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Health state prediction technique for aircraft wing
based on MEMD and ELM
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(1. School of Automation, Shenyang Aerospace University, Shenyang 110136, China;
2. Shanghai Aero Measurement & Control Technology Research Institute Aviation Key Laboratory of Science and Technology on

Fault Diagnosis and Health Management, Shanghai 201601, China)

Abstract: Composite materials are more and more widely used in the modern aircraft structure. In order
to effectively forecast the health state of aircraft wing, the multivariate empirical mode decomposition
(MEMD) energy entropy and extreme learning machine ( ELM) model are introduced into prediction method
of aircraft wing health state. A certain type of aircraft’ s composite wing box section is taken as the specific
research object. Then we carried out fatigue load tests after impacting it. The original strain information of
aircraft’ s composite wing box section was obtained by fiber optic sensor acquisition system, and the health
state of aircraft’ s composite wing box section was represented. Then, the original strain information was de-
composed by MEMD, and the energy entropy was extracted from the band signal which is decomposed with
MEMD as the feature. The energy entropy was then fused by dynamic principal component analysis (DPCA).
The energy entropy after fusion was taken to construct the ELM prediction model. And we forecasted the struc-
tural damage of a certain aircraft’ s composite wing box section. Experimental research shows that the method
can achieve the prediction of aircraft wing health state effectively and has a very good application prospect.

Keywords: composite; health state ; multivariate empirical mode decomposition (MEMD) ; energy entro-

py; extreme learning machine (ELM)
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Localization and imaging of crack damage in plate-like structures based on
vibro-acousic modulation
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(1. Department of Aviation Mechanism, Qingdao Branch, Naval Aeronautical and Astronautical University, Qingdao 266041, China;
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Abstract: To overcome the shortcomings of linear Lamb waves in closed crack and micro crack monito-
ring, a imaging method of crack damage localization in plate-like structure based on vibro-acoustic modulation
theory and delay and sum algorithm is proposed. The signal components of acoustic wave are analyzed in the
crack structure when there is only high-frequency (HF) excitation and there are low-frequency (LF) and HF
excitation at the same time. And then, a signal extraction technology is put forward to extract the signal contai-
ning damage information. Fatigue crack is located and imaged in plate-like structure based on delay and sum
algorithm referring to linear Lamb wave damage localization method. Experiments prove that the proposed
method can locate the crack position effectively without the original health reference signal, which provides a
way for contact-like damage localization and imaging.
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wave; fatigue crack monitoring
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Table 1 Parameters of photonic bandgap fiber

ZH A/ pm D/pm W/ pm
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Fig.4 Influence of distance d on working distance and

beam waist radius (L=4.2mm,R=1.9mm,w, =4.5 pm)
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Propagation characteristics of photonic bandgap fiber
collimator with C-lens
LI Yan® , ZHAO Yuan, XU Xiaobin, CAI Wei

(School of Instrumentation Science and Opto-electronics Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: A photonic bandgap fiber collimator with C-lens was proposed. The photonic crystal fiber end
face does not have reflection, so the transform matrix will change. From the general model of Gaussian-beam
imaging, using the theory of matrix optics, the matrix optics was calculated in meridian plane and sagittal
plane respectively. Combined with practical applications in photonic bandgap fiber and C-lens related parame-
ters, the influence of the distance between fiber tail and C-lens and the influence of the parameter of the
C-lens on working distance and beam waist diameter of collimator were both stimulated and analyzed. The re-
sults of the analysis in new model show that the influence of the C-lens tile for meridian plane and sagittal
plane was similar, and the Gaussian-beam ellipse was smaller compared with ordinary fiber. The result may
direct the design of photonic bandgap fiber collimator and the design of optical device with photonic bandgap
fiber collimator.

Keywords : photonic bandgap fiber; beam waist diameter; working distance; fiber collimator; C-lens
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14— s 15— HE TR .
1 Z3hHLEHL GT-POWER {jj EL A5 AY
Fig. 1 Simulation model of original engine in

GT-POWER environment
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P2 AN [R] e M B T JBE I 369 e O 1 I il ik 4 A Al
Fig.2 Variation of intake pressure with crank angle at

different nozzle ring opening degrees

B35 km @ R ORR T STTIF B s 5 )
I W% I BR T B A8 Ak
Fig.3 Variation of turbine power with nozzle ring opening

degree at height of 5 km under different throttle opening degrees
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Fig.4 Variation of intake pressure with nozzle ring
opening degree at height of 5 km under different

throttle opening degrees
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Fig.5 Adjustment principle of VGT
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Fig. 6  Simulation model of engine with VGT in
GT-POWER environment
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Fig.7 Variation of power of engine with VGT and

original engine with height and speed

8 Bl 5500 r/min B AL JLA i FE 38 TR K Sh AL 5
JECHL S =R B o JE 51 T T A 2 Ak
Fig. 8 Variation of power of engine with VGT and original
engine with height and throttle opening degree

when speed is 5500 r/min

Bl O A8 JUATT it %6 18 e & s AL 5 SR ML 4R
W 75 B2 e Y 7 Al
Fig.9 Variation of torque of engine with VGT and

original engine with height and speed
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Fig. 10 Variation of torque of engine with VGT and
original engine with height and throttle opening

degree when speed is 5500 r/min

K2 ARSEREETELMAREBES
EHAERF
Table 2 Torque lifting rate of engine with VGT and

original engine at different height and speed %

B/ (1. min ')
= EE/km
5500 5000 4500 4000 3500
4 0.25 0.76 0.34 8.69 14.65
5 2.25 1.07 3.01 16.01 14.77
6 0.59 0.02 2.16 18.73 10.95
7 4.11 3.07 10.32 24.99 13.47
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Fig. 11  Comparison of adjustable range between original

engine and engine with VGT when height is

5km (speed and throttle opening degree)
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Fig. 12 Comparison of intake pressure and exhaust
pressure between original engine and engine with VGT

when height is 5 km under different throttle opeing degrees

F13 5 km i R LS AR LA iR 5838 TR & AL
AR T G R L
Fig. 13 Comparison of fuel consumption rate between

original engine and engine with VGT when height is 5 km
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Research on performance of variable geometry
turbocharger for aero engine

XU Bin®, ZHOU Fan, YANG Shichun, TIAN Fugang, TAN Longxing

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

Abstract: A variable geometry turbocharger method was used to adjust the power of the engine. It’ s reg-
ulation law and characteristics was studied. According to the turbine flow model, the influence of different noz-
zle ring opening degrees on the turbocharger was analyzed under the same operating conditions. In GT-POW-
ER, a variable geometry turbocharger engine model was established, and the application of the variable geom-
etry turbocharger engine to recover the power of the sea was verified by the simulation and analysis of different
working conditions. The results show that the engine can significantly improve the engine altitude adjustable
range , enhancing the ceiling of engine usage from 5 km to 6 km, which is of guiding significance for application
of variable geometry turbocharger to restoring power and the regulation of nozzle ring opening degree.
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Fig.7  Flowchart of control strategy of maximum regenerative brake
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Fig.8 Model of MATLAB & Cruise united simulation

9 2 P LOLIEFR T Y 4 h 2k

Fig.9 Speed curves under two driving cycles
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Fig. 10  Regenerative current curves under two driving cycles
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Regenerative brake strategy based on braking
boundary and intention recognition
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(1. School of Transportation Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. China Automotive Technology & Research Center, Tianjin 224100, China)

Abstract. Effective strategy of regenerative brake can increase the recycling energy and improve the driv-
ing range of electric vehicles. A recycling brake force distribution strategy on the basis of maximum boundary
was proposed from the analysis of the vehicle brake dynamics and related regulations. The models of fuzzy bra-
king intention identification based on brake pedal depth, vehicle speed and SOC wereestablished to identify
the driver braking intentions; the models of battery charging protection based on the motor efficiency map were
established to limit the battery charging current. The influence of the regenerative brake strategy ondriving
range was researched by means of the second development of Cruise simulation platform. The driving range of
electric vehicles rises by 7.8% in accordance with the regenerative brake strategy for the new European driv-
ing cycle (NEDC). The driving range of electric vehicles rises by 27.3% in accordance with the regenerative
brake strategy for the EPA Federal Test Procedure (FTP75).
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Table 3 Trajectory parameters of five modes of motion
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Fig.2  Flight trajectory of five modes of motion
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x4 FENHAXTHERETRESIT(STD)
Table 4 Statistics of imaging segment attitude error

under different maneuvering modes ( STD)

x5 AET, THEREHREZSIT(STD)
Table 5 Statistics of imaging segment attitude error

with different 7', (STD)

oy SR W
fiihiR2E/(°)  fiiRE/ () MiFR2E/(°)
THLBh 0.2483 0.0376 0.0404
S 7l 0.0120 0.008 2 0.004 1
0 7 0.0209 0.008 2 0.004 1
8 Pl 0.0116 0.008 4 0.0040
iy £ e 7t 0.1521 0.009 2 0.0038

rse  BUEUBEE WOAET BT
B/ (0) W) %)
0 0.0116 0.0084 0.0040
100 0.0116 0.0083 0.0040
200 0.009 1 0.0085 0.0038
300 0.0093 0.0082 0.0038
400 0.0099 0.008 1 0.0038
500 0.0102 0.0082 0. 0038
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6 AEAT, THEHEBRERRESIT(STD)
Table 6 Statistics of imaging segment attitude error
with different 7, (STD)

pe BUEGEE IR BRI
: B2/(%) B/ R/
100 0.0083 0.0076 0.0038
200 0.0086 0.0077 0.0039
400 0.0091 0.0085 0.0038
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K55 b
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x7 AEGPSEZKET GPS EMHEE
Table 7 GPS positioning accuracy under different

baseline lengths of GPS

GPS BELEHTE kKPS (R /m 5 ESE G /m
20 0.1 0.2
40 0.5 1
60 1 2

®8 AEGPSELKETHERFRAED
SHIRES 1T (STD)
Table 8 Statistics of motion parameter error of
imaging segment subsystem under different baseline

lengths of GPS (STD)
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Design and comparative analysis of flight trajectory of
airborne earth observation
GONG Xiaolin">'* , ZHANG Shuai'”’

(1. Science and Technology on Inertial Laboratory, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. Key Laboratory of Fundamental Science for National Defense-Novel Inertial Instrument and Navigation System Technology,
Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: Aimed at the problem of attitude errors of distributed position and orientation system ( POS)
accumulate over time when airborne earth observation aircraft moves along a straight line at a constant velocity,
a variety of maneuver modes were designed. Not only the estimation accuracy of distributed POS was com-
pared, but also the time of system reaching stability after maneuver and the time of straight flight in imaging
segment and baseline length of global position system ( GPS) were tested. The method was based on the con-
cept that the effective maneuver can improve the observability of distributed POS. Simulation results show that
the designed flight trajectory can improve the measurement accuracy of the imaging segment motion parameters
and can provide theoretical guidance for the selection and design of optimal flight trajectory for airborne earth
observation.

