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Table 1 Numerical comparison of bearing dynamic

loads in time domain
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Bearing dynamic load model and optimal design of complex rotor system
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Abstract; Aimed at the bearing dynamic load vibration response and optimal design of a complex rotor

system with inter-shaft bearing in a turbofan engine with high thrust-to-weight ratio, a mechanical model of

bearing dynamic loads is established to study the effects of unbalance, bending deformation and inertia moment

under different rotational speeds. The variation trend of the bearing dynamic loads of a dual-rotor system with

rotating speeds is calculated and analyzed. The relationship between the dynamic load of inter-shaft bearing

and rotor bending deformation as well as inertial loads is revealed. An optimal design method for the vibration

response of the inter-shaft bearing based on the slope control of the elastic curves of the rotors is proposed. The

results show that by optimizing the rear journal structure of the high pressure turbine and adjusting the rear

bearing of the low pressure turbine near the inter-shaft bearing, the dynamic load of the inter-shaft bearing and

the sensitivity of the unbalance can be effectively reduced, which provides a theoretical method for the optimal

design of the bearing vibration response of a complex rotor system with inter-shaft bearing.
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Table 1 Parameters of example rotor system
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DR S R R/ kg 3.583
KU B R 5 R/ (kg - m?) 0.024
50 S R T T R/ kg 3.135
W SR A S R/ (kg - m) 0.017
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Table 2 Choice of optimization parameters
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Abstract; In order to control the deformation of rotor and distribution of multiple critical speeds, it is
common to adopt multi-support configuration, which indicates that the optimization is a multi-objective,, multi-
variable and non-deterministic problem, taking into account parameter uncertainties. An equation of motion for
flexible rotor is derived with the aid of Lagrange equation. Penalty functions are introduced to quantitatively
describe the distribution feature of multi-order critical speeds. A robust design method for dynamic properties
of rotor is presented based on the optimization of critical speed distribution and stiffness loss control of joint
structure with the combination of interval analysis method and genetic algorithm. A numerical example shows
that by concentrating the multi-order critical speeds into a certain speed interval and controlling the bending
strain energy proportion of joint structure, the vibration response passing through multi-order critical speeds
and sensitivity of rotor dynamic properties to the change of joint structure stiffness loss are both reduced, thus
improving the robustness of this type of rotor system.
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Table 1 Code table

Av

A0/(°)
-30% -20% -10% O 10% 20% 30%

-20 11 12 13 14 15 16 17

-15 21 22 23 24 25 26 27

-10 31 32 33 34 35 36 37
-5 41 42 43 44 45 46 47
0 51 52 53 54 55 56 57

5 61 62 63 64 65 66 67

10 71 72 73 74 75 76 77
15 81 82 83 84 85 86 87

20 91 92 93 94 95 96 97
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Conflict detection and resolution in scenario of military aircraft flow
passing through civil aviation route
WU Minggong'*, JIANG Xurui'’, WEN Xiangxi">* , CHEN Bin'"*

(1. Air Traffic Control and Navigation College, Air Force Engineering University, Xi’an 710051, China;
2. National Key Laboratory of Air Traffic Collision Prevention, Xi’ an 710051, China;
3. Unit 94116 of the PLA, Hetian 848000, China; 4. PLA Academy of Military Science, Beijing 100091, China)

Abstract: Aimed at the conflict problem of military aircraft flow passing through civil aviation routes, the
aircraft flow centering scenario is modeled and analyzed. A centering flight conflict detection method based on
sliding windows and a multiple aircraft conflict resolution method based on cooperative game theory are pro-
posed. When the aircraft flow enters the control zone, the sliding window is used to judge the conflicts within
look-ahead time. Based on this, the potential conflict aircraft can form a coalition and game with each other to
balance the benefits. In this problem, the maximum coalition welfare solution in cooperative game is regarded
as the fair allocation, and all solutions should satisfy the safety boundary conditions. Finally, according to the
characteristics of the optimal maneuver direction, the strategy is solved quickly by using the immune particle
swarm optimization algorithm. The simulation results show that the proposed method can effectively get the
resolution strategies and balance the benefits between the military aircraft flow and civil aircraft flow.

Keywords : conflict detection and resolution ; military and civil aviation; aircraft flow; cooperative game;

immune particle swarm optimization

Received: 2018-08-30; Accepted: 2018-11-30; Published online: 2018-12-28 1128

URL : kns. cnki. net/kems/detail/11.2625. V.20181226. 1059.001. html

Foundation items: National Natural Science Foundation of China (71801221 ,61472441,61503409 ) ; Natural Science Basic Research Plan in
Shaanxi Province of China (2018]JQ7004 )

# Corresponding author. E-mail: wxxajy@ 163. com



2019 4 5 H
$45 4% 45

tEMEMRKEFFR

Journal of Beijing University of Aeronautics and Astronautics

e R

i May 2019
_ﬂ 5 Yy
i L Vol.45 No.5

http: // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2018. 0547

jbuaa@ buaa. edu. cn

— M E AR BN E G BEN S E T

T, KEH, BREE, T A

(FERRZ: B 9CF 3 J) 2 5 [ R E A 590 %, FIK 400044)

1 B ATREHBELEGRN2HABRR, ALERBEFRATHENEEZTT, &
BT —ME60KREERRKBEANEL OB RBEREREEN 28 7k, X THLEHE
BOEAEAAWAFEMAMETHAXE B E N H-minima 5K X Z BRAATEE, AR 2
AR B3k 5 B A B R — R B R R K o E] JE B IX B Lab B AR AE R
B4 KX (LBP) S B AFAL1F A K H 49 & {4847 , 2 T Bhattacharyya % 2k - A1 it 5 X 3 5] 8 5l &
SEMPNEZATULAREGELRENHE SEFMR AN, L RRIE K
W MMEERE, LAL PRI ETRA-—WEREEZ TR E R B Ry 2 &
AEl. HE60EBENERNFTRT ENSHNKRAATMR, EREN, L0 BN FH 5 H
EEE 2 EA RHAERERTEND UL, IR EHETAP AL AT R T ERS
REALE BHEHFET AR ARE A ERNBEALRS .

x 8
Bhattacharyya % #t; X &

mESZES: V317.1; TH117.2

XEktRIZES . A

TR 3 M7 B A A Sy AR AL AR B 75 2 3 Il AS
PRUEH I AT S e i A L T Be . — 1R B & 4
P TAE R R R SR T3S T Z R . i
HH PR R i O R R A B A TR A Y B AE T, A X
SE PR AT 23 B 5 o A, BIVRT ) I E S ) 2 TR
VDU X5 B LR A, 18 S A S AP AR IR
SR/ R G RVINE R SO E s @ N9 S LR CRIIRI Y
R AT T B 3l AL, 20 200 TR BE AT A 3
TR, BB F RN 0 B TAR R E 23R
JI R A2 AT F 5 B X R o A A Rk AL
G 0 43 B ) L, DAY KU B rhol B 252
B K- MRAT MR R EREH
P AR AR R A S ) RO TR P BT
BRIEZ A, A 2 2 Bk o oRs £ b 2 1 2% 5 R

: H-minima &t A5 2 KW Hk; HEE 7 HE; A= mE (LBP) 5 H#;

NXEHS: 1001-5965(2019)05-0873-10

A RRARG A S8 T R R A B 4R
W, 2T I M A B 5 A BRI 43 ) ik o
JISRICBER G TERE SR L Y A 38 R 73 1 3K

0 L RTI& JE AL 15 03 B EOR i B T B
AR 5 0 H AR x4, R (9 70 5007 15 39 LU
REDCRBUEE g 7 X T LA S O v AR Y U
NN IR Sk S R i I R S K 7
VR PRGN [) 98 58 335 A b B KL 1) 3 HICJEE 7 7 JiK
PN 2k BB B ROR  JO IR TR EE (17 A
H3Z 45 5 R AR A — B R W, 38 75 AR 7 )
i A B 5 HL S b B AR PR E 43 B OR
AEH AL PR SR PRAIE T 0 EIRICR  (H Y R AR R R
LR IS 23 7 55 W) 3 1 0% 60 A S R BE o
P Xk LSE 20 i

Wi HEH: 2018-09-17; A BHHI: 2018-11-30; M4 HARATIE : 2019-01-05 1411
M 2% H AR # ik ;. kns. enki. net/kems/detail /11.2625. V.20190102. 1616. 004. html

EeWB: HEARRSEISE (51774057)
= BI5{EE. E-mail; Rs_rwx@ cqu. edu. cn

SIAHEN: a8, %, Rxl, & —HERWmwaEREGAER S %)) AFRMEMXAFF®R, 2019,45(5) : 873-
882. REN S, XU X R, ZHAO Y F, et al. An efficient method for adaptive segmentation of oil wear debris image [J ]. Journal of
Beijing University of Aeronautics and Astronautics , 2019 , 45 (5 ) : 873- 882 (in Chinese ).


qwqw
图章

http://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=BJHK201905004&dbname=CJFDPREP&uid=WEEvREcwSlJHSldRa1FhdXNXaEd2Um5TT3JSVkRwTUxvZnBzdEVIT1Fjcz0%3D%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

874 b5 M = MK k% F M

OH T PRAIE R B 1) PR R A ASTE 43 1 2o i AT LA
I8 B o F i A FRCR e A T R ok A
G S H AN T 2 5, A SCRLE I 35 A 4]
180 EER G, 22 bl Y — Pl & K R {2
PR BB 7 5 o %7 LA R B B IE
SR U T 53 ) 3 o F KA I 3 AN ERT . L
ML &2 A K B & W H-minima £ A X #6 J5
BUREAT B IE , LA A 20 7K W 5835 %0 48 1E )i 1Y
B JE TR AT — 0 1), 115205 45 68 R i A0 S0 B
AR X 3o 23 07 AR AR AL DX AT A O, 58 U
AR | LS I ST RPN (N = B A
P, BT o B R P R i 22 R T S B B A
PEE o KA SCRY 2 5 1 5 2 L B R 0 1 D5 ik A
REVE A AT IO B B UEAS ST R A
SR EIROCR BB, LR B2 i L R 1 A
I F 5K

1 5K 53 &l
1.1 EEEHREEN

1 58 53 7K W B3 % W 75 A 5 BURR, It HE X T
T M B 2 TR AN — 1 B R R R, S
FEAE ™ FE A 2o o B (), TP 28 2% 2 A 2 T B B 15
MRS S A T IEZ — L S AR ICER,m
HRIEIR  se HEEHITER N ST m 1% 2
E LN
h,,y, = (h,@®se) Nm E=0,1,---,n (1)
AP by EAREEE b O BRI AR by W
HER PRI ER fo X)W Ry, =h, B
1R

A SCE S A IR 25 2 5 4 B30 76 0 R B G
AT Ab 3, DATH BR A S5 rh i 38 0 W P e R R 119 3R
T SRR G B R e R e i P & o
TR EA TAER, B e & R B OGTR R AE
W EIE N RGB 2, 25 [] 5% 4 3] HSV 318,25 ]
RV sri BRI G S 45T R se,
XV 3 i AR AR R HE AT T A iz R M A B
L AR BUR BRI B 2 A R

fii F Sobel 71 2% 55 % 5 44 [KIZ Y 7K °F- Fil e
5 W53 5T R B B R BUE S E A E R
MR RE 1 g0 B 1 S 57 B R 14 466 2 TRIR 32 UR
Bl SXFV i B R OB B RS T, 2
TV 35 2 H A AR 6 B MR AEAR R AR b il /b
TG b MR R T S s SR AL, K 1 O i 4
ARAT TR A0 B R85 55 6F LG S i 4
1.2 ETFHIEN H-minima K& 55 K 1¢ 53

