TR B T R AR 2 586 A i 9 0
WHE LT, FEARAT A T R G A R
0 1) 5 4 JEABURE AR, AR AR O TR AT B 0 AR P TS
A5 T R 1 S T ) e A, % E SO Y
R O 0 20 S PR E A RAT A 0 AR S A (A
HMNE)  BISERE AR R o SR . 12 K
A7 e XHBURE A A6 4 1 BR B O AR R, R AR RE AR IE
M — B0 2, I R G 25 A AT A A i
Fi1 e 119728 A 15 10 1 BT ) A5 98 4 110 R A
{50 £ (bank angle) %€ SCO & AT i X A% F- 11 45 42
R R Y A A T 2 DDA e A, 5N (9) g i
T p BT WPRAT I A TE AT AR AR
Mebm T I A T s T R RCS WA fil K
T GEA A A b 28 e gy DT e 22 R AT A 2,
BEAE 3R AT 20 VR % 25 (B 1) 52 B B4 ) i
WHE SR &, O AT A8 X PR 1 5 4
AR RS R » B R BT T Z (B A A . 4hTE o
M55 12 -
(i):p+(qsind)+rcosqb)tana (10)
A OLESIREG S o SIS w A7EAE2E R, O
FLS A R A BRI, 22 S B W, A
(LD Brs , P A 2 ) 4% B2 75 07 2, {5t
IR EL S IF A REE R Z
sinp = [ siny(sin¢g sinfcos(yf —y) -
cos¢psin(yfp —y)) + cosysing cosf]/cosf
(11)
F T AT 8 0 L A S A A AR R 2R 3 T 1) |
6 %, M 5 R AR RE MR T E S,
A SC AR N 1) 7 ) SR ST A T e AT
] T4 A TEA A FR v B B0 R S BURHBURE A B A
TR ER o P 3 D AR il R T A M R AR AT AR X
PRV AL B DG ZR o M AR R 2R 22 T FR AR R 07
KA T LA 3T ORI F AR ATk U, i

Xy

ucosa

0 a
H X

osin a

B feosa

fsinal
z “b

F3 FREMRG)SARMRD) WARXRS
i
Fig.3 Position relation of stable coordinate system

(s) and body coordinate system (b) and angle projection

TR E il 5 AR F A R AR RVR B 22 )
2 S AN ] Z0 W A B o7 A 0 %) A0 3 A A )
FAHE A, WIS 1A As b ZR 1) VR T 38 18 5 i IV 1) 48 4
SN - Bsina.u cos o, f AT I8 T 7T B 00 LAY FE
4 H Beos ausin e, T X YA ] 3 3E R U, T
TR RAT 20 0 A 38 E AR /N (N T 3°) AT IA
RERE M R AR RN y BOEE S, T A
A A8 A % A1 AV 388 5 e 7 P 4R 2 o cos B s

2 EM @S YE

RLV 2% 25 45 il 18 6 1) A 2 Bk iR 2 — J& 2 Fh
FAE IR 5 5 R R T AE X SERR A R b, i
RHALS P R R R A 2 b E R R
o K BN £y £ 3R AR 25 B T B RAT A e ARl
NRREWEY:, — B ks G WA
S50 F 0 b 52 B A A, e A T BURAT AR AR
PEBERY SUR T R, BE B R . UL TE B A T
ZH, AR A 2 2 RAT AR LR A I 1 AL
P55 00 7 2
2.1 BHEBE

PR A T8 Y AT ARG — B 5
JoE e bk 25 7 A AN RIS =0 (12) , fR A
i L 10 T 7E TR B R p AR KRR, &7
A= BRA REARASE 1 3 6 (1, = 1) pr 00l T 153 7 )
B (1, = 1,) pq , HEIH 45038 43 5 AT 1 # A2 196, A
T A AR5 o SRR, 2 A7 26 R #f B  g
B, 7 78 2 Rl A 308 Tt 2 7 A BRI R R I
JIH (L, = 1) qr w156 (1, - 1,) pq o

l=1p+ (I -1)qr -1.(F +pq)
m=1q+ (I —1)pr+1I(p" -1) (12)
n=I7+ ([, -1)pqg+1.(qr-p)
Ko L IR SR s m S AR 1 R s n A D A
J15