Keywords: SINS/GPS integrated navigation; flight trajectory; maneuver; transfer alignment; position
and orientation system ( POS)
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Fig.1 Generation system of electron beam
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Fig.2  Topology circuit of accelerator power supply
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Fig.3 Coiling methods of high voltage power transformers
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Fig. 6 Block diagram of beam feedback control circuit
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Fig. 7 Block diagram of closed-loop control circuit of filament heating current
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Performance optimization for 150 kV inverter power supply and
its electron beam source characteristics
XU Haiying""* , SANG Xinghua', ZHANG Wei’, QI Bojin’

(1. Science and Technology on Power Beam Processes Laboratory,

Beijing Aeronautical Manufacturing Technology Research Institute, Beijing 100024, China;

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

Abstract: In order to enhance the stability and reliability of electron beam source system and improve the

machining quality of electron beam, the topology circuit of AC-DC-AC-DC-AC-DC, new power transformer,

high voltage pulse detection technology, optimized feedback control technology of electron beam and closed-

loop control technology of filament current are introduced to optimize high voltage power source, bias voltage

power source and filament power source. The inverter power supply, 150kV/30 kW EB gun, vacuum system

and others control system were integrated to establish a set of electron beam system. The high voltage, maxi-

mal electron beam output, and the influence of bias voltage and filament current on beam output are tested.

The results of a series of tests show that the high voltage output of the inverter power supply has a fine lineari-

ty, and the maximum beam output is up to 200 mA at the high voltage output up to — 150 kV. At given high

voltage and current of filament, the electron beam will increase with the decrease of bias voltage. When the

high voltage and bias voltage are given changeless, the electron beam output experiences non-beam phase, lin-

ear increasable phase and steady changeless phase with the increase of filament current.

Keywords: inverter power supply; high voltage; electron beam; bias voltage; filament heating current
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Fig.1 FFD control framework for trailing-edge

deflection of wing
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Fig.2  Amplification of FFD control framework at

certain wing control section
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Fig.3 Comparison of section pressure coefficient distribution

between calculation of proposed method and test results
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Fig.4 Optimization flowchart of optimization design system

4 EEENEFAGSEMMLET

AR SCHIBIT ST G2 g i A B LI B A (A 2
(WP 5) o iz Bl i 25 5 ot e 4 30, st
D% Ma = 0. 85, it T &% C, =0. 5, & ik
B Re =50.0 x 10°,

5 S 4 i #4924 ( Original ) 3& F RANS J5 2
pRCRGE LR e W o TN e LN
AT LA 2, 3B A7 0 A B A O OR8N
BB 5 B S , e o6k J3E 8 394 T, O 7 34 M
LI A R PR o T AL IR JRE i) AR 8 4 i )
T3 A (N S AL R ) 1 8 5 FFD
] A AT 07 A ), DA B AR 8 SEAR AR UK i 44 A

Section 1 ~ Section 8,

Bl S 30463 B 45 MR B i R TR D R 8 A
Fig.5 Surface pressure coefficient contours of original

wing-body configuration under cruise condition

4.1 FEHEZETTENERMLIZIT
A SCR AL T RANS J7 B 19 BBV A5 5 0K



1562 b 5 M = MK k%M

2017 4¢

fifp 3L B AL R B 0y T P R s A fe i
5 1 A ety 2L (Optimized _1) {0 % & 5P 3 B e
G e , BT AR RO AN BE 4 A FFD $4 i A0 1Y
T 5% #0556 2 $E 1AL H B ( Optimized _2) % [E %%
AHLUEL 5 S5 1 i e , Dot 22 o N A3 8 4> FFD
) T TR ) O AR o AR AR AR BT R, DU &
o C, Fe/h o BAR, X EHEBLE A (Ma = 0. 85,
Re =50.0 x 10° [, C, =0.45,0.55) #4711k
Fop 7825 1 i 9 BB A PL3R S 4 30% 3% K, 4541
A A TR ) B A RS R -2 ~ 20

DAL T 5 35 B 20 5 7K 1 <3 J) & HOxE L
F PR o WAf . NFERA L C, =0. 45 B,
P OL AR I 28 Ko B FEAR 1. 1% (2.1 counts,
1 count=0.000 1) Fl 1.4% (2.7 counts); C, =
0.550F, M AL BH J1 R B 5 B AL 1. 0%
(2.2 counts) f11.1% (2.5 counts)

P S DAL A A P il ) i 32 R (45 ) IR
GmEE ML B WA 6 B, Horb R 2 T i o 1k o
MR LA 75 1 e, €, =0. 45 1,
SMLBR G FE B bR s €, =0.55 A3 B
RGN e . 1E5 2 eitfed, €, =0. 45 i,
MR R B2 1 b 21 32 A0 (9 /0N 06 F i 5 €, =
0.55 ¥, DA FE AR 19 /I e 3 b i 310 35 A 1) oK i
ICE

®1 RUBESHEFETL
Table 1 Comparison of aerodynamic performance

before and after optimization

C, =0.45 c, =0.55
47
a/(°) Cy a/(°) Cy
Original 1.12 0.01884 1.71 0.02303
Optimized_1 1.25 0.01863 1.57 0.02281
Optimized_2 1.47 0.01857 1.59 0.02278
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Fig.6 Trailing-edge deflection degrees of each control

section airfoils after optimization
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Fig.7 Comparison of control section pressure coefficient

distribution before and after optimization ( C, =0.45)
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before and after optimization (C, =0.45)
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Fig.9 Comparison of control section pressure coefficient

distribution before and after optimization (€, =0.55)
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Fig. 10 Spanwise lift coefficient distribution of wing
before and after optimization (C, =0.55)
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Original and Optimized_1 configurations (C, =0.45)
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Fig. 12 Comparison of Mach number ( exceeding 1) spatial
distribution contour of spanwise direction of Section 5 between

Original and Optimized_l configurations (C, =0.45)
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Influence of continuous trailing-edge variable camber wing on
aerodynamic characteristics of airliner

GUO Tongbiao, BAI Jungiang™ , YANG Yixiong

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

Abstract: The continuous trailing-edge variable camber wing has a potential in improving the aerodynam-
ic characteristics of the airliner, and is widely concerned recently. Based on the optimization design system
constructed in this paper, the influence of continuous trailing-edge variable camber wing on the aerodynamic
characteristics of the airliner wing-body configuration is presented. First, the free form deformation ( FFD)
technique is used to accomplish the parameterization of the continuous trailing-edge variable camber wing.
Then, based on the RANS equation solver, the trailing-edge variable camber wing optimizations are carried out
to reduce aerodynamic drag of the wing-body configuration around the design lift coefficients. Finally, the
difference of the optimization design results by considering the trailing-edge deflection of the outboard wing and
the whole wing is explored. The optimization results show that when the lift coefficient is lower than the design
lift coefficient and only the deflection of outboard wing trailing-edge is considered, the favorable deflection di-
rection to reduce the induced drag and wave drag is opposite, and it is difficult to reduce them simultaneously ;
when the deflection of inboard wing is also considered, the drag reduction quantity is much larger than that of
the former optimization; when the lift coefficient exceeds the design lift coefficient, the trailing-edge deflection
of both the outboard wing and the whole wing can reduce the wave drag and induced drag simultaneously, and
their drag reduction quantity is almost the same.

Keywords; continuous trailing-edge variable camber; wing-body configuration; aerodynamic optimization

design; wave drag; induced drag
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Numerical analysis of pitching moment non-linear characteristics of
diamond joined-wing configuration
SUN Junlei', WANG Heping''* , ZHOU Zhou', WANG Ziyi’

(1. School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China;
2. Beijing Electro-mechanical Engineering Institute, Beijing 100074, China)

Abstract. Investigation on the pitching moment non-linear characteristics of the high-attitude long-endur-
ance (HALE) diamond joined-wing configuration unmanned aerial vehicle (UAV) was carried out by both
numerical simulation and theoretical analysis method. The results show that the aircraft have two obvious pitch-
ing moment non-linear regions and there is a pitch-up phenomenon. The turbulent kinetic energy is used to re-
present the strength and the influence area of flow field structure of the aft-wing changed by the frt-wing wake
direct sweep, which explains one of the causes of the non-linear region of the pitch moment. The other reason
for the pitching moment non-linear region and pitch-up moment is explained by analyzing the separation char-
acteristics of the aft-wing and the frt-wing. The influence of the general layout parameters of the UAV on the
pitching moment characteristics of diamond joined-wing UAV was studied. The results show that adjusting the
overall layout parameters can effectively mitigate the impact of pitching moment non-linear characteristics on
flight performance.

Keywords : high-attitude long-endurance (HALE) ; diamond joined-wing configuration; numerical simu-

lation; pitching moment characteristics ; layout parameters
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e, s EEIZEE B h H 3 28 RCJH B S 8 1Y e A
LU A9 A AN FE 2 5, DR, T s A 5E €

TT, _max length)

q1
(w, Z RC;_max length +
=1
C = ( C _ i— . !
] z TT.. period

w, RC _max length +

13
3! w, Z RC;_max length) (27)
] i RC _max length O i=1
s " TT,_max length
0 = e 2 TT,_max length Ty, = Z T /C+
L ~ TT,. perlod i=1 i+ perio
[ RC _max length (w,RC;_max length + szCf_max length +
@2 ,Zf TT,_max length \
C - ; W w,RC; _max length)/
o RC’_max length [ " TT,_max length
L I e el = RCE € X T period (28)
= TT,_max length . N i P :
€74 T, period SR RC T2 055 12 0 5E 5 5 75
Fop A B S R st oy SRS
SeVEIBE I TT 8 Ho A 2 36 RC I 4% Hy i 1) & Q:(C_iTTJWWWM).
F B 1 L e K MU T 75 4% i s 1] 22 0, AT AS S = TT.. period
Ty :( i TTi_maxlength)/C_i_ (w3 z RC;_max length)/
I ~ TT,. period =
a1
1
(RC;—maX length + &Rcf_max length + (Wl ; RC; _max length +
' w, i=
o
2
&RC;_max length )/ w, Z RC; _max length) (29)
w j=
i b OTT leneth T ( i TT, _max length)/c
;_max lengt RC, = - +
C-2 —p o 24 : =TT, d
( Z{ TT,. period ) (24) = i+ perio
Cig:i3 %’ﬂﬁllﬂj‘] (w]RCJI_maX length + szCf_max length +
(C TT,_max length)
'Z‘ TT,. period w3RCf_max length)/
w RC _max length TT, length
(‘, ah)/ w oy Mmax lengh (30)
q — TT.. period

\

4 FESSH

ARSCHIHT Visual C ++ (9 25 B30 55, P47 M 4%
C P max Tength 05 2T £ 0 2 2 L 4 4 5K R 5 7
Tm=(;Tmew%%+ LT, LT G B 9 C Sy 100 Mbit/s, th
THEWHCIER 2 64 ~ 1518 bytes, A 5E TT

(wlRC;_max length + szCf_max length + W ELE S 1200 bytes

q3

w, z RC;_max length ) (25)

iti

TT,. length = 1 200 bytes (31)

“W@ﬁ““@”/ TT 9 00 R 00 1R L G
" TT,_max length TT, B FH#14 2000 ws, B

[“"(C_ 2, TTperlod) ] (26) 17, period =2000 s (32)
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MHE 3.1 3 H i SMT B L AE B4R
AR S TT IR BRI ER ., Mg irf TT
TH 30 B e /S o s TR e SC ok — > B LR B
B3 R 7 — A4 BRI N 0 45 A4S TT 3 5 2
B} 2] TT,. offset,

£ TT I 8. A 2% ] B B 18] 7~ 9 9 B RC T &, o
RCIHBKEM & E AHTE 64 ~ 1518 bytes X [i] Ik
M A 534 B RC,. length ~ U(64,1518) , 1 &
&) /NI B BAG 4Nk 2 fvzs 9140 RC, Sy fi 25 45
HlZ57H 2, RC,. BAG Jy 2000 ps, &% dtix &
T 32 4 RC A b i 2s ) 28 Bod 15 2
2 BARTH B AR 50 R 3,2,1,

SR A BA X TR B R, A Bk TT O
BEREXRHRHE3I hELER, @d5
FIFO .PQ \WRR % {5 ELXT LE , 56 3iE A% S8 1Y
TERE.

