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Fig.1 Schematic diagram of simply supported beam example
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Table 5 Initial conditions of transverse vibration
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Fig.9 Vibration responses when summation of
frequency of excitation forces equals to transverse

fundamental frequency
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Nonlinear vibration analysis of longitudinal-transverse coupled beam
XING Yufeng®™ , LTANG Kun

(Institute of Solid Mechanics, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The coupling phenomenon of longitudinal and transverse vibration is representative in boost
rocket. Taking longitudinal and transverse vibration coupling into account by using the second order term of
longitudinal strain, the governing differential equations of Rayleigh beam was derived through Hamilton varia-
tional principle, and the finite element method was employed to explore the behaviors of this nonlinear cou-
pling system. As for the inherent frequency of the corresponding linear system and the dynamic responses of
nonlinear longitudinal and transverse coupling system, the obtained results were in agreement with those of
NASTRAN, which validated the correctness of present method and results. According to characteristics of the
viberation governing equations and the results of finite element method, the analyses focused on the time-varia-
ble property of nonlinear system frequency, the amplitude-frequency characteristic of nonlinear dynamical re-
sponses, the mutual effects of the longitudinal and transverse vibration and resonant phenomenon when the
combinations of frequencies of exciting forces are closer to the frequency of the nonlinear system. The results of
present study lie the theoretical foundation for the practical application of the present method.

Key words: nonlinear; longitudinal and transverse coupling; vibration; finite element; Rayleigh beam
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Fig.1 OFDM transmitter based on joint orthogonal transformation and signal interleave
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Fig.2 OFDM receiver based on joint compressed sensing and whitening of residual interference
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Impulse interference mitigation method based on
joint compressed sensing and whitening of interference
LIU Haitao ', ZHANG Zhimei', CHENG Wei', ZHANG Xuejun®

(1. Tianjin Key Lab for Advanced Signal Processing, Civil Aviation University of China, Tianjin 300300, China;

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

Abstract: To mitigate the deleterious influence of distance measure equipment ( DME) interference on
orthogonal frequency division multiplexing ( OFDM) receiver of L-band digital aeronautical communications
system 1(L-DACS1) operating as an inlay system, a new DME interference suppression method was proposed
based on joint compressed sensing and whitening of residual interference. Firstly, the DME impulse interfer-
ence was observed via null subcarriers channel of the OFDM receiver and reconstructed with convex optimiza-
tion constrained 11 norm minimization method based on the sparse property of the DME impulse interference in
time domain. Then the reconstructed DME impulse interference was transformed to frequency domain and
eliminated from the received signal. Finally, to avoid burst errors of demodulator, the residual impulse inter-
ference was converted to white Gaussian noise by using the de-interleaver and inverse orthogonal transformer.
The computer simulation indicates that the proposed method can reduce the impact of DME interference effec-
tively, and improve the reliability of OFDM receiver of the L-DACSI system significantly.

Key words: L-band digital deronautical communications system 1 ( L-DACS1); orthogonal frequency
division multiplexing ( OFDM) ; distance measure equipment ( DME) impulse interference; compressed sens-

ing; convex relaxation
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Property assessment of PANS method for numerical simulation of
flow around tandem cylinders
DU Ruofan, YAN Chao” , LUO Dahai

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

Abstract: Partially averaged Navier-Stokes (PANS) method derived from the traditional Reynolds aver-
aged Navier-Stokes ( RANS) methods by introducing controlling parameter into original RANS equations to
modify these equations, is one kind of hybrid methods which can effectively simulate the separated turbulent
flows. Computational results of tandem cylinders using PANS method based on Menter shear stress transport
(SST) turbulence model were presented in this investigation. The flow structures around tandem cylinders
were analyzed and the accuracy and reliability of PANS method were also verified. Moreover, the influence of
the model parameter on numerical results was investigated and the performance of different types of PANS
methods was assessed. Studies show that the unresolved-to-total ratio of turbulence kinetic energy has signifi-
cant effects on the numerical results, and taking this parameter as a constant value throughout the whole com-
putational domain can hardly tackle the complex flow problem. Furthermore, the parameter is made to change
along with flow physical information and the local grid scale. The variable f, PANS method agrees well with the
results from SST detached-eddy simulation ( DES) and the experimental measurements, suggesting strong
adaptability to complex turbulence simulation.

Key words: tandem cylinders; turbulence; partially averaged Navier-Stokes ( PANS); unresolved-to-

total ratio of turbulence kinetic energy; computational fluid dynamics (CFD)
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Table 1 Shapes and sizes of spoiler

JER ] sF/mm
g a =40,45,50,55
1/4 [ r=40,45 50,55

ARWFFEAE B ] K2 4k ) 2% 55 PIV (Partical
Image Velocimetry ) 525652 (UL & 3) 6 B -1 257K
R eP R AT KRS % S5 9% B TR 98 B S 500 mm, Y T
15520 mm. AZK A R FF R, B B A A G
Hi BB 4 BCE A OGRS 43T ) KA 6 B
B Gl A R 9K Bl Shak ], nl DAAESFAT 09 52 50 4K
B EAER B AT, B B KATAR 3,300 m, 3 B 4 4
SYHERE 0.5 mm/s. SEEG AR 5 50 ) KO 1
TE — S 55 B B AT XA Y S o AR
Wi & 41 RS 0.4 ~0.5m/s, BERI L ff 6° ~
10°, SCE B V50 R 3.98 x 10* ~4.95 x 10*. {nA 3
i AR i BB AR T # K R AT, T LA
e 2 I B KA T RRER.

B3 RIS PIV 2=
Fig.3 Xiamen university fluid dynamics and

PIV laboratory

ZOK ARG C £ 4 PIV., 5256 B 0 17K A ity
PR TN BT 1, S 56 v g AR AL S 78 55 I
JE U 168 A AH EL A T A 2 o 0 A . AR SO G T
JEFT B PIV & e 40 1 19 B B3k 2
IR

x2 PIVRGHHKESH

Table 2 Component parameters of PIV system
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Fig.5 Development of primary vortex in

30 wingspans without spoiler
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Circulation variation of primary vortex

respecting to wingspan in four-vortex wake system
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Table 3 Relationship between parameters in

four-vortex wake system

92
ﬂ;j‘f (m.V:,.)a/m by/by Ty/ =Ty 9/% 57 /%
8 0.4 0. 406 37.30
0-4 10 0.4  0.367 36.80
a =40 mm 6 0.4 0.414  41.30 42.0
0.5 8 0.4 0.373  45.80
10 0.4 0.376  48.60
6 0.45 0.411 47.60
0.4 8 0.45 0.391 43.80
10 0.45 0.38 49.70
a =45 mm 48.1
6 0.45 0.388 46.50
0.5 8 0.45 0.402 49.80
10 0.45 0.402 51.20
6 0.5 0.409 53.10
0.4 8 0.5 0.440  40.20
10 0.5 0.491 49.40
a =50 mm 49.7
6 0.5 0.443  50.70
0.5 8 0.5 0.467  48.80
10 0.5 0.489 55.90
6 0.55 0.479  51.30
0.4 8 0.55 0.482 47.70
10 0.55 0.472  53.40
a =55mm 52.0
6 0.55 0.439 50.80
0.5 8 0.55 0.465 53.80
10 0.55 0.469 55.10
6 0.5 0.423  44.00
0.4 8 0.5 0.498  43.70
10 0.5 0.475 36.90
r=50 mm 42.8
6 0.5 0.425  40.70
0.5 8 .5 0.488  47.20
10 0.5 0.455  44.20
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Control method for aircraft wake vortex based on
Rayleigh-Ludwig instability
BAO Feng"', LIU Jinsheng', ZHU Rui', JIANG Jianhua', WANG Junwei’

(1. School of Physics and Mechanical & Electrical Engineering, Xiamen University, Xiamen 361005, China;

2. Jiangxi Hongdu Aviation Industry Co. Ltd, Nanchang 330024, China)

Abstract: The aircraft wake vortex is an inherent flow phenomenon due to the lift generation mechanism
which has a negative impact on the flight safety. By adding a set of specially designed spoiler, a rectangular
wing was designed to generate a pair of weaker vortices, which had different sizes and opposite direction com-
pared to main wing vortices, thereby constructing a self-destructive four-vortex wake system to induce Ray-
leigh-Ludwig instability. Under different experimental conditions, in terms of changing the size or shape of the
spoiler, towing speed and angle of attack, the wake vortex development of the test model, that both with and
without spoiler, as well as the circulation analysis, were acquired particle image velocimetry (PIV) measure-
ments under the low Reynolds number. The study demonstrates that the decrease in circulation was 35% to
55% in 45 wingspans when spoilers are introduced, whereas the counterpart of the baseline airfoil, without
spoilers, is nearly kept steadily, which reveal the application possibility of Rayleigh-Ludwig instability in
alleviating the wake vortex. As the initial circulation ratio equals to —0.489 and the initial distance ratio is
0.5, the circulation of the primary vortex reduce most significantly (55.9% ) in 45 wingspans. Results would
provide a scheme in the design of airfoils with weaker vortices.

Key words aircraft wake vortex; Rayleigh-Ludwig instability ; particle image velocimetry (PIV) ; spoi-

ler; low Reynolds number
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Fig.5 Block diagram of radial displacement-sensorless control system
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Fig. 6  Simulation results for control system
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Radial displacement-sensorless control for bearingless induction motor
YANG Zebin*', DONG Dawei', FAN Rong', SUN Xiaodong®, JIN Ren'

(1. College of Electrical and Information Engineering, Jiangsu University, Zhenjiang 212013, China;

2. Automotive Engineering Research Institute, Jiangsu University, Zhenjiang 212013, China)

Abstract: Aimed at rotor position identification of bearingless induction motor ( BIM) , a displacement-
sensorless control scheme based on modified back electromotive force was proposed for the BIM. Firstly, to
eliminate the flux observation error, on the basis of the back electromotive force ( BEMF) method, the low
pass filter was added to the flux observation model of radial suspension force winding. At the same time, the
amplitude and phase deviation caused by the addition of low pass filter were compensated. Secondly, the mod-
ified flux observation model of radial suspension force winding was obtained and the rotor radial deviation was
obtained according to the relationship equation between flux and displacement. Thus, the radial displacement
self-detecting was achieved. Finally, a displacement-sensorless vector control system of the BIM was estab-
lished using the presented position detection method. The simulation results show that the control system not
only can accurately detect the rotor radial position, but also has good speed and torque characteristics. The
further experimental results also show that the method had a good ability of radial displacement self-detecting.
The BIM can realize stable suspension operation with displacement-sensorless.

Key words: bearingless induction motor ( BIM ) ; modified back electromotive force; radial displace-

ment; self-detecting; flux; vector control
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(1. HEBERE 2 R TR S HE AP L, JLat 1000945 2. ERR 2B, Jbat 100049)

1 E: A TREBMRME ML aEa 8 H — & F 8 FC-AE-1553 [ 4 % fir 2%
Tt E 7 o M B FC-AE-1553 %7 & &. & %8, 4 FC-AE-1553 [ % th 34 K & % i3 42 3t
TR, N E R XA, % W& W& X2, 8L 90 FC-AE-1553 thil # & %k H &
e iy B BE 1B S 30, 45 A FC ARvfE o 438 3 B 8] B9 B2k, 32 ) FC-AE-1553 W 4 5 #: % & F i &
RAWBCHEATEAR. RE 4T z48thfma 24 ERAMEL, 60T W E&EREE
W E & RE, BT ELANMBEM AT KE T ELAERE KR FFIRE HFRERDE,
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BB, B R WA EE X FC-AE-1553 %) 2% 1% Hii 20 %
F18) ARSI L3 BT AR GBI 53 1 SCRR . SR 1T, 4% i 58
o M 2 e EE SR Z —, B4 FC-AE-1553
R BIF 5 32 ¥ DA B8 BF 52 5 1] T AR N T A% i 0%
F18 e I L4 52 ) 38 38 A PR IUAE AR TP A BT AR
FH i — 20 52 e 31 TR B2 RN 48 AT A A% 4

A SCE X B T FC-AE-1553 P01 9 2% 7
SRS R IEAT VR AN 20 BT, 25 T A% e it A =X
BT AL, 38 A 23 9 4 v i) A% T B A% B I ()
SR, B % g b T i E) a5 S 2K AR
J5 5 Xk TG 2 At A% i RAT 2% A8 A i T R 1 O B
I TR ) 265 4% i S80R T 5 5 s ORI AT 0 B AT
T PSR S BRI BT . R
LA R TR AT 55 75 5, 0Tl — B 2L T FPGA
(Field-Programmable Gate Array ) Fl PowerPC ff]
FC-AE-1553 75 gi R, 78 b 1 2R 46 1 45 f &R
G A% i P RE 1Y S 30 % B IE

1 FC-AE-1553 BRI RS

1.1 FC-AE-1553 HEAHWE X RIER

FC-AE-1553 HpsU i) 32 B2 40 F J7 s % a5
R IR A A 4 2 3 Bl I 4% 11 2 R A% B 4 I 2%
141 %% (Net Controller, NC) | [ £ 2% 3t 45 s ( Net
Terminal ,NT) 1 FC 32 it 1. 2.

FC-AE-1553 /)iH B & i 3 24255 NC Al NT
[E] 1 9 )8 CNT T N[ 74 3 2, P A, 3 I A% i ]
DI — a2 I A2 4t (exchange ) , 4 UK 52 46 7]
DA — A s 2 A7 81 (sequence) 1 A 51
] DL — A 8k 2 AN 1 6 T (frame ) 4 B8 AR
it FC P LR, A% B it ks =X e 2 W] DL AR i
2 112 BI gLt AR2 i F 2 112 B R & 2 (3%
R, 2 R E g TR R 0 ST B, A S
BRI X fe KA M 2048 B. Sy it % 3 Al s A
P18 A2 i T < 4> T R Mt A 5 0k ot 4 1B LR 1Y
M anE 1R WKL R DUE L, BRS FC
B BIRSORT B, U T T R T A A 2 (R
TR A AT S R R i
1.2 FC-AE-1553 i B & % i 8 43 47

HArE A B 98 £ Z 44 FC-AE-1553 Hpid
AR B AT 43 A7 R B T A% s R A B
Aab BRI R] 55 2 80— A R BRARL Y TC 95 /N e R
— A S (EL A, Sk TR H L R
et 23 52 B B AR A BE 0 a5 A0 BB R] i A 2L iR
T 28 55 DR 3R 1) 52 M, N ] s £ Hl A7 7 A8 ) PR A
S Bl FH o2 250 A 53 BT B 0 A% e R 2

b FC-AE-1553 31 & 1% i 1) o 7 25 1, 4>
251 A5 00 B 0 40 Ry 5 4B B AT, A AE 25 Y A
Aok 3 SE Fsk I A 1) ol A B[], R 4% 4% 4 a2 ]
A7 16 75 1% i 15 A S8 o R £ i o A e 2 5 0 Ak 3 2
F 1A 4k B SE I

HR A T 1] 2 v 3 2 A% ik 7R Y 43 B, AT DL AR
I B AL G B ) 32 B R R 1 R A AR 4L

SOF— {3k ( Start of Frame) ; FC Header—FC 3 ; Data_Field— 4§
$E K s CRO— W30 K s EOF—I 2 ( End of Frame).
1 FC-AE-1553 3 Zemiiks 0 (HAL:B)
Fig. 1  Three kinds of FC-AE-1553 frames ( Unit:B)

{2 FC-AE-1553 i B % 4 id #2 7w = 8
Fig.2 Schematic diagram of message transmission

process of FC-AE-1553

&1 FC-AE-1553 il fhil B A5 5 B0 i 18] & H i id
Table 1 Transmission message time parameters

description in FC-AE-1553 protocol

Ter 4 TR A% Fiy I ]

Typp YR T4 £ i I 1]

Tsp RS WU A% Fiy I ]

Tps B e 51 4 1 o ] B 224 R it
T 5 2t 5] B4 1% i 1 ]

T T BRI, 48 142 77 1 5 13 51 22 18] 4 ] 5

T 5 W) o7 I, i 4 N'T 2 3 Wi 52 iy 4 it sl
° T Je — AR WIS, B S th RS W ] Y S SR

B HAE 119 £ il i i)

T (X} F 4 Gb/s i (EF M, T,, =250 ps)
N v _pe B 3 v B I A4
N s 2 4 AL 5 T B S 5
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—FEeirA% = Kl PR , AR SO sizeof ()
BRI AR HR T /N AN U I RN 32 b, 2R
fdiFH 8B/10B ifith , W) 4 i3 /5 Y XL - K/ Ay 40 b
JUJ T LA 1S i 4 M £ £ i ik 1] 24
T =sizeof(cmd_frm) (dw) - 407, (1)
FH: emd _frm Ay A Wiy dw B X 5 ( double
word ) .
B e 0 FIRCHE T A A% i ik 18] S
Tos=Nomor = (Thp + Tpg) (2)
T, = sizeof (data_frm) (dw) - 40T, (3)
2P data_frm Sy £ 4 ot
YRR S X S T[] 2 D AR K
6 IR iE AR B, B IR AE B AR Dy 4 B, it 7]
W& 119 £ A I 1) Ay
T =N = 40T Nige s = 6 (4)
T Vg R 0T 1) o D 335 1) 280
RS LAY £ i 1 [ Sy

bit

Ty, = sizeof(sta_{frm) (dw) - 407, (5)
s sta_frm SR ZS W
T 5 M) S5 1 1) Ay
T, =2T,, +T,. (6)

SUr T A A B AT TR o i T
SRIMEA KT 10 ps; T, 0 & 5 2E W, 67 ' 2F
AL H O IERT 28 5 ns/m.
RIE (1) ~ X (6), Al LT3 i FC-AE-
1553 1 4% 281 2 5 I ] 40 2 Fw.
%2 FC-AE-1553 Z#H B SR 1A
Table 2 Communication time of FC-AE-1553 exchange

P

SR

NC #| NT 5% T=Tce +Nouvs * [Nowwor = (Tpp +
NT | NC 3¢ {8 To) +Tsp + T + T 1+ Tsp + T,
NT | NT 4 T=2Tcp +Nowvs * [ Nowwor = (Tpp +

To) + Top + T + T ] +2Tg 2T,

o Y X
T=Tcr + Nuwmos * [ Noww_or

NC 2 NT(J"#) (Too +T ) +T. ]
DF e mg

T=2Tcp + Ny vs * [ Nowwor

NT 2| NT(J" %) (Too +T ) +T. ]
DF e mg

Jr i 4 T=Tep + T, +Tsp + T,
Jr w2 (1) T=Ter + T,

R 2 PR ANXAF T FC-AE-1553 [ 2%
Jiv A7 26 B A48 {5 IR 8] 38 2o X6 3 28 i [ E 47 23 A
THAC, AT LAAS H 190 28 50 h ol A A% a8 5 2 1
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2 EWMBEITE
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ROBE 2018, KANR N vs * Nowwor © Tope AT LA
15 NCoNT LR H

P=0 * Nowwvs * Nowwoe * Top/

{Ter + Nowwvs * [Nowor * (T + T,,) +

Ty + T, +T,, 1 +Ty +T, 1 (7)

L ayload
= (8)
NT—NT % i 5% R
P=mL* Nowwvs * Nowwor = To/
2T + Novs * [Npwor = (T + 7)) +

Ty + T, +T,] +2T +2ng§ (9)

AP NERETFHY s O S IT RS 5 L, 9 Wik K

JE 5L AW s Lepe WIUREI K 5 Lic_yeaser N

FC LK BE. SR AT 8 B/10 B 4 A% 11 Jai B 24 % 2

80% . PRIt AR B, A% i 20K L RE S B I, 20

KK T 80%. ¢ TP L., BCHR W60 4 07 I

JE i T 20 (8) v H Al 7 R Y (B W E Y,

L a5 A% B 5058 . (7)) A (9) b

Wy T, F0 T, B B[R] AR XF [ 2, T8 52 BLEE DL AR /)N

B 24 B WtE i TR HAAT T, 1L bR AL

i v T AR B R T 9 A% i 45 ORI AT AR B AR A

PSR ) 52 B 7 AN [) 23 o7 48 22 14 A% i 1 (]

e TR ) H AT ot A 22 Y T, — E R b
CIEFT A Ey

2.2 FEHEEBR

R 46 1 1R 5 2Ry p, 124 22 48 & HE I
FC-AE-1553 Pyl SR X 8 A 22 e ok 2 b 09 Pr
78 FIMWUHEA T B A B0 A I R AEE A

A=p - (sizeof(data_frm) « N . *

‘C_Header

N,um s + sizeof (emd_frm) +
sizeof(sta_frm) ) - 40 (10)
LS NCHNT [ #5 55kR
P=n¢* Nowos * Nowor * Toe/

