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Requirement from maximum rate of climbing of aircraft service ceiling to
turbocharged reciprocating engine

Xu Bin Tan Longxing Yang Shichun Ji Fenzhu”

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

Abstract: A wide operating range of engine is of vital to the safety operation of aircraft, especially at
service ceiling. Through the dynamic analysis of the matching process between the aircraft and power plant
which is composed of the turbocharged reciprocating engine and propeller, quantitative performance require-
ment for engine from the service ceiling was proposed, which proved to associate with the operating range and
surplus power of engine. The operating range can also be used to evaluate the matching result besides the de-
sign point performance. This means that the conditions of cruising should guarantee the engine power recovery
to sea level. A calibrated simulation model was created by GT-power. Its operating range was obtained by sim-
ulation and the factors influencing operating range were analyzed in theory. The advice of matching turbocharg-
ers based on the wide operating range was given considering the safety. This process can also be used to verify
the margin of adjustment at service ceiling to ensure the safety.

Key words: aircraft piston engine; service ceiling; turbocharging; matching; operating range
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Optimal design for thermal insulation layers of
energy-storage sodium-sulfur batteries
Zhang Jianping Han Yi
(College of Energy and Mechanical Engineering, Shanghai University of Electric Power, Shanghai 200090, China)
Liu Yu
(Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai 200050, China)
Zhu Qunzhi

(College of Energy and Mechanical Engineering, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: In order to solve the problems of over large thickness, short life, poor reliability of non-vacu-
um thermal insulation structure for sodium-sulfur battery, the mathematical model was established by thermal
conductivity theory of multi-level insulation layer structure, solid modeling and numerical simulation were done
by finite element analysis software ANSYS, the impact of different thermal insulation materials on the actual
performance was analyzed, and an optimal design by the actual test validation was proposed. The results indi-
cate that the optimization design meets the design requirements, decreases the total thickness of thermal insula-
tion structure by 37.5% by applying new thermal insulation materials, and then reduces the overall size and
weight of the structure. Furthermore, the layout method of the thermal insulation materials arranged according
to the material properties and thermal resistance was summarized, which ensures each material is safe and reli-
able under working conditions. Research results can provide technical references in design and optimization of

the insulation structure for sodium-sulfur batteries and other devices in the future.
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Fig.1 Diagram of thermal insulation structure
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Fig.2  Overall layout of original thermal

insulation structure
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Table 1 Parameters of materials used in original

thermal insulation structure

B R /mm SRR/ (W/(m - K))
CFB 50 0.043
CFF 20 0.041
SVB 10 0.004
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Fig.3  Overall layout of optimized thermal

insulation structure
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Table 2 Parameters of materials used in optimized

thermal insulation structure

g JEJE/mm FHEH/(W/(m - K))
N-MTIF 30 0.017 ~0.023

SVB 15 0.004

GF 5 0.035
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Table 3 Results of the finite element simulation

IR fif a5 R/ °C B A/ C AH X R 22/ %
1 180.7 190 4.89
2 57.9 75 22.8
3 40.3 40 0.75
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1 B HMARASRAPDR IR S EARAMEE, RET —AHRERT
R ALK K % B AR AL A BB AR 1R AL IR 2 K A, AR 3R 1% B % (GA, Genetic Algo-
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Effective multi-objective optimization for aerodynamic and
stealthy performance of tactical missiles
Liu Li Jiang Menglong Long Teng Wu Di Huang Bo
(School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: A new effective multi-objective optimization method was employed to solve the aerodynamic
and stealthy performance optimization of tactical missile problem. Physical programming was selected to trans-
late the multi-objective problem into the single objective problem. Genetic algorithm ( GA) was applied to car-
rying on the design space search. Variable selection and radial basis function ( RBF) were contributed to
reducing the design variable space dimension and the number of high fidelity model evaluations. Then, the
aerodynamic and stealthy performance optimization of a quasi BGM-109 model was chosen as an example to de-
liver the whole optimization steps and verify the correctness of the method. The optimization task is to minimize
the drag coefficient and the heading radar cross section ( RCS) subject to the aerodynamic performance con-
straint, namely the lift coefficient has to be no less than the initial value. Through application to engineering
case, the computational cost of the proposed method decreases by 83% compared to that of GA, while two
methods has nearly identical performance.

Key words: tactical missile design; aerodynamic and stealthy performance; multi-objective optimization ;

physical programming; surrogate model; variable selection
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ek, RATa B R B — A B T — A Y
BFFE I B R A T 2 R M 9 2 H
PR DA TV 0T 5 7 i 4 3 1) B B B R R R AT
TN TE RO T SRR R R T
Bt B REPE ORI A SRS T LT Pareto L
Sk e R 4 T AR Bh e B 2 AR AR

AR T L sh B B PERE R T 2 B An i feinl
B 22 B AR A 5 A AL R B | Pareto
2 H b it 4% 58 0 A 3R 00 ik A A R B0k AR
KA 22 H b ) N 75 2 5 52 981 B, TSR AR
Pareto 2 H frist (% 515 g e i Hb oK 1 2 H b 7] 81
IR 25 il 4R AH AR 29 S S5 PR AN E R , 315 i i
K. B, B8 5 AEAT PR AL B a5 G, RO
i, I BN E B EAUE, B4 58 i 4 50 T L3R
A JE AR I 45 SR B ) 5 a0 A B 0k
G55 TER SR 3 RS B & 2 B AR A ) 2
W, BT ol A sl B B RE AT I 3, R
i TR K 45 7 D 4, 5K RE AT 200 2 TR R
Ak 25 fife . e gk AR e O U B ORI AME RO X
B Be B 25 G R P 1 5 ) B AT HE ), AN ARG T
BT AR AR D T A s T HL 2N TR
B RST I ZR B T R i A 52 e P L e
J& , K 2 7 3% 5K %% ( RBF, Radial Basis Function)
ARBEAS R 70 A% A I 1 5 G D7 ECBE R, ik —
WD TIFRR RS T RRCE.

1 BRARSESIFEFGEERSIITHE
1.1 SHomEs

IR 3 33 o By oA LR
SRR 2507 . AR SCR AL T DATCOM
AN T R ST 3 R 8h S 4. DATCOM 1y
THOA R R, 7R Bl RS B SR B ET R R, R AUER
K1 CFD 1, RE A 850 1153 LA

PASCHR [ 11 ] e i S s 80 S ), oF 55 A
BRECHK 1,75, T BN 2.00 x 10° 1 T4 T, A ]
WM R Sk 2% WK LR EEAR S
WY T B, DATCOM 34 i i3 1 R 8 5
B BE G BT ORG BE EEK
1.2 BRESHEE

W B 75 ik B4 # E L ( RCS, Radar Cross
Section) fift 55 5 A AT LR 51 2R 1k LGB R VE AL
LS. AR SCR A T R FEKO LRG3
AR il B RO S Y B B PR RR. A IRIE 5 R 4y
B A5 70 (1) — S0P, AR SRR DATCOM X 52 3 JLfif
Sy A b e, it UG IR P £ T AR
SR =Gk B B o B L AR A

B 1 ykim F 280 DATCOM H3 8 5 S0 86 B0dE %t He

Fig.1 Comparison of normal force coefficient from

DATCOM and experiment

KEIIE FEKO fi# 2 RCS ({65 B . #1] H NASA
SRR AE AW R K T GHz, R KT
AL 0 T A Ak 7 A 4 7 R SR A% ) RCS B
55505 K d %t & 2 B R FEKO 55 i 15 1)
RCS BB & B 1 RG EZoKR .

12 NASA #{{k RCS fiy FEKO J}4545 5 5
S 38 Bl o L
Fig.2 Comparison of RCS between NASA almond’s

results from FEKO and experiment

2 RARSEZEBRRUTE
2.1 BARSBESHESSEHIRRL
AR T B 8 B 2 H ARG AR 1) mT DL HT
TRCAIE AL
min F(x) =min[f, (x) ./, (x) [, (x)]"
s.t. g(x) <0 (1)
h(x)=0
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£ Ce)ofs () oo f (x) TV CR™ S m 4 H A b
Brm,x=[x,5,,,x,] e XCR" & n 4%t
A RS R B 2 AR IC AR ), X R AR
FHBIUTIMNES B R (x)=[h, (x) ,h, (x), -,
h ()] LT p AEXAHg(x) =g (x),
g (x), g, () JEXLT g PAFEXLAR.
2.2 MBEHRXFE

Yy ## %) ( physical programming) ') 2 Mes-
sac T 1996 44 th iy —Fh kb B 22 1 ARG AL i 1117
TR SR M, A AR 51 A i 4 oR K, H AN W] 1
P BRI KR A S [ 8 R 60 96 R A R R, BRI AE
2 b ) RV A6 R B H A [ 230 Ak 3

Yy SR 0 R O SRR e e R R, P D
BRECE H8 P T A AT AR B A SR AR g H bR
BRI I F e RN g B, IR o] R IR D AN, BRI 2
TSR BRI ROR SRS RS 2 H AR
A H AR s E] 9y < B 0 2 Ece /N, TR T I
K, RCS die /s (R ) 5 1) 254 1)) 55 4 B0 &) Y
i 2 BREC T 430 3 2 /N UG (SIB) |, 0l
(LIB) , B T AR B4 (CIB) |, £ X iR T 5 <
Bk B 2 H bR Ak ln] B E I SIB Fl LIB A 32 %
BUAXT R (I 3 Frx) .

Ay, ~ Ays— 28 B DI i 4 B8 8084 728 A DX S0l 3 17 32 71
Y953 S0, B4R TE AR B b oA BICLE 28 % DX 8] 9 2 R Ml 4 PR
BUE LA

3 i e o 5 DX 3 K o

Fig.3 Preference function regions for ith generic criterion

SIB F1 LIB fis &f s &7 FERIH 3 , T 240 € S

A1 FAE RT3 FAE T LAE ff il A 2% i 4 o
B, TSR A R 22 F AR TR A S D 4, B R
U AR A b B b AT AL, 5 B AR L A9 AR 45 i
Py BRI AL AR 5 i B TR A 4 R

B4 B S i
Fig.4  Flowchart of physical programming

528 INAGE A E, P BRI B AT DL AR
T S ACE D TR A s @2t
A TC 18 A0 o] I R A 8 TC 1k 3R A5 AR Pareto f
25 fift, 10 40 PR 3 3 5 i 4 PR 25 J T Pareto
&, REAR 4 AR A JE T Pareto JE 45 .

2.3 TEik

BEXHOR T B B & 2 HAR AL, JLBEit
AR R TR LT3 B A nEos g Ak Y
TE AR BE B T2 e 48 8 Y 1 0 T 2 LA 9K
R R O T RRARER T R B R
5 Z AU n) e 4 3+ 35 A, A7 b 2 B3 48
AT IR L , KA ULk B AR /N BT
LA G e 17) J28E ) 48 5.

FIH 3 5 3% 1T 5 2 ( DoE, Design of Experi-
ment ) X [A] & i £7 R A, 25 5 T7 22 73 Ht (ANOVA,
Analysis of Variance) AJ ) AR {6 H i B& H 7] 850 56
SR AR R S AR AR AR S BT

PSRk o i

Fig.5 Flowchart of variable selection
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A3 4 728 B 07 PR B9 DoE I, AE 1k B AL AS LA /N
25 R Hff 8 B 2R T R T2 1 A 1 1 DoE
AN3E T BT 07 22 3 B R A8 £ 1
2.4 RIEBHER

BEXT AR T80 <3 B B 2 H R0 Ak SR BE 1
FLASE AR TR B3 A 8 A ) R, SR FHAR 3SR ((surro-
gate model ) K REARTH A3 A . AR AY | J2 48 38 o
B T Bob i i 1T SR /N VB A R S RE A b
) B S 0 2 BAH I 1 I LB B R DA AR
G AT R R s gy B S 3 A e

725 o) PRI DA A S0 A 5 B8l i 22 T g R B
BN A AR ) — 2 R DA 1) R Bk S R B B
Tk 2RV S AL 3 A ) AR SRS R R Sy A2 1) R A
AR AY . 32007 15 38 1 A% 1) R EIOKE 22 4 ) R 5% Ak
o AP N NN K A=A S R =N
A IR T8 A

72 1) pR B ) AT A R

ng

£ =3 (B).S(x - x,|) =Ble  (2)

X, =Lolx-x]), ¢ (Jx-xl), -,
dCllx—x, [ T" MEEREL, n, FAEA 14801
Z¥a g, =1(B),, (B, (B), 1", HB,
7% 2 37 A 4% 0

(f.-)i=yi i = 1’2a"'ans (3)
AB.=y B.=Aly
Hr

P Clle, - x, (D o(|x, -x, DO

A = L . . |

=0 : : %
e, -2 ¢, -x, DE
(4)

3 & 4

3.1 2 BGM-109 5 S 4 K (6] B # i

2% BGM-109 i — ¥k fh 26 7Y 3 3k | 5] A O g
B W4 B A R 2 R B — A A R 3R R
(NACAG4 R F|FEA) A1 4 Bl B 86 s BB 3 4]
AL 2w S AN Bl A B, A 2 8k 2k
BGM-109 #5745 BRI L AN & 6 f .

