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2R St AT Sk Ao 5 SR FH A% 5 G s T
RE T 200 I 5 g 1y % 5 g 2 2R AR 45 40 > TR
55 ANHT BT IR H T BOME R B 1 2R/ B K P A
ZRK I HAT 58 A 5 A ik 2 M RE % 71
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W b T AR SR B T A R
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R S AN RDRE HORAH 2R 00 2 R AR A
) R0, 58 42 AT DL 2 BE R 35 AH VA o) 790 ) D B of 5
B e BRI AR o] 500 1 £ A JRBE L 2 R S A Y
WAR AR ISR ME RN Hrh — MR R 2 D
TR R A A3 BT S5 — M P B SRR e 3 — 1
JE MW AR AT BOR R o PR IL, AR SCHRLLL R 4K 40 i
AN JE RO ME——CS A Rl B i R IS I R R
fis——PLA Ry J5URL R FH FLV¥ VR T 45 06 ok il 2%
BWE/ RERE G .. %kt 1w CS Al PLA (1)
TR B VA T80 PP I A S T 3 M 7RO FRAIG 2 R T 2 )
) T K g, X RE T DL A e ) B R TR Tk AE AR
(TR A A 389 50 F0AH 43 5 S 1) 3, DA T 45 21 s 1
— ) CS/PLA WisEE &M K.

1 SLEs

1.1 FEFH

PLA 19 F 1L 7R 48 B2 7 % ML 92 i, E 3% 43 F
M, =30 x 107, ffi FH i R A G007 - H E L v
&2k, CS WA X Sigma-Aldrich 23w, %5 &
200 ~ 800 P, i 2, Wk B 75% ~ 85% , fi F 1 K5 1h
2 Y TR B R , SR 5 AEFR SK T U vE . R ImTE
P77 Tween80 17 SC it F Aty e Ath 358 5510 34 4 43 #r
ali W SK e HAEE
1.2 CS/PLA E&4#BHH &

K FLW A VR T Bl & CS/PLA & & 4
Bl B, FRI—E B CSIET 2% (IR %0)
{14 Tfs T2 /K 3 R, T B R B SR 20 o/ VS TR
Fie I8 3 mL/ L () B 1) b AR VS TR A 3R TG
7| Tween80, FREL—E & 1Y PLA & F CHCL, #,
B v B o 40 o/ L IR TR . TEBEFERDIRAS TS
AR 43 B0 PLA %5 WK (25% 50% F1 75% )
WME CSEWh, EIR T RSB A A
W R AW R B2 AL, F 10000 r/min 5 3 7,
A3 min SR J5 B A RO & i B, ol B T
WA BT R R Y R T BR & CHCL,
BRI E GMA N & ORER G R, kAR
) 2 T P ) Tween80, f5 5, 7 ) AT 2

O T8 BIAS CS/PLA &5 A 8H( 2 PLA (AR
R 25% 50% F T5% B, 4356 4 R CS/PLA-1,
CS/PLA-2 F1 CS/PLA-3) ., Xf M4, 4l CS I PLA
HRE, 23R e B2 0 20 ¢/ L /Y CS ¥ W A1 40 g/
f) PLA V45 1R A% 4t 0 FASOM 3 5 12 1l 46 1 i o
1.3 PRI
1.3.1 FTIR 44

CS .PLA D)} CS/PLA & & #1FH(PLA Fy{&FH
G3HCK 50% ) BT L AR 2T AP 6 (FTIR) ff 3
W4 ST 2T A6 % 4L ( ATR-FTIR, Nicolet 560,
America) FIE o SETE LA BER N 4 em ™"
Tk 4000 ~400 em ',
1.3.2 BHRAK

CS.PLA DI CS/PLA & & b B SO0 5
K HTEE LEO 22 F 4 57 1Y Gemini 1530 B4 4 i
TR (SEM) S W 2%, 52 50 rpoKs 177 L 5% 14k
A TE TR AR BT T BT, RS e K BB Rl W 7R
RS M N U =DV SRS 12
1.3.3 LRERLESHRMNE

CS.PLA DX K CS/PLA & & ¥ BH i £L B 2 F1
FLA% 434 38 4 35 [E Quantachrome 23 7] 45 7 ) Au-
toScan 33 B i s A A7 M 7 o e KB Y 15 ik
0 130°, £k 7 0.485N - m ', [H mHHR
FERPARE A KA RN, BRE 5 3B8E AM
RPN BT AN 5 | A R I s 4 i DA R OR AR Sk
Popi e FLERRAFLAE A0 B &5 SR B 4h
1.3.4 A5 Hgem R

CS.PLA D) J¢ CS/PLA & & M BF Y JR 45 o i
il AR Zwick 24w A2 7 1Y Zwick Z005 B9 F 7
BRI ML 3K, 10 KN 2% faf . 4K H5 ASTM D5024-
95a""" LML 15 mm, F A8 8.6 mm, RN
1.7, FEBE R 0.5 mm/min, F 30% [ 55 (8 /)
155 1k o VTR i %) TO S 0 G 308 LA o s 1 - 55 A
B I A b T R R S R -0 AR g 2R 1 4R
PEIR AT AR B

2 HR5HH
2.1 CS/PLA E5##HH &5 FTIR R1E
FLBRS VR T 1 i %5 CS/PLA &4 4 B2 1%
HROK ALl (O/ W) BYZLAL K 2 1 & 1 J5L 31, ) 1 %
AT 7% PE 7] Tween80 (1) FL AL AR FH A A) AL Y g 2
FE LK IR Y PLA 35 W34 5 73 B7E K AR Y CS %
W, SRIERZ O/W 2L R B B TR A AR
i W R EEE B BT o HE AR RS
VR T M AT B [ 0 9 50 O AR F KB, AT A5 3
CS #l PLA $5) 3 A i) 62 & M0k, S R 31,
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51 BT FLIV VR TR O A RO LI AL A bR 3

TEA RGP AR RS 60T, B T B R K %
WA CHCL, P RTR % 1, CS Al PLA R & % )
R BB A B, 5 A X R, 7
Tween80 ££ 1€ M 1E L T, 51 K ML 73 HLUS TR & FL K
B A6, R T #E 30 min IR A 2 10
W 08 %) A 4 B, 3K 150 B 3 T M R0 A B 4
W T CS A PLA S TR A1