R AT A AR e M sl % p, B8k HAE
WORG O B AR R R v AT R R R AR A
S B R T 1 58 500 % 2 19 2l g 2 7 B 4 R I
I8 B Bl T2 07 R AL K LAk, O 2w 15
RS 5 /Nyt v] LAAS SRR AE 7 72
st tas’ +bs" +es +d=0 (13)

ZWERH SR T M, (N, WREAE J5 B AT AR
st bs’ +d =0, G ARRESE N b>0 H d>
0, JEH GO i T 0028 ©AT 85 HoA i i A 2
PE, JF B AR A 2 b s Sk B 00 T BA Gl 1
ERa e I BEIRIE b >0, 4 d >0 B3 EH
RGBT Ny



ST ARG , 55« R TRAT A 0 i A S A o R g

:lb-ﬁft.%-#&
123

o5 11
cosae[(lz _ I")pz* +Mﬂ] [— (['Y _[”)pz*— NB] >0
I I

(14)
Sw,=-M /(1 = 1) 0,=NyL/(1, = 1) 1
P WAE-P >wp (15)
9
p2*<w4 E—PZ* <wp (16)

UK AT 0 O\ 1) 5 1 [R] ER A AR E
P, i 2 O 25X (15) W] LABRIE R AT A% L 48 &
B Bl e &% , T A2 O &R 3 X (16) ) Al UG AIE K AT
AL 3 A e L DRI, Ay U5 A2 Bl RS
ARUET 5 R U (16) , e A5 2 JR 56 R iR
B BRI BAE 0, 5 o, I EOF

AR AR AU £ A 3k 3 0 A BR (B oK 7R 4%
il 1) £ 3RO DL R AR TR B A AR R ) o fE A
Bk b, Ve e AR E B AR A, 0 BT 0,
Wy, WE AT

150

C AREERE

o 0)

012 14 16 18 20 22 24
Ma

K4 RLV f ABLLE ERY2RFE DA

Fig.4  Fast roll stability boundary along

the RLV’ s reentry trajectory
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damping of Dutch roll motion
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Gliding reentry vehicle lateral/directional coupling attitude control strategy

SHI Linan, LI Huifeng® , ZHANG Ran

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

Abstract: A lateral/directional coupling control strategy based on the analysis of coupling characteristics
was proposed for a class of under-actuated reusable launch vehicle (RLV) with only two body flaps and strong-
ly coupling phenomena. Several common coupling mechanisms and evasion modes were described, including
the inertial coupling, the motion coupling, the Dutch coupling and the control coupling. A rapid roll stability
boundary was calculated along a nominal trajectory to limit the angular rate of bank angle command, and ai-
ming at the problem that the existing Dutch-roll forecast formula is not suitable for this aircraft, a criterion of
the Dutch-roll motion stabilization was proposed in order to adjust the controller gain in different situations.
Based on the analysis of the coupling characteristics, a RLV longitudinal and lateral/directional motion control
strategy was designed: elevators were used to trim and control on the longitudinal channel; body flaps and re-
action control system ( RCS) were used to hybrid control on the lateral/direction channel at low dynamic pres-
sure and at high dynamic pressure body flaps can work alone. The 6 degree of freedom (6-DOF) numerical
simulation results have demonstrated the control strategy proposed can track the guidance command well and
maximize the using of aerodynamic actuators to reduce the consumption of RCS fuel.

Key words: reusable launch vehicle ( RLV) ; lateral/directional control; attitude control; inertia cou-

pling; motion coupling
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Active disturbance rejection control method on load relief system for
launch vehicles
YANG Weiqi'?, XU Zhi"*, TANG Shuo'** | ZHANG Yingying'

(1. School of Astronautics, Northwestern Polytechnical University, Xi’an 710072, China;