2 BGM-109 {8t ToL K - k% 0.7,
Yoffr 4.8° AT E 60 m. 2% BGM-109 119 [ & it
BTN NS AR A8 450 MHz (275 35 [ 4
IV T B 38 0 AR A48 ) KT A A i 1) 451 4

6 3¢ BGM-109 #ER] 5 B2 B % L ]
Fig.6  Quasi/real BGM-109 model geometry differences

AGF A 90° ~270°. Forp | s R 1 225 7 R
1.1148m’ , Z# KK 0.52 m.
TEHBH 1 R % C, (WA N 0. 055) 1E B < 3h
P RETEM F5 A5, 22 HCHT ) RCS 33 (H o %, ¥
fiik - 10.859 dB - m™) 2 & B 1 i DF A 45 45,
H A I B2 5 H PRI E % 1 43 J )l 43 () H A O 4
W
g.,=10.04,0.045,0.05,0.055,0.06]
g, =
[-16.5,-15,-13.5,-12,-10.5](dB - m*)
(5)
TECTE T3 ZRECK TR T ) R R AR o
1, S S A AT 2 80k Tt 28 i (O fR IR T 5
HMIE B F N R AR JUART 2 000 78 Ak 9 [ 3
TSRS £20% ) , [l @t a] 12X (6) ik
minf, (¢) =C,
minf,(¢) =0

6
s.t. €, > C (6)

[Doma

c e (80%c,120%c¢) 1

Hr,e it Za (S sE 240 ;¢ R
THI &R C, IR T 1 R %L
3.2 ETAZESMHNTERIE

¥ M Box-Behnken 75 7% XF 2 (6) Fir 4 i i 7]
RUHEAT R AE (16 2 (0] 1, 3R X 396 DMAEA ) ,
PR E B R 1 R, 255 F R
e 0Tl - B BSORT 249 TR 4% AP 1R S B RN S e
Co s Cy > Coo R €y R O 16 S5 AR 182 3128 . O B 1R /) 5
A AR AR e o ek R O
94.92% ,RFEA R KA EZEEZ FH6.15% ,
B S LS B 0] AL 1Y) FE AR A B



1658 | T 1 N N N = S

2014 4F

e A5 4R
M )

x1 TERRER

Table 1 Variable selection results

. WEE/ %
WA ELiET —
iR AR &N

) Sk K B 0.00 0.00
¢ Bk AR 2.01 0.00
e EHAAZ 71.35 18.05
4 B K 0.00 0.00
cs il K 0.00 0.00
Cs R ER 10. 62 1.83
¢ TR ZRENE 1.00 0.00
Cg e 6.09 61.75
Cy FHEMRZK 0.00 0.00
C1o FHEHRZK 1.40 7.89
cy FHEFTL S A 0.19 2.47
1 RS 0.49 0.00
Ci3 SR R 5.46 6.63
Crg B MK 0.00 0.00
Cis R LEK 1.32 1.11
Cl6 RBREZEHMA 0.00 0.11

3.4 MEAREBEERERMRN

%8 5] DATCOM fiff 5 < 3h 28 X - 3 FE i
INT Us, PRI ASORT 58 O 6 I ) G B i A6 50 g s
RBF AQHRE Y. I T 7 i 46 8 1 O v R
220 AMREAS AL, BEPLE HL 200 S EEAR A B RBE
PR R A 1 20 A5 AR A 5. RBF Oy
UK RRR, ARSI R A SR 5 SR AR 2 R
HAXFIRZEIIE T 1. 68% , MK R BN 0.943 4,
AR R A F) 3 R HE 5¢ 42 1 2 BT 20K, B REAR
U b B W S B RS 1R (A S5 38 K - A I 1 41 48 9
RCS ¥J{E) 1y H LA AL

R2 REEHNBERRBRER

Table 2 Accuracy verification of surrogate model

BRIE 2 AR 25 ¥ R R
BAH 0.0168 0.9434

Yty yeq 0y s oo M ey R IFRES 0 A8 Bt L 7
3.3 fRimiE

A fE Can el 7 FroR ), al fii il LA 6
DI ERFE (T AR 806 18 ) , I 54 koK 2 9
KB B Rk @1 B B B B 25 A D i R B
QG5 A7 22 Fr b A7 78 2 0 3 5 (DX i 16 S5 1 ] it
AT REE R B AR T3S S B B R O
ARBRASE Y IFAG BKG B , 2505 B AN T A 22 5K 0 8 42
TGN ; @ A BA AR A 35t 1% S0k E AT Ak,
A 8 GL i BT BRI A R Z R 155 @2

K7 ARSI & 2 BRI AR
Fig.7  Flowchart of aerodynamic stealthy coupled

multi-objective optimization for tactical missile

I P 3R X0 4 3 26 BGM-109 <3l B B 25
Bt R, 25 A I 4 R B AR S v R AR
WE AL kP % 2% BGM-109 (1475, 3 B B M B
TR AHRMZ BErtifb, RAZ R 506 TR
e 3.3 4 X 8 k.

3 RULERSMBHEI L

Table 3 Comparison of different optimization results

ES C, o/ (dB -m?) (o
[URCWIES 1) 4R B 0.055 -10.859  0.477
- P A 25 R 0.046 -15.946  0.481

AL -16.4%  -46.8% +1%
L A 2 0.048 -15.358  0.548
s AL -12.7%  -41.4% +15.3%

x4 MURTSHESMBARILL

Table 4 Change of selected geometry parameters m

BNE| €3 Ce Cg €10 €13
YIE 0.520  0.240 1.055 0.300 0.270
A 0.416 0.192 1.266 0.320 0.284

e ) e R E T 160 S K RCS, dB - m? 5 JE] ) B 6 TE 5 1 1
8 RCS Aij [ HU 45 0 1L
Fig. 8 Change of heading RCS
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BRGREH AR BT T HBERAE B R TRRAREBREAR R AN ER T E
BA AR AENHEFTEARTERAEEAAB AT ZRFOREZLENSHE AL TR
EHEHBEAE, LR TAFZEANRE MEREIRFE A RNBERE AR B HEE
WHERT ZHARERER, EEAART EWRESR Z RS HE KEBER R EKRRE
ERRMER AR EENZ M BE. FEERKN, R IEA ST LR RN ZRE &8 KR
MBS W E AT E e E AW, B A 7 AR By A K R AR R D
R KGHE T RERNSE R

X 8§ W RAAKRBRER; AREKFREAR,; HEFE; REEHr,; FAF £

RESES: V430

SCERFRIAED . A 3 E 4 B 1001-5965(2014)12-1660-06

Numerical analysis of influence factors on stability for dual-stage gas
pressure reducing regulator
Sun Bing Xu Qi Chen Yang

(School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)
Wei Lijun
(No. 93469 Unit of PLA, Shijiazhuang 050071, China )

Abstract: A numerical model of a dual-stage gas pressure reducing regulator, which is used in an aircraft
pressurization system, was established on the basis of finite volume transient model of single-stage gas pressure
reducing regulator. A modularization simulation model was also set up for performance study of dual-stage
pressure regulator. The influences of different structural parameters on the stability of the two regulators which
have tiny structural differences were illustrated by a series of numerical simulation, and their results were com-
pared and analyzed. According to practical needs, the sample variance of Il-stage valve spool velocity was
chosen as the stability index, numerical analysis was then conducted on the influence factors including the II-
stage valve spool mass, the II-stage low-pressure cavity volume, the Il-stage feedback cavity volume, and the
II-stage diaphragm stiffness. Results show that designers can decrease the Il-stage valve spool mass or increase
the Il-stage diaphragm stiffness to improve the stability of the regulator. The study can help designers to meet
the engineering requirements with minimum expenditure.

Key words: dual-stage gas pressure reducing regulator; finite volume model; numerical simulation; sta-

bility index; sample variance
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Fig. 1 Schematic diagram of dual-stage gas pressure reducing regulator structure
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Fig.2 Finite control volume grids of dual-stage gas pressure reducing regulator
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Fig.3 Numerical simulation model of the dual-stage gas pressure reducing regulator test system
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Table 1 Initial parameters for dual-stage gas

pressure reducing regulator test system

¥ HXSH HUE (A #L/B AL
1 po/MPa 35/40
2 p,/MPa 0.101325
3 p,/MPa 0.101325
4 P/ MPa 0.101325
5 T,/K 285.15
6 Voo /m? 0.012

R2 MNBSEREREMSHEEE
Table 2 Structure parameters for dual-stage gas

pressure reducing regulator

g ks 5
1 — 2 ) P N 7 dy/mm  13.94/3.0
2 — YR BALERE R d,;/mm 8.0/2.83
3 N R mye/ 8 33.621/6.5
4 — G I U A A [ A A /() 25/36
5 -G R R Cp/(N/mm)  96/64.3

o . 12.118/
6 — 2% ) o T 4 *p/mm 506402
T G TT A R B R B Aa/s 4x10°*
8 — LRI AL U R A Can 0.233/0.5
9 — G BRALAT AL A R B Cus 0.7
10 TR T A Mmyen/g 42.6/26.65
11 TGRS A R A ay/ () 75/38
12 — R W €,/ (N/mm) -/54
13 — Y PRI Cy/(N/mm)  -/15.4
14 — G WS e K BR AV I Bt/ mm 0.5/0.64
15 R AR d yy /mm 12.0/6.0
16 CHRRIRILE M AR d 3/ mm 3.0
17 YR B EE 1R dyyy/mm 12.0/14.0
18 TR R T 4 X/ mm 0.15
19 — o g ) Cp/(N/mm) 57.945/24.7
o 8.9834/

20 TG R TR 46 ¥/ mm 3.22597
21 G oA BB R AL Aa/s 4x10"*
22 TR U A U R B Camn 0.166/0.5
23 YL AL I R Cans 0.7
24 YRR AL B R Caa 0.7
25 TR R TR 6 %y /mm 6.0
26 TR R C.y/ (N/mm) 80/26

27 o SRR Cyy/(N/mm)  8.767/4.2
28 RS R R R B s/ MM 0.55/0.5

®3 AZEWEXSHLE

Table 3 Parameters for valves in system

W L HAE WEARK Bl (FF )R kD) B F
d/mm  Cyp., ] ¢, /s S X TF B 7L
0.00000 0.00000
1.40000 0.30000
1.41000 0.40000
1.46000 0.50000
1.51000 0.55000
GV1 6 0.77863
1.52000 0.60000
1.56000 0.65000
1.60000 0.70000
1.61000 0.80000
1.62000 1.00000
GV2 12 EJ%ME% 0.00000 1.00000
Z%00.05
GV3 1.88 0.91945 0.00000 1.00000
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Table 4 Results of stability as a function of

modifying the regulator II-stage structural parameters

N PN

N T 5y T H AR W T A AR IR
A AR S U A — G0 IR 0z Bl RE A AR AR T
ZENE D9 WU T A (RS E PR b BEAS T 220

n

S2:Z[xi—E(x)]2/(n—l) (1)

Horfr, o, NAFEARMEGE (2) AFEARW S s n AR
SR AEAR SO v, BV D80S i 4R R B a2 Bl
B E (x0) R 25 BEAS S BIEL, U PERE AR EE 2RI
PRI A AR RE , S 2 W 3R ANFEE , AR ST B
I TR AE A UM LA 2 ~ 108, R 5 AR SO i B
FENE 2301 2540 2 RO RAR B, LU D7 5 40
T e A B T AN B 1Y 728 A1 T 1] AR A v 58 491
M 1% ZEALE) 10% , S-S5 S BEEA 10 4541,
FHHIA 400 AFEA KL 0-0 b S
RS REMERTEEG]

Table 5 Calculation cases on stability index

L] Mycn/g Ly /mm lyz/mm Cpn/ (N/mm)

m 12 113 114

0-0 42.600 127.56 5.9941 80.0
1 43.026 126.28 5.9342 79.2
2 43.452 125.01 5.8742 78.4
3 43.878 123.73 5.8143 77.6
4 44.304 122.46 5.7543 76.8
5 44.730 121.18 5.6944 76.0
6 45.156 119.91 5.6344 75.2
7 45.582 118.63 5.5745 74.4
8 46.008 117.36 5.5146 73.6
9 46.434 116.08 5.4546 72.8
10 46.860 114.80 5.3947 72.0

B e (i ptnm o
i Bk

0.010 ~93.90myey  <1.033myqy 1 |

! m\C“O~375 ~3.752myey <1079 mygy 1 l
. 0.004 ~1007,, 0.941~6.3100,, | B
" 0.087 ~1.7421,, =0.5421,, ! 1
s 0.083 ~583.911,, 0.876 ~6.3101,, | 1
" 0.242 ~2.4161, =0.713 1, ! 1

. 0.013 ~1309.76 1y, aRI ! 1
"™ 0.245 ~6.860 1, 1B — —
s 0.010 ~36.67 dyy; 0.500 ~8.750d,y; 1 1
M 0.167 ~2.667dyy; 0.722 ~1.956d,,; 1 !
0.133~1.2q, 0.400~1.053¢, 1 ]

O 13223684,  <0.864a, t !
S g 0-010-1. 667 dy 0.500 ~1.042d,, 1 [
"M0.333~1.833d,,, <0.882d,, 0 !