FTIR J&% 2R 4 W 4 1 W R4 R AH B AR
B E B, 8 1 sy €S PLA LK CS/PLA
A M OB (PLA KT S3 %0 50% ) /) FTIR %
KT e k 8, Horb,CS A 5 AR
.3 412 em ™' gb OH H1 NH § fif 45 & 2 1 |
2875em ™' 4b CH ¥ fit 45 #§ 3h 0. 1655 F1
1597 em ~" b R T A0 WE e T A9 25l 3R 20 06 LA
S 1070 em ™' b C—O0—C M fiZE IR 3% . PLA &)
LT AN R A FE T 2754 1872 em ' 4k CH Y
2l PR B 1045 ~ 1211 em ™' 22 8] C—O i 45
Yeahig 1456 cm ™' 4b CH, )75 Bl ¥R sh g 1 759 cem ™!
Ah g C =0 B9 i 45 1 3l 04 2945 cm ™' 4k CH. i
FiREhELl K 2997 em ™' 4b CH, M4k sk, 5
XM, CS/PLA B A MR FTIR 3% & &
AT 2 AU AR — & 1759 em ' 4b PLA i g
%) 588 4 2 e B 2 el 55, FL0A R AR 5 DA R AR T
J& CS 1) OH F1 NH i 45 41 20 06 1) W P A5 %% 5i i
WS, o PR Bl ik sE AR B CS Al PLA
ST T AR . Wan 251 78 % PLA/
CS IR A B o8 A5 2 T 2S5 S, AT
XFEIEH T CS P EEMEIES PLA hiyR
FEZ RGBT 558 19 43 N Ry T TR SR R
i, 1000 cm ™" LR K45 80X, CS/PLA & & #1 #}
[ FTIR % [& b 871,755 694 cm ~' &b H B (1) 52 14
530 R CS WP Wi e (PLA rf CH i) 25 ify 9% 2y 0
F1CS R ¥R CH 125 il 4% sl i

PLA
' o AVWMﬂ”/

g
M
4000 3000 2000 1000

kfem™!
1 CS.PLA DI K CS/PLA Z &M £ FTIR i &
Fig.1  FTIR spectra of CS, PLA and CS/PLA composites
2.2 SEM W&

& 2 fii sy CS.PLA DL K CS/PLA & &Mk

-~

(b) PLA

(e) CS/PLA-3

K2 CS, PLA LK CS/PLA & &4 KHY SEM iR A
Fig.2 SEM photographs of CS, PLA and
CS/PLA composites
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() SEM f& Fr . o, i T CS 3% WA W B 5K/
(R ECH 2% ) BT A4l CS MR & A KE LR
KF 200 pm A RAL (UL 2(a) ), 4 PLA 1k
8 Ry Y VR T R T 1 3R 0 T UR T L R R
AEO FLAE K R ELA%R 100 ~ 300 wm (450 00 Bk % K
LA (WL 2(b)), PLA & X} CS/PLA & &
ARG K 1) 52 ) 3 2k 9 1 R OR E AT 5 5%
TE AR CS M fE . 24 PLA F & IR R4
N 25% F1 50% W (WLIE 2 () FIIE 2(d) ) , B A&
BB R T K8 i ERE i X Sk, 25 i B 5256 CS
HPLA (R SR F 1,15 8109 & O/W Rk
&R, I, L6 5 BK0O8 X B, CS 443 (K
) FETE TAMNZE T PLA 2043 ClAD) TR E TN Z
X IR AR 2(c) FE 2(d) 5 F A Fis i e &
TR L v B 7S 0 B I R L R 45 A A B BT, R
2 e A 35y, 9FH 5 CS/PLA-1 Mk, CS/
PLA-2 HERTE I X /) F- 34 ELAR /N X BERH CS il
PLA 78 )5 # oy A B ¥ 5] . SR, 24 PLA A
T BN T5% B, 24 bR TS5 48 kA2 T I
AU 2(e) ), BRIE G S0 2%, AS 75 5 30 N
HMZFLBAH BT ZE M 454, R 2 Rl B A T —
SETREEM A 0 5, X B2 & i T PLA i &5 &
1. TR Xk — 42 A MRk B, R CS A
PLA BJRFHEA R T 1(4:3) H2H R T/
W BZ 7390 9 20 F1 40 g/ L, BT DL 35 B i L 2 /)
F1(2:3), Bk, BB A ¥ A5 504 i CS/
PLA 5 &M B, & Z 86 PLA W& A& T
50% . Kl 2(c) ~ &l 2(e)f b s I b i 3k
R X R
2.3 FLEESHZM%RE

# 1 Jfinh CS PLA DL J CS/PLA & & # &
() FL IR 220 5 25 5 . 2l CS A1 PLA 4 L 5 2 43 1)
J&96.8% F183.1% ., WiHE —HMAIRE T A
CS/PLA & & M B FLBR R AT 85% ~90% Z
], FLB PLA & 0938 m , fLBRSm A TR, 4
PLA HKRFR 0 E0R 50% if, 52 A WM FLAR r 1943
AL ULIE 3,V Sk B T AR AL BRI R &5
HEI CS/PLA-2 (FLAR B4 A 7E 20 ~ 200 pum ,
FAAREE T FIAE H BAE S 4h 2 AR A MR

CS.PLA LI CS/PLA & & M B J) 24 P BE
3 46 S 56 O R AF , HL R 45 1 3 AN R 46 A5 A
N Sp-Ri AR 2T A 2, B 4 TR b PLA &
X CS/PLA E 45 M1 2 Efe sz ma . A ]
DL, CS 1 ) 2 MR # 25 , LT 45 9 B LK 4
i o AL R 0.15 F1 1.63 MPa,, [fif PLA #4 %}
JE 45 5% S5 R 45 55 43 51 R 0. 40 T 5. 16 MPa,

B, 24 PLA IR B B 25% 3% 2 75%
B, 52 5 4R Y TS 47 B 2 R 4 5L B 5 T 0 O
A B 0. 20 MPa J| 5 %] 0. 33 MPa, J5 & i
2.84 MPaT} = % 4. 83 MPa, X 18] PLA 190 A B
P 2 AR Sy R fE