2. Science and Technology on Aerospace Flight Dynamics Laboratory, Xi’ an 710072, China)

Abstract: Load relief control technology is studied for launch vehicles flying across the strong wind area.
First, load relief controllers based on angle of attack feedback and accelerometer feedback were calculated,
and limits of these methods were analyzed, thus an improved active disturbance rejection controller (ADRC)
based on informed research was introduced into the flight control system. On the one hand, the error which
was observed by status observation was introduced into the ADRC loop. On the other hand, by calculating the
wind load impact on the control system, it improves the control law in ADRC and proves that aerodynamic load
can be restrained by ADRC, and the method to select the gains in governing equation in the improved control
law was given. At last, taking a liquid launch vehicle as an example and considering the elastic vibration and
sloshing, load relief effect was analyzed with different methods. The simulation results show that after the
improved ADRC method is introduced, the flight control system enhances the ability to reject disturbance, and
expands the boundary when choosing a gains in the control law. With the disturbance compensation and pro-
posed control law, the effect of the load relief system on the launch vehicle was greatly improved. This method
has a great value in engineering application.

Key words: launch vehicle; wind load; feedback control; active disturbance rejection controller; control

law
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Effect of rotor-stator interaction on film-cooling of turbine blade

LI Hongyang', ZHENG Yun'?"*

(1. School of Energy and Power Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Collaborative Innovation Center for Advanced Aero-Engine, Beijing 100083, China)

Abstract: For the purpose of studying the effect of rotor-stator interaction on film-cooling of turbine
blade, the AGTB turbine cascade was chosen to do the research, with which a vane row was assembled.
Unsteady numerical simulation was made for the full stage. The cross-section flow field at different instants of
time and variation of temperature distribution of the blade over time were analyzed in detail. Furthermore, in-
fluence of wake and potential interference on film-cooling of downstream blade was discussed. Conclusions are
as follows: the strong potential interference of the vane could change the flow angle of downstream blade in the
range of 12°, which has a great influence on cooling jet; both the wake and potential interference could induce
cooling jet “uptrend” and increase the mass flow of the cooling air by more than 20% , enhancing instant cool-
ing performance; function time of potential interference was about 1/2 stator period, while that of the wake
was about 1/6 stator period, and the potential interference usually performs longer time and has stronger effects
than the wake. Affected by the transport effects, variations of cooling performance of the whole blade and flow
condition of cooling jet were not synchronous, of which the latency time could be about 1/3 stator period or
even longer.
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Life up and down method for determining WFD average behavior of
aircraft structures
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(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. School of Aeronautics and Astronautics, Chongqing University, Chongqing 400044, China;

3. Beijing Aeronautical Science & Technology Research Institute, Commercial Aircraft Corporation of China, Beijing 102211, China)

Abstract: The widespread fatigue damage (WFD) problem is a serious threat to the integrity and safety
of aircraft structures. Evaluation of the WFD average behavior is the base for establishing a limit of validity of
the engineering data that supports the structural maintenance program. A life up and down method for evalua-
ting the WFD average behavior of aircraft structures was proposed based on the theory of strength up and down
method in fatigue applied statistics. The residual strength test was conducted following the fatigue test with a
specified fatigue life level (FLL) to determine whether the residual strength meet the requirement. Taking the
mean value of the adjacent two FLL with contrasted results as the FLL could lead to a residual strength equal to
the required one. By repeating the tests and statistical analysis of the results, the WFD average behavior could
be found out. Test on multiple site damage structure with 5-details was conducted with the proposed method,
and a WFD average behavior, with a requested residual strength and a specified loading condition, was provid-
ed. The proposed method based on the fatigue reliability can be used both in multiple site damage structures
and multiple element damage structures, independent of the specific forms of the structures and the load condi-
tions.

Key words: widespread fatigue damage ( WFD ) average behavior; multiple site damage; residual

strength ; fatigue statistics; up and down method
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Investigation of mixed convection of supercritical pressure RP-3 in
vertical round tube
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(National Key Laboratory of Science and Technology on Aero-Engine Aero-thermodynamics,
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Abstract: The mixed convection research of supercritical pressure hydrocarbon aviation fuel RP-3 in ver-

tical tube was conducted and the effects of buoyancy and thermophysical properties on convection was investi-

gated. The wall heat fluxes (200 — 500 kW/m’) , inlet pressure (3 —5 MPa) and inlet Reynolds number