. 0.013~62.5C,, 0.950 ~3.750C,,, | 1
" 0.385~3.846C,, =0.885C,, ! 1

. 4 0.001 ~41.67d,, 0.667 ~1.417d,,, | [
M 0.428 ~3d,,, 0.428 ~2.429d,, | 1
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1 EEATEHTPANS FREMSBEMARBT AR T EARZUINEN RS A.
BLI R R 46 0, AL A A IR0 7 3% 5 87 46 MR 0. 2 9 F % & 4 % (MPC, Multi-Point
Constrain) #y 5 34 | 45 M B 45 o W ] e % J7 3. R Al MPC B3  7 S e L9 7 £ R I
i+ & Wk # 2% (CFD, Computational Fluid Dynamics) #£ 5 f1 NASTRAN it & £ # 4 % (CSD,
Computational Structural Dynamics) X W& 1H & , K EH T UL REME LN B A B K
CFD/CSD #AWH T %, A F B ARERET O R VN ELEERH. TRET EARZ LA
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MPC based static aeroelastic numerical method for high aspect ratio wing
Huang Wei Lu Zhiliang Tang Di  Guo Tongqing

(Colleg of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The steady aerodynamic loads were calculated with N-S equations and the multi-block struc-
tured grid technique was used to improve the computational efficiency. A beam model was applied to a high
aspect ratio wing, and its structural deformations were evaluated by the finite element method with or without
geometry nonlinearity. A multi-point constrain (MPC) method was used for the information exchange between
the aerodynamic loads calculations and the structure deformations calculations. The static aeroelasticity was
further considered. By successive iterations between self-developed computational fluid dynamics (CFD) sol-
ver and NASTRAN computational structural dynamics (CSD) software based on the MPC interpolation meth-
od, a quick and accurate coupled CFD-CSD method was achieved for the nonlinear static aeroelastic problem.
Obviously the present method is more accurate than the conventional flexibility approach only considering sin-
gle-direction deformation. Numerical analysis of a high aspect ratio wing demonstrates that spanwise deforma-
tion would have certain influence on its static aeroelastic characteristics and that geometric nonlinearity has
small effect on this common airliner wing.

Key words: high aspect ratio wing; finite element method; N-S equations; static aeroelasticity ; multi-

block structured grid
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Fig.1 MPC of a beam element
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Fig.2  MPC of a quadrilateral element
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Fig.7 MPC of the wing surface
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Fig.3 Aerodynamic grids of the wing surface
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Fig.4 Finite element model of the wing
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Fig. 8 Static aeroelastic sharp comparison of

the flexibility and the FEM method
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Fig.5 Point distribution of flexibility method
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Fig.9 Wing tip deformation comparison of

the flexibility and the FEM method
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Fig. 10  Deformation distribution of the wing in z direction
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Fig. 11  Deformation distribution of the wing in y direction
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Fig. 12 Torsion angle distribution of the wing
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i . ¥ % 7 A A DEMETER T E w #f 37 #8 0| 4% #F R w0 ) % 3% 9% 48 4t (PLHR,
Power Line Harmonic Radiation) 8y 7 3%, % 7 7 & [E & |5 7 PLHR Z 4 8y 4 5. 8 L %
B A 2 A7 F Welch T 338 £k 1F 3% 24 7 2005—2010 4 6 F R E R [ th 2 T E & 37 58 &
W % e, £ &3 151 ] PLHR =4, % 7 PLHR % tF 0y G 1t 0 A7 fr B2 AL 52 ). 25 R % 9 &
[ 7 o] PLHR 2 {4 th 4 & 4 4 72 1000 ~ 4 500 Hz = [8], % % 50 Hz & % % {5, 6 [§ % 50/
100Hz. PLHR ¢ 5 R B HA R E M HEN X R, ERHBEIXTFEX , ZAHERLEZR
MEF R KEHHT ¥ PLHR Z 43800 oy 7 a2 B XK.
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Analysis on power line harmonic radiation in China space

Wu Jing Zhang Chong® Fu Jingjing Ma Qishuang
(School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: A method was studied to detect power line harmonic radiation (PLHR) events using electro-
magnetic field data of DEMETER satellite and the characteristics of PLHR events in China space were dis-
cussed. All the satellite electric field strength data in China space during the 6 years between 2005 and 2010
were analyzed by time-frequency analysis and Welch spectrum estimation method, with 151 PLHR events de-
tected. Statistical analysis and typical examples were presented. The results show that the frequencies of PL-
HR events in China space are distributed between 1 000 and 4 500 Hz. Most spectral lines of them are odd
times of 50 Hz, with frequency spacing of 50/100 Hz. PLHR events have some closely connections with the
change and development of power grid, but have no relations with geomagnetic activities, and they appear sea-
sonal differences and differences between day and night. The possible factors that affect PLHR detecting were
presented in the end.

Key words: power line harmonic radiation ; ionosphere ; time-frequency analysis; power spectrum ; ultra-

high voltage power transmission; electromagnetic environment
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Foreign object debris detection for airport runway with video data

Chen Weishi Li Jing
(Airport Research Institute, China Academy of Civil Aviation Science and Technology, Beijing 100028, China)

Abstract: Foreign object debris (FOD) detection algorithm was proposed for airport runway with video
data, including four steps of geometric adjustment, background subtraction, noise suppression and camouflage
elimination. Firstly, geometric adjustment rejected the image change due to slight camera motion. In the step
of background subtraction, the color vector information to each pixel was used for the establishment of the
background model and its periodical update. For noise suppression and camouflage elimination, Markov ran-
dom field and probability statistical model were established based on the information from the subtracted and o-
riginal images, which reduced the false alarms and improved the detection rate. The algorithm was applied to
two sets of live video images under different lighting conditions, with the FOD targets of different shapes and
colors. The algorithm effectiveness was also approved by the tests on the airport ground-truth data.

Key words: video; foreign object debris (FOD) ; detection; background subtraction; noise suppression
Markov random field
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Fig.1  Flowchart of FOD detection algorithm with

video data
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Fig.2 Detection results of FOD targets in the shadow
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different algorithms
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Fig.5 Detection results of FOD real data at airport
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Life cycle assessment of pneumatic and electric actuators
based on Simapro
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Abstract: In the similar mechanical performance and working condition cases, life cycle assessment
(LCA) of three groups of pneumatic actuators and electric actuators was carried on in order to analyze the ex-
tent of environmental impact of the actuators. The main environmental impact assessment factors of pneumatic
actuators and electric actuators were analyzed. And the scope of the study, system boundaries and time bound-
aries were determined for the LCA of two kinds of actuators. The main manufacturing process and components
processing features of two kinds of actuators were summed up. Finally the evaluation framework establishment
and data entry of two kinds of actuators were conducted with Simapro 7.1, and the LCA comparative analysis
of two kinds of actuators was carried out with Eco-indicator 99. The result reveals that the resources impact ac-
counts for about 50% of the overall environmental impact value of actuators, and the environmental impact of
electric actuators is large than that of pneumatic actuators under the similar mechanical properties and working
conditions of these actuators.
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Table 1 Research objects of actuators
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Table 2 Pneumatic actuators PA parts list
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Table 3 Electric actuators EA parts list
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Fig.5 Actuator evaluation framework based on Simapro 7.1
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Fig.6  Cylinder Data entry of pneumatic actuator PA
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Numerical investigation about field characteristics of screen

Cong Chenghua'’®  Liao Daxiong'

(1. State Key Laboratory of Aerodynamics, China Aerodynamics Research and Development Center, Mianyang 621000, China;

2. Facility Design and Instrumentation Institute, China Aerodynamics Research and Development Center, Mianyang 621000, China)

Abstract: There is no reasonable path to evaluate screen performance accurately based on conventional
method, such as the experiential formula and engineering correlations technology. Computational fluid dynam-
ics (CFD) with proper boundary conditions was used to find screen performance of different parameters inclu-
ding total pressure loss coefficient and control ability of turbulence intensity. Total pressure loss coefficient of
the screen was obtained precisely using CFD with different open area ratio, Renault number, incidence angle,
wires per inch, etc. , especially, incidence angle equal to 30° —45°. Pressure and velocity after screen was
pulsant when air flowed into the screen at certain incidence angle, and the disturbance would become weak af-
ter about 100d. The flow regime around the screen kept laminar when Re less than 40, the distance of disturb-
ance about 50d, and that turbulence intensity was reduced on a large scale. With the increase of Re, the dis-
tance of disturbance increased to about 400d, the reduce factor of turbulence intensity became smaller than lami-
nar regime significantly. Smaller is the open area ratio of screen before flow regime changed to instability state,
bigger is reduce factor of turbulence intensity. Based on the details of numerical results, the instability most
likely appears when openning to sectional area ratio less than 0.5. Total pressure loss coefficient and reduce fac-
tor of turbulence intensity increases at distinct rate with increase of wires per inch when open area ratio keeps
constant. It is concluded that the optimal parameters of the screen can be obtained based on numerical results.

Key words: screen; flow control; open area ratio; total pressure loss coefficient; turbulence intensity;

numerical simulation
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Jrik" . Laws % A\WFSE T 3 4 BHLJE I () 33 B2 43 A
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Re=U_d/(vB) =U,d/v (1)
X, U, BRI ; U, J&BiLJe WAL v iz
ShEhPE R B AR B R S 1 AR 0
HB I T 5 R T T AR .

BELJE I - £ G 800 A} 50 4 BUA5 01 3R, A 3
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I, a7 A BRI B, A B K B B 60d,
H B EE R 600d. LLKSEJ7 1) R y il CEDA S
TRV ) , T BT ) R « i, $ AT IR B 2 il
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K1 HF CFD (BHJe 45 5
Fig.1 Model view of screen using in CFD
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Fig.2  Gird topology view of screen
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2.4 HIEWIE

FLJE M gt #E SCHR [2] P BLE W C: d =
0.43mm, !/ = 1. 27 mm, 8 = 0. 436, ko E
4.023 m/s. | 3 45 ih TR R E S I 25 R Y
XF H . R FHAS [R) 50 a D A B, i ) 0 2K e K 2 AR
0.1 Pa, HAR SR A RAL , R 2E7E 2.3% LI,
PRl 2 i SR P 4 90 s 0 BE T 2 T 58 0K, Sy 9/
PO A% XoF T 55 45 SR B 520, B AL 1E HT 70 5 AR HEAT
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Fig.3 Total pressure loss of experiment and CFD with

different gird cells
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PR 2 1l 7 SCER[2 ] A A BH e R 1Y
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1.06 mm,B3=0.672;fHE ™ F.d =0. 14 mm, [ =
0.47mm,3=0.494;fH)JE ™ J:d =0. 34 mm, ! =
0.64mm,B8 =0.212. o] L FH, 28K A XA HW
g5 R 5 45 A 22 7, 1delchik 25 9 A X
AT [R] K 2%, kS 8 M B¢ Brundrett 19 22 — 6. CFD
25 45 B S I 45 R e o H  TE SRR E
K0 CFD 47 B JE M 51 2 R By i+ 58 4 52
His i
1 FEMEEMIRKFRE

Table 1 Total pressure loss coefficient of
different screens
TN
B JE k¥ Re : : N
X CFD  3Cmk[22] 3Cik[21]
35 1.139 1.137 1.227 1.294
BHJE M B 78 0.860 0.872 0.897 0.868
126 0.752 0.750 0.784 0.783
78 2.431 2.438 2.548 2.229
FiLJe kg F
180 1.802 1.711 1.976 1.873
848 11.320 11.724 11.761 14.834
RELJE ™ T
1031 10. 865 10. 887 11.411 14.840

M1 A w] LLA X T R — B e ™, bl B
VRS I, BELJE 45 2% 2 80T B 5 S BEJE T L3
REEAIRI , 401 2% R BRI K.

3.2 FEHBXRMFENZME

B4 451 T B2 B BT 0 28 1 3 % 4y
i AE B BN T 40 B, i 30 B T R AR O 47 2 It
AR, I B A J B N A2, T R A R v Y
PN S T W E | b=l 8 e I e O
WY 34 . IR 4 F 3, 3R 4 sh Z AR e W s
40 cm Z2A45 B 300 ~ 400 b A BEVR & , 1T Groth 28 A
N X — B R 150 ~ 201", Derbunovich 2§ A A
S 200 L 3 JE Ik 2 00 e g e
MRS R X — P W] B X A
FELJE W B A 48 5 8 30, U HOR A & Z R e M,
RELJE 194 [f] B 2 DR E DL 3 45 31) 58 0 2 k.