B AR S EE B R I FL W R T R
il 4 1 CS FESE KM 40 M S1 3 7 ROME Al PLA JE i
IR NG 107 168 2R T 4L R 52 5 AR o R S R O ik
AEHE X SR BB B RH OB B 25 K PR R A W 2 s 1
B IR TR AR R I B4 AT TR R A
IR B RE AT AR —H IR AN BT EEN
AT AN 35 S FUAH o3 8 A ), T A B A% 2 A

#1 CS.PLA KR CS/PLA E&#HRMFLIRE
Table 1 Porosity of CS, PLA and CS/PLA

composites
FE G FLER /%

CS 96.8 +0.8
CS/PLA-1 89.8 1.8
CS/PLA-2 88.5+2.1
CS/PLA-3 87.1x1.5

PLA 83.1+1.2
12
= s8f
]
E
=
B o4t
e pn—t . o —
0 100 10 5
rlum

K3 CS/PLA B & bR B LR M
Fig.3 Pore size distribution of CS/PLA composites

0.6 6
AR
051 mm R4tk 13
£ 04} 14 2
= 03} 13 >
& o2} 12 B
0.1} 11
0
cs cs/ cs/ cs/ PLA
PLA-1 PLA-2 PLA-3
Hedh
Bl 4 CS. PLA L) J CS/PLA & & M k4 JE 45 5% &
JE 45 A

Fig.4 Compressive strength and compressive modulus of

CS, PLA and CS/PLA composites
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FHE) 286 7 S 02 L CS BB R % T 7K A, PLA
(9 CHCL, ¥ W& R M A, 76 22 18 05 1 71 Tween80 11
YERITR , il 2 7 A i 2 LRV 5 a8 0 b i L AR W v
IR M, JF Uk % 25 BR Tween80, 145 5 CS/PLA
AR EL

2) FTIR 43#r W], &5 4k CS A1 PLA 2
Sy Z AR Z I S A AR . JEEL Z A MR
ITRES H FLBRZERALAR 53 A0 LA K T 24 Pk g £ 32
CS il PLA 4 (32 M, #5H) PLA B4R B4 BOR
=T 50% WA PRS2 B B 09 A 43 8

3) $EM A FLI S VR TS B W v s
FH F HoAth 35 7K 1 5 05 08 7K 1 2R T A L =2 1) 11 A2
AL MR KR F & TRA LM ER 2, JFE,
I Z D78 1 4545 30 09 525 ARk T B DB
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Chitosan/polylactic acid composites prepared by emulsion
freeze-drying technique
HUANG Tianhui'” ", GUO Xiaolin’

(1. Technical Center of China Tobacco Guangxi Industrial Co. , LTD, Nanning 530001, China;

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

Abstract: The combination between hydrophilic extracellular matrix polysaccharides and hydrophobic ali-
phatic polyesters is a challenge in the biomaterial field. Here we investigated the formation of chitosan/poly-
lactic acid (CS/PLA) composites using a novel emulsion freeze-drying technique, in which CS solution, CH,
in PLA solution and Tween80 were used as water phase, oil phase, and surfactant, respectively. FTIR re-
vealed that there are strong hydrogen bond interactions between CS and PLA. The composites showed well in-
terconnected pore structure and homogenous distribution of CS and PLA as the PLA volume fraction was not
higher than 50% by SEM observation. The porosity of the CS/PLA composites was in the range of 85% —90%
and showed slight decrease with increasing PLA dose. When the PLA contents increased from volume fraction
of 25% to 75% , the compressive strength of the composites increased from 0.20 MPa to 0. 33 MPa, while the
compressive modulus increased from 2. 84 MPa to 4. 83 MPa. The successful CS/PLA amphiphilic composites
offer a novel strategy for biomaterial design and configuration.

Keywords: chitosan (CS) ; polylactic acid (PLA) ; emulsion; freeze-drying; composite
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Sliding mode control algorithm with high-precision position tracking
based on adaptive gain schedule
YANG Yi'?, QIN Shiyin'*

(1. School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. School of Electrical Engineering and Automation, Henan Polytechnic University, Jiaozuo 454000, China)

Abstract: One of the most important factors to depress the accuracy of position tracking is the internal
and external uncertainties always existing in the system. Due to its strong robustness, sliding mode control can
effectively eliminate the impact of uncertainties yet with the trouble named chattering. Therefore, reducing the
chattering is the key to improve the accuracy of position tracking in sliding mode control system. This paper
proposes an error guided adaptive gain schedule, in which the equivalent principle is employed to schedule the
gain by judging whether the sliding mode is established or not. Furthermore, the changing rate of the gain is
guided by the tracking error; hence the response speed can be improved by reducing the time lag produced by
the low pass filter which is used to obtain the equivalent output of switching function. Theory proof and simula-
tion results show that the gain schedule can accelerate convergence of sliding variable before sliding mode is
built, and then after sliding mode is built, it can reduce the chattering by decreasing the value of gain to be
close to the absolute value of uncertainty in finite time so as to improve the tracking accuracy. Moreover, the
comparative experiment results of position tracking on DC torque motor servo system display that the proposed
algorithm is advantageous to obtain higher tracking accuracy by scheduling the gain of switching function ap-
propriately.
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Dynamic extraction of stochastic error coefficients for gyro
based on TheoH variance
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(1. Department of Control Science and Engineering, Rocket Force University of Engineering, Xi’an 710025, China;

2. Unit 96401 of the Chinese People’s Liberation Army, Baoji 721006, China)

Abstract. To solve the problem that the confidence on the estimate is poor when the dynamic Allan vari-
ance is used to analyze stochastic error of gyro, due to the reduced amount of data captured by the truncation
windows, a new algorithm based on high confidence and hybrid theoretical variance ( TheoH variance) is pro-
posed. The Allan variance which is used to analyze the data in the truncation windows is replaced by TheoH
variance in the proposed dynamic algorithm. The problems that the averaging time calculated with Allan vari-
ance is half of total data length and the confidence decreases at long-term averaging time are perfectly solved,
the correlation time of the calculation can reach 3/4 of the total time of data, and the defect that the confi-
dence level of the error coefficient estimates decreased is effectively improved, which is caused by the dynamic
algorithm data interception. The measured data of dynamic test for optical gyroscope and simulation data are
analyzed with the proposed algorithm and dynamic Allan variance. The results show that the proposed algo-
rithm can describe the non-stationary of gyroscope more effectively and greatly improve the confidence of vari-
ance estimation at middle-term and long-term correlation time.
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Fig.1 Equivalent circuit of a brushless DC motor system
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system in two-phase conduction mode
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Fig.3 Schematic diagram of working principle of

hysteresis current control
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switch signal in hybrid hysteresis current control
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constant-frequency is only required in stable
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current when different back EMFs are applied
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An improved constant-frequency digital hysteresis current control strategy