(5000 -10500) were maintained in the experiments. The study shows that heat transfer impairment occurrs

in inlet region for all upward flow conditions due to buoyancy effects, which is not observed in the downward

flow. The heat transfer coefficient increases as the fluid bulk temperature increased as a result of comprehen-

sive effects of thermophysical properties. At lower inlet Reynolds number (5700) , the radial velocity profile

changes in downward flow conditions leading to heat transfer enhancement due to buoyancy effects. The buoy-

ancy effects are also significant for higher inlet Reynolds number ( 10 500 ). The criterion equation

(Bo"<5.6 x107") failed to evaluate buoyancy effects on hydrocarbon fuel heat transfer.
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outer radius of V-shaped corner of formed part
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Analysis of strain in electromagnetic V-shaped bending of
2024-T3 aviation aluminum alloy plate
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(School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: The mechanical properties and service life of parts are influenced by the strain characteristics
after metal forming process which causes plastic deformation. Meanwhile, the electromagnetic forming ( EMF)
gets more attention for the advantage that it can help to overcome the drawback of low formability of aluminum
alloys at room temperature by improving the formability. Therefore, the aviation aluminum alloy plate of
2024-T3 was used as the study object. And, the experiments and numerical simulations of V-bending process
by both EMF and conventional mechanical method were carried out. The influence of two forming methods on
the strain characteristics at the V-shaped corner which is along the longitudinal direction of the specimen was
studied. The results show that the tensile strain at the outside of the V-shaped corner of the numerical virtual
part formed by EMF is smaller than that formed by mechanical method, and the peak value of tensile strain of
actual part formed by EMF is lower by 13.9% as well. In addition, compared with mechanical method, a lar-
ger proportion of metal sheet formed by EMF gets involved in the bending deformation.
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Analysis of wings effects on locust-like robot air posture

CHEN Kewei, CHEN Diansheng ", ZHANG Zigiang, ZHANG Benguang

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

Abstract: To verify the mechanism that locusts adjust their posture in air by flapping wings asynchronous-
ly, the air posture adjustment locust-like robot system has been designed which realized the flapping of wings
with the crank-rocker structure. The structure characteristics have been analyzed and the wings flapping model
has been established. Then, the forces and torques acting on the wings under different flapping frequencies
and different amplitudes have been calculated. The influences on the body with synchronous and asynchronous
flapping of wings have also been analyzed. Finally, an experimental platform has been built and a series of
experiments have been implemented. Results indicate that synchronous flapping of left and right wings does not
induce body posture change greatly while different phases of each side of wings will cause the body swing.
Furthermore, different flapping amplitudes will induce the body roll and the higher flapping frequency is, the
more obvious the body rolling phenomenon is. The experiments have verified the correctness of the mechanism
of locust air posture adjustment by the ways of asynchronous wings motion and have provided the basis for the
design of the air posture adjustment locust-like robot.
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Experimental analysis on flow past circular cylinder attached to
frontal splitter plate
ZHOU Xiao, HU Ye', WANG Jinjun
(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: Considering the classic circular cylinder flow model, a frontal splitter plate was introduced to
explore the influence on the flow past a circular cylinder in a water channel. Particle imaging velocimetry
(PIV) was utilized to investigate the flow characteristics of the circular cylinder attached to a splitter plate with

two different stiffness (flexible and rigid) respectively at the Reynolds number of Re =1800. Owing to the

bending deformation of the flexible plate’ s leading point, an additional perturbation results in the generation of

vortex on the tip of the plate and even varies the dominant frequency in the wake region. In the downstream of

the cylinder, the sizes of reverse flow region in the flexible plate condition and the no-plate condition are simi-
lar, while the size of reverse flow region in the rigid plate condition is larger. The experiment results show that
the drag force of the circular cylinder could be reduced in a degree by the frontal splitter plate.