{[TCF + Nnum_DS - (Nnum_DF : (TDF + Tpg) +
T+ Ty +T,) +Tq +T,,1 - A”}
7z0

(11)
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FRAK(11) AT 75
p=nL - (1 = AM)Now s * Noww o = Tor/
[Ter + Nowwvs * (Npwop = (T + ) +
Ty +T,, +T,) + Ty + ng] (12)
[ AT 4 T iR AR A 2E S G L, NT—NT
)% 0
p=n¢ (1 = X)N s * Nowwor = Top/
(2T + Nowns * (Npwoor = (Top + 7)) +
Ty + T, +T,) +2T +2T,,] (13)

3 MESHER

M TR It A AP S B R 2,
AR SCER X Y OGBS 80l 1T MATLAB 43 51
A5 05 B, I3 8 43 7 45 10 I 28 pe Ak 1 3 11 L.
3.1 TEHEEHMHE

TR AL ke T, F0 T, %83k 4% 4 1)
e /IME AL i 24 B. AR HA — A% i )y 51 115
L5 B R 25 AR AR A R E 3 TR, WKL 3
TRl DU O e K RO B AR T B AR Y
Bl Wi 22, X A AR B RO 1 s I
e Hi A R BN WY b s B8 I 41 1 22 0 % R 2%
1R 35CR LT WA 52, 78— > 38 e v 19 4% i 5L
P i 5 A 38 B 16 D)5, HoE fF a3 0T DLk )
70% LAt , 4k SE 3G IR il 00 %5 i, X6 4% a1k e
FEFHAT R N TR S £ B, — A b 15 K E i o
A0 2 X B R TR T R B K R T, AN fig X
P 5 1 i M BB AT B R BT MR, R R 3 e v Y A 8
MR I BT AN T 16 BT

K4 250 7 JC 22 B AL f i, NT— NT 5 2
W 25 AL B 0R . 5 NC—NT 931 8258, Bl i v
o F B A, R 2% TH B A i ) A iR &2, SR Y
fiff PR . (R A NC—NT #9785 fi
[i) 85 25 F T N 28 11 0 FH 80 1K
3.2 BEHERHBE

A 2L o, ) I 1T 2% 3 5 AN [m] A Al it
ear 4 B 1 A BB (] — A 3 A B B T
) Z 8] () 5 Z AR TR, AH R T 15 05 09 47 7E 23 3 R
A 3 B v A R AL B R LG 1R
R f KB L R AR Z X R KL S5
iR NP Al DL, SRS Rk ] 10 LU F
B, 2 A AR AR /N, 78 7T 43252 0 fl . S iR i 32
IRF] 1070, K it v A7 4 BE Ol 2 KB B, 54 SR

K3 4 i i K% (NC—HNT)
Fig.3 Maximum efficiency of network

transmission ( NC—NT)

P4 P04 L i R R (NT—NT)
Fig.4 Maximum efficiency of network

transmission ( NT—NT)

i1 30% A 58 e o AR AL AR A R 1 9 2% 15
i AR 2R T

[Fi) I, 0 6% A2 Ji 3003 45 500 it i K 8 L
R RME 6 Fron. WIE 6 W LA, B AL R
1072 LR B, Xt 42 i 200 38 110 52 WiLAR /N i 4
W4 o 1 R B R 2 KB, 0] 31645 70% L) b i 15
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RO, 7 I FC-AE-1553 Pp i i 2R , L 27 1% i 1Y
PRI — M T 107" WA S by AR v i T
SRR M A R AR /N, /N T 1077, I A5 i 22
PR AR AL A e DR 0T S I A ) 5 T 220

FS A 2 4% £ 2% (NC—NT)
Fig.5 Network packet loss rate in error (NC—NT)

K6 04 AL 2 R AT 22 55 I £ AR (NCHNT)
Fig.6 Network transmission efficiency and

packet loss rate in error (NC—NT)
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4 SLIHMIKER

AR SCHEAT B4y T 0 A b, DA T R TR R
MAE & B & &, #F & 7 & 7 Xilinx 1
XC5VFX100T FiI Freescale [ MPC8536E it K 1Y
FC-AE-1553 95 5K, FH T35 3F FC-AE-1553 ¥ 2%
i A% i 28, BE ) 58 R S5 B 1B T BT .
XC5VFX100T &2 H 7 % 2 & & ) — 23X FPGA f:
J, BA B T8 oy 12 B BT IR, a] LA 2 FC-AE-
1553 Whil iy it @ ok, FEH T8l FC-1 21
B it it 7 R C-2 )2 B 21 WA T, 32 e 5 )Y 51 A
BELL R i i 45 PR 45 D) . MPC8S36E & — 3K iy 7
AEAR I #E 1Y PowerPC Ab 3 8%, 32 2 ] 7 4% fili #1

FC-AE-1553 BF 0 OB ) 52 B A 719 a5 BIF Al )
LAl b AR SCHE T FC-AE-1553 [ 45 1% I 1 &
Ge, T VF O 0 45 1 1% vk R 2K R SR E
NC.NT FI FC 52 # 4L 3 2K 4%, Horh NC AL NT fiff
FHAR A B FC-AE-1553 5 5 A i 4, i T AS [A]
WE B A AT T RE S . FC A AL FH 1R 2 )
f) Brocade300, B % 43 Hr AL i JH JDSU 24w
Xgig-B4BOFA. #5145 55 S e ML IA] (9 )6 £ 14 i B 5
S 10 m.

7 FC-AE-1553 5 iR SL YA
Fig.7 Picture of FC-AE-1553 node card

T XC5VFX100T 4 BlockRAM %58 L35 F
LA F 1026 KB, i AT LLFE BT H 48 K 0 %k
PR GAF. 0 149 2 5 g 1 0 2% 4% i 2803 ] 1) S
TS LAY AE A, K 2% 28 it e i) B 1 RE R
512 B.1024 B 1 2048 B, LY 58 46 v m] % iy 11
B wiECR 2y B0 BEE D 1 W2 W4 T8 W,
16 M1 32 ot , {7 A By 13020 A ACATCIBC IR0 2% 36 15 B9
G5By 13 8N 45 58 N3k 3 pros.

%3 FC-AE-1553 i F A MEH B E (NCHNT)
Table 3 Transmission efficiency of the FC-AE-1553
test platform (NC—NT)

O 25l 3R /0

A ) ——— %@&%”6 e
SR B K BEKE  iEKE
512 B 1024 B 2048 B

1 49.8 61.4 69.5

2 58.8 67.8 73.4

4 64.6 71.5 75.5

8 67.9 73.5 76.6

16 69.7 74.5 77.2

32 70.6 75.0 77.4

A A IR F 5 A 1L B R SR A T 1077, 52
A5 2 A W 285 SR R 5 B 2SR, 15 0 X I 4%
e i A A 8 5 e T 220 A2 i T %) B HRE e Dy
2048 B if, AT LI3RAS H 512 B 1 1024 B B & (4%
BB 2 PR S v A2 i ) SR TEROR T 16 L
Je , AT LR B 5 F 77 % 1 W 26 4% B 2505 ok fift
FHE R 1) 55 40 it ] DA AR A5 T8 75— 6 9 1% g 350%
A2, F5 ST KRB e TE RS /2%
JEAAM R RAM 5 R S8, [Rl s, o 1 6 e 22 4
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Evaluation of network transmission performance in FC-AE-1553
FANG Liang*"?, ZHAO Guangheng', CAO Suzhi'

(1. Technology and Engineering Center for Space Utilization, Chinese Academy of Science, Beijing 100094, China;

2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to improve the aerospace network transmission performance, a general network trans-
mission efficiency calculation method based on FC-AE-1553 network was proposed and a FC-AE-1553 node
card was designed. Firstly, a detailed message transmission process analysis based on FC-AE-1553 network
was established, message types were analyzed, and transmission frame format proposals were given. By the
time parameter analysis of all kinds of message transmission, combing the requirements of communication time
in FC standard, the calculation formula of communication time was proposed in all kinds of FC-AE-1553 net-
work exchange types. Then, calculation method of the network transmission efficiency was given according to
two cases of the error free transmission and error transfer. Finally, through simulation and analysis of the effect
of data frame payload length, node processing time, sequence number of exchange, transmission error rate,
packet loss rate, and other parameters on transmission efficiency in FC-AE-1553 network, the design sugges-
tions of optimizing the network were presented. Supported by an aerospace engineering task, a FC-AE-1553
node card was developed based on XC5VFX100T and MPC8536E. The experimental results indicate the pack-
et loss rate influence on the transmission efficiency can be neglected, and the transmission efficiency is 77.2%
when the data frame payload length is 2 048 B and the data frame number is 16.

Key words: FC-AE-1553 protocol ; transmission efficiency; error rate; packet loss rate; communication

time
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TT-RMS: B [ it & M KBS RERE &

BT, BR, HR, x| &fF

(P E A2 L i B T IFSE BT, B 200233)

1 E: AW EBLNERELAHEAXTHRABERCNFEE, BRET AR
T 5 B (RMS) 8 JE AL &) 89 38 15 % 4 R 5 % B A % %98 o 98 F (TT-RMS) , %k &
BB kK M Gy fE k. TT-RMS A S e By, 4 A REBHEAM, K
BEANBENE AR, BEREEENEEAR ML AR, Bt RMS LA H#THEHT, % e H
HEEEWEREMT, R ERFEHAFEN HERSHFTHEBE  MAT HE WA ZELR. P
REFW T ERBEELEN O(n') , ZEELEH 0(n). BRI Z 5 5 fn 51 A 69 7 % 2 2
W(SMT) ek AR 7k, Lt HEe M AL ERE Z LXK, A H o A dsk. 2504
R @R, TT-RMS 3 £ 8y [ 45 A 45 3 8 K T 848 100% , iH S B 8 1ms 2 4, F 3 7
JE W % 18 & SMT J7 3% 71 P £ I 46 S 3By P . TT-RMS 3 {5 % £ Rk A WH ot | 42, 7
FEHEARLZERA  TUEHMFEMEMREL ALY ET A SR B E RN EAEFTE.

X 8 A:RMSEEAMNF; HEARNE; BERAER; THLEEL,; LHER

hE 4SS, V247.5
X EKFRIRED . A

Bf 8] fik A& ) 2% ( time-trigger network ) W] 3k 4
K W74 FH ) B B, DRATE T 4% SR
T i 5z 1) 4% 5 52 Bk A 0T T L A T 9 e
RN I TR AW RS R S Ve A et
TTTIZ B0 TR] i e R0 2% eb BT T B G A R
BET RS LR L A ROk IK Bl A R A R
U sE 1 0 2% AT A% i R A B B 3l A R Y 2R Al
GPIRSECERAE NI AIEITHE L, RS
AR IC S R A T A O T A B 28 4 b 2
ORI RERSN RS I E D LN N Y S R
ZFek i 5B & NP ( Non-deterministic Polynomial )
SE 42 ) R SCHR [ 7-8 1T 5 A 38 1 9 B8 B s Bk 1T
A5 0 45 1 B BT PR B2, SCHR [ 9-12 ] 0T 5% 4 38 £ 9
JEE Bk AL AT i T WS U5 M B2 TTE ( Time-Trigger

XE4HS: 1001-5965(2015)08-1403-06

Ethernet) [ £ Jg& — 7 DL K R #9232 f5e 20 (8] fih
R M L, HE A B8 2 B SE . A2 4 2 A ik
I 4% P R 22 B YR A B ) L, SCHR [ 13-16 ] 4
H & B SMT ( Satisfiability Modulo Theories ) f# 2k
wrok S TTE 22 9% 95098 B2, SMT i e 25 38 4o i
] B S ALEOAR R DB ALK J5 2, TR A=
) g5 SR R A B F TS R AR m R
RA SCHR [ 1315 ] 3 51k SMT ff the s 1) 8] 2 55
PR T AN @ 7 R AT T IR B R TG AR
Je B ] JRE BRI 4% B B A R A B 280 AT
INTF90% , A% I EA R T )z MRS M T
A 7. SMT fifg e g 70 4R 25 25 8] vp o5 S 48 R f
T BOH B B AR B K s B T B
A%,

IS EHI: 2014-10-10; FH BHI: 2014-12-05; W% HERAHiE : 2015-01-19 1655
W 2% H AR 3k : www. cnki. net/kems/detail/11.2625. V. 20150119. 1655. 006. html
BEEWB . TA5M 57 BWEm B (MJZS201103) 5 50 8 5 925 % 544 (02120C€4701)
* BWAEE : R C(1975—) , B LRETE N, B R T, xu_xiaofei @ careri. com , 2= BERF 5 J7 [n] S 52 638 {75 R 46 M0 HEL 90 2% .
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Fig.1 Network architecture
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Fig.2 Resource allocation model
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Horpca b 43 51 18 8 M, A M, S i 7E B TH
BE L, 0,1,2, - n,n Ry — N EEHE AT B
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AR SCHE Y 3 A5 2 AR BUAE LL RMS i B2 AL
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VAR T, S e LR T A7 At e ke 07 0 QT A T B
HR T LAAE — > He A i 4 v 58 i, — A AR )
AAAT — A BF 1] fi 2 T 5L T A2 fi

Vb e [0,1,---

2 SMT f#R&EENA

SMT figt e 2% " (SMT solver) AJ LA fift ke (4
SMIT [ia] U2 — B2 B i I, ) 0 9 B8 B A 4
S5 35 A A R pR B MR SR 7 1) i D R A
4. SMT i g 2% 1) 4% 0 J& SAT (satisfiability ) 7]
T JE 1 7] 551 ( satisfiability problem ). T f& 1 2 Xt
—A LA B 2L ( Conjunctive Normal Form , CNF)
O 3 2 8 o A 222 i 2 SR AT ) T, A i
I B AR AR B )2 R A SAT a3
JE M H BT 55 s & DPLL ( Davis-Putnam-Logemann-
Loveland ) 5992 % 50k & T 58 & MR 30 1, HOBE A
SR T SEAE SAT [R5 Dy CNF i, 1M %
CNF i =0 i 307 A7 S R, 2 U R — X
B 3 S T I e 1 R T R 4 R A ) R
DA 210l 2 100 AT ik, 40 ) AL 5 T e Pl )
DPLL 5895 1 11 55 18] 52 2% J32 02 48 B iy, il i
TAR S A8 R AW, R s 8 RS ], i o
R FRG SMIT figg DR #5 1) F- 249 I i) 52 2% B J2 22 Tt
A AH I IR BL T 1 I 1) 52 5 B AT 9K 02 48 2K
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BET SMT fift e s i SMT 38 {5 3 A il 07 75 52
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3.1 TT-RMS &5 F & & % 5% BA

TT-RMS( Time-Trigger Rate Monotonic Schedu-
ling ) 38 % 3 A2 U IE AR 48 RMS 98 BE AL , 42 09 2%
LA R 43 TIC 20 I TR) fih 2 090 4 vl g I ) ik 22 T
B LB LB O AR S RMS 8 B2 AL, 411 45 %
TR (R 36 6 MR AU B ) 5 RO B A0 S )
B FC 245 W 46 v as 47 8 A5 T B, A BT A T B
AR AT LA e 2 0 4% ¢ U5, W) 3 s e A 2R A
5 U 2 78 A R

TT-RMS T ERFUNT

For(i =031 <Nji+ +)
Sort_message (Init_M[i]) ;
RMS(SORT_M) ;
}
Horb N i BB

TT-RMS & B 43 & 15 B HE /F ( Sort _message )
FIH S RMS i J2 A 25 BR.

B TEHE R Z 1 A7 T Tnit_M B2 v, bR 2K
Sort_message () 1 B 5 J] 40 R 5% e £ 280, X A7 A
Tnit_M $ed] v i) B A7 3 B R AT HE R - 0 R I 4%
W /N B R P 2 4 AR 7, AH ] J 409 0 3 5 D 4
T T A B B B 28 ol R BN R AT HE Y. HE Y IS
93 B AF A SORT_M %20 . AR 45 RMS i B Bl
LIRSS LR RN ORI DS S SR A = DR D ot 8
RMS pg %t it RMS 8 B2 AL, P SORT_M H1
T B AT

Int RMS(SORT_M)

init_time_slot( ) ;
For(i=03i<N;i+ +) |
time_slot =
find_resource (SORT_M[i],L ,L,)
Cluster_state =
search_cluster ( £, time_slot)
If(time_slot < =0 || Cluster_state < =0)
Return fail ;

allocate_time_slot ( time_slot) ;

}

Return successful

H : time _slot iy 43 Fi B4 ) [E] A8 5 Cluster_state A
T HEIE R B 25 IR I [ Al

RMS i B (1 B¢ o - X 4 — 2596 B SORT_M
[i], & i i pR &Y find _resource, 7E K& 1% 5 1% L,
FE I B e L, b 5407 FH B UL 1 eR A
search_cluster i & 1% W¢ Ui 5 76 8 AR HE AL ) E
PR ) . 2R BT YR 2R 2, D i e &K allo-
cate_time_slot 47 % 5 /L.

R IRBE S L, RV CRE B% L, 003 AR IR 4000
FH—> B IR R Ok R, BE IRVRCA v ) g — TN
N — A~ B ATl 1, AT T A% — A ST B0 4h
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find_resource 1t L, Fll L, R B )RR
RS, Sk S 47T A& Ji. B %L search _cluster i@
o 2 2R IR A S R T R O N S AR AL TR )
[N vl 115 - el I R S s S I I
AL, 00 58 R B WS L0 T
3.2 BERBISH
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AL R I Sy 323 L AT A

f
H
P

M, (A,B,8) M,(A,B,16)
M,(A,C,32) M,(A,D,32)
M;(A,C,16) M. (B,A,8)
M,(B,C,8) M,(B,C,16)
M,(B,D,32) M,(C,A,32)
M,(C,B,8) M. (C,D,16)
M,(D,A,8) M,(D,B,32)
M.(D,C,16) M,(D,C,8)

Fob M, OB d 25T B AR TT-RMS 34 857 3
R U A A R D ik R 0 2% 5 £ R An 1A 3
AN AR 3 R E d 2R BVE AR A DRSS 3 A
R (R e , AR 10 0 A IO SR 4 A4 I ] R R2 0
3.3 HERERESN

TT-RMS 53k T 24045 15 B HE)7 MIE B RMS
PR PIAN T AT

PREL Sort_message () #E AT 1H B HE ¥ 19 i 72
JE 0] 0 265 v ) B — A £ T R, e T B 0 A
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Az BT VR B PR O SMT2. SMT2 38 #4114 4
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TT-RMS 55 FR 45 4[]

2) AL

T4 2R JBE 1 R (1) 37 oAy AR ] . T L )
I F 16 ~512 Z ), JE W 2 iy, AN« T
SRR 16,3264 55 76 T 1H Ay 2 F il A A
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7 0SB R OR R UL 2 R A A AR . 345
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5k m, B850 O I B - 240 43 A AE I 4% 11 e
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B AR SCKAE TT-RMS I 3 55 M &R 48 7% i it
1R AN 5 T, 5 SMIT 3 (5 38 48 Wy 2R 1T
.
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Fig.4 Relationship between scheduled messages and

network size
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Table 1 Scheduling message number comparison

N T 7 K
I 44 HL B
SMT2 TT-RMS
4 80 152
120 227
8 170 310

TT-RMS 553 76 %2 HE 14 2 B ) 4 5 72 v, AR
it B % 1) T 2RI AN B R B0, 1 e i RMS
HLHIIE B AT T HEP, 8 0 B Y e f5
IS i R (== D A R LA AR = B =N DR
TT-RMS 5332 5%t 25 B0 A 6] 19 74 8L 0 #0 HLA R 4 11
PABE AL T SMIT 38 {7 38 A= Bl 7 12 38 H R Y
DPLL 53k, 3% J] 13 I A9 SAT w] i 2 14 [n) &
14 8 IE , T A5 B T 15T 0] ik 2 19X 286 v 3 5L O 1 o
MR T 5 U8 B LAk, SMT 38 {5 & A2 BU5 ¥
e KT IR B B BE B% 1 8 90% , /N T TT-RMS
1 100 % 5 K% i 1 2%

4.3 tHEEME

AT, T B R A ST ) Gn 2% 2 fr
TN 2T S BOCH AH VL I 28 RIS T B KRT SR
THE . SMT1 g3t 5 mf |k @ T3¢k [ 15],1 000
Z5H B B B ) K T 100 s, SMT2 7E 170 2%
HE MO P IR E 2y 11 s, TT-RMS 832 19 11
FRFRIARAE 1 ms A2 Ay AR 2 Hpoa] WL, 45 O =
T, TT-RMS#) 31 55 i (] #RAR 45, Bl 25 74 J8 £ iE 19
B P8 BE TS ] AR AN K HRAE 1 ms A2 A7 T
SMT 3 {75 2 A= B 7 2% A0 11 580 ek i) D) of 94 6 400 o
AR IR, Wil 2 T 2B 1 o, o R B[] 5 3 4
90, I BRI K

F2 tERELE

Table 2 Execution time comparison

_— SR /s
MEPSK:e
SMTI SMT2 TT-RMS
80 6 4 <1073
120 8 6 <107?
170 12 11 <1073
600 60 None 1073
1000 180 None 10?3

IE : None—BH JF %I H M5

TT-RMS 8 3 55 vk 1 3 55 0o 7 2 2 i 8,
It A7 HEFE Bb 0] A 2% B R O (). SMIT 3l {5
A RO TR TE IS I R R, T AR e 2 )
Fa B A — SUR T R A7 TR B AR S &R AR A 1 R
i AR o T AT [ R, S AT I ] S £ T
K.