TH M E R EA -, T

. ™

(a) hilm % f
3 ™
&k

(¢) e T @ (se = 10)

(d) EHHIERIR g

P 1 RS o ARSI R

Fig.1 Gradient image after morphological reconstruction

25 2 T M AR IO B U M PR AR A A e — R M
H bR X TG 56 BB /MBS . S T R AT RE BRIT A
= 43K 43 45 B, AR SCHE T Homini-
ma FE AR X B BE TG AT 16 O ST B E H O
BEE BRI AR PN T H R H 4 /M, 2L
2 B TR /ML A 80 A, AT B 3 2 K i
ek 20 ] B . JE T H-minima 55 A X6 B2 14
g MEATIB IE /9 F BB By« ) B H 6 B 1 T
R AT FRIC , W ARC 5 19 B 1% R JH 3 ) B /N 18 5
HE— 2B IE 75 PR B /M L BLE B A
TCRL B b DT 52 B T 0 6 1 T A 5
R (2) R (3) FiR.
g™ = Hmin(g|H) (2)
g" = IMmin(g|g"™) (3)
A g™ % 1) H-minima 78 1k J5 B4R T R
g R 23 B R BN 1B R B8 OE B 1R
Hmin( - | ) 28775 % & 4 86 5 % ¢ FI R H (4
PEAT H-minima 284t ; IMmin ( « |« ) 75 %) 5 44
BB PR FI T g™ A e PG kA7 8 ) B /N IB B
B H R 45 7 P45 0o 40 0 A0 2 20 o 7R EE Y
SRS B H T LA R 2 M (H
X 55 11 s 45 77 AR R R AR T . AR S H-
minima $5 AR —BHX H 04T A R EE B
SE ) H AR TG s A 45 5 PR 40 3 31 5 A6 1) 4
OB TR IE Hominima 35 A 7T DL A B [ 2
(906 1E 7 2 TE T AR AT, SCHR [ 10 ) 224 % 18 T M
B B TG 0 248 R B AR 5 = B A /MR, B2 e



%55 3

AT A, 45— b o 280 B 9 BT 15 A 35 B 7 0 D vk

875

T8 H 50t Bk
(M, -M))* + (M, -M,)*
H = T (4)
M, MM, G350 Sy AR KR g 11y
{HL Ry A /ML 1 347 {1 R0 J 3 AR AR 1 24 0B
FIHE (4) XF 86 B2 G AT 15 0F &K X
A S W B RAEA T 5, M (Y 1 B AR BT
HTHBR T B R R S S e (LI 2 (a) A2
L) (B G A 1 55 2 2% TG 125 AR A5 ME A i o2, T
Bl 2(a) A5 BE R, TEE 2 (c) tP Y B T 4™
B R 43 E B4, U0 W e B HAE i K, HIEL Y B S

(b) TEHBRIE I (& LTSk e (L

) ._ 2 . ,

(d) H'i(F(4) ~ F005) MEIERBEE I {853k AR fh

B2 5B IE AR 0 0 K 0 e 4k

Fig.2 Watershed variation of gradient corrected image

NI ARG B 2R . R T IR R BB
FEAEIE i B 3E N H (EA AR A 45 vk, 72X (4)
WL EX H S8 AT EEBIERF B0 <
B<1) ,BIEJG H ZHWiTE AN
H' = BH 0<B<l1 (5)
B AE £ 32 B T80 B2 B IE BHR g™ 1Y 41
TG AR A A5 DR AT e (AR, FLAf o S ) - S AT
e PR IE B3 5K BIGAE 53 /K 08 435 J5 T8 B AR fo] — >
X ERAS 2= [6) i L 4 A S B o M 58 . 55
X HeE 45 5 BB IR T B =0. 5, BE A 4 K i
A AR AT DLAE 5 20 $9UFN 55 30 2% 2 1) B A A Y F
i, Ay K IS A AR ZE R Aan & 2 (d) Fros e HR g
Bh Z,5rEIZ N 0, BERT, H-minima 4% AR A 5
EE T Ay K B 0 4 ) ), AT A T
T TP R AR /N MR 7S R, R B DR IR TS R %R R
P HEA 7 7 o X T )™ 1 B B R TR Bl % 55 JUIR
VES AL TR M B R A5 LA 5 S B B R I oK I
B X LR SR —E N aH i
G A 25 8 3 B R 5 B 1 8 B R A SR B IR
JE I HAE R R vF /D ik sy Bl ) B AEE. AT
20 fiff D i S DX I Ao 43 R TR) A K A K 0 3
HE I — U XA A () 5 X8, £ 4 6 T DX A
RUHE A DX 35 A I RN, DA o A 45 AT 5% H o

2 REEFH

2.1 ET Lab Z=EpE & EH 77 E AR E

32 VERLAE AR IBCAS 1 04 5 W) DR 1] 5% 4 i
sEHTREEAVRMEOES, HIEBEEER
X G I E BRI — . BEETTE
St B R K Ik Z —, ) iz T A
QK R, 70 R AL 32 OSSR A 7 B8 A AL e 5% A
A REARZE IR . % 3] RGB B 353 ]
HATF A NIR AP GE RN, 1 3+ 5 AL B
5B B N AR — B0, A S0 2
Lab 257 (1] 5 Ji 7] S5t DX S8R 0 (5 1 5 P ) i B L
PEo N T s s 1], 32w R A SOk L
IE a Gl IE b E E AR 46 16 A B S
G, BRI K We oy FNER Z b a5 A K B
{i, A XA 167 =4096 F 6 R 7R , KK 42
B A X3 — e g @ mr K. B3y
B 2(d) Ze [ b B0 1 45 X039 /9360 7 &1 4
BOR B
2.2 E-F LBP g BB H 77 EFFERK

Hh1 T 78 3 TR AT S 3 SR X e
5 B AN BUME LLAE B o3 A B 5 B B3R AR B, i
AT RE & AR IR YA o O TR S AU [ R



876 b5 it = it K K % 2% M 2019 4F
(a) 7R BIZREAHIE IR T 3k R (@) 7R PIECRAHERIREGTR ) 73 KM DO
: 0.12
0.001 4 00020 f 0.06
0.0012 i 010t
sl 00016 | o
- - 5 ' s 004 g 998
: . = 00012 | - e
£ 0.0008 £ 0 f_ oo = 006}
eA0s 00008 R 002 R 004}
0.000 4 i
0.000 4 0.01 0.02 ;
0.000 2 : LIl |
- g 0 100 200 300 0 100 200 300
0 2 000 4 000 0 2000 4 000 ) , =
R ) LBPLCI LBPLLIR (i
abii {0, 44 ab%i (& L 41 4 i . o _
FHENRAL LabZii s SRS (b) K1 HYLBPLLA (©) R IR3OMLBPLCI
(h) B Labigi (e) EIR3OMYLabii (2 RECEEvAL GRLNEvIC

S T St T 1

3 gk U8 o3 ) DX i B € 1y PR 4R BOR 491
Fig.3 An example of color histogram extraction from

watershed segmentation regions
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An efficient method for adaptive segmentation of oil wear debris image
REN Song” , XU Xueru, ZHAO Yunfeng, WANG Xiaoshu

( State Key Laboratory of Coal Mine Disaster Dynamics and Control, Chongqing University, Chongqing 400044, China)

Abstract: In order to improve the segmentation effect of oil wear debris image and optimize the main con-
tent of automatic recognition of wear debris, an adaptive segmentation method of oil wear debris image which
combines watershed algorithm and regional similarity has been proposed. First, the gradient image was modi-
fied by morphological reconstruction and H-minima technology, and the watershed algorithm was then used to
segment the image. Second, after watershed, the Lab color feature and local binary patterns (LBP) texture
feature of the homogenous region were extracted as their quantitative indicators, and the color similarity and
texture similarity between the regions were calculated based on the Bhattacharyya coefficients. In order to
merge the over-segmentation region with much accuracy, an efficient feature fusion rule was designed consider-
ing the dynamic weight of color and texture factors. Finally, some post-processing methods were taken to com-
plete the segmentation. Sixty images were selected to test the segmentation effect of the proposed method. The
results indicate that the average segmentation speed of single image is about 12 seconds, and the segmentation
accuracy is more than 90% . This method avoids the interactive processing when segmenting wear debris ima-
ges, well balances the segmentation efficiency and segmentation accuracy, and significantly improves the ad-
aptation degree of segmentation program.

Keywords: H-minima technology; watershed algorithm; color histogram; local binary patterns ( LBP)

texture ; Bhattacharyya coefficient; region merging
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Fig.1 Vibration schematic of cantilever beam with

tip constraints
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Table 1 Eigenvalues A, of cantilever beam with different tip mass and spring constraints
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Fig.2  Vibration types of cantilever beam
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Vibration response analytical solutions of cantilever beam with
tip mass and spring constraints
MA Binjie ", ZHOU Shutao, JIA Liang, HOU Chuantao, RONG Kelin

( Beijing Institute of Structure & Environment Engineering, Beijing 100076, China)

Abstract: According to the eigenvalue condition of cantilever beam with tip mass and spring, this paper
proposes a characteristic transformation method, and obtains the analytical solutions of generalized mass and
vibration response of cantilever beam with constraints. By analyzing the variational regularities of amplification
factors of root bending moment, tip displacement, tip velocity, and tip acceleration for this cantilever beam
the results indicate that the stiffness of tip spring has notable effect on static and first-order load responses, the
restriction of tip mass can be relaxed in the load reduction design, and the analysis order of load response is
between the analysis orders of velocity and acceleration. The proposed characteristic transformation method can
be used to obtain the vibration response analytical solutions of cantilever beam with other loading distribution,
boundary conditions and tip constraints.
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Simulation and experimental study of mechanically
pumped two-phase loop for CCD

ZHAO Zhenming, MENG Qingliang® , ZHANG Huandong, ZHAO Hui

( Beijing Key Laboratory of Advanced Optical Remote Sensing Technology, Beijing Institute of Space Mechanics and
Electricity, Beijing 100094, China)

Abstract: As one of the core components of spaceflight optical remote sensor, the temperature of the
charge-coupled device ( CCD) will affect the working performance. Therefore, traditional thermal control
products have gradually been difficult to meet the needs of high-power CCD precise temperature control. In
this paper, the start-up characteristics, operation status, flow and heat transfer characteristics of internal work-
ing fluid of mechanically pumped two-phase loop (MPTL) used in temperature control of CCD are studied by
simulation and test. The results show that MPTL can absorb the influence of external heat flow of condenser
and working mode of CCD by adjusting quality, and the temperature control accuracy of MPTL can reach
+1%C. The parallel branch of the evaporator, the load of the evaporator and the temperature change of the
condenser in a certain range will not affect the stability of the system, and the CCD can still be controlled at
the required temperature. By comparing the simulation with the experiment, it is found that the error of the
simulation model is within +1°C , which verifies the validity and accuracy of the model. MPTL can satisfy the
requirement of temperature control of space optical remote sensor CCD very well. It can ensure that the CCD
always has good temperature stability and uniformity, and the system has good operational characteristics and
robustness. It has a good application prospect in the precision temperature control of CCD.