Key words: circular cylinder; vortex structure evolution; frontal splitter plate; flexible material ; particle

image velocimetry (PIV)
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algorithms
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Table 3 Computation time comparison of

two diagnostic algorithms
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Research on fault diagnosis based on multi-signal flow graph and
branch-and-bound algorithm
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Abstract: A complete fault diagnosis method based on multi-signal flow graph and branch-and-bound
algorithm was proposed to deal with real-time online fault diagnosis problems. A multi-signal flow graph model
was built for the object system and a dependency matrix was generated as diagnostic knowledge. Conflict sets
was generated by the dependency matrix and the system observation vector, which was essential in transforming
the problem of finding the minimal diagnosis set to a problem of integer programming. A new version of
branch-and-bound algorithm was utilized to calculate the optimal solution of the diagnosis by branching, com-
puting lower and upper bounds and pruning the conflict sets. In this way, explosion problem caused by enu-
meration could be avoided. By applying the proposed approach to a fuel system of aircraft, the efficiency of
this method was verified. Diagnostic results by comparing with the existing TEAMS-RT algorithm demonstrate
that the proposed method has a higher accuracy in locating the faults. Besides, both single-fault and multi-
fault diagnostic problems can be covered and the method is capable of large-scale complex system fault diagno-
sis.
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Influence of side boundary condition on compression performance of
aluminum alloys stiffened panels
XU Rongzhang, GUAN Zhidong ", JTANG Siyuan

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

Abstract: Engineering aircraft stiffened structure reinforced by a beam or wall panels restriction are sim-
ply supported, and high strength aluminum alloys stiffened panels constrained by side boundary will exhibit
different compression performance from panels with unsupported side boundary in axial compression. Test and
numerical calculation research were conducted to study this phenomenon. Moiré interferometry and strain gau-
ges were used to monitor the buckling and post-buckling process. Based on the software of ABAQUS, a finite
element model was developed. Johnson-Cook constitutive model with ductile damage and shear damage was
used to study compression performance of panels with different side boundary conditions. The calculated
results are coordinated with the tested results very well. The results indicate that all skins of side simply sup-
ported panels buckle simultaneously, while only side skins of unsupported panels buckle. Despite the buckling
load for unsupported panels is well lower than that for side simply supported panels, the former’ s ultimate load
only almost decreases by 9% .

Key words: aluminum alloys stiffened panels; simply supported; ductile damage ; buckling mode; post-

buckling performance
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defense based on analytic rules
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Abstract: First, in order to generate the capability indexes of shipborne in the capability requirement
generation process, the threatening task of shipborne is decomposed, a capability index system is built, the
analytic rules between the meta tasks and the capability indexes are analyzed. Second, in the background of
area air defense of single shipborne ship-to-air missile, the corresponding mathematical models are established
according to the steps of operational process, and with relation graph, the capability indexes, including killing
zone boundaries, launching zone boundaries, anterior distance and height of airborne early warning aircraft,
warning distance, etc. , are verified in simulation on the basis of operational requirements and other factors
between ourselves and the enemy. Finally, the interval numerical values are produced by analyzing the impact
of the required detection distance and speed upon combat capability indexes, which provides a quantitative
basis for combat capability requirement generation of shipborne area air defense.
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Algorithm for recognizing and constructing rib feature based on
constrained Delaunay triangulation
ZHOU Min' , ZHENG Guolei"* , LUO Zhibo’, CHEN Shulin’

(1. School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. Department of Mechanical Engineering, Mcgill University, Montreal H3A0G4, Canada;
3. Shenyang Aircraft Industry ( Group) Corporation Ltd, Shenyang 110034, China)

Abstract: In order to recognize the rib feature in aircraft structural parts, a recognition and construction
algorithm based on the constrained Delaunay triangulation is presented. First, according to the different machi-
ning methods between the real bottom plane and the flat rib as well as the similar geometric characters of these
two features, the concept of generalized bottom plane is introduced to represent the real bottom plane and the
flat rib. Moreover, a representation model of the rib feature is established for further recognition and construc-
tion. Second, the constrained Delaunay triangulation method is adopted to decompose the generalized bottom
plane, recognize and distinguish it as the flat rib or bottom plane, and then extract the medial axis of the flat
rib. Finally, the flat rib is divided as per the medial axis while the declining rib is recognized and constructed
as a sub-feature of the generalized bottom plane. The validity and efficiency of this algorithm have been veri-
fied through examples.
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