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Zero-dimensional modeling for transient response of
non-adiabatic cavity with single opening
DING Shuiting"**, YU Hang’, QTU Tian'***
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3. School of Energy and Power Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract; With the present condition that there are errors in predicting transient response of cavity with
single opening using the ideal adiabatic cavity model in the presence of heat transfer, a zero-dimensional tran-
sient modeling method applied to a single opening cavity with the consideration of the effect of heat transfer on
cavity transient response was proposed. In virtue of researching the factors influencing the heat transfer be-
tween the gas and the cavity wall, the characteristic equation related to heat transfer was deduced by dimen-
sional analysis, and the concrete function of it was determined by CFD numerical simulation. The heat transfer
term which was not considered by adiabatic model of cavity with single opening was expressed explicitly, and a
non-adiabatic zero-dimensional transient model of cavity with single opening was established. The model was
compared with CFD simulation and the results show that: Good agreement is achieved by comparing the re-
sponses of pressure and temperature calculated by non-adiabatic zero-dimensional transient model of cavity
with single opening with that calculated by CFD simulation, and the maximum relative error is no more than
0.8% . The accuracy of the model and the feasibility of the modeling method are verified; The maximum rela-
tive error between the adiabatic model of cavity with single opening and CFD simulation results is 6% , which
indicates that the non-adiabatic model can reflect the real response more accurately than the adiabatic model.
In addition, the non-adiabatic model reduces three dimensions within the accuracy of 1% compared with the
CFD simulation, and also significantly lowers the computational cost of non-adiabatic cavity with single open-
ing simulation, which can effectively support zero-dimensional transient modeling of cavity with high accuracy
in aero-engine air system.
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Table 2 Initiation temperature and burnout index

LIRSy SR o sl R E/C BRKEERE/C HRRBIGRE/C WRISHR %
Cl4 cl16 c18
JNER B + RP-3 3.3 23.7  25.5 93.1 139 143 100
RESHE W + RP3 11.3 11.7  29.5 91.9 149 151 99.8
RP-3 2.3 0.19 — 61.9 90.2 94.5 100
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Thermal stability and heat sink of microalgae aviation fuels
YANG Xiaoyi'"*, WANG Zhichao®, LIU Ziyu', ZHAO Jing'

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

2. College of Engineering, Swansea University, Swansea SA1 8EN, UK)

Abstract: The thermal stability and heat sink of aviation fuel play an important role in the reliability,
safety and performance of aircraft and engine. Two types of typical microalgae aviation fuel were investigated to
assess thermal stability and heat sink by thermo-gravimetric-differential scanning calorimetry in comparison
with the standard turbine jetfuels RP-3. The results show that the temperatures of the end point and maximum
weight loss point are higher than that of the standard turbine jetfuels RP-3, which indicates that heat sink in-
cludes both physical heat sink and chemical heat sink in weight loss interval. The thermo-gravimetric curve
defines two dimensionless parameters including initiation temperature and burnout index, which represent the
initial decomposition temperature and the deposition characteristics respectively. The combination of the two
parameters can be used to assess the thermal stability and heat sink. Isochrysis based blend aviation fuel pres-
ented the carbon deposit with the increase of heat sink, while chlorella based blend aviation fuel did not pres-
ent the carbon deposit with the increase of heat sink. The results indicate that optimizing the composition of al-
kane with high carbon number could increase heat sink and decrease carbon deposit. It is feasible both theo-
retically and technically.
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Table 1 Material parameters of MFC and substrate
E/GPa
MoK G/GPa t/mm A/107¢
E, E, V2 L
M-8528-F1 30.336 15.857 0.31 0.16 5.515 0.3 [1350,0,0]"
I 44 3.1 0.3 _
x2 AHHLASH
Table 2 Geometric parameters of specimen
G i B x ISRy T R A W/ mm L/mm 0.,7(°) Oonn” (°)
1# bimorph C-F F-F 35 95 45 —-45

I 52 A i [ O KO BE AN,
RIWAABRE(IE2) . 2 )5 MFC ¥R Al fix
4 IE L 3l (1500 V/1500 V'), Xz 14 41K 8y iz A2
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HEEIMN A, I AR AT S 45 M A [R] 37 5 Ak A O £
LR o

I 2 i S0 P OIRZS T 2 B AR B AR Fie A
SO LW g R 7 ik AR AT B B . AR TSR
x J7 1) 2k BT S2- A f 2 S A% PR X A 22 R R
O (x) ,y J7 T LI Hy - B Hy i 5461500 LAY 3 e
B, TR MEC 27 480040 550 3l 45° 01 - 45°;
A BRI U e T TG, >R 9 2 120 5 A% 1 1) 2R o
BN O 2 98 2 bR BOR B U AR 19 0 01 25 il A2 TP I
— IR 3 e B AT LA B A M A5 R . TR AR

(b) MR SE

B2 MEC 525 A i 552 4 0 3
Fig.2 Experimental test of twist actuation of

MFC composite plate

LR 3K ) T AN 2R A AR T 3 () A 7 A A
AN . BRIE I Ritz 5 B bR BB HIR 1 4 4
i AR I 1) T R 38 0 2 200 A8 o T A 5 25
B TR AURE BE L TE o Ay J5 [ 2 IR 10 By
PRBGHATI, IS MFC &2 A& U 1 8% 5
K 3 frn.

ST T IN AT 1 B R AR B A R AT T
XFLG, W g AR 4 gy o B P R 0N S
AR, LR B IS T AE R .

P 4 fp i S 06 25 SR 5 TS 25 R ) S A AT
LTt W el = VAL ORI Ny 0 a7 X
J5 AR i MFCHR 3l T & & ML B 3 1) A 80tk

40 60
R K/m m

80 10 40

K3 MFC & &ML 7E MFC 3R 8l T /00 8% 3 T
Fig.3 Predicted displacement field of specimen (MFC

composite plate) under actuation of MFC
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Fig.4 Comparison of deflection measurement on multi-

points and calculation results of MFC composite plate
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Fig.5 Typical application modes of active material in

integrated adaptive wing surface
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Fig.7 Equivalent bending angle « of
MFC composite plate
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Fig.8 Effect of piezoelectric fiber direction on equivalent
torsional angle at free edge section of composite plate
actuated by single layer of MFC ( CFFF)
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Fig.9 Effect of piezoelectric fiber direction on equivalent
torsional angle at free edge section of composite plate

actuated by single layer of MFC ( CFCF)

2 DA O B BT SRR N L . S
CEFFF i1 50 25 A5 AN [A) 1) J2 T v £ 4 119 10 2 B ¢
A RE (TR P i RIS B 2 2R B0 58 X IR 6, 7
JE) BE A2 A AR U LU A 3G T RS . dhy T A 2
PERIRFRIE  FEZ SR ST LI e it 27 4E 119

B N R 45°,
3.2 WEMFCERHTEARAHMTERE
S

FHXF B MEC & &k, W2 MFC & &
(MFC 73 PR M ETZ, S WE L) fEET R
ZAE PR B 2 A 2, SR g L R R 40 o 2 Fl,
2 JAMFC #R FHIEH H ( +/ + ) SR8 Fll— 1E — 1
(+/ =)W RIS . He B AR 4 1 1 75
MEC F 3K i, s 7 1 550 B AN X FR, — R H
FESRSFE Sy (=500 ~ 1500V ) o A5 5 530 ie
IEHL R 1500 V 4 BRI - 500 V AF B0 T (G
XFNE MEC 1) e RIKSRE ST ) , IEHLE ( +/ + ) X
FRIR A —E—5 ( +/ =) XS PRI gl 7 Xk s
H 2 2 11 7 1 5 1) o AL it A8 ORI R R, 1R
0, F1 6,53 50 b F e M £F LAl AR B BUE
Fl 32 - 90° ~90°,

3.2.1 CFFF 25 % F R & MFC 3K 3 F £ 4t 42
BRI &S

HHE MFC &4 MR i i S22 T AL & 1 4 it A2
e AN AT |, AR T8 e — B4 il A2 08 78 B 1
J1UNs 125 O S 1 S| P v (1 N e S )
MFC 52 45 4 3K 3 55 3CHL 5% £ 19 53 B S0 38 23 i 1
EROE RS, LA T i MEC 525 AR 3K 3l it 42 T8 &%
5K i A T R B 2 (Rl A B R, AT i —
o ARATA AN AT HEAT He 2 2l T 1 TR S T
A

10 FE L1 435025 H T 32 MFC (+/ +)



236 G| AN I T N N = 4

JeALF R

2018 4

B BKSI A CAT ( +/ - ) B RSB 0T A 45 1
9 1 by 78 AT S RO B (P 10 (a) (11 (a) ) A1
SRR 10(b) (11(b)) B T2 B 2F
HET7 1 (0,1 6,,,,) AZAC LA . UNATIA , 76 4K 3)
R GRIF A IR TS ( +/ +) BR S B8 Ui 38 3
HUE N (1500 V/1500 V), (+/ =) SR B8 U 4R
ZAL R (1500 V/ =500 V), &4 A il
TH 25 0CHL e A 9 A2 ARt AR T Ll R TR 2 R 1
A

Pl 10 FIE 11 a5 R AE SRR SE N 1
AP R B o W FEAS TR I 98 b i TS 45 2R &
1110 A 1L BT B i LA 2 B A ARG
B LG B 52 W, AN [ b B 1 2 A AL B A
T2 0 5 A O A AL o PRI AR AR /9 23 B v, 2

— = XFFRER - ﬁ(L)Q(;)

90 gz
10
45
8
= 0 6
Q-S
4
45
2
90 45 0 45 9 °
6,/(")
(@) ALK 6, 71 6, 7L
. 4 a(L)(°)
90 & a2k R
6
45 5
> 4
<
< 3
45 2
1
-90 45 0 45 90

6,/C)
(b) a(L 6, 71 6, sk

B 10 XUz MFC EZAMRTE( +/ +) WIRIKSIBET
T S e AR R R
LF4EJy AL (L/W =1, CFFF)

Fig. 10  Evolution of equivalent torsional and bending
angles at free edge section of composite plate with
piezoelectric fiber direction (two layers of MFC, ( +/ +)
actuation mode, L/W =1, CFFF)
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Fig. 11 Evolution of equivalent torsional and bending

angles at free edge section of composite plate with

piezoelectric fiber direction (two layers of MFC,

( +/ - ) actuation mode, L/W =1, CFFF)
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Table 3 Maximum equivalent torsional angles of

free edge section of MFC composite plate under two

actuation modes with constraint condition of CFFF

L/w IR Bua/ (%) 0,7 () o’ ()
) +/ + 15.75 -46.8 46.8
+/ - 9.50 46.8 54
| +/ + 13.90 -47.7 47.17
+/ - 8.59 50.4 55.8
+/ + 5.82 -50.4 50.4
0.25
+/ - 3.93 55.8 57.6
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Fig. 12 Effect of piezoelectric fiber laying angle (0up =
- 0,,..,) on efficiency of twist deformation of bimorph MFC

composite plate under ( +/ + ) actuation mode ( CFFF)
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Table 4 Maximum equivalent torsional angles of
free edge section of MFC composite plate under two

actuation modes with constraint condition of CFCF

LW BREE Ban/ (%) 0,,/(%) Oaonn” (*)
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0.25
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Efficiency of twist deformation of composite plate actuated by MFC

LI Lin'?, XUE Zheng', FAN Yu'*"

(1. School of Energy and Power Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. Collaborative Innovation Center for Advanced Aero-Engine, Beijing 100083, China;
3. Science and Technology on Space Physics Laboratory, Beijing 100076, China)

Abstract; More and more composite structures containing active materials are applied to adaptive struc-
tures. The integration of active materials in structures has brought new characteristics but made the design
more complicated. In this paper, the deformation of the active composite plate actuated by the macro fiber ma-
terial (MFC) is studied. The purpose is to obtain the relationship between the twist deformation of the actua-
ted composite plate and the MFC fiber laying and the actuation mode. Based on the elastic mechanics theory,
the relationship between the strain of active fiber actuated by voltage and induced internal force and deforma-
tion of the composite plate is established. The solution of the problem is conducted using Ritz’ s method and
taking the displacement function as a linear combination of the two-dimension beam-modes. The solving equa-
tion of the displacement field actuated by MFC is derived, and the analytical result is verified by the experi-
ment. In order to evaluate the actuation effect of MFC composite plate under different conditions and to consid-
er the bending-torsion coupling characteristics of composite plate deformation, the concept and the calculation
of actuation efficiency of an active composite plate are proposed, which is based on the definition of equivalent
bending and twist angle of section. Then the evolution of the actuation efficiency with the laying angle of MFC
and the mode of input voltage is analyzed. Corresponding to different constraint conditions, the laying of piezo-
electric fiber-direction and the selection of actuation-mode are given based on the obtained analysis results.

Keywords: macro fiber composite; active composite plate; twist deformation; fiber direction;

actuation mode
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Fault diagnosis for rolling bearing based on ITD and
improved morphological filter
YU Jianbo' *, LYU Jingxiang' , CHENG Hui’, SUN Xiwu’, WU Hao’

(1. School of Mechanical Engineering, Tongji University, Shanghai 201804, China;
2. Shanghai Aerospace Equipment Manufacturing Factory, Shanghai 201100, China;

3. Special Equipment Inspection and Research Institute of Shandong Province, Jinan 250101, China)

Abstract: For extracting fault impulse components embedded in the vibration signal with much noise and
harmonics, an improved morphological filter algorithm called average combination difference morphological fil-
ter ( ACDIF) is proposed on the basis of the four basic morphological operators. Then ACDIF is combined with
the intrinsic time scale decomposition (ITD) and the ITD-ACDIF method is employed in the fault diagnosis for
rolling bearing. In the ITD-ACDIF fault diagnosis method, ITD is applied to the original vibration signal and a
series of proper rotation components ( PRC) are obtained, and then the kurtosis is regarded as criterion to se-
lect effective PR components which contain much fault-related information. After that, ACDIF filtering is per-
formed on each effective PR in order to pick up bidirectional impulses, and filtered PRs are combined into a
signal. Finally, the fault feature is extracted from reconstructed signal by amplitude spectrum. The experimen-
tal results on simulated signal and actual bearing vibration signal demonstrate that the proposed method can ef-
fectively suppress noise interference and extracting the characteristics of impact fault under the strong back-
ground noise to realize fault diagnosis of equipment.