T 25 SR AR SCES 3.3 3 I B ik i ) R 2
S BT IS T — 3L

5 #& i

Bt TTE B 18] fih %2 9 4% (1) ) 4% 38 15 3¢ 4E
) R0, B T — BT RMS 9 B ML % B[] fi &
PO £ #5243 J R BE B 7 TT-RMS.

1) JF RMS 34 FE ML i TT-RMS 55k %L
BATEAE R B HEE B AR 2R R 0(n) T B
E BE I T R AT g V2 R IR )R i Sl )

2) TT-RMS HA A] 3 B2 B A2 K, AT i
PEGF SO0 80, AT SCHF b T 2R SE T B A IR BE A e
H i) {2 BF 58 FRE A SMIT 3 45 26 48 17 s, B
B A

3) SEEGE AR 7 RE WA R PE. TT-RMS
SR AT AAR G b v 2 25 AR R 2% R 40 v S
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TT-RMS: Communication table generation algorithm of
time-triggered network
XU Xiaofei”, CAO Chen, GUO Jun, LIU Zhongwei

(China Aeronautical Radio Electronics Research Institute, Shanghai 200233, China)

Abstract: According to the characteristic of communications in time-triggered network, which is data
communication being triggered by a global clock, a rate monotonic scheduling ( RMS) based time-triggered
communication table generation algorithm was proposed, which was used to generate configurable communica-
tion schedule in the time-triggered network. The scheduling of message timeslots in time-trigger RMS ( TT-
RMS) algorithm included calculating link load by message period, sorting messages by RMS mechanism ac-
cording to link load and message period, determining sequences of message transmission, and scheduling mes-
sages by timeslots, which optimized scheduling process. The time complexity of the TT-RMS was O(n”). And
the space complexity was O(n). The time complexity of the widely used satisfiability modulo theories (SMT)
method was polynomial, which did not converge sometimes. The experiment results show that to a single link,
maximum bandwidth of the TT-RMS algorithm is approximate to 100% and the computing time is close to 1
millisecond. The average schedulable traffic bandwidth is twice of using SMT. The TT-RMS has better per-
formances on computing time and schedulable traffic bandwidth, which could better satisfy the application of
complex aeronautic and aerospace system which has thousands of real-time traffic in network.

Key words: rate monotonic scheduling ( RMS) mechanism; time-triggered network ; communication ta-

ble generation; satisfiability modulo theories (SMT) ; real-time communication



2015 4 8 A
F41 45 H8 1

tEMEMRKEFER

Journal of Beijing University of Aeronautics and Astronautics

August 2015
Vol.41 No.8

http : //bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2014. 0565

ZHREFAMRF[ESEEFHGTEST
Ve, i, BAK

(P EZ AT &K SEHS, Jbat 100094)

jbuaa@ buaa. edu. cn

2T
SCEL

1 E: OVHAREAZ AR, BAMARBEFRAZIEALELHN A AEEHRANE S
EHEHAERTFEEA. BRET - HARBRAAMREEHRELEEH R AR FEE AFF
HAK R CERAE R EEKN(IMY) & 2 A FH 5 T 5 A% R 5 B 38 98 AT 4 e, i A
THERANERME. A HFAANERG 60m” FHMpA R4 A0k, FIFZER 2T A
HYUME A ARNE A2 ERNBEXNAREPENE . ER AV . Y hEAEANEY
0.5m’/minH 6 A A HEE L EEFTEMRE, FHESELRZEHAEF2.2kPa. AL AL E £
eMEMREBNENE TR D. ERENES FHENEINTARELERZHIFLE
F,YMmEANEAT L Sm /min B, BHEHEIXNEAS EEHRRLT 5.

X B WA RAMKSE; FHAM; Ao E; REEKMV); AR K

RESES: V476
MERARIREG: A

LK A 25 B0 48 o 4R ] R 4 B9 AE 2
FE 5% I P9 ) 3 1 5 b T PR B S R A A R
B, R RRERHERNREETFREZ —. X
BRL1-3 1 %0 B A H 009 800K A 09 4053 R 4% 1l
ARGV HEAT T 48, 10 8 0 3 JH s R T
B CM I A5 4 ) R 4% 3T, Antonacei 41
BT B €728 ( Automated Transfer Vehi-
cle, ATV) ) & 43 JE ¥ il & 48 % 1T, Anderson
Martin'® i 78 T BT 2 %5 H A6 10 A 20 TR 45 0 R 46
B, Mitchell 475 36t A1 -5 25 i 5 1 48043 JE
PR R G AT TR, SCER[8-9 ] 41X [l By 2 1]
B e R G vt R AT 1 B [ AR
R A5 Y TC A T FE M AR SO S AR il 4
JE AL IR S W DU G P A T, 2 A R AT TR K
TR BT B, 5 g A A A, AR R R AU 4
I fBR R AR RS B D R T R A B R

XE4HS: 1001-5965(2015)08-1409-07

M2 GRS TR R B B BRI R AR Y

EN YN PR LR oL B s oy Y2
TE UL R T 00 0 L A, R o 2 ) 3 < T
s, 1 [H & R — S U ) £
VR TR X B T R A 2 AR T A R
DN B LA A 308 2 B i B 5 A A
A R 2 B 0 A0 g 1.

TEFR SR 2% 8 B 60 #2211 7 1, 14 1) 42
2 O ) P A S R R R R AR SRR R b T
W BHIE N TE ALBE 35 R 1 0, 8 R T 9
i PAY Sl S 4R 20 T b T B Stk A, HL 32 9 B AR I
K. W5 A s I T B N A
s 1S5 728 A R A 1 A T A, 9 35 4 R 5 it
o 48 AT H Ay, B s s T B KR
B AR RCECE R 0 T R B IR Y BE R
3 TS I e B3 B i) 0 7 A e A

Wi EE . 2014-09-15; FAHHE: 2014-11-18; W45 HEREE: 2015-01-23 14.28
P 2% 4 AR b 3k : www. enki. net/kems/detail/11.2625. V.20150123. 1428. 002. html

EE¢WB: HFEERTREARLI

« BIAEE . Hfd(1980—) , B, Jbmt A, B 2 TR, jinjian0331 @ 126. com , T EHF 5T 77 1) 9 48 AT K 2% B BH 2R 8 F1 48 N 0 B 42 il &

gLikit.

SIHHE: Frt, ki, BAE ZRERAMXKBEADEEFHGEASHIT] HFMEMXAFFR, 2015, 41 (8) : 1409- 1415.
Jin J, Xu J, Hou Y Q. Simulation analysis on oxygen partial pressure control of multi-cabin manned spacecraft [J ]. Journal of Bei-

jing University of Aeronautics and Astronautics , 2015 , 41 (8 ) : 1409- 1415 (in Chinese ).


Administrator
全文下载

http://www.cnki.net/kcms/detail/11.2625.V.20150123.1428.002.html

1410 G| AN T S N = 4

2015 4¢

L BT, H BT 8 B A2 T A i Y B
FIAFEZEPAERMIEE. ZRBEHAGHREN
B BN K i oo L i) 25 48 T8 5, B 400 TR
T LU PR B0 T A O, W B B [ A% o R ofe
GUBE R A B A5 R I R A 2 R R R

AR SCR AR S S HOk N T e Bl AR
o BHIE S0 R A ) AR G A R R T G B
AES B AT e B T B X B R £ R &
GEAA CBEARAT AP RE JEAT T A, AN TTE B4
AT BB R O 56 &R S IR R A%
SRR R G A AW o ) G &R B A
AT R B AT S S T PR A B A
o3 PR A7 ) ZR G805 L5 A A RL, O ) 2% 4R A Y
235 43 B T #e [a] 38 X( (Inter Module Ventilation,
IMV) i 3¢ 51 9F B2 7 8 A [|) 460 43 J M 45 85 X
PG 48070 s 4 i 2o B2 A9 52 ), R 22 B A i R
a2 B R 58 S 80 AR A 42 Ak 4

1 {(nESHEE
L1 FARERE A MK 38 5 5 FE ) R 455t B
2% [ AN LK 2 5 UE B R

GLi I, 5 A B B O R P T B AR G
ﬁ?‘%y‘j

1) BEAR 43 A0 0 2% E=E Ak
FE A R B, R MR A5 B B, AR
AN AR AT R AR AR R s R
A Ak A TR 2R 38 4 R0 4 B DY AR I T A LA
SJE.

2) LR G AR M AR KT, R G AR R A
A B AU FE T 2 R B R A
Bifi 5 AR 7K LB 2 A T AR 4k

3) KM 1 B AR A R AR,
A4 v AU VB0 TR L 5 I A A D
BN A HKAF, R T BRI, DL
A ] 25 B LA, M B EA R R B
BEL RS, b 4o PR 25

4) fifsa] 38 KR GE < AE 32 3 00 O A5 A T 38 XU
MUK EE E M2 S 2 R 3e, 2R s <0l
SURS RS RN EPA | e e 3 g O TR G b= eI WD S i
(RN

ZE Bk PR Brak AT K A% R AR &R
G AN 1 TR,

BT PR A8 3 B 0 TR ) R e 4

Fig. 1 Structure of oxygen partial pressure control system of manned spacecraft with two pressurized cabins
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Simulation analysis on oxygen partial pressure control of
multi-cabin manned spacecraft

JIN Jian® , XU Jin, HOU Yongqing

(Institute of Manned Space System Engineering, China Academy of Space Technology, Beijing 100094, China)

Abstract: In order to ensure crew security, oxygen partial pressure of pressurized cabin should be con-
trolled within index range using oxygen partial pressure control system. A mathematical model about oxygen
partial pressure control system of multi-cabin manned spacecraft was proposed, including pressurized cabin,
crew, oxygen makeup assemble, inter module ventilation (IMV) and other sub-modules. Through comparing
with experiment results, veracity of the model was proved. Using this model, influence of different factors to
oxygen partial pressure of manned spacecraft with two pressurized cabins all with the volume of 60 m* was ana-
lyzed, including crew location, inter module ventilation and oxygen partial pressure monitoring mode. Accord-
ing to results, oxygen partial pressure peak value difference between two cabins could reach 2.2 kPa when
crew of 6 stay in un-control cabin and IMV flux is 0.5 m’/min. Oxygen partial pressure difference between two
cabins keep reducing as the inter module ventilation flux increasing. Monitoring mode has little effect to oxy-
gen partial pressure of two cabins. When IMV flux is beyond 1.5 m’/min, the difference between one-cabin
monitoring mode and two-cabin monitoring mode could be ignored.

Key words: manned spacecraft; pressurized cabin; oxygen partial pressure; inter module ventilation

(IMV) ; monitoring mode



tEMEMRKEFER

Journal of Beijing University of Aeronautics and Astronautics

2015 4 8 A
F41 45 H8 1

August 2015
Vol.41 No.8

http : //bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2014. 0554

RPN-LER-TELRERIF AR EEF
HIE ", REE, AET, RAN

£]
(1. mUREE T RS CEE) 304 TRE2EBe, U 2642095 2. FMOK2E HLMRLES TR 2B, KFF 130025,

3. BWRIRSE A SERIERA RN, R 201206)

jbuaa@ buaa. edu. cn

i B AR RBEIREWMARINBRE R G0 TG, 5 F o5 A 2
BEUTHHREHERE  AAIN-LER-ZELZ X (ZRE)VARWERARER 3 R A
BHEGHITHE HBARREEANBLI#OTSHACR, AR EARTHHAIHE TR Y B
ENAREHRE URRAREZACAER, EHATRAN ZERURERELZ LN T
TER, £ E R 2 F K. £ MATLAB/Simulink 8 #Fp Xt R R #ATE WM, 7 R4 R
XA ROV BHEBESARARIRLTREN G RLE, BAARCRHINTHER

P 1R o 45

X 8 W RERFHRA; ZRE; HENER; 2 BB LA

hE 4 %S TP137.9
X EkARIRED . A

VTR K B0 R G A R DR K R S
Y Pl % T A R 3, EL by R R R A T T
o 0 (0 25 AL 5 b 42 4G ) % Bl R 4 T A
T AT B M B B A AR R T 20 4
HAGFEN T R A& R HH AT T TR L R
JEAL Sl Pl B 58, A 22 45 B8 T FU0h TR 2 HE i
FEAT P R X b 3k HE ik 2R AT 45 ) (B AT W 4%
), B e AR P s HL D R B
o 25 o N R A, 2 R Bl e
o AR B, S B PL A A e T3k
Pk RE R BB S B S 4 R DY X TR e 2 A AT
T T, By SR A 3 A R AR A 1 Al 5o A

ot % AL A i Tkt i A B 45 o PR 2 o
T B AL e A e Th ok (S ) KB R
G, n NERIE B e BRI, % R SR =k
A B AR R R G BT AR . B3 £
AL ARG, SCHk [5-6 1 4 H AR ) 3 1 45

XE4HS: 1001-5965(2015)08-1416-06

SRS AR G R R B S, SR [T ] b A
X 2 MO R PR Y 2 i A 2 S RO B R S 4R
HH PR AT A BRI A R B X =R R A
il R GE, SCHR [ 8 ] >Rk M PID [ 3& 1 42 il 5
W, 308 e X B 3k R = B XU g HE i 4 1 07 95
RAGUHEAT oy BOWF I8 SCHK (9 ] vl i %) % s AL
Ik DL 38 2 ()1 5 BEDE ISR X AR S AT
= i PR PR (E A O R SRR W R
RORAFAL.

L AR SCEE X A B LA R R Ok
AR B R G, 1R T AR R [ I o )R 1
Tk B AR RGN D R AL B R LU IR REFE
I i RGEAE BN R AF T 193E N fiE

1 BHEGEHRSHEE

1.1 W RFELEH
ZAGH LSV R RES e A E

Wi BAH: 2014-09-10; R BH: 2014-12-18; M4 HARATIE : 2015-01-14 16:46
M 2% R itk . www. enki. net/kems/detail /11.2625. V.20150114. 1646. 003. html
E£TH: EEKAARSFEES (51275126) 5 WOk T RHE & 1215 H (2012DXGJ13)

 BIAEE . B (1975—) 9 TAET AL B #4R , zhaolijun@ hitwh. edu. en, F BRI 5 J7 i Jo B B IR T4 B R b 450

SIA%R: By F, #E%, NEA, ¥ KAP-ZXER-XEZAXRHZ G2 BEHEHI] A XMEMKAFZR, 2015, 41(8):
1416- 1421. Zhao L. J, Wei Y Y, Liu Q H, et al. Hierarchical control of engine-variable pump-variable motor drive system [J ].
Journal of Beijing University of Aeronautics and Astronautics , 2015, 41 (8 ) : 1416- 1421 (in Chinese ).


Administrator
全文下载

http://www.cnki.net/kcms/detail/11.2625.V.20150114.1646.003.html

5 8 3]

AL A S R S ML AR R A D SR UK Bl 2R 4 o0 )2 1 1417

Lk SRR B (L 1) . R B R S fE
i S B A5 1% Bl 2 A R (e ShBILAG 3 15 e AN 32
ARG S AL A B R ), S S AL AT BEAL T4
ZePF X ORI 2R R G 4 R B, A R
T, T 4 I AR TR R 0 A AR D i
U3 A5 B WU B 3 RO R R/ B 3k, I 0 ik g
& AE R , AT EA TR A 3l ) AR

LA s2— BT 4% 53— 78 1 % 54— 010 ) 5 S— A2 1 5
6—fiff il 25 Rk v (I LA TR iR iR 3 3 1 #E5X)
T—E AT 8 — AL Tk (R k).

K1 s ResimnEk

Fig. 1  Structure configuration of drive system
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Table 2 Main parameters of drive system
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Fig.2 Simulation model configuration of drive system
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Fig.3 Sketch of hierarchical control system
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Hierarchical control of engine-variable pump-variable motor drive system
ZHAO Lijun”"?, WEI Yuying', LIU Qinghe', YIN Chengshun’

(1. School of Automobile Engineering, Harbin Institute of Technology ( Weihai) , Weihai 264209, China;

2. School of Mechanical Science and Engineering, Jilin University, Changchun 130025, China;
3. Shanghai Pal-Fin Automatic Control Technology Co. , Ltd. , Shanghai 201206, China)

Abstract: To give full play to the working performance of engine and hydraulic system used for engineer-

ing vehicle and simultaneously increase its power transfer efficiency under dynamic working conditions, the

control strategy for engine-variable pump-variable motor ( three-variable) series hydraulic drive system was re-

searched. The parameters of various components in this system were analyzed and matched to determine the ra-

ted working conditions of each link. An adaptive hierarchical control strategy was adopted, and then the oper-

ating points of engine, variable pump and variable motor can be adjusted actively to match the power of engine

and load relying on the maximization of system efficiency for a given working condition. Then the backward-

facing simulation model of this system was established in MATLAB/Simulink. The simulation results show that

the above control strategy can effectively ensure the high power transfer efficiency and the engine working con-

ditions can be optimized to reduce engine oil consumption.

Key words: hydraulic drive system; three-variable; adaptive control; hierarchical control; engine
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3. dEEALEM R R Bt 5 RG b 2Eke, LAt 1001915
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1 B EARWE S, BT R B oy B Ak B R R ) (ICT) 09 45 M5, & 9% O I 4%
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TEM BT RE Ml B, ETTERRFT R, 48T —ANETICT 240
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ICT distribution-based contact model for delay tolerant networks

WANG Haiquan™', MA Weijian'">, GU Juanjuan®’, LIU Dan’", WANG Ya'"*

(1. School of Software, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Beijing Key Laboratory of Network Technology, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

3. School of Mathematics and System Science, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

4. School of Computer Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Characteristics of inter contact time (ICT) are essential for delay tolerant networks ( DTNs) ,

which are beneficial to network performance analysis, routing protocol design and algorithm optimization, but

existing ICT models lack general applicability. Based on the general assumptions, a reliability mathematical

model was proposed, which is called ICT distribution-based contact model (IDCM), to demonstrate that the

ICT between two mobile nodes was exponentially distributed and to verify that the exponential parameter of

node pairs only related to the historical contact numbers and cumulative ICTs. Based on random direction

(RD) mobility model dataset, random way point ( RWP) mobility model dataset, Beijing taxi network data-

set, pocket switch network dataset, extensive experimental simulations were conducted and comparison to pa-

rameter-aggregated exponential model was made. The simulation results show that IDCM characterizes contacts

of node pairs accurately and have better accuracy than parameter-aggregated exponential model.

Key words: delay tolerant network ( DTN ); inter contact time ( ICT); exponential distribution;

parameter estimation; reliability mathematics.
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Fig.4 Coupling of nanomaterials tensile device and

scanning electron microscope
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Fig.5 Structure characterization of SiO, nanowires

2.2 SHEMREELFERE THRAAR S

K BAAR Si0, 94K e (1 P S 73 S0l 45 2 7E 240 K
AL A 2 A s [ i A VB S, R L
BCETEC Y BB did CCD R 58 5L Bz
WL 1516 S I CCD 4% Movie Hh A HAR
Si0, AL AEAN TR S i A8 T B 2R 514 fif [
LA 6(a) ~ P 6 (h), T LUK 88 22 D 5% 19 #f
BETHAA ok, AT B s B 52 2B 5 R,
K6(d) &R A A T M ORI Fe , 5% A
JEIREN T 2. 1°, B R B E Y 453 wm, 44



5 8 3]

R S P N R A GRS R e S i ) 1433

K F 2 B S (1 4 B O 310 o, 108 B 1Y
PERE R KON 2 N/m, AR 30 (2) T 3530 e i it
INFEAN KL 1) 1290 22,7 uN, HIE T T2
B AR BR A A5 A RE B AR B AR £
JIv e B ISE AR DAL I Ik 4 Y R - AR 4R
PAAE 5 3k — 20 4 52 56 rFORE IR 20 K bR A 3 B 4%
SIS0y NI Ei iR AN DI ESET ek N
O3 BRI RSB T R 3 B R SR S

K7 g —& F1 B b SE B & 81 Si0, A
KERAEA R RL AR AE T ) SEM IR R, AR 31 48
B0 R I B8 10 i % A 5, T LUOKE B — 25 it
INAE KL L1 3 3R SR T AR A 4 Kk R Y
LA B AT AR AT RS 0 B AR A K £ - A
e 2 k. 8 Dy it B Si0, 44 Kk LAY i
7118 22 1 6.