Keywords: charge-coupled device (CCD) ; remote sensor thermal control; precise temperature control;

mechanically pumped two-phase loop (MPTL) ; two-phase flow and heat transfer
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Abstract; A solution to the stage of state-keeping after tether deployment or stage of tether in-plane mo-
tion stabilization after payload capture with space tether system (STS) in the case of incomplete state feedback
is proposed, which is based on matrix decomposition. Feedbacks of in-plane angle and its angular velocity are
assumed to be absent. Tension controller is designed to surpass tether non-normal behavior after deployment
and in-plane swing in-plane after payload to make the system return to stable state. Conventional combination
method of linear quadratic regulator (LQR) + reduced dimension observer is also introduced for comparison
with the proposed controller. Effectiveness of the proposed controller is validated with perturbed parameters.
The simulation results indicate that the proposed control law demonstrates better performance in overshoot and
settling time than LQR + reduced dimension observer method. Deployment error of tether and in-plane pertur-
bation are effectively controlled by the proposed control law. The proposed control law has the advantages of
structural simplicity, good control effectiveness, and no parameter adjustment in design process.
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Fine alignment method for rotary strapdown inertial navigation
system based on augmented state

YE Wen'? " | ZHAI Fengguang’, CAI Chenguang', LI Jianli’

(1. Division of Mechanics and Acoustics, National Institute of Metrology, Beijing 100013, China;

2. School of Instrumentation and Optoelectronic Engineering, Beihang University, Beijing 100083, China)

Abstract: Initial alignment is a key technology of rotary strapdown inertial navigation system ( SINS).
The existing 10D model of traditional rotary SINS is mostly used for the fine alignment, which cannot meet the
requirements of navigation accuracy. To solve this problem, a fine alignment method for rotary SINS based on
augmented state is proposed. First, scale factor errors and installation errors are extended to state variables,
and a 28D fine alignment model is established. Second, the observability of 28D model during rotation is ana-
lyzed. Third, a 13D alignment model is designed according to analysis results. Finally, Kalman filter is used
to achieve the fine alignment of rotary SINS. The simulation results show that the proposed method can effec-
tively improve the attitude alignment accuracy and estimate more gyroscope error terms compared with the tra-
ditional initial alignment method.

Keywords ; rotary strapdown inertial navigation system ( SINS) ; initial alignment; observability; Kalman

filter; fine alignment
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Fig. 1 Extended finite state machine model of ATM
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Table 1 Relevant parameters of experimental models
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Table 2 Average number of iterations and average running time for different algorithms
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B A K
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[0,2047] 197291.8 106831.6 1649.7 427.3 5072.7 2831.9 2639.8 905.3
[0,511] 113718.0 97355.6 4826.7 889.3 12041.5 5275.4 11040.9 2255.5
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[0,2047] 87049.8 227285.3 8193.6 4532.3 7820.7 16493.2 20004.8 15192.9
[0,511] 87653.0 24091.4 870.0 122.8 3482.4 915.7 1229.9 211.7
Cashier [0,1023] 77864.8 41564.1 1343.7 220.4 3046.8 1348.6 2807.9 406.6
[0,2047] 32290.5 51415.0 1918.3 327.6 1241.3 1842.8 3624.3 629.7
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Table 3 Success rate of different algorithms
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[0,2047] 16.4  88.2  100.0  100.0
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Table 4 Target test path with its separable input

variables and initial separation transitions
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Evolutionary generation of test data for EFSM based on
irrelevant variable separation
PAN Xiong® , HAO Shuai, YUAN Zhengguo, SONG Ningfang

(School of Instrumentation and Optoelectronic Engineering, Beihang University, Beijing 100083, China)

Abstract: Extended finite state machine ( EFSM) , a more accurate test model than finite state machine
(FSM), has been widely used to describe dynamic behavior of system, and thus has been taken as the test
model of various control flow and data flow systems. For EFSM model test, using search method to obtain test
data to trigger a given test path has become a research hotspot in recent years. In order to improve the search
efficiency, this paper proposed a method that originates from genetic algorithm ( GA) and can automatically
separate irrelevant input variables in a test path. By analyzing the relationship between variables and state
transitions in EFSM and separating irrelevant input variables from the individual that does not affect the transi-
tion’ s guard in the sub-test path, the new method reduced the search space and enhanced the efficiency of test
data generation. The experimental results on various complex benchmark EFSM models show that the success
rate of the new method to generate effective test data is larger than 98.2% . Compared to the traditional genetic
algorithm, the average number of iterations of the new method is reduced by 44.7% -85.9% and the average
running time is reduced by 24.1% -85.5% .

Keywords: software testing; extended finite state machine ( EFSM) ; test data generation; genetic algo-

rithm (GA) ; space reduction; irrelevant variable separation
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Fig.1 Appearance and dimension of airfoils with

three kinds of wingspan
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Table 1 General design parameters of three UAV

reconfiguration schemes
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L HE R/ m 11 8 6
R IE R 3 3.8 3.5 4.5
S NiPuE: -2.5 -2.7 -3.5
LA R 1.3 1.3 1.3

2 LI 3 BEASH O A AR ekl
Fig.2 Airfoil” s main structural component

layout and module partition
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Fig.3 Modular reconfigurable airfoil’ s structure compensation

optimization flow considering load correlation
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Table 3 Optimization objective result statistics

O WrEfi AR MR
gy BT gmrm @mHorE2 BHOIES
oYY

Gt ke Bige  HeF/ 0 Bide W B R
Fht/kg % EA/kg /% Fi/kg /%

1 49.03 47.16 3.81 46.65 4.85 46.73 4.69
2 8.94 8.33 6.82 7.90 11.63 — —
3 6.64 6.64 0 — — — —

x4 BRI EFREEEHZEMNERS T
Table 4 Optimization result statistics of thickness design

variables belonging to top skin of Module 1

% B B 5 R/ mm

=]

e KX EERA EERE B R
i WHEEED WHRIE2 WHEIES
TU1 4.22 4.13 4.26 4.05
TU2 4.71 4.66 4.58 4.61
TU3 4.14 3.91 4.11 4.06
TU4 3.75 3.65 3.55 3.71
TUS 3.81 3.77 3.71 3.77
TU6 3.45 3.22 3.42 3.44
TU7 2.84 2.64 2.62 2.71
TU8 3.16 3.04 2.94 2.85
TU9 2.55 2.55 2.45 2.46
TU10 2.54 2.34 2.42 2.34
TUL1 2.73 2.62 2.52 2.42
TU12 2.41 2.31 2.38 2.31
TU13 2.31 2.24 2.14 2.05
TU14 2.70 2.56 2.46 2.17
TULS 2.30 2.26 2.23 2.04
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A step-compensation optimization method for modular
reconfigurable airfoil
LUO Lilong" , WANG Likai, NIE Xiaohua

( Computational Structure Technique & Simulation Center, Aircraft Strength Research Institute of China, Xi’ an 710065, China)

Abstract: For optimization of the modular reconfigurable airfoil structures, three wing modules that dis-
tributed along the span direction are taken as research object, and the correlations of load among airfoils with
different wingspan are investigated. The complex coupling effects between variables and constraints are re-
solved by adjusting the design space during iteration automatically. A step-compensation optimization method
is proposed for design of the modular reconfigurable airfoil structure. Optimization model of airfoil structures
from a modular UAV is established and optimization design is conducted using both the step-compensation
method and the traditional single scheme optimization method. The results show that using the proposed meth-
od can achieve steady convergence, and compared with the results from single scheme optimization method,
the final design in this paper can meet all the design requirements of those three reconfiguration schemes with
limited cost of weight, and keep better practicability in engineering.
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solar-powered UAV
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Table 5 Energy conversion efficiency of components
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Three-dimensional optimal path planning for high-altitude
solar-powered UAV
WANG Shaoqi, MA Dongli, YANG Muqing ", ZHANG Liang

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

Abstract; In order to enhance the flight performance and load capacity of high-aliitude solar-powered
UAV, a three-dimensional optimal path planning model that examines the interaction between flight status, en-
ergy acquisition, storage, and consumption was established. The Gauss pseudo-spectral method was employed
to transform the optimal control problem into a nonlinear programming problem through approximating the state
variables and control variables on discrete points and satisfying the constraints of dynamic equations on a set of
collocation points. Then optimization and simulation were carried out for a typical point-to-point mission and
the optimum path was compared with current constant-altitude constant-velocity path. The results indicate that
appropriate changes of flight attitude angle increase the net energy of solar-powered UAV by 9.2% . By com-
prehensive utilization of changing flight attitude angle and flight altitude, the proposed optimum path brings
more energy profits, which improves the battery pack final state of charge by 18.8%.

Keywords: solar-powered UAV ; optimal path planning; solar cell; battery pack; Gauss pseudo-spectral
method

Received: 2018-08-31; Accepted: 2018-10-15; Published online; 2018-10-29 14 .59
URL: kns. cnki. net/kems/detail/11.2625. V.20181025.1134.001. html

* Corresponding author. E-mail: buaa_yangli@ 163. com



2019 4 5 H
$45 4% 45

tEMEMRKEFFR

Journal of Beijing University of Aeronautics and Astronautics

AL LF 4R

i May 2019
_ﬂ 5 Yy
i L Vol.45 No.5

http: // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2018. 0528

jbuaa@ buaa. edu. cn

& T Z FR1)[E B2 RE Retinex By K Z B R 1853

= 1, % M 2
mERT, WiEE
E TR A R E SR SEBE, dbat 1000865 2. JEatfizs iR RS THREALERE, Jbat 100083)

B HAMAAREERBEFASATIHINRFERGRRLERNG A, &H T

—MHETZTIHRMAERE Retinex WREBGHER % REELRATEANAA &A%
HERR S SRBT AN Retinex F ik , G AR BRI 2 A ZNTH, HERESGFTRREFEAR
W SEMERAE AASSBRFENEAETEERTHATEHAE, RALBRBRMA
WEG:RE,.BReZBRBRKEGERTRENER NAZRAKFEEHGENK R AT 0
Wk, LRERLA TREFBCAREIRAIAIRE A RIELFZFEAGRNEERIAL

& NIV E B8 B

X ¥ W BEFE; HGNE; BeoM, 2 FHEE;, RFER

hESES: TP3II
XERARIRED: A

Bl TS ALY BB RO 42 = A 22 AR HOR B PR
e J AR AR AR 2 A 0 22y F 4 003, KA
19 M 4 18 Sk T AR B R A 4 R g AL X
i T i S M A R TR AR A S Y
BT R A M AR R R A I
S U AR B S HL o A X T2 /% K
RGO AR Sy 1 BUXT HEBE AR 4019 Ak
W ERmEAR ARG o KB B R
RGN EEEA L, EE T2 R
ARG o B 5 R B2 0 H AR
AL, 3 2 el R BOUE | =55 20 A A2 IR . [
L, AR AT ) T T A5 Ak B 5 AR 3 R 55 K %) A
F G AR i e TR LA U — A AR A
LI R, AT e 9 L A

AT TR 2 55 53005 MO 75 M) P 4y LA T 11 £
JE, ATRLIG G o 2 28 B T ISR R (1 T iE ANk T
BRI 35 10 07 3k o kT4 BB R 1) 55 K IR Rk &
P PNEE SEX AN S I PN W € [ RSt b

NEHS: 1001-5965(2019)05-0944-08

ok SR AR o R G 2 8, S i o TG 5 G, AT
e AR R LA ME TR R AL RE T 5.
BT BRI SRHR 19 25 A % 1 R 1R AL 1
PR, AN 2% 1 5 5 B A A %) BG JBE ARG A R 5
fiE 38 2ok %F EGRA R A B 2E A7 38 98 W) B 10 o) B8 o
EBRATENE L R BRI 25 BRI
3 I