SHAO Yunbin', FU Yongling” ", GUO Jianwen’, YANG Rongrong’

(1. School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083 , China;

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

Abstract: An improved constant-frequency digital hysteresis current control strategy ( HCCS) was intro-
duced for high-power 20 kW brushless DC motor used in airborne integrated electrical hydrostatic actuator
(EHA). In this control strategy, by the modeling of phase current using PWM_ON modulation mode and
analysis of different types of current control strategy, a quasi-constant-frequency HCCS with simple implemen-
tation, inherited stability and over current protection capability was designed by improving the hybrid HCCS
integrating the triangular carrier based control strategy and HCCS. Furthermore, completely constant-frequency
was obtained by applying digitalized implementation and digital processing rules. Simulation and experiment
show that this strategy can achieve constant switch frequency of power electric component and high frequency
response of current loop in high power brushless DC motor simultaneously. This will provide a new approach
for the high performance control of brushless DC motor.

Keywords: brushless DC motor; current control; hysteresis; triangular carrier; constant-frequency
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Table 2 Information of spare parts support parameters

%1 Z MTBF/h C/FH5t M/kg V/m® oy T,
LRU; 1 998 5.2 28.7 1.8 0.8 0.8 0.8 0.5
LRU, 1 1617 4.1 12.3 2.1 0.7 0.7 0.7 0.4
LRU; 1 1053 3.9 6.5 0.9 0.9 0.9 0.9 0.7
LRU, 1 552 8.3 3.7 1.9 0.8 0.8 0.8 0.7
LRUs; 1 1001 2.1 4.2 4.1 0.9 0.9 0.9 0.6
LRU, 1 1775 4.5 13.6 1.3 0.8 0.8 0.8 0.8
SRU,, 1 2234 1.6 1.9 0.6 0 0 0 0.5
SRU, 1 997 1.8 31 0.5 0 0 0 0.5
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Table 3 Availability of four projects under cost constraint
LA ] il A i BA
WE R -
C/HiG M/kg  V/m® A/ % C/Tt M/kg  V/m®  A/%  C/TITE M/kg V/m?
Ht Hb 130 314 54.0 85.24 125.5 289.6 54.8
1 86.56 504.5 1176.6 220.2
Fre B 132 360 55.5 90.43 128.0 307.8 55.8
2 It A 522 1302 217.5 99.29 516.3 1205.7 221.2 99.29 516.3 1205.7 221.2
3 Fe 130 314 54.0 90.22 122.2 314.4 57.6 91.82 4932 1304.3 229 0
Frp G JE 132 360 55.5 96.62 126.6 361.1 56.2
4 i BA 522 1302 217.5 99.94 521.1 1315.5 232.0 99.94 521.1 1315.5 232.0
x4 BEARTHINAETRE
Table 4 Availability of four projects under multi-constraint
L A R U 1 2 BA
FE O REENA - o - .
C/Ft M/kg  V/ b A% C/Ft M/kg  V/m®  A/%  C/FIE M/kg V/m?
FE 130 314 54.0 52.62 125.2 288.5 51.2
1 X 62.35 505.6 1181.4 207.4
6 R 132 360 55.5 91.54 130.0 315.9  53.8
2 it BA 522 1302 217.5 99.23 515.8 1201.5 217.1 99.23 515.8 1201.5 217.1
3 Fe 130 314 54.0 59.82 111.0 275.0 50.8 68.76 4514 1157.4 206. 8
oA JE 132 360 55.5 95.57 121.4 332.4 54.4
4 i BA 522 1302 217.5 99.85 497.8 1223.8 216.8 99.85 497.8 1223.8 216.8
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Fig.2  Cost effectiveness of warship, central support warehouse and warship formation under multi-constraints
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Optimization method of multi-echelon system equipment configuration
under unsteady state and multi-constraint
CAI Zhiming'"*, JIN Jiashan'**, CHEN Yangiao'”

(1. Military Key Laboratory for Naval Ship Power Engineering, Naval University of Engineering, Wuhan 430033, China;

2. College of Power Engineering, Naval University of Engineering, Wuhan 430033, China)
Abstract.: Some related questions in system equipment configuration under unsteady state and multi-con-
straint are discussed. First, taking the very low utilization rate of escort equipment in the waters off Somalia as

study background, the paper presents the solution to base and central warehouse spare parts demand rate. Sec-

ond, the factors of three constraints are calculated by using the edge effect method and Lagrange multiplier

method. Then, four projects of multi-echelon system equipment configuration are built according to whether
considering the cannibalization or lateral transshipment policy. Finally, the results of four projects are compar-
atively analyzed, and numerical projects show that an indicative reference can be provided for decision-makers
to make up warship formation equipment configuration projects in peace and war time.
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Parafoil aerodynamic deformation simulation based on cable-membrane
finite element model
WANG Longfang, HE Weiliang "

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

Abstract. The fluid-structure coupling deformation of the parafoil was numerically simulated under steady
condition. The finite volume method was used to compute the aerodynamic load, and the effect of leading-edge
cut and ribs on the pressure distribution was analyzed simultaneously. Nonlinear cable-membrane finite ele-
ment model was established based on the large displacement-small strain characteristics of parafoil structure.
Canopy was modeled by membrane element which was unable to bear bending moment, and ropes and reinfor-
cing tapes were modeled by cable element which could only bear uniaxial tension. The deformation relative to
ideal configuration and stress distribution of parafoil were simulated on aerodynamic load. The results show that
the span decreases compared with design value in flight, the maximum thickness of airfoil profile increases
after bumps appear, and extra angle of attack and sweepback arise from canopy deformation; the maximum
equivalent stress is mainly concentrated around holes and rope joints of ribs, and reinforcing tapes must be
arranged properly in order to satisfy the strength requirements.