MIELS W LA 3, 78 it i B JE R i 3t 3l U 4
PEABEJE W, 38 HE B 58 T v CTRT AP 0 3R R Ok
WHE U, #6417 7 — b ab 1), H Bl 75 5
K, W 2800 1 i, BELJE D 6T 3 2l (4 48 3 18 . A
AT LLE I, YWl U T 40 1, BHJE I BT
Z AN AR U 5T 1Y 32 48, i) DL Oy SR AR R 2
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4 NIRRT RS R B S o 4258 43 A

Fig.4 Velocity distribution of centerline after screen B

with different Re

5 NIRRT BELE P B A R o) A

Fig.5 Velocity coutour of screen B with different Re
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T 0.436 I}, 3 3l 2K A2 3 BORHLJE 5 din 3 56 J3E Y
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78 WIS R OIR S, WAl LUF B, K SR e M
Ja BT B AN IR TG, T FL AR e AR i L A R 8
K. 25 B X A K 2 3 JE 152 R 45 S PR i BELE
¥ FF L 23 B B 12 — ¢, Meetha* = 4 4 R FH F AL 3%
KT 0.57 B M.
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Fig.6 Velocity coutour of symmetry of screens J,F,C
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Fig.7 Turbulence intensity of centerline of screens B,C,F
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Fig. 8 Total pressure loss coefficient of screen S with

different incident angle
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Fig.9 Total pressure profile of centerline after screen S
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Fig. 10  Turbulence intensity of centerline after screen S

40,50,70) , ATHEE R 19.917 m/s. 2 451 T
AR IE T B4 2 280, AT LA 2, 76 A0 ) 59 0T L
S N NS R e IR ERE 6 b I LT

x2 HEAAEARBHERMBKREY
Table 2 Total pressure loss coefficient of screens with

the same open ratio and different mesh number

H % d/mm [/mm Re it
XHk[22] CFD
15x16 0.417 1.69,1.59 1023 1.082 1.078
6 1.077 4.233 2641 1.021 0.932
9 0.718 2.822 1761 1.041 1.039
15 0.431 1.693 1057 1.077 1.061
20 0.323 1.270 792 1.105 1.112
30 0.215 0.847 527 1.154 1.126
40 0.162 0.635 397 1.199 1.196
50 0.129 0.508 316 1.241 1.267
70 0.092 0.363 226 1.319 1.312

VO 1S x 16 465 BLIE W0 6 79 7% 5 161 19 F1 5058 391
S 15 Al 16.

L1 25 7 i o FE VR R A2 4k, T L E
F,7EBH JE W 22 42 3 KB, i U 9 B AE 350d ~
400d J5 A W5 2 W AT KSF. FE K 22 42 e
HEAT R it B, RH 4R PR 2 I 2 [a] ) BE B R % K T X
AN B AR A AT BEJE I B 7 A T R U
FEAH FH /N 22 42 WL TS IR it 37 56k B A A% 45 31 4 b
(O BE UK, b 7540 S 5 BHLJE I M T VR L 56 2 J2 FLE
I N iz A 300d Z f5, NEHERE LA, 2B e
D) 2 ] F P A% 0 2 0 1 38 A 5018 R (R 2R AR
7 P )2 R W 22 ] 9 BE 85 20 ~30 em )L 53
b AE T AL AR AR Ry H B, B B0 58, B
T BE J139 N, 3% 5 Scheiman™* {412 56 A 5% 45 R 12
— B, X e T Y W 22 AR G B — R
B, HE A B A A i 2 S B0 T R B 0. (AR
HEEW R, R 600 247 BRI RE )1 22 S W i,
FETCIEPRE 2 0 0 16 B0, 35 B 1 BB I N 3% fif
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Geographic load aware routing algorithm for highly
dynamic airborne networks
Liu Zhi Xu Zhen

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

Abstract: Due to the high mobility of the aerial vehicle nodes, dynamic changes of the topology structure
and the time-varying node trajectories, highly dynamic airborne networks ( HDAN) suffer problems such as
low data delivery ratio, high data congestion potential and poor stability. In order to address these problems, a
geographic load aware routing algorithm was presented. This proposed algorithm defines a new dynamic routing
metric for the next hop selection, which is adaptive to the topology changes, and it also introduces relative ve-
locity, which is intended to amend errors caused by simply considering geographic information. The algorithm
also reduces the congestion ratio of the network, according to the queue information exchange between the
neighbors which is used to indicate local load level. The simulations show that the proposed routing algorithm
is capable of reducing both end-to-end delay and the probability of delivery loss, therefore it enhances the reli-
ability of the data transmission.

Key words: wireless communication systems; geographic routing; highly dynamic airborne networks;

routing protocol ; load balancing
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Object recognition based on background attributes

Luo Jianwei Jiang Zhiguo
(School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract. Attribute is the semantic description of an image, which denotes the existence or absence of a
semantic property of the image, and it can not only be shape, material, part, category or functionality of an
object, but also be label or context of a scene. To improve the accuracy of object classification, considering
that object categories are related to the background where they belong to, an approach for object recognition
based on modeling background attributes and foreground object attributes was proposed. Each attribute of
background and object was trained by a support vector machine ( SVM) classifier, and the output value of
each attribute classifier was concatenated to form a new feature, based on which the final SVM classifier was
trained. 10 kinds of background attributes were manually annotated for each image. Compared to the tradition-
al method, method only based on object attributes and other methods considering different concatenating
schemes of background and object features, experiments on the a-Pascal dataset show that the proposed method
outperforms the others by around 2% , and background attributes can benefit object recognition task.

Key words . attribute; object recognition; context; SVM; feature fusion
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Algorithm of asynchronous sensors bias estimation in networked targeting

Yong Xiaoju Fang Yangwang Zhang Dengfu Diao Xinghua
( Aeronautics and Astronautics Engineering College, Air Force Engineering University, Xi’an 710038, China)

Abstract: Aimed at the problem that the algorithm of asynchronous sensors bias estimation cannot adapt
to the maneuver targets, a novel algorithm based on the interpolation was researched. Firstly, the measurement
was changed into synchronization data by using the time registration method. Then, the pseudo measurement
equation could be obtained according to the time registration results. Be different from other algorithms of
which the pseudo measurement, independent of target state, is obtained by getting a adding coefficient accord-
ing to the target state vector and time of arrival (TOA ), the depseudo measurement deigned has no relation-
ship to the target state vector. Moreover, the derivation of the pseudo measurement according to the time regis-
tration results is also independent of the movement of target. So, the problem of asynchronous sensors bias es-
timation with maneuver targets can be solved by the algorithm proposed. The results of simulation show that the
sensor bias could be exactly estimated when the target takes a snake maneuver.

Key words: asynchronous sensors; spatial registration; maneuver targets; data fusion; networked targe-

ting
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Fig. 1 Algorithm of interpolation time registration
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Fig.2 IMRE of range bias estimation with CV motion
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Fig.3 IMRE of azimuth bias estimation with CV motion
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Fig.4 IMRE of elevation bias estimation with CV motion
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Fig.5 IMRE of range bias estimation with
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Fig.6 IMRE of azimuth bias estimation with

snake-maneuver motion
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Fig.7 IMRE of elevation bias estimation with

snake-maneuver motion
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Pilot visual attention allocation modeling based on spatial mapping

Wu Xu Wanyan Xiaoru Zhuang Damin
(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: To investigate pilot visual attention allocation, salient-expectancy-effort-value (SEEV) model
and multiple factor model were applied to introduce the concept of attention control space and resource alloca-
tion space. The former space described the influencing factors of attention allocation while the latter one depic-
ted the attention resource allocated to certain area of interest. A new forecast mathematical model was estab-
lished based on spatial mapping and calculated in the method of fuzzy analytic hierarchy process. In order to
verify the effectiveness of the new model, sixteen subjects were recruited in an ergonomics experiment to per-
form an unusual attitude recovery task in a high fidelity flight simulator. As evaluation index of attention allo-
cation, the fixation distribution of subjects was recorded by eye-movement tracking device. The subjects were
required to monitor the state of information targets presented on the primary flight display simulation interface
according to the current experiment condition and respond to unusual information by the corresponding opera-
tion of the steering wheel. The experiment results reveal good agreement and significant correlation with the
theoretical model and hence validate the effectiveness of model.

Key words: visual attention allocation; mathematical modeling; eye-movement tracking; fixation distri-

bution; ergonomics
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Progressive failure analysis and crashworthiness experiment for
composite structural discreteness
Luo Haibo Yan Ying Meng Xiangji Liang Zudian Hou Kang
(School of Aeronautic Science and Engineering, Beijing University of Acronautics and Astronautics, Beijing 100191, China)
Gong Shaobo
( Corporation of Harbin Aircraft Industry Group, Harbin 150066, China)

Abstract. The experimental crashworthiness research on energy-absorbing discrete structures of composite
was carried out. The corresponding energy absorption load-displacement curves, the average load, the peak
load and the total energy-absorbing parameters were all obtained. Considering the anisotropic constitutive rela-
tion of composites, the secondary development of the finite element software was applied. Considering the
Hashin failure criterion with the stiffness degradation theory included, the progressive failure numerical analy-
sis was discussed for the structural discreteness. Based on the extended failure criterion, a gradually weakness
of layup triggers links style was set up respectively, also the average load of energy-absorbing evaluation pa-
rameter was obtained by numerical simulation, which is 361. 10 kN. Compared with the experimental results,
the relative error is less than 7% , and the numerical simulation results agree well with those of the experi-
ments, which indicate the feasibility and effectiveness of this method to estimate the crashworthiness of com-
posite structural discreteness.

Key words: composite discreteness structure; failure criterion; progressive failure; average load;
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Fig.1 Geometry configuration of structural discreteness
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Table 1 Properties of materials
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] ZE . XY-SAS(Xu & Yan Scale Adaptive Simulation ) # % ¥ it Z£ SA ( Spalart-Allma-
as) M A H T B R S AT T H BN S E KR, EFARRS RALA
% L LES( Large Eddy Simulation) #y i+ & {4 & , B & 7 &£ DES( Detached Eddy Simulation) 7% 3
# RANS(Reynolds Averaged Navier-Stokes) 5 LES By x5 10 5] . i -F SAS 2 48 A 57 0 B9 % %
REFETHARRL R NG, FEH - S ERAREFIANRNEREENRHAE. XAT
B A P A RE R H BT 3 A XY-SAS # & | 5t Re =3 900 #Y 8 4 42 it ¥ 47 2 A L,
5 DES R B BEHATER. EREXAMEREZRS ZX XY-SASHA W IHHERAR KX
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x &
FESES. V2I11.3
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Influence analysis on grid scale limiter of XY-SAS model

Zheng Weilin

Yan Chao”

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

Abstract: The Xu & Yan scale adaptive simulation ( XY-SAS ) model is based on the introduction of the

von Karman length scale into the destruction term of spalart-allmaras (SA) turbulence model, which results in

a large eddy simulation ( LES) -like behavior in unsteady regions of the flowfield without explicit grid depend-

ence. Because the SAS models could not provide sufficient damping of the smallest scales, the grid spacing

was introduced as the high wave number damping limitation. Three different XY-SAS models were constructed

by using various grid limiters and were tested by the numerical example of circular cylinder at Re =3900. The

numerical results were compared with detached eddy simulation ( DES) and experimental data. It is concluded

that, the grid limiter has a strong influence on the performance of the model and the minimum grid spacing is

a good limitation, under which the XY-SAS model performs as well as DES method.

Key words: XY-SAS model; von Karman length scale; grid spacing; turbulence model; separation flow
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Experimental investigation of biomimetic robotic fish actuated by IPMC

Shen Qi Han Chenhao Wang Tianmiao Liang Jianhong

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

Abstract: The thrust efficiency of a biomimetic robotic fish was experimentally measured, which was pro-
pelled by an ionic polymer-metal composite (IPMC) actuator. In order to test the thrust performance of the ro-
botic fish, a novel experimental apparatus was developed for hydrodynamic experiments. Under a servo towing
system, the IPMC fish swam at a self-propelled speed where external force is averagely zero. A maximum
thrust efficiency of 2.3 x 10 " at 1 Hz was recorded experimentally, the maximum thrust force was 0.0253 N,
recorded at 1.2 Hz, while the maximum speed was 0.021 m/s, recorded at 1.5 Hz, and a peak power of 0.36
W was recorded at 2.6 Hz. Additionally, the optimal actuation frequency for the thrust efficiency was also re-
corded at the maximum self-propelled speed. The present method of examining the thrust efficiency may also
be applied to the studies of other types of smart material actuated underwater robots.