BTy BB L 4 %5 K RS E T  E A
53 TR AR PR R 0 J7 N T R 2y O R
Jr T WERA BN BT R
R BRI S R R TR
TPk,

IO B e 1) 2 s DA 1 i A 1 A
i, 5 R ) S L 2 114 A i e AR
IR, B R R . T TR O AR
7 R TV B4 0 7 o R R Y
N LA AR, A3 A shab 2, Wik, H & W%
ARG TS IR A

IR B 2018-09-06; FA B 2018-10-17; ML HRRATIE : 2018-11-23 08 :45
W 4& H R b4k kns. cnki. net/kems/detail /11.2625. V.20181116. 1106. 004. html

HEEWAB: EERAKRFIEES (61801448)
= BIE1EE. E-mail; gyy002005@ 163. com

51 mER, Wi ZEFZFHUEERE Retinex 89k F [ G #E[]] b FMEAK A FFH], 2019, 45(5) : 944- 951.
GAO Y Y ,HU H M. Foggy image enhancement based on multi-block coordinated single-scale Retinex [J ]. Journal of Beijing Univer-
sity of Aeronautics and Astronautics , 2019 , 45 (5 ) : 944- 951 (in Chinese ).


qwqw
图章

http://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=BJHK201905012&dbname=CJFDPREP&uid=WEEvREcwSlJHSldRa1FhdXNXaEd2Um5TT3JSVkRwTUxvZnBzdEVIT1Fjcz0%3D%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

AL HLF W

i
%5 W 1 SR 4 BT 2 T HL PR R Retinex f R 55 P {84 5% 945

BT 550 N P B AL 1Y) T 12 2 R T B A
R SR R, O B — S A A, AT
SR, H AT C S T R kR
BT IRIEZ 2 S B I A N TR R AE $2 K
i, 2 AL B 8~ AR5, R ) AR AL 4
Cai %" 4§ 115 DehazeNet [ 45 45 #4 , 1| FH % 7k 1%
THIY G BURN 28 9 25 0k 2% ) 55 K R I R AE A TR
F TRRAE BE MM 5. Ren %517 % 25 K& %
2 ROBERFAE , 32 ) 22 ROBE 6 BURI 48 W 45 % 5] 2%
K MG W FRAEAG T R Li 57 RS TE (Y
KRB EEAY, $2 ) All-in-One 25 %5 45 BT 22 ]
2% B A ER BRI KR .

FE Ty R 11 55 R MR 52 5 vk AR A i
o [ ) SR 1 A AR X H R e 4 B b Rl
o BT A B R A T %5 1 AR o SR, B HIU A
R SOCER O 58 2 HAEH 5], 38 & ik il
FARMF TR R RS R ST OLT B E
L) B A2 R, AT DG Y 28 075 R ) A8 55, #h K 3
Sr A S R B R R, AT R T R A B R AT 2
AL B PG 2 B O AR 20T T A B Y
(R

A UL e g5 1R B A A P 0 0 O 1 R AT Ak
B GG SR Ty vk 2w PR B R Y, AR
TG AR 19 K 2 UGG W . IR A 55 K R
W4 Uy AL 4G B 5 181 2 i 4k U5 ¥ ((Histogram
Equalization, HE ) ">l J% 48 #7°" F1 Retinex
Ak

7 B B A 5k m] o R R R AT
2P W, DA T 23 AR AR (B, (o HS AT RE
Y A, SRS LB R 1 5 SRR BT Y
WAk s S B RE 4 R B B AT R
LT I E 4 Ak 7 i 0 BRI L Y BT
K ¥ fi 4k J5 = ( Contrast Limited Adaptive Histo-
gram Equalization, CLAHE) (27] JTXCH T B Y
P75 125 M Y A E R B 7 B Y A Ak Dy
WL ET AR DT Uk DA R SR B D 1%
A SE AR R AR BT A0 A, X 23 3 A Y
Y R B ER RO

e A 4 2 A /NIRRT R R R £
U 43 B J7 % o Eriksson' ™ A1) T 1 i 4% 45 49 11
B, SR T T ity I8 A9 9 % SR T %o 55 R R AT
TASIESFA B, SR, 1% TT 28 B iR AR A
R B AR AT A, A B R IE — 280G T X B A
2 B i SR B SRR

Retinex $5 753 3 73 25 &1 48 19 AR A8 23 5 71 155
WOy, IR I5 FE BRI 23 it )R e A e S 23

], S5 BN g 430 3 ek A8 R, R S8 A 0 2 Y I
No MELR E Retinex( Single Scale Retinex, SSR)
B3 2 R B Retinex ( Multi-scale Retinex, MSR)
B HI AR Z 1 £ RJE Retinex ( Multi-
Scale Retinex with Color Restore, MSRCR ) &
B Retinex 513% 16 MR W % 25 Bk vb 1 1 A
WA T —E W, Retinex ] DLTE K sh 570
Bl 40 400 7 1 5 R0 € 1 3 )y T 3K 3 -4, X
RS 55 K SR E A, PR — A2 2 E N
ShE B

SR, Retinex i F ik 55 14115 19 9 1, e 3 42
Jry BB G vk R 0 g 931 73 ik 114 2l 245 Y0 ) A7 4T
TR R U A A K AT A 25O I 4% A B AR
BP0 UL AT AN ST, T A A KOEUY B
DE B ST I AN GE— , To ik PR UE B A X 0AY 1 5
ROR o P, ASCER T 2 7 B b [F] 55 RUEE Retinex
Akl A RS THE B AR AN R R A A
R 1 5 [R5, 1 Rl 220 JR) W i G B AR R A B
LI 1R . SLIRA R R, AT L RES A
BE BR R ke 55 1 52, JF R AIE 2 55 05 BHR Y
56 REORFFTE S G AR A TS o

1 EBERE Retinex HiL K H[G @5 H

1.1 B R Retinex &%

Retinex S35, AR AT 7R AR AR 73 5 7 iy
Wiy i BB 2
I(x,y) = L(x,y)R(x,y) (1)
K RERFERBAEGEE L WAZK
TR 43 5 5 R 2R RE 08 K B0 ) 1K 4 52 240 19 A Ak
Wy o (x,y) AR ZE BN E . FI ] Retinex
B S BB L B M s A e R B il B b, 4
i 25 BR AR AT 43 155 35 B IRG vo M 4y f J FH — A %
BT,

IS R Tz ) B RUEE Retinex 2 B HG /3
LR KRR 0 B MR R IT R E W
AN 52 G T AR AR 43 e a3 o T L AR A &R AN ()
A R AT Ak T E A, BCEE A O B — A R EIOCK
S G ST W W
L(x,y) = I(x,y) * G(x,y) (2)
K« "RREHEBHE 6 (x,y) NP O/ SR
B, 38 R e R A, AT

22452

G(x,y) = ke &

(3)
ﬂG(x,y)dxdy =1 (4)
Aok AL 5 Ry i ek RO ROBE S 50



946 b it 2= it R R % % #
SR T 8 S (2) W R B, R EE
Retinex $2 i M 43 5 1o 2 B AT RIR N
resg (2,5) = log(R(x,y)) =

2019 4

log(1(x,y)) —log(G(x,y) «I(x,y))  (5) @ FXIEE® () BIORIOE (o) BB
St X (5) 940 B0, P81 {8 5 9090 Bt BB, A worker WRAR R
X 31 S B 24 10 4 RO A A LS, T LR Retines AR 125 2
B 1(b) FTm. 3Rk, a2 % & 0 40 & 9547 3R 7 Fig.1 Processed result of single-scale Retinex
AR, PG, T AR A B R 0 Mean I B R EMR G SR ACR (B AT 40T B BB - A
197 2% Var, 153 2 2538 Bl B9 8K A Min F1 Max . F A2 JRy A ST B OR R AT i B0 19 {5 R s A TE
Min = Mean — Dynamic + Var (6) TR ARG S B A R, Iy 24 % Ok o3 A A
Max = Mean + Dynamic + Var (7) Y, BEAS DI Y X508 22 0 8K, B fIt 3l 25 4 e
A Dynamic K E A7 E A H S8 K5 i WEIFA -G
W43 i JOE AT 2R P AT, 3R A B 2 3 1 T 1R S 2 B SRS (R 2 Ca) R
Value ; TR X0 1 3 S8 1 TSR Bl A Y
Value(x.y) = resp (x,y) — Min (8) B, W 55 X R 2 55 s R IS (il n &1 2 (b) i T2 A
’ Max — Min FR R AR ), (H 3 55 DX R AD B T A a5 ()

AR E AR ME 1 (e) B, B, 5 E2(b) hEEBE) . HH AT E X
Pl 1(b) Hodse, Heah 2530 B 34 B, B3 4 AR (B 2(a) W B 75 JE X 380 (9 39 (48 7 53
1.2 @& 5 AT L I 955 DXCIOR B e o, R 25 IX
B Gy R Retinex 35 5 TS0, HRA  WMEFHAMIK.

18 T |

(a) #e%s [l {$worker (b) FI e 2 IR B it (c) FI M K LAY H S0 |t
SEFT RS 4SS 5 HEFT RS S

P2 R AN [ 5 440 5 o A U 4% 55
Fig.2  Stretched quantization result using different local mean statistics
1) A 1915 B 53 Ff < AR SORs BUZ o7 i AR
2 ZTRMERRE Retinex FIX gy mn wiss b 7 R ik 55 56 52 Ret-
EFSFAS 1 T Se 4 A B, AR ORI T 2 T inex JEAH—#E . R, b 7 apDe2, i ARGE
YRR B R Retinex 254 % i G R4y % UEDRS o P AR 350 S 8 B 7%-51 S 0B BTk
AT Y AT E G I T A s AW E , 7R R e AAN YT 3 N re o
T 5 AR AT 2 R 0 SR U i Y o 15 B 2) ZFHA 5 EARMWE R BA — W
J TR R R P R A R SR s R By IUEME RILE SRR S T A [ e
TR ANE 3 oo T TS O B A3 1) S it 4 1 E AT 55 XU AT e 2R 4R B[R] — A>3 AN i)
T4, s AT EE A SCHE K R B 5 1) b B R 45

’_~| T | s i || s
(ot |~ () mitiie

T || AR | S04

K3 T2 T Yeblh ] By B RUE Retinex 5895 i A2

Fig.3  Flowchart of multi-block coordinated single-scale Retinex algorithm



55 1

1 IR, 45 T 2 T e ] LR Retinex (9 55 [ {5 4t

M ATHNN B (R ERE R, TR 5
AR R3] oy R A EL T B /N S B i 2 A5
W, IR, — e B0 MOV A JRCIE D i A2 -

H
200

LA
200

Kb WA H 23 50 8 AR R SEEE MR . Z A,
Rk A7 H[DT, Dy, D]k =MN, X kA
T X 10 7 5 40 e e
rSSRk] o

3) ZA> S IR [ AT 22 i 1 otk 11 45 . Xl A
B A T r = (1,2, k] BT
HHME Mean, FI¥y7J5 2% Var, , I 350 i 8l 2558 [
(LB {H Min,, F1 Max, ;
Min, = Mean, — Dynamic - Var, (10)
Max, = Mean, + Dynamic - Var, (11)

SIS T 08 8l 2530 B AR (L 0T g 490 48 5 >
AT EME BT, BT 2 iR 0 S 19 R Value,
ren (x,y) — Min,