Keywords : parafoil ; aerodynamic deformation; geometric nonlinearity ; membrane element; cable element
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Adaptive noise covariance PHD filter under nonlinear measurement
YUAN Changshun, WANG Jun” , XIANG Hong, WEI Shaoming, ZHANG Yaotian

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

Abstract. Probability hypothesis density (PHD) filter has been demonstrated to be an effective approach
for multi-target tracking in real time. However, these methods based on the PHD filter assume that the meas-
urement noise covariance is known as a priori. This is unrealistic for real applications because it may be previ-
ously unknown or its value may be time-varying as the environment changes. To solve this problem, an adap-
tive noise covariance algorithm for multi-target tracking under the nonlinear measurement is proposed. Based
on the PHD filter, the proposed algorithm employs the cubature Kalman ( CK) technology to approximate the
nonlinear model, models the noise covariance distribution as inverse Wishart (IW ) distribution, and recur-
sively estimates the joint posterior density of the measurement noise covariance and multi-target states by the
variational Bayesian ( VB) approach. The simulation results indicate that the proposed algorithm could effec-
tively estimate measurement noise covariance, and achieve the accurate estimation of the target number and
corresponding multi-target states.

Keywords : random finite set; multi-target tracking; unknown measurement noise covariance; variational

Bayesian ( VB) ; probability hypothesis density ( PHD) filter
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Table 2 Design results of system target parameters
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Table 3 Minimum system starting pressure
MPa
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Table 4 System pressures under rated operating
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Parameter design method on a differential piston warm gas
self-pressurization system
FANG Zhongjian, LIU Lie, LIANG Guozhu "

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

Abstract: This paper studies the working principle of the differential piston warm gas self-pressurization
system of liquid attitude and divert control engines working with monopropellant-hydrazine, based on which a
parametric design method and the corresponding design process of the system parameters are presented. New
models of the system starting pressure and system self-locking state are also introduced. A case study is carried
out and results show that the minimum system starting pressure is directly related to the initial volume of the
gas chamber, the friction force of the piston, and the initial volume of the air cushion of the propellant tank ;
the design state of the propellant tank pressure after the system self-locking is constrained by the upper pres-
sure deviation allowed by the propellant tank and the pressure drop between liquid regulator and propellant
tank ; the range of working pressure of the propellant tank can be guaranteed by the design of the pressurization
system.

Keywords: differential piston; warm gas self-pressurization system; liquid attitude and divert control en-

gines; monopropellant; parameter design
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2 ZREHNFHERE

2.1 HEEEHERKIE

ST R I R\ N7/ BLIE U SN e VA 2
NIA Zh g 240 BAL RS, 2R -

1) i 2y R AR SE R 20

2) 2 g M T ) 2 S

3) FERTERSTE NS ABE S

4) BB AR R ) O R R & RS )
PR ERIRIILE 9 AW E, K 1 s, H
EIE 3 A A W, NIE Z, B 2,
Z2X, Wi sh i o FIGE Y, BhiEESh i B, s KT
TAHLIANAME, MG X MM o IEA
5B HE, AN XY, fZ R 3 A8
iR gy Flzy, LG X W3 oy FIBE Y,
W Bl Bs o

5) /8PN LB B AT Ak A AR AR SRR IS BB Y
#e )1 F, AEHAENCEE B 1 Fy FPE A & 058
JEREB Y B A fer F
2.2 ZRMEZhh=FE

TEAHR R G A LA L 43 531 2 57 Bl A A A
ZO0XYZ 0XYZ M OXYZ,, L RB R R
1 OXYZ W42 2 % AT R L AR R O i 4 38, )
ARG LARKR AR IR N
q=[R;,0/,R,,0,,R;,0,]" (1)
R, =[x, y,,2 0" (i =1,2,3) 4050y B Ak 2
WRIFE 0,0, #fl O, fE &R hr RPN E;
0= B,y ] (i=1,2,3) KRR R MK
AR bR RS

HR A 55 — 2 ds W H O 20T LAAS 2 Z WA )
15T R R
Mg+ C,A =Q, +0, (2)
A M R TR C, N R G AR HE T A
P B e o, S T S AR R BRI (R E T bR A SRR
X HSR IR FHGA AP BH 150, )X
I Q, AN A WHE 18 B, AR R R 0T =%
Cmk[ 1],
2.3 ARAFE

R IR RG T BARA 3 A, 00k
A 5 b TR 22 0] B AR AR R A 2 TR Y
T 2 455 R S A R LR 22 ] A Ak 29 B, B AT T LA
HE 2 7R 1y 5 A i RoR .

WP 2 i, 5 LA R A bR R OXYZ, 1K B, B,
B PR S8 bR 2R 500k O XY, Z, F O XY, Z, & 1
& B, B, b0y 55050 PLQ A AR b5 43 i



F8EiE A R R T R G 2 MR B ) 2 Pl BT

b A F R
73

K2 gARRER

Fig.2 Schematic of constraint joint

S w, i wg, R — e 4 A e T ST A
SRR A bR 24T, 7ELL PLQ RIELE Y
e ML b Z P4 S SO L T LY B0 1) B el A
a, FEAEVR B, I, a) 1 &) BELE B, 1, H a
&, SFAT, [ 4k b 3R PO WA 8% . I ik
5 A BT AR R A R R G 3 A
ALy
2.3.1 £k

TE S S AP R XY, BB R,
iiif FLAR 2 %Zmﬁﬂxwuuﬁﬁzmmﬁu
[k, P 0h 7 0 60 s T 2 ) 4 4 240 5 24 TR R
4, h /|:|
Ol

”'EO (3)

% aZIZI

S 1 ASAER 2 A>3 IR B[R] AR - 3 78
a) Al a, J7 1) A5 0, BRGIHY XY, iR
2,5 3 AR TR RBINIA RS Z, W55,
2.3.2 #HER
R (3) ik Ik, 2 Loa, iy X, Hh
F% B [ 5, D) 22 B A S A 2 T A B 2 R
TR

ot o

e 50 (4)
g Tal |

55 1A ST A4S R AP 3 0
M 0,55 2 A 3 AT RIS Y, B Z, i
el
2.3.3 HEfRAHR

R RIS 2 160 0 B ik 29 SRA 2 A7 T
A 24 TR R R B S
0 B 245K T4 T DK 3 1 90 2 ik £ 3R
e o 6 R 7 1 090 0 1 R ) T R

B4 10 g LA % L ] 5 2 0y 1 JR 1) R 488 7, 0k o)
J1 i A6 A BT E A L2 S B R AR A, U] )
JEE 458 0 AR P PR 4 v L
Joo= (5)
o, S UD e) BEAE T 5 f, Rk 1l S T s S Bh
A R A 22 T ) 42 fk 2 TR AR A b 24
AR A S R T R AR 3 AR O R X
a, JpUT Z, Gl B ) WA R AR
1) 7 S o ik d5e R B 482 ) 0 e ) S B 2 I
BRIV Z, iR FI5s Z, ik sh 4R 5 il
C = [aih‘i’]zo (6)
a, a,
2) SRTE S SRS N B B A 2T, BRI 2R
Z, WG s AT RN
C,=[a)'d,] =0 (7)
3) AT A R SRR & S A 2 TR 0 2
)
C,=0 (8)
2.3.4 TG KRR G A
XFAWINRG, B EE T RGN 7
T A R O FR s i %l R O AR
AT DR il 24 SR ) 3 2 2 5l Bl T 2 T AR
C, 1 C, LB I #E R