R
Fig.6 A series of photographs of

single Si0, nanowire under different tensile strains
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Fig.7 A series of SEM photographs of SiO,

nanowire under different tensile strains
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Fig.8 Stress-strain curve of single SiO, nanowire
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Design of tensile device of nanomaterials and quantitative analysis
YUE Yonghai®, GONG Qihua, FAN Yuzun, KANG Jianxin, ZHAO Hewei, ZHANG Dongfeng

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

Abstract: Based on a piezoeleciric ceramic, a new experimental device was designed which could be
used to conduct the in-situ tensile deformation test for one dimensional nanomaterials. A cantilever tip, which
was used to measure the force, was also introduced to do the quantitative measurements during the mechanical
properties experiments of nanomaterials, the force loaded to the sample can be calculated via the deformation
of the cantilever tip. With this homemade in-situ nanomaterials tensile device, in-situ tensile experiments un-
der both optical microscopy and scanning electron microscopy of single SiO, nanowires prepared by thermal e-
vaporation method were conducted. The experimental results indicate that this device can conduct the tensile
deformation test effectively and give the quantitative result of the force signal loaded to the material sample it-
self at the same time.

Key words: piezoelectric ceramics; cantilever; in-situ test; quantitative result; mechanical property
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Fig. 1 XRD patterns of P-type Bi-Sb-Te and
N-type Bi-Te-Se thermoelectric thin film
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Fig.2 SEM photographs of surface and fracture surface for P-type Bi-Sh-Te and N-type Bi-Te-Se thermoelectric thin film
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Table 1 Transport properties of P-type Bi-Sb-Te and
N-type Bi-Te-Se thermoelectric thin film at

room temperature
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Fig.3 Structure diagram and dimensions of

flexible thermoelectric thin film and schematic of mask
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Fig.4 Temperature field distribution of thermoelectric thin film cooler with different working currents
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Fig.5 Temperature field distribution of thermoelectric thin film cooler with different thicknesses and

thermal conductivities of substrate
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Fig.9 Temperature field distribution of thermoelectric thin film cooler with different material properties
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Preparation of thermoelectric thin film material and
numerical simulation of cooler
ZHU Wei, DENG Yuan® , WANG Yao, GAO Hongli, HU Shaoxiong

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

Abstract: Low dimensional thermoelectric materials and the trend of miniaturization of devices as well as
the application in the field of aerospace were discussed. Then the thermoelectric thin film material was fabrica-
ted on the polymide (PI) flexible substrate using magnetron sputtering method. The microstructure and prop-
erty of thin film materials were characterized. The results show that the P-type Bi-Sh-Te and N-type Bi-Te-Se
all have a preferential growth of (015) plane. The numerical simulation was also conducted on the in-plane
thin film thermoelectric cooler by ANSYS finite element simulation software. The effect of working current and
material physical property parameter on the cooling performance was discussed. It reveals that increasing the
thermal resistance of substrate in plane by the decrease of thermal conductivity and thickness benefits the di-
rectional thermal flow along the thermoelectric legs. Besides, the hollowed design of substrate and the intro-
duction of high thermal conductive layer in cooling area facilitate the establishment of cooling temperature
difference and the uniform cooling in the cooling area. These results provide guidance for the preparation of
thin film devices.

Key words: thermoelectric material; thin film; thermoelectric cooler; numerical simulation; optimized

design
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Fig. 1  Structure schematic of high-speed projectile
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Fig.6 Comparison of water entry velocities
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Table 2 Time of surface closure

Poper Po/2 Po 2p, 4p, 8Do

A& BfEl/ms 6.04 3.20 1.20 0.70 0.64
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Effects of operating pressure on high-speed projectile’ s water-entry flow
CHEN Chen', MA Qingpeng’, WEI Yingjie ', WANG Cong'

(1. School of Astronautics, Harbin Institute of Technology, Harbin 150001, China;

2. Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: In order to research the effects of operating pressure on the projectile’ s water-entry flow,
numerical simulation for process of the high-speed water-entry induced by the cylinder body with a cone head
was performed in the way of volume of fluid ( VOF) model. Results of the velocity, depth and cavity shape of
projectile were achieved and contrasted with the theoretical results obtained by Newton’ s second law of motion
and the literature to verify the correctness of the numerical simulation method. Based on the method, processes
with a series of operating pressure were analyzed. Results show that the effects of operating pressure on the
phenomena, such as the spatter above the free liquid surface, the cavity surface closure time and the cavitation
inside the cavity are great. With the operating pressure being higher, the cavity diameter near the free surface
becomes smaller; the cavitation inside is more marked; the time for surface closure happens earlier.

Key words: high-speed water-entry; cone-cylinder; cavity; operating pressure; numerical simulation
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e KRR EIER 5 ms, FMTOPCM. page i I %) 55t K
FRHER Oy 5 ms ; AL AR pageFeed AR/ MIATHS
B2 1 ms, 34 B J& 1 04 50 ms, $h 47 8 1k i (8]
50 ms; FMTOFD 5 1 37 5K 15 8 19 /) b B AE 3R
M4 ms, F RKACFAEIR 2y 18 ms.

4 E2E #RiEIRH A%

4.1 E2E it &R 5 HHESR

B[] A Zh LA IR T R GRS 5 i ] 42 5 8] 7Y
Wit o6 2. R G R A AR I 5 AR AF BE 2 I R AR Y
S JE 552 I ] E Sl HUA AL R 2 A2 1T A
RE% Jre L2 A ) T A 28 .3 55t , A [F) 26 Jié 7 I []
Ja& M 1% 0 AR A R T I, AR SCR T R 3 B
BLK 73 B E2E JAEIR |, J7 ik an &l 2 fios.

AIFER L BT

1) B850 % 10 T 28 3R J& 1, d 37 E2E i 4E
IR JE PR R JCARE A, Sy T ] SE R 43 HT Y B2 E At Y i
] [ B ML A 4R 48 5.

2) g7 E2E G i B[] H S ALRL AL S T R
UEZE R 43 B 45 S 1) W] S M TF B 9 0K U Y A% 02
g ST IR T P SC. TE R TG — SCRY B[R] B LA
RSB GR 43 B W A £ 5 LA
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3BT A7 L OUL I 8] Je R B AR Ak Ji B SE AL 1
[F) 175 2 % 3o o R, 36 0E I 110 15 i 32 8, G 45 A T
U A5 45 46 12 4 AL Y T SCI2 5, KR 5 AADL
T vp 46 3 38 J M 2 BT i 5 BRE.

P2 E2E i fE R 4 A HE AL
Fig.2 E2E flow latency analysis framework

4.2 FIRYMWMEESH

E2E 3t 78 — R 5 20 1 o 11 1) 3% 432 32 3 4
IR 2 ) AADL LR b il E2E 3 5C 3K A9 X I
FERA TTER B JE PR B 2R AT 5 R IR
2 A B B PAT B T R 2 1 ) 1 28 B SE R 21
D 2H A TA] 1 A2 B OR B 4 2H 1R N AR R R IR I
(], i A5 B HRBA A5 51 R Y SE 3R LA K H 4% i 5|
B AL IR . 1y AADL | 28 44 A i Y o )
TR VR E SC, R RN A A 0 20 R A L AR R AR U DA
AH G @ M, g 1L g 11 2R S B0k TR 1 A i 45
A3 AADL ARifE, i AT 43 o $ s 17, =6 1) i
PR o 11 3 28 S 11 AR o 11 A 2 45 3R
IR SEEROR VA AR Y B R O e, R
Jp 2 A T 9 A AT AT DR AR ERT o 4 A B R
793R a8 1 7 72 I8 A SR L K 3 11 (8] Y A8 HL
SR e P A ol b 22 HL ¢ A5 Y SE IR T M AR

P AADL AR, 58 7 U 0] ) B[R] 24 32 40 45
it P2 8 I A9 1k 8] ( Compute _Deadline ) il fz K A
4T HFE] ( Compute_Execution_Time ) , 57 2 %f ¥ FH +
FEF YRR LY O, AR SO BT X 7 2 1 0 Al

ITHIBIFFE , TRE AH OC 28 38 94 A 22 B 1 48 3R T 14 2%
SEE . S 1 2H R v 0 3 R 2 G, R SO A
. 5340, BR AADL At I P 9 i Js PR AR, AR 3¢
HXF AADL A5 b A% 0 8 P 86 A 43 #r , it 5 122 1)
FEE T3 0w 1k

i X AADL B 210 5 s E B S RO
R 43 B FUAE O J PR i B 5T, e 45 2 1 T 1) A
IR BT B SE 3R J R TR AL AN B 3 i s, Ay T ) A
WO RIE ) A Sh PR R SR T RS
T A i A S 1 A 2 S R A 5 2 A | B A
Ak SRS . i 1 I A 2 A A5 RO O B R 4
GIERES €U S

e vt 11 2 Y 43 A 2 3R I 1 Y i S

1) %4 ¥ 17 (data port) .

W 3 s, B R RE R AEE R R 2
) Bl b PR A% 5 AR A S AR = ] O e
[F) A 0E S 32 3 A0 D I 3 5 A O 5. 2 T 4 R T
J2 BRIV Rk B i e I, YR AR R AT 58 e 2 I B A
AL 4 I i Z . AADL A o 25K B 3% 2 (9 PR
AL R A0 R B B R H A S AR 0 20 AE W B AR
e T e O mT AT 2 P R Y i 1T ) 2 R
FOT BOHE 1% B UR 2 R 58 AT Y R Lk B 21 (dead-
line) JF iy, R AR 5 H bR 2 fe A a4 [6) i) 94 2, H
P 2 5 ) D 2 A e T AL R 7 AR Y R
2 4b P BV A 1 S 15 R g 11 ) 2 S i
I, H bR e A 1l I8 8 I, 2 A% i 7Y O I i 221 4
P2 7Y R R BE T M L I R R R) 2B = 4D KR
{BLA% iy 1) T 46y ) 220 15 56 )8 i 1) 45 PRL R E i 2 HE 1Y
A5 5, H S RO i 4 SE AR A A E 1 I
B, A M R R X SE A R 2 S B (1 SR A

%®1 AADL HIEHEHERTAMNIBEBEENX

Table 1 Component and flow syntax in AADL specification

component_type: : = component_category defining_component_type_identifier[ features ( {feature| + Inone_statement) ]

[ﬂuws( ( ﬂ()w_spe(:[ + | none_statement) ] [ pr()pertiﬂs( { (:0mpunent_type_pr()perly_assx)ciati()n} +

Inone_statement) ] { annex_subclause} #* end defining_component_type_identifier;

A L component_category ; : = software_category | execution_platform_category | composite_category ;
software_category: : = datalsubprogram | thread | thread group | process;
execution_platform_category: : = memory | processor|bus | device;
composite_category; : = system
flow_spec: : = flow_source_spec | flow_sink_spec [ flow_path_spec;
flow_spec_refinement: : = flow_source_spec_refinement | flow_sink_spec_refinement| flow_path_spec_refinement;
flow_source_spec: : = defining_flow_identifier: flow source flow_feature_identifier[ { { property_association| + | ];
flow_sink_spec: ;: = defining_flow_identifier: flow sink flow_feature_identifier[ { { property_association} + | ]

Vi X flow_path_spec: : = defining_flow_identifier:

flow path source_flow_feature_identifier- > sink_flow_feature_identifier[ { { property_association} + | ];
flow_source_spec_refinement ; ; = defining_flow_identifier: refined to flow source { { property_association} + | ;
flow_sink_spec_refinement ; ; = defining_flow_identifier:refined to flow sink { { property_association} + | ;
flow_path_spec_refinement ; : = defining_flow_identifier: refined to flow path | { property_association| + } ;

flow_feature_identifier: : = port_identifier | parameter_identifier | port_group_identifier | port_group_identifier. port_identifier
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Fig.3 E2E flow latency-contribution attribute metamode

2) FH 5 H (event port) I EUHE F 14 i 1
(event data port) .

YL IA) B S A0 = PR T e S e S L B
I = o 1P 3 RS a0 A% . X e AL o R
HEBA 52 B, 85 =5 mOIR 25 B0 14 1y 8 A7 ke ok, A%
HAh T 30BN FIFO) FREL. AADL rhi Ay Allltem |
Oneltem #{I Multipleltems 3 Fh H A 5 1. Allltem
i}, Queue_Size KL Y 5 44/ K 4fg F 11 42 &% i 1.
One-Ttem I, & — = /80 45 = (F 1 1) Bl "]
Multipleltems I , 22 A4~ 25 4/ % 45 =5 14 [&] i =] .
J& 1 Overflow_Handling_Protocol # 5& 24 =5 14 11 2|
KT B8 /) T 2 A 1 Ak 3 9 I AR G2 SR B AT
N, AT LL e 2 e 2 A AR B SRR T A 18 R T B
FAEEE IR AL . Queue_Processing_Protocol # jii
T RCBR A Bl A Al BAAR B 4 FIFO.
4.3 E2E imiyBtiE B sl A %
4.3.1 B A SR K R oA

1) Hdli gy Rk,

BIDRF 32 4 5 B SR 3 43X 1 AR 0000 32 42 O xk
Uit S2E 3R 5 W 1Y) 22 S P 2 SR B Sy 1 ik U Y
I 220 L e b i 4 WSCERCHE 19 I 220 A8 [). 48 i) ]
BIFLEYE L B TR kR S k4 M OF
U/ 2 IR S 7 A AT SR IR AL T2 R 2 1Y
(] 1 BRZEK S 3] U SE AR 8 M AT DL R AR 1Y

KAk 3 B} ] maxExecTime EJ max { Compute _

Execution_Time , Recover_Execution_Time | , 2% F& $H,

T H9 8 - deadline, B { deadline, period | B, i% 4
FEIR ) F FR maxLatency Bl max { Latency, Expected
_Latency, Actual _Latency | . 5% 5% I 4h <7 37 25 14 ]
LI F 253 F BR { minExecTime , minLatency | , 3
At minExecTime = min { Compute_Execution_Time,
Time |, minLatency =

Recover _ Execution _

min | Latency , Expected_Latency, Actual_Latency | .

INF 8] [ S HL R PRAT 1 ST Rk

BBt % B2 X T Ik & (BSend, v ( maxExec-
Time ,deadline ,maxLatency) ) ,# 36=0Av +8 e
I(BSend) A § € ¢ ( minExecTime, minLatency ) , I
(BSend, v ( maxExecTime, deadline , maxLatency ) )
—(ASend,v[A:=0]).

FEIR % 22 X T R A (BSend, v ( maxExec-
Time)),# 38=0Av + 6 c I (BSend) A8 e

¢ (deadline) , ] ( BSend, v ( maxExecTime ) ) —5>
(ASend,v[A:=0]).

Hor:BSend 5 ASend 435l o ¥ K ik i S
Y27 SN OK A W B A T = O N s weel |21 91 S
KFswel HAEMNMARv[A: =0] KKK
B ) b A7 OO I A R B 4 b BB ik
KA AR 2 T AT 58 B8 I, I Al 4 A% 1 I b
{HA /N T minExecTime 5§ minLatency, %E iR % &
H ) Y8 S 2H A AT AR Lk B I 220 O 4 R Y Rk
P I st A 41 8 2% 12 2 B 1 25 T deadline.

2) HfFERESERE RN RS,
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i E] A SHLE Ay 5 T H, 41 UPPAALA. 0
TR VE T A SRR P FE I E] B Sh HLAE A,
X 8 bR JORT LA s ) R BT A AR IR 25 .
T RO A5 F B Ok B A Bk i SR s B
VB 2 78 o 28 AL BE A8 AR TR A T R S AL
JH PR B0 5E B X Dequeue _ Protocol , Overflow _ Han-
dling_Protocol L) } Queue_Processing _Protocol #5
AL B HE BAAE 3R 1 355
4.3.2 E2E R#98F1E S LR &

K ) 18] B ShALE Bl 34 S 24 A7 8] A 3l
LI R G0, & B B Al S AR FE I 8] [ 2l HLASE A
fRy3z AT A R e AR A AL A 3 Y 52 % 5, () i)
U g AN SO 15 1 S . A SCRR B4 1 8] 3
WL B A eh ik 1a] B S LAY E S, Fa] B gL
BERIT] G5 o B 6 B AN DL S 5 48 45 1)
WA SO R A G 4 A 20 3R« B8 i T R AR AR
L BEMEES, BEAE AR R &
P IR 7855 TR e ) U LT S i A SIE Ao A A A i
T3 15 L TR H) 2 5 e A R A I Ty vk 52
(ENUE PN R NS ITIVRS -+ @i L F S A s 2315
PR AR K AN Al r A 7 B R L TR, AR S

A3 AT ity 3 3ty P9 i 2 U2 Uk, RS 15 R TR 1Y
B, DA IR 3¢ 0 19 D - B Al 2 B 5 A 4 AL i %
BB T AT RE 07 B 43 21 R s D B AR A
EEH. YTES T KRB E R RGIRZ AW
FESR B PRI A SCR 4 2 B 1 7 5, BRI 2
2 1 O B R S M TR J  hy e 2 A A B R
J& M 3 B b SRR 3 A8 SR 43 BT v s L R
ALTRT AL T B 8] 3 s FLE R i i it 1 B T A
VAR rh R R DR 0. B2E 3 1) 5 [R] [ 3
BIUASE 7Y 1) LA 5 Akt B G 51 4 iR

AR R A HAAOD BRI

1) BB AR 5 5 o A U 1 A%
P B ] [ Sh HLASE Y (il 4 2 k. T Rk AE B AR
45 5 18) ) A i et AR A 1 A A B 3 A i 4
A BRAPIRAS O . LA A% i 45 s AR, 4 1% i 25
SR Z 0] R A S R AR S WURE R
BEAREES T A W W A T RS, A
DA B v 113 . 5%k J B 465 o5, A S ] 0
JE AR, ULIE 5. LAZE B RY Sy f51] , phy - A4 S 2
PERIZE B 2 AR SO RS T R G Z R 28
KRR AN B R 4 A (RS R IR R RS )

4 E2E ({8 ] [ 2 AL R A
Fig.4 Modeling process of E2E timed automata
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Fig.5 Period component’s dispatcher template

2) BB AL E. T RAE Y 15 2 A
PR R AR R B0 RS B T A 0 E B A Ak BRAE 9 i
PR SRy ) 5] B ShAIL A e e 0 . 2, I ARIE AL
UETA & S EPSNEUP (B e = L ST DA R
I3 U I A% i AR A A X E R Rk Ak P4
WA LA R T A 25 o 22 ) 1 A% A A I o 5 TR S
bR Ry B A S L= 7 B
L, 5B R R AL E 7 AL PS5 B A% f L
R EDACE

I E] F S AL R AL A AT I A AR,
L ) P P g 2 ik I 119, 15 5L 2 A0 R 2 AL AiE BR
RAETEW R R T AR S 2 )5, AR B i
SRS RE A R R R AN N VAR CIE: 8
EICY S-S A RVAR ISV S-S EREd iR 3 AN )=
fPLE R R BN B TE BRI ESHEE R
KA E Z ]

(2 TEOR N S R TN E N 2 I SN 7]
I B REAF A R 5 | S A% i 4 R I, 5 15 AR R AL
i oL B, AR OB A5 B A% i o7 B B AR B R IR T

LGS AR SRy 451, AR SC e A o 3 A
infoAccept . infoProcess . cmdAccept, cmdProcess %5,
IR N BE BB S2  (E BN A AL B, &
FR 4 SO S Ak B A5 M I A — SR Al B 7 A wait
idle 55 & 1 SUAF B R AL & 4w 44 5 20K A B 7
Xof AR 3 B 1 A

3) WEAMEAER A EAEX I(v) RR
(A AT R O N ST SO A 7 N W S N
ey 51 SIS 8] B 2 HLA AL 1Y SR 4. 24 It 19 4% B &5
U] A e R BROAT IR R R PAA T 81 01 R i, A
SO E AL B AR K e < maxExecTime , iX J& A R
maxExecTime 7] DL XF N 2] 25 & 09 5 SR 25, 1
deadline 24 o #& AN 46 3 (1 AT BF[E] , maxExecTime
It deadline 45 55 58 (1) 29 5 B2 J7. 28 B (14 45 3 W] fig
AL T[] — > A B N B A T 2 A b B4R ] T
WA 2 AT B I B0 4 B N 4 AL, M T
I3 M G 2 2R Y A R T P, HL s ) 3 i A R A A
Jo A% 88 LA R A% i N 2 LA P I, AT LA B
P EME A IR, HAK Ty 2] 225 SCHk [ 4] A SR
FE SR J PEAH SC R 45 m5 2 OO CESR , RO P
A i R B A AN — P b S I B e, A7

EATABCELRNT

@ While 4Fi{L % e [fFEHEEAE, [FER
HEALE R B AL E | do.