Keywords: bearing fault; intrinsic time scale decomposition (ITD) ; proper rotation component ( PRC) ;

improved morphological filter; fault diagnosis

Received: 2017-03-02; Accepted: 2017-04-24 ; Published online: 2017-06-30 10.00

URL: kns. cnki. net/kems/detail /11.2625. V.20170630. 1000. 008. html

Foundation items: National Natural Science Foundation of China (51375290,71777173 ) ; Shanghai Aerospace Science and Technology Innova-
tion Fund (SAST2015054) ; the Fundamental Research Funds for the Central Universities (22120180068 )

# Corresponding author. E-mail: jbyu@ tongji. edu. cn



2018 4 2 A
F44 4 24

> b
tEMEMXRKEZR :":"'3-*& February 2018
Journal of Beijing University of Aeronautics and Astronautics m I52] Vol.44 No.2

http : // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2017. 0144

jbuaa@ buaa. edu. cn

ETRRAMERIVIKRELHITHOAFERARSER

1,2 1,2 w23, L 1,2 1,2 \ 2,3
WA, XFE S, BT, AT, EE T, B
(1. hERMIKRZE B EES AR, K 3003005 2. o &AM R Z0F58 00, AR 610041
3. R FHEAARITLA A, WA 611430)

i B W TRARBER PIRE BATAT N W AR 5 IR, UL AT & 8 ik & W I
WEATHEHF R R, NREEAERATT R 2RI, RERETH A AR
REAFAUTEEREFENREREANRITAARERME, ERERAMEREELELE

MR K Fo BB, BTN IKE HATH AR

RgarE FH BERTGER RAKAESH

FHHELA  Z-—MHETHRANERSIMALTN ETUMHBTHANERHEKT
REHATATH A FER, T F 48 K0 5 KT R, B 7 K & A 0L & 48 AT

Ry A,

X B8 W AXFAF; HEERLIA; T8 RAMERS; #frX

%-F hESZES. U491.1722
Iﬁ XEktRIDED . A XEHE. 1001-5965(2018)02-0250-07

Bt o [ 52 T R R Y H R iR & AT B
—HOER o Pascilis fr i g it , 2015 4R [ K &
iz gk 194, 32 ¢ N, b, 2% % s ey G
160 2\, 31X J6 B J& of J5UAS 91 £ 19 30 T 528 3 & 48
B RBEAK . BFFEIR & A9 AT AT o, A B T e R
Ve 2 134 19 52 8 B4, X TR A 2 &R T B AT
REVHEMEELZ S LBRRARLAERE
SR T AT 4% 58 5 B 4 1 B O 3 A
PR 245 41 1 45 14 3 AT R A A R D i L A AE
AR R A 2 R A £ 580 T Al iR
AT UM RS B i A A g R A R, I BE
s iR R IR AT I RPR IR T HMERE o

Xt T NZEAT A GE I W BT 10 Y BF 5T, 2 2
SN I M ZAER 2T S s o BT
it 1 A9F 58 A [ 58 3 7 3 p AT R e BE, NS
PRI AT AT 9 4 A B 2 bR BERAE Y . SO
[STETE T B i i AH 4247 B9 GPS Kt , e B

e % 1 H AT B B H AT WUB R L TR BT AT
Foy A s b AL A GPS ik gk
WG F W, AT B BE B IS B A o It ah BT
58 A S Hh Bk 1 e & R B R G R
NRET BT GAT T W R B, iR % i 4 B
L L TIN5 Qw7 o FWD 1 Ol 5% 0
FW IR E M ATAT NS 2 e A W4, HL
FEO0 R B ] AR B o A RRAE . IR AR R FE AN
A1 AL R W5 b, DR A e
U R I L R Y A R Bl A
FE N ) )2 17 A R A i B 4T T S IE B
T, FF % BN AT g M HE A T 2 11 e 20 A o
A SCHE MG EE R T T X % AT AT K 18 B ]
2 FERIRT T, LA of S ML R 2 00 i 0 e 4 £
B T E ST X G2, X ik B AT U AE R R 4 e
TG AT FRAL IR T . AR 00 AT 47 0 2 v
52 2 1) B 75 e S 45 R R R 02 L ST 4R A

Wi HHA: 2017-03-13; R A BH: 2017-06-09; B £ H AR AT 6] : 2017-08-31 1421
W) % t R 4k : kns. enki. net/kems/detail/11.2625. V. 20170831, 1421. 004. html
BEeWE: HERARFFREAE (U1533203, UI333122) 5 [ RHE AR (2016GZ0068 ) 5 Fi# T (kW 4457 2% 7% & F 2 4 It 551 H

(2015-CP01-00158-GX)
= IS5 {E&. E-mail; luoqian@ caacetc. com

Sl BWEMH, X%, Zik, & ETHANERAGREHTH A FHEGHBE[T]. LEAMEMRAFFH, 2018,44(2):
250-256. XING Z W, WEN T, LUO Q, et al. Utility value driven passenger travel dynamic study and modeling [J ]. Journal of
Beijing University of Aeronautics and Astronautics , 2018 , 44 (2 ) : 250- 256 (in Chinese ).


lenovo
全文下载

kns.cnki.net/kcms/detail/11.2625.V.20170831.1421.004.html

%2

AL 4R

T 2k 2% P (69K 30 1 e 2 th 47 3 0 g s e I ) 251

fEIX L6 B — {0 PR T ok gl o PR, AT 47 2
NGB RO E (257 PRBE BTl 5 2 IR
BRI ) B3R 3l A SCHRE T B2 R R & 10
WATAT MR, 25 20 B Ak 2 5 WA IR % 1 52 8 K
AR IR AFAL AR R A BOT O (K S P R
AT S5 BUIK 5 6 A7 47 O 54 BT [ 4 1 o A A A

1 HESITHES SR
1.1 HERESFEIT

L3705 8 i B P 1 A A DA Bl oA T o
PL 0 ACT i 55 ot & i A5 1R) 45, e 56 1T %L
2016 4F55 1 BRERY 713 4 B IRE M HATE S,
e 1 pros o Ho v 8% i & A 5 0L 14 Bl 0 52 50
SR F DN AR AIF 5T 7 s IR R 9 HR AT AT O AR
SR, WU FEA AR 7 fL P iR . A
3C oM AR AT H A AR Ak A [) 22 3 5 AUk

F ) AT REAE AR R A R & AT O AL
INRE(EHE BREMASFLE) Bl
KE THRRE) P BiEsc#E , AT B R 25
H T 55 FAR A o

AR ER O MNRAEREBIRERETRMN
AT 2, H It 60% 1 ik & % £ /N VR E KR HL
Y, BRI R AT A, RS P BE
EPIE MR R R E A, W, A
e S [R] A 1B 19 S 95 B AT R R O — 2, X (i 15
INARE LG IR 0 i i 1 o /MR Bk
AR B A e L 2 T A B AR T R AR
Ko H— L A7 0.75 ~1.25h Ff12h DL EHE
KWL TR 243 S 29 5 42% F 17 % 5 [ 3% 3 B
A AR 5 M AT A7 A6 B 0 1 o 06 300
W . BEIR % M AT S Oy 2 AT B R LR ET
HEIRHLI BB [ GE T B0 43 A 35 2 Fi3k 3 IR .

®1 ACIRSRERAERNSLIT

Table 1 Service quality questionnaire statistics of ACI

[EHS M N 4 A YRS P BT WATAM e iphi i T H PEHTAR A ] /h
1 W 26~34% HUT717  2016-01-20 16:05 [E:y ST ¥ 1.25~1.50
2 B 26~34%  CZ6443  2016-01-19 0635 VNG G BRRE/NFLE 1.5~20
26 ~34 % HOI112 2016-01-19 11;15 e B BRFEE/NS LR 0.75 ~ 100

3 %

®2 ARREFHEHTSET

Table 2 Travel statistics for different passenger groups
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Fig.3 Simulation of gathering time interval of passenger groups in each dimension
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Utility value driven passenger travel dynamic study and modeling
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Abstract: In order to explore the characteristics and mechanism of passenger travel behavior in the traffic

system, the statistical analysis of the passenger travel pattern is studied based on the actual airport departure of

the landside passenger travel data. It is found that the behavior of passenger gathering has strong paroxysmal

feature, the interval time distribution about different passenger groups has a power-law characteristic, and the

power is proportional to the intensity of paroxysmal feature. Meanwhile, passenger traveling transfer decision-

making is a kind of utility value driven human behavior considering many factors such as time, cost, conven-

ience and comfort, and emergency. Accordingly, a utility value driven travel behavior dynamic model is pro-

posed, from which power-law distribution with an adjustable power exponent can be obtained. The simulation

results of the dynamic model are consistent with the analysis results of empirical data.

Keywords: human dynamics; interval time distribution; travel behavior; utility value driven;

transfer decision
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Bohai coastal sea ice detection using BeiDou GEO
satellite reflected signals
ZHANG Yun" ", XIE Xiangfang' , MENG Wanting' , YANG Shuhu', GAO Qiang’, WANG Wei’

(1. College of Information Technology, Shanghai Ocean University, Shanghai 201306, China;
2. Tianjin Binhai New Area Meteorological Bureau, Tianjin 300480, China;

3. Tianjin Institute of Meteorological Sciences, Tianjin 300074, China)

Abstract. With the development of global navigation satellite system reflected signals ( GNSS-R) , its ap-
plication to sea ice detection has increased recently. The angular speed of BeiDou geostationary earth orbit
(GEO) satellite is small and the angle of elevation varies for only 3 —4 degrees. Therefore, the space position
of the specular reflection point at the same observation site is stable. The stable elevation of BeiDou GEO sat-
ellite can increase the time resolution of sea ice detection. In this paper, two experiments were performed in
Bohai Bay of China to detect coastal sea ice using BeiDou GEO satellite reflected signals on January 24, 2015
and from January 30 to February 4, 2016. This paper applies the feasibility of long time continuous detection
of coastal sea ice by the Beidou GEO B1 reflection signal. The first experimental results showed that sea ice
concentration is correlated with the polarization ratio of Beidou GEO satellites CO1 and C03. The second ex-
perimental results show that there is a positive correlation between the sea ice polarization ratio detected by
GPS GEO satellites CO1 and C02 and CO3, and the relative values of COl, C02 and CO3 polarization ratio to
atmospheric temperature are 0. 61, 0.72 and 0.57, respectively.

Keywords: BeiDou navigation satellite system; geostationary earth orbit ( GEO) satellite; reflected sig-

nals; polarization ratio; sea ice detection
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Fig. 8 Blade pressure coefficient around step-shaped slot film cooling configuration
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Aerodynamic and cooling performance of a novel step-shaped
slot film cooling geometry

WU Hong®, YANG Dengwen

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

Abstract: In order to permanently reduce the coupling vortices in film cooling, a novel step-shaped slot
cooling geometry with tangential coolant ejection was introduced and its aerodynamic and cooling performance
was numerically investigated. The effects of slot location at the suction and pressure side of a turbine vane and
cooling air blowing ratio on these performances were also analyzed. The results show that slot injection from the
suction side near-throat region only increases the total pressure loss by about 2% , while injection from the
pressure side decreases both the kinetic loss and total pressure loss by about 2. 5% with the air exit angle in-
creasing less than 0. 1% for low blowing ratios. Meanwhile, the loss coefficient and the air exit angle are not
sensitive to the variation of blowing ratios. Additionally, cooling effectiveness downstream of the slot on both
suction side and pressure side is rather high and it reaches almost 1.0 for about 8% axial chord of the vane
surface on average in high blowing ratio cases.

Keywords: turbine vane; film cooling; coupling vortices; step-shaped slot; aerodynamic loss; cooling

effctiveness ; numerical simulation
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Simulation results with different launch angles
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Finite-time sliding mode control based 3D guidance law with
impact angle constraints
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2. National University of Defense Technology, Changsha 410073, China;

3. School of Automation, Beijing Institute of Technology, Beijing 100081, China)

Abstract: To deal with the guidance problem of missile for intercepting ground fixed targets, a three-di-

mensional finite-time sliding mode control based guidance law is proposed in this paper. It is proved by the

Lyapunov theory that the guidance law can steer the missile to intercept target with the desired impact angles in

both azimuth and elevation. The guidance law has four advantages. First, model decoupling or model linear-

ization is not needed in this work; second, the impact angles in both longitudinal and horizontal can be con-

troled ; third, the guidance command can be analytically derived; fourth, the closed-loop system is insensitive

to external disturbance as well as parameter uncertainty. The simulation results show that high terminal accura-

cy and good robustness can be achieved by the proposed guidance law.
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An approach for dynamic modeling of climbing robot

XU Yaru, LIU Rong”

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

Abstract: With the aim of dynamic modeling of the climbing robot with dual-cavity structure and wheeled

locomotion mechanism, an analytical dynamic model based on the Udwadia-Kalaba equation is established.