C, =0 F <G+f,.
[ ©)
CZ = 0 Fl > G +ﬁmax
K G R IR )5 f,,,. B K FEE T
C, fl C, B2yl Iy #E
[cz =0 S<L
(10)
C,=0 S>1L

oS O A B T A0S BB L O RS
HERmMBERE,
2.4 ZRIEHHFEFEHEEKRR
RGN LR TR 5 (2) B AT 18
Mg +C,A=0Q, +0,
{C(q,t) =0
(1) RHEAR 3 MO R SR
W2 R B 5 v 43 R W R 2 2 o B A A 3 R
k. R TAE TR MR R G b & B 1 2R R
F1 AR SCR BT B FEBUE Ry vh 8 H 6 29
Dy BRI 2 By S ECh
Cq=v (12)
Xfiy=-((C,q),q9 +2C,q + C,) J il ik fF 24
WO AR A I,

(11)



74 =AU

NN S 1

AL ALF R
| 58 | 2017 4

A O2) B fe v, i T A iR 225
M , 5 B0 BE 2 ORI AL RS 2 ik 2y 1972 4F,
Baumgarte R T A Ak e ik R RO
Hi PR a2 (12) A7 A H 1 U (C,C,
t)ﬁﬁﬁﬁﬁﬁéﬁ%%mﬂ/]\,17ﬁbti+%ﬁf%ﬁ$\%§ﬁ,
AT L3RS 6 56 00 B 45 SR . Baumgarte ™ R T 1Y
B U B H
U=-aC -pC (13)

Bl (1) % 1 ﬁ%ﬂ‘ﬁ(m)?ﬁi%ﬁ%ﬁ}ﬁ,ﬁﬂ

e VIBIL el

Ko M B ARES R

m TR (14) RBOEM SA REFEFICRH
X PRHAE R O T 7 R 2 SR R AR SR
PR B LU 20 fiff 2k BE A7 3H 58, 45 310 T 3 82 iy
I J L 2R T 4 B s e A 2 B 0k L, B AT 45 31 &
GEI Bl A ML RS W 1 [, 5 (14) doR AR
TR H ST ALl i 5 (1S) W] AT B T &R
G SRR AR T Q. R K T A Ry i R

L TR A
Q. =-C (15)
2.5 BEEHH

% 5§ 52 G5 B 1 0 B 4T — I R R BT

B RS T UG vH, DR AE AT B 28 40 AT 20T, i
J9CE o #A  Hr A B R AR AL . WA
SIATIEE A 3 RO B ) g vk R AOR AR DA
Fede/NRE: L ARSCR B Sy v E e
BRZRGEAN 1 A R GALZ B 50T A7 i) )
Ry o R T 4 s Y- A s 1) R T B BELJE 3 ) &2
FEVE TR iz gl A il B R T RE
PSR G - R A (1 BELJE R i SERELJE , Lk B
PRSP E . R sh 2 r i
Mg +CA=0Q. +0Q +0Q -Dg (16)
KA :D W ATHHEREHF; Q" W BRE RS
FELJE Al FEBHIE A BN R GE T LA 7o X HEAROT:
NG MU R4 1 - o7 AR AT DLk /b i -
53 B W B ]
2.6 RSt NFESW
Gt i TR TR AT O v S R A TN R 4

fir , ALK 3 A E Al o mil R s ok

F =Ap(t)

F,=A,p(1) (17)

Fo=(x, =2)p(1)

Krbop HENTE AT A, AR TE A A, N
FRIN 2 AT 3 BE PR 54, R 5 R S S R AR DG 14 1

A = (17) AT 1 AT A 2005 e 32 0 5 o 2
T 1 bR 2 8 55, R /N R B T A P LI 2K A
I I JAE G HACR) B TR R A S R A3 L O R, E U
JAE 38 Anf 5 B n 22 A Y BUAEL (FRT BR RS AR BRE o 2 e
L) R, AR IX R A3 B OCFR

F, A, -2

R, =—= : 18
da Fa )\a ( )

3 HERESEFIM

RSN St AR A R 3 R . TERRT
BTk oy, M R G A NIRT AL B L Ag <
1m0, Ud B & S R G838 B V-6 & . 1E3h )
SrAT Ry ST ) ¢ R T ROE B9 S5 R ¢,
W, 20k A O B T R S8

AR FFET Fortran 1B F , Al F 8 IR A= 5L
I R R 7 v SC T IR BOR AN ) SRR R SR A JF
i i B R R A A, KRR AR S AR G O A i R]
PRSHUR TR 55 29 5

T

BRIz

| Rt -4 i
!