Q if HHERIE R PR E R then ¢ < maxExec-
Time.

@ else if fii B A & 1 1 )8 ¥ then ¢ < dead-
line.

@ if HHTALE is {7 AL H L E then

¢ < maxLatency.

It Ab ) maxExecTime | deadline , maxLatency ]
EXFE 4.3.1 7.

4) BUEFERE AT H R AR T B AR N AL
) e B 29, A g 4% D R AR 2 ) ] 2 A
M BT R SRR B IR T RS AL
(GBS B M HEE U, by 5514
B A RIREERE KA W T B A5 1, G O I e
DA R S5 4 Jrp A 2R [ DR B4 S B AT ]
O 2 B I 7 A5 Al (8] ) 38 £, UPPAAL vp ] 3 18 52
WL AE , 4Rt = A ] S i S A A
58 Ul HAamm s ¢ p s 54 28 var

R R E SR

O if EHE T K e | B % 52, 1 % 4z,
LR LU

@ then { (loc = minExecTime) && (loc < max-
ExecTime) } € A.

@ else if #H )7 is FEIR KA 3% 2 then { loc
== deadline! € A.

@ B RAETE FOIRAS 1 42 )R 7L B active.

© B L i W OE , {0 R G E E 5 I
© While C = | i /& % 5 2B R B £ sysTime , fif
BB loc, AR F IR BB durf JE=5 do.

@ B peC.

C=C-lgl.

@ if @ 7 L.

O EE .

@ HH 4R AR var.

MRS 4.2 1A 20 BT, 8 BV Bl i 2 0y =X
PR SRR R R O — 2R AL B T X A
IR B e Uy UM B R Al K R active HI T
PR LA A AT . TR R I R A%
B3 3 % Y D AR SRS A R A S Y
ZRNEAT S PR SRR T

2O T A AR R AR SRR R M S
AADLAS5506 Fiff: 4 4 i 56 7 .
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Table 2 Part E2E flow latency-contribution attributes in timed automata

HE IR T Jit I 21 1

I ) B S HLTT %

FEI ] B Sh Pl RoR

dispatch_protocol Ab IR B R

period BRI, RE

deadline R, B AL RN RS

SR Wi

compute_execution_time

A AL
4 38 J 359 94 BE 2 B A

i B ANAE e RS <y i A4

i A KR <y i 461

1 94 JE2 5 W b RE s I X

{7 A AE 3 2 loe < period
RS ST 3 451 :loc == period
dur< deadline
8% dur < deadline
TG deadline J& 4 :
17 B A AE 3 loc < maxExecTime
A deadline J& Pk :
EER S 51 loc = minExecTime
(loc < deadline) && (loc = minExecTime)

i B A /e R < i A6

5 EOISH

AR5 38 3 % I TE] B Sl AL AL 4 47 LR 156 B ST
Hh D77 1% 0k s 28] s 3 A 2R 1) 26 8 B8 T DA B N i HEE IR
AIIrBTRE . 1 SRR 4 T RYHE T T X R
AR v % i ) i I A N7 IS R) [ S LR RS, 2 ) is
R ) 3 2 HLARE B A9 45 55 56 Uk TR UPPAAL
X IZAE RS AT 05 B o3 Hr . 22 07 G R 2 A
ARV A% i 7, A O O L R R RO R 1 TR LA
ELWL Y 7 2R 7R Ui 4 A% i 32 5 I TR) 3 Sl AL Y
14 B 1) 2 BB AR 2 21 G 0 A8 3T T 8 28 AR A, R
S B 1) FF (1) 43 BT R 3. A 17 36 T X A S AR 1Y
FER T ERIK W IE B0, AN S0 P T A A s
T B K/ B /N RE IR AR5 # HFE UPPAAL T R
IR, ARSI TR A EG RS
F L 45 R W&, Ui B AS SCIE B 3R 3k 1 it 4
BB VETE L. ik — 2 U A ST R 53 A fE
5.3 45 5 OSATE (4> b7 fig J1 0f e %
J& L5 5.4 5 o3 AT O vk Y ST
5.1 BfiEBEmNER

HI 55 3 5 A 3R AT Rl 5 7Y 52401 it 22 B 1
B AR B 25 kD, A4S B 1 ZH FMTOPCM £ 72
pageFeed Fl¥i [T 41 FMTOFD. 4% fy 4% b5 1% BN
JEF M, B3 1 41 FMTOPCM Il FMTOFD | 26 74
pageFeed. 75 7h 1 T4 FE pageFeed F{) 4, 1 &
L AR J] 40 B AR AR timer. $5 RRER 4.3.2 P
L Q% T VAR S A W N W S
FF

W A S P AL NP S ~ B 8 k. Hop
P50 o 40 ) 2 g A Al 8T 6 sysTime 3 5%
& 4 1 B HE IR | Toc 10 s B 07 B 1IN ] AE
dur 3¢ 5% A [] [§ 2l HUAE AR 1 AT I ], A3 2R
5 4 active | T #5 i pageFeed J& 7 7F 7 i {7

&l 6  FMTOPCM i 1 20 i ] [ gl LA Y
Fig.6 Timed automata of FMTOPCM port group

B 7  pageFeed 3 1141 () I 7] [ 2 AL %
Fig.7 Timed automata of pageFeed port group

Kl 8  FMTOFD i 11 2H i) ] FH 2l LA B
Fig.8 Timed automata of FMTOFD port group

5.2 EEFESWIE

] Sl LA R AR 25 AR A 4 0 B T
b AR A, e Hp 67 AR S I3 SRR U B A% 2
P A A2 A O S IR 3B A (i LI TR A S LR
U5 3o 55 26 I 0] 8 gl LR R R 25 8 5T 4 g
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R o B ok 1 B AR SO 12 19l 34k e R A
g1,
5.2.1 BAfLG A

AR S 3 T R B A%, TR s B 2
PERUTT LA K BB P9 25, UPPAAL Xt it [1] [ 2l LA
A7 L5 A b A 8 O LB I DL T R A e
F IR AT LA B WL 3 3R 7 4% 5t 15 Al ) 19 17 2L 38
A B T S A 9 froR, A E 9 (a)
5 9(b) 433 R P A 6] 28 5 37 5T B9 B ¥
B & 9 (a) i 31 IE B 4% Timer B 4G %& dispatch
1554 pageFeed , ffi Z 4k T ready IR, Wi 1 1% i
T, B FMTOPCM 4 {1 4b T 15 % 3% & emd-
Send, [1] pageFeed % %15 5 fromPCM J5 &b T 4f Bh
A mediate. pageFeed f] ready 2% HHILA em-
dAccept, R SE B 5 3k A E B AL FRZS ecmdProcess

Sb L 5E L S5 17) FMTOFD & 3% 15 B toFD, & 3% 5¢ be
AT idle 2. FMTOFD f idle & %% & cmdProcess
A4 58 B 5 4b T emdSend 2, {H BT UL A
pageFeed b T8 7] 3 {5 IR 25 , FMTOFD W 75 45 1§
Timer % i% pageFeed Rl il {5 5, fF U 2] dis-
patch {5 5 J5 & % fromFD %5 pageFeed, {fi H: )
ready A %% 2N infoAccept &, Z J5 i A infoProcess
25 kb B 52 e S % £ toPCM 4 FMTOPCM,
FMTOPCM M mediate 25 %% 24 infoAccept 2%, ¥ 1Y
— A 45, S AADL BERL ) % i 02 4R
AR TR, 2 2 AF 0 AT I 1) LA B 20 78 TB) A 8 1 1% i
FE B}, & 2H 155 1 pageFeed FfTE IR #J2 B AR %
1913t A I8 AN SE (9 JEL L 1 9 (b) bR T 24 i A%
JF i BF pageFeed &b TR W M A, b B
FMTOPCM % 25 A T+ wait 25 55 1, KA 45 0 2
Timer & i i) dispatch {5 5 J5 A GE# Ky idle 25T 1
PR R E T TB 8 [ B i 1 ] N S [T = [ )
FAY 1 05 Lo A2 RE 68 3235 BT A7 m] R 1 I 5 A AR 1)
19 52 HL 3 55, T AN a0 SRl Ay i A AN ) 1) 58 1 3 55
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Fig.9 Schematic of interactive message sequence
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i 1) B 2l BILAR 25 78 AT i B Bl A I (] AR
A, o TE R T ] R R A BE AL E A i T LA
] Z2 48 19 52 . 3 5. AR X I ] @ 3l HLASE 2L £ 1 Y
i AT AR A5 g€ I [ AE H iA2 4. 5 9 (a)
XA E] SRS BT R R WL 3. — ALY,
SRS A B P8 o — WAL i &, i 2 3 )
DAL EE 21 25 ot 7~ A5 R0 1 (o7 ' 20 5 728 3 1 i 7 o B
A I 2 B 32 A AR A A Bl sysTime T 48
A U 0 A% B IR, A AR Y Toe IR T T E
SR 4R T AE B A 6 B A S T A5 AR Y dur B
PP T E s I 4 o 2% D R AR I AT SE AR
FEAE FIAS J7 1 I, AT AR 905 75 28 5% {7 i L I (] A2
O AR A A S e 280 ARt B (T

0 IR R A ob I ] 2 R T, R R T OC R
(idle, ready, wait, idle ) — ( cmdSend, ready, wait,
idle) J& H1 F FMTOPCM 1 request ¥ H % 1% 75 B
S, Fe K & 2% SR R 5 ms, 045 B (8] S 50 R0 v
FlH[0,5]. ( mediate, cmdAccept, wait, idle ) |
( mediate, cmdProcess, wait, idle ) Yy 2% iT
pageFeed Z0FLIH B 5 1R , Fo/NEFLIER 2 1 ms, 4K
2, 45 3 FMTOPCM. sysTime f 3 Bl b [ 51,
56 ], R AL B 5T B /N ER N 51 ms, i
RHER Ny 56 ms. 2545 B 1Y 4E IR 5 Bl ASAF A - 3
B D038 5 ] R 2 g I T )0 B O 2R 8 L BT Y
ANEIZAL A T X IR A R B s AT
PRSI 38 0 R, 7 30 s 3] i Y A TR 114 e R/ e /N SEESR.

®3 HEERKEEAIRE

Table 3 State transition process with time change

ms

FMTOPCM pageFeed Timer FMTOFD
WEHE
sysTime loc loc dur dur loc
(idle,ready, wait,idle) 0 0 0 0 0 0
(emdSend, ready , wait, idle) [0,5] [0,5] [0,5] [0,5] [0,5] [0,5]
('mediate, cmdAccept, wait, idle) [0,5] [0,5] 0 0 [0,5] [0,5]
( mediate , cmdProcess , wait , idle ) [0,6] [0,6] [0,1] [0,1] [0,6] [0,6]
(mediate , idle , wait, cmdProcess) [1,24] [1,24] [1,19] [1,19] [1,24] [0,18]
(mediate, idle , wait, cmdSend) [5,24] [5,24] [5,19] [5,19] [5,24] 0
(mediate, idle , wait, wait) [5,50] [5,50] [5,50] [5,50] [5,50] [0,45]
(mediate , ready , wait, cmdSend ) 50 50 [45,50] [45,50] 0 [26,45]
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Fig. 10  Least-latency analysis
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Fig. 11 Worst-latency analysis

®4 RX/R/NERZE UPPAAL H1HY5HE
Table 4 Verification of worst-latency and least-latency in UPPAAL

2 750 L] T o4
1 TEHEHUIR 3 A[ Inot deadlock e
o A[ J(FMTOPCM. end imply( FMTOPCM. sysTime = "
2 45 84 AE3 AT 51 ms 15105 ms 2 Wi

51and FMTOPCM. sysTime<105) )

E <> (FMTOPCM. end and( FMTOPCM. sysTime <
3 FAE B AER/NT 51 ms 8K T 105 ms fF 5L NP
51or FMTOPCM. sysTime >105) )

5.3 ZAXFiE5 OSATE it ik iR 73 #r 8E S1 3T Eb

OSATE /& & T eclipse JF % 9 JF I T A, J
E2E it 26 3R 73 M7 4 74 & CMU SEI LISCHR[4 ] B
T HE AT IT 4 69, 76 AADL S 855 73 B 45U A5 3
JiZ k]l X OSATE (32 A5 AR SO ik 5
OSATE i $iE 38 73 Mr 4ffi F B9 X LL 2 5 fr 7.

x5 AXFEE OSATE Fif s iR ET b 54

Table S Comparison between our proposed method and

OSATE flow latency analysis plug-in

RIRTEOL B Ar Ol BEHUROL IRJZ4LPF ) A2

TELTA e b RAEES R
OSATE [ J — — — —
Ak ® [ ) ) ° °

P @7 X B AY U B B I 0 4 B e )
S AT B O R EL i AR 00 5 b7 B )

S il 15 an R 4548 .

1) HHEI OSATE HA3#r 7 H W18 &L T By I 4
RN T e 18 B0 LA S i AR R 25 20 4 9 8 1 55

AN TR 2R il B B AL 0 T 18 I A SR AT A8
BT AR SCIY IS ) & 2l AILASE 780 R T 3 1) 1% i 12
DL R A% i 2B R T S, SEE A S BB AL Y 45
LA T 55 2 6 A5 AR S 1RO R i T R B¢
AR 25 ] DR Ot 7E 5 3ok R v 0 BT A R RE Y
2 B 3 AL TG IR B0 e 15 0 DA B BE AL

2) OSATE L LA excel SCA 45 By I 2 44
o VR 0 A0 3R 43 AT 1) B 25 B, 40 T 1 v ) 5k
FEASA] UL, 5 10 A SC A X st 1) [ 3h ML AY 15 B e
DL 5 3 o i ) A8 1 B A AR,
A6 6T ] A8 S A [ 90 43 T, 3K 6F 3R G 5 R ) 1 3
WU R X

3) OSATE ()3 4 38 43 A7 02 56 T L 7 41
F14) 0 Ja 4k B S R X S T 4 1
T, ARG IR 2 44 1) A% B A 3R 2 3R 52 11 S
FE 43 AT AN AT BB A — B 43 5 AR SCR TR 1 43 B
T5 i KRS 2 AP A 9 HE AR 2 Sk b 2 4 e



1462 G| AN T S N = 4

2015 4¢

B —ANJE P, A I S R T 1 T DA T LA
F i) i A 7 G U= L AP ) S 3R P, AT S R Y
RIGE.
5.4 SLRAMSH

FHE ] A S AL L {7 B J7 i AL R T R G
AR (g — A S i P T TR S 2 [ A ). £
X TR, AT YR IR 5 1 20 R R B AR R
UL T B AR K, T L i A SO ik R AR
Bt 32 0T AL A ) AN 0 IS Ak B A A T A
GBEVACR QKO R TR R EPSE L VAN Y
b BRAE AE B R A B AE B AL R DL R T RE
F7AE B3 B 57 B >4 0 52 2% 1) 3L 2k A7 28 3R 23 HL
2T R 2 AL A B IR 8] J R I, A SO G TR SR
P REBAE, DL 19 07 U, 4 I8 2 08 SE 3R 73 7 45
ARy b2 R R M. XA AN AL TR AR T I ) A
BB BT, T AR e Al J= IO R T 5E {o
BB 19 [ R, A 8 R e T TR R X R
MUBLIY S A U, A SC 7 ¥ L BE 8 £ ik BT 3 57 /9 1)
(6] [ Bl LS Y e g B e S bR 28 2 (] 8 AT )
ARICULRATE BT RGO B AL R S5
TR, IH A S I 1) g 1 2 7s Dy s B O o S 11 41
F4 Ja P, o0 LA 1) 2 ORI 18] B 3l AL A K
HEEdl o 4 4~ W Ei g e R Eh e 4 41
F2 48 5 M 1 i ) 3 L AT IR B T R G O
BOZ U, BB H O 5 (CHErp T AN B 7 IX
PR SRR P A B H D 5, i T E A 2
BB R fif 5, L AR e AT % 31

6 % it

NSRRI SR GE B S PR A, A SCHR
— Fp L T (E] A BIHLAY AADL S 51 i 37t HE 31 1
Mok,

1) i H THT [ 97 S 3R e A ) S S P O R
PRUEAR SCT7 15 10 i A0 HL 58 45 10 2 38 J PR 4R

2) &5 Y 1] FE R 23 A 9 E2E R A B E] 3
PUAERE 7 v, T B TE A b 2 3K Ui A% i 322 % DA M A
IR PR T SC. 3d iy EL ] S AL B e % S )
T AE R ) H 37 A

3) JE A S 5 UE Ty 1k 1 3R 3K RE ) K B g
J1. Mo BT RS T R SRR R W R I, i ) G 3
BLIAR S 25 P 91 LA BT 8 A i P 32 P B A8 A i
TR A A A5 e £ A A A L

TEAR B AR b B 75 LU P J7 T 4 22 98
AW -

1) TELRIEBE RS B 28 7 45 AL1F AT B A5 4E: 55
B[] A 42 T, O o0 A XSS I R SRR — AT

THBERYT7 S A5 9K 2 NP 58 A [l , 3 A2 % )&
B P AE 55 W98 B, i AT 25 08 2 M 2% 15 B 19 A%
A UG A5 L AP 1 R L S ) 0 9 A AR 4 AT 1 B
fill. AN SCABL B A AL 2 AT IR Jim SR TR AT S &R
S 1) AT ] JBE A X S 3 S O A 3R 45

2) AR SCAB B A AR A O [R] — P R
713 A ) Bl 30 3 f) AL A7F 5 B AT fiE 22 3 B AL AR T A
A AT I Bl RS B4, 3 S i S92 b 28 43¢ v b 201 2
FREH— N EH BN R WA SO — 2 R
[ .

B AW, HATEaAXH THESL T LR
FENHEAT,BENA L EREMRAFRET
BHRAZTE HZ G E TR EQ R

S #k (References)

[1] SAE AS5506 Architecture analysis and design language
(AADL) [S]. Los Angeles, California: SAE International ,2004.

[2] Feiler P H,Gluch D P, Hudak J J. The architecture analysis &
design language ( AADL) : An introduction, CMU/SEI-2006-TN-
O11[R]. Pittsburgh, PA : Software Engineering Institute,2006.

[3] Berthomicu B,Bodeveix J P, Dal Zilio S, et al. Formal verifica-
tion of AADL models with Fiacre and Tina[ C] // Proceedings of
ERTSS 2010-Embedded Real-Time Software and Systems,2010 :
19.

[4] Feiler P,Hansson F J. Flow latency analysis with the architecture
analysis and design language (AADL) ,CMU/SEI-2007-TN-010
[ R]. Pittsburgh, PA ; Software Engineering Institute,2007.

[5] Lee S Y,Mallet F,De Simone R. Dealing with AADL end-to-end
flow latency with UML MARTE[ C] // Proceedings of 13th IEEE
International Conference on Engineering of Complex Computer
Systems , ICECCS. Piscataway ,NJ: IEEE Press,2008 :228-233.

[6] André C,Mallet F, De Simone R. Modeling of immediate vs.
delayed data communications: From AADL to UML MARTE[ C]
//ECSI Forum on specification & Design Language ( FDL). Bel-
mont : ECSI,2007 :249-254.

[7] Berthomicu B, Bodeveix J P, Chaudet C, et al. Formal verification
of AADL specifications in the topcased environment [ C] //30th
IFIP WG 6. 1 International Conference. Berlin: Springer, 2010 :
47-62.

[8] Sokolsky O,Chernoguzov A. Performance analysis of AADL mod-
els using real-time calculus [ C]// Proceedings of the 15th
Monterey Conference on Foundations of Computer Software:
Future Trends and Techniques for Development. Berlin ; Spring-
er,2010:227-249.

[9] Olveczky P C, Boronat A, Meseguer J. Formal semantics and
analysis of behavioral AADL models in real-time Maude[ C] //
Proceedings of FMOODS/FORTE. Berlin: Springer,2010 :47-62.