The desired trajectory, which is regarded as constraints imposed on the system, is integrated into the dynamic

modeling process of climbing robot dexterously. The explicit expression of additional torques required to satisfy

constraints and explicit dynamic equation of the system without Lagrange multiplier are obtained. However,

constraint violation arises when the initial conditions are incompatible with the constraint equations. Baum-

garte’ s constraint violation stabilization method is considered for constraint violation suppression. The simula-

tions of the varying law of the generalized coordinate variables and the trajectories are performed to demonstrate

that this modeling method is feasible and effective.

Keywords: climbing robot; constraints; dynamic modeling; Udwadia-Kalaba equation; Baumgarte’ s

constraint violation stabilization method
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Fig.2 Example aircraft with flying wing
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flight control system
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Table 1 Longitudinal low-order equivalent matching
results of example aircraft under different matching

frequency ranges

) TC A % o/

U\@lhﬂ;ﬂ?}/ TU/S I Do T(‘,ﬂ/s Ty./s M
(rad +s™7) (rad - s71)

0.1~10 -0.1 75.5 75.5 0.14 0.08 1558.9
0.5~10 0.66 0.77 3.96 0.04 0.03 1.7
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Fig.6  Angle of attack response curves of example

aircraft to three types of command signals
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Table 2 Longitudinal low-order equivalent matching
results of example aircraft under different

command signals

BAGES Ty/s Lo w.\]»/(md -s7h) Tep/s  Ty/S M

FiE 0.66 0.77 3.96 0.04 0.03 1.7
3211 0.69 0.83 4.29 0.04 0.05 10.7
HeE o 3.59 253 85 0.17 -0.02 5324
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Fig.7 Angle of attack response curves of example aircraft at

different strength of square wave command signal
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Table 3 Longitudinal low-order equivalent matching
results of example aircraft under different strength

of square wave command signal

EofE Te/s &y w)l,/(rad-s") Tep/s  Ty./s M

1 0.66 0.77 3.97 0.05 0.03 1.7
2 1.59 153 185 0.07 0.07 2449
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Table 4 Longitudinal low-order equivalent matching
results of example aircraft under different frequency

commands of square wave signal

4 w0,/
L Ty/s ¢, ’ Tep/s Ty./S M
I /s (rad-s’])
1 0.66 0.77 3.97 0.05 0.03 1.7
3 0.84 0.60 3.22 0.08 0.10 238.4
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Table 5 Lateral and directional low-order equivalent

matching results of example aircraft under

different commands

feAgm Ty/s T/s ¢y wy/(rad-s™') 7,/s M
=454 0.001 332.1 0.69 3.29 0.16 105.3
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Fig.9 Response curves of contrary-sign commands

of example aircraft
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Table 6 Lateral and directional low-order equivalent
matching results of example aircraft under different

yaw axis commands

B/(°) Tu/s T/s &y wy/(rad-s™') 1,/s M
0.5 0.01 193.4 0.97 2.81 0.15 108
3 0.27 500 0.69 4.24 0.07 4.6
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Low-order equivalent matching methods for aircraft with flying wings
CONG Bin, WANG Lixin

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

Abstract: The low-order equivalent methods are aimed at conventional aircraft. They are not suitable for
aircraft with flying wings as a result of flying wings’ new handing and stability characteristics. To improve the
accuracy and success rate of low-order equivalent matching for aircraft with flying wings, the differences
between aircraft with flying wings and conventional aircraft in aerodynamic characteristics, manipulation char-
acteristics, and control system design, are analyzed, and then the research on low-order equivalent methods
for aircraft with flying wings is undertaken. The influence of matching frequency range on matching result is
obtained via frequency domain characteristic analysis. Square wave signal, 3211 signal, and chirp signal are
widely used as input signals for low-order equivalent matching. Their applicability is tested in time domain re-
sponses and matching results, and the results show that the square wave signal is most suitable for aircraft with
flying wings. The influence of signal strength on matching results is investigated via simulation and analysis. A
joint-design method is proposed, in which both directional motions and lateral motions are included in lateral-
directional motivating command design. The new method can improve success rate for lateral-directional low-
order matching.

Keywords: flying wing; low-order equivalent; command design; flight quality evaluation; frequency do-
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Table 4 Focal elements and BPA of parameter m
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Table 5 Expectation x4 and uncertainty measure d under different discretization strategies

B ORI M d e “ d
ODM(n =10) [1.2171,2.7169] 2.538 ODM(n =20) [1.2218,2.7085] 2.374
VODM(n =10) [1.3057,2.6934] 2.515 VODM(n =20) [1.3074,2.6821] 2.297
ADM(n =10) [1.4502,2.3996] 2.137 ADM(n =20) [1.4557,2.3962] 2.029
VADM(n =10) [1.5422,2.3732] 2.028 VADM(n =20) [1.5441,2.3668] 1.912

F6 MALTKEHKXMT D, M TRREMMRE AE
Table 6 Lowerbound of D  and relative errors AE}"? under uniform step discretization strategy
ODM ADM

Ds

n=10 n =20 AESE/ % n=10 n =20 AESE /%
1.3 0.033 6 0.035 2 -4.7 0.110 3 0.114 6 -3.90
1.5 0.095 4 0.097 8 -2.52 0.140 1 0.143 1 -2.14
2 0.312 5 0.316 6 -1.31 0.3515 0.351 8 -0.09
3 0.665 3 0.669 0 -0.56 0.715 4 0.717 8 -0.34
4 0.962 1 0.961 9 0.08 0.905 0 0.904 5 0.05
5 0.975 5 0.975 2 0.02 0.975 2 0.975 0 0.01
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Table 7 Lowerbound of D and relative errors AE;; under variable step discretization strategy
VODM VADM
D,
n=10 n=20 AENE /% n=10 n=20 AESE /9%

1.3 0.043 5 0.044 7 -2.76 0.136 5 0.138 2 -1.26
1.5 0.1123 0.1133 -0.89 0.157 1 0.158 4 -0.83
2 0.3357 0.338 1 -0.71 0.3715 0.3735 -0.54
3 0.622 8 0.626 2 -0.55 0.816 3 0.818 7 -0.29
4 0.916 5 0.916 1 0.03 0.951 4 0.9511 0.03
5 0.979 4 0.979 0 0.02 0.987 2 0.987 0 0.01
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Analysis method on risk uncertainty based on variable
step discrete random set

DUAN Yongsheng, ZHAO Jiguang® , CHEN Peng, ZHAO Beilei, LYU Xiaolei

(Equipment Development Strategy Research Institute, Equipment Academy, Beijing 101416, China)

Abstract; In view of hybrid uncertainty presentation and propagation considering the dissonance and im-
precision of information in risk assessment, a hybrid uncertainty analysis method based on variable step dis-
crete random set theory was proposed. All kinds of incomplete and dissonant knowledge was represented with
random set framework , a unified hybrid uncertainty propagation model was built using random extension princi-
ple, and uncertainty envelope curvesof risk was calculated at the same time. To solve the uncertainty combina-
tion problem of dissonant and conflict informations, D-S evidence combination principle was used to merge
multisource uncertainty informations. For reducing the tail relative error, a variable step discrete random set
presentation strategy of uncertainty variables was proposed, and the analysis procedure of hybrid uncertainty
propagation was put forward based on variable step discrete random set theory. In conclusion, a physics and
phenomena response model of a mass-spring-damper system was taken to verify the effectiveness and feasibility
of the proposed method.
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Fig. 1 Influence of initial value selection on solving

convergence of Broyden quasi-Newton method
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Modeling method of variable cycle engine based on
QPSO hybrid algorithm

XTAO Hongliang' , LI Huacong" ", LI Jia', WANG Shuhong®, PENG Kai'

(1. School of Power and Energy, Northwestern Polytechnical University, Xi’ an 710072, China;
2. AVIC Xi’ an Aero-engine Controls Technology Co. , Ltd. , Xi’ an 700077, China)

Abstract: A new hybrid algorithm which is based on quantum particle swarm optimization ( QPSO) algo-
rithm and Broyden quasi-Newton algorithm was proposed to reduce the effect of initial value selection on con-
vergence speed and accuracy in solving the variable cycle engine ( VCE) model. Firstly, based on the analysis
of the VCE geometrical characteristics and the analysis of the steady-state characteristics of the external duct
through backpropagation( BP) neural network method, a component model was established which can reflect
variable geometry property and mode switching and other states of the VCE. Secondly, based on the model
performance calculation, a QPSO based Broyden quasi-Newton hybrid algorithm was used to solve the VCE
model cooperating equations, which improved the convergence and calculation efficiency of the hybrid algo-
rithm by introducing the divergence coefficient to combine the two single algorithms. The effectiveness, effi-
ciency and accuracy of the algorithm were verified by the simulation of high-order nonlinear equations. Final-
ly, the steady state and dynamic simulation of VCE component model were carried out. The results of VCE
model show that, compared with the results of GasTurb performance calculation, the trends of velocity charac-
teristics and altitude characteristics are basically the same with those of GasTurb, the error between VCE mod-
el and GasTurb is less than 2% . The hybrid algorithm based on QPSO and Broyden quasi-Newton algorithm
can solve the VCE model efficiently and quickly. The established VCE model can be used for performance
simulation and analysis.

Keywords; variable cycle engine ( VCE) ; variable geometry characteristics; external duct; solving non-

linear equations; quantum particle swarm optimization ( QPSO) ; Broyden quasi-Newton method

Received: 2017-02-21; Accepted: 2017-06-05; Published online: 2017-07-14 18 .50

URL : kns. cnki. net/kems/detail/11.2625. V.20170714. 1850. 002. html

Foundation items: National Natural Science Foundation of China (51506176) ; Aeronautical Science Foundation of China (6141B090302) ;
the Fundamental Research Funds for the Central Universities ( G2017KY0003)

# Corresponding author. E-mail: lihuacong@ nwpu. edu. cn



2018 4 2 A
F44 4 24

tEMEMRKXEFER

> b
:":"'3-*& February 2018
Journal of Beijing University of Aeronautics and Astronautics m I52] Vol.44 No.2

http : // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2017. 0091

jbuaa@ buaa. edu. cn

E T SST #0 Bayes M4 IR & 4 F KW E T =

ERRE, KA, AR, BF

(ZRETERE REWHS L TR, 1% 710051)

1 B MAEANRENRN, FHNBEH TN EEGETREEREHEEE
FWAEHRIEER A RER,TINT ARG E i (SST) A Bayes 77 i, RIEM UL & &
ERWS AR A FNWERRE , REEXEERER T O F o0 KA T X 03558 % 2
AL RARAB T ERMES 4K, ZH Bayes ERBREHAEFERARE, ZoMBAREMER X
BMEREMNEENFR. RO ERKAZ T EHREET N A ZX, ZWHEFEF RN %

[

X @ W WA AR EER(SST); Bayes; ok kM E

mESES: V215.7
MERARIRAG: A

W14 4% 1 (initial spares) () 4 & U5 F MIL-
STD961E (1), 245 N %/ R G i B IT 1h 3] &
LA WL A LR 3 B B 1 A/ R
A R0 75 i R ) B 22 T, S R B R A
L4300 B 5 8 R 7 T SR W B 46 1 o DU 6 P X 2
TG A UG R R 0 B R X

X T ARG 5 PF R B, B S 4 i £ BB, Bk
Z A B R A B N TR o o A
Mo R T B0 04 £ 1 T SR B0 5 2 A < AL
PR BT Y R R A R T R R
A RN BT R S X Ty R A AE TR
AR TR o LR B 2 A T B R BN, AT g
1 0 I 75 1 FE B0 355 1) 78 A A ok BT o 9 B
SE W U 45 1 T SR T v A 4% T B I B
)5 SR L S T A B SE AT R

F X RO, S T 4R 5 A 4% 1 ok B
KL AR SCG AT AR R 48 318 ( Similarity System
Theory, SST) #l Bayes Jyik. B 5G, ¥ 3T F-1E

XE4HS: 1001-5965(2018)02-0316-06

R4 AR AR DL E B BT IR, W00 B E A AR Y
PIHR IR 3 R IR, VASKE 58 T UCHTS 28 400 300 18 592 Ptk
Bl o SE A L 2 R A 8 9 B i) 4 1R T A
FitE, I Bayes Tk B G B R HOR, T m 27 A
W R AR AR5 B R A0 R S W) 0 4 PR SR 2
IR A SR E TR i — MR A9 505

1 ZHFERESH

%% W Fi GIB 4355—2002""" | B MR 14
R RS P A BL LR N, BB AR [A] ¢, 2R 8K
F AR RBEAER P #1575 K i AR
AH

s j
P:z(N%t)exp(—N/\t) x, =0,1,--- N
i=0 J:

(1)
A s Ty PR T AR 0 5 1F R Wk PO AE
HLRE R BRI 5] DN, 8 232 4 11 6, A R (REAS 3
BB BT S, N0 T 4R 2 — K,

S EHI: 2017-02-22; FHBHI: 20170424 ; W4 H AR AHiE . 2017-05-18 17:33
P 4% B AR b3k . kns. enki. net/kems/detail /11.2625. V.20170518. 1733.004. html

EEWA: EpHFBHE (51327020104)
= BIE1EHE. E-mail: cyx87793@ 163. com

Sl E 5k, x M, WA, & T SST foBayes Wride & FR#HE 7 #[J] X FMEMRAFF®K, 2018,44(2):
316-321. DONG X X, CHEN Y X, XIANG H C, et al. Determination method of initial spares requirement based on SST and
Bayes theory [J ]. Journal of Beijing University of Aeronautics and Astronautics, 2018 , 44 (2 ) ; 316- 321 (in Chinese ).


lenovo
全文下载

kns.cnki.net/kcms/detail/11.2625.V.20170518.1733.004.html

%2

AL ALF R

HEGEHE 45 35T SST Al Bayes (079 K # P oK 0 5 7 o 317

HEHR s 5, 1% P = BE MR s (H R
N TSR g PR SR

HIH AT UL, 25 A P i B BL B N, R
PRI ) o 7045 1 DR B B 25 P i I DL T, 2R 3K
AN RE B AT R A

2 MBREHERETERSN

P A IS 2B S BN Ji (o FH B 5 B = e, A
B RE B0 B 4 1 5 R R LA TG 25 % 0 3
B39 114 P B 25K o (8 T D7 0% 75 X400 0 17 i 5K
D7 ST VR R ol BT W, WG AR R R T B —
BV RE ML I R o D T RE NS K s I ff
XTI 5 AR 75 5K O SEREAT AL A B, 7 2
#1000 S0 A AT AR RO X E A B B A I Y 2R
BORHATIBIE

ATCHET SST M1 Bayes J5 ik 4 th W1 i 45 144 7

HIRE#

FRHPUE
N
15 FE W )
AT AN

P

N GESIES

AL

P A
AUV
R WS

&1
Fig. 1

3.2 EFSSTH&EHMBRBEZME

20 4t 90 4FAC, JA S M E ok R
T OSST, i+ R G AL EE R #is . SST hy £ 1
WU 2R 5% ) ff S L T —Fh T RE

EX1 MHMER . BREER q(i=1,2,,
KBTRGA,EE b (j=1,2, L) FA%
B,Z% A B A HF M EME (FF1E) S, H7E5UE I
FEAEZES FRE R o, R b, HHLIRE A B[]
AL 2

EX 2 MM R RS A B 7775 B
MIARLEE R (a,, b;) , 1R & A8 B — A A BL AR
JG, AT iIE R u(a, b)) .

