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Fig.1 Flowchart of SVM parameters optimization by QGSA

4 HERHH

R A 3l 25 B AR T4 BB LA K R B 25 A
AR SCIE S A 7 LB T By L Bl B SR A
R IFRRALL 2072 Bl A e AR g R AT R R AR
LR . 9 KB IRE BY IE F (B 5 R (B X b
1o 7 B B R 5 TC BB 2R (NF) (R3 T
R3| .R81 .R8 | R16 1 R16] .C1THICL ]|,
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Table 1 Comparison of normal and fault values

among 9 types of faults

M s 1D e i IEHE B A
FO NF
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F2 R3 | 10kQ 4kQ
F3 R8 1 280 kQ) 430 kQ
F4 RS | 280 kQ 130 kQ
F5 R16 1 150 kQ 230 kQ
F6 R16 | 150 kQ 70kQ
F7 c11 1.8 pF 3pF
F8 cll 1.8 pF 0.8 uF
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Fig.2  Accuracy of GA-SVM,GSA-SVM and

QGSA-SVM fault diagnosis
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Abstract: With regard to the lack of the sample of faults in the test of autopilot, a model of fault diagno-
sis based on support vector machine (SVM) optimized by quantum inspired gravitational search algorithm is
put forward. SVM does well in solving the few samples and nonlinear problem, which is suitable for the fault
diagnosis of autopilot. To improve the convergence rate and accuracy of parameters optimizing based on gravi-
tational search algorithm ( GSA) , quantum inspired gravitational search algorithm ( QGSA) was applied to op-
timizing the parameters of SVM. SVM based on QGSA can solve the overfitting and underfitting resulted from
the improper parameters. By this way, a model of fault diagnosis with better performance was built. The simu-
lation experiment results show that the accuracy of SVM based on QGSA can achieve 96. 530 6% using 50
training samples. However, the accuracy of genetic algorithm ( GA)-SVM achieves 92.0408% and the accu-
racy of SVM based on GSA achieves 91.6327% . The simulation experiment results shows that SVM based on
QGSA has much better performance than others.

Key words; autopilot; quantum inspired gravitational search algorithm ( QGSA) ; support vector machine

(SVM) ; fault diagnosis; parameters optimizing

Received: 2015-06-23 ; Accepted: 2015-07-10; Published online: 2015-12-17 10 .41
URL : www. cnki. net/kems/detail/11.2625. V.20151217.1041.002. html
* Corresponding author. Tel. ; 15811175527 E-mail: heyuzhuhe@ buaa. edu. cn



2016 4 6 H
H42% 6

Journal of Beijing University of Aeronautics and Astronautics

tEMmMEMRXRKXEEZR June 2016

Vol.42 No.6

http: // bhxb. buaa. edu. ¢n
DOI. 10.13700/j. bh. 1001-5965.2015. 0425

jbuaa@ buaa. edu. cn

SRBHTFRAESEXRSE
WAE, BFE, FhA

MRz MLR s BEVR S 3 ) TR 4B, Jbst 100083)

1 B Hx—ME AL

AT R AT RS

3 E=S 1 RE 20

H T Navier-Stokes 7 2 4 Z L T %

FZhBETEEAD AR TRAT T NEREGE M — KR ST E &R KA

BarmEn s Hhh ik

PR, EREN - WMAEEEA R EHHR RS

HE YT

A, BEENEENTO0.008;MFRAEFGE NG, FERERAZKEHBAD, RERHME
NBRABEHHEA;ER T EBH PR, EEKE R B EHRE G EHE v & 5K

HEERE AT EERAD,
X B W AAWHA; BREGE
hE 43S V231.3; TB553

SCEKFRIRAD: A NERS:

W IR A 2% 8 by LA A I D S B R RO
1 5850 TR A R 2% /N LA N R I 3 AR AE K

FRUBE FF 5 Ui ) PR e J 19 A 1) 36 0 T 32 108 3R S0
LBz T AT kSl R,
FAE AR ZE T 28 2 S AL 4 H 11 21 20 5 40
4 R HE S M Ty Tt LA Tz B
h TR A A R B HLEY B S e A R L, AR
FAMLZS K SAILIN T3 8 b8 28 R B ok ] — IR Ak e 4
AR CBHRG S BAEY a8, 76 5 IR 2 9 S
121351’]173( EERUE /SN e 1D AR T~ iOF EBS

REZER . B, X TR A B9 A fig A H
E%é@mﬁmﬂﬁ}é& BN SHE A R WESE
HZERHZIEY R MIESG A (MRS Y EDS)
MIVERE . o3 Ah B L 25 K shBLE AR i s o K 2
3 AR 2 P TR R R SR B K B Ry, ™ Y
Wil Y0 g AR 58 2 W A 1 22 4 T S R R BRORRE K
P, SN A S0 FBEIAT (A BT ) B 19
IR 13X — e

BT, 390 I e TR PERE VIR

& RS A K

M 0.9911 3 /N% 0.9907,
s BAYE

B MEAFE; Besl

1001-5965(2016)06-1099-08

JU 85 ¥ S 80 WF 5, BN AT e T R G i Bl
BRI SR BT 52 00 L XA AN Ot A R
BUER O 5E TR & & 1Y LA 45 79 2 40 (il
B L AE ) X HR T SRR R B SR
BRI L Kk @Iff VO SRFH SE B  ik
PR A A% ) (RS ) POR B RCR KB ER
BARBGHT TR gE . 7Rk A5, E%%
WFFEIR G A JL AR 45 48 2 Book AR 5 80 L8
WA R B g, R —F B TIRG %%E’in
B TEIACE AL = L HLeyn SRR %= IR
GER Y A2 — R, FE IR SRR & f M g
Bt 3 2% S e A% 1 PR Be (iR ek &2 2R B, T B
RECRE R R o W, 72 1 B be =
R AT WA (RRUE A% S5 R, W AT AR E A% A1
RS S BIRAY R R ok —
NIRRT A HERE , 75 Z AR 5T WM AT R
JE i AME RO XHE G4 R an tE Ry 2w B . 1
TV W AT 1 R RS 8 LT RS 322 R T I 3 A
H B 1 LT R, A8 I A 8 1 3 22 2 e )

YRS HEE: 2015-06-25; A B 201507-31; M4 HARATIE: 2016-03-29 10:39
P 2% tH R 3k : www. cnki. net/kems/detail/11.2625. V. 20160329. 1039.001. html

= BIWAEE : Tel. . 010-82338358 E-mail: liuyh2@ qq. com

SIRER: MNA %, AIFE, FRA

AAu i HBREGEMNBEET EEEREZW[I] T E MK AF

F 4%, 2016, 42 (6 ) :

1099- 1106. LIU Y H, ZHOU K F, NIU J J. Effect of air cooled spraybar heat insulation sleeve height on performance of mixer and
diffuser [J ]. Journal of Beijing University of Aeronautics and Astronautics , 2016 ,42 (6 ) : 1099- 1106 (in Chinese ).


Administrator
全文下载

http://www.cnki.net/kcms/detail/11.2625.V.20160329.1039.001.html

1100 | R I N N = < 4

2016 4F

MR Z IR G TR LU 0 b SOl IR A
5T R WM AT 19 PR RSB N 3R G e s
BRI PERE B o X Ve Ml A A B A
B EERHR A T e A% P BE S w1 E 5T, [ N A
A AR O SCRRA T o

AR SCLABEAR 25 & S BN 3 488 058 2 Lo A — {1
PR A T A D B 5 X G2, 78 HE A 2% 1 A 722 11 i
P& N E BT TR AR G YT R A 0 | R B
P AR A 4 P Bl P 2 v JEE AR R

1 HEHEE

1.1 JU{aEs

AV I FT R AR ) AR E A AR S ) A 4y
AT, A 12, o K AR m RS E A 4% 6 1, K
AR AR dR SR HEA L R IR B8 RS H A L
il b (R 1 R SOBUR A TR AR 1/6
popant R U S SR ) | DR Y e T
ENEREEER HiSL AW OE ¢ IR S E LI RSN
yHIEE, E XA RE%GAL x =0, KT HE
GE A SOV BT 1 B P i B i AT T e &
WAL, B PRI 10 & B2 H = h/r b D B BES (1 52
PR B, r bR 024, TEQRIERR VE K
JEMGEEARN BRI T, B RAEN & E L,
Tt A S HA M Ky 1,14 1,17 1.20 1. 23 F1

B AR RS
Fig.1 Calculation domain and structure of

heat insulation sleeve

1.26, 138 T — RIIAFRAE S ERRSGY R
BRI AR SOR I R AN B A R AT T R
BT ST

RaY HarsME & 2%, IR AR 4544 1k 7
6 X 0 R AT RS R 53, I X B AR 45 2% L B AR
SERETCR ] 7 R AL SRS o e A% 0 OC i
SRS R A, e AR R A% R O 580 T, B A
Fanp 2 pros't

P2 AR dal I A R R T I A R [

Fig.2 Mesh of calculation domain and its local magnification

1.2 BRFGRTEFE
TER G YIRS R, Wil W AR
AR AN R O AR 2 i T EE RO
TERR O BEAR AT R4 U . 31 B AR AT
2R BIHLI H S T LS HL, R E 1 A1t 1 8
Ve BUR A L 20, i O R 0 1 3 R A%
PR3 138 2 s o IR AR B2 0 R, A1 Ik
TR E 23 S, IR AN ZE o3 iz 7 R SR gk 2 Fif
WAKR G AT, K3 HNSMEA M Aab & 4
IR BRI R TR A B A R
BE T Ry 4 F 0T B ] BE i 26 %
F®1 ANOBREH

Table 1 Inlet boundary conditions

2K Vi S
B/ (kg - s7) Mgs ms
Ai/K T\os Tys

2 HOBREHE
Table 2 Outlet boundary conditions

28 U R
./ Pa Py Pro
/Lu:'\ YEu/K T(vn](‘ T(}ml

®3 HWNMEANOLBTESREHH
Table 3 Mass fraction of species at entrance

of inner/outer duct

Hoy

WA ShEmA
H,0 0.028989 0.004 956
0, 0.148015 0.220093
co, 0.073943 0.009914
N, 0.749053 0.765037




55 6 1

XA T A SV Wi T B A s B X 5 7 s i 1 RE 2 ) 1101

Cooper %51 5% T [ it U 485 750 %o 55 9 0 ¥
BRI HEAT T BB R % R AR
T AR TR X B 25 & s ML IR & 2% T P O
[ 2 IS W R HEAT T A AL, T A
P2 B S0 0 45 B9 4 L T, ) Realizable
k-l AL R A TH R A5 I 50 i i,
A3 SR Realizable k-g i 370850 | b o B THi b
B B A AR AT A

R T R BT RS B, B R i i Bl
i I i U7 AR 0% 45 R B PR TSR P 2 3 XU RS
KB, I WUR AT 2 Breg e =, 0 5 3 Y
Hl 45 6 F SIMPLE %29 , 1+ B0 SI0KS B2y 10 7°1)
1.3 jRimERWIE

SRy A Jie A5 B B A 1 Ik 7, SR H Realizable

k- i PRI Cooper 2511 {1 352 0 I H R 45 7% 5
WS AT BOE B, 38 i BOE AR, A5 B O
TR A% T Ui 3 BT I 1] AT L 3T rm) i R IE 58 e TG
0 10 e A (R 0 A1 P LA T 368 I 52 R G 2
B R T (BT O 1] A8 AR LA

Pl 3 DR e T e A AR R A A
AT HR A IR 160 198 JC 12 49 o 0 A1 X LU (o O LA
RGBS NI, d PR & 4%
NEE AR w, TR A TC A ) o &4 S EORHR
e D IR L RE T RS RS A RSSO
BRI B A X E (@0 A IESC TR TE B A TR L)
Hi 1] 3 AL 4 R UL, B R AU H A4 3T 1] s R IE 5 i
To B i i A 45 R 5 S 15 B AR AT &, U]
ARSCR BB T i AT 5 Y

Pl 3 St AVEC(E T A5 M A WAL 160 389 TC ik 49 b X EE

Fig.3 Comparison of non-dimensional streamwise vortex between experiment and numerical computation

P 4 SO RVECE VTS A5: Y Y IE S8 i T Ak 2 X L

Fig.4 Comparison of non-dimensional normal vortex between experiment and numerical compoutation



1102 G| A T Nl N = 4

2016 4F

P15 Ay 3L 1] i 1 IE 5 i TG B 20 i O T (L T
PN N RaE s RS O < R P S B/ 1 L R v s B
R EAL , @ praneman A TE S TC B 49 B i3 B
AL BCE TR Y A4 U 1] T R AE 52 168 G 4 R R
i (LT O ) 28 P ML g S 0 Ao o A e R A —
B I HARZEAN K, 1t — 25 0 W AR SO 5 4 i U A
T HAT B R

Pl S SEa AVECE TS A5 Y I 16 3 R
1 52 i T e 44 due R e (B L
Fig.5 Comparison of non-dimensional maximum of
streamwise vortex and normal vortex between

experiment and numerical computation

2 HR5HMH

2.1 RHHW

R TR ASC R G IR A Y RS H A
B B IR G AR B A A [ B AR
ERETIENEESZNE 6 iR, BIf.U R
RAY R4 O s E, W IRAY R
T 38 32 S AR IR 0 A, ELAS ) B A v B2 1
RSP Hd 10 0 B o A A — 2, FE
A YR -G e ) E 48T 78 0 JE 3 43 A 2 il
T I RRE A S AR I e R A T A 1 ]
PRI 5] 3 AT B9 AR ) B 8 A IS, TR AR I R E A% T UTE
TE IS ) vy 3 X SRR 38 DX 3l A2 2 b 7 3 1) ] 3 42
HEF , BOR A A% R B E 2R
] e A A% JLAR 2540 S50 52 )