[10] Yang Z B,Hu K,Ma D F,et al. Formal semantics and verifica-

tion of AADL modes in timed abstract state machine[ C] // Pro-
ceedings of the 2010 IEEE Conference on Progress in Informat-
ics and Computing ( PIC) . Piscataway, NJ: IEEE Press, 2010 :



% 8 1 BN A LT A A ShAILEY AADL s 3 s U Y 58 3R A 1463

1098-1103. [15] Zhu Y F,Dong Y W,Ma C Y, et al. A methodology of model-
[11] Yang C X,Dong Y W, Zhang F. et al. Formal semantics of based testing for AADL flow latency in CPS[ C] // Proceedings

AADL models with machine-readable CSP[ C] // Proceedings of of 5th International Conference on Secure Software Integration

11th IEEE/ACIS International Conference on Computer and In- & Reliability Improvement Companion ( SSIRI-C ). Piscataway,

formation Science ( ICIS). Piscataway, NJ; IEEE Press, 2012 NJ:IEEE Press,2011:99-105.

565-571. [16] Alur R A,Dill D L. A theory of timed automata[ J]. Theoretical
[12] Liu W,Liu S Y. Research on the formalization of AADL model Computer Science,1999 ,126(2) ;183-235.

[ €] // Proceedings of 2013 International Conference on Compu- [17] AADL website[ EB/OL]. [2014-10-09 ]. http: // www. aadl.

tational and Information Sciences. Piscataway, NJ:IEEE Press, info/aadl/testsite/examplemodel. html.

2013:72-75. [18] Qiu X,Zhang L. Specifying redundancy tactics as crosscutling
[13] Ling D Y,Wang S H,Liu B, et al. Reliability evaluation based concerns using aspect-oriented modeling[ J]. Frontiers of Com-

on the AADL architecture model [ J]. Journal of Networks, puter Science,2014,8(6) :977-995.

2014,9(10) :2721-2727. [19] Di Nalate M, Stankovic J A. Dynamic end-to-end guarantees in
[14] PiL,Bodeveix J P, Filali M. Reliable software technologies- distributed real time systems[ C] // Proceedings Real-Time Sys-

Ada-europe[ M ]. Berlin ; Springer, 2009 : 192-206. tem Symposium. Piscataway,NJ; IEEE Press,1994:216-227.

Approach to analyzing AADL end-to-end flow latency based on
timed automata
LIAN Xiaoli, ZHANG Li"

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

Abstract: End-to-end flow latency analysis of complex embedded system is an effective way to assess sys-
tem’ s real-time performance. Architecture analysis and design language ( AADL) is the standard language to
specify the architecture of complex embedded system, end-to-end flow of which describes the components’ in-
teraction. At present, most manual latency analysis approaches could consider flow’ s precise semantics. How-
ever, the efficiency of this time consuming analysis is low; although automatic methods have better efficiency,
the accuracy is not satisfying because of the low coverage of delay-contribution attributes. What’ s more, both
kinds of methods only focus on the typical interactive situations such as the worst-latency analysis. The impact
of design elements resulting in uncertainty cannot be analyzed. Thus, one approach to analyzing AADL end-to-
end flow latency based on timed automata model was proposed. First, latency-contributed attributes meta-mod-
el of flow was constructed to improve the coverage of latency-contributed attributes. Then the transformation
from AADL end-to-end flow to timed automata model was studied. Latency analyzing was performed through
simulating the timed automata model. Finally, the experiments based on one case study demonstrate that our
way can precisely model the transportation semantics and the latency attributes semantics of a flow, illustrating
our way’ s sufficient expressive competence. Additionally, the experiments also show flexible analysis ability of
our approach by dealing with the various interactive scenarios and even the random time factors in the transpor-
tation of information. Meanwhile, the state transition and the changing on the time factors provide a basis and
suggestions for the further improvement of the original AADL model.

Key words: architecture analysis and design language ( AADL) ; real time; latency analysis; end-to-end

flow; timed automata
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Fig.2 Glide trajectories under different cost functions
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Fig.3 Effect of angle of attack curve continuity on steady glide trajectories (o =0°)
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Fig.4 Height deviation and flight path angle deviation of glide trajectory with different h,
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Steady glide trajectory planning method for hypersonic reentry vehicle
HU Jinchuan, CHEN Wanchun”

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

Abstract: The concept of steady glide trajectory with minimum integration of the change rate of longitudi-
nal acceleration was proposed for the equilibrium glide problem with given angle of attack and bank angle pro-
files, and the planning method of the steady glide trajectory was described. First, the dynamic differential
equation in the altitude direction was solved by regular perturbation, and steady glide analytical solutions with
high precision, including height, flight path angle and longitudinal acceleration, were obtained. Then the
dynamic behaviors of the steady glide trajectory were analyzed, the natural stability and low damping of the
trajectory were found, and the expressions of natural frequency and damping were obtained. The results show
that the natural frequency is only a function of velocity, while the damping depends on velocity and longitudi-
nal lift-drag ratio. Finally, the pure differential feedback of height deviation is found to be the best scheme for
restraining the oscillations of the steady glide trajectory among three feedback schemes, which are pure differ-
ential feedback, pure proportional feedback and proportion-differential feedback. The simulation results show
that the control of the pure differential feedback scheme is steady, the trajectory oscillation decay fast, and the
robustness of the scheme is excellent.

Key words . steady glide trajectory; analytical solution; regular perturbation; dynamic behavior; nature

frequency; differential feedback
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3) HFARE S L)L OWL( Web Ontology Lan-
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VR, AR SO AR A AR K, A 2% 1 B AR HE S A
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R, 3 S A AR R A Ry 1 TR RO, T HL 2
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A DX, 3 5 B L 52 00 J2 U0 AR A8 B ) e
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A R EE O

BHR 20 43 A A i 1 AN ) ol 2 1 i 4
JEAEAS ISSMO (5 R 5. JeRE R A T W 2
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1 ISSMO g M AE 42
Fig. 1  General architecture of ISSMO
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2 THEESARME
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A A ) P R BR . GM 2 AE T A 200 1 CM A% =X
Z A ok — 2 o B, GM A ME — 1A% X
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A B AN T 5 I T 2 1 P 2 T B S .
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Fig.2  Structure of two-layer metadata
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1) b S 00 G R4 O AR IR S AR R A,
it Ak SPARQL 5 1 i 5 Fl Jena T H AL A £
OWL S A8 4k 5 ¢ A i L — B4R 6,
AT 5 A R O i A G MR S R B 1R 8 T8 5,
KR a5 R A 2 AR G . 3 g ISSMO 48 % 5

[&3  ISSMO # &R i
Fig.3 Retrieval process of ISSMO
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3.2 SPARQL &%

SPARQL 2 W3C 2 iy — Fp A il AR e 16 &,
JHF % IR 4 3R HE 22 ( Resource Description Frame-
work , RDF) %45 (1) £ if. SPARQL ILA 4 Ff £ if)
J57 &, 43 B i SELECT, CONSTRUCT ., DESCRIBE
A ASK. H i 5 % A9 J& SELECT #7550, B 5
SQL {1 3 AR B, oK 3 [l 3 A2 4% 1 i i
OWL J&Xf RDF [ —~9" 58, al LIl ] RDF 28 A0
JEPEIE SR O | MR IB TR, T SPARQL
[l FE BB X OW L 4k E A7 25 i) 454 .

FEA SO, AR R 38 3o Protege 4 8 41 2k,
B SEANRIE ], DL K5 5E B 45 28 0 Z T 1 OC &
J& 8] Protége H A7 Y FaCT ++ 4 BELHL 5¢ 1 4
P75 20 4 S 59 A AR (Inferred model ) . Kf
Inferred model {77 A< #i i) OWL X, & fF )5
f9 OWL 3CF 8t & SPARQL # i i) Xf L. th T
Protégé H Bij i AN S A SCHY 2R 24 B, 70 AR R A
B, 28 44 B A T 98 3, 53 Ab B A S5 I A b
2 ARSI N A 0 0l by v SO A4 RIS SR A4 FR
BCRE A AT LASE S B 48 ok A 4k T S04 BR O B Y A
k.

XF T FR AR query , 1SS R A AR A IR A0 5 A
KAL), SPARQL #5 A 40°F -
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PREFIX rdfs:

<http: / www. w3. org/2000/01/rdf-schema# >
SELECT ? x

Where

%
? x rdfs:label query

AL Result, 412K Result A %8, 4k 2k
A E AR T RAE S Y 5T, XY
SPARQL i54] K
PREFIX
rdfs: < http: /) www. w3. org/2000/01/rdf-schema
#>
SELECT ? x
Where
%

? x rdfs:SubClassOf Result

22t PR SPARQL £y, 15 2] 1 4 1% 45 i1 1]
JIT & A AR S S A
3.3 Lucene &%

BT AL S T ISSMO #5 & 51 %1y A 4
L H H T AR RIS T, 25 5 | ARG 2R B[] Y 1
TnLL R A AR N B Ry T DR 1A A] 8, ISSMO
TE B K R i ] Lucene £ KRG ET A
fil. Lucene {5 & 51 5| A T VCEC R M HEE, KR
S5 R A BRUC I B2 ey K 3 /0N i 7 HE 51, DS e B ]
St A £ A 1 TR 15 R K SCRY Y UG AR B SCEk [ 17-
18 145t T Lucene VT JE B (3152200

Match(Q,D) = th(t,D) - idf(t) -
teQ
boost(¢,D) + norm(D) (4)

b Q A P A i oy i) 5 B T AR s D
R Z B SCRYS 5 ¢ O 25 i A 93 5 f (e, D) R i
FESCHS D rp i BRI BT ¢ B AE SO D
Hh B AR 0 AR Ry DT C R B K 5 idf (1) Dy )
T o 3 g SORS AR S — A 1 3 Ok
AR, F R 1T ¢ AR BT A I SCRS e 220 A SO
ot BB, A TR A SR SR A 2 R SO R
PR B 2, 2 18] T 19 DX 23 e ) 22 IR R
/b, DT E JEE BB K 5 boost (¢, D) 5 1] i ¢ A0
A3 D A7 KA T 5 norm (D) g — A~ HLE
A DR, R4 2R 0 I R A T 08 45 A ) £ i [F]
{14 T JiE JEE AT e 4K
e Lucene JEF IR A .

1) Lucene 4 3CHG 3 1E 1 BE L 4 1T B4 18 4

SRR K R AN 292 “like” FRIKE R 1/5.

2) Lucene 37 5 ¥ 3431, 75 % o SCKE R 710
AEIA Bl I 70% YA 42 A8, KO T80 12 42 5
ﬁ%ﬁ?[]g].

3) Lucene % R VB E B2 B 5 B9 A 100 4% 3%
], 3X K RE % O IR HE A 2 v 1) 2 R AL e 4
F T AR G AR A DU 25 8 3 B S s, DA P AR
1 £ BE DR AIE T A 2R 1 A k22 N HL AR TR 45
A A R 7, 0 E 8 R ) 2 A
LIRS

4) Lucene X P 5T SCAS A JF 45 14 10 il 1) 42
SRR [AREAT AR H 4 A PERE , 5 ISSMO Rk X
A A EE FE AT S B R O e A &

1£ ISSMO 1, Lucene X £7-fif 78 %5 4 2 v (%) 7T
Bda SR AT R Ju B W R T A5 MR
T AN AL HL. Lucene 52 B 0 U 1Y 4 SO R
T LT 3 AP

1) AL RG] SO 3 7 T EE A, AR 48 T A
W E O B EE ST Lucene R 5| 0, & 5] Sk
PP AERE B

2) ARG AR A TR G, WAl
FHAREE B I35 0 B 4% HEAT 4 SCRL R, O 1 i ple
B, AT LA A R A Y AR TR BE b
WA

3) IR SO o B R A R S AN
HAE Bl 6045 BTG B B SO B A X A R R A
BIER A TE G L

4 X I

4.1 SLIGIRIE

ASLYG AL 4 A% P i E AL 3 A IR 55 A%
(T BT RL,2 A Web RS9 50 . 4 A% 7 i
55 4 9 E W P : userl | user2 . user3 | userd. 5C
By is AT B AT

Mk 55 #5447 4 . Pentium Dual 2. 4 GHz 43
8,2 GB N 1.

A2 5. JDK1. 7, MyEclipse 10. 0 H &
% , Apache Tomcat 7. 0 Web f 45 #%, Oracle Data-
base 11g Release (45 )% , Windows XP Professional
BAERG.
4.2 LBHE|RHH
4.2.1 BEEF B

TEA YR SE 95, DL BR 458 A ], Bt 1
AERERL IR TR TR A A, S T R K
U ) 3L 52 ISSMO Jf: A B 4l £ X BR T
B, 0 HOR BRI 19 J5E DA 2 I 2 Bt A L
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AL R A AR P 4 Fr o, S50 ot R
FHAY /& 2014—2015 3§ 2= W 12 Bk 42 B B8 19 L
FTERE , 055 BR S MR AR B Bk AT hup:

// www. uefa. com/uefachampionsleague ‘B 77 ®¥ i} ,
P S 0 Bk BRI A ). Hy T ISSMO i 222 %5 42
ST A B, T P R B AR R R A
xR L TRBE N AR R Z R B R R
Gt e PEEE T W g e s X A A

4 TR A A Y
Fig.4  Ontology model of match data

El5  2014—2015 F& TR 2 BR e ZE Tk T8 1) Lb F 0408 #
Fig.5  Example of 2014—2015 UEFA Champions League data
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i 2 TP A AS PR B BB A 38 381 T R I R Y A IR A
BEZ ARSI, ISSMO i 56 3 i Jena
AR OWL 3L 5 A F| Oracle $4E b A T
W Z K 2V B 1 58— L2 userl KA 15
FBR BA (4 BT 46 13 5L, user2 & A 75 T BRBA 1 Th 3% 13
B user3 U ERIAIY 5 TAE B, userd A 25 H

ERBARSY 1] 545 B B T 2 A 00 K508 45 23 531
FEAEAE 25 B TS HILAY AR B30 e

Tl 6 RT LA i, A 3 48 n] LA SE B 53 A 47 1%
AN [R) Rl 2 B ) g — B . [ 7 S 5 18T 6 PR
— 2R U0 N FY) CM. 5 BL, BT 7 47 0 CM )
EHOLRER 5 9 17 Ml s A L &R {5 B bk
R 1P Kde 7E SID K i 22 44 FbR IR AT 3L ) 21
JSCKS A A L 38 3 2 M ik R LR 4 5 TR) O3 AR
At 16 it Bl DL

Fl6 Moo EE Bk

Fig.6 Registered metadata records

K7 CM{EE
Fig.7 CM information

4.2.2 HAEHEERER

FERG R KA SCHE Y Lucene 423038
FII 454G SPARQL A A M I 1E XK R Tk
H A3 T Oracle (915 B & 48t & % (1 Oracle
SR RIATH L, LAY N A A A R A R
i (8], Lucene [ 43 18] #% £ % IKAnalyzer. #2250
R A Sy 4 Ry T BOHE B, AL F 48 000 2% 8K

i, W3 G B ) B AR Ui Y England”
3 A~ ia).

2 1 25 Lucene + SPARQL 1 X ¥ 2 5 Oracle
G RZ AR . B3R T AT RUE B, W
T 7 ¥ 68 T 3 SCAG: R 1) AR A AR g Y A 4 R R T
S S TR “ B AR | Lucene + SPARQL Fll Oracle
4 UK BRI A 42 AR X & SC R M A — s R Y
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NN i e I S 3 W S i i ]
B R REE R I A T A R B HE AR, X
2Kl Oracle U5 “ w4 7 X A~ i 47 1 A My,
M A ST B AE Lucene £ E i #4177 SPARQL 4
PR AR S AR AY e g
A B B R T A A A R
7 R OCHE I AR R A RS, IR AR X
A AR 38 Lucene B3 UK UG C B2 Bz =i 1Y HIP
100 2% 5 1) 45 R ICTE 25 47 5 haR [, 35X 100 45 %K
i LA W 2 98. 5% T P I R &k YL i Oracle
A UK BRI 3 Ty AN B PR 3, O [l 1 45 SR 4 H
FERCHE e v ) AE A U HE B, JF 1A 25 DT L B
DAL 0 DA P 12 ) 7 B8 43 7, 3R T 235 3R %) 9 i A
XA ST BRI
1 AMREIARELEXILE

Table 1 Comparison of recall for two retrieval methods

Lucene + SPARQL Oracle 4= UK &

ES ] - -
HEE/ %  VERE ALRFE/ P VEELEE

B AR 89.1 H 84.7 I

i 84.5 A 54.2 7

England 100 A 100 JC

2 Sy RS R T 1 R AR I ] A X B A
L, R S O B ) A S K 0% B 3R] 43 )k 5
A7 H“ England”. B 3£ 2 7 DL F B #PE = K,
Lucene + SPARQL 19 £ 2% J7 15 40 X% Oracle 4 SC K6
KA HB . T H. 24 Bl B AR K, Oracle 42 3C
A6 ZRX T v S ARG FR I R 3G AR P, 3X 6B Oracle
A2 SCR R H IR R SO G R RCR I A R T
Lucene + SPARQL 1) 46 2 J5 25 Xf -+ oy SO SC 1Y
Koz ZRAE I 22 AR /1N, RE A8 18 1 Hh 9 SURS R Y 5 oK

F2 WMHBRRAFXNGRAE LR

Table 2 Comparison of response time for

two retrieval methods

Kz AL ]/

B

B A5 Lucene + SPARQL Oracle 4> K&
LiD'S P LiB'S e
200 0.047 0.040 0.032 0.036
2400 0.049 0.051 0.243 0.056
48 000 0.286 0.291 1.986 0.253

£ EJTiA Lucene + SPARQL [ K: 58 5 i5 18 £¢
42 N K R I E] E A X Oracle 423U R AR A —
SE WY SO, U H R 7R 50 B R s 0, Hi
AT K. Y IRAEN ] Lucene 42 SCK 31 7 2 X
Wb e BEMOR 51, 2 i — 5 B BE R 2 18] {HLAH
Xt G HURT A A6 R P RE A 2 (LA 19

5 & #©

RS EA)NE SN R (AR Rl V& P

KPR T AR TR S S W E BT R,
B o3 A1 T A [ B 1Y S 4 40 e B8 — 19 0 4K
P bm HEF 34 | I T B 00 i T8 SCRPAE. 3210 T
Lucene %X*ﬁ%@m gL SPARQL P NE N i
R R T k. SR A R R

1) 3T P )2 S0 8080 F0AS K i1 38 52 05 T DA
A R M 52 B o3 TP ) 2 26 S R B B 5 —
J e

7N

i1

2) Lucene %454 SPARQL 7 {4 7 1] 1) 70 50 48
BRITEABMAR S TRRWA LR, L HZd
SRR A AR IR AR T AR R W]

AR SCTARAS A7 AL — SR i Z 4b. ISSMO H
T &5 b A0 B 1) 2 52 1 A AR 2k 5 A 45 4 1k K s
F 250 A0 BUHR | R R 1 W 98 AR 23 B X 3k T 28
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Heterogeneous data sharing technology based on
two-layer metadata and ontology

LI Xiaotao, HU Xiaohui” , LI Binquan

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

Abstract: With the aim to share multi-sourced, multi-class, heterogeneous data simultaneously, an infor-
mation sharing technology was proposed based on a two-layer metadata combined with ontology. Firstly, the
structure of the two-layer metadata standard was analyzed. At the same time, how to implement uniform de-
scription for heterogeneous data was introduced. Secondly, due to the lack of semantic information, some im-
portant potential correlations between metadata classes may be ignored. For this reason ontology was estab-
lished on the metadata layer for describing and reasoning the relationships between classes. Finally, in order to
improve the recall rate and optimize the retrieval time, an improved method combining Lucene full-text search
engine with SPARQL query was proposed to retrieve metadata. SPARQL retrieval was performed before the
keyword queried by Lucene. Soccer match information of 2014—2015 UEFA Champions League was selected
as test data. The experiment results illustrate the effectiveness on sharing heterogeneous data and improvement
on recall and timeliness of the approach.

Key words: heterogeneous data; metadata; ontology; information sharing; semantic retrieval
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ARG AR SCER AT T ST, STk (4 198 T 2N
it K TC-5A 430 #4 B B CO, (1 fig. [ A X
Z AP (b A SA 13X e b X
TEPEERTY R Ay TR A ) W WK SR AT
TAECHIE 5 SR AT HXT SA A T AR N S R
T CO, MERE I A SCHkHE .