T

}

| ey -4

IEXE

|

{
B
|

Y

l_i

Letspesgispin - |

3 BRSNS AR

Fig.3 Calculational flowchart of cold launch dynamics



1

o

S8 S O R AR G L R Bl g 2 s 0 ELRIT S

A AL

4 PAEHESH

4.1 {FEEBIIE

T DI R) VRS BE L 58 0 AR SC O ik B A L
P, 4y FE ADAMS F1 ABAQUS rhgdsranE 1 fr
AN B R DR 4 308 K S R G R AT
Dy E X FE, & i BRI Ry 2 s, AR SCHI AD-
AMS ) 75 43 87 340 2R FH 3 07 %8 5 vk, R B[]
3 ;16 ABAQUS V- 43 A vy, 15 J7 >R HI &k
I, InE s E S 3 s, A SO ADAMS {5 H i) 1
35} [E] [ B 3 & 24 0. 001 s, {5 ELFE BT 230 3 s
M1 42s, ABAQUS 47 BR T i FLFERT 2 ) 23 h, AL
(T2 K6 I 43 51 J& ADAMS ) 7. 1% Fl ABAQUS
[ 0.004% , B.8% , A SCHT B0 RGO it
AN E = s =N L]

B4 hy ZE 20 4 A 37 5 2 a7 B s ) 25 Ak il 45
HTFLPr BB 0.52s AT 4455, [H i
ASCHRE 0. 6 s BT B FEAT I . AT LA
L B ) i o 5| RS 2 0 S SR R A 7 S TR 1
AT I 2 Y AN B 3 3% , AR S0k HCAE M S S R
BATHEAT N BRAERRIR LB, N30 B IS
SR IS4 A2 SR T R SR 24 A A SR

B5 Ry 3 By vk h 5 0 S R 2R AT Bl R e
At d . FTLLE A SO R 45 R 5 ADAMS
H1ABAQUS 2 Fift 1 44 45 B0 45 5L 1) fie R 47 M 25
HNTF 4% o W Aog I 22 0 E B KE R QF
ABAQUS R F 22 P AR 5 /Y 1 A% SC T ADAMS
7 FLRE R 3 SR R AR 1% 3 @ A4 SCRT ADAMS ffy
FLAB Y 220 W T 5 ) Al Y BT, T ABAQUS {5 B
RERY v 2 J T S ) Al T i, i b 51 S SR
S AT A ; @ADAMS 1 424885k F bushing
e RSB (3) AR KR, E 5 3L
TASC T N R P SR TR A O, AT R T Ay
Br R G sh A Rk

0

Fe i Bt A% Ao

=10 prems ,g'_y“.'-;"';"\-—_':""—'o--—.s'—"' Nz T s
Z A S Bl A 17
E 0
= Al S il 4ty
b

-30F S

)5 I A% 7
—40

072 I 074 I 0.6
B/
&1 4 S iy Bl I 1] 72 Ak i 2%

Fig.4 Variation curves of load of outrigger with time

e 5 75

0

-10 +
g AT R
& 20F
=2
I
iz

=30t R

Wl —ADAMSH R
40 T~ ABAQUS(Jj Fi&

0.2 0.4 0.6
A []/s

BlS ) 3R g {5 45 R0 L
Fig.5 Simulation results comparison of load of rear outrigger
4.2 [REESZRREH L Zh ST
WAL 20 ¢ 19 )5 SRR 8T N F /TSR 3%
15 0 Fy, 5 SCIR JAE S TR 28 A L 73531 A

S
(19)
A F

P R O I A AT SR AT LU 5 R, R IS R S SRR
AT L .

AR SC Ay FAE R T T A5 IS A SR 48 L Y B
BN 6 s . mILLE Y, W) 5A I 20, S A Jir
XA R F, A JE SR K 2w CF 26, Ry, =
Ry =0 Bl 45 PN 5 I8 20T 1O 3G K, Ry, AT R o 3 8T
WO R RN E . TERRE BL R, B BN B
B R o FEA RS T B A BRI 3l

G A T i SR A B O 3k B i (LY I 221
I3 10 B 2,0 FE7R , RE SO JAE I 52 R 288 e
RRSEEw)

Ro- [ Ry
o)
Ro = Ry

8

e 1

T 7 TR A 1
N

0 0.2 0.4 0.6
i fal/s
6 JFE SR A L 2l A A
Fig.6  Dynamic characteristics of load ratio of transmitting

tube base-chassis outrigger



76 =AU

NN S 1

AL ALF R
2017 4

X FEAE A TS B e R A G Bl
1o 3 A 5 SRR A B A LR &R
4.3 MIMBEETIEREFHREIREFILSE

95 M

XoF JFG I 52 JBR 2 Af EU 1 o AT 2R B, Y i
B I 28 A 43 T DXL 5, e AT DA SR o A I AR
TG 88 S MR 2R A B S R A0 R, L 10 B B o 2 A
ST A, 5 Ry R R, A RBUCR

K7 M Ry R, R, B A, AR, H
o R, B A, 38R/ 0 A PN R T 2 A 0 T
B S5 2 1 43077 328 ¥ 14 T 38 Aok U JRE A% 28 3 b T
PRI /N 2 A, =0.02 BF R, 5 R, 1AL
HEREA B0, Sk AT o BeH F U . Ry S
A, TSR M s U, DA b 2 SRR TR
T e 43 T R -5 6 A i I SR 28 A HE B =2 )
MER KR M R MR, Bl A, I8N 3% 84 K
FIAHAE (A, =0. 013 B ), Ji 3 11 J5 52 R 28 for L 3
{ELAH 4, 1T )5 SR 7K 52 KEAHAE 1Y T o 78 & 5 i
R, A, <0.013 B, i S bR 43 e 2 A 3R Y
A, >0.013 B, 5 SRR S 0 288 fep 5K

18
_ﬁdj
= _R.il
""" R,
12
£ L
6 b=
" L . 1 L L Rl ka3, P
0 002 004 006 008 010 012

FEF fin 4% o7 3 B R 7/

PR 7 e S R 2 1A L 3% {1 B RS o 4 4 2 i
P 114 A2 A AL

Fig.7 Variation of load ratio mean of transmitting tube base-

chassis outrigger with adjunctive load distribution factor

FEBETE A S I, AR i i I A S5 A B 2 A,
Je, Bt (18) T A2 R, , BV Al B 5 45 PN 91 2%
oy 388 20 IV AR 3 T b TE RN R S R O FR .
7 e 15 2% 2 3 & 5 4 E 8 &8 4 B 2 iy
2L A SR A3 8 s B b T Y A O R I
AT DL R AR A P 3L R 7 48 far 9 1% 368 B A 4 ik i
TR
4.4 MIMBEFHEEFNEOCBHI M

B LR SCR KA T i - A
PE MRS OV B, F06MBEH u
FR

u = ui+uf (21)

APu, w5350 w B9 X FY [0 53,

B8 Ry ke 4 e KA AS B A, B 42
BEE A, BOSE O, 8 1 e R ALRE S el 5 48 O, A7
TEA /M, 22 W A7 7 S5 A B n 288455 43 e X7, el
5k 2R GEX SRR 46 T Bl B R 0 /)

2.6

N
8]