FE SR G e 4 25 8 T b 30 1) 388 JC o 20 i 1

o, N

D
wfﬁf%-%) (1)
ST U, TR v w43 AL s
I T P 43

FRAR S (1) T RS R I 445 7 B 198
PR SRR A% T T 010 7 161 33 T Bk 4 98 I 4 7,
THEIER I, E T AT H=1.14 {45 %
29 TR 4 LT A 30 T 0 R AL T O
A T 98 00 T 200 % VA /N X R R
77 VR S A 160 5 B 9 VS T 1) TR AR
3 A 5 /1

F6 AR iy IR S T h O A T A7 2 18]
Fig.6  Velocity contour of mixer and diffuser outlet

cross-section with different heat insulation sleeve heights

2.2 WM

IR R A 0 It BELARe 1 32 22 02 DA RE = 43t 2
it B0 B T £ BE SR 43 AT, OAS SCE B 1 M R 2 8
A RS F BB R B R R B U AR
SRR R AL



55 6 1 KR E R

BT RS I e I R A% TR 1) 39 O 49
R0 TP
Fig.7 Contour of non-dimensional streamwise vortex

on different cross-sections of mixer and diffuser

TE SCIR A7 He A i i VR & R BN

P, - P,
Ospp = . = (2)

qs
K P HIRGY FEae i BT # A Ps
R Rt O8I # R g MIRAY R
A Y B Sk, R IR R

1

qs =7p5u§ (3)
/\EP H Y j‘:’{ﬁlﬁ T}LF%LH@QEE’JJ& s Us MR
B YRR IR O A

R SCIRAA Y e 25 1) i B R £k

AP,
Epp = q : (4)
K AP, HIRGY AR iy BRI HoE SOl
AP, =P, - P, (5)

ﬁEP:P,Jﬂ{mn?Tr%% HSE; P, HIREY R
O RE,
ESORGY HAs iy 18k 250k
AP,
Ay = : (6)
qs — qq
KHq, WIREY FEa8 b om0 s ek, HoE
X H

W% 90 AT B S W B R A Y R A BB R i 1103
1
qq :?PJUZ (7)

Horbip, FIREY I 08 m %,
RPEF(2) ~ (7)) W LAFFH, KIEJF%%ETE}
BEBOIR G He 2 04 It BELARR 1k 2 5000 I A8 G it
1o B AR AL A a1 8 TR . AT, Bﬁ%ﬁm#@
o B BRI IR A R AR B R E RO R
BORB W/, 7 B 2 SR JE S 1 5k 2R 808 Wik
B, HX 4 A S50 8 R AR A0E BB R K, R K
HRBUNT 0.012, 47 K AR /NT 0.001, i BH &
BUNF 0.019, K SR REUNTF 0,026, X &K
o W 2 B B v B T 3G, B AR X A A Y B 2
FU 1 A, B 3 R 9 3 ZE R ) Mg, R B0
FEMR S 22 BRI R 2805 22 0 0 /0N, i BEL 22 000 1
TR RBCEWH R . X 4 A TPERE S HUR IR AR L
T RIS R 2 PR Ay i BRS04 W il A B AV v ) A
AR K . 76 BT 58 19 2 5000 [N, B B
BEH=1.14 IRAY R4 0 # R E R BURK,
HAE R 0. 158 6;FRMERE H=1.26 MIRAY &
I ER IR E R BRI, A 0. 146 2, 4 1L T
FAERE H=1.14 (IREY K0 & E %K=
RBUNT.8% . WMERE H=1.26 WIRGY &
A B R R K, A 0,175 85 Fa #4 A i 2
H=1.14 PIRAY TR0 7B R B/, HAH K
0.1660, ML FMMERE H=1.26 WIE&Y &
PRI REUNS. 6% , FRIVERE H=1.26 1§
RBEVIESHWIE DB R RBEE KR, HMEH
0.426 1;[FMEEE H=1.14 FIRSY RN E
T BB/, HAE R 0,400 0, A0 LE T R #4 &
FEEH =1.26 WIRA Y R4 R I8k R 80N
6.1% ,

K8 RGY R LA S B R e
oG JEE TR AR AL L
Fig.8 Change regularity of flow resistance characteristics
parameters of different heat insulation sleeve

heights of mixer and diffuser



1104 G| A T Nl N = 4

2016 4F

SE SR TR AR 1 SRR R8N
o :%fpgfmdmm/ (prlj,,dmi,,) (8)

AF.m WRRBRERE; P HEJE; Fr in £
NIRIHIR S R G DAY B A T AR mix KR
W R S T e N AR AU B R S R T 18]
SRy y AT R B o
xFa(8) HEAT B oAk B 5 T A5

pv AP LI
g %(moquos + mlspus) (9)
sz; Mys + My

Koo A FIP IR RIR ST E &% R i B
R AR 4 R TR 5 P o TR
B AR ARA BRI Py ARG H 28 S
A1 B

ARG (9) 7T LA, AN [R] B #0  BE 0 TR
GY R AU RS R RN E 9 Frk, W]
UL, A Tm] B A v B TR 5 97 e 2% 00 1 R S R AR
S RBUB A FAR TR, B S 20000, 98 5 2218 I
AN B AR BN R O BEAS I R O
P IEB (2x/d<0.3) FEHE (0.3 <x/d<0.8) K
WA Bt (x/d=0.8) , ¥ EEBF LR G &8MIL
oo A, DA AL TR A AR B E A% IS I U 1)
P RO, AW a5 9 M as T i & e HE,
il =W 5 1B IR, TR LA 2 8] EE R
JIZL, e PR BOK, BRI B R B2 T B i
W B T 2 2R Bt 2 B R BE N 5 F LB, BE A IR
Tia] 365 N T i Ak S R IR G, U i 2 A FERC B
IR B T IAL 1) AN DRI U583, 3 K 45 TR R O A D
55 , 1TV ] B e 0 R AR R AR 7 Wt B R R AR B
FR B L T3 W R B, B T AR 2 W AR A5
F BELPS 1, b B S e 1k 52 3 Bt 4 L0 L
BN BE , {H 52 B 0 325 R AR 1A AR B, B I
PRI TR G i RV B 5 T I 1) i 54t 2
BER, AW 4 Be v i 1] s 19 iR 2 AR ARAR K, B
FEAR A8 Z Bt Ze AT 9K 52 Yk 1) it 355, Ui ] i AR R
DN R R A R £ B - 3E L A
BRBEE DAL BRIVE R B H = 1. 14 (1 5
WA F B K, HAH S 0,986 9, [ 4 & w5
H=1.23( B 5K 2 5 B/, i 7 0.986 5,
M AT DUE IR G 8 g 19 7 R B R A R AL
FEMmERES, AT EEFEMRRBAES
JEXHR A9 He i 05 2 5 VR 2 3 8000 52 ) L4
BORAA P s Hh E AT P T SR R 52 R BRI
KECWE 10) o v W, b b & B By 38,

W REIRE ZB0h BT HS, EARRBIRER
FERNRA T AR B R E RECZ R 25N, /N
F0.0004, 3 & Pk B #E i R RO, R VB X
TILIE TP AR 4 3% JE R B U A AR T 8RR,
SRR R B8N H TR SRR R %
H 3 I R, RS S S R I BRI E R B
ARAE R A RS A R R R T K . FE IR
AV RS O IR A RS BRI E R
I I AV v 1 B i s, LB AR YR R 20,991 1
0.9910.0.9909.0.9908 F10.9907,

9 ARIFRHE R R G SR EWRE R
Fig.9 Streamwise total pressure recovery coefficient of mixer

and diffuser with different heat insulation sleeve heights

K10 JRGY M 4% b 0 m B ar iy f 8
UEES OE Y/ ONL
Fig. 10  Local magnification of streamwise total pressure
recovery coefficient around outlet cross-section

of mixer and diffuser

2.3 BEHHE

TR & SR 5 P A fot B 1 1 f o B A 4R A
R AR PR AR B TR TR PR
PR ZH A3 AR B AR ik IR A 2R 1 T %
m PRI Sy 52 B T 8 r i 3 I e LR A 5, T L)

s HHPOGR & 8CR K ITFM ERRIRE 4R
Eoﬂ¢XL*%&Mnﬂ$%ﬁW( EYE R
MR A, PR A BRI F ik

Jer =71, dn

) ; ;
=T, (me +m;)

M =1 - (10)

2 - 2 -
Tosmys +Tism s



55 6 1

XA T A SV Wi T B A s B X 5 7 s i 1 RE 2 ) 1105

A Tos D PR U 9 IR 5 7,5 D A1 IR0 19 A
i s T, 0 AR 58 2 TR A A 1 SR, HE
H

_ Tosmes + Tismys

mix = (11)
Mys + M5
P (10) #1472 Hok B 5wl 15
zplviAi(Ti - Tmix)z
N =1 = = B (12)
szi”iAi
izl
B =T§5m05 + T?smls - i.;x(mos + mlS) (13)

AT, ORIR A Y & T W i HORE 48w Y R L R
S

AR 20 (12) AT RLAS A [a] B £ v 32 1 1R
FYEA R PR AHCR A 11 s, nli, A
[7i i P i B R A T TR S T R R B RO A
TE— A5 2R L, FATR B 2003 B A 0 58 T 0L 1) 228 ¥
W/, ELAS T B A v AR 5 9 T A 2 ) £ A4
A BCRMZER /AN, /N 0008, X I I 0 81 4k
B iy P9 AU A B 42 TR R oh O 1) e Y 3h O 32
(9, LB T TR A MR E A , TR L IR & &7 Al
R SE i I 2 B0 U 16 b Ak T v S A R B B A 1)
7 55 J3E A DT 384 55, PN A TR AL A =2 TR] ) 42 JR B R
il 20, o BEAR B R a4 L B BE U 5 B A R A
AR R K T, 250 1] i 38 B e R AE S, TR
PR 0 it 0L R O 5 1 T, 3 1) b 2 A FE Y
B, T 70 e B AN W 555, P9 M IRRAR Z T 9 48 1R
it 2 AR 8 557, A BV TRE 5 2R R ) G B JRE R
ZIN s LA R TR A A AR E AR T AR, K
RN B 2R A A AR E 4% LA 254 B 52 i, 4
P R B AR PR & BRI A R

B ORFRAE S ER A R R OR 48R
Fig. 11

Streamwise thermal mixing efficiency of mixer and

diffuser with different heat insulation sleeve heights

3 & #

1) GRS Y7 A 00w K A2 R BOR T R AR
oy iy i PR v LA B T a0 o B AR R

L. 14 BERY ) W 52 28 BOR R ORI fe ok, 3
{H 5050, 158 6 41 0. 242 0; [ # & = Sl 1. 26,
T ) PR R RO s 3R 3 dwe /s, HLAE Oy
A 0. 1462 F10.2230,

2) REY & 04 U B R ORI 5k R R
iy i s A v A G 0 O PR AR
1. 14 BT By 30 B 28 BORN s T 40 2% 3R 50y /s, G
{4351 70. 166 01 0. 4000 ; fF#E = R 1. 26, 15
T8 3L BHL R BORI T8 5% 28 808 de Rk, AL 090 A
0.1758 #10.4261,

3) FEIRG YA A O, 9 R SRR
02 R P A v B B 0 g A s TR TR A
Fs it R, AR R AR RO R S e/ IMEZ
Al AL AH 22 0. 0008,

4) BRRE W EXR A Y R A B RIR A ROCR
AN, e RAE S e /IME Z [8] 4 22 0. 008

5) B B IR A U e A 1 L B 1R 5
M 2R, Xof T B R v B Y A AR L £ R IR A
PGB AR . TEA SCHF TS S B A, B
B RN 114 BT PR R

2% ik (References)

[ 1] PRESZ W M,REYNOLDS G,MCCORMICK D C. Thrust aug-
ment using mixer-ejector-diffuser systems: AIAA-1994-0020
[R]. Reston:ATAA,1994.

[ 2] skofJE 42 1, ), 4. 0 e AE 20 40 10 i R 48 i 92 48
WEE[T]. fias 3h J12 41,1997 ,12(2) :212-214.

ZHANG J Z,LI L G,GAO C,et al. An experimental study on a
lobed nozzle of an infrared suppression system [ J]. Journal of
Aerospace Power,1997,12(2) :212-214 (in Chinese).

[ 3] XAz, B, 08, 5. OB R s 0 R & HE R 4

PERER M [ J]. A% 2 )% 4k ,2010,25(8) : 1683-1689.
LIU Y H,FAN C,XIE Y, et al. Effect of lobe numbers on the
performance of a lobed mixer in the forced mixing exhaust sys-
tem[ J]. Journal of Aerospace Power,2010,25(8) :1683-1689
(in Chinese).

[ 4] 2,500 A 2. ves 98 be X i i 0 IR 5 i UR etk e

i [ J]. i as 8h f1 2441k ,2010,25(12) :2787-2794.
XIE Y,LIU Y H. Effect of ratio of height to width of lobe on the
performance of a lobed mixer in a forced mixing exhaust system
[J]. Journal of Aerospace Power,2010,25(12) :2787-2794 (in
Chinese) .

[5] WAITZ T A,QIU Y J,MANNING T A,et al. Enhanced mixing
with stream wise vorticity[ J]. Progress in Aerospace Sciences,
1997,33(5-6) :323-351.