Key words: biomimetic robotic fish; thrust efficiency measurement; ionic polymer-metal composites;

self-propulsion; hydrodynamic experiment
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Fig.1 Prototype of biomimetic robotic fish
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measurement system
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Fig.5 Experimental results of thrust produced by

the IPMC robotic fish at various frequencies
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Nonlinear robust control of valve controlled electro-hydraulic
position servo system

Wang Chengwen'*

Shang YaoxingI
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(1. Science and Technology on Aircraft Control Laboratory, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Institute of Machinery and Electronics, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: To deal with the problem of flow nonlinearity and parametric uncertainties of valve controlled

hydraulic position servo system, a nonlinear robust controller was developed based on the Back-Stepping

design method. The mathematic model of the valve controlled system was developed, and the nonlinear robust

algorithm was derived based on the developed model. The position tracking problem was converted into the

load flow planning problem, and the controller was achieved just through one step. The developed controller

took the flow nonlinearity and system parametric uncertainties into consideration. The stability of the developed

algorithm was proved theoretically. Experimental results show the tracking performance based on the developed

controller could be improved compared with that of traditional proportional-integral-derivative ( PID) controller.

Key words: nonlinear control; electro-hydraulic servo system; parametric uncertainties; flow nonlineari-

ty ; robust control
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Effects of different ambient temperatures on performance of
electric vehicles’ heat pump air conditioning

Peng Fazhan Wei Mingshan® Huang Haisheng Zhang Hong
(School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: A heat pump air conditioning experimental system for electric vehicles based on the vapor-com-
pression cycle was designed because much energy was consumed for the electric vehicle air conditioning under
the heating mode when the ambient temperature was low. The refrigerant temperature and pressure in the high-
pressure pipeline, the rate of temperature rising in the cab and the coefficient of performance ( COP ) for the
air conditioning system were studied in the heating mode under different ambient temperatures and different
compressor speeds. The test results indicate that, when the ambient temperature and the compressor speeds
are higher, the temperature and pressure of the refrigerant at the compressor outlet and the heat exchanger out-
let are higher, and the average temperature increases faster and the time reached to the comfort temperature is
shorter in the cab. When the ambient temperature is higher in case that the compressor kept the same speed,
the COP is greater.

Key words: electric vehicle; heat pump air-conditioning; ambient temperature; coefficient of perform-

ance (COP) ; experimental study
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Fig.3 Experimental system of heat pump air

conditioning for electric vehicles

1 REXTHEEHFNNEIESH
Table 1 Main parameters of the swash plate type

variable displacement compressor

.- Heit/ TV RS/ HER R~
ZH R
(mL/r) (r/min) mL
Bl 10.4 ~161.3 7000 R134a 135
x2 HERIFBSH
Table2 Sensor parameters
B IR A AT 45 3 [l A B/ %
T BE A% i s -40 ~150C 0.20
JE I 4% & ds 0 ~4 MPa 0.25

£33 BRARIESY

Table3 Main parameters of heat exchangers

) SME RS/ Fes WA Hedim Bl
4K 2 2

mm mm m m

AT e A 560 x 15 x355 16 x1.8 0.2 4.5
A S 265 x 80 x 228 $10 0.06 5.5
2.2 BHRERBERERS

TEACE 2 PRI R g, A 5 HE B T 4
BLA AT 58 55 728 431 R AL 9 17 4 36 i 22 B AT AR 32 42
ESPESE VI O DR AR i SN WA T )
A Bl R GEAL AT i s 248 AL %o A9 I A9 I 1) A
AR 5 21 R S e A LR, R R AL Al
B A HL AT 58 23 B TR A HLAS X T i ). 4 4%
1l 28 48 {6k VU 3 F5 i [ 3 FL N, R S R S AL T
i FAAE 2, W o T 4 DL HE HR A sl e TR RS T
Jot 2 e A 1) ) S ik AR R A R T 2
1] 2R (7 170 36 45 i R DB R PR, BAAE S R R GE Ak T
i v 2 20, W TR 4 AL HE A sl e TR RS
Jot 22 Dl fe 1) ) S kAP AT R R T
AU VA A5 A 2 T KU (14 XU A S 8 AR
ERTNERTNE R PR S Y (L B i Bu R LR ]
PR ST BT XL g T ) ), DA T A UL R Bl
TE AN [7) 8 88 47 30 s 360 v R X AR 23 9 2R G g
7 R AR AR AR R A B I S L, MDA lab-
VIEW $5 8 7 i R4 R 40, 10 51 W s 4k 5T
AR ZS S B IR R 25 R GEas AT I [ Y O &%, /T
AR A5 S B s AN [ ) SRR AR 6.

3 RRiR

1 TSR 2 1 B K PR R HEAT 89, B3 1Y 3
B R 3 R R R AN T RS 1 I A I O R R 2
HA ] 64 0 558 2 Bt A7 %0 e a6, B 2t #5630 0L AH
[Fi) B A58 2 B0 A7 1 30 3 6 T 0 5 e A 2 XL
4 HL TR 07 G T R R — S (B, 7R 3R 4 s 1Y
TAE #EAT R, A B T IF B R A R Gl
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Table 4 Test conditions

TH HERE/C MAHRE/% R4 HLEEE/ (1/min)
1 5 36 3400
2 4 43 1700
3 -1 50 1700
4 -1 30 3400
5 -5 36 3400

4 REHER5ITE

RIS LT, %% 07 29 0B 35 2 &7
T T (18°C) T B 11y Bief ] 2 i 2 L sl VR 4 IR
SHARGEH AR M EESHZ —, REB1TH
] 5 4 3 N 400 B2 ) A2 Ak G R B 4 s, TR
AEHL%% 2 3400 v/ min B, 76 IR B8R 43 5 R 5,
-1 A =5CHEB T, EE N AL 3] 18C
2 ) 95 B 240, 307 0 445 s. JE 45 HLEE B N
1700 r/minff , 76 055 J5 BE 40 51 R 4°C f1 - 1°C (1)
TOLT, %% O 2 B Gk B 18°C B 43 1) 7 22
255 s 1220s. Hy kAl A1, 75 e 4 HL 5 A [R] 1Y 1
OUT B B, 2% T YR IR F) 18°C
P4 B[] R 5 A5 Uk v B, R 4 L X 4
VA ek B ) s M A /1N L2 BB U R AR B Sk
ZEF IR E T Th 0 B R AR

4 Zogs IR E S I ) A S5C &
Fig.4 Average temperature in the cabin vs

the running time

B AL 1 Ak 5T B R 28 2 800 R 23 T &
GEIPERE S AT A7 A AR KBS, 18 S S R4 AL
F14 HE L3 R HE U Bl R 48 3 A 1] #2284 5
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T3 6 AR ML S A T i T . RS IR s AT I
PR HLHE il BE L T ) 3 A b BBk, Bl 22 1
I e TARSE WAL Sa . R HEClk 2R U,
T P15 1k 32 50 v R T A4 L i A v ) B 00 T, LR
SRR, R, 7E AR 25 6 R BRI sl B B, T
AL HE SR 7 B S, i 5b R,

5 EHLE O LECRSS B S WA &R
Fig.5 Compressor discharge temperature and

pressure vs the running time
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lg P-hP, i 7 o, w3 (1) 155 Az i T
SR R Ay 2 (2) 15 R JB R T A AR
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K6 Z=ENEMEE O THRRESESRNEXR
Fig.6 Temperature and pressure at the outlet of the heat

exchanger in the cabin vs the running time

B 7 75 PR IR B 18°C I Y R G |
Fig.7  Pressure-enthalpy diagram when the average

temperature in the cabin reaches 18°C

x5 AEAIRATHRZREERSZHW COPH
Table 5 COP of the heat pump air conditioner at

different conditions

) LA TR i AR AT RFEDE,
(kl/kg) (kl/kg)

1 208.91 36.4 5.74
220.73 41.01 5.30

5 221.72 48.65 4.55

A1) ~(3) 75 Bl 4 R = 3
RGLHY COP I}, iy T B4 7 18728 W it AL 3 e 46 AL
) 72 By 41 2k B A B4 i AU S S (9 SRR, L
it F A COP 1] fig H S2 PR i W K.

5 & i

AR SO FH H sl 7R R R 2 R O L BF ST
T VRS IR B R A AL O TR R SR
FEHNERE AR COP W2 15 2 LI 4518

1) FRZEHLH P4 2 N B A 2% 101 Ak TR
{18 ek £ (L R R ) (L B B 15 T 3 R s 4 L7 3k 1) T
T AR K

2) FEJE4E L 5k 3400 r/min [IEHL TR, Y
WEERIE 50 5, -1 Fl - 5CHf, L2 I R 50
() COP 43514 5.74,5.3 Fi14.55.

3) BMEIRE R -5CH, AR H RS 68
T A G O B 1 25K, O FLAR 4 AL 1 AT B
HESE S A 8 M BN . Y R8T E K
R, 5 5 R 4 WL %% R LA 2D 4 2 P 3k B 4T 8
T 1 s (1]
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Reliability-redundancy optimization and allocation of
voting system under cost constraint

Liu Zhijun

(School of Automation, Northwestern Polytechnical University, Xi” an 710129, China)
Gao Yakui

(The First Aircraft Institute, Aviation Indusiry Corporation of China, Yanliang 710000, China)
Zhang Weiguo

(School of Automation, Northwestern Polytechnical University, Xi’ an 710129, China)

Abstract: Voting-redundancy structure was adopted in a system to maximize the system reliability under
the cost constraint. With the combination of the augmented Lagrangian multiplier method and the fish swarm
algorithm, a hybrid method was employed to optimize and allocate the system reliability and redundancies. In
the meanwhile, the relationship between the reliability and the cost was not only analyzed, but also the impact
of the voter failure rate on the system reliability was discussed. Finally, simulation results based on the longi-
tudinal pitch motion flight control system of a certain type aircraft verify that the quaternion configuration is
more appropriate to maintain an optimal system reliability taking into account the cost limit. In addition, in the
case of a single voter, the voter reliability should be selected as high as possible. Most of the actual project
systems select more voters redundancies structure to avoid the impact of single voter failure on the system relia-
bility.

Key words: reliability; redundancy; voters; augmented Lagrangian multiplier method ; fish swarm algo-

rithm
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Fig. 1  Reliability-redundancy diagram of voting system
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Fig.2  Allocation algorithm process
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Table 1 Test function contrast optimization

T Iﬁi@ﬁ%ﬁtfﬁ Fres
flx™) AFS_al k[ 16]
G02 -0.8036 -0.8043 -0.79252
G06 -6961.81 -6961.9 -6961.45
G10 7049.25 7055.47 7070.56
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2.5 %107 MEFEEAME A, =1.4492 x 10 W&
FEAZZR R A, =5 x 107, HA4E R 58 HI8A N 30.
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Table 2 Unoptimized reliabilities

T 5 F RG] SR )
TR RETEEEE
A1 4LAF 2 4113 L1t 4 TARG THRG2 TARG3 TRG4
0.82787035 0.51785584 0.92456465 0.96699662 0.98223371 0.71379443 0.99838009 0.99999422 4,445 0.69997317
0.83936758 0.87887007 0.87156623 0.69611351 0.9854183 0.99353675 0.9923421 0.9677263 4,4,4,5 0.94019625
0.82773895 0.58559334 0.85302304 0.51591642 0.98219501 0.80380755 0.98869985 0.83176251 4,4,4,5 0.64925248
0.84741431 0.65854974 0.97511102 0.51722304 0.98741597 0.88154209 0.99993948 0.83328765 4,4,4,5 0.72529028
0.827 549 0.58130587 0.55949884 0.74918203 0.98213897 0.79859897 0.77105443 0.98418245 4,4,4,5 0.5951992
®3 MUBHBRAETEE
Table 3 Unoptimized costs and reliabilities
A A A RGNA A )
- - - - REBRA R THEE
A1 212 A3 14 THRG THRH2 TRG3 TRG 4
0.82785219 0.6643762 0.91689586 1.0934489 3.31340877 2.65855048 3.66758346 5.46724452 15.1047872 0.69997317
0.84859098 0.88171152 0.81046839 0.80484313 3.39436394 3.52684607 3.24187356 4.02421567 14.1872992 0.94019625
0.82762326 0.68842833 0.78349589 0.74431470 3.31049303 2.75371330 3.13398357 3.72157351 12.9197634 0.64925248
0.86400868 0.71885837 1.13866606 0.74466607 3.45603474 2.87543348 4.55466426 3.72333033 14.6094928 0.72529028
0.82729265 0.68681087 0.56396844 0.82979361 3.30917058 2.74724348 2.25587376 4.14896807 12.4612559 0.5951992
x4 MUSBEEHNEE
Table 4 Optimized and allocated reliabilities
2 VT 5 T RE S \
- - - - AR REWREE
A1 1 4112 413 41 4 TRG 1 TRG2 TRG3 TR 4
0.993563650.99356365 0.98934852 0.99196344 0.99999906 0.99999999 0.999 999 94 0.99999998  5,5,5,50.999998971
0.99344959 0.99259215 0.98535414 0.98112591 0.99999999 0.99999838 0.999999 77 0.99999938 5,4,5,50.999997522
0.972748350.98980777 0.99968112 0.98750811 0.99999730 0.99999995 0.9999999999 0.99999988 5,5,5,50.99999713
0.98600509 0.98047115 0.975740703 0.997 15312 0.99999981 0.99999928 0.999998302 0.9999999996 5,5,5,5 0.999997 396
0.99582663 0.99942099 0.99893637 0.99342872 0.99999971 0.999999999 0.999999995 0.999999991 4,4,4,50.999999 695
x5 RUBEHHBASRGETEE
Table 5 Optimized costs and system reliability
L A RGNA \ \
RGBNA  RGAEEEE
41 A2 43 A 4 TEG 1 THE2 T&E43 TFRG 4
1.4605822 1.34291046 1.30841128 1.27708807 7.30291101 6.7145523 6.54205638 6.38544036 26.9449601 0.999 998971
1.8084683 1.32081949 1.24471948 1.16609551 9.0423417 5.28327797 6.22359738 4.94574856 26.3796946 0.999997 522
1.3807924 1.27067755 2.01014025 1.21974778 6.90396201 6.3533877510.05070126 6.09873891 29.4067899 0.999997 13
1.58071848 1.16849265 1.14379107 1.41199927 7.90359237 5.84246323 5.71895535 7.05999637 26.5250073 0.999997 396
1.9437096 1.72137207 1.76921271 1.30325613 7.77483842 6.88548829 7.07685082 6.51628066 28.2534582 0.999999 695
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Analysis of the effect of mass center position on tailslap of
supercavitating projectile
Zhao Chenggong Wang Cong Wei Yingjie Ma Qingpeng
(School of Astronautics, Harbin Institute of Technology, Harbin 150001, China)