*1 TTHESH

Table 1 Parameters of TT message

TT 5 & JE/ ws
TT, ~TT, 2000
TT, ~TT, 4000
TT, ~TT), 8000
TT5 ~TTy 16 000
TT,, ~TTg, 32000
TTgs ~TT a6 64000

B3 TT{HR LR
Fig.3 TT message offline schedule table
®2 RCHEBH

Table 2 Parameters of RC message

TR A
BAG/ s
i w2 Bk LI

2000 RC, ~RC,

4000 RC, RC, ~RC4

8000 RC, ~RC, RC,, ~RC,, RC,, ~RC,,
16 000 RC; ~RC;;  RCy4 ~RCy  RCy ~RCy
32000 RC,, RC,, ~RCys  RC, ~ RCy
64000 RC, ~RCy RC,, ~RCy,

21l 500 KSR P I E, I3 RCIHE /Y
Ui 2] Sy S1E 38 AL AR 0 A AN & 4 BT o X T A 4 1
B, PQ Bk B0 o 1) 3 S R A T HADL S AR
17 PQ 3303 T i 368 15 288 T U2 R 22 M3 B A i
33 S1E 3R 43 R F AR SC MWRR 3035 3 15 B L 5 i
DR 72 o 1R DA I ST U R e 0 S 9T B Y
RIEAAHRIL e R B — HE THEBRES P15
AENR TS

FIFO S0k I B A 2% 18 H B 28 B i 4 i, R
JE 5 1 5T ) 3K SR IR g5 1 RO, LR 25 R B IROR )

R4 S A 5
Fig.4 End to end delay probability distribution
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A [A) AT, 3 I T S A s 31 28 08 B 2 BN R 2) ﬁﬁiﬁcﬁ%é’] S e H S, A
H R B2 PE 28 B 18 15 28 2 R RC 3 R 2 3 2]

WRR 832l MWRR 34 o 3 5 AT 45 i
B TIHEAE G, WL T IR A A TR S
SERPEAR —BOEOR . Y BIK I BB NS A
LB BLT , T WRR B R A S5 15 SR, 2
SR 4 AL g 3 2 B B I BE L ) 5 AR LA
AN—EEL . IEAh, WRR 5kt AR AR I5 & 2R
FHWE IR A 2, A U R B R BRI
MWRR 53575 WRR 595 L6 8 131 %cds ok
PRAE T S 28 AL 09 1€ 5 b ), A AR 4 T WRR 5
R — BB T ELAR T BRI

34 FEIETT 3 20 B Y- 1 v 3 i S
B, 4 MG ERE 3 T B0 R IR 8 R 23 A A Y R 2%
(S TT 1 0 MR 0 YA S B i HE GRS . R 3 A
AT H W T AU B H R, FIFO 5k R
PRI e 9, PR ot sy 28] 3y 428 GR f5e K5 PQ B8 1 /Y
UL 2 ) S T SR R G A 26 7R3 B B S
FAE A BN T RN s B i A IR /), 2 1AH B
{18 - 42 i 1) S 2B 38 3K B 8 1526 s, e VR i 1) i 4
Hk 73880 s, B EL k. AT, MWRR 51
LAY 3 28 RCIH R A7 B/ A g 31 i 428 38

x3 FEHHEIHER
Table 3 Average end to end delay

S £ i 3] i 2L 3B/ s

o i EHRNE BUEFEREE  ZEERHE
FIFO 2472.8 2469. 1 2478.2
PQ 481.4 1142.1 8152.6
WRR 1998.3 2657.8 3496.2
MWRR 939.5 965.7 1057.3

F 4 BIFHBHER
Table 4 The worst end to end delay

YRS AR/ s

e ZEHKHE BEERNE  ZEEER
FIFO 17713 17238 17428
PQ 2627 9284 73 880
WRR 14391 13590 17340
MWRR 7797 8097 9553
5 # i

MWRR FATE L AR E
D7 AL T AR, S AF
1) MWRR LA F WFQ S Al WEQ 55
SIRPERAR AU O (1), A5 HAE 92 PR I H
T T ISR T A, S S ) 4
WA o

S S B

Ui S2E 3R 1 4 DA iy ) iy 42 3R W AH 2, IR L T SR Y

3) SEGAER B, MWRR 535 09 500
fFIZ B RC 3B TE IR B 16 T LA 3 2658
~7£ A2 K L B SR 75 T PQ Bk AL

KT KRR TT 7  MWRR 3 B0 504 P 4
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Abstract: TT messages that have the top priority among three kinds of traffics affect RC message commu-
nication inevitably in time-triggered Ethernet ( TTE). Therefore, RC messages have to be scheduled among
discrete time slices caused by TT message offline schedule table. A modified weighted round robin (MWRR)
scheduling method based on optimal time slice was proposed in this paper. Firstly, TT message offline sched-
ule table was calculated satisfying the requirements of TT message constraints in order to get optimal time
resources for RC flow transmission; secondly, different kinds of RC flows were scheduled in several time slices
and the worst end to end delays were analyzed by network calculus in TTE; finally, experiments show that
MWRR algorithm in the paper not only has low complexity, good fairness and feasibility in practical applica-
tion, but also obtains better real-time performance than first input first output ( FIFO) , priority queue (PQ)
and weighted round robin ( WRR) scheduling algorithm.
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DDES #EiR R B AR IEB R PRI TERE 2

HEL, BE", #5, mE, B

(L ez R R M FHe S TR BE, Jbat 1000835 20w E 2 M ARBIFE B MK SR, JLat 100094 ;
3. EZE RIS KRR L, 4 621000)

b
15 E. DDES 2 % i B — % RANS/LES SR & 7 £, H 38 3 8] N 23R @ 4%

JEEX Y RANS B b, 0B iksh + 2 H %, BRI DDES EX BT % A Bl th %€ R 8 %, {2 5t
BERBHENERFRARE LS E D, AL Z 7R IRS ML K, HL DDES 7
ERARAERBEHRTEAR T ARBFERBRDENNKEA, AL 5 LB HE WAL
MU, FELFERBRERF RS BRI TN TAE FERARREBRBEKER S FF

RER ARERAHREREEE KMV FELZR, L+ DDES-F, e A RE Ry EA oy
R AR EEBN KRR, ARZRIBRAIARTEERE L RHE D & B
X # i DDES; @ F# RMmsh; R @EE; i HHERESDF

hE S, V221.3
MR FRIRAD . A

i i [ AL 24 AL 2 00 R e T o e v ) O B
[z — o 3 JLHAE R, T3 A 77 %% ( Computa-
tional Fluid Dynamics, CFD) 3 & &, & Al N
g¢ T ALY BB, %6 NASA fE K
(2030 4% CFD izt 5t L3l ) 4 45 4 1, CFD g
BETEA AR BT B v KU 5 2 T R T4 R
£y s )1 ST IR ) =05 S S X N/ R
RUJES MR CFD THR0R Y e BB R 2 — , e
X i Y 2 T e AR B2 IR AT o

FUAT 8 DL B0 i 0455 40007 vk 8 B A0 4 B K
{H 4 ( Direct Numerical Simulation, DNS) | K A
)l ( Large Eddy Simulation, LES) . 7 i F
Navier-Stokes ( Reynolds Averaged Navier-Stokes,
RANS) J5 ¥ DL Jz RANS/LES JR& & J7 4. DNS J5
55 LES Jiikit R s Eit B AR R, 152
17 22 A A A S R B 3 o e B2
BORZEHE . RANS Jrik it B it/ RE g P | 22 3%

XE4HS: 1001-5965(2017)08-1585-09

Hb 265 TIN5 5 H 8 3 v 22, JCH R 43 18 U B
S5 AR GE H U ) BUME DL ZA A T A R
RANS/LES R4 7 k454 RANS J5ik 5 LES Jy i
% AL, R TE BN TR & T (A% T LES
T ) B g e b R AU A A% i 3h ) (AH AR T
RANS J5%) . RANS/LES iR & Jrik B #2 H3 DLok
ZR TR REMRERIET ZF 2
ATk Horh N R I 0 A B R
1 ( Detached Eddy Simulation, DES) 2& Jy ¥,
Spalart 2" % BLT 1997 442 1 T SA-DES Jr i,
AR ST BE K (5] U5 o RANS #5575, 75 38 25 BE 1] XI5
R LES SR 19k . B S , Strelets™ SR 2%
L) JEAE, 32T Menter SST W 5 B2 # A & /& 1 SST-
DES J5i%, DES KL fE & ishhRH M T
BRI SE A 8 ) B R A A — e B B
iy MR ) ) B2 — 2 AL L ) AN R ((Modelled
Stress Depletion, MSD) [a] @, MSD [a] 51 3= % &

Wi B 2016-07-15; ZABH: 2016-08-11; ML HRRATIE: 2016-11-02 1205
M 2% H R Mtk . www. enki. net/kems/detail /11.2625. V.20161102. 1205. 002. html

ESWE: BRHARISE (11402016)
= BWIEE ;. E-mail; yanchao@ buaa. edu. cn

Sl HE L, H#E, B8, % DDES XR@HERFH K AR F ot 2 [J] X FMEMRAFEF®K, 2017,43(8):
1585-1593. DU R F, YAN C, HAN Z, et al. Performance of delayed functions in DDES for supersonic base flow [J ]. Journal of
Beijing University of Aeronautics and Astronautics , 2017 , 43 (8 ) : 1585- 1593 (in Chinese ).
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WA Z N AR E S ISR, TAREN
W% R 38 24 00 (32 S O 1 AR 1) ), RANS/
LES %2 %L1 [ BE 17 #% 501, RANS #4k X 38k /) , 12
SIS ) 190 A% 23 B R LG v S P LES A5 X A o
SRR, 3 BT N 7 N, BD S B MSD Ja] B,
MSD [i] 8 0] 58 25 5 8500 T 55 i A5 BE 1 JEE 45 0 FRAIG,
JRE R I B R AT AR Y B B IR .
fift DR A% ) BT, Menter %5177 2 5 42 1 i 52 44 4 18
F R H] SST AR iy F\ 8¢ F, /F 4838 e AL, 14
& SST-DDES ( Delayed DES) Jy ik, {# 471 B ZE X
W RANS 3= 5 H KN 52 W 4% i % 5% i . Spalart
a2 R e, M T T OHE L — SR B S R B KR
Fo % 3E 3R bR RRE IS AT 3 5 308 30 1 780 1y
DES 25 J5 ¥ . By AR SR R A 2E R bR %K 119 4%
DDES J7ik 2453 8 7 — & 1 M, {2 DDES J5 ik it
TE A B, XA [R) B 3R bR Y AR AL 5 3 AR
PEVGR A8 78 43, JUH Bl = 48 3R ok B8 7 88 75
OB VB P AR SEETE