[ 6] OOBA Y,KODAMA H,NAKAMURA Y et al. Large eddy sim-
ulation analysis of an 18-lobe convoluted mixed nozzle: AIAA-
2002-0717[ R]. Reston: ATAA ,2002.

[ 7] MCCORMICK D C,JR BENNETT J C. Vertical and turbulent
structure of a lobed mixer free shear layer: ATAA-1993-0219



1106 b w0 = MR KR

2016 4F

[R]. Reston: ATAA,1993.

[ 8] W%, praly, sh /R, 5. PO IR B 450 A O R & HER
RO m [ T]. MEdEHOR ,2014,35(3) :314-319.
XIE Y,RUAN D F,ZHONG C, et al. Effects of lobe cap and
crest line on performance of mixing exhaust system[ J]. Journal
of Propulsion Technology,2014,35(3) :314-319 (in Chinese).

[ 9] MENGLE V G,DALTON W N. Lobed mixer design for noise sup-
pression ; Acoustic and aerodynamic test data analysis: NASA/CR-
2002-210823[ R ]. Washington,D. C. :NASA ,2002.

[10] sk¥rflr, ER M, sk E4#, 5. PR A Hmmilw 1] o
2S5l )14 4 ,2014,29(8) :1761-1768.
ZHANG Z H,WANG D M,ZHANG B H, et al. Experiment of
flow in lobed mixer[ J]. Journal of Aerospace Power,2014,29
(8):1761-1768 (in Chinese) .

[11] COOPER N J,MERATI P,HU H. Numerical simulation of the
vertical structures in a lobed jet mixing flow: AIAA-2005-0635
[R]. Reston: AIAA,2005.

[12] o8, 2208, XA % R & AR 1R A it 3 v 3 245 4 1 S (B
W [J]. BREHOR 5 T ,2011,11(32) :7972-7978.
XIE Y,LI T,LIU Y H. Numerical investigation of vertical struc-
tures in a jet mixing flow of lobed mixer[ J]. Science Technolo-
gy and Engineering,2011,11(32) :7972-7978 (in Chinese) .

[13] XUAZ W2 AR IR & MR G RCR BB [T]. s
3 7124 41,2009 ,24 (4) :740-745.
LIU Y H, XIE Y. Analytical solution of mixing efficiency of
lobed mixer[ J]. Journal of Aerospace Power,2009,24 (4) .

740-745 (in Chinese) .

[14] XIE Y,LIU Y H. A modified thermal mixing efficiency and its
application to lobed mixer nozzle for aero-engines [ J]. Heat
Transfer Research,2011,42(4) :317-335.

[15] i, AR IRA MR A HE SB[ D]. b db s
ft 28 i R K 2% ,2008 :35-37.

GUO N. Numerical simulation of the flow field and the optimal
design of lobed mixer[ D]. Beijing: Beihang University,2008 .
35-37(in Chinese).

[16] XA, Birb s AR BRSO _ B AN sk X S 45 — oo mi 4844
BERSM [ J]. #HEVEHE AR ,2015,36(11) :1616-1623.

LIU Y H, CHEN Z Y. Effects of upward-outward penetration
angle of asymmetric lobed mixer on aerothermodynamics per-
formance of an S-shaped two-dimensional nozzle [ J]. Journal of

Propulsion Technology,2015,36(11) :1616-1623 (in Chines).

EE B

NEE B B, WA S, RSy G
B AL B M R G R ALY AR R
77 % 5 W 11 A B R B A T 2 BRI 4 4

Tel. ; 010-82338358

E-mail; liuyh2@ qq. com

AFE B WL, BTSN AL AL B KON
T A8 T 1 B4 B 1 B ) 2 B A o
E-mail; zkf_1991@ sina. com

Effect of air cooled spraybar heat insulation sleeve height on
performance of mixer and diffuser

LIU Youhong® , ZHOU Kaifu, NIU Junjie

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

Abstract: For the mixer and diffuser of air cooled spraybar rod, the three-dimensional numerical simula-
tion model based on the Navier-Stokes equation was created. Through numerical simulation, the principle of
the effect of different air cooled spraybar heat insulation sleeve heights on the mixer and diffuser integration
aerothermodynamic performance of flow fluid, flow resistance characteristics and mixing characteristics was ob-
tained. The results show that air cooled spraybar heat-insulation-sleeve height has little effect on the thermal
efficiency of the mixer and diffuser, and that the overall range of variation is less than 0. 008. The static-pres-
sure recovery coefficient declines as the air cooled spraybar heat-insulation-sleeve height increases; the flow
resistance and pressure loss coefficients of the mixer and diffuser increase with the growing height of air cooled
spraybar heat-insulation-sleeve. At the outlet section of the mixer and diffuser, the total-pressure recovery co-
efficient declines as the air cooled spraybar heat-insulation-sleeve height increases, and the total variation
range is small andreduced from 0.9911 to 0.9907.

Key words; air cooled spraybar; heat insulation sleeve height; mixer and diffuser; flow resistance char-

acteristics ; mixing characteristics

Received: 2015-06-25; Accepted: 2015-07-31 ; Published online: 2016-03-29 10:39
URL : www. cnki. net/kems/detail/11.2625. V.20160329.1039.001. html
* Corresponding author. Tel. : 010-82338358 E-mail: liuyh2@ qq. com



2016 4 6 H
$424 456 1]

Journal of Beijing University of Aeronautics and Astronautics

tEMmMEMRXRKXEEZR June 2016

Vol.42 No.6

http: // bhxb. buaa. edu. ¢n
DOI. 10.13700/j. bh. 1001-5965.2015. 0422

jbuaa@ buaa. edu. cn

ETEMRNUWERS X HE Rk EEXHGTSM

wmE,

H—_}:alz

(1. JEE Tz R R FHiaBe, Jbat 100083 ;

, N, R

2. JLELR A SR FEFE I, Jbat 100854)

] B AW XHEMAESMARFTER UM 3 ~4 Bk £, HRRT R
Efp A A, Hb, BRI E P B2 MBAE LMK EAA X 5 &b B2 A K8
Ei, A ERMERTESMETANESEERENARE T ETEUAMME N X

Herht ZEE5REAETA A4

TR B R R AT i B XA & o BB KR A

S5EXERZAAMEGERNANE, UZAGHENEFRAGREFE, RAHRE T AH

ZWETNENRNEF &, 5ARH FHEWN T EHATREFET UL

2107 &%,

BTREERKXN, ZF ET ARG LRMNE AT T E M, A b T8RN B 2358 R0 3
RE, FMABRZN259.79m, FIH AR BRANT FMARNEE, N X H & MKF 2 AU

TREARET ZFKE

X O O B E; RRIE
HMESES . PI128.4; P145.6; V476.4
ERERIREG: A NERS:

TR A FE A KR L EE A A L
AR b7 s i T2 AR 5 4R b AE R FLE TR
Ay b I, HEMRELE TR A FSr%d
ARXT B . AR LG T, S BUE TR Y T
ARt T 5 R £ AN T SOR I, G ) R AR
KIBGNE , WAk, mPLIE TR L RE &
Xt MU 35 ), TE AR AR Gl TR E 7 R
B UL B2 [ R PR AR o 25 ZE 0 & U B2 H R Oy
MRS THEZEMEH. Fit, mHEBEMAFE
SR AT AT

MR R DEM A S h, 2
SEPAE 2 A T s — 2 R R AR B 1 R S
s R R 3R TR S P Y 4 Bk T T
B RG(GNSS) i, 1l # 2 F G 2 BUs 25 i 45
R Can A Bk b ER R BH Al AT B AE 2D {5

ELHEAT SR 7 0 A S5, IF 02 R T v ILE L
%*ﬁr;ﬁrﬁﬁ,E’r?ﬁzﬁe@ﬁﬁfcx%ﬁnﬁ&ﬁﬁ%

s AT A WL, EWOWNAE

1001-5965(2016)06-1107-09

Bl T TR SE R AR TS R R
GPS @i DM A X EM, K F kB FEES
oL S SO R S LA 7 i 2 A e

X 5 2R Bk o R S A ( XNAV) S — Fh 437 19 A
KBS A G LA I 9 R AR X 5k Bk o
B 5 57 09 o, I LA AR 2 0 o 0
AEEME, RNEUKHERE IS Y, WG R
H e T T TR AR S W e RS A Y
e 7,1 E S LR M A R SR — R
frrk et o HET, Bk R S 2 G i BF A Ab
TR0 B B, T XS4 R I 28 A A A
I AR KU #6085 25, 0 B0 A 9 S v K £ 2 A
I LA 3 ~ 4 I fk oo R R AT AR SRR
AN T K A 280 A A7 £ 7 R R Ty R [
ﬁ%#%*#ﬁ%ﬁmmaommﬁ¢%%ﬁ
T X GTRARIN S Sy ik R % Bk e
@M%%ﬁ%?%mJﬁT@%@ﬁ%mMﬁMﬁ

WS EE: 2015-06-24; A HHEE: 2015-09-11; W44 ERETE: 2015-09-17 11 .45
M 2% H R M2k . www. enki. net/kems/detail /11.2625. V.20150917. 1145. 006. html

BEEWHE: HEAKRPERES (51275027)
= BWAEE : Tel. : 15901355288 E-mail: yangbo@ buaa. edu. cn

SIS i, HEE, E, F O ETFENRNENX ML ERAEEXAEFMIT] AFAEMEAFFR, 2016,42(6):
1107- 1115. YANG B, HU S M, SUN H, et al. Integrated single X-ray pulsar and starlight navigation based on virtual observation
value [J ]. Journal of Beijing University of Aeronautics and Astronautics , 2016 ,42 (6 ) : 1107- 1115 (in Chinese ).


Administrator
全文下载

http://www.cnki.net/kcms/detail/11.2625.V.20150917.1145.006.html

1108 b5 fin =

S it KR % % i

2016 4F

PR A EEPE R EH AP TR
F2 1T 0 Bk B S At LI fk e B2 A B PRI 4 S U T
WO A AU T B K ol L R e T L 2%
4 ) AL, AEL T — I B UL 5 B8 800
(A5 S AUURG B2 AR L 22 BN AT — 3 B A

BEXS b3 TR A, AR SCHR ) — il B T kg 8000 0
B A R B R ikooh 2 5 RO G e B . %07
TR I EEAS SRR AR R B XS 2 bk b A2 9 £
5 (K wh e ) A6 JSCSU 161, 40 P 3k A e R 0000 0
(B, (o O I00 ] 39 5 2 DG L A 30 R A5 o el e 1
BRSO AL A B0 U8 D AR 1Y B — 2 A
3AMIES 5 g 58, BIVAH 25 T 500 & 48 ih 42 g
0% LI ) 3 A WL A R, TR R 4R e T
LRGSR L

1 BRHESMASR

1.1 BHESHHEERELTRE

K1 KRB Z& L (SSB ) &% AN X 44k
ok b 2 Tk oh AL 36 s RS B m O bk of B
o] BAA 6] 555 5 d R rogy 53 391 by K o B2 R0 SSBOAR X
TR BH BT 0 1Y o7 ¥ R 55 r,, i DR A XS T SSB
ORI R

P X 2 Bk ol 52 ol 4 2 )
Fig.1 Schematic diagram of pulsar propagation of
X-ray pulsar’®!

TE Tk i LT AT S5 R A g R K o B 3K A
K &5 BB E ( Time of Arrival, TOA) , i B S AL
I 3% A 2 T T A 310 38 B 1) 22 25 fif B Hh LS A7
EAI AL 2 2%, R 25 (86 P B AT R
1o Bkoeh A K ol A T A% K 2] SSB Y B[] 4E IR
B EERER R ESRK. hT
ok v it FE b sz 2K BH R 51 1 /e, IR A%
R0 AL IR 1 75 225 I8 S| 1 T SRR X I8 RN o
J5 Bl B ] S2E 38 S 14 K002 A5 R agh 2 ik v B2 Ok o A%
TR FESEBR K oh B ST, 2 2 ET 51 15
VERT, A2 AL 4% 00, BIVAR XF 8 %87 1) 52 Wi AS mf
27 % o R Bk AT 2 ARy, — IR
5 Wk b B 31 SSB Y AR 5 AL R RS A, — R ik o
BBILR A8 OGRS G 1% A2, 2 AR5 21

A 2E , AN IR K oh B AT R, AT A Al — S XA
28 Jik wi N TR F) SSB 546 it (1]

n-r, 1

t 2 2
oy = + n-r, -r, +
sat c 26[10 [ ( sat ) sat ]

L) (ner) = (rg - r) ] (1)

K vy Aot S0 0N TR — A XS R ik ol 3 3k
SSB Fll T3 B B 8] 5 ¢ OB dy Sk ik o ALY R
B (D) ERADE 1 TR IUTHER 552 55 3
T > Roamer $EIR |, i i 4F M 22 54 W BB 1E o %F T
P TR LR B AR e EE AR 2
ik 1077 s g, Sk BB 7E 10 ~ 100 m JE Y,
3k 10 s B, SAAIEE A 1 m LI
o H A R EUE TR A S SRS T bl AR
JUE m G, HULE 2 A 3 1A & m oA af
2
1.2 R&EFE

BB R ] 45 TR B F o v B R S
LR G, LI R 2% 00 o7 B F 8 3 1 R IR S 28 i,

lssp — L

X(1) =g(X,1) +w(t) (2)
K X() =[x v 2 o, v, v ]" RIRAL

Loy Moz S Rl R A AL E AR R, o,
F v, 0 5 R ALK A 1 =l e AR i g (X 1) jﬂ
REZN T F WAL R A o () HMEI, %
JEHERAE BRIE 51 1 E B T, T, TR Al R 0 4
Bl , K BAG] 77 A 0 hn B DA K& A k51 1 7= A
g R, 3h Sy A