EN &I DO S E YN PN % N Ak R L LTI
5A 43 F i B BF TC-5A 5 PSA-SA, JF & H,0 X

CO, W Bk BERY R MBI 5T , 20 B 1 A [ il JEE
B CRiAR RS T I A E R HL0 XF IR CO, HY
S AR

1 4 K5Fis CO, ZR RS TIERE

A FET B T, R S
SEAERZ % BRI T 4-BMS €O, LI
ROAE N R RE M EE AN R
P 1 TR

1 [EPrzs a5 4-BMS CO, 2Bk A& 48 i 2 4]

Fig. 1 Flow diagram of 4-BMS CO, remove system of international space station
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A B A HE AT A B EL 23 A
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WE W CO, 1 W B BE J1. 9 1B WF 5 H,0 X
SA g5 Ui W B R BE B R R B, 0t T SA r
i I RS /NEE SEB8, BIE S RHL R JEE L CO, 2 R A2
S5 BUEAIE, H, O X W5 A T K S 1 0 A R
Wb CO, PERERYRZN, 2 CO, LBR ARG TAF & 1
P e A D e 2% 1F

2 TREHSRBEE

RS Hy0 X SA F3 i 0 B4 68 19 52
e i B, JFJR T 43T /DN A [ W o R 552 56 5
S H TC-5A F1 PSA-5A W Fh 2% A it K 43 1 i o4
B ARSI 1 iR,

&1 TC-5A 71 PSA-SA S FHFEASH
Table 1 Basic parameters of TC-5A and

PSA-5A molecular sieve

HEASH TC-5A PSA-5A

k4% R,/mm 1.6 ~2.5 0.5~1.0
B p,/ (kg - m ™) 900 950
LR &, 0.47 0.44

SA Jp1- Ui W B S 56 AR B AN BT 2 B DL Al
g N, K CO, D9 IR, Hy a3 e 4 1 A A
TR IR A, AR B WY 1.5 L/min.
N, 1 e 285 N s hin s, AR 408 S 6 T O 1 UK
HEAK AR ) DL RE IR 7R TR 2
14 3% B 3 3 3 AL RS . CO, SR M N, 1R &
HEA M BE A, SR R A% R 0 SR W B P S A
31 7 W5 S FsF £ 3 52 I R 1T Ak SR R L 9 5
SO 78 O RHL Y A0 P 28 1 1 A 1
Je i CO, ZLAM A AN & CO, e BZ , [l i >R it
DL JBE A2 g s D00 A1 5 B 5 1) R 0 B2 2R A S 6
T I B VBRI CO, e 7 45 SR T BH R 4 A B
EAT AL A Shic 3¢, BB R R EE
TRVFREITR.

RS9 B 2 Wk 2 IR
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Fig.2 Flow diagram of 5A molecular sieve adsorption experiment

x2 LHiEE

Table 2 Experimental facilities

R - RS K G BE
1 oA e U5 KX-5188A45 0.1C
2 ki 2% KO XP204S 0.1mg
3 TR 1Y XSL/C-36LS1V0 0.1C
4 R R A VAISALAHMI36 0.1°C/RHO0.1%
5 TEIREE AL VAISALAHMP36B 0.1°C/RH 0. 1%
6 JoT B I A A MC-5SLPM-D 0.01L
7 o 2k U A o 2 MC-508CCM-D 0.01 mL
8 CO, ZI AN Ar AT X QGS-08D 0.01%
9 BUREREAIE TWS-4B
10 co, = b s FEAR
FHE A PR )
11 ol N, #E . jtﬁf%%ﬁ%ﬁ
SEFAEA R

3 XWHERSHM

W GE T AEAS [R]AE X BE 25 F R, Wk B IR EE N
HAR G SRR SA 43 i W BE CO, 1 RE (4 5% 1.
FEEXT 4 Tl S0 T i 5298 UF 5T W IR R A [
AEXT 8 BE X 430 W BfE CO, M BB 52 M L %8¢ v UL B2
T (R AE X R BE X 0 BfF CO, Pk RE R e H, 0 X i
BT AT CO, 43 5 0 W B 5 4 52 o A1 2 I B
H,0 (43 ¥ 5 W B CO, PERE S Hr.
3.1 REMMEIEEX S FiERH CO, HaER
#m
3.1.1 #EBTFTARMTEE
EEMFEME T ((26 £1.5)C) 2k H TC-5A
5 PSA-5A 10, Wik 7 R EE R 0. 5% |
0.7% F11.0% , FHXF 8 B A 0.20% 40% F1 60%
F, H A BE K CO, W F AR fE R K 3 H
Mk SR CO, WEEH 0.7% W], i T AN [5] AH
XTI BE IF CO, e JiE 258 % il 2%

3 WRTARFARX R CO, ¥R 5% M
Fig.3 Breakthrough curves of CO, concentration with

different RH at room temperature
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W] K, PSA-SA b B A5 A6 8] M B, (2 i T
PSA-5 ARAE/IN, Ho 3 T AR, AH ] 2% 4 T W Fff &=
BR, BN A K. @5 CO, Bl 4 W
SAMEE 2 A E L, 20% B A XTI B 2 XF CO, I
RRH1 i HL AT W S S e, DR O K 25 S AR AE X CO,
SR LR @43 Ui W Bt 5 W BRI B A DG, P T
R ok 2 e AR A R A S SO B R IR AR Ak,
Pl 3 10 A A e B A W T 3k 38 20 288 15 S B
— 5 U [ 0% B
3.1.2 BRHBETRARAANEE

T BE SR 5 ) 43 - O W B 5 — A E A
- @ N2 5 OO D 1 e S R )
T e W1 R B, H 43 5 0 W) B5F W2 B CO, + H,07
A T 2 A R T W B R ) B i i AT T

SR FH B U R TR IR Y A3 I AR
50C,MASA 0.7% CO, MM RH L IR & X
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PRI T CO, R BEAT RH, 45 2 AR N 11k B2
AR e, W 4 FroR. S TAE T IR, e R 4
[F) 26 T R PR T 72 Al 46

o4 SOC AV IR T4 -0 H 114K CO, wep 553 2%
Fig.4 Breakthrough curves of outlet gas CO,

concentration at 50°C and room temperature

AT 4 BT DR B FE 50°C B, RH X CO,
W B 5% IR BR G (AR 25 RH 93 i, €O, %¢
7 A TR @ & R 4 1 KO B Ry 50°C Y,
PSA-5A ¥t TC-5A (58 3% i ] &, {HAE 50°C i,
PIRIBEREEY CO, 2 37 B 1R] I Vit B T 2 204 4
3.1.3  RFERAE A AR IR AR E YR

K5 RAJE CO, HeE R TC-5A Fil PSA-5A 4%
TR 2h CO, 5 H,O N 5 bifi A xR AR £k ¢
k.

5 R[Al CO, ¥RET TC-5A Fl PSA-5A 4> F 0 i1y
2h CO, 5 H,O W Bk B AH T B 25 1 56 3R il 46
Fig.5 Correlation changing curves of 2h CO, and

H, 0 adsorption capacity over RH for TC-5A and

PSA-5A molecular sieve under different CO, concentration

SrHTELS AT (D 2k B — E I, TC-5A B Il
BEEEBE RH ORECRE M 6 &, KRB L 5 i
q=KC. Hrp - q Do VB W B & K O 5 R R %G C
SR T v BB I A AR X I 4 I B
TAR W, 010 B R B HL, O Y I8 B 4 o Bl
ZIE. @QRH — 5, CO, W JE By, W B & o
R AR H T 88 2 /0N, Wi R i ) 22 03 o AN T
K6 N ARIRE T CO, 55 H,0 MR B AR X %

BEARAR O AR il 4R

K6 AFEET CO, 5 H,0 MK
A X 3 B2 728 1 5 R il 2%
Fig.6  Correlation changing curves of CO, and H,0

adsorption capacity over RH under different temperatures

MIE 6 thaT LUE i O BE s, o0 7
A W o 0N R okt Ak ST B Al B R 5w CO,
W B PERE O BN R 2 —. BEE RH 36K, TC-5A
55 PSA-5A TR IR BT 04 0 B o B 2 0 R R T
0 A W B DAL I Ak SR B X A T B T A
H,0 [y 520 A X 8L/, @5 TC-5A #f [, PSA-5A
FUH b HAT 2 WA R B e R A I B
{8k K F TC-5A.
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A

Nt — LB AE s> TN CO, 5 H,0 Z [
TEIMBTOC R BN TR RH A TR G AR 8 A Bt
CO, A AIHY 43 0 , I B RH FI CO, By 5 4 K
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CO, fAn. Fm <A imA—& RH KR, 1%
FH A CO, W 2. KZE X CO, B AT 43
T AR CO, Wk BE Y SZ IR AN 7 B R

Bl 7 KFESX CO, TN 4 F 5 1Y A
A CO, WRIE IR I
Fig.7 Influence of water vapor on outlet gas CO,

concentration of molecular sieve saturated with CO,

7 "L HT 2 h B AR B CO, 1, 5 iE
LA — 2. Z J5 SR I A AR TR RH A K 2%
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kA, FLE AU RH GBS R A A3 8 €O, ik
JEE WA i . 25 SR U B K 43 T LLOKE W B AR 4
i L CO, Bk, 545 CO, srF R, fil
CO, 43 FHUMFE A, S8 DAk CO, HBl—A4N ik
BE . L7 i8R DU, PSA-SA ZEIEffE CO, By
By gl it [ K T TC-5A, 3 AKZES G, FFhq i
B CO, W AYRFIR] L TC-5A %iEJi5 , FLI A 5T .
3.3 C2RMKESHSFIEWRM CO, DT

T 43 1 0 W B 7K 43 F 19 BE 15 T €O, , i
TE 50 1 07 W I — 7 B I K 25 SR F IR EE €O, (1
SN

Jei A S RH N 20% 40% 60% [ S, 14
2h, FAES AR INA 0.7% (5 CO, W& Ft 2 h, W5
AR RH 5 CO, W, H4& TC-5A 5 PSA-5A
PIRIRE 5, 15 205 T 0 B H, 0 2 h J5 FEI R CO,
I H,0 2h i, i A& CO, ¥R EEFIH A4k RH
A OC F 2o Bl an 18 8 FE 9 Frs.

B8 4T i B H,0 2 h J5 IR CO,F1 H,0 2 h i,
AR CO, WAL R L
Fig. 8 Correlation changing curves of outlet gas CO,

concentration when molecular sieve is absorbed with

H, O for 2 h and with CO, and H,O for another 2 h

B9 4rF i bt H,0 2 h J5 B CO, A1 H,0 2 h i},
AR RH R G 3 2R
Fig.9 Correlation changing curves of outlet gas RH
when molecular sieve is absorbed with H,O for 2 h and

with CO, and H,O for another 2 h

HTIEL 8 FTL, 23 1 0 W BfF H,0 2 h J& i Ak
JE0.7% (¥ CO, W, i1 CO, ¥k BE R b T IF 75
AR I 8] P 2 3. TP O R UM 1T RHFE R 2 h
UHZ T 0, UL H,0 PR Jo , CO, A BE A I fff
£ FKs H,0 s M k. Holt T H,0 707 H AR
/NTCO, WY EAR, fE—E R L al DL oy 1 i o
FRRCAL W B, (HLR BE W BfF CO,, I I TC-5A 5
PSA-5A XF H,0 1y W Bt & 4B K T %} CO, iYWk
B k.

B CO, WYAFTE 45 7 1 O W B H, 0 7 ok — &

QR WA, A H TR RH g 60% , CO, e R
0.7% i}, 5 B4 RH 2 60% )< 1 % i35 il 2k AH
e, 2B I A L. TC-SA 15 PSA-SA HFI B H,0
5 CO, + H,0 iy B XS L i3k 3 o,

&3 WM H,0 5 CO, +H,0 KM E 3T LL

Table 3 Adsorption capacity comparison between
adsorbing H,0 and CO, +H,0

53T i 1,0 dco, +Hy0
TC-5A 0.21278 0.21011
PSA-5A 0.20260 0.19839

23 FHls R, WA EHE A CO, + H,0
N i I O I3 = - N
CO, +H,0 B, Wi Fp 24 53 149 43 15 F 1 4 5% 1 i
W 57 b B S T, 0 B RE 35 BT L H H, 0
W B FH 0 i, 52 5 i S K.

4 % it

Z [ €O, KBR AR G0 n] ek 5 6 4 1k
AESZ 2 7l DX 3R B2 00, W Y A 6y 0% S 28 i AN A3 5 T
BF PRI B2 L A AU CO, M R i s e A
KA H,0 B9 B R — N AT 220 Y B
R RS T kB MR b 722 <0h H,0 /955
U SA 731 Ui W B R BE 7 AR B9 B W R R ) AR
B, T A 1 W B B L 23 1 0 ORE AR L CO, YR A
RH ZE P2 X [ H,0 5 CO, PEARER R M. 285
LH AR AR A58

1) 7310 e B H,0 iy fE S & T CO,, 28X
T RH X F 20% I, 52 X W B CO, 7 Az 40 1]
AR H,0 2R, ) LA R 52 e B
Tom U R, CO, SEARRAE 2T, B B AT DU AR AR AN
VU R R B2 74 T 0 BN B oK 4 1 14 20 1 ) AR
RT3 20, A 6 A G WRe B H, O 14 i 7 D10 18 B
CO, , B CO, 32 H,O 15 e W B 07 15 ok
A H,0 YL B 5, CO, ) JG vk & 4 i W B A3 I
# H,O0.

2) RS2 R 43 U W R BE A 2N R
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Z— U BE 0 T X W EE €O, MERERCR, il H,0
5037 b B e 7 2 18 B AR ) i, R il R
Fhm B —E BN A R &+ 5 H,0 Z 8]
MIVE I3, 520 H, O f W B

3) WZ AR PR L PSA-5A Fil TC-5A
PIRHER MR SA 370 A1 BH B H,0 5 CO, £
AE. T PSA-SA HA R Ry b 2R A1, I Ff CO,
MIRE S8 T TC-5A, {H X H,0 fy Mg Fff & B AL T
TC-5A. AW B i) £ B B 2% 0, BOR DR AR 488/
) PSA-SA HREAR /N s 5 | 7S W B IR P 78 B 7 48
K, RSy, I TE R G R ITH NR S
FIAEPE B AR TR T RE SRR AR 2 0 T B R, B 8
RGBT R

4) L E MR A4 2L CO, FBRFER A
FE T 5 R R IR B B O AR A X €O,
W B4 BE 4 52 Wi 5 SR SOOI A 485 7 - 7T F 2% 8 2 it
K Gy bA R, BERE T AL M R e, SR AT A K
HAB X AR L CO, RBR R G #H AT Ltk it
K A LB 56 PPN R 48 1 A R R AT S, R
1 7 B BN T R A% AT KR AT 55 I A
e
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H,O impact on CO, removal performance of
5A molecular sieve in space station

YANG Dongsheng' , LIU Meng', PANG Liping', YU Qingni**, HUANG Yong'

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

2. National Key Laboratory of Human Factors, China Astronaut Research and Training Center, Beijing 100094, China)

Abstract: For the further research on reliability and robustness of molecular sieve CO, removal system
applied to the space station, the problem of the humidity failure protection of 4-bed molecular sieves (4-BMS)
system in the space station was proposed and studied. The experiment was set up to test the impact of the CO,
absorbing capacity under different relative humidity of gas in two kinds of molecular sieves (TC-5A and PSA-
5A) for crewed space mission. Meanwhile, it compared the effect of CO, adsorption when CO, concentration of
inlet gas, particles and temperature changed under the definite humidity, and explored the competitive adsorp-
tion between CO, and H,0 in TC-5A and PSA-5A using different measures. Results show that the PSA-5A has
a better performance on CO, adsorption, but slightly less than TC-5A on H,O adsorption capacity. And pres-
ence of H,O in the air had a great influence on molecular sieve adsorption of CO,, when the relative humidity
reached the 60% , the molecular sieve has basically lose the CO, adsorption capacity. Besides, the TC-5A and
the PSA-5A CO, adsorption capacity drop significantly when the temperature rises, but has a relatively less im-
pact on H,O adsorption, especially when RH is high. The experimental study can play a guiding role in
evaluation of system reliability and robustness for the long-term orbiting space station study.

Key words: space station; atmosphere revitalization; 5SA molecular sieve; H,0; CO, adsorbing perform-

ance
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1D-consolidation analysis based on UH model considering time effect
HU Jing, YAO Yangping"

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

Abstract: The soil stress-strain relationship under 1D consolidation condition was derived from the uni-
fied hardening (UH) model considering time effect. Based on this, a governing differential equation of 1D
consolidation was established, which could simultaneously describe the deformation behavior of both primary
and secondary consolidation. The one direction drainage consolidation problem was analyzed by the differential
method. Since there is the phenomenon of relaxation that the effective stress pressure near the impermeable
layer would decrease during the initiation of loading, a formula that can reflect the decrease of effective stress
by time was deduced. Then, numerical analysis of the influence of secondary consolidation parameter, over
consolidation ratio and the consolidation and swelling index was made and the results prove the conclusion of
the formula. Besides, the laboratory tests were used to confirm the numerical prediction results of the gover-
ning equation. Depending on the condition that when the primary consolidation was almost finished, the main
deformation was produced by secondary consolidation, a relationship between average degree of consolidation
and time was deduced, which could be used to predict the time when primary consolidation would be finished.

Key words: unified hardening (UH) model; creep; degree of consolidation; settlement deformation;

pore water pressure
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B R TR, AR BIF 5 0 — 4> 9 A R A 5
N, A LEO fi K 4% 2R & W0 4 7 19 Bt D1 S
b 1 RE -

1 £ I

1.1 BB AREH#ER~H# BNNS & &

1.8 g BOMEE(PVA) (AL 5t 4 A, 73 1 &
5 (77 000 +2200) g/mol) % T 60 mL ik 7k
(90°C) , i 11+ 8 h LUJE i 30 mg/mL [#) PVA
KW A5 F 0.6 g i iA& BN F3 K (Alfa Aesar,
<300H ) I A PVA ¥, i LA vkK ¥ A1, T8
HE b3 8 h. SR J5 R AL T B0 R 1 R i 38
2, A% HAT AR AR ) ROSF 9 BNNS. HLAA 5 B
T ¥ bR 7 Ak #1480 PL 3 000 r/min
( x2304 g) ¥ n B5.0 45 min, B 12 90% 5 Wi
12 BNNS S8 45 . LT 25 KR 0, otk 43 1
Wb & A /NS BNNS (sBNNS) . @ Bk &0 )5
MY TTTE & A 8 KRS BNNS R 215 BN F )2,
HORUTIE ] 40 mL B3k PVA 35 W RS, SR o A
A A IR 2 h, 5 8N S R A JOR DA
1500 r/min( x576 g) &> 45 min, 5.0 J5 18 70 7L
WOF A 48 RSE 9 BNNS (mBNNS) . @)% | iA
BO R MUIE MR, JF B AL 1 h,
500 r/min (x 64 g) B .0 B 7] 38 45 K <) BNNS
(bBNNS).

1.2 PVA/BNNS S &HEH &

I3 B € B 1 B A o3 WO, T R A 3
PVA/BNNS & & ¥ K. 18 i x5 B K ik 47 #4 & 4
BT, AT LABA & BNNS (9 & &, F MR 4 PVA [k
BE A DAL 4 sBNNS . mBNNS 1 bBNNS 43 # i
() e B 43 1 240k 0.22,0.94,2. 80 mg/mL. i L
ST ECR 5T 5 2l PVA B DL — € R &, RIEAT
733 B A A [ BNNS Ji7 & 47 %019 PVA/BNNS &
B o RO . SR 5 R T Be i i 45 th &2 & . BLK
TR 5 G5 HOROR 7S 20 min, 2R J5 58 1 31 5
HEROHER T IR E T T4 (60°C ,0.9 bar,
1 bar =10” Pa) H 45 24 h i H [ k. 5 F [ 1k ¥
JE U0 A% 10 mm x 10 mm JE AR VE S J5 - 480 1ok
FE b
1.3 EFREMELE

Jir - 4 oy S 6 A I S 1A AL 1 S v gk
U R AL E S R R H B R, R
KT & 0 P, 1 Sy 20 SR TR i~ AR A8 e TR S 40 S 5 1
B, SEI S g R 0. 15 Pa, KT 22 HL L R
120 V KT 22 50 B HEL 3 140 mA. B2 57 4038 i 2
4.7 x 10* atom/cm’, 424 F 7€ 55 B 300 km (9

LEO FRHg v 3 55 24 140 d"" . % T4 — Bl BE i, 55
B4l R I3 AR S M.
1.4 *x f{&

M E 43 #7 (Thermo Gravimetric Analysis, TGA)
TR AT, T i 3R O 10°C/min, { #%
HI5 & TGA/SDTA851 ( Mettler Toledo, USA ). iz
FESR T B iR JH LEO 1530 VP 94 H1 5 ( Scanning
Electron Microscope, SEM ) 38 15, J& + J1 & % 45
(Atomic Force Microscope, AFM) & /2% F Bruker
i) Multimode 8 7 ScanAsyst & 2, T #15, X §F £k
S HL T BB 7% ( X-ray Photoelectron Spectroscopy,
XPS) i ESCALAB-250 St 3% 3+ k15 , i FF o & i
DT-100 K- (fEFE N 0.05 mg) FREL.