Ay ] 5 JiE 3R bR K T 88 BT 5, AR SC 36 HOHE 75
JECHB I S AE R A . P RS B 2T
FAET S0 CKET A OS2SR RAT A8 4%
Vi H g — 2 LR Bl X AT B R S e I
X P AT AR BH A A JE 0 R S R
o sl LA AN fi B (B A i sy U1 2 ik
W TR oy B O /eI T AR 2 2 Al R
WG, BT RN ERESEEE L, RE¥
FR TP T T2 BT 98 TAE . EERIE R
NS MK Bh )1 % 52 8 % % i LDV ( Laser Doppler
Velocimeter) 34 A X 48 747 38 i ¥ i s JF J& T I A
BOSZEG BT 0 g T O 5 A5 K T TR A A S
BOE . TR WFSE K RANS A5 AU X 48 75 58 S 37
AT TR BT AR IR h A A S S A
TERE K225 . Fureby 251" SR LES J5 ¥ % It i
5 DA T X NI = S S BT D =N DS R I 2R
) P45 500 R T e S IX RN S A T
fii2% . Peng "' % RANS/LES R4 7 ¥ , 75 JiE 36
Rt R B TR SR B E TS B X
i Ao FE PR s B 3 R ) SR 2R T BL AR R
RATTE KGR PANS J5 i 6 i 75 5
JiCHR R Bh AT B AL, 5 2 AN A 7 ik RE , U
T — AT 7 SRR

A3CHT SST-DDES J5 i, % [t F, . F, #l F,
3 FhHE SR BRI K, 43 BT A (R SE SR bR BRSOl
FHME X B ATTHE 8 75 3 4 25 0 3l h i PR e T R %
5T

1 HEFE
FEF Menter SST W 7 F2 85 &1, 0] #f 3 15
SST-DDES #51 #1 , EL A 4 )5 2 Hy 1

J J *
E(Pk) + E(Puik) =P, - B pkoF +

j%[mmwji] (1)

i(pw) + i(puia)) = &Pk - Bpw’ +
ot ox; m

i( to )aﬂ +
g | (B Tam) o

1
201 = F)po, - 20
w 0x; 0x;

ok i 3 8 ; 0 D HORE IR 5 HE A 4% 00 AL f
SO e RO WL SCRR [T ] o

l"u)
%DES = max(h(l - Fdelay) ,l)
DES

%w =k"7/(B ) (3)
LAl = max( Ax,Ay,Az)

Aol i AR AR B RUBE 5 A Sl 34 T 1) Y
ke RE Ax Ay Az EKRAE ; C s MR B, 7E
MRE X Fp JU T D7 R 40 ok J5L RANS #5705 3
TEAT B I8, F o UK T 1 BME, TR 3 LES
KAFE R FEYE . F o, o8 SST-DDES J7 1 v (1% HiE 3R bR
B, FE R TR A Z L, PROE T BE XY
RANS 154k ; 78 3t 125 BE T [X ds B 0, SST-DDES J5 7%
[ $] J SST-DES J5 ¥k, ASCHIER R %L F ..,
K3 MARFEIEX F, F, F1F K 6 AS [A] 42 3R
PRE AT R EE N4

(2)

1) F, R%L

F, RBCRE A
F, =tanh(TI™) (4)
{re
F:min(max(rl,r3),['2) (5)
', =500,/ (pwd’) (6)
I, =4pko,,/(CD, d*) (7)
I, =k"/(0.09wd) (8)
CDkw:maX Qﬂ.ik.aﬂ’lo’zo) (9)

w 0x; ox;

Hovbe d g BE B BT HL R A5 T X ROH RS
A (D) A (2) AT
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%5 8 1]
2) F, pRi%K
F, RSB AN
F, =tanh(IT*) (10)
K
II =max(21,,I")) (11)

Ho.r, M r, ns(6) Mm(8) frm.
3) F, REL
Fy RBERE AN

F,=tanh((8r,)") (12)

Arror, HIER K JERUF

r, o Kt (13)
A/ui,j.ui‘jkzdz

Horbow RTTHEE 0. 415w, Ry 3 B0 B2 H
RATEFISC— 3, 7R BE T X EOR X, ry = 1
FEHE B BETH LES X, r <1,

AR LA _E 3 FhAS [R) 4E 3R RO i - P F
9, B EEA AR S o B sl h R B

2 HEERSHH

KRR S IS 25 0, ok Wi 5 BF AL Ma =
2.46 , K EE P =31415Pa, e i ¥ T = 145K,
JE R AE T 2K 42 R =31.75 mm , %f I 4 5 T [ A
HARMEIEE Re =2.858 x10°,

T AR IR A% T TR, AR AR RS

FL RS I AN A3  A% 7R 2 E
Fig.1 Schematic diagram of configuration and

computational grid for base flow

SCHRL 16 ], 7R3 L2 IS Hh K R A X A5 I Bl G
FAEEAT DA% % [ B O IE BE IR AR 12k )
FERE v <1, MMM EZ 200 7, IR FTLES
Hf W LA RANS/LES R & it & &
g XRS5 B WENO 1 Roe % 20 5
B, B TR 4 B 22 ks SR Eg . BE T 4%
2R FH G W 5 46 $ARE MR, W 3 ) 4 E D K
At=5x10"s,

Pl 2 Sk A [) A5 780 500 T 45 15 35 S bR B 0
SR AR L, & B EREE O S AR T
K Nt R R, TLLE W, =& M,
DDES-F, 7643 85 X P 5 K3 [ X 3 B A 38K
[l 3 # B, DDES-F, 5 DDES-F, Jif 45 [n] yii # i 43
MR, A3 JE & I DDES-F, 55055 45 51
TR, R, DDES-F, 5 DDES-F, il () 1
BAFA7 A S 56 AT T B3R P A5 43 5 X A K T
DDES-F, {343 8 X K/N 5 S0 35—,

2 R I I 243 37 B iR s 5]
Fig.2 Mach number contours of time-averaged flow

field in symmetry plane
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3 g5 i T 4% A8 R R85 1 5 RANS (LES 43
DAL o LR U, 45 4E 3R R B 53 A5 35 76 3T BE (X
BUBAE R 1, R UEZ XS N B RANS B8 £ S £F
A AR FH R X 3R] 43 T, 7 3 RE R BY U) 2
AN 3 X, BT S T RANS A4k, 7643 85 X
BYYIZ DL R R X A 4% 0 8h IX I, AL
LES SR fi# , DL Ay ot i b 2] i HC e (4 3 2 % I 3
k3l o TR B AT AT, O TR SE SR pR Y R v
50y KAG DA AE 25 5 0 F, R 9730 B o5 K, 76 30 B
DB B U o 1, 3745 ) T ) K RANS
DX Fy R4 35 BBl /Iy, BT A% RANS BAE X580
/N F GRS FL R KA T H 2 0E, 5
FofE %R 5 A1 8L, Bt 41, DDES-F, fif 15
RANS (LES o ¥ X 3k [7] ¥ f KX, iX 5 DDES J7 vk
T AE IR bR AR RE 5 S PR U R 14 15 T A
T, AT RE AR A 1) K i BE ) AR R

] 4 Sy A [F) 450 20 BT 45 W% B 90 3 X6 L, DA
= BEIEI A H E al LUE 235 0 09 5T )2 i
JZ VL B2 A= W TR 5 4 o AR T b Ui ) B 2 3 3h

B3 TR HESR bR 8o A 15 RANS \LES X 383 7 = 4]
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Performance of delayed functions in DDES for supersonic base flow
DU Ruofan'?, YAN Chao"*, HAN Zheng', XIANG Xinghao’, QU Feng’

(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. Institute of Manned Space System Engineering, China Academy of Space Technology, Beijing 100094, China;
3. China Aerodynamics Research and Development Center, Mianyang 621000, China)

Abstract: The DDES is a widely used approach among RANS/LES hybrid methods. It introduces the de-
layed function to ensure full RANS mode in the near-wall region, and has been proven to be quite efficient for
separated flows. Up to date, various different delayed functions have been developed. However, the under-
standing to the performance and characteristics of different delayed functions still remains not comprehensive,
especially lacking investigation on supersonic flows. The research focuses on the different delayed functions in
the DDES methods by employing the supersonic base flow as the validation case. Through systematic compari-
sons with the experimental data and detailed analyses, the distributions and shielding behavior of different de-
layed functions together with resolving capabilities of different models are investigated. Studies show that there
exist discrepancies in the shielding behavior and resolving capabilities between different delayed functions. Be-
sides, DDES-F| behaves appropriately in this supersonic separated flow and reproduces the experimental data
very well, providing sufficient protection without impairing the model’ s numerical accuracy.
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Design of guidance law with multiple constraints considering
maneuvering efficiency
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Abstract; Due to the guidance law with terminal intercept angle which will cause big angle error when
available payload is insufficient, a guidance law considering time-varying overload constraint has been elici-
ted, which would bring on more energy loss when much maneuver is achieved at the same time. Given this,
this paper elicits a guidance law with multiple constraints considering maneuvering efficiency. First, a closed-
loop guidance law with time-varying control weight coefficient is elicited according to optimal quadratic theory.
Second, drag coefficient when maneuvering is introduced into time-varying control weight coefficient, and the
constraint boundaries of available payload and maneuvering efficiency are obtained through iterations. Finally,
the time-varying weight coefficient is changed into function of time-to-go, and the trajectories are simulated
with guidance law considering available payload and maneuvering efficiency. The simulation results indicate
that both the two guidance laws can meet the requirement of trajectory shaping, and the acceleration command
of guidance law with constraint considering maneuvering efficiency is more reasonable, which reduces the ve-
locity loss effectively and enhances the guidance accuracy and damage effect. Moreover, balance solution of
time-varying weight coefficient is not necessary with this method, so iteration speed will be highly improved
when accuracy is guaranteed.

Keywords: air-defense missile; guidance law; terminal intercept angle; multiple constraints; optimal

control ; maneuvering efficiency
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Compact shock capturing scheme for compressible multiscale flow
LI Yansu, YAN Chao”, YU Jian

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

Abstract: Aimed at compressible multiscale flow simulations, a fifth-order high-resolution compact shock
capturing scheme, compact-reconstruction weighted essentially non-oscillatory ( CRWENO) , is studied. Non-
linear weights are used to combine lower-order compact schemes to approximate a higher-order compact
scheme. The scheme becomes the fifth-order linear compact scheme in smooth regions, while preserves
computational stability across discontinuities. Numerical properties were analyzed for CRWENO and weighted
essentially non-oscillatory ( WENO) which is widely used these days, as well as the linear schemes that they
correspond to, i.e. the fifth-order upwind linear scheme and the fifth-order compact scheme. The impacts of
nonlinear weights on dissipation and spectral properties are evaluated. The advancements and drawbacks of
linear/nonlinear and compact/explicit schemes in compressible multiscale flow simulations are discussed by
performing 1D, 2D and 3D typical numerical tests. It can be concluded that CRWENO scheme can obtain
non-oscillatory results near strong discontinuous regions. Its compact characteristic improves the problems of
over-dissipation and low resolution exiting in nonlinear schemes and makes it clearly resolve multiscale flow
structures. In a word, CRWENO is a proper candidate for compressible multiscale flow simulations.