=0,
G-,
T,
Cl R\* 3 2 R\’
ot 8) 30570
| r 2 r r
5%(3-7* el )
0O Ir. =rF r
[ X, — X%
D““‘(nr T . |*)
= R 3 2

Y e z
B n (%) {55
1 3 2
IZIJ3(&) i(3—7 iz) z]+
D r 2 r r
1

Y.~Y Y Ym =% Y
E"u“( 3 3)+'U‘m( 3 3)
[r =l r.]l Ir, =rl" lr,|
2
a8 3
Fl o2 ;
Dfs(&) EA G
r

ZS - z z\' zl’l’l -z z!ll
JESERES P IEELIE
b =rl*llr | b, =l e,

(3)

DEDD

000
=



55 6 1

A r=(wn,y,2) MUK ASAXT T HoEK BT 0 09 067
B r MR R A M BR RO BB RN
MR r = (x,,y,,2) Flir, =(x,,y,,2,) 575
ok N i DO R N = I R Il N SR A =
(v, ,0,,0,) ALK A T 3R B0 3 2 s A
Bk G| 18 B m, A H 5] T B, RS
WAk % G N N A S I 30 R R (L
P, — BN L R i e A B, R (3)
{14 % W] B 422 JH DU B Runge-Kutta 2 50E THAAS 51
1.3 EMFHE

AR X Gk f TOA (4% 7 #2=0(1) , kb
TOA 5P EM & ZMAAEE LT XRR"™ .
i = = g = (1) 4)
X e, B D) R E BT, SSB L HLER I TL A
SHEMMEXRRWMT
r,=r, +r (5)
A v, HHLER AR X SSB W B, i KPH & AT 2
Ji#& (i JPL [¥) DE405 4§) 45,

B GHRARH

1 1
tsss_zsm_j(n'rg) _Zre1=7(n'r) (6)

K (6) MARHE X G2 Wk op A% 15 5 Ft 4t 545 2
9 XNAV & 48 5 A UL 75 #2 , 1% J7 2 ok A Bk o
TOA Sy FEAULM &, #5015 3] AL 45 50 75 251
WL, FEARE DAMAE r, HEE S
T o & DENLE r 7oK, R e P o7 S
WA SIA RN E r RS e, AT
L 2
1

1, =
' 2ed,

e (g 4+ 1 = lry + 71+

ﬁé(n'rSSB)[n'(rE-I—;)]_[rSSB.(rE+;)]%

(7)
PRI T XS 28 Jok o 2 2 0 5 AR AT e Ry
1 - O
%531 —lau ~ 7(”1 Sreg) - by, O
1 | 1
— - . _;
Zx ( k) — %SSBZ tsutZ ¢ (nZ rE) trelz E
[ . 1
1 : 1
1 ~
%sm “lawm T 7(",1 “ry) - trel”%
H.(HX(E) + V., (8)

R 1, FHE K R B3k SSB IRl 1,
Lo L 3SR SR I e ) K TR A B D
B IR I A s T R i = 1,2, 05V,
S X LIRS H R R, e SO

Wth, 45 B T B AU EL A X Sk B Tk b 2 B DR A S 1109
1
H Z*[H 0Nx3]
c
H =[n n, n,]"

n,=[n, ny n]
XL bk o B AL BN = 1,75
H =—[n,  n n 0 0 0] (9)

y

2 BROHESEXBEIRIES
2.1 kBRIt
LR A0 3 X LRI 78 A 2 R
28 BT AT I L AT R A 2
S B i 1 1 R
Rl SMFRERVF[ERRANE

Table 1 Selection of detector and observation of

navigation subsystem

TARG PRI WL
Jok i 22 X GRS ik b 3 3K e [] 22 A

Bl P R U
B2 A/ AU g
20 A 7 Gt D 7 F Ry
z=h(X) = [At o a,]" (10)
KAt F g, 50, M, W(6) ; o Fla, 57
590 Ay Ti) Bt SR F 2 0 A AL Y R A A

r-s,
«, =arccos| —
r

B o,
B o,

(11)

r-s,
0, = arccos| —
r

Xfres, =0sy, sy, s ] W 1 BSAUR 2ICT7 M
Kims s, =[5 5, ] AHE2PSMERLT
) 5t M AR R & IR Ik B e 2
7R RENE AR AT SR AL g 2R m A

B2 X B koh 25 B S A bR R 2 0k Bt
Fig.2 Design of centralized Kalman filter of integrated
single X-ray pulsar and starlight navigation

2.2 AMMEIERAS SR

B EUPLE B e
X=@,,,,X, +W, (12)
AP X, FX, 00000 b+ 120 k20 AR
i @, N R ZIE) k1 20— D R SR
Mis W, RIS



1110 | A 1 A ./ R N NI = O 4 2016 4¢
fte e e [15] 4
UL I, B 0 l. o, O
I, T-r,, 0o 0
djk“’k:I*_FT:[T'S ngz ] (13) E hl 0|X3 gl:l_ink 1x3 l:l
o h 0 1 ¢ 1
0., I 0 e g O
F:é)ig: 3x3 3x3 (14) | 1 DD h, 0,., 0
0X O 0, -, O
S 0, 0 c DD h, 1«3 [
|—_pr(3x2 -/ 3uxy/r’ 3uxz/r’ O 0 % hy 5 golx3 _Lnkg
S=E| 3uxy/r’ w(3y* =) /7’ 3uyz/r’ El v E 0. k. EISO hL g
- l = %3
3uxz/r’ 3uyz/r’ w(3z - rz)/r5|:' % 711,(5 0., g I:I()] ' h] O
1x3 2
(15) I:I hlS 0I><3 Dgobd 0]><3 %
‘ o 0 0g 5ns o, g0o, o, O
Kb =0« of A, 0 1 O50 0, 0
0 - —nS [ %ix3 1x3  []
@ 0 zl:l 1 Yixs c k D% . . %
| 1 ) )
Hﬁiﬁ(G)%ﬁﬁE‘JXﬂ{mﬂﬁﬁ“”ﬁ (| 01X3 hlS I:lljolx3 01><3 L
Z -HX, +V, (16) % 01 koS %
e Z, Ak 2D 5 V, ' (19)

o1, 0.0

1x3

H-"_5 ° 5 (17)
=2 -0 O
0X B0

E 1 1X3§

I:th 0]><3I:|

n,on] O bk oeh B R 2R T 16

e

B
=
i
N

O0O0O0poO0Q gooopoog -

)

=

<

5
1l
=

LN

~ |
s

~ |
=

©
g

Nk‘
1l

~

w
~ (&
w

+

x - (s, -

3
r

y'(sl'
3

r

z- (s, -
3

r

x - (s, -

3
r

y.(sz.

3
r

z.(sz.

3
r

212 12 12 |2
ooooood- Moooogdg-

~
~

BT RS AL AR B V KRR
V:[H H‘pkn,k H‘pllm,k"' H‘p;;ll,k]T (18)

B (3) A (17) AKX (18) 33 i T S
RN ITCE N RSN % , ST %N ’i—ﬁ o %t

B TR, w=4 x10",r=4 x 10" , 0 S AL N
107°,8 #% N 107" JLPEAE, HBER19).
SR (19)

1) ¥n, #0,h, #0,h, #0 0 rank(V) =
6, Z 4 [F) BF w42 Wi 2] B ik op B R o AL Ok A
TLRGEEAM,

2) M¥np, =0, rank(V) =4 ik, fkopie
AL et B vh, TE e B Bk v AR S 2, R
G RTT A,

3 HEM KN ITIE

31 M NEST

S X5 Ik ol R A B £ R
3 H4 2 XS54 U5 A O O, 9 K T 0
A 378 e 0 VLR DKL, X 5988 o
ML B 30— AL s LA T S OE
S 5 SRR R 0T T LA B L s 9. P 3 A T
X2 K 5 B B P

3 ot T, S JE 6 1 R 0 A R 45 )
Ty M X B2 Bk ol 2 B B Rk
S00s) . WA E], 76 X S5 2k Ik oh 515 5 60 7 vk
STRE I ), B 6% X SO 45 2 M, T T, A
Ty 2 A A 20, 0T LLTE Ty, Ty ooe T 55 %
LA TR AT A W (L L A A
S(8) it 3 I B B, )T 2
2 0 90 T AR B R B A B X 2 B o 2 £
AT A SOLULI P2, B AR SR L (X S
2 Jik o 2 R JE BB 2 AR T T, A T, , 360
WSS 2y B0 Zyy o 4E Ty A1 Ty 2 DR 1 22
5 A5 0B 6 5 48— 2L XS ko 2 0
Wi 2, = [2,, 2 PRE 108: 3

Kl 4 PR o

X12

B3 X Gk fikoh 2 5 BOGH & ST E
Fig.3 Sequence diagram of integrated single X-ray pulsar

and starlight navigation



55 6 1

Wth, 45 B T B AU EL A X Sk B Tk b 2 B DR A S 1111

Pl 4 DU I

Fig.4 Sequence diagram of virtual observation value

R 2y, K
Zo = hy (X)) +u, (20)
s ho o A 2 0 B B, TS ek 28 0 4 %
TR Zy, 2 B E X, R 2R s
T o, A ORI 25 TR B, R 40 AR 4% 52 07
MM 7y 155 F — 40 B ow W 2y,
[Zy Zy T ] KK

HI 2 R h st R /R B e W v B B, 0t
B ol 52 R D00 I, W 0 R 4 M 4 — B %0 38
LA 3 A WL A, AR 2. 2 45 AT W04 43 7 T
B, B S A R 558 4 T 0L, I ph T — i %)
LA WIS 508U, RGPk K7
3.2 R B U U

MR (8) AT, WL B AR AR LR M, B A
AT 38 B 2% 2T E 7 16 bl 28 9 45 8 (8 306 4T 4
o 125 15 4% (BP) 28 9 % 2 % AR 2
A T R 50 A1 11 45 0 B0 16 9 2 2 14 1
Y% . VST FE W L BP W2 I 2% RE 05 LA AT BRS 1
AT A0 ¥ 8 0 R B, 3T BP 2R I 4, 0
0.1 6 AR 2 AR i A M 2
JC, I LG Z,,, 9 W 2 S22 o . 1 2
TS RS 3 A XS 2 ok o B2 O 30 M0 035 . 1 A7 2
53, AR AR 5 T T 2 T 1 0 10 AR X T
LI B EAT TR T B R AN

1) 25 090 4% 1 i 16 5

WZITTH A o ok I ZIRLIRAME X, .

o=[x y z w, v, v, ]

[x ¥ z v, o

i ZEEA

net, = 2 w,0; (21)
i ZEE o,

o, =f(net,) (22)

A fC) NTEA R X B f(x) =250, HH
LM IR R o

2) R 25 B 1n] A 7% N A 2R B0 1A

FIA RS R 5 e AL

1 2
Ep:?(dk—ok) (23)

Ao d, R AR S X BRI Z, .

oF
Aw, =-n * (24)
ow,,
A oA, 9 >0
ok, _ ok, _ dnet, (25)
ow, Odnet, Jw,
dnet,; 9 Y
= o.| =o. 26
dw,  Jw,, ( ; i ) o (26)
. ok, Ik, do,
. =— = d - '
U =T (= 0)f(0)
Aw,, =n(d, - 0,)o, (27)
wy(n+1)=w,(n) + Aw, (28)

oo, (o) Ry 2T 20 F A 36 AL R
3) BP #2 M2 TAERAE WM S Fros .

5  BP M f 4% i RE R
Fig.5 Flowchart of BP neural network
S P S 2 60 24 T 1 L0 0
Zy =hy (X)) +7v, (29)
AT by, PR AR B B I 220 1 52 B 0
Zy WRSARZS (H X, 2% 15 8 09 AUE w, 44
CE

4 FEWIERSDT

4.1 (HEEH

1) 31 J2000. 0 0o 24 38 15 1 A2 b5 5

BLETR S : TURARFRPUE RS dr STK B4z
BB B 42164 km , fiC 3 5 0..000 2, B (i £
o 0°, LR A N 0°, TS s AR 420 1937

2) WIHR R 2 WAL CE )G E R 2E N



1112 | R I N N = < 4

2016 4F

500 m, B EF{RZE N 5S5m/s,

3) PRI 2 B0 X S RN i 00 00 e ] Sy

500 s 5 B OGAR I A5 LI B[] 4 5 s

4) PRI GG X I RIR DM EAE L 0. 1 ps;
BEICHRI FREE K 107 rad
4.2 fHE&R

AR 3.2 RIEXE 2. 1 1 B4 UL ug ik
ARG X SRk b 45 5 WL A R UL, OF #E AT S A

iR B, FLA5 SR AN R 6 FR .

PR 6 LT I 4 UL A B4 20 5 S A0
P2 R 2
Fig.6 Position error and speed error of integrated navigation

based on virtual observation value using neural network
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Integrated single X-ray pulsar and starlight navigation
based on virtual observation value

YANG Bo" ", HU Shengman'?, SUN Hui', XU Fan’

(1. School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Beijing Aerospace Automatic Control Institute, Beijing 100854, China)

Abstract: Conventional X-ray pulsar navigation satellite system needs to observe 3 to 4 pulsars at the
same time, thus the mass and consumption of the payload will increase. Therefore, the technology using single
detector is the key measure to realize X-ray pulsar navigation. In order to solve the problem of poor visibility
and low accuracy of X-ray pulsar navigation with single detector, we propose a high accuracy navigation inte-
grated with single X-ray pulsar and starlight navigation based on the centralized Kalman filter using virtual ob-
servation value of the pulsar navigation. During the long period of detecting X-ray pulsars, the starlight virtual
observations observed at the same time will be added when detecting starlight’ s observations, so that it can
achieve high precision using the centralized Kalman filter within shorter period. Meanwhile, this paper propo-
ses a method using neural network to predict the virtual observation, and compared with the prediction using
dynamic method, it can achieve a high order magnitude of 10 . The results of the simulation show that the
method can greatly improve the reliability of the single detector navigation by compensating the navigation error
caused by the error of detector the navigation positioning error is 259.79 m, and it can effectively reduce the
weight of the navigation system. This can provide reference for the engineering implementation of X-ray pulsar
navigation.