Abstract: The numerical simulation of the cavity morphology in supercavitating projectile tailslap was
studied and the rigid body motion parameters and tail-slapping forces variations were comparatively analyzed
under different mass centre positions of the supercavitating projectile, based on the theory of homogeneous
equilibrium flows, by solving the Reynolds-averaged Navier-Stokes equations ( RANS) of mixture fluid, shear
stress transport ( SST) turbulence transport equations and the mass transport equations between each phase,
combined with rigid body motion equations and mesh deformation method. The result shows that the tail-slap-
ping of the supercavitating projectile destroys the symmetry of cavity morphology, the cavity wall of the impact
position develops along the direction of the projectile motion; the rotation angle, angular velocity, angular ac-
celeration and tailslap force change periodically, and with the centroid position away from the head of the pro-
jectile, the larger the moment of inertia, the greater the period.

Key words: multiphase flow; supercavitating projectile; tailslap; mass centre position; tail-slapping
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Fig. 1 Model of projectile
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Table 1 Dimensions and properties of projectile
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Fig.2 Computational domain and boundary conditions
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Fig. 6 Comparison of the projectile cavitation flow field

using different turbulence models
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Fig.7 Comparison of cavity profiles using different
turbulence models and principle of independence

cavity section expansion
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Fig. 8 Comparison of pressure coefficient of cavity

closure area using different turbulence models
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Fig.9 Schematic of different mass centers of projectile
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Table 2 The moment of inertia of different

mass centers 10 “kg + m?

E28 I I I 1
pigiER 4.846 5.369 5.637 6.215

3.1 SMEREHNZARESH

PAZE AR o =0. 048 , L8 U4 Sk 350 5% il 1) % 2
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123 WL A4, an &l 10 B,
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Fig. 10  Change of cavity shape due to tailslap of projectile
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Change of projectile rotation angle of

different mass centers
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Fig. 12 Change of projectile angular velocity of

different mass centers
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Fig. 13 Change of projectile angular acceleration of

different mass centers
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Fig. 14  Change of projectile tailslap cycle with
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Fig. 16  Change of projectile tailslap lift force of

different mass centers
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SDUV 7 % i A 4 3 15 SR I % th i

myn  # R FRE  FEFE

(LR AR R A5 By TR Be, Jbat 100191)

i B HALRIGEENRBRET A AHE FRI RERLA(SDUV) F P E
ZH®R.BA,SDUV A FAAMEANALKRS T RIMHE %, EX MR E(QDM) fn & 3
R F(CSM) , EZEANEXAMNEEIRBRAEZ WAL B, MET FEE %
(SNRy) ty & B b 7 F A 7% B K 5 5 E A, 2 Bl {# Fl QDM Fn CSM M\ # 7 [ 3 fz 5 F 1 W4 4
KT LR TAM T ENRBARG I ERE. LRLERELYW, Y SNR, =35dB, M & &
EHEGFERLTRBRENES Mo B BRI AL ERME R EZH AT 10, 0 T H WK
HEWNTHEEREZARAPH. CSM By - E R E KT QDM tyiF E 2 £, H i, % SNR; <
35dB, A TR E F AL RN KkZ, M #EHA CSM BRAL KK EF. 4
SNR,=35dB, i #Z ¥ % QDM R R A L Wik 5, LB D 5 5 A E o 8. R R b & I A By
TR & SDUV 77 & oy & Il s .

X $# W:SDUV; F%t; R GTRI; EXMAE; B FEHx

mESES: R318.6

XEkFRIRAD: A X E &K S 1001-5965(2014)12-1761-06

Comparison of tissue vibration signal extraction algorithms in shearwave
dispersion ultrasound vibrometry
Cai Xiran Fan Fan Li Xiaofei Niu Haijun"®

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

Abstract: Vibration extraction is an important step in shearwave dispersion ultrasound vibrometry
(SDUV). There are two primary algorithms for vibration extraction in SDUV, the quadrature demodulation
method (QDM) and the cross-spectrum method (CSM). However, the extraction qualities of QDM and CSM
are under appropriate comparison. This study aimed at comparing the performance of QDM and CSM for tissue
vibration extraction based on a parameterized model under various signal-to-noise ratio of ultrasound echoes
(SNR, ). Results show that when SNR, =35 dB, the standard deviations of the estimated vibration phase u-
sing the vibration extracted by the two methods are close, which has no significant influence on the calculation
result of the shear wave speed. The computation efficiency of CSM for vibration extraction is lower than that of
QDM. As a conclusion, when SNR <35 dB, the tissue vibration should be extracted by CSM to suppress the
error of vibration phase estimation. However, when SNR ;=35 dB, the tissue vibration should be extracted by
QDM to reduce the signal processing time. The findings may provide some strategy in SDUV, which can opti-
mize the examination protocol and make it more efficient.

Key words: SDUV ; signal-to-noise ratio (SNR) ; vibration extraction; quadrature demodulation method
(QDM) ; cross-spectrum method ( CSM)
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Table 1 Parameters of simulated ultrasound echoes

B L7EL 3-8 BN
D, % 3l i 2 1 pm
b, IR B 1L 45°
N % 50 JA 3 5
o, P I 27 x 200 Hz
g 7 AR 27 x9 MHz
F, SR B 100 MHz
lg K 1 mm
c 7 1480 m/s
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Fig. 1 Simulated ultrasound echo data with
vibration, SNR; =20 dB
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Table 2 Symbols for the analyzed parameters

ZHRAF L/ELB-9'8
SNRy;, P[] 3 15 5 5 R LL
SNRy, QDM # B (992 3 {5 5 14 15 Wt L
SNRy¢ CSM 42 B H A9 3R 317 5 (9 15 e Lo
dvp QDM $2 U 11 4% 30 17 5 T 43 B 414 1 % 3 A A6
dve CSM $2 B H 1 9% 355 7 43 15 th 119 4% 3 AR £z
3 5 R

2 Sy FH TF 28 A R 5 BT A vk 4R Y
P55 S 30 3 IR I 5 5, B him 3 7 2
AT B 2a AT LLE B, 24 SNR, =20 dB, .
Ty Fa ik T DAAR 47 b 45 BCHR 201 17 5, 32 ORI
TIEACHE IR 75 5 24 SNR, =35 dB (&l 2b) , fii J§ &
Ty B B W B 3 15 5 A5 9K Lo A P T 52 A 8 12
PR B A5 5 N R T B SR S5 5, B
Je 5 2a HA, P I 22 5.

SE B A B 23 AT, 4 0 P O 52 i A vk R L)
FAEE SR IR S5 S R E R AN 3R 3 P,
24 SNR, =20 dB i, SNR,, Fil SNR. 19 34 {5 Rl A7 e
24351 2.80 £0. 64 dB Fl 14. 00 £0. 64 dB. 4
SNR, 7£ 20 ~ 50 dB (¥ 35 [ 9, SNR,. K 24 I
SNR,, Zig11 dB. & 3 & AR[E SNR, F, iF 2 fift
R T B T B O 1 4R A S BT 4 AR
BARAL , 52 50 BT W 4R 2 15 5 ELSE AR Ay 45°. 1A
A LEF], BEE SNRy BHTAE K, ¢y Al by FIAR
T 22 02 W0/, B4 (4 T fin 2 3 45°.

FKad R b M b HILE R EHB T BN,
SNR, =20 dB I}, ¢, Y FRHEZEH 3.97°, 1M Py 1)

12 QDM FI CSM $ZIRH: ) 4ik 3 15 %5
Fig.2 Vibration signals extracted by QDM and CSM

3 AN SNR, F,QDM F1 CSM & #2 0L i 3k 3 (5 5
ST 43 1 B 2 A 4oL
Fig.3 Estimated vibration phase using the vibration

extracted by QDM and CSM for various SNR
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Table 3 SNR (Mean +SD) of the vibration signalsextracted by QDM and CSM for various SNR
- {5 M Lk /dB
SNR; =20dB SNR; =25dB SNR; =30dB SNR, =35dB SNR, =40 dB SNR; =45dB SNR, =50dB
QDM 2.80 +£0.64 7.75 +£0.67 12.79 +0.67 17.75 £0.67 22.72 +0.68 27.86 £0.68 32.67 £0.51
CSM 14.00 £0. 64 19.11 £0.67 24.13 +0.64 29.12 £0.60 34.13 +0.64 39.02 £0.67 43.81 £0.64
%4 A[E SNR; T,QDM #1 CSM ERINHMIRSNESH OB HMIRIBEAL (HE 7 EE)
Table 4 Estimated vibration phase (Mean +=SD) of the vibration extracted by QDM and CSM for varions SNR
ik PAAAL/ ()

T SNR, =20dB  SNR, =25dB  SNR, =30dB  SNR, =35dB  SNR, =40dB SNR, =45dB  SNR, =50dB
QDM 45.05 £3.97 44.67 £2.04 45.25 £1.26 45.16 £0.73 44.92 £0.46 45.00 £0.22 45.00 £0.13
CSM 44.89 £1.00 45.00 £0.62 45.02 £0.34 45.01 £0.22 44.99 £0.11 45.00 £0.06 45.00 £0.03
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A method of stellar-inertial attitude determination under
high dynamic condition

Han Li Zhang Lijun Cai Hong Zhang Shifeng
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: Under high dynamic condition, the accuracy of stellar-inertial attitude determination degraded
or even failed to obtain the attitude information because of star image smearing. Based on multiplicative
extended Kalman filter (MEKF) , a deep integration attitude determination method using gyro and star sensor
was proposed. The attitude estimation errors and gyro drifts were compensated by using the star sensor informa-
tion. The relationship between the gyro output and the pixel motion of the image was established, then the
smearing parameters could be estimated by using the gyro output. The star image was restored by using Wiener
filter with estimated smearing parameters to improve the signal-to-noise ratio and observation accuracy. Simula-
tion results show that the estimation accuracy of star centroid and the recognition rate of star image can be
improved remarkably, the initial attitude estimation errors can be modified faster. The method eliminates rec-

ognition mistakes and ensures high accuracy of attitude determination under high dynamic condition.

Key words: attitude determination; Kalman filtering; smearing; Wiener filtering; restoration
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Fig.1 Image motion by rotation of Y
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Table 1 Simulation parameters
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Fig.5 Estimation errors of attitude
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Fig.7 Estimation curves of gyro drifts
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Fig. 8 Estimation curves of gyro drifts after restoration
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Fig.9 Comparison of attitude errors in first 50 seconds
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Table 2 Comparison of attitude determination results
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Application of fuzzy variational principle in solution of
natural frequency of structures
Zhang Xudong Qiu Zhiping Li Qi
(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: When dealing with the natural frequency of structures with fuzzy parameters, the previous
methods are limited to the case that the fuzzy parameters are transformed into the interval parameters before the
calculation, and then the fuzzy results are constructed by the interval results. The calculation cost of the previ-
ous methods is relatively expensive, so the fuzzy Ritz method and the fuzzy finite element method which are
based on the fuzzy variational principle were adopted. By introducing the fuzzy parameters into Rayleigh quo-
tient variation, the fuzzy variational principle was developed. The fuzzy Ritz method and the fuzzy finite ele-
ment method were proposed as the application of the fuzzy variational principle. These two methods can obtain
the fuzzy result directly. Compared with the traditional interval analysis methods, the proposed methods can
increase computational efficiency. The numerical example demonstrates that both methods can achieve high
computational accuracy and reduce computational cost significantly.