Keywords: compact scheme; weighted essentially non-oscillatory ( WENO) scheme; shock capturing;

numerical dissipation; spectral property; compressible multiscale flow
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GNSS sea surface reflection signal modeling method based on
principle of bistatic radar
QI Yongqgiang, ZHANG Bo, YANG Dongkai* , ZHANG Yanzhong, WANG Qiang

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

Abstract. In the application of global navigation satellite system-reflection ( GNSS-R) technology, the
reflection signal source is needed to test the receiver in order to reduce costs. The signal model is the core of
GNSS-R signal source. In order to solve the problem of the lack of corresponding model, this paper presents a
method of establishing GNSS sea surface reflection signal model based on the principle of bistatic radar. First,
on the basis of analyzing the characteristics of GNSS sea surface reflection signal, sea surface reflection points
were selected. Then, the scattering coefficient and the scattering area in the radar equation were calculated.
Thus, the reflected signal power in corresponding reflection point was obtained. Finally, reflection signal
parameters are simulated and verified. The simulation results indicate that the correlation coefficient of the
signal correlation power curve and the theoretical curve of the ZV model is better than 0. 98, which can be
used to generate the GNSS ocean reflection signal effectively. The approach is of important reference signifi-
cance for the theory and the development of GNSS-R signal generator.

Keywords: global navigation satellite system ( GNSS) ; reflection signal; bistatic radar; ZV model; cor-

relation power
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Optimization strategy of supercritical laminar flow airfoil design

XING Yu, LUO Dongming, YU Xiongqing "~

(Key Laboratory of Fundamental Science for National Defense Advanced Design Technology of Flight Vehicle,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: A two-step optimization strategy for the supercritical laminar flow airfoil design is proposed in
the paper. The 'y-Ea, transition model coupled with the shear stress transportation (SST) turbulence model is
used for prediction of airfoil boundary layer transition. The Class/Shape Transformation ( CST) method is used
to parameterize airfoil geometry. The parameters in the airfoil geometry model are used as the design variables.
The first step of optimization is to increase the ratio of the laminar flow region. A genetic algorithm based on
the Kriging surrogate model is employed to obtain the laminar flow airfoil with all constraints satisfied. The
second step of optimization is to improve the optimization result of the first step, and to further increase the lift-
to-drag ratio of the airfoil. A gradient based optimization is used to search optimal solution. The aerodynamic
analysis during the second step optimization is implemented through the CFD code rather than the surrogate
model. The example demonstrates that the supercritical airfoil NASA SC(2) 0412 can be optimized into a su-
percritical laminar flow airfoil by the two-step optimization method, the laminar region ratios on the airfoil upper
and lower surface increase by 55.5% and 47.0% respectively, and the lift-to-drag ratio increases by 38.1%.
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Modeling and analysis of spares supply support
relations among three stations
ZHANG Ying', WANG Yun>" , XUE Pei'

(1. School of Reliability and Systems Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. China Academy of Aerospace Standardization and Product, Beijing 100071, China)

Abstract: For modeling, the existing spares-related researches have insufficient consideration of lateral
transshipments. In this paper, the authors select a three-site inventory system as the research object, and by
introducing spares supply support relationship between sites, longitudinal and lateral transshipments are con-
sidered at the same time. The quantitative probability values are used to represent the spares demand relation-
ship between sites, and based on inventory balance theory, a relationship is established between the number of
spares due in, the initial inventory, the number of spares on hand and the number of backorders. Based on
the single-site inventory balance equations and the demand supply relations between sites, the three-site spare
parts backorder equations are given. Then coefficients-matrix of the equations is found reversible and so the
equations have only one unique solution. Then according to the principle of contractive mapping theory, an
iterative method is used for solving the equations. Finally, an example is calculated to verify the fitness of the
model and the validity of the solving method.
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Numerical simulation of effect of nozzle layout on
jet lateral control for missiles
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(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Institute of Mechanics, Chinese Academy of Sciences, Beijing 100191, China)

Abstract; In order to keep the motility in the thin atmosphere, air vehicles usually employ reaction con-
trol system (RCS), but in supersonic flow, it leads to complex jet interaction flow field on the surface of air
vehicles, which has enormous influence on flight control. In order to improve the regularity understanding of
jet lateral control, a model without any vane and a model with four tail vanes were used to study the sonic jet
control effects in supersonic cross-flow by numerical simulation. The investigation of the influence of the jet lo-
cation on the jet lateral control was conducted and the quantitative analysis of the contribution of different char-
acteristic regions on the sweep to the jet lateral control was given. The numerical results indicate that as to
wing-body configuration, the backward moving of the jet location and the increase of Mach number observably
improve the jet lateral control effect; the amplification coefficient of the jet interaction force increases with the
increasing angle of attack, and decreases with the increasing static pressure on condition that the jet is located
before the tail vane; however, the law is opposite on condition that the jet is located after the tail vane; wing-
body configuration, compared to body-alone configuration, does not have advantages on jet lateral control
effects under some jet location and flow conditions.
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Table 1 Similarity of unequal length sequence group
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Data association algorithm for unequal length sequence
based on multiple model
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Abstract; When dealing with data association for unequal length sequence, single model cannot balance

computational accuracy, complexity and disturbance rejection. So a data association algorithm for unequal

length sequence based on multiple model (MM ) was proposed. The two unequal length sequence similarity

measurement model based on sliding window and dynamic time warping ( DTW ) were selected as the input

model of MM, which uses the rate of change between time and similarity of two model as the index to realize

the transformation of the two models. It combines both advantages of two models and gets the models’ applica-

tion condition. The unequal length sequence similarity is output after MM as the index to judge the association

of the sequence data. Simulation results show the effectiveness of the proposed algorithm for unequal length se-

quence and analyze the effect of sequence length and fluctuant rate on association result.
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Fig.1 Schematic diagram of axial piston EHP
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Table 1 Main parameters of motor
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RS

WEPELKERME, G ETHEAE T H
PLAS B 0 FE(E, AN 2 Fi .

& 2 Ansoft Hg #LFAY

Fig.2  Ansoft motor model

®2 BEHEHRRSH

Table 2 Electromagnetic loss parameters W

PAER A BE AL A HE

ETFAEE 892.93 JEE 82 451 KE 293.65
T RRFE 432.04 L R 110. 00
B FHR AR 482.53

2.2 HlHBRE

HLAR A0 FE 2 22 1A 0L A H YR 2 1) A JE 2R R AL
FE GRS A, A R R R RE 3 Bl P
FE 1 B JE 450 RE R BE B B ARE
2.2.1  FhMEESAL

FEME B EEAAT 3 N EER R A IE
e A ZE R

1) PiE 30 A 8% i A

1Tw2,uR2 zm  zm(R, R,\*
Pa =", §+§(RT) +(R7) B

R,\* RN\* (R)\'
£ B o I 5 I L
AR, ~Ry MBI B EER RA 52, #1 n 20 51
o i Bh SR AN ORI Bl SOR s £ 58, o TS I R
TH (R PR BE 5 0 R IR FLJE F s SR W R B )
g 0 N HLRR R
2) U R G EE A
w (R, (;zf;;)ﬁRPZMw (2)
AH 26, iy i i R v R R B R BE S R, R R, 435 R
T e b BT AR B S R s Z A FEAS
BOGR, HhE 94 K42
3) 2 R RGP R SRR
py Ly’
" 2ZwRs,

4

P =

P (3)
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KPg AEBHEISHE G L, R A D 00
FE T 5 A B 22 Al 1 B8 56, S A 2 R Vil R B
2.2.2 EBHEEFE

T o R 4 R AT A T R I RA 2E 50
He B BRZEHR 4y o

1) 90 ) ¥ 2l B A i AR
. ww(R,R, —2R2R1 )R“ﬂ]Ap (4)
Ao f, A EL R 2 R k)R] R 48 R B Ap A HE
WO R 1 255 R, RIEIR AL A IR 242

2) iR W B R A FE

Zun(R, -R)R., [,
Pa= zl;(Rﬂ/él; ‘ wAp (5)
AR, AT B o3 A B2 A, S R 2 b
4 R} I) B 4 2R B

3) ek ) BE i ke

_ ZowdR, [,
Ps = WA) (6)
S f, Ry 2 R T ik ) EE 4 R AL

4) FEZE R A) EE AR A AE
Pt :ﬁ_4mww3Ri tan ﬁi Sil’l(qp + 277TL) (7)

o, R R SE R LA 1] 55 488 3R 855 m O A 2 i
s A R IR R i AR
2.2.3 HIREEIMRE

R Al 2 ] B 45 5 A, 459 B B 22 [A) B R
EAFEIFE -

3
y:%wz (8)

R AR L K B 56 g B 1 1]
BB

2.2.4 SRS
Py =%w (9)
Ao Fy S 2 AR ST T 5 d, R AR
2.2.5 MAHBALITHE

T3 NBWE P HERNEESH,
3 HERIESH

Table 3 Main parameters of piston pump

28 HfH S8 HfH
A 9 B/(°) 20
d,/mm 14.2 w/(rad s ") 1460
w/(Pa-s) 0.04 Ja 0.1
R¢/mm 50 fo 0.1
Ap/MPa 28 fa 0.08
R/mm 92.9 J 0.002

[ d, —HE R R—D R ER,

i A N AR BN A IR ML AR FE (R, WLk 4
R4 IR

Table 4 Mechanical losses W
BAEZE R HE
Tic 37t &1 335.34
Bk P LR HE ZE R 300. 84
piag il 17.67
Tic it &l 46.48
. o FEZE R 2.10
S gl 38.30
Wk 2 21.06
Vi PEE R A 1491.60
Al 7R R B A 5.73

3 Fluent E#&

3.1 L

e T 9T 28 3 T WG 3 LA DA E i 1T 3 R i
JE A WA AR /N, Sy AR S 25 O il 3 AR
FE WA 1T 0 TR I T B A A T 5 L
S, R LR B R AT AN T A

IDINERTE TS NI NN AN NI -5 £ U
T X R A ABCRASE W AR /)N, 3 DL 2200

2) FBRFAE A 5 AR S ) L2 R
AN FAELE i) 194 4 3l 43 1) #8 4 o

3) ek Lk HEERE K S ER
[F1) RO I 2R B0 A PRI R AT SR RUIB I .