Max, — Min,

M=

(9)
N>

Value! (x,y) = n=1,2,-k

(12)

4) EMRRL G O T e PRGN 3 g A R

358 2 [H] 4R B L, AR S0 A K 2 A R e
F4 8 i PR AT AR AU A, B ik 08

;
r(x,y) = anValue;(x,y) n=1,2,-k
n=1

(13)
Ker B2 T B R) B RUBE Retinex (19 it 25 28 5
w, A n ARy A 5k PR AR 6 L AR A

947
Qw, =1 (14)
—BAEI T w, =w, = =w, =1/k,
3 XWHEREHW

h T B UEAS SCH I 1 ROR A R S
RIEBREZ LR LS R . B L T -G o
MR £ I EBCR B F A ST 5
ALY 7535 R Retinex 3% . | T2 T H o7 Bl
A 18 D7 ¥ X Mk 5 AR 110 T W B2 4R T A B, AR S
B2 M Retinex SEEBEAT X L o G AM AR SCE 4R 1L
THT 5] 58 0 R 4 ( Dark Channel Prior
based on Guided filter, GDCP) 4 """  Haze-line
B3 H DehazeNet 5537 1 45 K. GDCP %
T 2 G (53 1% 1 ROt M T R R S B R kAT
KIg %%, 2 NRCR B [T e )71z . Haze-
line J2 I JH 42 Jm) Jo 46 k47 25 5 WO B8, A 0 T &
BEZE P LG R A, DehazeNet & 3k T
EaE AR, i blas A 3 k1555 KK
BAFIESE N £ 55, ok T F LB H R AE Y n)
T30, N T B UE A SCER 1 B B R Retinex {4
PR, 3 $2 4 T 2 L Retinex 57 9% i 45 5 3E 47
X o

TNV H I v 1 45 0 58 4 il IR Y £ L2
TRAE , REAE L BB M S et ) o i (B Tk
SE IR o AR SCR L TR T R A0 R
Gk, NG, O T BRIE 25 55 A5 R B B WASCR AR SCH
AR B8 Ch) 3 38 ) UL b (e ) AT R 30 2% B
B G 8 (o) ™ X 38 380 LA 0 4T % WA it 3P
o ZHFERORM RGN 4 ~ K 6 iR

(a) HE 4%

(b) Retinex%t

(c) GDCP%5 R

(d) Haze-lineZ 5

(e) DehazeNet4h 5

B4 KERORIHR ]
Fig.4 Example 1 of defogged result comparison

(F) 4353



948 b5 M = MK k% F M

JeALF R

2019 4

(a) HeZF (%

(d) Haze-line&k 5t

(b) Retinexfk §

(e) DehazeNet&

(¢) GDCPZ;

() A< S

BS  RERCRXT R 2
Fig.5 Example 2 of defogged result comparison

(d) Haze-line&t §

(¢) GDCP5

(e) DehazeNet# §:

K6 KFERRILRY 3
Fig.6 Example 3 of defogged result comparison

GDCP 5335 2 F FUHILAT B L, 57 32 D6 4 O 1Y
I 2 BOE 3 1 55 R A B o5 AR I
BIGsE BE TG BIARIIE . AnTEL S (c) Birs , R
RSB T X%, (H 5 B W AR IR, 403 xfE AR
o Haze-line 535 MR 45 25 K 161 15 b A [ 231 €2 19
BRI AAE—Z HEM A, i R IR BT 2
A IRV R R R W B R R L, S
FEIMG . SR PR KK BN RA—ER 1,
T LA R B £ 2% 3, i 4 (d) (B S (d) iR o
DehazeNet 535 X5 K4 A %5 1G5 BR 0 247 I

S5 R T TR EE 2 2] 0 3, (H AT B T B O A
A, B, FJH DehazeNet 55325 17 ¥ 55 KR 1
EBRSH B R F RO, W E 4 (e)
Kl 6(e) iR, 4 Retinex 5 FIAS S A
S EX AT E ORISR SUR TR K AN
DR B Bl 28530 1B H 48 L 40 1 38 o8 R0 68 1 JL AN T
MR TR mH, B TFACELEZET A
[7) DX 30 20 28 B BT (6 AS () 00 R P, 0 AT T 24 F 3
IR AL 3 PR, 25 25 RORE Retinex B3 T4, 40
B4 FE 6 () fims



%55 3

e IS, 4 LT 22 B bl [] L RUBE Retinex (13 25 [ 1538 5%

A fu S 4R

949

R PR A e TP AR 3 i A AL R
TR B R BT E R PR 7 X Ak B
BUREAT 2 WAL o 5 LT PP Al 32 22 1 T % (]
R HELE T SRR AEAT E R IR . R 1~ 3R 3
T EIRAE SR Ch) B nT L B Ce) AT A 54
GRRIEAR B (y) M TH 45 2R, B 0 18T 15000 o 10 25
RO IR e, 3 al UL L A e] A i 2 Ak
R R RLTTHT EF 4R E G5 .

{75 S0 PR AW 8 TR S 317 B 7E A 5
AR L DL T HE AR R AR T 5 10 40 1
B o IE SR 0 EE 25 R v T DU AR SO ik
19 15 S50 9 AR f5e 5, i 2 PO, Retinex 5303 5% ]
S A AT A 7 5 0 A A A o A ) d 26 B 3 i 4
R, AW EEREBK BT X R 2
Bk .

BTG AT L R AT R i SR A B R A Y
BB DL AR R ORI £ 5 A R
SR SR IRERIDEE W NN & 1 LN
T~ RIMERA LA, A k20 2
T HA X HO ARk X R, B TR O B ik 4

*x1 4 EERENERTNER
Table 1 Objective indicator evaluation results of

defogged images in Fig. 4

EREE TR h e Y
K 4(b) 6.57 284.20 8.42
K 4(c) 6.92 56.96 3.82
K 4(d) 7.38 247.70 7.07
K 4(e) 5.43 8.87 2.21
E 4(f) 7.24 286.73 9.47

x2 BESEEREUEHRTNEGR
Table 2 Objective indicator evaluation results of

defogged images in Fig.5

EREE TR h e Y
B 5(b) 6.23 2.38 4.60
B 5(c) 6.94 1.36 1.89
K 5(d) 7.11 0.10 3.03
K 5(e) 7.46 0.51 1.67
5(1) 6.38 4.35 6.18

3 BE6EZEEEMNERTENMER
Table 3 Objective indicator evaluation results of

defogged images in Fig. 6

EREE TR h e Y
K 6(b) 6.59 248.67 7.48
K 6(c) 6.46 283.46 3.47
K 6(d) 7.53 281.39 6.78
1 6(e) 5.43 9.39 1.37
B 6(f) 7.37 358.36 13.13
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Foggy image enhancement based on multi-block coordinated
single-scale Retinex
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(1. Information Sciences Academe, China Electronic Technology Group Corporation, Beijing 100086, China;

2. School of Computer Science and Engineering, Beihang University, Beijing 100083, China)

Abstract: Aimed at the problem that the existing algorithms are not ideal to enhance foggy images with
non-uniform fog distribution, this paper proposes a foggy image enhancement algorithm based on multi-block
coordinated single-scale Retinex. Different from traditional Retinex algorithms that use the global statistic to
obtain dynamic truncation values, the proposed algorithm first divides the image into several sub-blocks to cal-
culate dynamic truncation values suitable for different areas with different concentrations of fog. Then,the dy-
namic range of detail information is adjusted with these dynamic truncation values to obtain multiple locally op-
timal images. Finally, the final enhancement image is calculated by fusing multiple optimal local images. This
strategy enables the enhancement of detail in each area of a foggy image. The experimental results show that
the proposed algorithm can effectively remove the non-uniform fog and ensure that the brightness of defogged
image is kept within a range suitable for human eyes.

Keywords: image defogging; image enhancement; image decomposition; multi-block enhancement; fog-
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Al A Ay R 0 A S 4 A8 3, 2 B
AR B2 4 2 BT

3 43T 3o R A 58 T
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Table 2 Fault injection results of launch control system
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Equivalent fault injection method based on FFS failure behavior model
QIU Wenhao'?, HUANG Kaoli"** | LIAN Guangyao’, ZHANG Xishan®

(1. Army Engineering University Shijiazhuang Campus, Shijiazhuang 050003, China;
2. Unit 32181 of PLA, Shijiazhuang 050003, China)

Abstract: A equivalent fault injection method based on failure mode-function-state (FFS) failure behav-
ior model is proposed to deal with the incapability of fault injection and permanent damage caused by fault in-
jection in the fault injection based testability verification test. Firstly, the general FFS modeling idea is de-
scribed, and the function is proposed as the basic element of modeling. Based on the multivariate modeling in-
formation of equipment, the failure behavior model is established. Then, the correlation matrixes and behavior
state vector are defined, the method for characterizing uncertain information among failure modes, functions,
and states is studied, and the calculation method for fault mode-state correlation matrix is proposed. Finally,
the definition of equivalent failure mode and the equivalent fault injection process based on FFS failure behav-
ior model are proposed. This method was applied to a launch control system. The results show that by this meth-
od the equivalent fault injection can be realized, and the rate of fault injection is increased by about 16.7% .
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LPV =B W sh i E 4 N 2 PR E &
S, Ewk'T, AR ED, BAAT, ETH

(1. HE BB E 2 Rz oGy, st 1001905 20 ERR B, Jbat 100049
3. JERUE B RO Bl TR Be, JEat 100192)

1 B EMALMST(LPV)BANFERNA L RN FEEULEHEE HE
GREREREAUKREER ., ERN_FEZHRERZH THEREMERA KUK E, @
ZHEREE-—NREFRLFW, B, ZELZWHRERS AL RFE—EWRZ, &
M EBN PV A B RRRERAFGEHEALT, —MEA SR E L T HAMRE, &
TRAEERERIARENHRAER, AXRENFAELENEH R (DCMD EENAA T @
REEZERTHRAEHRAEE, £ AAHERM" R FHE RN HALTERR
B URGEAIUEE, K- AAEER B ERANRAXBE) EREHFEENFATR

BAEBWITERE

FABB TR, FELEREN AT HERA"EE DCML &

FE U

IR LPV B R MAZHEZEHRABEFTRABFERTHARERERENHERER,

x # A
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02 i A L R R RAT A o A
YR R G WA R L AMES A (Linear Para-
metric Variation, LPV ) fE R 1R L4 XML R G
45 i FEE AT TT LA ) LPV B £
IIMTIX AR R G R T RAE .
T, LPV AR e A 7 FH 7 6 1 4 B 0 428 o] 35 0%
HR TR R A O A ) R A A A
— MR UL, — D RGEH LPV KLY a] LU i HfE
A R DR /}Uﬁ(z?u& O 55 B
MESH LA R . Rid, 7850 bR R G i 2
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##iH ( Compress Measurement Identification, CMI)
SRR Y B 2 R 46 Y & B ( Dynamic CMI,
DCMT) 5535 & M A J5 T fife o bk o) i, HE—,
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LA R 1%k ek B ek B B DAL R AT DL A
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-\ (n - p, tp
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Dynamic compression measurement identification algorithm of LPV model

QIU Peng'?, LI Minggian'*, YAO Xuri’, ZHAI Guangjie>* , WANG Xueyan’
(1. National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. Mechanical Electrical Engineering School, Beijing Information Science and Technology University, Beijing 100192, China)

Abstract: In solving the identification problem of linear parametric variation ( LPV) model, the least
squares algorithm is widely used due to the advantages of simple structure and low computational complexity.
However, the results of least squares algorithm are subject to computational accuracy and model approximation
accuracy, which are mutually exclusive in the same system. Therefore, there is always a certain error between
the identification result and the true value of the algorithm. In addition, in the case of high-order LPV model
identification or high sampling cost, the general model parameters are much more than the identification data.
Consequently, it is difficult for the least squares algorithm to obtain stable identification results. The dynamic
compression measurement identification ( DCMI) algorithm proposed in this paper improves the system identifi-
cation accuracy in this case from two aspects. First, the “uniform motion” and “non-uniform motion” models
are used to represent the parametric function to improve the approximate accuracy of the model. Second, the
under-sampling ability of the compressed sensing theory is utilized to improve the calculation accuracy of the
parameters and expand the calculation scale of the model in the case of the same amount of data. The simula-
tion results show that the proposed DCMI algorithm based on the “uniform motion” model can accurately iden-
tify the linear parametric function. Even in the case of insufficient identification data, the algorithm can still
obtain stable identification results.