ARG A BEA n ANFHRIITER, W 2 A HE AL
TS MES, IER U, NA U= (u, u, -,
w,) ,TEAHRIRGE A B hon R e — & &1 T, &

I

LRI

AR

VIR R

LV REARAL T o SST /2 AR 45 Ty 5l AR b1 2% 45 1
FH AR 2 4 2 98 (Hicdles ), %0 B B2 4 19 2R 3%
REFOHATA T, X P05 08 T B AR L AT R
PE S 1R e % 2 B ) B BET DL BT 2R R
Bayes J7 3 £545 M F A 1 B B i) Al 5 3 56 K
ISt FH i BE A AT 5 8 K50 30 ) 2 4 R B R AT A
AR AR PR PR T TN . SR A
2 FhJ7 R R R AT Al T, 2 A E R A
BIU6 w5 F oK

3 MmEHFRBETIE
3.1 BHEER

AR SST W04 6 PR IO B 0 2 B0% 5 44
T 7 SR MR ) SR L, 3 ) Bayes 7 21531
TG B SR SR A W0 R BRI B R ROR
HETT R 6 PR R o S RSB 1 T %

LRMEOAL

=3 =| 4l
Gl TR
FMEA
RCMA
MTA
LORA

Bayes/}

IRL e SAES

PR BE
ERGHEE
FRBHRAE L
FEAHEL

NN

General idea

GElR AL IC R (1 2 /0 B R UE s R BOR Bl E
AALEERE 32 Q,, B

Ly .

BAHDLIE 2 4 m A~ J6 45 A DU AE L FR 2 W
S Su s So AR GE AT FARAE R U (x,)
SR AT w38 U (a) WIEE o, ARG
S, BB, U (b,) 6% b, HHEGE S, B 1
B R 0 5 52 9 22 1 EL R
G5 . P n 42 60 i, R G {6 0 % B
i

min(U,(a,),U,(b,))
"= max(U,(a,) U, (b)) (3)
;_cﬁ‘:F‘:0$rij$1,i =1,2,-,n,j=1,2, ,m X FH
ITEE —UIRFE S, # U,(a)) =U,(b) M r, =1.




b A 4
EEEEE

318 b3 M = it K K 2% % i 2018 4F
BUE M BIE RSN m ARAE TS fr]0)p(0) .

TATE A m A~ A AR 1 LE 49 32 K0T 49 B2 K -y m(y)

roee o o BEARMLE R o b, ASAERCE r R A (0y) MIRRE R ELp (- | ) RS

by LARDOC R AHIC N q(u,) A %ﬁ%ﬁ@ﬁﬂnmw=fﬂymmwﬂeﬁﬁ

m

a(u), =7 — (4)

BEANRFAE X T 2 A BL A 52 0 B BE AN ], HORR
MEANE R dy o dy, -, d,, WIAR LG 2 A e AR AH )
REEEEN ¢(u,) WA

Q(ui)s

=dry +dyry, + oo

(5)

X T IC 2 AL, JC 2% 1) A KR A B

TEZ A FEAE AR LR AR AR M R R A e
AT 25 AR L TT AR g (u,) BB

Z,, (6)

Af:0<q(u,) <1,0<d,<I, Zd =1,

FEXF R GEAL S, B — *EUE@XT%%*HU
BEW 5% e w] DAAS [, BCHE AR AU A B R py
Doyt s Py 2 AR RL T B B 8 B AR BLEE L e
Q. ,H0p
Q.=piq(u) +pyq(u,) + -

qu(u) (7)

Xof T 2R G0 8 (R BT 55, 2R 45 I) A B0 AR R
B, RGN A JC 2 A LR B, AR 4 o R O A
B R E) RS E B T

0=0.0. = 7 - pru> (8)

BB 2 MRGEWMBIE N 0,0 KRBT &
GiXEE R MRN, W REM KRR A,
U MR TP &

(I(ui) = Q(ui),.CI(ui)s =

+p.q(u,) =

A=k A, (9)
Krpok, AEIERF, AT RGN AHBLEE Q. , %5
%I$I1H1m\$n:§‘%{é§g/\ﬂéﬁﬁﬂio

3.3 ETF Bayes FiEMNEHERAAEHE

Bayes J7 % [ 1% .0 J& Bayes % B, Bayes
S BT LS B S 0 B A SR X B A E B
Bro SR A AR T A R4 2 80 0 Al
o TEMRIEIE AR Z )5, ol ORI BrmfE B
X SE I A A HEAT BB . T RS TR A S B A
RO W T TE A5 B 523 B 2 5 XS B0 A
W T LA o0 A 45 FR R IS 36 43 A, B2 I, Bayes
B BA] KR

P 0 U B R, 0 0 BB ZS TR L f (v | 6) A
B 0 il RE R e B, p (60) O S I B R eR K
() HIRFIR % B Rgl .

TR0 m(y) SR SE06 Tk, K
L AEZ(10) H m (y) B Ry BE A9 R 200 — 8 45
TR R, # 2 (10) 5o 58 25 B R 3y
B, A
p(8ly) =< f(y[9)p(6) (11)
A A5 oo " RIR I ANAR 22 — AT 60 1Y)
T

LIRS A7 AT AT, Bayes J5 125 B A% 0 2 4% B
B 2 SR8 A, el B 2 SR8 A3 A ) 3 BT A 52
bR 545, w] DAE o Fe e S 00 o A i e . W R oG
B 3 A S AR A 3R 1 R o

TR A 77 i R AN AE B0 53 4 Exponential (A ) ,
BRI o A % B R BCR f(1) = xe ™ 13 3 5K
BRIIHT r DR Z) 1, <1, < - <o, (FEA AT
r AP gt ) SR pRECH

n!

T (n-n)!
EN R WS CRS TN L8 T

8] M =1/05 /13 1 A1 S8 500 A5 R BCR A 1
FSER A R Gamma SpA . HA WH BOHER 5
PRAR:

P(Alap) = Ffu)A“”eXp(-BA) (13)

K ia >0RBRSHGB > 009 RE S K K E
Rl BERANERSHBRERESS

Table 1 Commonly-used prior distribution and

L(/\‘LlstZs.“’tr> 677'/\)17 (12>

its conjugate distribution

Jedi i (S50 L 53
Binomial (77) Beta
Exponential (A ) Gamma
Gamma( A) Gamma
Multinomial ( 77) Dirichlet

Multivariate Normal (u,3') Normal Inverse Wishart
Negative Binomial () Beta
Normal (u,o B 51)

Normal (o ,u B2 %)

Normal

Inverse Gamma

Normal (u, o) Normal Inverse Gamma
Pareto(B) Gamma

Poisson( ) Gamma

Uniform(0, B) Pareto
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Table 2 Spare parts similarity analysis of S,
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Table 3 Statistical data and expected value
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Ly 253.3 292.05 3.42
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Determination method of initial spares requirement based on
SST and Bayes theory

DONG Xiaoxiong, CHEN Yunxiang” , XIANG Huachun, BAI Yang

(Equipment Management & Safety Engineering College, Air Force Engineering University, Xi’an 710051, China)

Abstract; With the changes of use environment, the initial spares plan cannot meet the equipment sup-
port requirement when the equipment is disposed. Aimed at this situation, similarity system theory (SST) and
Bayes method are introduced. According to the similarity system theory, the initial failure rate of spare parts is
preliminarily determined. Then, the corresponding conjugate prior distribution is taken out based on the life
distribution type in the aviation equipment which is in use. The maximum entropy method is used to calculate
the maximum parameters and the Bayes theory is used to obtain posterior failure rate. Finally, the initial fail-
ure rate and posterior failure rate are combined to determine the initial demand for aviation spares. Numerical
example results show that the method satisfies the requirement of practical application, which is a reliable and
effective demand prediction method for the initial spares.
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Table 3 Results of flow characteristics test

CARISET %2 Wikl %3 ik
Wor Ay 0 A 0 A QW
MPa (kg.sfl) MPa (kg.sfl) MPa (kg.sfl)
1 0.99 0.0497 0.91 0.0490 0.95 0.0509
2 1.81 0.0693 1.74 0.0682 1.80 0.0695
3 2.76  0.0854 2.76 0.0852 2.72 0.0849
4 3.67 0.0978 3.71 0.0984 3.74 0.0985
5 4.59 0.1085 4.61 0.1093 4.59 0.1091
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Performance calculation and experimental study on a hydrostatic
journal bearing for turbopumps
DU Jialei, YAN Panyun, LIANG Guozhu "

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

Abstract: An experimental hydrostatic journal bearing intended for the reusable liquid rocket engine tur-
bopump was designed and investigated through numerical calculation and experiments. The Reynolds equation
for incompressible laminar fluid was numerically solved based on its linear characteristic and the static perform-
ance (load capacity and mass flow rate) of the bearing lubricated with water and liquid nitrogen versus eccen-
tricity ratio and supply pressure was calculated and analyzed. The flow characteristic of the bearing restrictor
was studied through experiment and the bearing lubricated with water was also tested. The flow characteristic
experiment of the restrictor shows that the flow coefficient of this non-typical restrictor is much larger than that
of orifice restrictors. The numerical results show that the mass flow rates of the bearing lubricated with water
and liquid nitrogen are very close to each other under the present research condition. The high-speed water lu-
brication experiment indicates that the equilibrium position of the shaft in the bearing is mainly determined by
the supply pressure and the bearing shows no obvious hydrodynamic effect in the speed range of 0 ~30000 r/
min. Both numerical and experimental results show that the mass flow rate of the hydrostatic journal bearing is
largely independent of the eccentricity ratio. The numerical results of the bearing lubricated with water and liq-
uid nitrogen, together with the water lubrication experimental results provide a reference for further cryogenic
lubrication experiments.

Keywords: liquid rocket engine; turbopump; hydrostatic journal bearing; water lubrication; liquid ni-

trogen lubrication
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aerodynamic parameters on short-period mode

characteristics of closed-loop aircraft
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control derivatives and different lift curve slope
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Influence of aerodynamic parameters on short-period mode
characteristics of closed-loop aircraft

XU Wangqiang, WANG Lixin

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

Abstract: Owing to the relaxed static stability technology applied to the modern high-performance fighter
aircraft, the design of an advanced flight control system is required to confirm its closed-loop system for an
excellent dynamic property within the flight envelope. The ability of flight control system (FCS) is limited as
a result of the control effectiveness and deflection rate of the control surface. The designed aerodynamic param-
eters of aircraft must meet certain requirements to confirm good flying qualities in its closed-loop system. This
paper presents a new method which describes the influence of various aerodynamic parameters on short-period
mode characteristics of closed-loop aircraft. A relaxed static stability aircraft with model reference dynamic in-
version control law is provided to investigate the influence rules of various aerodynamic parameters on short-pe-
riod mode characteristics based on the equivalent parameter criterion. The results show that the elevator control
effectiveness has a great influence on the short-period mode characteristics and the aerodynamic parameters
need to match a certain match value set to keep excellent short-period mode flying qualities. The proposed
method can provide reference for flight control system design with the optimized aerodynamic parameters for re-
laxed static stability aircraft.