K 3 MiE 1t Solidworks = 4k & {4 2t 7. (1 HL R
1 ] AR B AR KE LR

I RS i R = M AT S PN B B R 5
IAGE e -3l BRI SE 1 5 58 AL T8 TR A Wi
T8 o 5 3 A 2 0 PN T L R B A S e I ol 1
Qb o RE A A TR O T ) T X R

Bl 3 HLWE A = Yk R AR T
Fig.3 3D simplified model of EHP
3.2 MRS
[ U7 A i A N < Nyl M N (A 53
Fluentffy B H OCHE 1 —FF . S T 15 3 &5 52 2 11 1
BRI T A 43 1 7 2 RO H G 2 M
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WU /INEE TR SR Jig o B — /N R AE AT A% 3 4, die i
18 3 TR 4 oo S B B AL i

LS Sy GRS R R Ay O A S0 20 I £ 0 A%
P o s o A LI o3 A, Joy 3 XS R A T o Ak
B 2 o A A, M TR K

P4 P A ) T P

Fig.4 Sectional view of internal fluid

PSR IS i o A2
Fig.5 EHP meshing model

3.3 MBEMSaRENE
3.3.1 MHE®

W A& Tl o3 5 RS A A Fluent 5, FF )5
RE R 7 T, ok PR K- o oK M 7% o WK I 2 R 46" BT

BEWR I, 8 O EE T e O B AR e R R
2R 0 T I A5 2 3 D O A, AR JR A A
®SPR.

x5 HRBEY
Table 5 Material property
PN PG %
o gy JONE O RERD e
ok (kg - m~?) (J+kg™ + (W-m™ - (Pa-s)
o K- K')
46* Wi JE 872 1800 0.13 0.04
REA A 7850 502.4 58.2
B 2719 871 202.4
T A 8030 502.48 16.27
3.3.2 @ REH
D) R

PRI O B S AR AR %, MR 3L B R A
HHETIAE SR 0, 46" W H i T 4F B AR IR B
Sy 40 C A AT, 25 3 H AL Il A I B RCR ik
B E R E E Sy 35 °C

2) R

R S O AR Y I R O R AR SR M L AR R
TS 3 gl A W R, O T 1 R SR A B
HEH O, HEE R 1.34m/s,

3) BEW S

Fe U R ZH O R At A 2H R X L S AN R
Fefh, 5 ) Bl 2 AR AR A I o 3X B e AR AR
XHRRECK 10 W/ (m® - K, k4R R EC 3 4
HPEINFRTE N T W/ (m® - K)o f 30 1 5 [
fik B9 31 SR S BB 1 A (INTERFACE) o 73 4k,
Hi T L EE 5 50 B B IK e %, I E Ol Frame
Motion, /N R 1460 r/min,

4) Pk

2.1 A 2.2 A4S B B H G 45 R AL
PAE LA AR A B A B A rp  H v Gl )
TR S PR BGIR i TR FERE TR FE S — N
BAEE T b5 7 50 BE A IE A O FE
T B JEE 52401 FE I 48 T B 10K b 33 R 0 MR A
AL 5 A 25E R R O 181 ) 286 A B 48 400 R D T gl R
G 43 ) Iim 28 7 ARk 48K T R TC A A TR Y R JRE 4 4
FENNERAE T, 7 R, X =30 2 AR, 20
TR 138 T 3R 6 iR IR SR

*x6 HMESH
Table 6 Heat source parameters
PR AR TH AR
ZH JE TR/ BT Ry o - i R T PR/ R T R/ L VAL 45 1T ) AR R/
(W-m™) (W-m™) (W-+m™2) (W-m™?) (W-+m™?)
BH 169 445.80 281531.60 64.85 11134.87 67630.48
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4.1 MEIRATHRFSEEZDH

6 SRy 5 T 00T HL V2 P9 T Tl A AL T
FI) T R R LR I YRR I IR A SRR Y
JiE N, 283k 5 F 55 e R V) 38 3R A TR TR s A 13 A
X I A AR A AT A AR T A

7 SR 100 T AR 2R P93 Tl 82 43 A3 1) Tl
Bl PR 2 S o sk 2 A, A 0 T 9 4
(0 N el (515 NP S T 1 Bl Nl 1 2
AR PN L S N S N YN e 1 e v RS m
AAEZE R o 3 OB T P T B A N T E A D
93 A, A5 B AL 17 HR R 38.2 €L LA
MHRERINT 3.2°C, WHREmELSE TS
FERPLIE R R T T ST,

K7 T R KT 40 C % HIBOR 43
PRAR G TG L, RN TR TR —
AN BERE 11932 Sh A, 5 380 3l 1) 2 fk T AR K il o
RWriz g, o o 58 (L 45 T W 3 i 17
RO T 7 v L R i v Y DX I TR L BL A AR N

6 B B0 W A 3l R 5 2%

Fig.6 Speed streamline of hydraulic oil under rated condition

T ORUE BT R B o3 A
Fig.7 Sectional view of temperature distribution

under rated condition

W, R AR AR T 57.4°C, N T E T 5]
J i 43 fk ) T AR /N T EL [ A 8, A R R T AR
N HOR B

4.2 TEFIE L X B BE B RN S A

FEHAHLE THOE U 1T 4 4 $10 mm 1 38 i
AL, 05 HEEIT FL A B BUARCR

P 8 S 3T AL A B AL ERES H I o8 2 A 3l
Al m o 3TALJ5 8 R L E il B2 A L AT LR
B R R, dre e i R B 0. 6°C, Jay i DX B R
R 3°C, Homif X Ae Bl w4/ TR Z .

K9 S FT LA B ALRE 58 20 i 3 o ey DX 3
Tl 1) o3 A A il 28 3T AL 2 7 SR 2 Bl 4 L
F1% A — DX i e e JEE B AR B X B IR B AR /)
F1% 368 01 FL T 1 HCER R 1 s A R PR

K8 ¥ LA R HL WA I 3 A
Fig.8 Temperature distribution of EHP before and

after hole drilling

9 FTHLHETE HHLE i ) f o 3l B2 20 A il 2
Fig.9 Motor stator’ s axial maximum temperature distribution

curves before and after hole drilling

5 & i

1) X HL R ) 9 3 R BE 3 D o0 BT &
SR AE T OLT , HVR A R I Bl Y R T AT LA
AN A H R HLE T 01, Hoh R R
AT 58 °C L 5 fe s i E AN AE 40 C L X Lb
PR GE i) = AR S A5 B HL, TR v 20 B ROR B T
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Finite element analysis of flow field and temperature field of
electro-hydraulic pump by Fluent

FU Yongling® , YANG Jiayuan, ZHU Deming

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

Abstract. The integrated structure and working principle of three phase induction motor-axial piston elec-
tro-hydraulic pump ( EHP) were introduced. The mechanical losses were calculated. A model of EHP was
established in Ansoft software, and then the electromagnetic losses were analyzed. Finite element coupling
model was established. The flow and temperature distribution of hydraulic oil as well as the temperature field
distribution of the key parts were analyzed by Fluent software. The analysis results depict that hydraulic oil can
fully flow in internal flow road. The maximum temperature of stator is not more than 58 C , and the maximum
temperature of rotor is not more than 40 C under rated condition when the inlet oil temperature is 35 °C. Cool-
ing effect is better than motor-pump sets. The results also show that stator oil hole can obviously improve cool-
ing effect. The maximum temperature of stator is reduced by 0.6 °C, and local region temperature is reduced
by more than 3 C when four oil holes with a diameter of 10 mm are made.

Keywords: electro-hydraulic pump (EHP) ; flow field; temperature field; finite element; loss
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Fig.1 Schematic of two-wavelength orthogonal method'
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Fig.2 Simplified structure of three-wavelength digital

phase demodulation system
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Fig.5 Comparison between actual reflected light

intensity and theoretical reflected light intensity
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Fig.7 Demodulation error caused by approximation of

two beam interference

2.2 Xfbb BRI G
FREO W RAE T T35 35 vh JE Ak 2k 805 %
MR HoE R
K=(ly, -1,)/(ly +1,) =2/IL/(I, +1,)
(13)
Aorbady AL 53500 R 105 3 vh 2 2% 67 5 B 1 e

RIGHR AR /NG5 o H OG99 B2 3 A 2>
AT H R A
I'= (I +1,)(1 +Kcos§) (14)
H a0 (14) AT, 9 0l 5 A9 3 ) 38 B R AR £
IR L RE o ST 25 800 LR ) R RN R 2
AR A PRI L O I/ E IR A AR
TE =P ARKE T, T3 4 8O U RE 32 2832 3 A
A AR R L ADE IR A AR SR R . LI
(R 1 SBR[, BT LA SR 0 5 TR 1 14 PR 3R 2 F-P
Y T S A TR ) B2 35 O R B AR R4 1 U R 5 R
SR A BR O 1 98 BE 452 R, BB IRAT G v ot
T o AT SR BN R R A

u(®) =2 W[ . (pmz(my]

R, +R 4./In 2 A

(15)

JEUF A A T BE X 2% SO LU AT B R
Wi o SR ST G IR, A TR BRI, A5 800 B A
/N SEBR TR G R SR 3 AN A S B OB B IR AR
B G IR WO L IR T BE R, 2R S0 L B ]
PIHZIE T 1o 48000 He B Rl A 0 AR AL Y 5C &
Pl 8 Jir7m o

M8 Hpa] 1, 2% SO LE R Bl KR L
£ 38 R T /0, LA ] 38 40 Bz ) 4% SO0 L JEE =2
1) B 2 S it T 8 b 0 3 DA T 2 B R
oo (HRTERE K ALL 30 wm JWH N, X R A A
AL 0. 001, 28 4+ 73 o/ 2 2 B0 Y
JEE 0 22 S i 5 | 7S ) iR R R 22 A0 R O BT o

MO HRTAL, 2 AR A B 3 T, 2% 2
S B R B B (H D 25 AR A I KRR A
25 wm Y8 [ A, % 9 R 22 N I 16 pm, X JE AN
SRR AR, n] L2 AT

8 X LLE R K AL R K R

Fig.8 Variation of fringe visibility factors with cavity length
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Fig.9 Demodulation error caused by ignoring differences of

fringe visibility factors
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Table 1 Comparison between calibration cavity

length and demodulation cavity length

JES1/MPa AR K/ pm i 8 I 1K/ wm P2 /nm
2 100.614 100. 622 8
4 100.418 100. 429 11
6 100. 231 100. 243 12
8 100. 043 100. 052 9
10 99.859 99. 865 6

B 13 bR S IE 5 0 B E G R
Fig. 13

Comparison of calibration,

demodulation and simulation
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Table 2 Repeatability error of demodulation value

W5 & 1/ MPa fift VA {E/ wm 1% 25/nm
2 100. 800 0
4 100.794 6
6 100. 809 9
8 100. 791 9
10 100.799 1
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Demodulation error and influencing factor of three-wavelength
digital phase demodulation method
ZHAO Wentao, SONG Ningfang” , SONG Jingming, WU Rong

(School of Instrumentation Science and Opto-electronics Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: This paper introduces the traditional demodulation method of Fabry-Perot (F-P) sensors, and
systematically derives the demodulation principle of three-wavelength digital phase demodulation method using
extrinsic Fabry-Perot interferometer ( EFPI) sensors. Meanwhile, simulation method has been used to analyze
the demodulation error of three-wavelength phase demodulation method. The results indicate that the phase de-
viation from an orthogonal relationship is the most important influencing factor limiting the demodulation. In
order to ensure that demodulation error is less than 15 nm, the cavity length change should be within the range
of 2 wm at the orthogonal cavity length. Three independent laser light sources have been used to do the experi-
ment. The results show that when the cavity length changes within 1 wm from orthogonal cavity length, the
error of the demodulation cavity length is less than 12 nm, and at the same time the repeatability error of the
demodulation is less than 10 nm, which means that demodulation has good stability.