Keywords : system identification; compressed sensing; linear parametric variation ( LPV) ; linear time-

variant (LTV) ; orthogonal matching pursuit (OMP)
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Table 1 Physical property parameters of materials
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Performance of a passive heat sink using stearic acid based
composite as phase change material

ZHAO Liang, XING Yuming® , LIU Xin, LUO Yegang, RUI Zhoufeng

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

Abstract: The phase change material based passive heat sink is widely applied in the fields of aerospace
and military equipment. To address the thermal management of electronic chip with high heat flux, the single
temperature energy equation and the two temperature energy equation were applied to simulate the thermal
management performance of the copper foam/stearic acid based heat sink, and their accuracy were validated
by the lab-scale experiment. By combining with the thermal properties of grapheme nanoplatelets/stearic acid
composite phase change material established by EMT based on Maxwell-Garnett model, the influence of differ-
ent composition of thermal conductivity enhancement on the thermal performance of the heat sink was investi-
gated. And the effect of the ambient temperature was studied. The results show that the two temperature ener-
gy equations can simulate more accurately when the heat flux of the chip is higher. When the volume fraction
of the thermal conductivity enhancer is fixed, increasing pore density of copper foam has few improvement on
the thermal management performance, while copper foam with GnP can effectively improve the thermal man-
agement performance of the heat sink. The serious change of ambient temperature can play an important role in
the managed temperature and temperature control time.

Keywords : passive heat sink; stearic acid; phase change material; copper foam; thermal management;

two temperature energy equation
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Table 1 Magnetic field deviation rate of single set of

coils along central axis
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Table 3 Magnetic field deviation rate of two sets of

coils along central axis
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Fig.6 Three-dimensional numerical simulation models of

two sets of Helmholtz coils
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Table 4 Magnetic field deviation rate calculated by

finite element simulation
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Optimal design of multi-coil system for generating uniform magnetic field
based on intelligent optimization algorithm and finite element method
LYU Zhifeng, ZHANG Jinsheng, WANG Shicheng® , ZHAO Xin, LI Ting

( Precision Guidance and Simulation Lab, Rocket Force University of Engineering, Xi’ an 710025, China)

Abstract: To solve the problem of high-order derivation and reliability evaluation of optimization results
in the multi-coil system magnetic field uniformity optimization design, an optimization design method based on
intelligent optimization algorithm and finite element method is proposed. First, the parameters to be optimized
are determined, and the magnetic field deviation rate is taken as the objective function. Then, the objective
function is optimized by the intelligent optimization algorithm. Finally, based on the optimized structural pa-
rameters, the corresponding finite element numerical simulation model is established to verify the reliability of
the optimization results. The structural parameters of two sets of Helmholtz coils are optimized. The simulation
results show that the optimal parameters obtained by the proposed method are superior to the parameters ob-
tained by traditional derivation method. And the reliability of the optimization results is confirmed by the finite
element numerical method.

Keywords : magnetic field uniformity; optimization design; intelligent optimization algorithm; finite ele-

ment method; credibility assessment
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Fig. 1  Structure diagram of secondary combustion

chamber under two air-inlet structures
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Effect of air-inlet structures on combustion and flow field of inner wall in
secondary combustion chamber of solid rocket ramjet
WANG Jinjin', ZHA Bailin" ", ZHANG Wei', HUI Zhe', SU Qingdong', HE Qi’

(1. College of Missile Engineering, Rocket Force University of Engineering, Xi’ an 710025, China;
2. School of Measuring and Optical Engineering, Nanchang Hangkong University, Nanchang 330063, China)

Abstract: In order to study the effect of air-inlet structures on combustion and ablation combustion cham-
ber of solid ramjet, the flow field characteristics in the secondary in the secondary combustion chamber of solid
rocket ramjet with bilateral 180° air-inlet structure and bilateral 90° air-inlet structure on both down sides were
analyzed based on the standard k- turbulence model, a one-step eddy-dissipation combustion model and com-
bustion mode of boron particles of KING. The results show that large whirlpools are formed in the secondary
combustion chamber with bilateral 180° air-inlet structure, which is beneficial to the mixing and combustion of
gas and air. The total combustion efficiency of gas phase is 90% at the outlet of the secondary combustion
chamber. Moreover, the erosion due to particles is effectively reduced. In the secondary combustion chamber
with bilateral 90° air-inlet structure, condensed phase particles and gas move along the unilateral combustion
chamber wall, leading to the uneven distribution of oxygen mass fraction and temperature, which are not con-
ducive to combustion of gas. The total combustion efficiency of gas phase is 74% . Comprehensive destruction
due to high-temperature thermal ablation, high-concentration particle erosion, high-velocity jet flushing and
thermal stress concentration occurs at the side far from the inlet. The overall performance of the secondary
combustion chamber with bilateral 180° air-inlet structure is better than that with bilateral 90° air-inlet struc-
ture on both down sides.

Keywords: solid rocket ramjet; secondary combustion chamber; air-inlet structure; combustion

efficiency; ablation
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Modeling and experimental study of hydraulic damping isolator for
satellite micro-vibration isolating
LIU Qiaobin', SHI Wenku', KE Jun®, CHEN Zhiyong"* , CAO Fei' , MIN Haitao'

(1. State Key Laboratory of Automotive Simulation and Control, Jilin University, Changchun 130022, China;

2. Faculty of Mechanical Engineering and Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The modeling of satellite micro-vibration isolators is the basis for further simulation, optimiza-
tion and control of system vibration. Because the model of five-parameter fractional derivative cannot describe
amplitude variable performance of the damping satellite vibration isolator, according to the experimental data,
parameter identification of dynamic characteristic curves of isolator under different displacement amplitude ex-
citation was conducted. According to the parameter identification result, the amplitude correlation correction
were conducted to five-parameter fractional derivative model, and the amplitude variable factor was intro-
duced. From the comparison between the simulation results and the experimental results, it can be seen that
the modified fractional derivative model with amplitude variable factor can well predict the amplitude variable
characteristics of the vibration isolator with hydraulic damping. Based on the proposed fractional derivative
model, the influence of main model parameters was analyzed. The proposed modeling method can provide ref-
erence for the design and analysis of micro-vibration isolators.
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Trajectory control of aerostat based on prediction of
stratospheric wind field

LI Kui, DENG Xiaolong, YANG Xixiang "~ , HOU Zhongxi

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

Abstract: The stratospheric wind environment has an important influence on the aerostat design and traj-
ectory control. Taking the wind field data from 2005 to 2010 in Changsha as an example, this paper firstly
uses the proper orthogonal decomposition (POD) method to reduce order of the wind field data, and then uses
the Fourier series and BP neural network algorithm to predict the stratospheric wind field. The prediction accu-
racy of the two models is compared and analyzed. Finally, the dynamic model and height control model of the
near-space aerostat are established, and the influence of the two wind field prediction models on the trajectory
control of the aerostat is analyzed. The research results show that the prediction model based on the BP neural
network is more accurate and more reliable than the Fourier prediction model, and it can provide a better ref-
erence value for the flight trajectory control of the aerostat.

Keywords : proper orthogonal decomposition ( POD) method; Fourier series; BP neural network algo-

rithm ; wind field prediction; near-space aerostat
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A A7 1
I
W ) yoto i

TRGBEE . AT TR I —HE R g B
il RP-3 A7 5 56 LA sk A ] 4t 0™ A 10 iR 22
F-T R RE o AR ] 80, 32 20 B be e, AN & BR e
RRIFER ., AR 1,

B zs S RP-3 AL B 4T F-T P A AR R
FEWE A7 3 mm PTFE 8 R 60 mL 525 HURE i A
S S A5 O OGRS 2 A o R P4 AR AR 30 mL,
B AR A BT o i A v L Ve, R s
FEOPIE T - 40°C B =R A F P& 24 h, fii
BN BCFBARS o T2 SEAS A 90 I A8 A 1R
WA T AR 2. S mL EERIR G AR R, T ahiE
S 2 GS-MS AP kA7 1 A o A 0 T
FRIE , SR ] NISTO A ofi 35 2 X6f T i 2 73 1k A7 4 3%
ARy S ANES I O

SRR il 2 00 B R GC-MS A (Agi-
lent 7890/5975C) o A £ 43 W ik €38 4 1 ; HP-
SMS @A, A Bl 21, W Y 1 mL/min,
SR EE D9 50 ¢ L, HERE R O 280°C, AR R N
50°C ,{#$F 5 min, L} 2. 5C/min F}{E & 300°C , %
£ 5 ming BTG A&F B T IO TR G B TR
(ED) , B8 5 WK 230°C, URATIREE H 150°C
SRR 0 a4 1 2% - R 11 L2 O 280°C, 73
ok 20 2 15408 8 30°C 4% 4F 1 min, L 5°C/min
FHEZE 100°C , {2 5 1 min J5 F L 10°C/min F+ 5
% 250C,

®1 =R RP-3 FEE R F-T EBUER
Table 1 Physicocemical properties of aviation kerosene

RP-3 and coal-based F-T

20°C #i g/

Wik mE (ke A i (M -
H/C YK /C z.
Wa ooy T R (mm ke ')
<)
RP-3 788 43.0 -47 1.72 42.8
F-T 758 55.5 -28 2.22 47.4
HH - \&ﬂ\
Tk ik

= I
I
MR

BL ARG A% P Bk SURRRE UM AL 204 00 3 72 1

Fig. 1 Flowchart of gas phase component detection of

GC-MS 6]

hydrocarbon fuels under low temperature conditions

B SRR R B R R ) LA B I ZE U A
BRI A RIS F T & 351 & B WA 13
AR RL 1R . IR R 4 T4 U R
e DA B E T 2R R S A S A —
AT 0 o TTIOL 2 AR DA A X A0 28 %2 4
AT R A R KR e M — A
TR MR AR I R G B R SE 0T 25 AR
BN A AR BT T 38°C T, 75 ) 45 5 th B2 4 4
R, PRI A SC I B T IR A 8k i 0 TR R R R
T, A Yo 345 0 L 091 06 47 R A o 2 0 0 3 SR
MINIVAP VPXpert 7 < JE W & 1L (45 4 ASTM
D6378-10 R ") o PR IR B 407 -5 T A
F1IA 5 S2 360 (7543 SH/T 0733—2004 4 ") .
1.2 SRR