Key words: pulsar; single detector; integrated navigation; neural network; virtual observation value
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Fig.5 Guidance simulation results for interception of nonmaneuvering high-speed targets
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Omnidirectional true proportional navigation: Novel guidance law for
interception of high-speed targets

BAI Gu()yul’z'* , SHEN Huair()ng1 , LI Yuan', YAN Liang3

(1. Department of Spaceflight Equipment, Academy of Equipment, Beijing 101416, China;
2. Jiuquan Satellite Launch Centre, Jiuquan 732750, China;
3. Beijing Institute of Tracking and Telecommunications Technology, Beijing 100094, China)

Abstract: Aiming at the interception of high-speed targets, a new interception guidance law called omni-
directional true proportional navigation ( OTPN) was proposed, which adapted to variable-speed interception
and can automatically shift interception mode, possessing both head-pursuit and head-on interception capabili-
ties. This guidance law has a wide capture range and can meet the need of omnidirectional interception guid-
ance of high-speed targets. It is found that there are two crack points which meet success conditions in inter-
ception guidance of proportional navigation. The signs of navigation ratio for the two crack points are inverse,
which leads to the different intercept modes of head-pursuit or head-on interception. In the proposed guidance
law, the initial conditions are relaxed through the sign alternating of navigation ratio, and the acceleration lim-
itation was considered as well. The results of numerical simulation verify the validity and effectiveness of OTPN
guidance law. Compared with interception simulation of other guidance schemes, under the same intercept
conditions, the parameters of capture region, intercept time and control efforts are all superior to those of clas-
sical proportional guidance law and retro-proportional guidance law. The major factors influencing interception
and capture capabilities of OTPN , such as the maximum acceleration and the value of navigation gain were al-
so studied through capture ability simulation.
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improved Dijkstra algorithm and improved A-star algorithm

AR DL, S2 M AT 24z, A& 3 (e) fir o, Btk Di-
jkstra FEVE BRI AR A ®AT B3 R B A AR 4 R
BEZSCR it 1 B R AT R AR A A, AR T L
P 2, B T AT RO R AR .
3(d) s, Bt AT BE AU R] G B 3 (a)
FTE 3 (b) v &A7 im BE IR A1 20, ML 3l v 8 5 141
3(c) B R Btk Dijkstra 535 A0 Ho o RO,
A RO AT B ARG

Kl 4 s A™ 5k AL 40 Dijkstra 53k Bk
Dijkstra 803 (A 1 S BREERCR ) A Kkt A7 57
% 4 MEE AL ATIE 5 AT b B X HEOR
BN R DUR R 50 AT 3k A2 58 Dijkstra
ERRLE S AT bk AR A, it AT Bk
5 AT LI A RS A TAZSE Dijkstra SIA RIS
Dijkstra 553 2 8] , A1 L 2 Ul 38 T B o /) 15 M iy JEE
BALGE Dijkstra BIEF A™ B2 W W4, AT
AR S TF e JEE 2 PN S 3 R AT 2 R B

F 1N 4 L LRI i 1 I B A R A
PRAY LA, bR i 4 b SR T 43 S L )
AT SRAT I B RN RAT e B A 0 T 0 A
3 o AT SIS A A BRI KR P A RS AR OC AT 5 A 3
n 1 PR TRATI RS, AT B R 2R
EIT AR A 1 kem , HAREL T oK - J7 18] 4 Ml
FL 100 km ARH /N, (45 A 4 Ff DL J A
) A R B0 R AR A R BT 1) A A I 22 S

BORH AT IR B AT FE B

K4 AL S AT B AR R
Fig.4 Interval between planned trajectory and

upper boundary of permitted flight region

F1 AMEENYUMTASREZLEREBERNLILER
Table 1 Important indexes compare of the results

obtained by 4 trajectory planning algorithms

TR RATE NE HLsh RAT R bR
Hk Tim  JEF e WY W/ THEE/REE/
JBE/m  2Z/m JF/m K km L o

14 A” 551 24 50 24 101.1215.72 693
{£4; Dijkstra 533 22 50 24 101.1115.71 6 409
i Dijkstra 851 13 700 69 101.3217.85 6 365

itk A" 803 13 650 30 101.28 17.42 2 584

1 AR T FE 2% ] Cessna 172 ®AT T



1132

b m M= R R ¥ R

2016 4F

AR E RAR B Sl A A A R e
T AT S5 A S BR AT I S LA SR R R 2 AT
BT I A R I T RE AT DT B A A R ER i T
#e. T Cessna 172 ®AFF M 208 T F M B
By IR i T E B LR Tk T RE 32 R T R B
PesE , MALsh CAT LG T L LBl 2 B fl A
LR BL S AT YL L5 Dijkstra B3k 5K
HE AT S BBl R BORE 25 R 2, (FL K T FE A
282 i ek Dijkstra B 5 AT B AIAL
SR EAHZB L AT AR 22 R Z 015 0 .

e AT SRR AR T T R A
{5 FR R AR B AL 5 A B R R, AR
TEAABE TEG AT B A S545 AT R
2 ALY Dijkstra LA L3 RATRE &, K
A7 v B 7 25 B S /)N, e /0N S M R R I 2 L ]
PLAEAIR 25 FF o8 B )25 o8 B 38 AT & 4 R B,
H 50 Dijkstra 5340 H 4 R 9 A A £ 0 s
A BRVE AT RO T, L B B R AIG, R AT
B TAE AR, 7 B & FaR UL S B0 R PR IE
TRHLIRIM TR S H A 3 Ry AT, A AR K
1138 B A

4 &

AR ILAELR G o BT B 28 2 YRR AT Tl AL € AT
o 3 L) T 8 R K )R ) R At AR T — R R
4 i R D7 3, 22 SE B B IE R ]

1) Rk G % B AL S B A5 B AT
eV RES B A A A, M B B A MR 5 8] o
I AR RO 5 A 22 YRR AR A B Bk b
%, iR 1AL G AR ML 7 ik A T A L TR
A U320 AR ] R e R T ) SR BIRAE

2) SR H bR AL pR KR A 57 A AR
BT, DA e T B A A it A R R, o 24 RO Y 5
AU o RN T B Al 25 T0UHE A, i SE T A A
AT T ) 0T AT 38 WA R TS A T ik

3) Bk Ses AT Bk L4t Dijkstra LA
Lo, TRAT R R R, CRAT T 22 MR BN, de
2 M e R AR AR AR S T R R R
1% 4 A RO RN, F 45 et Dijkstra 55035 A1
PO R A B ek SR AT ROR B, L
SR R AR, RAT B CAR SR . 7R B AR
ERRAE A BT Bt AT SRk ORI LR i
FE5 HA 3 FhOTIEAR T, A B AT s B A,
R 5T 0 A1 RO figp DR S 22 0 RZRAF T T8 R AT
o 2 ) T 8 R R ) A

[2]

[3]

[4]

[7]

[8]

[10]

[11]

S #k (References)

OK K,ANSARI S, GALLAGHER B, et al. Path planning with
uncertainty; Voronoi uncertainty fields[ C] /2013 IEEE Inter-
national Conference on Robotics and Automation (ICRA). Pis-
cataway , NJ: IEEE Press,2013:4596-4601.

GOMEZ E, MARTINEZ S. A comparative study of geometric
path planning methods for a mobile robot: Potential field and
voronoi diagrams[ C] //2013 1II International Congress of Engi-
neering Mechatronics and Automation ( CIIMA ). Piscataway,
NJ:IEEE Press,2013:1-6.

CHENG C T,FALLAHI K, LEUNG H, et al. A genetic algo-
rithm-inspired UUV path planner based on dynamic program-
ming [ J]. IEEE Transactions on System, 2012, 42 (6 ) :
1128-1134.

CUI C,WANG N, CHEN J. Improved ant colony optimization
algorithm for UAV path planning[ C] /2014 Sth IEEE Interna-
tional Conference on Software Engineering and Service Science
(ICSESS). Piscataway, NJ; IEEE Press,2014;291-295.
GAUTAM S A,VERMA N. Path planning for unmanned aerial
based on genetic algorithm & artificial neural network in 3D
[ C]//2014 International Conference on Data Mining and Intel-
ligent Computing ( ICDMIC ). Piscataway, NJ: IEEE Press,
2014:1-5.

FESC, ™, T8, A5 AT T AR B 5T BOIR A0
FLT]. FEWiFE,2007 ,28 (6) :1441-1446.

ZHENG C W,YAN P,DING Y M, et al. Research status and
trend of route planning for flying vehicles[ J]. Journal of Astro-
nautics,2007 ,28 (6) :1441-1446 (in Chinese).

KA, AL BT AT Bk A R R A 5 A R Rk
[J]. JERUH TR 247 42,2007 ,27(7) :613-617.

SONG J M, LI K. 3D route planning algorithm for long range
missiles based on A-star algorithm [ J]. Transactions of Beijing
Institute of Technology,2007,27(7) :613-617 (in Chinese) .
KT HACTE MRS 25 WS Mok A & W[ EB/OL]. Jb 5t
M 4 Be, oo %2 2, 2010 ( 2010-09-05 ) [ 2015-05-17 ].
http : // www. gov. en/jrzg/2010-11/14/ content_1745143. html.
Opinions on deepening the reform of China’s low-altitude air-
space management [ EB/OL]. Beijing: the State Council , Cen-
tral Military Commission, 2010 (2010-09-05) [ 2015-05-17 ].
http: // www. gov. ¢n/jrg/2010-11/14/content_1745143. html.
AR, A BRARI, 5. — R R SOE A Bk B R AL
ALSTE MR (0] DR 22 4l (5 BB ,2015,40(3)
315-320.

ZHAN W W,WANG W,CHEN N C,et al. Path planning strat-
egies for UAV based on improved A-star algorithm[ J]. Geomat-
ics and Information Science of Wuhan University, 2015, 40
(3):315-320(in Chinese).

SZCZERBA R J, GALKOWSKI P, GLICKTEIN I S, et al. Ro-
bust algorithm for real-time route planning[ J]. Aerospace and
Electronic Systems,2000,36(3) :869-878.
A ERE I TE . T AR B AT B 0 o
TRAT AR MR A [T]. P9 AL Tk K A= 2E 4R, 2010, 28
(2):182-186.



%6 W FEEsE, 5 IR AR B AT AT 3 B TR 5 i 1133

MENG Z J,HUANG P F,YAN J. Exploring trajectory planning nese) .
for hypersonic vehicle using improved sparse A-star algorithm [16] W #, K L. )2 Wik ol ALE Y FoE (0], R
[7]. Journal of Northwestern Polytechnical University,2010,28 T RS2 R (8 5% M TR) ,2007,29(1) :153-156.
(2):182-186 (in Chinese). CHANG ] E,JIANG T L. Research on the weight of coefficient
[12] x0T, F 50, @& B, 25 3L T 5] 5 5 1 8 AL = 48 i i through analytic hierarchy process[ J]. Journal of Wuhan Uni-
BRI E [T]. db 5 OH TR 2 2 R, 2014, 34 (11) . versity of Technology ( Information & Management Engineer-
1163-1168. ing) ,2007,29(1) :153- 156 (in Chinese).
LIU Q X,WANG J,GAO C X, et al. The UAV 3D route plan- [17] AR5, 255040, 00 vl 25 2 40 BT AL 2B HH 38 7 2 40 07 I
ning method based on the guide points[ J]. Transactions of Bei- LR R FE (] B i 52 B 5 TR ,2012,42(7) :93-100.
jing Institute of Technology,2014,34(11) :1163-1168 (in Chi- DENG X,LI J] M,ZENG H J, et al. Research on computation
nese) . methods of AHP wight vector and applications[ J]. Mathematics
[13] DE FILIPPIS L,GUGLIERL G, QUAGLIOTTI F. Path planning in Practice and Theory,2012 ,42(7) :93-100 (in Chinese).
strategies for UAVs in 3D environments[ J]. Journal of Intelli- [18] Pilot’ s operating handbook: Cessna model 172 [ EB/OL].
gent & Robotic Systems,2012,65(1) :247-264. KANSAS, Kansas: Cessna Aircraft Company, 1978 (2005-06-
[14] NILS J N. Artificial intelligence : A new synthesis[ M ]. San Ma- 16) [2015-05-17 ]. http: // www. skywarriorinc. com/down-
teo: Morgan Kaufmann Publisher, Inc. ,1998 :37-80. loads/POH% 20BOOKS/172N% 20POH. pdf.
[15] EL T, 55,85, &7V A" SR8 HIEHEAN#KE
BRI I]. TR % 2 2 4 ( B AR AL 2 hR) , 2010, 38 (11) EZEE -
1647-1650. EBER B WL, UE. BRI R AE S AR B
WANG H W,MA Y,XIE Y. Mobile robot optimal path planning b ¥R 5 R,
based on smoothing A * algorithm[ J]. Journal of Tongji Univer- Tel. . 022-240928 26
sity ( Natural Science),2010,38 (11):1647-1650 ( in Chi- E-mail; wxl_ee@ 126. com