Keywords: aerodynamic parameters; control surface effectiveness; short-period mode characteristics;

model reference dynamic inversion; flying qualities
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Table 1 Excitations and responses of force transducer

117.931 g W0 & 229.562 g fii &

z
e

4476.340 g i T 7621.833 g it &

a,(t)/(m-s72) U (t)/mV a,(t)/(m-s2) U(t)/mV a,(¢)/(m+s7?) U (t)/mV a,(t)/(m+s?) U,(t)/mV
1 151.92 623.69 158.78 650. 83 165. 65 679. 46 178.68 732.70
2 152.61 623.46 159.47 654.34 166.33 682.31 179.37 736.02
3 153.29 629. 81 160. 16 656.49 167.02 685.99 180.05 739.03
4 153.98 633.01 160. 84 659.73 167.70 688.37 180. 74 739.89
5 154.67 634.48 161.53 662.12 168.39 691.56 181.43 745.46
6 155.35 636.03 162.21 665.26 169. 08 694.24 182.11 747.95
7 156. 04 636.83 162.90 668.72 169.76 696. 18 182.79 750.59
8 156.73 642.98 163.59 669. 61 170. 45 699.95 183.48 753.29
9 157.41 645. 64 164.27 670.38 171.13 702.01 184.17 755.78
10 158.09 648.50 164.96 673.33 165. 65 679.46 184. 86 758.45
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Table 2 Estimation error of traditional additional

mass method

VRS flitt 18/ g brifE 2/ g iR 2/ %
TIWRELE 85.70 2.24 2.13
EZ2INER7S 84.98 1.34 1.28
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Inertia mass of force transducers based on a
modified Monte Carlo calibration method
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Abstract; As an important parameter of a force transducer, the inertia mass can reduce the measurement
accuracy of a dynamic force unless it has been accurately estimated. To eliminate the ill-posedness of an cali-
bration model of the inertia mass caused by parameter errors, a modified Monte Carlo calibration ( MMCC)
method is proposed. Firstly, the mathematical model among the inertia mass, the additional mass, and the
measurement response of the force transducer is built. Secondly, the parameter samples of this model inclu-
ding additional mass, acceleration, and voltage are simulated by pseudo-random number generation globally.
Thirdly, the valid samples of these parameters are selected by interval screening technique. Finally, the iner-
tia mass of the force transducer is estimated by solving the probability of these valid samples as well as the cali-
bration of the force transducer. The accuracy of the MMCC method is verified by dynamic calibrating a Kistler
9331B force transducer with a sinusoidal vibration exciter. The experimental results show that the estimate of
the inertia mass is 83.91¢g, the estimation error is 0.67% , the standard deviation is 0. 74 g, and the calibra-
tion error range of the dynamic force is [ —7.88% ,11.46% ]. It indicates that the calibration error of MMCC
method is less than the traditional secondary additional mass method and the multi-additional mass method.
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1112 F0 135 4 424 O fil & 4% 24 DO D1 1 D2;
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Fig. 15 s27 circuit architecture
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Fig. 16  Placement and routing result of s27 circuit
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SR 2 B 1) 15 ~ 0 {3 7 fiff 5 20 i o LUT 19
DI s 16 A7 72 il 40 i o LUT 5 fih % 1) i i3 5
24 ~ 1T EE ] LUT /49 4 A A 9 5 A5 5 3k
336 ~25 iR R &b 4 2R kRS

FEL A0 R A R AR 16 A L 1 AR I Y R TN
ey o — Ak PR e PR o s A S TR OR T 16 3 o
G Fn , AR i 2 2.

x1 EEEKD
Table 1 Gene code

ERRE JFXRGHER LUT M AEE  fdidsd  LUT Zh6e
G i 7 36 ~25 24 ~17 16 15~0
2 HEEE
Table 2 Gene bank
2 Jfd A A 21 ff 5 2 Jifd A A 1w 55
(0,0) 1 FBE000000 (0,2) 1F9 A000000
(1,0) 1 EBE000000 (1,2) I F5C394F4F
(2,0) 18EE138888 (2,2) 07BC9DI5CO
(3,0) 14FE000000 (3,2) 07 FA000000
(0,1) 0F9E000000 (0,3) 1 FF2000000
(1,1) I8DECG6EFCC (1,3) 07FE000000
(2,1) IBIDC2FFFB (2,3) 1 FF2000000
(3,1) 0F761 ABEBE (3,3) 0FFE000000

5.2 #EKNSE M
5.2.1 #EL£FnXaEE

W B —A> LUT FROy— A il B 19 A, RS0 %
TR o 0,7, W0, /17 R 0,707 43 5l
Fes v O, B[] g O F S A T 5 1 i e
PRI Ay B A L B 19 A — A i o e, DL AT LA
B o v 4 AR B Y R RO BT R O, B —
H A 1, 0 41,-> 0,/07 FI“1,-> 0, /17 43 5l %
A T, B E O Bl R A E 1B R
PRI, 7 27 F, 8% 610 At i 10 R B0 A
i A K v A g ) T D GE O BRI SE 1 B
[&, 4 54 4~fk &, B4k ok . 10/0,11/0,12/0,13/0,
0/0,N1/0,N2/0,10/1,11/1,12/1,13/1,0/1,N1/
1,N2/1,11-> DO_in/0,11-> DO_in/1,N1-> DO_in/
0,N1->DO_in/1,N2-> DO_in/0, N2-> DO _in/1,
13->D0_in/0,13-> DO_in/1,N2-> D1 _in/0, N2->
D1_in/1,13-> D1_in/0,13-> D1 _in/1,N2-> 0/0,
N2->0/1, D1 _out-> 0/0, D1 _out-> 0/1,13-> O/
0,13-> 0/1,D2_out-> 0/0, D2 _out-> 0/1, N2->
D2_in/0,N2-> D2 _in/1,13-> D2 _in/0,13-> D2 _
in/1,D2_out-> D2 _in/0, D2 _out-> D2 _in/1,12->
N1/0,12->N1/1,D0_out-> N1/0, D0 _out-> N1/1,
D1_out-> N1/0, D1 _out-> N1 1,12-> N2/0, 12->
N2/1,D0 _out-> N2/0, DO _out-> N2/1, DI _out->

N2/0,D1_out->N2/1,10->N2/0,10-> N2/1,
R 4.2 gy Tk, X 27 A B AT S
M AE e, SR AR Al P B P SR A e /N 0 3K 1)
A T fsim i B 07 L A 0 A I 1
RE W% A6 00 1) A3 Bt 5 A7, 2 SR AN 3R 3 TR
A 21 80 X e 2 AR Bl PR 56 RO 100%
x3 RMVKBES

Table 3 Minimal test vector set

" W3 11y E 1 Jo7 P
T (10,11,12,13,D0,D1,D2) (DO,D1,D2,0) k%L
1 (1,0,0,1,1,0,0) (0,1,0,1) 16
2 (1,1,1,0,1,1,1) (0,0,1,1) 3
3 (0,0,0,0,0,0,0) (0,0,0,1) 9
4 (1,0,0,1,0,1,1) (0,1,0,1) 3
5 (1,0,1,1,0,0,1) (0,1,0,1) 4
6 (1,0,0,1,0,0,1) (0,0,1,0) 12
7 (0,0,0,0,1,0,1) (1,0,1,0) 2

5.2.2 BB MBS R R A AR

4 Cell (1,0) B JF 26 & & £ E1 i 3|
NO 3y 9 [ 2 O AU, 0l o s B/ RTL 2 1)
B SR D1 _out-> 0/0, X il 28 25 ) 4 il e A6z 00 0
FAHE I R AT O L, A5 R A 18 (8] 19 s

B 18 xin[2 : O] 0 yin[2 : 0] Jy Hbu hil-
ALT0 T1 12 13 [0 J& 76 W+ 4H g 4 51 v 4 A 5
& 16 rh g Ay A X R B 0 A 55 CT 2 AT i
B A A5 A B S 5, CO T B
AR A B E R RS S celk BB
Mode Fi1 Shift S a] fic # A 494 oo BC_1 #Y
H T ERIME S . 24 Mode 2y 1 1} ,BC_1 #Y
FH R ITAR Y T H %2k, 2 Mode 2 0 B} ,BC_1 7Y
FH B T B TR A A A% B 5 2 Shift 1
if, BC_1 Y44 5 00 5 BUACIE 4 4K D BE L, 24 Shift
0 B, BC_1 B4 4 55T 52 30 49 4 B 7% 00 2
figo TDI Jyifs B4 5 5 o0 09 39 5% B4 i A, TDO
AR B s selk Dy A RE BB uelk Ay BE BT I
B, CIN Jhy Hy 200 e o 48 ok i 46 9 TG 58 g A\ A5
5, COUT g 471 4 il J2 #5 1) e B % 10 {5 5, confelk
AT Ak % A T I b, SIN Oy A9 4 kK 5 110
ARG A, SOUT 2y 45 44 iy i , scanclk 2y
IS B, scanshift Sy 45 1 fih & & 169 B8 A7 425 ) 15
5,2 scanshift 2 0 W, 45 4 fil & 2% 55 904 )
B, 7, 45 A & 2 S B AR CIE R TAE) ThRg
s-a-0 JJp i A [ [E 2 0 BB . faultset Sy i i i
EAE 5, 2Y faultset 2y 1 I 7R 4 AR

RGP 20 ns, 0 ~310 ns 58 B #H49
TP ICIC S, S BE O I, 0 A LT
SRy A s 1 D0 A A g R R A 3 S
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BT BN B E O A . AR 16 1Y
A1 Jr Al 2 45 3L, TE B R0 4% B AU AR I
“0000000000000010” , 320 ~ 630 ns 52 i 7] it &
DAL A A B T T Y R e e A b Y TG R
O IS A A ik A 4 A0 T BRS04
KA AL TP R A . B, T kA 09 T
BB IR A A F AR R A ¢ 11111010101111117
Fie B 3 1 I 1 4R, 640 ~ 950 ns Jififn 45 1 >0
iﬁr’&]ﬁ“lOOllOO” 10 ~13 7'31 1001”7, D0 ~ D2

07, 5 I & 55 B TDI 3% 1 %y A 0000000000
000101”,950 ~ 970 ns 5¢ i 320 5 47 i I 3 % 4 o
37,980 ~ 1 030 ns HY SIN 3 1 #% A % #% <1007,
1 030 ~1 050 ns Sg X EdEd/i #%,1 050 ~ 1110 ns
B SOUT 3 1 #% 344 “010” . 1120 ~ 1530 ns Jifi
JNas 2 AN ) 11101117, 1390 ns gy TDO

Ui 113 [ b — A0 4t 7 o g O 8 0
Bt 17 PRERS 1A I3 ] A S B R A
“O1017 , g3 3 AJ 01 1E W I . 4% B Oy v
AR U i 3 T A 352 D] w9, 1530 ~
1590 nsHy SOUT 3 32 [M1 4 4% “001” |1 870 ns Hf |y
TDO 3 122 [0 5 4f8 07, W) &85 A 1] & /4 5 B 1) 7
s 00107, 55 1E H wE W BCHE “ 0011 7" A [F],
o A R

5 o A DL AT R, Ot e 3 e 1110111
&M “ D1 _out-> 0/0” [ “I1-> DO _in/0” | “11/
0” .“D2_out->D2_in /0" “I3->D2_in /1”7 “I3->
D1 _in/17 “13->DO_in/1" F1“13 /174 8 A~k |
AR B 3k 2 i s 7 B 4] o 1 0 5 A s A, B E
FVE N HI ~ H3 F1 VO ~ V4, (RREATHEH#, 8
A R W 19, 05 FAp sl il 8o o 8 AT
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th, VH Sy KPS 15 7 1) i b 2 A5 5, 2 VH
O, EEERS K7 [ fE S, 24 VH O 1,
WM EE T IMES, H[2:0]F V[2:0] 5
Il SRy 7K - T I6) B 22 0 0k B A S .
UMode Fi1 UShift 3 # B0 HE 5, 24 UMode
9 1, UShift 2 1 B, 4548 500 52 BLECE il DD RE
24 UMode iy 1, UShift Sy O 5, 77 4 B 50 52 905045
L IIRE . SDT il i %5 418 iy A, SDO Sy ) 1 %5
Pt usclk A4, 1900 ~ 2290 ns BT
g m 11101117 5 2320 ~2330ns F7 0
i . 2330 ~3750ns [/ SDO 5 AR KRS B F 4
HE H1 ~H3 H1 VO ~ V4 rp iy I 080 , 4% BRRS H I
e c s B | 79 20 S8 Ik 4 s o
0 R A 22 N X ) A A S
IO HSCHE AR A P 200 Y 5 T BB P A B e A
W7o BRI S R T T ) C i S AR S B, B
AR ARSI
for(id =03;id < cellnum ;id + + )
{
gene = Gene[ id | ;
cellsim ( indata , outdata,d , dr, gene)
3
dn = Dsim( indata, gene ) ;
for(i =0;i<4;i+ +)
{o[i] =0Osim(indata,d,i,gene) ;|
if( (dn ==dr) && (0 == outdata) )
cellfault =0 ;
else

cellfault =1 ;

%

s id g 1 40 i B 4 5 5 cellnum iy L
24 10 1) 805 gene g R 200 i 19 6 DX 20 £ ; cellsim
O 240 1 Sy REASE DL o 50, AR A 7 0 BB T AR A Y
i A i B4 indata, i H i 204 outdata , X Y fih
KA RS d fih S 45 LSRR e TR 1 200 i 1Y
DR 552 B 4 1) W DI 5 Dsim Sy fih A2 4 Wi 1z 455 40 Ry
B0, 40T A0 AT I D RE N, Dsim AR 4 24 i
F1% i A i %50 indata F1 40 i 3 (9] 4 14 gene , 3% [1]

x4 WiKBHE
Table 4 Test data

FH 1 [ Heodw ESE | G
H1 01110000 Vi 01100010
H2 01111000 V2 00010111
H3 00100110 V3 01011110
VO 00000010 V4 01000100

I 22 i e g IE R DL T AR dns Osim Ay i
W RO e K5, PR Dy R T A ) O 8 BE R
2, Jr LAVE 1 40 O G 4 A i i B A g
Ui R F Osim FEATRE4Y L 75 2 1E 51 B0 T B9 %ai H i
W IS RS 00 LA it A 45 A0 i S ) A U e 1
FLSCA S, 0 SRR TR, D0 H 3 20 0 T i R, 5 D R
T2 B 7R B P R R, 2SR
7N A F B R TR ATT A DT I R ) R
PNy R T H R o 2R SR AT 2 A R 4
JE A ECRRA BL AN 2 S B, Ak bs S (1,0) 19 40 Y
BT oAy Bt 78 5 BRI e S A