Keywords: extirinsic Fabry-Perot interferometer ( EFPI) ; three-wavelength digital phase demodulation;

demodulation error; influencing factor; stability
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B E 2 2 Y 3 6 K 3k 2 0 I 2k A BE AL A
R,

®1 BegmRMEREUABEHEGEE
Table 1 Accelerated degradation test stress conditions

setting for smart meter!®’

IV Y6 T/C RH/% I/A
S, 80 80 60
S, 55 80 40
S, 55 95 20
S, 70 95 60
S5 70 95 40

2.2 HEGHHEBHN

7E e BE W I ( PHM) 02 LR T 52 43 A 46
S, 0 G ER T A I 7 T I8 R Y
& Weibull 4345, ‘& B 7540 52 W 7 1 48 Hh R 44
LB 55 75 iy 00 8 L G AR R B PR K
(PDF)

S8 =B expl = (1/m)*] (5)
S B
R() = [ A di = expl = (1/n)"] (6)

Kin WRESEGE WILARSEG Rt .

53 AR 22 HLF 77 ) 7 i A AL IR T 24
i AR B, BLAR B i L & 11 T F
B # Al SEVEB 89— Fb 43 A (5% T MIL-HD-
BK-217) %7, {H45 K0/ A & Weibull 43 £i # —
1], 5 25 R S8 = 1 I, Weibull 4377 i
e 5 B3 A . Bt Weibull 43 45 8 25 4, £
BT AR A I

TE A543 A5 FH T 4 R I e 1] 6 450 R Ak 7= 5 1
W AR MR AR T B A AL IE S
O AR B3 e MR IE 2 o X 2 DB, I
ES S T o)
. 1 101 - u\?
e B 0 ) )

1E A4y A A Weibull 43 45 & ] DU A B %6 1k
(. # Ak iE H Weibull 43 7 f9 2 %, Bl 5
TEZS 534 1 280 B 1E 25 4% A5 19 249 (0 A0 4% o 24
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Table 2 Minimum pseudo life of sensitivity parameters of

smart meter under different stresses conditions

s, s, S, s, S
0.206 0.271 0.207 0.109 0.300
0.284 0.387 0.208 0.162 0.302
0.292 0.471 0.242 0.201 0.303
0.293 0.635 0.243 0.217 0.304
0.304 0.778 0.251 0.231 0.307
0.305 0.811 0.280 0.250 0.308
0.317 0.868 0.280 0.257 0.311
0.323 0.914 0.280 0.261 0.316
0.326 0.914 0.287 0.297 0.319
0.335 0.920 0.293 0.298 0.334
0.343 0.928 0.299 0.307 0.337
0.344 0.933 0.299 0.309 0.342
0.351 0.952 0.308 0.311 0.347
0.356 0.953 0.316 0.313 0.347
0.363 0.964 0.319 0.323 0.351
0.369 1.043 0.321 0.330 0.358
0.379 1.056 0.326 0.333 0.365
0.385 1.113 0.326 0.338 0.366
0.386 1.125 0.330 0.341 0.372
0.389 1.132 0.333 0.365 0.373
0.401 1.141 0.334 0.365 0.377
0.411 1.156 0.337 0.365 0.378
0.421 1.182 0.338 0.373 0.384
0.425 1.186 0.339 0.380 0.384
0.426 1.220 0.344 0.386 0.389
0.433 1.227 0.348 0.389 0.390
0. 441 1.255 0.348 0.392 0.391
0. 442 1.271 0.350 0.393 0.397
0.446 1.274 0.351 0. 409 0. 404
0.451 1.302 0.354 0.410 0.405
0.455 1.307 0.357 0.416 0. 409
0.457 1.321 0.358 0.420 0.411
0. 468 1.350 0.361 0.424 0.416
0.477 1.356 0.373 0.425 0.416
0.480 1.373 0.382 0.496 0.419
0.482 1.383 0.383 0.498 0.423
0.488 1.417 0.385 0.516 0.443
0.497 1.445 0.390 0.520 0.454
0.510 1.459 0.407 0.542 0.460
0.514 1.466 0.413 0.549 0.472
0.525 1.470 0.416 0.550 0.482
0.530 1.486 0.418 0.552 0.483
0.531 1.498 0.424 0.568 0.494
0.536 1.544 0.429 0.584 0.495
0.572 1.575 0.451 0.654 0.497
0.573 1.582 0.462 0.664 0.499
0.587 1.645 0.471 0.670 0.510
0.603 1.695 0.473 0.673 0.544
0. 648 1.983 0.480 0.679 0.556
0.658 1.984 0.503 0.686 0.560
0.705 1.985 0.506 0.690 0.634
0.712 2.015 0.565 0.711 0.648
0.752 2.353 0.580 0.739 0.726
0.782 2.835 0.806 0.745 1.125

o 5 Weibull 73 K ZHOH BRI &R, R RN

w=E(x) =JO°°R(t)dz=J0wexp[— (/) 1dt =

' (1/8 +1) (8)

0=nJF(2+1)—FZ(;+I) 9)
A E () AR T O) b R %8

T 2 5 8 FEL 3R E R N T A 1R I /N PR A
R TSR L N1 I R e A S VA I Ol N e
L 3% 75 i o A LA, BRI, 43 00 FH Weibull 4343
IE 2540 A FVEE E 0 A 6 28 2 19 fe /N O 75 ik e
s i Ak ks g5 R & 1 s (0,95
HIFE)

Bl ORIRIRL 7 45 P81 4 i H 3R e/ A 5 i 43 A A 4 R
Fig.1 Distribution probability map of minimum pseudo life of

smart meter under different stress conditions
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M1 T 7 A6 36 45 2R m] - RE HL 3R A/ A
A o3 A B T IE A5 43 A A1 Weibull 3417, A
PG 18 Bk A it — 20 T BCIE 3 A
Weibull J3 A5 % fie /1N A 75 i (094G 56 45 51, HIAH 5C o
R TE T 2 oA AR RE H SR R /N 7
U — AR AR G R B, A3k 3 i .

F®3 AEAEAEZFGTH-ULBEXRY
Table 3 Normalized correlation coefficient under

different stress conditions

) HH G R AL
WLy S A
Weibull 43 £ ER 44

S, 0.973 0.981
S, 0.977 0.972
S, 0.897 0.859
S, 0.987 0.980
Ss 0. 866 0.847

FeBEaR 3 A — A AH 5C R ET . Weibull 434
FIIE 285734 45 1 06 H s B A AR v A9 A DG, HoAH
KABARELT B XS 3 Fh 43 A A58 1 L 48]
Nh B RE HL R b 75 i 20 A IR Weibull 43 477 5
IESI A . % T Weibull 345 19 77z 1, H % &
FIE 040 B9 2 B i L5 Weibull 23 A 9 5
£ (8) A (9) K, I LLR 3CH AT Weibull 43 4
Xof B4 RE HL 3R A AT 5 AR A gE AT IO
2.3 Weibull 3% & #&t

H T AMELEH B 1 KT Weibull 73 41 i) 2
$n BB TEARA S BB A HE T Weibull 424
MISH A SCR I KA A 31 R 4T Weibull
I3 A ) S HOR R ARS 0= (B,m) ", WX LR
Ay
In(L(6|x)) = 2 [lnBg+(B-1)lnx, -

Blnn - (x,/7)°] + Z [ - (x/m)?]  (10)

i T A R 2 T A AR R AR SR A T
{aln(L(ﬁx))/aﬁzo
aln(L(0|x))/am =0
HE— 2 3K fif v %

(11)

[1/B+1Inx, —Inn - (x,/9)°In(x,/n)] +
B n m n

Y [= (x/n)’In(x,/9)] =0

i=1

[=B/n + (B/n) (x/)F] +

MREIANWO0GE,.

> L(B/m) Cx/m)"] =0

(12)

32 2 R B A (12) Al 3% 1 s
5 FPRL ) 26 A F B/ O 73 A ok A 28 Ik 4
Fros o
x4 ARAENEHETERNMIZFGIFESH
Table 4 Distribution parameters of minimum pseudo

life under different stress conditions

InFIE Y5 B n
s, 5.251 0.4859
S, 2.523 1.4449
S5 3.050 0.5055
S, 3.311 0.5491
Ss 4.279 0.3245

3 MEERNATERERES

2.2 TR C & UMW, AR ) AR
AE HL 2 19 B 73 A Ik N Weibull 43 A 5 1E 25 53 A1
e R A AL B — Bk, T IA S 78 IR B ) 25 4
TR B R Y A7 fir W IR AN Weibull A HIE 25 73
fi, HZ 50 g Al m 552 0 & Ak i 3% 28 0 1) (43
i) BRI P AR K AR . PRI AR SCHE R T
—F & SH B AN SR T RH (T B X 52k
PE WA A RIAT 2 R

851 Ao R R A (3) B9 KBS, 5E i AR
LS

n=exp(a, +a,T + a,RH + a,I)

{ﬁ =exp(a, + a,T + a,RH + a,1)

% (13 ) 390 JOH A, 78 51— 4 2 P
B
{ln n=a, +a, T+ a,RH + a,/

(13)

(14)
InB=a, +a,T + a,RH + a,I

FEEGEE ] 0.95 BT A4 2% 4 150 5k
P P (14) Lt R A a ~ o, KBTS
th 17 =5.6659 - 0.06467 —
H  0.0349RH +0.02631 (15)
B=-0.3884 +0.03967 —
C1 0.0044RH - 0.01281
552 B AR SR H U (4) M BERL, X H P i
Bt g, £
Inn=0b, +b6,/T +b,/RH + b,/1
{ln B=b, +b,/T +b/RH + b,/1
KHr:b, ~ b, HFFRAREL
[ 2, % X (16) M2tk RECKR MR, 45 8
Ch = —5.5878 +290.1925/T +
H  146.5076/RH + 41.8683/1
B=2.7313 - 119.3344/T +
C1  24.3315/RH + 4. 1884/1

(16)

(17)
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% Weibull 23 i B0 S 40 B Al o, ARG (8) 1T
B4 B e (0, %), (Y
w=nT(1/8+1) e (0.88,1) =

FTURESE g 2 — D S5EERRFYE
AT AR T LA (B PRI B P 2 19 5 A 30 IR DA TE 25 43
i, AR Weibull 434 3T 8y 1E 25 73 A 14 5 o 5%
P :3<p<4" A E AR F R KF T B HUE
T o S IBOE 5 0 ) K25
.= |T=25C ,RH=45%,I=10A}
[T=209C,RH=45% ,1=10 A}
(T=25C ,RH=35%.1=10A]
SR MRA B (15) A (17) 132 7 F1 B #YHK
B4R MK S R, Hh S, KRN Sg T, H
A (15) KA .

x5 EEFEAEZMGT Weibull 35S HE

Table 5 Parameter value of Weibull distribution under

S
S;
S

8

normal stress conditions

Ny A B n
Se 15 1.3177 15.4995
S5 s 1.0812 21.4131
S¢ 15 1.3766 21.9813
Se 17 0.3387 162.2000
S50 0.1027 2953.5000
S¢ s 0.3953 411.2000