Vertical profile planning method for general aviation flight in
complex multi-constraints conditions
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(Tianjin Key Laboratory for Advanced Signal Processing, Civil Aviation University of China, Tianjin 300300, China)

Abstract: A method for trajectory planning based on improved A-star algorithm is presented, which can
be used for solving the problem of vertical profile trajectory planning for general aviation aircraft in complex
multi-constraints conditions. Firstly, according to the characteristic of low altitude flight for general aviation, a
mathematical model is established considering multi-constraints conditions, such as flight mission, terrain in-
formation and aircraft performance parameters. Secondly, vertical profile trajectory planning space is construc-
ted, and trajectory cost model is established with a weighted objective function. Finally, the vertical profile
planning trajectory is generated through improved A-star algorithm, which can be utilized to satisfy the com-
plex multi-constraints conditions. Experimental results indicate that the improved A-star algorithm has much
better performance compared with traditional route planning algorithm and the proposed improved A-star algo-
rithm could solve the vertical profile trajectory planning for general aviation in complex multi-constraints condi-
tions successfully.
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Fig.2  SVRM-assisted soil moisture retrieval model using

reflected signal from BeiDou GEO satellites
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SVRM-assisted soil moisture retrieval method using reflected
signal from BeiDou GEO satellites
YANG Lei', WU Qiulan', ZHANG Bo®, LIANG Yong"*, HONG Xuebao’, ZOU Wenbo’

(1. School of Information Science and Engineering, Shandong Agricultural University, Taian 271019, China;

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

Abstract: We propose a support vector regression machine ( SVRM ) -assisted soil moisture retrieval
method using the reflected signal from BeiDou geosynchronous orbit ( GEO) satellites. This method uses a
right hand circular polarization (RHCP) antenna and a left hand circular polarization ( LHCP) antenna to gain
the direct and reflected signal’ s power data from the BeiDou GEO satellites, respectively. Furthermore, it
uses the direct and reflected signal power, BeiDou GEO satellites’ elevation angle and azimuth angle as the
input features and uses the soil moisture data which is obtained by oven-drying method as the output target of
the e-SVRM which uses a radial basis function ( RBF) kernel function. The collected data is separated into
two sets randomly: one as training set and the other as test set. The test results show that the error between
retrieval model’ s prediction and the value of oven-drying method is less than 3% ; the regression coefficient of
determination is 0.897 9; the root mean square error (RMSE) is 1.492 6% , which proves that this method
has good generalization ability and the practical results meet the application requirement.

Key words: BeiDou; geosynchronous orbit (GEO) satellites; global navigation satellite system-reflection

(GNSS-R) ; support vector regression machine (SVRM) ; soil moisture; remote sensing detection
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Abstract: In order to study the influence of sensor placement on fault diagnosis, a new sensor placement
method based on bond graph model was proposed. A group of virtual sensor test points were set in bond graph
model, then the information of bond graph structure and causality constraints were used to deduce a set of ana-
lytical redundancy relations, namely system residuals. The relationships among residuals, faults and sensor
placement configuration were analysed,and this sensor placement method can meet the requirements of system
fault detection and isolation performance. The sensor placement configuration with the minimum number of
sensors was chosen under the premise of maximizing system diagnosis performance. Finally, the synchronous
generator was used as an example to establish the sensor placement algorithm. Residual analysis was used to
derive the structure fault feature matrix and the sensor feature matrix. The proposed sensor placement optimiza-
tion algorithm was verified by this example, and the experimental results show that the final sensor placement
configuration can meet the requirements of maximum parameter fault detection and isolation performance.
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Rapid modeling of impingement pipe in turbine blade

LI Jixing, XI Ping”

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

Abstract: Impingement pipe is the core component of the impingement cooling in turbine blade. In order

to realize the rapid modeling of impingement pipe in turbine blade with complex cooling structure, a generative

rapid modeling method was proposed. Firstly, the body of pipe was created by section curves which suits the

shape of channel in blade and generated by curves created by insect-shape method. Then by using envelope

surface trimming method and along-curve array method, the modeling stability and efficiency of cooling hole

and hump are guaranteed. And the fitting precision between impingement pipe and blade is guaranteed by an

iterative formula about protrude position. Finally, a rapid impingement pipe modeling program was developed

based on UG Open API, and the modeling result validated the feasibility of the proposed method.

Key words: impingement pipe; parametric design; turbine blade; modeling; UG Open API
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Interfacial crack in center of a bi-material plate

Fig. 2

F1 WAHMBRERYF, FRER

Table 1  Results for F, of an edge interfacial crack bi-material plate
AL GXFEM(L/a =30) Sukumar 25130 (L/a =30) AR (L/a=)
E\/E,  a 8 F, F, F, F, F,
F, F, F F,
WE/ % w2/ % w2/ % %/ % R/ %
2 0.333 0.095 1.0026 0.1 -0.0408 2.8 1.002 0.1 -0.0411 3.5 1.0011 -0.0397
4 0.600 0.171 1.0051 0.2 -0.0735 2.1 1.004 0.1 -0.0743 3.2 1.0035 -0.0720
8 0.778 0.222 1.0076 0.2 -0.0955 1.7 1.007 0.2 -0.0967 3.0 1.0059 -0.0939
20 0.905 0.259 1.0097 0.2 -0.1115 1.5 1.009 0.1 -0.1127 2.6 1.008 1 -0.1098
40 0.951 0.272 1.0106 0.2 -0.1173 1.4 1.010 0.1 -0.1185 2.4 1.0090 -0.1157
100 0.980 0.280 1.0110 0.1 -0.1209 1.3 1.010 0 -0.1220 2.2 1.009 6 -0.1194
1000 0.998 0.285 1.0108 0.1 -1.0229 1.0 1.010 0 -1.2396 1.9 1.0100 -0.1217
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SIFs of interfacial crack using generalized extended finite element method

SU Yi, WANG Shengnan® , LU Longkun

(College of Aeronautics, Northwestern Polytechnical University, Xi” an 710072, China)

Abstract: Generalized extended finite element method ( GXFEM) is a new numerical simulation method
which combines both the generalized finite element and the extended finite element. The principle of the gen-
eralized extended finite element method for analyzing the stress intensity factor ( SIF) of bi-material interfacial
cracks is proposed. A new enriched function for bi-material interfacial crack tip is proposed, and the twelve
crack tip enriched functions are reduced to the six ones. Because of the discontinuity of bi-material interface,
enrichment functions based on level set are added in the displacement mode of the conventional finite element
method. And the node freedom of the crack element and crack tip element are also generalized. Besides, the
calculation precision is improved. A comparison of literature method and GXFEM calculations of numerical ex-
amples shows the the accuracy and reliability of the proposed method.

Key words: generalized extended finite element method ( GXFEM ) ; interfacial crack; crack tip en-

riched function; level set; stress intensity factor ( SIF)
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Fig.1 Flow diagram of feedback-free MAC protocol
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Abstract: In aeronautical Ad Hoc networks,in order to meet the strict quality of service (QoS) require-
ments of high priority traffic with high dynamics,a modeling method and a corresponding threshold setting meth-
od for priority feedback-free media access control (MAC) protocols were proposed to guarante etimeliness and
reliability of high priority packets. First,a time constraint model was built at receiving end,with a mapping rela-
tion between channel statistics and packet success probability being deduced. Accordingly, the access threshold
basedon QoS requirements of different traffic was obtained, while access control of different traffic was accom-
plished. Simulation results indicate that,in typical aeronautical networks,the QoS requirements of high priority
traffic can be guaranteed as the feedback-free MAC based on the proposed method is employed. In particular,
packet success probability of high priority traffic is higher than 99% ,and end-to-end delay is less than 1 ms.
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Practical nonlinear control allocation method based on
feedback of position of surface

LYU Yongxi', ZHANG Weiguo" * , SHI Jingping'*, QU Xiaobo', CAO Yuyan'

(1. Department of Automatic Control, Northwestern Polytechnical University, Xi’an 710072, China;

2. Science and Technology on Aircraft Control Laboratory, AVIC Xi’ an Flight Automatic Control Institute, Xi’ an 710065, China)

Abstract: To focus on the problems of nonlinearity and coupling between the moment coefficients and the
surface deflections when the aircraft autonomously takes off,lands and flies with high angles of attack,a practi-
cal and novel nonlinear control allocation method based on feedback of position of surface was proposed for
tailless flying wing aircraft (TFWA). The nonlinear moment coefficient of the surface deflection in previous
sampling interval was removed from the desired three-axis moment coefficients by feedback of position of sur-
face. Thus the nonlinear control problem was transformed into the linear control allocation problem and was
solved. Unanimous asymptotic stability of this method was proved and steady state error was zero; the feasibili-
ty of this method was also analyzed. Comparisons of digital simulation were done with sequential linear pro-
gramming , sequential quadratic programming and genetic algorithm, and results prove the high accuracy and
fast computing speed of this method. Efficiency of this method to solve nonlinear control allocation problem was
verified by the digital simulations of pseudo-inverse method, fixed-point iteration and neighbor search method.
Finally, strong generality and good real-time performance of this method for TFWA and F18 were demonstrated
on the xPC-DSP semi-physical simulation platform.
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Table 2 Multi-state component degraded performance parameters,subsystems’ structure functions and

system’ s structure functions
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Reliability evaluation of radar power amplification system
considering epistemic uncertainty
PAN Gang, SHANG Chaoxuan, LIANG Yuying, CAI Jinyan, MENG Yafeng®

(Department of Electronic and Optic Engineering, Ordnance Engineering College, Shijiazhuang 050003, China)

Abstract: There is epistemic uncertainty in degradation law of a high-reliability component because it is
hard to obtain its adequate performance data within a short time, and system reliability cannot be accurately es-
timated. For the purpose of accurate estimation of system reliability , assuming that the component performance
distribution parameter was the interval variable,a component’ performance parameter distribution model was
built based on interval parameter variable and a computational method of the interval-valued state probability
was provided. The boundary of the state performance interval was compensated, the interval-valued universal
generating function and its algorithm were defined, an assessment method of interval-valued reliability of the
multi-state system in consideration of epistemic uncertainty was proposed ,and the reliability of a power amplifi-
cation system was analyzed. This method not only avoids the lack of distribution information of the performance
parameters , but also accurately builds a distribution model of the performance parameters. Therefore, it is wide-
ly used in engineering.

Key words: epistemic uncertainty; universal generating function; multi-state system; power amplifica-

tion system; reliability evaluation
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Fig. 1 Schematic diagram of combustor and injector
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Table 1 Injector parameters in combustor
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Fig.2 Fluctuation pressure histories in

simulation and experiment
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Fig.3 Spectrum analysis of pressure data in simulation
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Fig.4 Fluctuation pressure history at monitor point
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Fig.5 Transverse pressure distribution at different
combustion stages in combustor
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Fig.6 Heat release and pressure histories at different combustion stages
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Fig.7 Spectrum analysis of heat release and pressure at different combustion stages
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Numerical analysis of unstable combustion developing
process in model combustor
FENG Wei', NIE Wansheng'* , LI Bin®, ZHENG Gang'

(1. Department of Space Equipment, Equipment Academy, Beijing 101416, China;
2. Xi’an Aerospace Propulsion Institute, Xi’an 710100, China)

Abstract: Gas-liquid two-phase unsteady combustion process was simulated with the Euler-Lagrange
method to analyze the combustion instability, which was observed in hypergolic propellant combustor. The
pressure oscillations amplitude and spectral characteristics agreed with the experimental results. And the varia-
tion rule of pressure and heat release in different combustion stages was analyzed. The results indicate that,
while the pressure oscillation amplitudes exceed 10% of the average pressure, the pressure oscillation frequen-
cy is 9200 Hz, and the transverse pressure distribution is in accordance with the first-order tangential vibration
mode. The generation and developing process of the first-order tangential self-excited high frequency unstable
combustion have been reproduced in simulation. At the early stage of the change from stable to unstable com-
bustion, the pressure oscillation obtains energy from part of the combustion heat release fluctuations and the
pressure oscillation amplitude increases slowly. With the combustion, the phase and spectral characteristics
between the combustion heat release and pressure oscillation tend to be the same, and the pressure oscillation
increases sharply. When they are fully coupled, the pressure oscillation amplitude in combustion chamber ex-
ceeds 200% of average chamber pressure and reaches the limits of saturation.

Key words: liquid rocket engine; hypergolic propellant; combustion instability; pressure oscillation;

heat release
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Optimized dictionary learning algorithm for compressive data gathering
YI Kefu, WANG Donghao, WAN Jiangwen "

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

Abstract: To improve the adaptability of compressive data gathering for various classes of sensory data,
and to reduce the recovery error caused by environmental noise, an optimized dictionary learning algorithm was
proposed to adaptively construct the sparse dictionary in compressive data gathering. Theoretical analysis shows
that in compressive data gathering the recovery error caused by environmental noise is positively correlated to
the self-coherence of the sparse dictionary. Therefore, in order to alleviate the recovery error caused by envi-
ronmental noise, the proposed algorithm introduces a penalty term into the dictionary learning procedure to
reduce the self-coherence of the learned dictionary. The introduced penalty term can also alleviate the over-
fitting on the training data during the dictionary learning procedure, which further improves the sparse repre-
sentation performance of the learned dictionary. The experimental results verify that the proposed method
achieves better sparse representation performance than other dictionary learning methods, and can alleviate the
recovery error caused by environmental noise.