RS HEHEHER

Table 5 Fault diagnosis results

52 bR ST e 1Y
(0,0) (1,0,0,) (0,0,1,) (0,0,1,0) 1
(1,0) (1,0,1,) (0,0,1,) (0,1,1,0) e s
(2,0) (1,1,0,) (1,0,1,) (1,0,1,0) 1 0 O IE%
(3,0) (1,0,0,) (0,1,0,) (0,1,0,0) EH
(0,1) (0,0,0,0) (0,0,0,0) (0,0,0,0) i
(1,1) (0,1,1,0) (0,0,0,0) (0,0,0,0) EH
(2,1) (0,1,1,1) (1,1,1,1) (1,1,1,1) EH
(3,1) (1,0,1,1) (1,1,0,0) (1,1,0,0) EH
(0,2) (0,1,0,0) (0,0,1,0) (0,0,1,0) i
(1,2) (1,0,1,0) (0,1,0,1) (0,1,0,1) 1 1 1 iF%
(2,2) (0,1,1,1) (1,0,0,1) (1,0,0,1) 1 0 0 IF%
(3,2) (0,0,0,1) (1,0,0,1) (1,0,0,1) I B
(0,3) (0, ,1,0) (0, ,0,1) (0,0,0,1) EH
(1,3) (0, ,0,1) (1,,0,0) (1,0,0,0) i
(2,3) (0, ,1,0) (0, ,0,1) (0,0,0,1) EH
(3,3) (0, ,1,0) (1,,0,0) (1,0,0,0) IEH

5.3 MKEMBHERESH

W AN S i N AT N B LT A0 R
JC, DUV PR - 240 ML B B RLASE Ry N 2R e T 2
HIF R EAE AT A WA AT WA
IRR TF O G0 10 58 B hy 2 W

DA PR B ) MOS 457 %5 it ok Ak 30 0 3 245 4
U Jiey P - 200 i 4 1) T 90 R T T 1 B U . A PR
B LA 1B BA ST MOS 4 8 N3 6 TR,

R6 BERBEBTHEMHHR

Table 6 Hardware cost of basic logic units
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P e & I RERBL AL RS B . fEIFE €, =4N(6M +24 x5 +7) (9)

B PE I AR I, A A B 2 i e A Yy 2 3 1
ZREPE A RIR LB, O T HE IS E W, 9 2
e 12 B P4 WAL AFIHAE T M

Mo HEREBR AT AT ik A S B R A
REBONTIb NI 1 T 1b N TAS 4 i 2 20548 B
Frmikds. 6 AW, —afndh 28 4> A ik
R, DRI M ik B R ) R AR O H N
Mot AR A 5« Ry 2 AN T5 A B
H, =28[lbN]x2 (2)

WL AR R T O 4 T T Y 2 B T A
A B, 25 P 20 PR O O 8 B O 2 W R AR T
Kk Wilton H##, WIJFSC G H 4W 4~ 4 5 1 2
HEEFE AR N, S 4 08 1 RS H 3 A 2
e 1 22 B Ve A M B, T S @ I BE PR T FE
H, =3M - 4W (3)

FETH A L REAR B (9 5 1 T FE I, #4 J8C LUT 19
SRAM FAJGTH 5 15 3 DR 77 fiff 450 B 114 868 1 38 6 7 o
P SRR P AR 1 A 16 B8 1 2 Bk %45 (i
1S 4~ 2 3% 1 20 e e 5 4 OB 1) (1 A ik
4 ASEBL LUT S A FR Y 2 B FE g A 1 S0 Bt
fih Az st i b M LUT Jap b g #6000 2 06 1 25 % e 4%
fwo (BB LUT A LIk A 4 A J7 i B A 1Y
AW AN FRAfE S, 0 4 A9 LUT fg A %19 2

S B 5 A ) B A T AR IC
[1b(4w) ]
H,=4M Y [4W/2'] (4)
PRI 1 2 BB e ey o A B T RS R
Hy=15M +24 + H, + M (5)

T AR LN G AP 8 W LT 5% & i 2 1 45
E,4Tb(4W) T LUT f % A4l £ 8, 1 4z LUT
0k e i i 4 AR R 16 £ LUT B ZhBEAS &L,
AR B i B L

LN B H SRAM 77 fiff 2 #4180, 1 1> SRAM
FATTAEAE 1 ALK DR 2 T, A DRSS B A ik 114 25 D] >
Bk N U3 R RSB TE AT FE N

{L=MV+4HM4W)1+1+16 (6)
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BRI, % A FEL - 40 1 BEE R R
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TN R ITA S 2 2 0k | 2Rkt
FEAR TN 1A fih BRI UG Pir A 1) 40 o 1 l4f
THAEIL N
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B ENHAMIT G T2 M2 @
1 Z B4 F0 2 A S B ] D) Re i fih & 4% o Tl
MG IEE A (N + 1) Aol Bl B F 2%, i
ARG A T OC R BRI AR IC
C, = (2M +2 x24)(N +1)? (11)

BEBI A N A4 foh % 2% o BEAS 40 ok %
a3 2 3k 1 ZEE IR PR A 2 il A g A8
HIEHE MR 4 MAE L, Bk s h s T
242 ik 1 ZRRIERFEAR AL Ak g o K in
53 BRI AR IC N

C, = (2M +24)N’ (12)
JIT A IG5 A8 ) BRI FE A
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R 6 M= (2) ~ = (13), /] DIiH o i 7 4
JIE0 I 30 R0 2 A 1 BB A T R L b MOl 8
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Fig.20 Hardware cost comparison
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A novel testing architecture for embryonics array
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Abstract: In embryonics array, testing architecture and the fault detection and location method are limit-
ed by the electronic cell structure and the array structure. Fault detection and location capability need to be
improved, and the hardware consumption of the testing architecture is large. In order to solve these problems,
a novel testing architecture composed of configurable boundary scan architecture and configurable inner scan
architecture was proposed. Based on this novel architecture, a register transfer level fault detection method and
a cell level fault location method were proposed. In the simulation of s27 circuit, the detailed process of fault
detection and location is introduced, and the hardware resource consumption of the testing architecture is ana-
lyzed. Simulation and analysis results show that the proposed method can effectively detect and locate the fault
at cell level, and the proportion of hardware resource consumption of the testing architecture decreases signifi-
cantly as the size of the embryonics array increases, which is suitable for large-scale embryonics array.
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Effect of asymmetric factors on carrier-based aircraft catapult launch safety
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(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: Asymmetric factors lead to lateral-directional departure after catapult launch, and affect longi-
tudinal flyaway characteristics as well. Principle analysis and numerical simulation are conducted to reveal ya-
wing movement characteristics during deck run and lateral-directional departure characteristics in catapult flya-
way, with the consideration of three typical factors, such as off-center position, catapult runway angle and
deck roll. According to the safety requirements of sink off bow and bank angle, safe wind over deck (WOD)
envelope is figured through numerical simulation under different takeoff conditions. Simulation results indicate
that lower boundary of the envelope is limited by maximum sink off bow, left and right boundary is restricted to
maximum bank angle, and upper boundary is determined by constant wind at sea level. The range of safe
WOD’ s direction and speed would be obviously narrowed due to off-center position or deck roll.
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Shore-based GNSS-R method for marine oil spill detection
JIA Ziying, ZHANG Bo"* , WU Jun, YANG Dongkai, HONG Xuebao

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

Abstract; From the perspective of shore-based application, a marine oil spill detection model based on
the inversion of the target water’ s relative dielectric constant was established using the three-antenna global
navigation satellite system-reflection ( GNSS-R) technology, the partial depolarization phenomenon of the elec-
tromagnetic wave, and the mapping relationship between reflectivity and characteristic function of surface
roughness. For this purpose, GNSS direct signal, left-hand and right-hand circular polarization components of
reflected signals were collected by two field experiments for heavy oil and intertidal zone respectively. After
processing the data according to the inversion model, the summary as well as the analysis were carried out.
From the experimental results, the mean of retrieved dielectric constant of the oil covered surface is 2. 14, its
standard deviation is 1. 44 | and the dielectric constant of the beach has undergone a process of obvious in-
crease and decrease, which is highly consistent with the flood and ebb tide alternates. The difference between
oil and water inversion is obvious. The inversion results have a good agreement with the theoretical dielectric
constant, which means that this method is feasible for marine oil spill remote sensing in shore-based environ-
ment to a certain extent.

Keywords: global navigation satellite system-reflection ( GNSS-R) ; marine oil spill; shore-based plat-

form; dielectric constant; polarization-ratio of reflectivity

Received: 2017-02-21; Accepted: 2017-05-19; Published online: 2017-06-28 17 .31
URL: kns. cnki. net/kems/detail/11.2625. V.20170628. 1731.002. html
Foundation item; National Natural Science Foundation of China (61171070)

* Corresponding author. E-mail: bozhang@ buaa. edu. cn



2018 4F 2
F44 4 24

> b
tEMEMXRKEZR :":"'3-*& February 2018
Journal of Beijing University of Aeronautics and Astronautics m I52] Vol.44 No.2

http : // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2017.0111

jbuaa@ buaa. edu. cn

FHREABINEA ST L%

AAF, B, K, KN

(JEmtf s iR R 2@ b 5 TRE“EBe, JEat 100083)

1 E: UAAPHEENAOBANBEANTFRAS L, B —HETELEAX
REHENESEHN A Rl EI BT TP PRE. T AL FEHEENM T E

XREBHNBAZERSW LSS H, FIA

B KR o RS PR X = A

EASREROHAMEZ AWK F XA, KERITELBANBEE L, UEFIBEAR
EUFUENARBRTREELZENE BB RBERLSEN SR, ARIEFRITNELSE
H E %, ADAMS Bt 2B LB A Z EH A fo 55 % AL A, 3 5 & MATLAB/Simu-
link ¥ H S BEAHTTEHFHE, GELERENERLESELEZNERNT, 5 M E
EAEFHALR BN BEAR LT E RN DL T R AMMA b 10.8° K2 7 1.8°, T
BE B E B 96.4mm BEKE T 34.9mm, EH T ALAEH EEWNAE R,

*x B W THBEY, s FEME; sEEL; fhHE; FABEMK

MESES. TP242.6
SCERARIRAD: A

Hoahflas At B s e & A7 G LR
RGN, e U B B RN A LA
Wt BIL e A AR 1R g, JHG S Aok ), A
AR Tl AR 25 4505 3 ) 2 /9 5, i ELA7E [
Wi TR R T E R
FROR 375, B Sl AL e AR i 5 R A 5% T I 19
AR PR T AR R EESR TP R AR S L e
BV AE 10 G B A2 T BB gl B B Sk
AR SO X — T 5 A - B8 BILA OB T AR s bl A
N B0 E S BB R, Lo 2R R 5 0
i oK

AT I P9 1 X0 A% Sl b i A A 2 ] 28 2 7 ik
17T REMBETE . TRoh S XS R IR LA A,
& 7 7 BN IE a2 B o A s Bl oA AR R Y T
B R U A ek S A I A 1Y 4
M, BRI A e FE e 4 3 1 T S e RS S

NXEHS: 1001-5965(2018)02-0391-08

RO I B 2 RIS B R R AR
WA X D 4 i R B R AT L AR AR BRAR N 4,
P e A b 8 f50 0 T I T 45 A2 B O AR TR e
T T 58 B R ARk AR, B
S AL A2 8] A7 28 55 3 100 B I3 (8] 1932 3l 2 56 R AT
FEREARLAE (Y, 1% G2 1SR Ak 07 15 B0 B2 2% ME DL
AT R G SN PR R o 38 A5 AR R T
SESANAE SR T AT R B B0 1Y 4 JR oK A
BETT o (&S & AR 2ot ML 3l A 38 A S0 0 2 2%
T B RS Shlas Nz 3l 22 8RR i, o S 7EAR K
TRIE LREAOR i B 2 Jefi i

AR SCHBIE TR G BAT - 4 HLA 9 B 3
HLAR N B X A B e B A5 N A 3 2 2 A5 P
TEEATORGE , F BT Ak T AR S ML R 8 1% 55 1 10
LA PERIF M RS A . O ShpLas A= i) %
A5 5 R i THT 1) 1) 07 OC AR 0 o 5 B AL O

IR B 2017-03-02; FABH.: 2017-04-06; M4 H R E: 2017-05-16 17 ;40
M 4& H R bk kns. cnki. net/kems/detail /11.2625. V.20170516. 1740. 003. html
E£TH: BHXAARRS¥ES (51675027) ; “ T =H"ERKEH (2016 YFD0700503-1)

= BIE1EE. E-mail; gaof@ buaa. edu. cn

SIA%S: ANAF, Hig, 2%, & FHEEABINBEALSIEHNTLF] UFMEMKXAFF®R, 2018, 44 (2) : 391- 398.
LIU B'Y, GAO F, JIANG H, et al. Attitude control algorithm of balancing-arm mobile robot [J ]. Journal of Beijing University of
Aeronautics and Astronautics , 2018 , 44 (2) : 391- 398 (in Chinese ).


lenovo
全文下载

kns.cnki.net/kcms/detail/11.2625.V.20170516.1740.003.html

392 YT E P

T

2018 4F

I I JEE PR BT

AR SO Jo M 2 T BILAS 2 0 2848 40 07 7, #E
TP AN M EES RS RO AL EZ
] (9 R 56 AR o LR AE 25 T8 B S Sl bIL A A e
il R TAR - 5 B R A A A L B SO Y 9
EFENRT Wit T T HLas Az gl B8 i g3t
530 i 7R bR R, M) P Al e e R R gt A% B 1 oK
A3 2 H bR 2 SR SR