Key words: fuzzy; variational principle; Ritz method; finite element method; natural frequency
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Table 1 The first-order natural frequency of the beam at various levels of confidence

£ FAM FFEM FFEM %24 /% FRM FRM 52 /%
1 97.409 97.419 0.010 97.409 0.000

0.9 [91.679,103.373 ] [91.457,103.381 ] 0.242,0.008 [91.448,103.371] 0.253,0.002
0.8 [86.170,109.585 ] [85.261,109.577] 1.054,0.007 [85.252,109.566 1.064,0.018
0.7 [80.868,116.062] [78.832,116.007] 2.518,0.048 [78.823,115.995] 2.528,0.058
0.6 [75.763,122.820] [72.168,122.670] 4.744,0.122 [72.161,122.658] 4.754,0.132

R2 FAREBGFKFTEH-MERRE

Table 2 The second-order natural frequency of the beam at various levels of confidence

¢ FAM FFEM FFEM 18 % /% FRM FRM % 2%/ %
1 1558.5 1561.1 0.162 1558.5 0.000
0.9 [1466.9,1654.0] [1465.5,1656.6] 0.091,0. 160 [1463.2,1653.9] 0.253,0.002
0.8 [1378.7,1753.4] [1366.2,1755.9] 0.904,0. 144 [1364.0,1753.1] 1.064,0.018
0.7 [1293.9,1857.0] [1263.2,1858.9] 2.370,0. 104 [1261.2,1855.9] 2.528,0.058
0.6 [1212.2,1965.1] [1156.4,1965.7] 4.600,0.029 [1154.6,1962.5] 4.754,0.132
®3 AREBEKETERHNZMERME
Table 3 The third-order natural frequency of the beam at various levels of confidence

& FAM FFEM FFEM %25/ % FRM FRM %25/ %
1 7890.1 7952.5 0.791 7890. 1 0.000
0.9 [7426.0,8373.2] [7465.8,8439.2] 0.536,0.789 [7407.3,8373.0] 0.253,0.002
0.8 [6979.7,8876.4] [6960.1,8945.0] 0.282,0.773 [6905.4,8874.8] 1.064,0.018
0.7 [6550.3,9401.0] [6435.2,9469.9] 1.757,0.733 [6384.7,9395.6] 2.528,0.058
0.6 [6136.8,9948.4] [5891.0,10014] 4.001,0.658 [5845.0,9935.3] 4.754,0.132
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Table 4 Transition from fuzzy parameters to

interval parameters

3 E p

1 E, Po
0.8 [0.92E,,1.086,]  [0.96p,,1.04p, ]
0.6 [0.84E,,1.16E,]  [0.92p,,1.08p, ]
0.4 [0.76E,,1.24E,]  [0.88p,,1.12p, ]
0.2 [0.68E,,1.32E,]  [0.84p,,1.16p,]
0 [0.60E,,1.40E,]  [0.80p,,1.20p, ]

ZJ5 B A M BRI 6 A I EL R HIT, W
4 il 6 21 DX IH) 2 5003 Bl AT X R s 5, AT LA
RN S Pros RS £ TR RY DX

x5 ARBETHRAO—MBEFME
Table 5 The first-order natural frequency of the

beam at various levels of confidence

£ A

1 97. 419E,1/ (pyAl*)
0.8 [85.261,109.577 1E,1/ (pyAl*)
0.6 [72.168,122.670 1 E 1/ (p,Al*)
0.4 [58.140,136.699 ] E 1/ (p,Al*)
0.2 [43.176,151.662 1 E 1/ (p,Al*)
0 [27.277,167.561 1 E,1/ (p,Al*)
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Fig.3  Fuzzy result constructed by interval results
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Multispectral imaging simulation of sea-sky background scene
He Xiaoyu Xu Xiaojian
(School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: When an infrared sensor observes sea surfaces at a high zenith angle of the sensor, both sea
and sky backgrounds are in the field of view (FOV). By calculating the radiance received by each pixel of the
sensor, multispectral optical images of sea-sky background can be obtained. To calculate the reflected radi-
ance of sea surfaces varying with viewing direction under given sea conditions, traditional sea surface radiative
characteristic model was modified based on geometrical optics theory. Since the length of transmission path va-
ries with vertical FOV, the effects of atmosphere on radiative transfer are obvious. The radiance of sky light
and horizontal path was calculated using a modified atmospheric radiative transfer model. The modified model
has higher spectral resolution and is suitable for multispectral imaging simulation. With the improved models,
several sea-sky background images were simulated at different time and viewing angles covering the visible up
to long wavelength infrared spectral bands, separately. Simulation results are coincident with physical princi-
ples. The comparison between simulated and measured images validates the reliability of the new model.

Key words: sea-sky background; infrared radiance characteristic; multispectral imaging simulation;

reflected radiance of sea surface; atmospheric radiative transfer
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Fig.2 Geometrical relationship of sea-sky background
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Table 1 Parameters to simulate sun glint in view
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Experimental investigation and numerical simulation of
composite laminate adhesively bonded single-lap joints
Liang Zudian Yan Ying Zhang Taotao Li Jianfeng Meng Xiangji
(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)
Liao Baohua
(Chengdu Aircraft Design and Research Institute, Chengdu 610041, China)

Abstract: Both experimental tests and finite element method ( FEM) simulation were implemented to in-
vestigate T300/QY8911 composite laminate single-lap joints with various single-lap length and adherend thick-
ness. 3D finite element models of the joints under various experimental parameters were established. The dam-
age initiation and progressive damage evolution of laminates were predicted based on Hashin criterion and con-
tinuum damage mechanics (CDM). The delamination of laminates and the failure of adhesive were simulated
by cohesive zone model (CZM). The change of failure modes, damage contours and ultimate-loads of adhe-
sively bonded single-lap joints were investigated systematically under various parameters. The FEM simulation
accords well with experimental results which proves the efficiency of FEM simulation. Damage contours and
stress distribution of the joints show that the failure modes and ultimate-loads of single-lap joints are both relat-
ed to the single-lap length and adherend thickness. Simulation of the stress distribution of joints at different
loading points reflects damage initiation and evolution of adhesively bonded single-lap joints under extension
loads.

Key words: composite laminates; single-lap joints; progressive damage; cohesive zone models; failure

modes; stress analysis
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Table 1 Test samples of single-lap joints

L=y
K4S Ly/mm - -
I T A T AR
SL-2.5-0.96 2.5 [45/0/ -45/90], [ -45/0/45/90]
SL-5-0.96 5 [45/0/ -45/90], [ -45/0/45/90] .
SL-10-0.96 10 [45/0/ -45/90], [ -45/0/45/90] .
SL-20-0.96 20 [45/0/ -45/90], [ -45/0/45/90] .
SL-10-1.92 10 [45/0/ -45/90],. [ -45/0/45/90],.
SL-10-3.84 10 [45/0/ -45/90],. [ -45/0/45/90],.

1.2 AWHER5HL
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Fig.2  Three failure modes of single-lap joints
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Fig.3 Bilinear constitutive model of cohesive element
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Fig.6 Joints failure modes under 20 mm lap length

7 Bl 5 R AL A A R A (E

Fig.7 Ultimate-loads of experiments and simulation
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Fig. 11  Stresses distribution of adhesive at different loading points

P12 S [ g s 2 408 30 e 22 il U2 2 T ) g 3 93 A

Fig. 12 Interlaminar stresses distribution of plies adjacent to adhesive at different loading points
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- Meng Fanzhi Shi Pengliang Ou Gang(1033)
Head pose estimation framework based on feature point detection
-+ Qiao Tizhou Dai Shuling(1038)
Topological space construction of flight risk probabilities during wake encountering

- Xue Yuan Xu Haojun Li Qiang Hou Shifang Liu Shijie (1044)
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Windage measurements for rotating disc with protrusions
e + Zhang Da Luo Xiang Xu Guoqiang Tian Shuqing(1055)
Design of a controller for morphing aircraft based on backstepping/RHO
- Chen Wei Lu Jingchao Wang Xiaoguang Zhang Weiguo(1060)
Situational awareness model based on attention allocation
- Liu Shuang Wanyan Xiaoru Zhuang Damin Lii Shichen(1066)
Single event upset mitigation testing of SRAM-based FPGAs
AAAERILRCIRTIRTIEY - Jiang Yuguang Han Jianwei Zhu Xiang Cai Minghui(1073)
3-D back projection and matching for ship recognition from SAR images
- Gu Dandan Xu Xiaojian(1078)
Assessment of shock capturing methods for numerical simulations of compressible turbulence with shock waves
© Qu Feng Yan Chao Yu Jian Chen Jiayang(1085)
Hybrid time synchronization algorithm for avionics clouds
- Li Zheng Li Qiao Zhao Luxi Xiong Huagang(1090)
Orbit determination and analysis for Chang’ E-2 asteroid exploration
- Cao Jianfeng Hu Songjie Liu Lei Liu Yong Huang Yong Li Peijia(1095)
Group targets tracking algorithm based on strong tracking filter and improved weighted method
- Li Zhenxing Liu Jinmang Bai Dongying Guo Xiangke(1102)
Convergence of fuzzy reliability models and an improved cut-set distribution
- Zhang Meng Lu Shan(1109)
Improvement and application for group fuzzy analytic hierarchy process
- Li Liang Gong Guanghong Chen Jinlei Liu Qiongjun(1116)
Multi-resolution modeling of terrain based on wavelet analysis
- Wang Jiangyun Zeng Qiong Wang Huixia(1121)
Design of a novel folding wing mechanism
e - Bao Xiaoxiang Zhang Yunfei Yang Xiaoshu(1127)
Novel method for predlctmg SPE flux levels based on GM(1,1) model and grey interval predictions
. . R TR TRITRRT: - Wang Zhongyu Li Qiang Yan Hu Wang Qian(1134)
Gradual ]ightweight method of three dimensional prototypes for digital technical support
- Bai Jinpeng Liu Hu Wu Zhe Wang Zhenwei Xue Jing(1143)
Extracting process of stratospheric airship envelop fabric fiber
- Meng Junhui Zhang Yanbo Lii Mingyun(1149)
Inter-stage imbalance analysis of two-stage low hysteresis brush seal
- Wen Long Wang Zhili Ding Lei Liu Jian Hu Guangyang Chen Conghui(1154)
Post-evaluation index system for aero-engine R & D capacity building projects

- Xu Chunrong Ren Wenjing Zhou Hong(1160)
Journal of Beijing University of Aeronautics and Astronautics 2014 Vol.40 No.9 (Sum 259)

Space-time coding in asynchronous dual-satellite MIMO systems
- Zhao Danfeng Wang Yang Liao Xi(1165)
Solution region synthesis theory and method of six-bar linkages with 4-position motion generation
- Han Jianyou Cui Guangzhen Yang Tong(1170)
Rolling element bearing fault diagnosis based on spectral kurtosis and bi-spectrum
- Zheng Hong Zhou Lei Yang Hao(1176)
Navigation method using a single detector based on the observation of X-ray pulsar in different time interval
- Yang Bo Zhang Rui  Sun Hui Xu Fan(1183)
Preparation and atomic oxygen resistance of hybrid polyimide
+ Zhao Xiaohu Duan Lingze Zhao Yizhi(1189)
Real-time relative orbit determination for formation flying satellites using adaptive filtering
- Qin Xianping Ren Xia Yang Yuanxi(1195)
Simulation of heating control law of electro-thermal deicing of helicopter rotor blade
- Fu Jianping Zhuang Weiliang Yang Bo Chang Shinan(1200)
Real-time evaluation method for stability of fault prognostic algorithm
© Yu Jinsong Liu Hao Zhang Ping Wan Jiuqing(1208)
Extraneous torque analysis of pneumatic load simulator
- Wei Qiong  Wu Shuai Jiao Zongxia Yu Hao(1213)
Equilibrium characteristics and stability analysis of helicopter-slung-load coupling system
- Cao Long Cao Yihua Li Chunhua(1219)
Design and analysis on dynamic characteristic of servo mechanism$ load simulation system
rees - Zhang Peng Fu Yongling Guo Yanqing Qi Xiaoye(1225)
Identification method for defect-introducing fine-grained software changes
© Yuan Zi  Yu Lili Liu Chao(1231)
Simulation of non-Gaussian random vibration