Key words ; wireless sensor networks ( WSNs) ; compressive sensing; sparse representation ; data gather-

ing; dictionary learning
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Table 1 Thermal conditions of fuel thrust jet exit
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BH 0.0166 1119.3 7.38 4.06
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Table 2 Thrust jet exit flow parameters by

four kinds of match methods
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RS A 0.0166 1119.4 3033.8 7.38 1.28 4.06
ignei 0.0166 1549.1 3033.8 7.38 1.40 3.85
R SF 1 0.0230 1119.4 2603.5 7.38 1.40 3.88
e ST 1E 0.0127 2023.3 3500.2 7.38 1.40 3.88
S S E 0.0154 1667.2 3177.3 7.38 1.40 3.88
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Fig.4 Averaged flow parameters at real gas thruster exit when simulated from throat
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Table 3 Matched exit thermal conditions at fuel thruster exit

(R R R/ (kgom ) HriE/K WA/ (mes™") #i JE/kPa ik 4
AR WUE 0.0229 1119.2 2603.5 7.38 3.88
25 A5 I g D AR 0.0233 1137.3 2560.2 7.81 3.83
25 5 IR 5 I R T 0.0238 1145.9 2517.6 8.46 3.84
75 R BEAE I 0.0211 1071.6 2518.1 7.42 4.07

Pl S A o 8T 45 Bk 2k 1

Fig.5 Mach contours around thrust jet center cross plane
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Fig. 8
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Shock system around thrust jet center cross plane by

different parameter match methods
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Fig.9 Pressure contours on wall surface
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Fig. 11 Wall heat flux distribution along x axis by

different match methods
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Some influence factors in aerodynamic heat transfer
numerical simulation of jet-interaction flow

LIN Boxi, YAN Chao”, LI Yachao

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

Abstract: When simulate the aerothermal environment of thrust jet and its interaction flow on an engi-

neering vehicle geometry, people always use some approximate modeling to the full chemical reaction flow,

then the influence to the simulation results of an approximate treatment for real gas and the modification to in-

ternal geometry of the thruster nozzle must to be manifested. By doing numerical test and compare results of

some calculations, two main influence factors were studied to show the laws in approximate numerical simula-

tion. One of which is how the possible modifications to thruster internal geometry influence on wall heat flux

distribution of jet-interaction flow field. The second is when using a methodology of ideal gas equivalence to

model fuel thruster jet, how different matching methods of the thruster exit boundary thermodynamic parame-

ters influence the exhaust jet morphology and wall heat flux distribution. These computation results reveal the

two main influence factors in aerodynamic heat transfer approximate simulation of thrust jet, and could be used

to guide engineering applications.

Key words: computational fluid dynamics (CFD) ; jet flow; similarity criterion; numerical simulation;

aerodynamic heat transfer
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Fig.7 Results of target 3D reconstruction
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New method of scatterers association and 3D reconstruction based on
multi-hypothesis tracking
BI Yanxian, WEI Shaoming, WANG Jun" , ZHANG Yaotian, SUN Zhongsheng, YUAN Changshun

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

Abstract: Aiming at the problems of associating radar target scattering centers from the unknown perspec-
tive of one-dimensional range,in order to associate the radar target scattering centers at unknown radar line of
sight,a new scatterers association method based on auxiliary information of scatterers intensity using multi-hy-
pothesis tracking ( MHT) is proposed. After using the scattering centers intensity information to associate the
scattering centers,the target was 3D reconstructed by sequential factorization method. The sequential factoriza-
tion method can effectively reduce the burden of the data storage and increase the real-time ability. The simula-
tion results verify that the proposed algorithm is simple and very stable for the complex situations. This method
can effectively eliminate the false scattering points derived from the process of target moving in the association
process of hypothetical update and management, which is applicable to the target in multiple poses multiple
scattering correlation and 3D reconstruction. This method has a good robustness for 3D reconstruction of the tar-
get under complex spatial motion.

Key words: 3D reconstruction; scatterers association; amplitude information; multi-hypothesis tracking

(MHT) ; sequential factorization
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Table 4 Statistical values of pseudo-range error
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Multipath mitigation algorithm with hierarchical search based on MEDLL

YE Jinyu, KOU Yanhong”®

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

Abstract: Multipath mitigation techniques using parametric baseband processing, represented by mul-
tipath estimating delay locked loop (MEDLL) , have attracted widespread attention by estimating the parame-
ters of direct path and multipath signals simultaneously. The improvement of the estimation accuracy for such
techniques, however, is at the cost of the increase of complexity. In order to reduce the resource consumption
and speed up the search while maintaining the accuracy, this paper proposes a hierarchical search strategy for
the maximum likelihood ( ML) estimation of MEDLL. The rough estimates obtained by the former stage of
search units serve as the priori information for the next-stage search with a narrower range and a smaller step to
achieve refined estimates step by step. The expressions of computational complexities of the original MEDLL
and the proposed tree MEDLL ( T-MEDLL) with different number of stages are derived analytically, which
shows that the computational burden of our approach can be reduced to 30% —50% of that of the traditional
blind search with the same delay resolution of 0.01 chip in the presence of a single multipath. In addition, a
digital intermediate frequency (IF) GPS signal simulator and a software GPS receiver are developed to test the
parameter estimation accuracy and the pseudorange multipath errors of the hierarchical search and the blind
search under different multipath scenarios. The results demonstrate that the T-MEDLL can maintain the same
performance as MEDLL with significantly reduced implementation complexity.

Key words: maximum likelihood; hierarchical search; computational complexity; estimation accuracy;

pseudo-range error
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Similarity-based remaining useful life prediction method under
varying operational conditions
LI Qi, GAO Zhanbao™ , LI Shanying, LI Baoan

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

Abstract: Remaining useful life (RUL) prediction is the core task of prognostic and health management
(PHM). A similarity-based RUL prediction method under varying operational conditions was presented. Simi-
larity-based RUL prediction method does not need to build a model for entire complex system but can provide
reasonable results, which is promising in engineering practice. However, the operational conditions such as
different working loads and environmental conditions are not considered for degradation modeling. Therefore,
this method combines basic similarity-based method and the effect of operational conditions to achieve better
RUL prediction accuracy. Degradation models with different operational conditions were built by training
units, and the RUL prediction was achieved by matching corresponding model using the real-time operational
conditions of the running unit. The proposed degradation models describe the degradation process more pre-
cisely by taking the differences of operational conditions into account. According to the same accuracy stand-
ard , multi-group numerical experiments were finished by basic similarity-based method and the proposed meth-
od. The result shows the proposed method has a higher accuracy in RUL prediction.

Key words: remaining useful life (RUL) ; prognostics; operational condition; similarity; health indica-

tor
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Fig.1  Swirl cup structure and offset direction
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Fig.3 Change of velocity distribution and shear stress

distribution caused by offset
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Influence of primary swirl offset on downstream flowfield of dual-swirl cup

LIU Chengchuan, XU Quanhong” , YU Bowen

(National Key Laboratory of Science and Technology on Aero-engine Aero-thermodynamics,

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

Abstract: Dual-swirl cup has been widely used in aero-engine combustor because of excellent compre-
hensive combustion performance. But it is inevitable that there will be slight misalignment during its assembly,
and in order to examine whether these subtle errors will affect combustion performance, more detailed study of
the effect of local structure and aerodynamic characteristics on the downstream flow field in a double swirl cup
is required. Therefore, we tested downstream cold flow field of the dual-swirl cup using particle image veloci-
metry (PIV) technology under normal temperature and pressure conditions to explore the impact law of the off-
set distance of the primary swirl on downstream flow field of the reverse double swirl cup. The results show that
with the increase of the offset distance, in a small non dimensional offset area, downstream flow field does not
change , and when the offset distance continues to increase, downstream flow field will apparently shift with ex-
cellent symmetry, which provides a reference for swirl cup installation.

Key words: aero-engine; combustor; swirl cup; particle image velocimetry (PIV) technology; swirl offset

Received: 2015-06-18 ; Accepted: 2015-09-18 ; Published online: 2015-10-16 11:15
URL: www. cnki. net/kems/detail /11.2625. V.20151016. 1115.001. html
+ Corresponding author. Tel. : 010-82339465 E-mail: xuquanhong@ buaa. edu. cn



2016 4 6 H
$424 456 1]

Journal of Beijing University of Aeronautics and Astronautics

tEMmMEMRXRKXEEZR June 2016

Vol.42 No.6

http : //bhxb. buaa. edu. ¢n
DOI. 10.13700/j. bh. 1001-5965.2015. 0403

jbuaa@ buaa. edu. cn

i 5 E 51 RP-3 B 1 45 £ X7 B A9 52 i

2T
SCEL

I, HET, WER, HEA, Rtk

(JEafiz iR R GBS 3 J) TR~ Be, bt 100083)

i B LRFARTREEmASFHTREE S RP3 ARAFTFRNE N R LA
FPEEMAGI R BRAY AL, TRFRREEARFHNSMPa, R M EREHN 3g/sc &
MR B AR B A By T, SR e BBt U gk IR 4 A 130°C A 450°C , SE e AT 46 Bl 20k
FH36h, LRERLN MAEMBNEK, FANEEETH Y, I TEELEILHE
ARSI AR FETENY R, AL BRER AL AR RS HERLETRE, T ARMERE
LA E Sk, FARSAIEERANERERAL “hER K >FREK
REMK MR, FAETLRER BRUT —HPURAREAAHLEESRABLE Y

W Hy TAR LA
X $# W HERES; RP3; &, M, ##&
HhESHES. V312

MERARIRAD: A

% B R A S HE A 23 S S B v ) B
R B A T A IR R A AR K AR Sk 4R
T —Fhgr B A 7 8, BN H1¥ H 25 R ((Cooled
Cooling Air, CCA)¥; AR, CCA HFHAFH ®ITH H
BRI 5] B T RSV A= T, 18
CCA HRFFF A RAT & H & #5471 i M4
ke AT e K AR I A DA 98 TR AT A5 0 1 2 2
A BT IR B R T B 2 LT X
X ARG A M SR, 76 i A TR ) AUk &
FOUR AT B SRR S e S B g
g 0 —J7 THITE A8 B DN BE DTORR., ok 78 A8 DN R R A
JE, HEE A B O R 2 O — Oy L, A5 R
DU 2 54 OB A, 5 BUR) & BE T IR 2 L 5 T
VIR 3 0 R T AR A T AR AR B B R
B PR AT R A R A RO ZE 4 RP-3
B THT 45 £ 00 U Bl 1Y 52 R AUE S = o i Y

FHT, B AT 2 235 B 20 I 50 0 1R 7E

XEHS: 1001-5965(2016)06-1250-06

N B R R R TR 2 e TR, IR EUE TR
AR RET R X BRE R TR K £ R K.
TR A S B — A TR R WESE N 42 R T S e
SRR 1Y 2 4 5 BAFAE B2 24628 RO B A ot
WFIR A 2 F 2 B T &5 £ 6 457 PN 3 BEL 52 ) F 5% L

ARICEEA E WA A B BETE 455 7 b
25 LR R 27 i e SRR S5 65 B AT A DG B
3¢, 25 op R E B O/ kIR D 130°C/450°C
RGE TIN5 MPa SR BTt i i 4 3 ¢/s, b R
[F] Bsf K 1140 S 365 4 A 0 25 BT RP-3 7 41 I3 A5 19 45
FEXT I B 1Y 52 e LA, JF 4 R AT X CCA Rgirh a8
T IR S5 A 5 e Y TR N R A

1 £ I

1.1 LWRE
P 1 S b ST 2 0 R A 2l i 5 s ) e SR

s BB . 2015-06-18; A AHE: 2015-10-10; M4 H AR AT iE : 2015-10-22 1803
) 28 H Rt 3k : www. enki. net/kems/detail /11.2625. V.20151022. 1803. 001. html

EE&WE: HEA KRS (50676005)
= BILAEE : Tel. . 010-82338335 E-mail: guojun@ buaa. edu. cn

SIRE: T4, #%, WERX, ¥ BIEREN RP3 B@ 44 Exm ey Fw[]]. b7 E MK A% %R, 2016, 42 (6) : 1250-
1255. WANG Y, GUO J, DENG H W, et al. Effects of RP-3 ’s wall coke deposition on flow resistance under supercritical pressure
[J ]. Journal of Beijing University of Aeronautics and Astronautics , 2016 , 42 (6 ) : 1250- 1255 (in Chinese ).


Administrator
全文下载

http://www.cnki.net/kcms/detail/11.2625.V.20151022.1803.001.html

#
o))
&

EB, S H I LR 07 RP-3 BE TR 45 £ X Ui BHL 64 52 R 1251

BL R R R SRR 2 DI RE VR 9 5 e S8 R SRR

Fig.1 Schematic of supercritical pressure fuel flow and heat transfer experimental system
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Effects of RP-3’ s wall coke deposition on flow resistance under
supercritical pressure
WANG Yue, GUO Jun® , DENG Hongwu, HUANG Haoran, JTA Zhouxia

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

Abstract: The effect of the jet fuel RP-3 coking deposition in stainless micro-tube on flow resistance and
heat transfer characteristics under long heating condition is analyzed based on experimental results. In the ex-
periment, fuel flowing through miniature tube was heated from 130°C to 450°C under the pressure 5 MPa when
dissolved oxygen in fuel saturated. The whole experiment lasted 36 h with the mass flow rate maintained at
3 g/s. The experimental results show that with the growth of time, coking amount in the tube increases along
time. The results also show that the effect of coke deposition on flow resistance and heat transfer is significant.
As more and more coke particles adhere, the heat transfer resistance increases rapidly in the early stage of the
test and gradually stabilizes, while the flow resistance along the miniature tube increases as the experiment

¢

continues. As time grows, the flow resistance in the tube presents a “rapid growth to steady growth, then to
exponential growth” process. Besides, based on the test results, an influence coefficient used as an engineer-
ing model to value the impact of the coke deposition on single tube of the heat exchanger is proposed.