2 HR5H®

Kl 1(a) > PVA/BNNS & 45 7 HOR HY IR
BNNS " 1E PVA {4 7K ¥ W b A e 23 1, 3% 2 200
T PVA A2 2 FIAE T, B PVA 2354 0] DL 2§
LEAE BNNS 0, 546z BHLF 1 AR 1k A5 & Ak
R F B8 1 35 i il £ 19 PVA/BBNNS & 45 3l 5 4
K 1(b) fro.

1 PVA/BNNS & &5 & PVA/bBNNS
2a T
Fig. 1  Photographs of PVB/BNNS composite
dispersions and PVA/bBNNS composite film

K2 fy 2 RooF i % 9 3 F BNNS ( bBNNS,
mBNNS 1 sBNNS) [y AFM JE £ | J5E 3 i 2% 1l ifi £H
A AT LLE 1,3 i BNNS 2 B AE 3 nm L)
IR TR R B R, JF R UE T BNNS (1)
KEJE. 5350, N AFM & J a] DL 2], BNNS
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FAVFE R AL X R PVA BT R . 8 T
AFM JE 85 3E 47 88 11 4 A7, 7 DL SE & A 3T 45 Fh
BNNS f1 f# 7] K <}, sBNNS . mBNNS I bBNNS fi)
BT RLCA) 2 1295 1.0,4.1,21.4 pm’.
XU, ETEOHEARMNR Tk ket of
BT

& 3 g 5748 ) ph S 4l PVA Fil PVA/BNNS
SN R 1 SEM R AL AR BA ., T 4 ik
ZJE R Z W AE AR R 22 5. 78 IR SUR

[l T 5% 8 )5, 26 PVA R ITH™ 51 il , S 0 b BE
RVEH, IF R A KW 45 4, il 3 (a) fr
7. TR I sBNNS J5, PVA/sBNNS & 4 1 I % i
F < M BE IR 7 R SR SR A AR B R BT 45 W A BT 22
A, LG il 5 4 22 18 3k 58 B R 9 sBNNS,
E 3(b) iR, 4% 0. 5wi% [ bBNNS B, “ i B
ARIESILIEE 2, WK 3 () Frzs. 124 5 m
1.0wt% ) bBNNS [, & AN J8f ioh () & T 3% A 9
BNNS 5¢ 47 55 .

€l 2 bBNNS.mBNNS FI sBNNS [ AFM JE 55t | J& B il £& F 1 AL 43 A
Fig.2  AFM morphologies, thickness profiles and area distribution of bBBNNS, mBNNS and sBNNS

3 JHETFEB S 4 PVA FI PVA/BNNS &£ 4&
TR R T SEM Hi 1
Fig.3  Surface SEM photographs of PVA and

PVA/BNNS composite films after atom-oxygen corrosion

R XPS J3 Bt 1R i 2 T 7E 6 10 R S R
AL AR AN 4 . g 4 Ca) AT DL Y
TAAUE S, 2 PVA T A 5 S W], &
W 7% 45 PVA K4 T BN 1 X T PVA/
bBNNS & & Wi, J fs 9 2 i 2 3 B AT N Jo
KWWK 4(b)), XEWE PVA PLIE 4, i
bBNNS #& B P, iX 5K 3 Ay L5k B BNNS 1y
SEM WLZE45 SR JE — B, EAR 1 B AR, 72 )i 7
S TR, NLs HOSR OR H57 S Xt Bk B e 25 4y (L
Kl4(c)),mm Bls &2 AR FRi, IFHEBEE — 1>
B—O (UL 4(d)). X R W BNNS 551 8K
AT RN, H R g B R TS R B R T
B—O#t.

Jot A8 % L S P R D S Tl P BE Y
KEEZS K 5 Oy PVA/BNNS I 4 5 & 458 2K B
bBNNS mBNNS sBNNS F1#7 4 BN #) K A [6] 5t &=
IR AE AR, BT LU Y, B BNNS J5, PVA /Y i
AR S B AR, T EL 7R A [ B9 BNNS J5 & 7 %
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4 B R T TR S IET S B9 A2 AL XPS 45t

Fig.4  XPS results of composition change before and after corrosion on surfaces of sample

K5 PVA/BNNS 3 [I5 i 5t £ 451 2 il bBBNNS \mBNNS |
sBNNS FI%] 4 BN H AR A [a] i 20 i) 22 1k
Fig.5 Mass loss of PVA/BNNS thin films changing with
different mass fractions of bBNNS, mBNNS,
sBNNS and BN powder

T, RR P H) BNNS B B9 288 5 4. b dn, 8
0.2wt% [ bBNNS. 0.22wt% [ mBNNS Fi1
0.28wt% 1) sBNNS 0] 43 5| fif Jit & 0t 2% % L 29
49% 42% 1 27% . &S fin 1. Owt% (1) bBNNS #J
il 5T 01 S KR BEAIR 87% . A XL, B 5 (d) 45
1T BN BN Ry oK B S IR 25 2R R ES TN 1. Swi%
1) BN B A, it dE 5t O U % 42% UK XS FE
0.2wt% () mBNNS Jf U5 9208 . Ik, 254 ik
TS5 R 0 458 2k O 25 55 T LA Y, 20 i BNNS 1
WD AE R B PVA MY R 7 &8 ik e 554
WORLAH e, BNNS H A B & 48 # b o, % n
5.0wt% 48K Si0, FIHE & 4 0 (50wt% ) 1 =3
O T Bk A fE T & K 4 BT BE 42% A
68% BRI T, A% AR 19 BNNS ¥R i it B
£ 1 R il 0 S A v )AL 8 JEURE VR ok T BBUASH )
PEBE. X — a5, X T LEO fji X #% Ll G #4) 1 75 8
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4 )i, SCRE DR BB UL S (9 B0 it S8 i PR B,
N B A T AR B R I ) 4R R0 I, mT RA SR
Xt T g BNNS 58 2 8 3 19 R il =, H o i 4t
KRS YN AR 247 RKRALAL ; WX T H A
BNNS 7 3 Jrj 78 DX 3010 2R & 9 i =, G o A 2K
St B, HR A Y A S RSk BLIR B4
. Ak, BNNS (78 i 5d A8 $2 w5 3 5 4 19 A s 2
P, an 18 6 4 PVA Al PVA/BNNS & & 3l [ 1)
TGA &7 . (H R AS 3C 3 B2 AIF 52 BT 5t 1 4 1Y
JE§ bk B, BOICTE v B B R b i B A PR RE 45
R AR PR AL A X I SR X PVA/BNNS &2
W ) 27V RE Y R e 2R AT BT 5T

6 4l PVA fll PVA/BNNS & & ) TGA 4k
Fig.6 TGA curves of pure PVA and
PVA/BNNS composite films

B 7 g BNNS $8 5 40 J50 7 5808 bk B 9 LB
71T TR L v 7 A B 42 25K AR ek
B, W 7 (o) B . X T BE & 5000, BT &0,
BNNS g — Fh = 4 40 K 4B, 2 BB I 138 35
) F AR e L DR g, BNNS 1] LBk B RS J5 T
B RE & 4537 AR I 0 B B W 32 ) .
{H A [ 4% i) R B BNINS 7 BE £ 300 % 7 1 1 3
PR ARIA, 0 7 (a) FNEL 7 (b) FF 7 , 16 4 17 5
B BUF 8 2 /N RSP B BNNS , K R ST ) BNNS

P 7 BNNS $& i 40 J5 7 4008 b 1 R 1 L B R B
Fig.7 Schematic of mechanism that BNNS can

enhance atom-oxygen corrosion resistance

P HATE D I G250, (A R R TR B B W
10 TE R A /b, 2 T T RE AR 00 X T B A
L, A TSR, T 4 FLUZ BNNS A Ll it O
BHTIAY B R kA RN O HAE AN
ZELIY BN 45 rp 47 4 B A A A pL L IR
Pb 2 B K 19 BNNS B8 5 J5 7 %0 B Ry B i, it
T 9 A R i1 4R, G2 SR W B S el b
SR A A AT ] 4 (d) HP i B—O g IR 52

3 & i

PL3 A AS A A 1) RS 9 BNNS Sy 0K, DU
PVA S A W34, xF BNNS $2£ 5 R & W hi )i
AUFMMERR IR T TS, EEESIR T .

1) SR JH YR AH 3B 285 0 35 T 8 0 5 R i RS 1
WEJTVE P LAAT R0 ] 2%t EL A A TR R 1) RSE 1
BNNS.

2) JEF S S ) PVA/BNNS 3% I [ Hb
BERT Y A0 0 2 B, WS 1. Owi% ¥ bBNNS 1]
i J5E - 480 ok T B PVA T 8 81 R R AIK 87 %

3) BNNS 5 J5 5 2 [ (1 B sk FsE 22 %500,
AR i A WP T AU el R 0 BB T K
RS BNNS R HLAT 847 11 BE 22 5800, 78 42 = B I
S8 b R BE D T, 220 & f T/ RS BNNS.
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Application of BN nanosheets as atom-oxygen corrosion resistant fillers
YI Min', SHEN Zhigang ", LIU Lei’, LIANG Shuaishuai', WANG Shuai'

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

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

Abstract: The application of boron nitride nanosheets ( BNNS) as fillers to enhance the polymer’ s atom-
oxygen corrosion resistance was investigated. Stable BNNS dispersions in polyvinylalcohol ( PVA) solutions
were prepared by liquid-phase exfoliation. By using a centrifugation-based size-select route, BNNS with three
kinds of different lateral sizes were obtained. Their average area was about 21.4, 4.1, 1.0 ;,Lm2 , respective-
ly. The PVA/BNNS composite films were prepared by casting the PVA/BNNS dispersions. Atom-oxygen cor-
rosion experiments indicate that all these BNNSs can enhance the atom-oxygen corrosion resistance of PVA.
An addition of 1.0wt% BNNS (21.4 um®) can lead to a reduction of 87% in PVA’s mass loss. It is sugges-
ted that the bonding and barrier effects between atom oxygen and BNNS are responsible for the enhanced atom-
oxygen corrosion resistance.

Key words: boron nitride nanosheets; atom oxygen; corrosion; filler; polymer
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Method of confirming testability verification test scheme based on
prior information
ZHANG Xishan', HUANG Kaoli**>, YAN Pengcheng’, SUN Jiangsheng’,

LIAN Guangyao’, WANG Shaoguang’

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

2. Ordnance Technological Research Institute, Ordnance Engineering College, Shijiazhuang 050003, China)

Abstract. Existing testability verification test schemes need a large number of fault samples and the engi-
neering implementation is difficult. To solve this problem, the Bayes testability verification test scheme was
proposed based on the prior information for complex equipment. Firstly, the uncertainty of testability prior in-
formation was described using Beta distribution and the prior distribution hyper-parameter was determined by
the prior information from different sources. Then, the uncertainty measure and supporting degree were pro-
posed as the weight coefficient of prior information, and the corresponded fusion algorithm was designed.
Finally, the Bayes decision model was estabilished for the testability qualification test scheme of the binomial
equipments using the fused prior information. Compared with the classical counterpart, the new test scheme
reduces the fault sample size by up to 40% or so, and avoids the aggressive of the traditional Bayes testability
verification test scheme.

Key words . testability qualification test scheme; uncertainty measure ; supporting degree ; prior informa-

tion fusion; Bayes decision
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Fig.1 Sketch of Bunsen flame experiment apparatus system
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Experimental analysis of wall quenching distance of
a premixed Bunsen flame
HUANG Xia'®, HUANG Yong*®

(1. AVIC Academy of Aeronautic Propulsion Technology, Beijing 101304, China;

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

Abstract: Quenching distance is a major parameter to characterize the flame wall quenching effect. The
quenching distance of a methane-air premixed Bunsen flame was measured using direct photography of the
flame position. The result indicates that the quenching distance changes differently with the incoming flow
velocity under different equivalence ratio ranges. While the velocity is fixed, the quenching distance decreases
with the increasing equivalence ratio for the lean flame. For the rich flame the quenching distance first increa-
ses and then decreases, and keeps a constant after a certain equivalence ratio. This correlation is induced by
the competition between the cooling of the wall by incoming flow and the heating of the wall by flame. The
double-flame structure of a premixed rich flame especially influences the wall quenching effect very remark-
ably.

Key words: wall quenching; quenching distance; Bunsen burner; premixed flame; double-flame struc-

ture
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Table 1 Relational expression of bit error rate and

effective signal-to-noise ratio
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Table 2 Parameters and values of Lonely-Rice model
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Fig.2 Simulation results of original network
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Fig.3 Simulation results of similar network
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Table 3 Effects of failure criterion on

data integrity evaluation
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Table 4 Effects of accelerated factor on

data integrity evaluation
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Fig.4 Changed network topology and moving trace
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Accelerated testing for data integrity of Ad hoc network in
complex environment

ZHANG Nan', LI Ruiying""?, HUANG Ning'’

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

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

Abstract: In order to evaluate the data integrity of Ad hoc network under its mission scenarios in an effi-

cient way, an accelerated testing method was proposed. The similarity models for the key parameters of data

integrity, 1. e.

the effective signal-to-noise ratio, the traffic and the moving speed, were derived based on the

similarity theory, which finally composed the similarity model of data integrity. The case study on a relief Ad

hoc network verified the effectiveness of the similarity model based on OPNET simulation tools. The results

show that the error between the original network and the similar one is very small, and the effectiveness of the

similarity model does not change with the failure threshold, stress increase times and the topological structure.

Key words: similarity theory; Ad hoc network; data integrity; similarity model; bit error rate
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Application of differential quadrature and precise integration methods in
analysis of transient heat transfer
JIN Jing', XING Yufeng*?, LIAO Xuanping'’, ZHANG Hairui'”’, TANG Nianhua'

(1. China Academy of Launch Vehicle Technology, Beijing 100076, China;
2. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

3. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: An accurate and efficient solution method of the governing equation of transient heat transfer
was proposed based on the differential quadrature method (DQM) and precise integration method ( PIM).
DQM was applied to discretize spatial domain while PIM to temporal domain. It has been shown that DQM,
with high accuracy and efficiency, also had higher flexibility than the finite element method (FEM) while
dealing with complicated boundary conditions. The transient heat transfer is governed by the first-order differ-
ential equation with respect to time, while applying precise integration method in temporal domain, the same
accuracy as computer can be achieved without increasing additional degrees of freedom. Numerical results
were given for four kinds of boundary conditions of thermal protection structure. Then, the numerical result of
the structure with constant temperature on top surface and heat insulation on other surfaces was compared with
the result using the FEM. The numerical examples analysis shows that the higher precision can be achieved
with fewer nodes by DQM and PIM.

Key words; differential quadrature method (DQM) ; precise integration method ( PIM) ; transient heat

transfer problem; finite element method (FEM) ; temporal domain; spatial domain
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Table 2 Parameter setting of star image simulation
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Table 3 Angle between two boresights (°)
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Table 4 True value and deviations of structural parameters of four FOVs
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Table 5 Calibration results of structural parameters of

3 FOV star trackers in outside experiments
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Table 6 Calibration results of angle between

two boresights of 3 FOV star trackers in

outside experiments (°)
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Structural parameter calibration method for
multiple field of view star tracker
SUN Li, JIANG Jie® , LI Jian, JI Feilong

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

Abstract: Based on rotation-invariant star-pair angular distances, a calibration algorithm was proposed to
calibrate structural parameters of multiple field of view (FOV) star tracker. With the rotation relationships of
each subfield of view were described by three Euler angels, the calibration scheme and objective function were
generated by some starlight vectors of star pairs, which were obtained from the image coordinates and the cor-
responding celestial coordinates of observed star points. Levenberg-Marquardt (L-M) algorithm optimized the
objective function and provided the relative Euler angles of each sub FOV. External attitude-measurement
devices are not necessary, and the method can be used for on-obit and ground calibrations. Several attitudes
were randomly selected to create star images used for calibration in the celestial sphere, then the inter star-an-
gle statistical residual was chosen as an evaluation standard for accuracy calibration. The results show that this
method is effective to calculate the accurate structural parameters. Under the positional noise level of 0.1 pix-
el, the inter star-angle statistical residual can reach 1.3 arc sec on average, and it can reach 6.4 arc sec on
average when the method is used in outdoor experiments.

Key words: angular distance; structural parameters; calibration; inter star-angle statistical residual;

attitude determination
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Nonlinear equivalent circuit analysis of electro-impulse de-icing system

Chen Peng, Ge Hongjuan™ , Ni Yiyang, Xu Yuanyuan

(College of Automation, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: In order to design the circuit of the electro-impulse de-icing system more effectively, nonlinear
equivalent load of the electro-impulse de-icing ( EIDI) system was analyzed by the law of conservation of ener-
gy which was on behalf of the vibrational energy, and nonlinear equivalent circuit model related to the system
parameter was established. A three-dimensional transient electromagnetic field simulation model for modeling
the axisymmetric ring-type pulsed coil was presented, which based on finite element simulation software
ANSOFT Maxwell, and the normal electromagnetic force expression during the complete deicing cycle was
obtained by numerical fitting method ; the aluminum plate deformation expression was computed which induced
by the normal electromagnetic force, and the work done by the electromagnetic force was analyzed. The circuit
parameter in the different coil-aluminum-plate gap was designed by using nonlinear equivalent circuit model.
This parameter is consistent with experiment parameters, which verifies the correctness of the method and pro-
vides the theoretical basis for the EIDI system.

Key words: electro-impulse de-icing ( EIDI) system; law of conservation of energy; pulsed electromag-

netic force; nonlinear equivalent circuit; coil-aluminum-plate gap
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Numerical simulation and performance analysis of leaf seal

LIU Jian, WANG Zhili* , DING Lei

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

Abstract: In order to obtain the result of pressure and velocity distribution and leakage of the leaf seal

system which is applied to high-speed rotor, a mathematical model of sealing zone flow field calculated numeri-

cally with SIMPLER method and finite difference method was established. A software based on the algorithm

referred was also designed specially for the performance analysis of leaf seal system. The influence of different

structure parameters and working conditions on the system’s performance was discussed. Analysis result shows

that the leakage increases linearly with the sealing pressure and decreases slightly with the increase of rotor

speed. Increasing width, reducing spacing between front/back cover plate to rotor and decreasing length are

beneficial in decreasing the leakage of the system. While changing installation angle direction of the leaf has

little influence on leakage. Research on dynamic response between leaf and rotor will be carried out based on

the results of the flow field.

Key words: leaf seal; SIMPLER algorithm; Reynolds equation; flow field; performance analysis
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Characteristic of air jet impingement cooling performance for
electronic equipment of satellite

LIU Liangtang, WANG Anliang”

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

Abstract: On the base of the preparative stage of ventilation control system design for high power elec-

tronic equipment of satellite during ground tests, the study on optimization design of the cooling performance

was done, and the numerical simulation was carried out on air jet impingement cooling system with different

structural parameters. Results show that the diameter of nozzle, the distance between nozzle and heat surface,

the air jet inclination angle and jet velocity directly affect the performance of the cooling system. And the opti-

mization design results on the quantitative non dimensional parameters are analyzed. The study can be used to

optimize heat dissipation for electronic equipment with a heat-flux density of about 1 kW/m’, and provide a

reference for convection thermal control system design and ground tests for high-power electric equipment of

satellite.

Key words: high power electronic equipment; satellite; ventilation cooling; air jet; optimization design
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Products early failure rate evaluation based on process information fusion

ZHANG Chuanliang' , DAT Wei*', LIANG Peidong”, ZHAO Yu'
(1. School of Reliability and Engineering System, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
2. Beijing Research Institute of Radio Measurement, Beijing 100054, China)

Abstract: To select the appropriate technology, the assessment of early failure rate of product was carried
out. To make full use of multi-source information to evaluate the early failure rate of the product in quick
response manufacturing mode, an assessment method based on process information fusion was put forward.
Firstly, the model of early failure rate was established and the method of parameter estimation was provided.
Secondly, based on the analyzing of the forming process of product reliability, the reasonable source that influ-
enced the early failure rate of products in the manufacturing process was determined. And then, by comparing
the similar degree of current processing finished products and similar products, different prior distributions
were determined. Finally, the fused distribution of the failure rate was determined based on the information
entropy. And the case study on reliability evaluation of radar phase-shift unit is demonstrated to prove the fea-
sibility and effectiveness of the proposed method.

Key words. early failure rate; process evaluation; information fusion; information entropy; similar

degree
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