KRR R RS ol HWP21-30S 8 4
% BRI 52 A3 (45 A GB/T 21844—2008"" 45 ) .
LA E FERRERS EERL BARL.
IV G VR R4 2 G5 R 1 3 A 1 B0 A

KL SR S A A R A T R
FE, BIAIA — 5 S5 ik R, DA 32k 3 % 5 I S
PSRN FEIRA IR VAV HE IR 4 R R g Sl i
38 57 KR T I A 7 PN R A U AR A
KA 25 07 T Ak o 28 R i, 8 5 G AL
TR o A TRE T ARV, R 0 p
TFEN AL TR m,, I - 2 5 R 29RO IR p,
DR B3 2 5 KT I py o 45 3 HE IR J7 9 4R 4 2 A8
SRR A D R Ry AT AR m, , B A5 B R
I fo
m, = (p, —p,)VM/(RT)
mgy = Vip
VOl AR A R M g 23 R R R
IR B T IR

2 HR5UR

2.1 HMEMBBEHEASDH

PR ZE VR ZH B 5 WA T ) Jo 2 B VAR O
P LH 7 3 360 T S R YRR R S AT I E o 5 AR
22 BN, Mz Bk RP-3 4H Uy B B 4y, &
BRI T RO T ~20 My beRR 2 W bR R
BeiE O A R R R S5 2 ) P R AR L
BRI T BB 64% iy, FoR &5 &/ R
Wk i FE DRI . MILZ N B
PRI F-T AEI5H IR MA RIS, HAMLE Cy ~ C
Z ] ELBE R L ik T4 % , FU 2 0 i ] Bk %
HEE bR Z — A Bk SR ORI R
AU AT 1 25 5, R T O () P 28 e UA ) 3 AL

; R

b
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F2 MEZHEHMRPIMBEEBRLF-TRELES DT
Table 2 Distribution of components in liquid phase of

aviation kerosene RP-3 and

coal-based F-T %
RP-3 F-T
WA e oww Wk e
bl ke PR TR e ep g
7 0.18 0.21 1.31 3.06 0 0 0
8 1.01 0.84 4.75 2.02 0 0.43 0
9 3.53 1.96 3.55 7.00 0 9.46 2.21
10 5.75 6.53 2.51 5.49 1.26 11.33 5.32
11 6.73 9.56 0.38 0.45 2.24 12.18 4.26
12 6.25 5.41 0 0 0 11.42 3.55
13 4.47 4.63 1.56 0 0 10.29 2.33
14 2.39 1.89 0 0 0 8.41 1.30
15 0.88 0.17 0 0 0 6.30 0
16 0.17 0.90 0 0 0 4.55 0
17 0 0.67 0 0 0 3.05 0
=18 0 0 0 0 0.27 3.61 0
Bit 31.36 32.77 14.06 18.02 3.77 81.03 18.97

PhBE SRR A o 7 AT X B E 2R
2.2 BENMEHEHE RP-3 SEAS BRI

ZE RN T WA KR i T A R — , R
PRIRRE B BT 3z i A LE R Sl HIL o 9 1 TR 6 4
MISC AR o FER PR BRI BE A, JORE 1 5 1% 21
Oy E ST B A R AT R R R SR A BEAT R
be o BRI AR MR A PR T ARORH % S 32 B
i, B bR A O R A TR A, X T B
HARAFIR M o AL, A SR T T e SR PHE =
2 - 40°C 5 1F T 19 ML 23 20 A1 1% B0, 6 72 44
AR KR SR T Y A e 2R o

3 JEAE AR UL S M RP-3 R JE R 4T F-T
TE 1SC RS o o0 A 1 0L, i T =3 WA
SR AFAE 22 5, FAR S AR B i By A A T AN
[ o AR 3 A iR R AR A A S R
1 RP-3 MU I 2% T F-T0M 3 22 b i 7 20k

F=3 ISCEHTMZEM RP-3 5EERT
F-TSHEAS S
Table 3 Distribution of components in gas phase of

aviation kerosene RP-3 and

coal-based F-T at 15°C %

T B RP-3 F-T

6 8.36 0

7 28.32 2.13

8 23.27 10.21

9 27.39 63.96

10 10. 89 21.87

11 0.42 1.83

6 ~10 Mk S ik & WA . b, i 2 BTk <A
oy &R m ol C,(28.32% ) , Hh Cy Hil
Co 2050 5 b 27.39% F123.27% . MEJE 364
A s e Y G, (63.96% ), LK JE C\p i
Cy, /515 21.87% H110.21% ., e Ab, & ik 5L
kS E W (C)) FE 3 AR 50 b o BN .

2 fTR R RNEEE 5 4F R, A Bl RP-3
AR G v BT AS TR Rl 000 288 1 # % it B R
ARG Bl o ARTRL AR s Bl RP-3 SAHAL
SFEBN C~Co kA E Y. B R E R,
Co G, FI Gy BN BRER M B £, UL G,
T Co ok 2 0 o B Bk S Ak B kb o S Ib A
Y] 22 % & e i 1 308 /0N, BIVRR X 43 o
N AR AR 75 S 3k B rp T T MR 4y F ) VR
AN SRS 32 FREE TR 8N, 7S By IR 3%
T 22 B0 44 46 1o ) 28 S ZE M AL AR o AR o

3 B AR AR BE 5 T, s il RP-3
SARLLS LA AN TR 4 K 2 0 R ke i 3
FEARARE BL , I 55 15°C Z 4 T WM o 47 X He o

35 -
2 \EIIIIUE
Sl -40C
L 25 -30°C
= a9 | = -20C
2 m-10C
=15t 255
=2 m |50
10 b
5}
6 7 8 9 10 }
0713
Bl 2 3 B A2 S RP-3 A AN [F] itk 4
e Py J o3 A 1) R W

Fig.2 Influence of temperature on light hydrocarbon
distrubution with different carbon numbers in
aviation kerosene RP-3 gas phase

100

= . "ok
80 F
Bk
= 60 SRS
E 40t -k
I=
HLER
20
LR
-40 =30 =20 -10 15 15COHRHD

{EHEC

P33 XA 2 B RP-3 A A [l IR 41
TR AR S5 53 A 5
Fig.3 Influence of temperature on light hydrocarbon
distrubution with different structures in

aviation kerosene RP-3 gas phase
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e R

AL 25 BETHB AR 2H 43 v o b e K R A B b AR
HUIE B ke (9. 73% ) F1 05 & o X T i =5
WAL S BB E b e K, RO S
BE e I ELRE e K o B IR R — D AR, RO 4
3 I8 K R GT A9 A S AEAS () I B A A
A R AR rh R R I B BB 6 ~ 10 )
ek, B & e S B A TR . AR O A
Fo O i B AIG, RO R Ak M e 2 AN AT 5% , HLB
Bl B REAL, 5 &R S R — L, iR
JEAR T 40°C B, A 25 B a0 4143 v I A A 2
HER.

2.3 BEMEEZERFTSEASSHHEM

R A 56 98 46 0RH 20 4 A T 45 2R RT R IR R
AT R R A N T C, ~ C 2]
Co &t fiem, 5 B H | 65% AiAy; k& C, Fl
Co, A0 5 H 20% F0 10% A4 o Wil BE R ARG, 0t
BRI b €, Cy A Cy B B AT 3G,
Co T RMEA TR, FEAEL 5y A b, Bl A i
BEREAR , BESE SR FE A AL o TP A be e & A A
WK B R WA T AR bR . BRTE
ok 5 X R 5 % A i SO 4L 18 1 4 A 5 M s
A LU R e R K, 4 S A RN B i 5%, A 4
FIE S Jias .

XFF Al N R 7R R RO T
(0 M BT RIS, 5% W T AE SR RORE Hh g B
Ko K[ AP BT E BB IG, 28 R
AN X F 2 MR A Y, FIRA S & 4 i
MZER R RS A FEIR G & A . A
AHE JR 43 He 8 FERRAR P S R B, AT R8O

Pi “ «
Yi = — :xipi/z(xipi )
p
70 T
ik E
60 | 15°C
01
50+ ]
ES m 0C
= 40} .
% B -10C
= 30F m -20C
E
20k
10 |

7 8 9 10 11
B

B4 R A 9T F-T SO A [l i £
TR IR W) 503 A1 R
Fig.4 Influence of temperature on light hydrocarbon
distrubution with different carbon numbers in

coal-based F-T gas phase

a5
= 2019 4§
100
Ik
80 b
’ i
f'*;; 60 +
&
X 40r
zn-I I I I I I
0
I5CHRE) 15 10 0 -10 =20
G

BlS R B B HE F-T UM A [l 4L
PR ES Ly A
Fig.5 Influence of temperature on light hydrocarbon
distrubution with different structures in

coal-based F-T gas phase

Kooy, APPSR A 0 T i xR
B, ML R AR R s p, NS I AR
VO sp AR o R, B R AT & A A5 )
Jot A 5 RS AR B 4 A 1R RE I IR G, S TR
HAS B i o5 EE A 5% R — 2R PR TR S R

55 VA3 A UK SO R iR T B 6 ~
10 1% B8 e o B — L B oK, 3R e e v F L3R 2
Be CoH,, i Fede K, SCfE be ke b W 3R e 2 0 RO
AL F-T M PRI 7808 7 ~ 11 B E SR bk o
FRiik 67% , Forp ok 58 e & i de i, OO IE
e LL2 BRI B2 S o L e e A BB bk
9, 45 G SCHk [ 8 T4 2 A9 TH 5 J7 ik, i3l & M A 4
WAL e R RS [ R 28U (R
i :kPa) ZE A0 AF L, He b 35 S0k [ 18 ] 2 17 %
P, Bk iz o SR A B 16 e . BEA R AR,
HA TR B BB b ke 28 R B W ek o [R]—
i 26 F TR BRI T R H B AR R BOR, g
TARIT BN KRB B2 A PERE, Ik 4
BtR o

x4 EHRRESEBREEZL

Table 4 Variation of vapor pressure of n-alkanes

with temperature kPa
IEg :
259 (18] 25°C 15C -10C  -20C -30C
Bz
Cs 20.2 2.337 12.921 3.426 1.834 0.920
C, 6.1 6.077 3.598 0.776  0.377 0.170
Cy 1.9 1.844 1.031 0.192  0.088 0.037
C, 0.6 0.594 0.313 0.049 0.021 0.008
Cio - 0.191 0.095 0.012 0.005 0.002

2.4 mAXBYRERNGBR
XEFWARRRE T 5, WA B A 2 A T —
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PR T, 5 < A2 B ACORHIR TR A 2k 5% o ) SR B 5

Je AL 4
o

f 3 BN IR S A RE R BE . T AR 52 B K Bl L
L RRRE B A B B B e SO AR R BRRHE K
AT PN i B IR TR) 5 o PAT IR, 7 R I (] P T i
A RAF I AR A U TR be AR, LR
R 25 25 AF T BRI . X T
KIS BT R EILAL T e R3O0 Bl B
F T7 B BB AS B 2% il it 52 3 BR- ) o AN BE
JELIF ] AN REJE LA 9 TR & R 2 B %
SR B K SHLAY KGR Bl o X T 2 AL R 2
P & , —F WA A A, R R 2% AF T K
I AN TR, 0 25 il SO 2 23 op R s 21 20 P
i IR, BT A B 5 K PR fiE . SRR 2R 4T F-
T B2 ) 5 KD 5 22 T BOHAE S2 B L Hh k) % 2l
DU P R — s 2 . R, R TR
SRR Sl LB T B4 A TR AT TR SR A
s B0 oy BE AT PR G, R B B e ) A
A TFARHL AT IR B

R Hi MBI 5T 0] 0, 8 e W S %) A gl BIL Ak
AU, HIR G TR L4 SR
B & i R A o IR, D 1 B AE R K
MBI Y BT, [ T R B B A5
B0 2% 1 7 THT B 5 ], A SCAR S 58 — s ol 1) 7
A A A BRI 7 A K ] — i B2 (37. 8°C) T 2R
SRR RYIR S R UKL S i T
AL F-T ARG AR &Ik, JF 454 BBy A
FRAE 55 REAEG I 4% 175 TR 52 R U 2 ik 3 2 4T
A B 2% S 1 SC B O BR e o R IURR ek
(HIEFR Ot ) VR 0 B I o, 35 M TR i 2 ( C,)
0 LB e ke (I PR oe ) 0 S e e (2-FH 6 2 )
PEATRE X L, SR INE S iR

SREECEIES =Pty ) OON=W G F AR N
AN AR B AR IR B AT F-T 35 BN 5%
PR O bE \2-H1 B O e FIE BEbE o ORI 3K 2 4
Ao B s b B A — 5 R ) o Il R, 1 AR

x5 37.8CH F-THEM5%C, BEYFR MBS

Table 5 Fuel-to-air ratio of F-T added with 5%
C, hydrocarbons at 37.8°C

K58 4 e A BRI 2% 9 s, 9 Y R Rl A S
RB R KR T AR B AR ST
TE R KL AR T A R 2815 A S T R
HI(ES) .