Key words: supercritical pressure; RP-3; coke deposition; flow resistance; heat transfer
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New moving target monitoring mode with
Hybrid-TOPS of spaceborne SAR
WANG Yamin, CHEN Jie, YANG Wei~ , ZHAO Songtao

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

Abstract: Conventional synthetic aperture radar ( SAR) has the problems of limited targets’ velocity
boundary and low accuracy. To solve the problem, this paper introduces a new mode Hybrid-TOPS to detect
moving target. Firstly, the SAR imaging mode was represented quantitatively through hybrid factor. Employing
hybrid factor, a new mode for moving target detection was proposed by the combination of TOPS and inverse
TOPS. This mode can not only realize repeated observations in the same area, but also has the ability of con-
tinuous observation in azimuth. Moreover, sequential SAR images were able to be obtained by taking advanta-
ges of hybrid TOPS combination. Secondly, through image registration and parameter inversion based on the
new mode, moving target’ s azimuth information can be obtained. Finally, the simulation results justify the su-
periority of the new mode and the extracting accuracy in movement information.

Key words: synthetic aperture radar (SAR) ; Hybrid-TOPS mode; detect moving target; sequential ima-

ges; parameter inversion
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Active flutter suppression for two-dimensional wing based on
command filtered adaptive backstepping constrained control
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(‘Aeronautics and Astronautics Engineering College, Air Force Engineering University, Xi’ an 710038, China)

Abstract: A command filtered adaptive backstepping constrained controller is designed to achieve active

flutter suppression of a two-dimensional wing. In the presence of constraints on the control surface deflection

and external gust load, the dynamic equations of a two-dimensional wing with leading- and trailing-edge control

surfaces are described in state space considering polynomials structural nonlinearity and system uncertainties.

The whole closed-loop control law is constructed by backstepping control technique. The magnitude of the vir-

tual/actual control input can be bounded by command filter, and the error signal produced by command filter

is introduced into the process of designing adaptive constrained control law. The simulation results show that

the open-loop system exhibits limit-cycle oscillations at a critical freestream velocity, and the closed-loop sys-

tem reaches to stability quickly. Active flutter suppression is accomplished effectively.

Key words: two-dimensional wing; flutter; command filter; backstepping control; adaptive constrained

control
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Table 2 Parameters of flapping angle of fore-hind wings

of dragonfly during different climbing angles
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dragonfly during climbing
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flying posture during climbing

(DLE 9 Ca) ), BB B AR A0 £ mT LA 08 3 J5% 31
) - Th7 B T KV T, AT B8 5 7 A B L 1) L
(7770 TR TF/NE T A e TR AT R A, T 2
Ji% B A3 B4 1 A 4 T T 1 B T ALk i
TESEAT/NETH AT (WL IET 9 (b)) I B A 2 A
FEEL/IN G B ARAREAD £
3.4 BERER

10 (a) FE 10(b) 25 H T 85 8ER /NE T
T QAT 2 Xof 328 fb5 14y O 25 A1 22 AL AL AT DL
B, A TR T 1 TE TR 25T 55 28 iy I 8 ) i 25 £ 42
TE A0 P9 J S 0 3, e 2l Jol S0 A0 g v 3L 05
X T RIETH AT (WA 10 (a) ) , i3 3% 5 1Y
HOLELR 2 O 199, 1 Je S8 AE 2° 33 5 % T/ E T
FIETECULE 10(b) ) , Bl 3 8l i L E 29 0 6°,
JEZY S 100 SCHRILS 1l ad T A i R Rk
Ay 7 S 1) i 5 1 B R OREA R AT LA A O
Fo H MRS I W N T o e R AT A A B, i M 3
7 ) T S ) v 25 f 2 ok B (AR A0 4 5 R IE T
FANCT A A2, 8 R 24 i BT 190 DA T 4E B 44 1T LA
FF2 659 B AR A1 5 /INETH SR TR, oh T A
ARFAV A 552/ 0 T S8 A6 A 2 2/ 5 1 s 328 25 1)
HIETHLP IO %, AR TE B B 418 .

73 8k, Xt H R € T #a I T i i) I8 D 5 AR
(DLIE10 Ca) ) #0 B (R 0F A0 M (DL IEI8 () ) A2 4k

P10 B MEEAT AT I I 32 i 5 A
Fig. 10 Deviation angles of fore-hind wings of

dragonfly during climbing
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Experimental study on flight performance of dragonfly during climbing
GAO Qian, ZHENG Mengzong, LI Zhiping, LI Qiushi”

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

Abstract: The flight performances of insects in free flight are very important for the research of the bionic
fluid mechanics. The movement law and dynamic characteristics of dragonfly Pantala flavescens during climb-
ing flight in two different flying angles are investigated using high-speed videography. We induced the dragon-
fly climbing according to the phototaxis of the fliers. Two high-speed cameras with orthogonal axes are used.
The body and wings kinematics of dragonflies are captured accurately by feature points matching and three-di-
mensional reconstruction and the flight performance is studied. The experimental results show that the lift of
the flier is lager than the thrust during high-incidence climbing and maximum flapping amplitude of the dragon-
fly during high-incidence climbing is 40% bigger than that during low-incidence climbing; the flapping fre-
quency of high-incidence climbing is 3.3 Hz more than that of low-incidence climbing and the phase difference
of high-incidence climbing is 20° smaller than that of the other. The pitch angle of the body during high-inci-
dence climbing is larger than normal, which is controlled by the front inclination angle of forewing. This body
attitude can generate larger lift force.

Key words: dragonfly; climbing flight; motion law; experimental study; kinematics
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Path tracking for visual navigation based on H,/H_

WU Chengliang' , CAO Yunfeng” * , ZHUANG Likui’, XIE Ye', DING Meng’

(1. Institute of Automation, Nanjing University of Aeronautics and Astronautics, Nanjing 210000, China;
2. College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 210000, China;

3. College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 210000, China)

Abstract: Visual navigation system was physically divided into sensors ( camera and laser rangefinder)
and computer vision processing, so as to study the characteristics of visual navigation system theoretically. And
then visual measurement model was established, which was based on the above computer vision processing.
The uncertainties of visual position measurement model were divided into parameter uncertainties and input in-
terference. The sensitivity degrees triggered by different kinds of model uncertainties in visual position estima-
tion were analyzed in detail by simulation. Finally, based on the introduction of visual measurement model un-
certainty, visual measurement model perturbation ranges, under the constraint conditions of both track control
system stability and tracking performance, were given in the study of the H,/H , hybrid robust control applica-
tion to trajectory tracking, which is of certain guiding significance to computer vision algorithm.

Key words: visual navigation; visual measurement model; model uncertainty; H,/H_ hybrid control;

robust performance
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Fig.1 Task planning process of manipulator probe in place
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Fig.2 Probe point assessment
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Fig.4 Manipulator system of CE-3 rover
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Fig.5 D-H coordinates of CE-3 rover’s manipulator
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Table 1 D-H parameters of CE-3 rover’ s manipulator
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Table 2 Manipulator behavior verification

of inverse kinematics

EIE W HE 2T
5 e
BA/CP)  Hil/m HA/m /(0

0.500 0.549 0.549 0.500

1 0.500 0.037 0.037 0.500 1
0.500  -0.147 -0.147 0.500
7.000 0.564 0.564 7.000

2 7.000 0.022 0.022 7.000 1
7.000 -0.156 -0.156 7.000
15.000 0.588 0.588 15.000

3 15.000  -0.002 -0.002 15.000 1
15.000 -0.159 -0.159 15.000
30.000 0.658 0.658 30.000

4 30.000  -0.041 -0.041 30.000 1
30.000 -0.136 -0.136 30.000
50.000 0.732 0.732 50.000

5 50.000  -0.003 -0.003 50.000 2
190. 000 0.369 0.369 189.999
60.000 0.783 0.783 60. 000

6 30.000 0.018 0.018 30.000 1
220.000 0.291 0.291 219.999
20.000 0.556 0.556 20.000

7 80.000 0.125 0.125 80.000 2
180.000 0.440 0.440 179.999
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Fig.6 Detection area is covered by work

space( the part of dotted line)
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space( the part of dotted line)
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Fig.8 Hierarchical bounding box
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Fig.9 Building process of AABB tree
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Fig. 10 Collision detection of bounding box
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Fig. 13 Simulation of experiment 1 of task planning for

manipulator to probe in place based on SA ™ algorithm
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Table 3 Parameters of experiment 1 of task planning for

manipulator to probe in place based on SA " algorithm
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mig/ s WMUME e w0 B
) ) PEES/m  REIE/m fE/(0) A
2013/07/20
-17.7 40.5 0.02 0.02 15 H
2.00.00

PRI 5 72 R 28 16 & R 19 Ak bR o (0. 762,
-0.176,0.098) , 152z s ¥ ¥ 4Nk 4 fros .
x4 ETSA MM ERLEMNESAK
X 1EHFT
Table 4 Motion sequences of experiment 1 of task
planning for manipulator to probe in place based on

SA " algorithm

J¥5 JAJi i/ (°) TR/ () JRAREA /()
1 0 0 0
2 32.000 0 0
3 32.000 -8.500 0
4 32.000 -8.500 240. 000

8.2 X 2.RMFm|
S i B R R B LR
TP R 14 s, £S5 EET SAT LA

SO ARINAT 55 ML 5258 2 ZH0E .
PRI G703 WL &% 1R R T B9 Ak 45 o (0. 692,
-0.043,0.334) , 132z 5 75K 6 Fiow .

Bl 14 2T SA T MBS wit (o 800 A% 55 AL &)
S48 2 (5 KA
Fig. 14  Simulation of experiment 2 of task planning for

manipulator to probe in place based on SA™ algorithm
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Table 5 Parameters of experiment 2 of task planning for

manipulator to probe in place based on SA " algorithm
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F6 ETF SAT WL B AR E S MK

LW 2EFFT
Table 6 Motion sequences of experiment 2 of task planning
for manipulator to probe in place based

on SA " algorithm
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Table 7 Results of simulation experiment
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Task planning for CE-3 rover’ s manipulator to
probe in place based on SA™ algorithm
ZHANG Tao', JU Hehua® "

(1. College of Electronic Information and Control Engineering, Beijing University of Technology, Beijing 100022, China;

2. College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: This paper focuses on the shortage of past researches which do not satisfy the conditions that
CE-3 lunar rover is required to satisfy the constraints of imaging, light detection, obstacle avoidance, and
number of manipulator switching. A new approach based on SA " algorithm is presented for task planning of lu-
nar rover’ s manipulator. The algorithm searches the manipulator work space and calculates the sun light based
on the ephemeris to satisfy the lighting constraint, and manipulator and environment collision are avoided by
an effective method of collision detection based on hierarchical bounding box. Moreover, motion sequence gen-
erated by this algorithm according to cost cuts satisfies the constraints: Minimum number of transformation of
manipulator. The feasibility of SA™ algorithm for manipulator are verified by the result of on-orbit mission.

Key words : lunar rover; manipulator; collision detection; SA ™ algorithm; task planning
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Radio signal separation algorithm under strong interference
based on convolutive blind separation
GUO Xiaotao, WANG Xing" , ZHOU Dongqing, CHEN You, CHENG Siyi

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

Abstract: Aiming at the low accurate identification rate of the radio transmitter source individual identifi-
cation problem caused by various jamming signals and multi-path fading in actual experiments, this paper pro-
poses an improved blind source separation algorithm, which is used before classification algorithm and can de-
crease influence to input signals caused by other electromagnetic signals, thus the algorithm can be applied to
increasing the accuracy rate of radio transmitter individual identification in complicated electromagnetic envi-
ronment. The algorithm uses the improved quantum particle swarm optimization which brings in the cataclysm
strategy and self-adaption of the seek condition for the joint diagonalization, through which can separate the
objective radio source signal from the intercepted observation signals. In order to evaluate the separating effect
more systematically and intuitively, the separating entropy used to quantify the integral performance of the al-
gorithm is defined. The simulation result demonstrates that the algorithm can separate the objective communi-
cation signal from the mixed signals in complicated electromagnetic environment, which enhances the anti-jam-
ming performance of the radio transmitter source individual identification. Therefore, the proposed algorithm is
of practicability and effectiveness.
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Airship’ s longitudinal motion impact analysis based on coupling ballonet

YOU Yingjie">, MI Panpan®, LYU Mingyun®" , LIU Wending'

(1. School of Engineering, Beijing Forestry University, Beijing 100083, China;

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

Abstract: Large high-altitude airship has a high volume ratio which even exceeds 90% , so it will induce

significant impact on airship’ s motion because of the ballonets dynamics. Considering one large-scale airship

whose cruise altitude is 6000 m, ballonets dynamics based on the cylindrical container was established and air-

ship longitudinal motion equations containing ballonets were further formulated. Finally, numerical simulation

of airship longitudinal motion was performed and results were compared with that of airship model without bal-

lonet dynamics. Results indicate that ballonets dynamics will make a difference to airship’s pitch motion, eas-

ily inducing motion divergence and ballonets’ coupling impacts reduce when the airship rises. In the mean-

time, the smaller the diameter of ballonets is, the smaller the dynamic coupling effect is when ballonets’ vol-

ume is unchanged. In addition, the controllability of airship will be weakened because of ballonets, which

should be taken into account during airship design.
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