1 FEEEXBHI [ ANGEE

V- 1 RS S LA N RS Sl R T T
FEF- A5 MLAG 5 15 8 SR MLAG , G048 SRR B8R Hir
FFPBEFFRIBLE N RS 78, 2 — 2R AL B
5. TG T8 E AR s ilas A
EA LB PR B RS SRR T
i 1 LA, 2 2 8 1 v 00 425 R ) O AP0 HIC 3 s A
1 T 5 LA 118 g — A~ o A T ) R 7% S L
WAENER R BRI . B SR 8
T e RS R Sl LA N TR O e, S i A
DU [ IE A M SR ISR Sl R B R S Pl &R
NEA BT HIERE )

- 1 RS S ML N 32 Bl A 4 R
P P SRR IR) A e 0, 5 0, SEBLRY . [ i
0, 5 6, BRI, BE S 52 B IR B B AL B B b 1]
Bt , 4 i d ok MERE; 23 B Y 6, 5 6, A EE,
AE % S5 I 14 00 5 3 1] Bt AN [] , 458 vy - AR 1

o T

BlL bR SUR S LA A i 1 45 2

Fig.1 Simplified model of balancing-arm mobile robot

2 TEHEBABINSATEHES
i

P-4 AR S b e N ELAT 3 R B I A
2l S PR A AT A R A P L SR
PSSR DR (o n S 27 L] - N U SIS
A ) LA B 05 6 10 A O i A 25 ) 8 25 Ol 4
il 5 HAr . B XHZ R S HLAR A, 8 SRR
Lo (PR ZS 09 2 80, I H 1) 23 [) S8 25 1 e 1 B

T 2 (B (R 56 28, R B 1 8 2 5 25 4 1l B30 vk 4R 1 1
AR
2.1 FEESSHENSSIRRETL

- Al T RS S AL g N A A R A B B AR
P23 RS . a8 S5 45 iy HL W SR 1) 2 £
WG E B B AR W a2, F g sr an &l 2 e
AR R . B, 0,X,Y,Z, Ry 73 (8] 48 % A8 R &R
0.X,Y,Z, RS 58 sh bl as N AL sl b0 47 8 &
G, X, K48 ) A B HL A AT E 7 1), A
TAEF B4 ;0,X,Y,2Z, 5 0,X,Y,Z, 53 5] 5 Jig
@l J, ), b E S, e, 0.X,Y,7, 54
MR A LS, seis shal J, 5305 0.X,Y,Z, 57
W4 A 25, ez sh Al J, ¥ 3he w, ~w, 535
TR 4 NROTE 0, X, Y, Z, T AR AR E .

B s AL g N A b o s A ) o B o, 48 ) R A
ANFEF RS 4 0, X, Y, Z, Ji 507 5125 1) 4
XA bR A, W 3 TR . E Ly vy, 43 T
VEF- & W IR A0 £ R0 A6 O 3CH: SRy SRAE RS B HL 4%
ANTAE B2 MRENSE T e SsE i T, .,
T, #E 0,X, Y Zy "R AL bR AE AT 5 X, Bl
JEFILH o, N S BRAE ALK R 2% X, %l i 5% 2
LR o, @, WK 4 iR, Bla NEHES
SR, RGBT MLAL 1932 30 06 & |, W] o B

K2 PR SN S pL s A2 a] A bR 2
Fig.2 Space coordinate system of balancing-arm

mobile robot

B3 Hlas A M AL bR 2 525 A 40 0 AL bR 2 B9 0 7 0K &R
Fig.3 Position relationship between robot body coordinate

system and space absolute coordinate system



AL ALF R

%2 ) XA 55,46 5 75 27 L 28 IS A 0 393
= (xi,y,2)  i=1234 (8)

-4

K4 P R LA T 1
Fig.4 Schematic diagram of mechanism with balancing-arm
RS Iy Js BT AE 0,X Y, Z, i AR A DA K
@1 o FAA BEAE s ARG A0 O S BB e £ 6, , 70 0 S i

Heffy 0, W E AW E R D w, ~ w, 1955 AL E
B, RE SCRAE- 15 15 7 AOPL 25 [0 35 1 S5

Ky, vy, .0,.0, Fl a,
2.2 FHEBNMEIXER

- A5 PR AILAA E BB BLFT LA BT 4
T4 B T Ak, 1 20 An & 4 BT 7R (9 B AG A5EARY,
AL AT B VR 2 A% FR A RSSR 725 (8] 3% #TF AL 14
(R Mlefe ], s ek ) .

AT SRR R, T AR o, BURE R U TR
a&nz*%%ﬁ%ﬁ%ﬁ@ﬁ%%

G[J -1+, (1)
qu G, g J, mias [a] AL bR A% 0 1
1 0 0
G, = |:O cos a — sin a] (2)
0 sina cosa

AMFERESE Y, MM o, ], mB AR
A RN U NP

L=G,[J) -1+, (3)
G, Oy T, s ) AR AR 0 P
cos ¢, 0 —sin g,
G, = 0 1 0 (4)
sin g, 0 cos g,
Z BB BT R B N E EAE i LA
r=0s -5 - 0] (5)

(1) B RA(S) af g7 A7 I 42 5
X FR AL N EERWEA o 5 o ZHK
KA
e =g (a) (6)

i) 34, AT 37 A 4 Se A% B ML as N AR
e H5aMER:
¢, =g (a) (7)
2.3 FHESSHEROEWVULEZBENXER

Ry HE S D S (] A S B T = [ O
L XA A ) 25 ) 26 X A A Ry

ﬁ%y@j 01X1Y1Z1 L:j OOX(]YOZO ZIEJE,:JéIé
P 728 0 A A 9 - % A A R R 2 A R

60X, Y, Z, TR B EL 0, 578 [ 4 % A
FRREE 0, Tl AR R A
1 0 0 x«,
T (9)
00 1 2z,
0O 0 0 1

K xy yi0 2000 O 55 O TELEXS AR ZR T 1 A
PR
W 19 A8 s 2R 45 Bl T A AL i 5 A Ry = 4 2 ]
2 4ikm i, alic e, a,a ] 508,.8,,
B.17 . Hhla, e ,a] =11 fisEk,
MR E 3 s &R, A LT 7

B.-B.=1
B, B =1
B.-B.=1
B, a =cosy,
B, a =siny,
B.-B =0
B, - @ =siny,
B.-B.=0
B.-B, =0
BA
(B..B,.B.] = la..a R,
AR A B A s A R
Rlo =
cos y, — tan vy,sin vy, Ktan vy, 0
0 K/cos y, —sinwy,/cosy, 0
- sin vy, sin vy, K 0
0 0 0 1

(10)

XK= «/coszylcoszyz —sin’y,sin’y, ,
B, AT S 0,X,Y,Z, T 0,X,Y,Z; FIXt

TR 0,X, Y, Z, WIBEFE SV M bR A2 0 1«
[ cose, O sing, O
0 1 0 0
R, = . (11)
-sing, 0 cos¢, O
L0 0 0 1
rl 0 0 «,
01 0
T, = - (12)
0 0 1 z,
-0 0 0 1



AL ALF R

394 Jb 5L % ML R k% A R 2018 4F
[ cosg, O sing, 0 TE SOV 158 AL A% 23 0] %8 25 15 s A5 % 1 =2 1)
R - 0 1 0 0 (13) 4 1E 18 B A B .
! -sing, 0 cosg, O w, = f,(v,,7,,0,,0,,a) (16)
L 0 0 0 1 Wi iB ) 2F R
rl 0 0 X3 [71772] :fl(wl,wz,w3,w4,01,02) (17)
0 1 0 y,
BTl 01 s D3 mEEHERET
31
Lo 0 0 1

P in, oy, Mz, 0, 50, 78 0,X,Y,Z, FTHy4
BR2E 5005, vy Ml 2, 09 0, 5 0, 12 0, X, Y, Z, )AL
W2, e, A (6) (7)o 153,
ARl 25 TR ATUAL ~7 (o7 25 7 4 7 R T 45 31 4 A%

O A 2 X AR AR 5 5 [B) 8 25 2 B 2 TB) Y O 3 O A

w, =T ,R,,T, R, w,

w,=T,R,,T, R, w)

wy, =T R, TR, w;

w, =T ,R,,T;R;w,
A w) ) AHEM 2 ANFOTE 0,X,Y,Z, Ak
PRAE, &R T 60, B RR KRG wiwl A 2 A5
DAEO X, Y, Z i A bR fE, 2 5K T 0, 1Y R

(15)

3.1 HHERHEER

Fo gt s A TE B A2 rp i 3 8 S 1
BLRE G BN AR BT A o0 BB A5 IR, HA
B — 2 H R AP 5 7 35 4% 5 0k R
eE UL 5 BEAT IR R, i o B A B A0 3
J3E R BCA R i R e S 22 F BRI A4 A g 1)

BT A B, 0 6, 5 6, AT, 40
Bl S s o Al ATE B B A5 ) 30 5 22 e 7
b AR AR PO (R S S R, R AR S (16) 75 3
e RN NIOE PO R VA R a7 1 S a3 é 9B B ud g
S AR S, LARE DA XL B R R AR, AR
YEABZHAE Dyt S B & N B R 5 R s )
LS LI

w ~WJ
‘ HLAR AR

‘;’W‘;.\:ﬁ 4( I4E y2’9l *92’0‘)

RIS

KSR FEREEER

Fig.5

3.2 e MRIE S E A gt

162 EARIE AL SR % ] B v, i A5 1 BT 4R
SR 4 R A R B T L (EUR A R AE R 5 TR
ALK LA B R I R A T R
F9 3 B 5 00 I R M LRI S A R A 2
) P38 % B e AT 42 J 4 2, S 2R R
FHRTRI R, LS5 2 )5 A .

BEVF AR M LR A B i 1 6 T, [ v
M K, (e A BRI B 9 BE BL AR A R B
56, .6, B 85— D IRARAR(17) BRI PLEA

Pl A iRl

0.0
P27

Block diagram of attitude control algorithm

RS F) A0 A D4 A o DARS Sh P as A AR RE 1k
LY IV R e R, A5 B A [ A A 1) 3 R A
MBEAL™ A= B0 0 At ) 67 BT U6 HEA TR R, 2 IR gt
FEBR EAR TS N BEA T B 4% 58 30 A8 St A 7= A
o AL —E BB, SR AR L T 07
DR 11723 A

1) B RE R I

R NS WA B LSRN E LR ISR 14
A 4 SR AT R o R 2 S S AU
TR

W, ~w Y7
17" _1 1>72
*-{ Sov L, ww,.0,.0,)

K6 Al ort ML gt A5 B HE 12

Fig. 6 Block diagram of nonlinear programming genetic algorithm



%2

XUA 55,45 S5 4% 1 SR8 s ML N2 25 P thl vk

Jb A A
395

I:Gmin ’emax] = [HL - Ae’ai + Ae] i:1’2

(18)
SR ef L0, 2T SR A s AG = OA, 0% 3% f
B 4 0 R E At S 2 38 B vk T 1 I T
Il B .

2) 3E N FE R BRI

aﬁrzﬁmﬁﬁa%Lﬁmmﬁwo@
LI A TR T 4 1 - R P 5 0 R 2 4 0 4
fo W T B, MRS S HLEE AR E b
R R R 2 MO L A, 5 Al R
TR A/, PR 0 £ S I BB

1

F(y) :yf +yo +a( A8 + AGY) + bAR’ (19)
St A B A AR 40 B R BT
S99 3 B4 A 1 4R FAL AT A A A 5t
[ £ 32 5505 2 0649 5 0 0 B e £ 1 345 5t 556 3
43 AL ML N i 8 o 0 5 B 1 7 A, o
a 752 T e f0 75 Al S LB AR B Y 5% 0 [
b W WA XA LA TAET 4 PR
B T

3) PEERHRAE

AR A A0 3 7 J2 1 2 R — 5 £
FH AR BL 1O PR BT A L DL R4 ) F —
FRAN L 1B PR SR P PR AT PB4 , B T3
7B U SR M 45 & A VA e B A2

F.
P : (20)
ZF
Kb Fo AN RIE BB o BUME s N R Rl B A IR
ﬁao

4) XA

MFPRE P REALEE £ 2 D ARl 2 et
PRSI ZH 5 R SR DL 75 e Ak st A5 45 74, A
W72 AR T AR 5k AR a, FIES m
NYOAR a,, T8 j AL E AT AR E N

a, = akj(l -q) +a,q (21)
a, =a,(1-q)+a,q (22)
K qjﬂ[o 1] DX Ja) Aoy B AL R .
) A8 SRR
Mﬁ”ﬁi*l‘iﬁml_ﬂi AR, I e — ik