AR I AR, R B 4T F-T il SOl T
it s MG 5 17. 5% , TRV AR 25 2k 1R R B S
BRI R Ko IR TN 5% 119 C, K& 28 Wy o i1 S Bk
8 F-T mi PR RE S 2 W] 0 o3 24 b ot & [ 2
I, R SRS A AR AR K e . He 3R
e e W ARAE B o BT 0, L 38 3 Rk 9 4T F-T 5
ST REAR T 25, 15% , FLUJe S8k e ke A i
EpEIE , 73 M FEAR T 22.75% F18.60% . Mo, s
5 % 1E BE A iR A 8B (0. 287 5) 475 K 58 Bl AR HE
fL s A RP-3 /9 5 Kl EE (0.2677) o il T
P o RLE L2 BT T AR T 38C, % B
PRI TR A0 Sy R AN TR] DR e o 2 T
TR A IS0 L LA PRR S 2 ) ORI R 2
L EOR, K 6.

PATRE A3 HRH 38 B TA) i i (L T 1 L A Sk 2
2 TR TS0 B B AT T I E ol
LSRR SR A B X TS BT F-T S, 9 R
TE S PRSI 72 rp i i N 200K, SR 3R 2 Joe Al
TE BEJE (S 0 e AN 7 i 3 5. 5% 1 7. 5% ,2-1
FHoki AN 3% o X T A Bl RP-3 00
P BE B0 C e ML BEJGE 19 98 0 EE 1) AS 7 5 2% A
3% 2-HILCBEA NI 1.5% . T #E— i
BH B J5e J X i, R BT R A T, 95 0 4 1R EE 49 A (]
B D50 H B B e et e B3 T vk I ARk
o SRR WA I 0 e ke b ST RO H
35 TR MR, R KRR TR A

AR LS Hr LA, 28 SO e N UG /oy
TR B2l Bl A ARy 1 1 s gl BE
5 A R A MR b R 2 IR T B — MR A S
®6 RP3FMF-THRMAREE C, BAERREHSE

Table 6 Physical properties and fuel-to-air ratio of
RP-3 and F-T added with different

proportions of C,

W/ R R [Z0S
iRk (g WEJ/ Juik/  Piss/ R REEE/
cm ) kPa g g %
RP-3 0.7880 27.18 1.4719 0.3940 0.2677
F-T 0.7580 22.25 1.2046 0.3790 0.3146 0
KT +5% 0.7588 29.75 1.6111 0.3794 0.2355 25.15
S SINR
KT+ 5% 0.7541 28.65 1.5512 0.3770 0.2430 22.75
2-HIAEC e
F-T+5%

0.7543 24.22 1.3116 0.3772 0.2875 8.60
1E Bike

. N/ 755/ #AH(MT - 37.8C

B T kPa ket') WK
RP-3 43.0 0.6 42.81  0.2677
RP-3 +2% W L3R 2 b 39.0 1.0 42.81 0.2374
RP-3 +3% IF Bk 37.5 1.1 42.85 0.2448
RP3 +1.5%2-H ok  37.5 0.9 42.83  0.2581
F-T 55.5 0.3 47.40  0.3146
F-T +5.5% H 32 45 37.5 1.2 47.18  0.2326
F-T +7.5% iF B ki 38.5 1.6 47.19  0.2387
F-T+3%2-F 30k 39.0 1.5 47.31  0.2544
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A fu S 4R

2019 4¢

Y 2] Gy RS R B BRI 28 1R B 0 5 A A
TR IGRTTEIRAE o 5 EEIAE S PR 25T ALY
AT LB A AL, R w2 W R B A E T
PEACR AR, X R F o AR LB IR 2R 7R
BESE S FTHORE L TS i D R R W o, B AT
AR S AT IR UG L o AR A TR 19
TEOLT  HRRE R IS B i B3k < AR B g
TE B A2 BN BE SRR OU T AT RE IR W S G Bl
2T,

TE M KRBT — R W2 F T MORE AT K2
AR AR L R /N DI AR O o ] Rk R R, HL
KR BEN FRBAG, JU [5) 28 2% 1 R 5 5 S B A2 K
1113 58 Ao 0 T ) 2 < s MR 58 A BIR XS 40 i K
w A RRVE R —J7 T B IR IR Y R A
PR AR R T, A5 TR 280, A B T A
SR 5 I3 —T7 L, WS IN TA By B B KRB
BRI A R B PRI BE R R AR vy, SEXE LA
BRI S o PR S BB A KO i
M M SR IE M S B A A R . AR
ABE R BR A H ol A, FE R [R] A5 06 R, FH 3 O b 8
AN 2- R O B 4 R M A (E AR R AR T BRATY
KA ST AR IR T 2-F 2 C ke B AE TR
30kPaZ% 8, WOk 3R C ke 45 K B 28 L B
(1.0333% ) % Jy ik B A BE T BR (1. 0318% ),
PRI VA5 o Y R 3R e S B T e AR 1) A KT < o

RT HMC, REBHAREBRDESHRETIR
Table 7 Flammable vapor partial pressure and

flammable lower limit of hydrocarbons

added with C,

- MRMZRR A E Ak R TR/ %
(JEJE30kPa) /% (30 kPaf&IE(H)

JHILFRIT F-T 0.22 0.7333 0.9056
F-T +5% F L3R O 0.31 1.0333 1.0318
F-T +5%2-H 352 b 0.32 1.0667 1.1071
F-T +5% iFF i dt 0.30 1.0000 1.1483

A\
3 & ig

1) SERE T - 40°C 3 15°C fiip 25 il RP-3
AIHEIE ST F-T AR 280 S He B 8 %€ 1 5% 10 e
KL Bl 1Y) S SR TR PR e ) o

2) 3 A A R DR TR RS T D A e
LA T i RO Rl 465 4 C, K2 ot , W3R A ARE Y
S R TR RO e R BR 3 0 385
IR H OO T KR R AR B o P R R X A K
F TTRRAE B O, O R TR 0 A9 B L B 48 F-T K
R T 25, 15% , H U 2 S Joe b A B B

Bk, o AR T 22.75% F18.60% .

3) KRR RUK BN BR T SR K, 5P R
A B RPEBR AT 5C , B 8 i K TTRR RN IR
CHECEEAR AR . A i [ E i G I
TN g3 H e Wy T RE A8 AT A0 R 22 i e Il
BE IR A% B SR TR R O B A — i
A
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Key composition of aviation alternative fuel on ignition
performance at low temperature

ZANG Xuejing, ZHOU Guanyu, YANG Xiaoyi "

(School of Energy and Power Engineering, Beihang University, Beijing 100083, China)

Abstract: Liquid fuel volatile compositions play an important role for ignition at low temperatures. The

composition distribution of aviation kerosene RP-3 and coal-based Fischev-Tropsch F-T fuel in the vapor phase

under low temperatures were analyzed in this research. The volatile components and content distribution of the

fuel from -40°C to 15°C were obtained, and the key materials for engine ignition in low temperature condi-

tions were determined and the ignition boundary test and analysis were carried out. The addition of light hydro-

carbons significantly improves the ignition performance of coal-based Fischer-Tropsch fuel. Cycloalkanes are

preferential, which are followed by branched alkanes and n-alkanes. It is of significance for the application of

aviation alternative fuels in engine cold start and high-altitude relight process.
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Dynamic modal analysis of circular-arc airfoil transonic flow

HU Wanlin, YU Jian, LIU Hongkang, YAN Chao "

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

Abstract: The periodic self-oscillation of the shock wave of the transonic airfoil will bring additional os-
cillating loads to the wing structure, thereby aggravating the fatigue damage of the aircraft structure. The dy-
namic mode decomposition (DMD) method is used to study the pressure fluctuation field of a symmetric circu-
lar-arc airfoil with a thickness of 18% around the transonic speed. The frequency characteristics of the main
modes of DMD, the spatial distribution of pressure fluctuation and the time evolution of pressure fluctuation
with shock wave motion are analyzed, and then DMD mode are used for flow field reconstruction. The results
show that the DMD method can accurately capture the mode of each characteristic frequency of the flow field,
and the first-order mode is the dominant frequency of the buffeting of the shock wave, which plays a dominant
role in the self-oscillation process of the shock wave. The flow field loss function of the first seven modes is re-
duced within 4% , and the error is mainly distributed in the shock wave discontinuity area.
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Table 2 Eigenvalue of snapshot matrix
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Table 5 Calculation conditions
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Ice shape prediction method of aero-icing based on reduced order model

LIU Teng, LI Dong” , HUANG Ranran, ZHANG Zhenhui

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

Abstract; The numerical simulation prediction of aero-icing ice shape is usually complicated and time-
consuming. In order to predict ice shape more quickly and accurately and to reduce computational resource
consumption, a quick ice shape prediction method based on proper orthogonal decomposition and Kriging mod-
el is proposed in this paper. Using a database of high-fidelity CFD numerical simulations to build sample
space, in view of the change of attack angle, the procedure for predicting the ice shape by reduced order mod-
el is introduced. With the data sampling method of parameter space, multiparameter prediction of the ice
shape is achieved. Meanwhile, the related methods of the advanced Blind-Kriging model and the improvement
of the prediction results are studied. The result shows that the prediction results of the airfoil icing shape using
the reduced order model agree well with the CFD numerical simulation results. The conclusion is made that the
reduced order model is a quick and accurate approach for predicting the ice shapes of airfoil icing.

Keywords: ice-shape prediction; reduced order model; proper orthogonal decomposition (POD) ; Krig-
ing model; Blind-Kriging model
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Design method of civil aircraft functional architecture based on MBSE
MEI Qian', HUANG Dan" ", LU Y{’

(1. School of Aeronautics and Astronautics, Shanghai Jiao Tong University, Shanghai 200240, China;
2. School of Electronic Information and Electrical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Model-based systems engineering (MBSE) theory has been widely used in the civil aircraft de-
sign and functional requirement analysis. Firstly, the research starts from the top-down use case of civil air-
craf