RAEL S AR, &35 9.8 EL
B R AT s 2K (17) 11 53 45 2 | (e Y B3R
K, B AL 0 L 3R TF A A AF S BRI A
A (15) 15 H g5 3t A 3 S P A 0, (B IR &
Hop g Fl EE S L A XL (15) i PUK
IE ] LAAMEE I 5 R 7 7K SF T 8 R 2% T 4
FEfi o PRI AR SCHE S — Fh A IE 7 I B R AT AR
E 2 AL (15) T8 Bk itk . B Se B
T JEX 2 (15) PR g B R S50 B WX+ A
LMERIE, St B 3 (18) .
B =Pexp(—0.3884 +0.03967T) —

0.0044RH -0.01287) + Q (18)
K PLQ Mg REL

Hr L Sg X FP SR N bR E S, T U 35 N
17 ~33°C ,RH JE sh 5 FHl 2}y 30% ~60% ,1 3% 53
Bl 1 ~30 A, M4 =0 (15) Al i+ 3045 B iy BU(A
Y0, 80 3 3 fUBCRE L 19 3 B AV 0.8 ~
2.8, NEBH,KIESG B MIUEIEFEI F[3,4] 48
P (18) R IE G S48 B I A KB N

B:%exp( ~0.3884 +0.03967 —

0.0044RH - 0.01281) +2.6 (19)

F(19) SRAFIEH By 4640 S .S, .8, FA
EJEH BAE SR 3.2789 3.1406.3. 2883, f5 4
B WA 5 . AR Weibull 43 75 i 7] 55 BF R %K
K (6) 455 (19) #2150 FE H 4 ¢ B9 FRIK
t=n(-1InR)" = exp(5.6659 —0.0646T —

0.0349RH + 0.0263/) -

(= In R)0sw(-035450 6T B TR0 GTIR TG
(20)
HL 2 1) 73 fi
REHL R

H1 30 (20) 1 A 31 530 R 4tk v fiE
Fabn, anE 2 s o 3 dLIEH N1 B
EERE R AL S

P2 IEH R A 0F T R BE L R AT R AR A B
Fig.2 Reliability change trend of smart meter

under normal stress conditions

M 2 ] DLE 3 A H 17K F- S .S, .
Sy LB/ 13.9.19.2.19.7 a,%5 10 a
R AT SR 439K 78.68% 91.26% 92.77% , TrAH
W 464 S, T, M 5E B2 R 95% B, X% T4 fig
HL S Y AT 5 5 A, SCRRS ] A9 Jl I 45 2 433.5 a,
SCHRL6 ] T 25 5 23.6 a, ARG (6) , A 3¢
A5 RNy 8.3 a, H3CHR[9 ) T &5 R4zikn . &
i T S 71 Al N R /I S O ]
FFAAE 9 ~16 a Zo Ay, W AR SCHR [ 5-6 ] 1 Tl 245 1
P K o

WALk TSt R e L AR A RE MR T —
A 4 F AR B HL 3R R A R Y ) IR 4 % T
Ko 2 s s R B 7 S0

AKICH B, T x B HL R A A SRR (4 B[R]
R (6) WA

R(B.) =exp[ - (B, /)] =1-2% (21)
A 321 BOGT H50mT LA 3
B, =qn[-In(1 -x%)]"" (22)

AR T 1 VR AR AR AT BR A W) B BEAY L BU%
Mo DX [R]—HHE Uk 586 B fEHL KB AT 2 T a I
B E A A5 AR S a I A 32 Bk i UK Rl AR
B, AT AT A 7 a i R R SR A
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Reliability life prediction of smart meter based on
multi-stress degradation model
ZHANG Jingyuan, HE Yuzhu" , CUI Weijia

(School of Instrumentation Science and Opto-electronics Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: Aimed at the difficulty to accurately predict the reliability life of smart meter in running state,
based on the generalized multi-stress accelerated model, this study researched and determined the life distribu-
tion rules of smart meter by using the accelerated degradation test data. Through the analysis of the relation-
ship between the environment stress and the parameters of Weibull distribution model, a new multi-stress deg-
radation model based on log-linear regression model was established, parameters correction method of the new
model was proposed ,the solution of the parameters of life distribution model was realized, and the prediction
consequence of the reliability life and remaining life of smart meter under normal stress level was obtained.
The normal stress condition is set up at the end of the paper, and the feasibility of the method is verified, so
that a research method is provided for the reliability life assessment of smart meter.

Keywords ; smart meter; reliability life; log-linear regression model; life distribution; Weibull distribution
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Static aeroelastic characteristics analysis of high-aspect-ratio
wing for hydrogen-powered UAV
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(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

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

Abstract; Based on hydrogen-powered ultra-long endurance unmanned aerial vehicle (UAV) , nonlinear

static aeroelastic characteristics were analyzed by the strong-coupled method for its high-aspect-ratio light com-

posite wing. The aerodynamic comparison of rigid and elastic (aeroelastic deformation) wing was investigated.

And then, an aerodynamic correction method, based on the result of the rigid wing, was applied to the elastic

wing. The results show that the lift-drag ratio of the elastic wing reduces by 3.2% ( compared to the rigid

wing) , and roll and yaw moments significantly increases to the disadvantage of aerodynamic performance. The

aerodynamic correction based on rigid computation results is an efficient aerodynamic analysis strategy for high-

aspect-ratio light composite wing.

Keywords: hydrogen-powered UAV ; high-aspect-ratio wing; static aeroelastics; fluid-structure coupled ;

aerodynamic correction
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Mechanical and dynamic characteristics of bearing with
looseness on high-speed flexible rotor
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(1. School of Energy and Power Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

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

Abstract: Based on analysis of the structural and mechanical characteristics of the bearing with looseness
on high-speed flexible rotor and the demand of dynamic optimal design for multi-supported flexible rotor, the
mechanism of non-straight change of stiffness of supporting structure caused by looseness on rotor-bearing sys-
tem was researched. Then a dynamic model of rotor-bearing system with looseness was developed. The genera-
tion conditions of chaos were analyzed. According to the analysis, the rotor will produce chaotic motion by the
impact of the step change in stiffness when the dynamics of the rotor is sensitive to the stiffness of supporting
structure. Based on the relationship of dynamics of the rotor and position and stiffness of supporting structure ,
the optimization design of the position and stiffness of supporting structure can control the sensitivity of rotor
dynamic characteristics to the stiffness of the support, which can provide design method for dynamics optimiza-
tion design for multi-supported high-speed flexible rotor.
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Transient communication signal detection under non-Gaussian noise
based on improved HHT
GUO Xiaotao, WANG Xing® , ZHOU Dongqing, ZHANG Ying

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

Abstract: Based on the characteristics of transient communication signals and non-Gaussian noise, the
corresponding signal models were established, and a novel algorithm of transient communication signal detec-
tion under non-Gaussian noise was proposed based on the improved Hilbert-Huang transform ( HHT) , which
takes the advantage of HHT in processing non-linear and non-stationary signals. The improved detection algo-
rithm was divided into two sections: ensemble empirical mode decomposition (EEMD) and filter of intrinsic
mode function (IMF) components. First, signals were decomposed into several IMF components by adding
random white noise and averaging, and then false components were eliminated by energy variance and correla-
tion, through which transient signals aliased in the non-Gaussian noise can be detected effectively. Simulation
compares the detection efficiency of HHT and the proposed algorithm, and the results demonstrate that the pro-
posed algorithm can reduce the influence of model mixing and false frequency caused by HHT and achieve
more accurate analysis to the time-frequency characteristics of transient communication signal.

Keywords; improved HHT; ensemble empirical mode decomposition (EEMD) ; transient communication

signal ; non-Gaussian noise; signal detection
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Fig.2 Simulation experimental results of Situation 1
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Table 1 Simulation experimental results of maneuvering

target interception at different angles of LOS

Wy pe MW BRES W&
B /s m fi2/(°)
BPNG 12.12 2.2983 2.3
30 DSCG 11.69 0.2478 0.5
SMG 11.68 1.2564 1.1
VSG 11.67 1.4268 1.3
BPNG 12.08 2.2785 1.8
DSCG 11.62 0.2398 0.3
60 SMG 11.62 1.0872 0.9
VSG 11.61 1.4139 1.2
BPNG 12.16 2.3012 2.5
DSCG 11.67 0.2576 0.4
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Table 2 Simulation experimental results of

uniform-velocity target interception at
different angles of LOS

0/ (%) S il it 4 i/ L f
it ] /s m fWZ=/(°)

BPNG 11.63 3.5685 2.2

30 DSCG 11.54 0.3542 0.3
SMG 11.49 1.5327 1.3

VSG 11.52 1.4536 1.3
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VSG 11.49 1.4963 1.3
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Fig.3  Simulation experimental results of Situation 2
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Novel guidance law accounting for dynamics of missile autopilot

ZHANG Kai'®, YANG Suochang'* , ZHANG Kuangiao', ZHANG Yongwei' , CHEN Peng'”’

(1. Department of Missile Engineering, Ordnance Engineering College, Shijiazhuang 050003, China;

2. Key Laboratory of Guided Weapons Test and Evaluation Simulation Technology, China Huayin Ordnance Test Center, Huayin 714200, China;
3. Ordnance Technology Research Institute, Shijiazhuang 050003, China)

Abstract; Interception of air targets requires zero miss-distance and impact angle constraint to improve

the missile guidance performance. First, the acceleration of the target was estimated by extended disturbance

observer which also considered the noise interference. Second, a nonsingular terminal sliding mode surface

was improved, which considered autopilot ideally. Third, a sliding-mode guidance law was designed based on

the terminal sliding mode control theory and the theory of finite time convergence. Finally, considering the
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Fig.1 Schematic diagram of a sewer pipe system
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Table 2 Parameter values of fuzzy variables

in Example 2

Rl HL 7S £ M A8 ¢ o
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Table 3  Sensitivity index values of input

variables in Example 2
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Fig.2 Schematic diagram of a roof truss structure

4 BREUHENTENEESE
Table 4 Numerical characteristics of random

variables in roof truss structure
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Table 5 Sensitivity index values of input variables

based on output possibilistic expectation in Example 3
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E 0.0291 0.0290
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Global sensitivity analysis under mixed uncertainty based on
possibilistic moments
CHENG Kai, LYU Zhenzhou®, SHI Yan

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

Abstract: For the structures with fuzzy uncertainty and random uncertainty simultaneously, to measure
the influence of fuzzy and random input variables on the statistical characteristic of output response, a new
global sensitivity index is proposed. Based on the definition of possibilistic moments of the fuzzy variable, the
characteristic of the output response under mixed uncertainty is analyzed. With respect to the possibilistic mo-
ments of the output response, the possibilistic expectation of output response is taken as an example, and the
average difference between the unconditional probability density function ( PDF) and the conditional PDF of
the model output possibilistic expectation is used to establish the global sensitivity indices for both the fuzzy in-
put and the random input. The properties of the proposed global sensitivity indices are discussed, and the
Kriging surrogate model is applied to solving the proposed index efficiently. Finally, some examples are used
to verify the rationality and effectiveness of the proposed method.

Keywords: fuzzy variable; random variable; sensitivity analysis; possibilistic moments; Kriging surro-

gate model
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