TR P A 75 mAonﬁmﬁmigﬁm
E%hﬁﬁzﬁ AR AR a

HEAT AR S 4R AE T ¥ h
(lij={a +(a; —a, )k(g) r=0.5 (23)
a,..+(am—a)k(g) r<0.5

Xh:lay,,a,, N a1 5 5k(g) =1, (1 - g/

D" A—ABEHLE, ¢ S 55 AR KL, D,
N KPR A r [0, 1] DX TR] F f BEALEL o

6) ARLtk T

i Ak At — & AU, LUT AR 2
45 R R0, AT AR 2 B30 9 T7 X BE AT )R T
TG, IR S 8 -0 A 2 14 de L (LA A B A AR 2
(ERES R LA

4 FEWRIESSH

R 56 UE JIF I T A 3 AR 4 vk R 5 1 A
BTN A W PERE , 7€ ADAMS {4 g 37 5% 3l L
i N TR s A % T AR, - BK & MATLAB/Sim-
ulink X HLEF A PEAT 738 sh2p 05 2 0 BB
FH 0 -l 42 U8 Sl L N 25 0 R S 80 &) 7
Fis o RSt R 358 15 BIE S BT R ek
HEALYEL n B Ry 30, FhRE KNy so,%zun@% a
}0.005 , 50 R b {E R 0.1, AL ECH 10
) B R s I EA T AR R R T . DA S50 i
R TE 2 AT LS50 i SR a1 o

it RS Sl AL N 50 o 3 Aot — B e I 1 B R AT
Ui B, B Sh Bl A AR e 2o 7 A o i A e A
PEmEBE X (24) ~ K (26) Fros, &EEHE T,
4 AR R ST B R OC RN
0 w, <1000

0.3(w, —1000) 1000 < w, <2000

w, =4300 2000 < w, <2300

300-0.3(w, —2300) 2300 < w, < 3300

0 w, > 3300
(24)

300

400
©

1000
700

:| FAA mm

7T PR R Sl NGRS S8
Fig.7 Structural dimension parameters of

balancing-arm mobile robot



b AL 4R
A

396 E[AP I PPN 2018 4
0 w, < 1000 3 5 FLSL I R Sl AL N DU A A T O
0.3(w,, —1000) 1000 < w, <2000 i BEARAL AR B an & 10 11 FroR, B o Pl A

w, =1300 2000 < w, < 2300 A AU Sk A B N FE T RO IR A R L S
300 - 0.3(0,, ~2300) 2300 < w, <3300 VN SIS HE AR LB KON 96 i 10. 8°

0 . > 3300 WIS T 1.8° 00 4 25 L B ol 96. 4 mm i

i (25) {RE T 34.9 mm ; 1 55— 1 3 4 55 25 AR HL L, T

v =w, =0 (g VPP SR e O (R R

P w, =400 + v,t,w, = —400 +v,t,v, HHLAEF
AR Zh . BT T, B bl A&
8 FiuiRZS, I 8 Fi /R o

FE ADAMS {4 v 8% gh BIL 2% R [ T A5
R JEEE A MATLAB/Simulink Xt 5 i 80 3 98 17 {5
o B9 FTR B shbL s Ak e i A v 22 25 0 4
A ATL A V7S L 9T 19 0 S B [ ) S o, DA S
hplas AR RatE . O TRTERT IR S R
R0 35 B 1 %) ) 0 T AL g A B RE 1Y
PET& AT T 3 AT E LS . JFESE 1 B
B A 2ot A v S R ) I A 4 2 AR 45 00 4 1
D B2 2 SR B AR SCHTBETT G 2k 4 26 v 0 & st
A SR 4 s 1 3 6 T 0 S SRR ] e S AT s 4R
il s U7 BB 3 R FH B — 1Y 3 % 42 ) 5 1% % e )
SR I] e Ffy HEAT 2 AR, DL E A 2k PR R %)
RARERBREm, K, F %8 3 55K
S 2 e st R SRR R E AR R S

350

I m I, v vivi v X
300 — esred

250
200

150

0 B /mm

100
50

0 5 10 15 20 25 30 35 40
{6 /s

P 8 8O AR o2 B It I (] A2 Ak

Fig.8 Variation of wheel centret relative position with time

K9 BRI BN K

Fig.9 Mechanism demonstration for attitude adjusting

TR BB PRI ROR o 3 A Rk B
T FE 38 I R R B S AL s A IBA G
e 2l TR LA R SR ) I Ay 1Y A R E . NI, i
P SFEVEAERS Sl AL A A e o i v e A0 00 40 £ 01
L 0 2 91 By T 26 B0 A R R 4 R R

DA /(°)

0 10 20 30 20 50
B i)/
R | == v b L R e S| E ot I Y [ RE S
& 10 {5 F B B[R] 22 16 5 R

Fig. 10 Variation of roll angle with time

520

480

440

iU i 8 /mm

400 1

360 ' . . .
0 10 20 30 40 50
B a]/s
—— BRI —— R —— ek
BT J5C v BE B s ) A8 1k 56 &

Fig. 11 Variation of height of mass center with time

5 & &

AR SCEE X BA V- 15 LR (982 S LA B
P S ) 8 24 Al D, 503t T — R T AR v L
g A% 0k 14 B B A P Bk LS B RS B AL
o NV R 38 2o R A5 3% 1T o 7E ADAMS Hh fA
F Sl AL e N0 Bt B g% 1 A58 B9, O Bk 5+ MATLAB/
Simulink #EAT BB B i HER LN

1) FEPr Bt BB S A, S5 A &



%2

XUA 55,45 S5 4% 1 SR8 s ML N2 25 P thl vk

e A5 R

M ] 397

By YA AR LR, B8 S AL 8 i i e R
M5 Ff Hy 10, 8°FEIRE] T 1. 8°, it v B2 2% AL i
JEH1 96. 4 mm FERE] T 34.9 mm. BB AT A
B A o AR B AR E AR B T 8T

2) R AR IEM R EE &, BB A AL
B v 4 ) Rk T AR A L AOR

22k (References)

[ 1] D&%k, 2/ U, Wb, 5. st 10 B sh DL Es Ak s 3l ) 2 doAs
54387 ()], Hl#s A ,2008,30(3) :273-278.

MA J M,LI X F,YAO C,et al. Dynamic modeling and analysis
for obstacle negotiation of ground mobile robot [ J]. Robot,
2008,30(3) :273-278 (in Chinese).

[ 2] mhspfe. AafE 3k 58 B 58 N8 s DL A 1938 20 95 1 BT 52
[D]. )" A BT K % ,2013 :6-13.

YE J H. Research on motion control of uncertain nonholonomic
wheeled mobile robot[ D ]. Guangzhou: South China University
of Technology,2013 :6-13 (in Chinese).

[ 3] EAf, ok, REH. N H BRI 418 3 2 @45 43 B
[J]. /iS4 ,2003 ,24(5) :1-10.

WANG Z W, LIANG B, WU H X. Kinematical modeling and
analysis of six-wheel lunar rover[ J]. Journal of Astronautics,
2003,24(5) :1-10(in Chinese) .

[ 4] fRd MR, Tae, % ANREAPLS S BB 5i8 g i
ST ] AU R A R K 4 44 4 ,2016,42(1) :59-71.
XU K,ZHENG Y,DING X L, et al. Structure designe and mo-
tion mode analysis of a six wheel-legged robot[ J]. Journal of
Beijing University of Aeronautics and Astronautics, 2016, 42
(1) :59-71(in Chinese).

(5] IR, 0K, B/, 45 4558 S 58 BRI 4 28 ) 8 25
B R[] bW 5008 R 2 4),2013,47(7) :1093-1098.
ZHOU K B,WANG X Y,LUO X T,et al. Spatital attitude mod-
el of six-wheeled rocker rover and its mathematical solution
[J]. Journal of Shanghai Jiaotong University, 2013,47 (7):
1093-1098 (in Chinese) .

[ 6] A%, M. W AF HAR A REM 4835 @550

[T]. b st 28 A R R 22 22 41,2008 ,34(3) :348-352.
CUI Y,GAO F. Kinematic modeling and analysis of variable di-
ameter wheeled lunar rover[ J]. Journal of Beijing University of
Aeronautics and Astronautics, 2008 ,34 (3) :348-352 (in Chi-
nese) .

[ 7] PANSINI V,MONNET A,SALLERON J,et al. Development of
a genetic algorithm for multi-objective assembly line balancing
using multiple assignment approach[ J]. The International Jour-

nal of Advanced Manufacturing Technology, 2015, 77 (5):

1419-1432.

[ 8] Mg, X534, v, 55 BRG0P i LA Y
BT LT] . 0 2R Tl R A2 22 4 ,2009,41(9) :21-26.
TAO J G,DENG Z Q,GAO H B, et al. Kinematics analysis of
differential bar linkage on lunar rover[ J]. Journal of Harbin In-
stitute of Technology,2009,41(9) :21-26(in Chinese).

[ 9] MICHALEWICZ Z,JANIKOW C Z,KRAWCZYK J B. A modi-
fied genetic algorithm for optimal control problems[ J]. Comput-
ers & Mathematics with Applications,1992,23(12) :83-94.

[10] Rox®, FAmAR,TK T, 5. SOtk ast 1% 00 120t Ak Al 4R M &) 1)

L] B S5 IAIR ,2013 ,43(7) < 117-125.
ZHU H X,WANG F L,ZHANG Y ,et al. Improved genetic algo-
rithm to optimize the nonlinear programming problem[ J]. Math-
ematics in Practice and Theory,2013,43(7) :117-125(in Chi-
nese) .

[11] KWOK D P, SHENG F. Genetic algorithm and simulated an-
nealing for optimal robot arm PID control[ C] // IEEE Confer-
ence on Evolutionary Computation. Piscataway ,NJ: IEEE Press,
1994,2.707-713.

[12] FUY Y,KO C N,LEE T L,et al. A nonlinear programming
method for time-optimal control of an omni-directional mobile
robot[ J]. Journal of Vibration & Control, 2008, 14 (14) .
1729-1747.

[13] CHEN J L,CHANG W D. Feedback linearization control of a
two-link robot using a multi-crossover genetic algorithm[ J]. Ex-
pert Systems with Applications,2009,36(2) :4154-4159.

[14] s, E#,ARE%, 5. MATLAB B REH 1 [ M]. JLat . JL st i
SR K AL, 2011 01724,

SHI F, WANG H, YU L, et al. MATLAB intelligent algorithm
[ M]. Beijing: Beihang University Press,2011:17-24 (in Chi-
nese).

[15] #a R, A%, T, 5. BT a0k m i oL A
BB UK S #UE,2010,38(21) :23-25.
LIJL,BAO J H,YU Y, et al. Kinetic optimization for a leg-
wheeled robot based on genetic algorithm[ J]. Machine Tool &
Hydraulics,2010,38(21) :2325 (in Chinese).

[16] ZHOU L F,HONG B R. A knowledge based genetic algorithm
for path planning of a mobile robot[ J]. Acta Electronica Sini-

ca,2006,34(5) :911-914.

fEERAN
XAEE F oBLURA . EEVIT R

CT R EREE RU R Y N TR e
5 2



BloF
398 S L E s 2018 4

Attitude control algorithm of balancing-arm mobile robot
LIU Benyong, GAO Feng® , JJANG Hui, ZHANG Bin

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

Abstract: In order to improve the stability of working platform in the process of obstacle negotiation, with
balancing-arm mobile robot as research object, an attitude control algorithm was designed based on nonlinear
programming genetic algorithm. First, the simplified model of balancing-arm mechanism was built and spatial
posture parameters were defined to character the space state of robot. Mathematical relationship between spa-
tial posture parameters and wheel center positions was deduced by coordinate transformation equation based on
spatial mechanism. Then, a nonlinear programming genetic algorithm was designed. The genetic algorithm fit-
ness function used to solve objective control parameters was established under the constraint of stability. To
verify the performance of the proposed attitude control algorithm, 3D model of the mobile robot and road were
built in the ADAMS software, and then kinematics simulation studies were carried out by ADAMS and MAT-
LAB/Simulink. The results of simulation show that when balance-arm mobile robot passes through the de-
signed obstacles with the designed controller, the roll angle falls from 10.8° to 1. 8° compared with no control-
ler and the amplitude of wheel center position falls from 96.4 mm to 34.9 mm as also. The simulation results
demonstrate the validity of the proposed attitude control algorithm.

Keywords: balancing-arm; kinematical modeling; spatial attitude; genetic algorithm; nonlinear pro-

gramming
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Short-range high squint imaging algorithm based on
range migration modification

YIN Fenglin, SHANG Xiaozhou, LI Zhiping® , MIAO Jungang

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

Abstract; In the case of short-range high squint imaging, the conventional range migration (RM) algo-
rithm cannot be adopted directly, for the reason that the spatial spectrum will shift in the limited spatial spec-
trum domain and will cause warping and aliasing several times. In order to solve this problem, an algorithm to
restore the actual spatial spectrum was presented. Times of warping spectrum were calculated exactly according
to the squint angle or the shift of the target in azimuth to help shifting back to the actual position in the spatial
spectrum domain. Then this algorithm could be completed as the step of RM algorithm. The modified algo-
rithm can not only satisfy far field condition, but also can be successfully used for short-range high squint
mode, because of the spectrum processing procedure and non-approximation of the distance equation. Both the
simulation and experimental results show that the modified algorithm can accurately focus the target in the ima-
ging scene. This algorithm can solve high squint imaging problem for short-range synthetic aperture radar
(SAR). Meanwhile, the algorithm procedure is clear and easy to be realized by programming.

Keywords: range migration (RM) algorithm; short-range imaging; high squint; spectrum domain; syn-
thetic aperture radar ( SAR)
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Abstract: The traditional reliability evaluation methods only consider the product under constant stress.
However, products are often directly exposed to the outdoor natural environment in actual engineering, and the
working environment stress or storage environment stress varies with time. Aimed to solve this problem, the
natural environmental stress of the typical geographical location is introduced, and the environmental stress
variation tendency is derived by using six-parameter polynomial fitting method. Moreover, two modes of the
time-varying environmental stress are assumed, and on the basis of Nelson cumulative damage model, the
product reliability evaluation method based on accelerated life test data is studied under the real time-varying
environmental stress. The results show that the reliability life of the products at different geographical locations
is quite different, and the reliability of the products can be evaluated more accurately by introducing the real
environmental stress of the geographical location of the product.
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