- Xu Fei Li Chuanri Jiang Tongmin Rong Shuanglong(1239)
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Improved SST-DES in numerical simulation of mild separation
- Wang Xiangyu Li Dong(1245)
Flight envelope quantitative division of hypersonic vehicle based on gap metric
- He Chaofan Yang Lingyu Li Xin He Niannian(1250)
Friction parameter identification and compensation for electro-hydraulic load simulator
- Guo Yanqging Fu Yongling Zhang Peng Chen Juan(1256)
Simulation of droplet impingement characteristics of spinner based on Eulerian method
- Wu Menglong Chang Shinan Leng Mengyao Wang Chao(1263)
Task allocation in cooperative air combat based on multi-agent coalition
- Diao Xinghua Fang Yangwang Xiao Bingsong Mao Donghui(1268)
Sliding mode adaptive synchronization for a class of fractional-order chaotic systems with uncertainties
© Yu Mingzhe Zhang Youan(1276)
Trajectory optimization for hypersonic gliding vehicle considering stochastic disturbance
- Guo Haifeng Huang Changqiang Ding Dali Xiao Hong(1281)
Inverse dynamic attitude control for re-entry vehicle based on output redefinition
- Shi Linan Zhang Ran Li Zhaoying Li Huifeng(1291)
Effect of buckling mode on performance of post-buckled composite stringer-stiffened panels with debond
- Xu Rongzhang Guan Zhidong Liu Lu Zhang Nan(1299)
Landmark fixed high-precision binocular visual navigation method
- Zhang Yang Wang Xinlong(1305)
Bayesian evaluation method for binomial system reliability growth
e . - Yuan Kun Li Xiaogang(1312)
Image retrieval algorithm based on SIFT, K-means and LDA
- . - Wang Yulei Bi Shusheng Sun Minglei Cai Yueri(1317)

Journal of Beijing University of Aeronautics and Astronautics 2014 Vol.40 No.10 ( Sum 260)

Continuous control for probe landing based on Terminal sliding mode
- Liu Keping Zeng Jianpeng Zhao Bo Li Yuanchun(1323)
Pre-treatment of litsea cubeba nucleolus oil for bio-based aviation fuels
- Zhu Yuelin Liu Yajie Ma Shengdong Li Fan(1329)
Kinematical simulation analysis of steering system of mining dump truck based on adaptive differential
evolution algorithm -+-++-eeveeeeeeeeceeceeieeeeeeeeoes Jiang Libiao  Cheng Cheng He Jiashou Liu Jianxiong(1335)
Design and validation of cold-flow test for air-breathing hypersonic vehicle
- Deng Fan Du Xin Tan Huijun Zeng Xianzheng(1341)
Analysis on characteristics of CO, removal system of multi-cabin human spacecraft
-++++- Jin Jian Hou Yongqing(1349)
Design of firmware upgrade algorithm for HINOC system
- Cui Jingfei Wang Jinlin Zhang Zhen(1355)
Properties and fracture surface morphology of fiber-reinforced shell for investment casting
- Lii Kai Liu Xiangdong Li Yanfen Feng Hua Wang Hao(1361)
Civil aircraft’ s exceedance event diagnosis method based on fuzzy associative classifier
- Gao Xiaoxia Huo Weigang Feng Xingjie(1366)
Selection of shifting element design based on genetic algorithm
- Ma Mingyue Liu Yanfang Xu Xiangyang Wang Yi(1372)
Fault tolerant control of multi-effectors aircraft using integral sliding model with WPI
- Wang Fawei Dong Xinmin Wang Xiaoping Xue Jianping(1378)
Calculation and simulation of stratospheric airship capsule stress considering the pressure gradient
- Liu Longbin Lii Mingyun Xiao Houdi Cao Shuai(1386)
Fast algorithm of motion state detection based on tri geo-satellites
- Yang Yuxiang Zhang Huichuan(1392)
Packet time delay of polling-based multiplexing in advanced orbiting systems
- Zhang Meng Xiong Huagang Zhao Hongbo Xia Ying(1399)
H_ controller design for a class of nonideal switched systems
- Li Wei Wang Qing Dong Chaoyang(1405)
Fractional integral sliding mode nonlinear controller of electrical-hydraulic flight simulator
- Han Songshan Jiao Zongxia Wang Chengwen Shang Yaoxing Shi Yan(1411)
Effects of modification on jet mixing of sword alternating lobed nozzle
- Sheng Zhigiang Huang Peilin Ji Jinzu Wang Ying(1417)
Weapon-target assignment based on Memetic optimization algorithm in beyond-visual-rang cooperative air combat
- Yan Ji Li Xiangmin Liu Lijia Zhang Fengxia(1424)
Parameter determination of Chaboche kinematic hardening models and ratcheting simulation
seeeeoooo Jiang Jinpeng Chen Tao Jin Ping Wang Jue(1430)
Fault detection and identification for a dual-redundant brushless DC motor system using wavelet transform and
hierarchical clustering algorithm --++-+eeeeeeevveeieeceeses Wang Xin - Du Yang  Zhou Yuanjun Ma Qishuang(1436)
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Numerical simulation of two dimensional ice accretion based on lubrication theory
R - Hou Shuo Cao Yihua(1442)
Packet scheduling algorithm for multi-service MIMO-OFDMA downlink systems
- Liu Zhuang Li Xi Ji Hong(1451)
Cooperative guidance of multi aircraft in beyond-visual-range air combat
- Ran Huaming Zhou Rui Wu Jiang Dong Zhuoning(1457)
Adaptive cubic convolution based image interpolation approach
- Li Chunlong Pan Haixia Wang Huafeng(1463)
Application of the improved fuzzy comprehensive evaluation method in forming processing decision-making for
the COMPOSite COMPONENL +++++x s vrervesesvvesssurenuuiniiieiiiiieniieiiieiineieoiieeeeeooe. He Long  Mei Zhongyi(1469)
Spatial straightness error evaluation based on three-dimensional least squares method

- Wang Bingjie Zhao Junpeng Wang Chunjie(1477)
Journal of Beijing University of Aeronautics and Astronautics 2014 Vol. 40 No.11 (Sum 261)

Activity optimization in aircraft manufacturing cost control
- Zhou Ning Ma Jing Luo Jide Wang Canming(1481)
Incremental algorithm of multiple linear regression model
- Wang Huiwen Wei Yuan Huang Lele(1487)
Static force equalization for dissimilar redundant actuator system
- Fu Yongling Fan Dianliang Li Zhufeng(1492)
Finite element analysis of electromigration induced stress in through-silicon-via
- Su Fei Lu Zixing Liu Ping Wang Yuan(1500)
Simulation of universal CCSDS Turbo-codes decoder of non-standard parameters
- Zhao Qi Du Yujiao(1507)
Space debris environment modeling in low earth orbit based on resident time ratio
- Shen Jingsong Liu Ye Hu Songjie Han Chao(1512)
Application of small sample theory in aero engine development costs estimation
. - Liu Fang Zhang Haitao(1518)
Winding distribution characteristic of slot-less tubular permanent magnet linear actuator and its experiment
. - Huang Xuzhen Li Liyi(1526)
150 kV/30 kW inverter for electron beam welding power supply design
. - Zhang Wei Du Huicong Qi Bojin Xu Haiying(1531)
Press bending equivalent simulation model of integrally reinforced panel
- Li Weidong Wan Min(1537)
Sensor placement of flywheel under diagnostic criteria and cost estimation
- Liu Rui  Zhou Jun Li Xin Liu Yingying(1543)
Impact of antenna beam granularity on sliding spotlight spaceborne SAR image quality
- Zeng Hongcheng Chen Jie Yang Wei Zhang Haojie (1549)
Long-term open-hole compression strength prediction of composite laminates
- Kang Jun Guan Zhidong Li Zengshan Li Xing(1555)
Kinematics and performance analysis of rudder blade fixed hydraulic spherical joint
e e - Fang Shoulong Wang Liang Ding Shuai(1563)
Attitude control for hypersonic vehicle based on SMDO-TLC
- Shao Xingling Wang Honglun(1568)
Analysis for centered nonoscillatory scheme of third order
- Li Yansu Yan Chao Qu Feng Yu Jian(1576)
On-orbit real-time health assessment of satellite attitude control system
- Song Fei Qin Shiyin(1581)
Gross error detection and correction method of public reference point in aircraft assembly coordinate system
- Chen Lei Huang Xiang Zhao Lele Li Shuanggao(1589)
Dynamic surface control for hypersonic vehicle based on invariant manifold
- Hou Delong Chen Bin  Wang Qing Dong Chaoyang(1595)
Construction of invariants of Gaussian-Hermite moments
- Zhang Chaoxin Xi Ping Hu Bifu(1602)
New method for single-snapshot two-dimensional direction of arrival estimation based on noncircular signals
- Li Lei Li Guolin Ma Yunpeng(1609)
4-DOF longitudinal dynamic simulation of powered-parafoil
- Yang Hua Song Lei Wang Wenjian Huang Jun(1615)
Hazard analysis technique based on hazard factors
+ Zhao Yuan Jiao Jian Zhao Tingdi(1623)
Vibration-controlling mechanism and controlling effectiveness of plate with piezoelectric network
- Yi Kaijun Li Lin(1629)
Solution of stress intensity factor of surface cracked geometry with clamped ends

- Cao Shusen He Xiaofan Yang Boxiao Liu Wenting(1637)
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Journal of Beijing University of Aeronautics and Astronautics 2014 Vol.40 No.12 (Sum 262)

Requirement from maximum rate of climbing of aircraft service ceiling to turbocharged reciprocating engine
- Xu Bin  Tan Longxing Yang Shichun Ji Fenzhu(1643)
Optimal design for thermal insulation layers of energy-storage sodium-sulfur batteries
- Zhang Jianping Han Yi Liu Yu Zhu Qunzhi(1648)
Effective multi-objective optimization for aerodynamic and stealthy performance of tactical missiles
- Liu Li  Jiang Menglong Long Teng Wu Di Huang Bo(1654)
Numerical analysis of influence factors on stability for dual-stage gas pressure reducing regulator
- Sun Bing Xu Qi Chen Yang Wei Lijun(1660)
MPC based static aeroelastic numerical method for high aspect ratio wing
- Huang Wei Lu Zhiliang Tang Di  Guo Tongqing( 1666 )
Analysis on power line harmonic radiation in China space
- Wu Jing Zhang Chong Fu Jingjing Ma Qishuang(1672)
Foreign object debris detection for airport runway with video data
- Chen Weishi Li Jing(1678)
Life cycle assessment of pneumatic and electric actuators based on Simapro
+ Zhang Yeming Cai Maolin(1685)
Numerical investigation about field characteristics of screen
- Cong Chenghua Liao Daxiong(1691)
Geographic load aware routing algorithm for highly dynamic airborne networks
- Liu Zhi  Xu Zhen(1697)
Object recognition based on background attributes
- Luo Jianwei Jiang Zhiguo(1702)
Algorithm of asynchronous sensors bias estimation in networked targeting
- Yong Xiaoju Fang Yangwang Zhang Dengfu Diao Xinghua(1707)
Pilot visual attention allocation modeling based on spatial mapping
- Wu Xu Wanyan Xiaoru Zhuang Damin(1713)
Progressive failure analysis and crashworthiness experiment for composite structural discreteness
- Luo Haibo Yan Ying Meng Xiangji Liang Zudian Hou Kang Gong Shaobo(1719)
Influence analysis on grid scale limiter of XY-SAS model
- Zheng Weilin  Yan Chao(1725)
Experimental investigation of biomimetic robotic fish actuated by IPMC
- Shen Qi Han Chenhao Wang Tianmiao Liang Jianhong(1730)
Nonlinear robust control of valve controlled electro-hydraulic position servo system
- Wang Chengwen Shang Yaoxing Jiao Zongxia Han Songshan(1736)
Effects of different ambient temperatures on performance of electric vehicles’ heat pump air conditioning
- Peng Fazhan Wei Mingshan Huang Haisheng Zhang Hong(1741)
Reliability-redundancy optimization and allocation of voting system under cost constraint
- Liu Zhijun Gao Yakui Zhang Weiguo(1747)
Analysis of the effect of mass center position on tailslap of supercavitating projectile
- Zhao Chenggong Wang Cong Wei Yingjie Ma Qingpeng(1754)
Comparison of tissue vibration signal extraction algorithms in shearwave dispersion ultrasound vibrometry
- Cai Xiran Fan Fan Li Xiaofei Niu Haijun(1761)
A method of stellar-inertial attitude determination under high dynamic condition
- Han Li Zhang Lijun Cai Hong Zhang Shifeng(1767)
Application of fuzzy variational principle in solution of natural frequency of structures
- Zhang Xudong Qiu Zhiping Li Qi(1773)
Multispectral imaging simulation of sea-sky background scene
- He Xiaoyu Xu Xiaojian(1780)
Experimental investigation and numerical simulation of composite laminate adhesively bonded single-lap joints

- Liang Zudian Yan Ying Zhang Taotao Li Jianfeng Meng Xiangji Liao Baohua(1786)
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