B B mm

1.0 |

06 1 1 1 L L
0 002 004 006 008 010 012

B e 3 BC PR T/m?
P8 e S A8 I B A A% e I i 2 TG PR A A il 2
Fig.8 Variation curve of maximum displacement of

transmitting tube nozzle with adjunctive load distribution factor

5 & i

i A R R G B 12 g, R L
LT 458

1) 9 [ iy JE e 5 B ASE A5 31 (1) 52 iR 48 for
5 ADAMS F1 ABAQUS {js B 45 J %t b, fie K 2k i
TR 2Z#/NT 4% i B iR LA ADAMS 54411
7.1% , A] PRI A R M 5 W7 7R 808 R S R G h 2
FEPE

2) i SR B Ay bR A S A AR R A K
T REM,

3) PRz anr o i IR K T4 T 0002 B
IG5 M 28R AT b 49 {1 55 0 I A o 4o L 1) A% Ak
PR O N G ) 1= o s o T o R ) 2 A i
JAE 7 S JH 284 B 149 55 B o 28 £ o T A1 B
1 U R

4) A77E S BN fer o3 B BT, BB AR R ST &
SWOEL AN IR GEIRDINEA RS 2N

2 %k (References)

[ 0] XUB%, BRBEERE, (. 3 W RS P48 S i 5 5 aok 72 B o 8 77 43
Brld]. S S i Kis AR ,2012(3) :23-25.
LIU H, NI X C, BAI J. Additional load study during the drape
launch of adapting base[ J]. Missiles and Space Vehicles,2012
(3):23-25(in Chinese).

[ 2] FBA], ok, B0 TR, JE 7 42 40 5 0 e R Y R B2 8 1 4 7
5[] S5 MR8 AR ,2012(5) :22-26.
ZHENG L, ZHANG P, HE W D. Simulation calculation and
dynamic analysis of a vehicular missile launching system[ J].

Missiles and Space Vehicles,2012(5) :22-26 (in Chinese) .



o951 12 2

i, A5 AR R R G2 MRSl g 2 D A HLAT 5T

At AL R

5 77

(9]

BRI, He it AR, R T W 2 AR R B ) B
[J]. 985 5 5 %41 ,2009,29(2) :183-190.

YIN Z 7Z, BI S H. Simulation study on multi-flexible-body
launching dynamics for a vehicular missile launche[ J]. Journal
of Projectiles, Rockets, Missiles and Guidance,2009,29(2) .
183-190 (in Chinese) .

SR XUAHH KRR S TR AN 25 A 15 1 R I A R R SR A
W] SIS KIE HEAR ,2009(6) :51-54.
ZHANG T, LIU X X, ZHENG B. Rigid-flexible coupling dy-
namic analysis during launching based on component model
synthesis[ J ]. Missiles and Space Vehicles,2009(6):51-54
(in Chinese).

I TR B L GE . 28 KET NI AR & 2R R 58
O EAIE[T]. 52 T 2% 4 ,2006,27 (3) :545-548.

FENG Y, MA D W, XUE C, et al. Simulation dtudies of cou-
pled rigid and flexible multi-body dynamics for multiple launch
rocket system[ J]. Acta Armamentarii, 2006,27 (3) :545-548
(in Chinese) .

AET, BB, M B S RELIR B S 00 R  R 58
JEEGTELT]. S S RIS AR ,2013(2) :36-40.
ZHANG Z Y, WANG Y, NANGONG Z J. Dynamic analysis of
launching system with stochastic backlash [ J ]. Missiles and
Space Vehicles,2013(2) :3640 (in Chinese).

X B ARE R S R G S R B A (D] B
55 T 2448 ,2009,29(2) :199-202.

LIU H, LI J. Simulation of dynamic characteristic of high-low
pressure launching system[ J]. Journal of Projectiles, Rockets,
Missiles and Guidance,2009,29(2) :199-202 (in Chinese) .
Wk 2R RGN 2 R H L], B TRR
2#,2011(10) ;76-82.

RUI X T. Launch dynamics of multibody system and its applica-
tions[ J 1. Engineering Sciences, 2011 (10) ; 76-82 (in Chi-
nese) .

BT B R A S AAT IR 2 IR R S B A
WEFE[T]. 52 T2E 4 ,2001,22 (1) :34-36.

MIN J P, YANG G L, YANG B Z, et al. Simulation and analy-

[10]

[11]

[12]

[13]

[14]

[15]

sis of the launching dynamics of a self-propelled gun[J]. Acta
Armamentarii, 2001 ,22 (1) :34-36 (in Chinese).

WE NI RS MR G B i AT R R (T ] %
R 2B 2417 ,2002,13(6) :47-50.

LUO G

SECRES

5. Study on dynamic simulation calculation for launching
of vehicle-gun[ J]. Journal of the Academy of Equipment Com-
mand & Technology,2002,13(6) :47-50 (in Chinese).

dKME, ERE. TS S (M) db s i AR R
#1,2007.

ZHANG X, WANG T S. Computational dynamics[ M ]. Bei-
jing: Tsinghua University Press,2007 (in Chinese).

TRk, SRR BRI R AR R BRI R RS
TR B ()], S S KB B AR, 1999 (1)

34-38.

ZHANG Y, WU D L, HUANG T Q, et al. Study on dynamic
modeling method of multibody systems with changing topologies
for mobile missile system [ J]. Missiles and Space Vehicles,
1999 (1) :34-38 (in Chinese).

XUIEAE AR TG, B L. 2RSS 1 [ M]. 2 Bz bt
2 SO th A, 2014,

LIU Y Z, PAN Z K, GE X S. Dynamics of multibody systems
[M]. 2nd ed. Beijing: Higher Education Publisher, 2014 ( in
Chinese) .

BAUMGARTE J. Stabilization of constraints and integrals of mo-
tion in dynamical systems|[J].
Mechanics and Engineering,1972,1(1) :1-16.

Wit REZ R ARG % (M) deat. S EHE
#1,1996.

LU Y F. Dynamics of flexible multibody systems[ M ]. Beijing:
Higher Education Publisher,1996 (in Chinese) .

Computer Methods in Applied

R

EE B/
B8iE B, WA, EEEIRIT R

RESE B WL ERE AR, EER A KEH L



db At 5 4R
78 db WML % LR K % R 2017 4

Fast simulation on rigid multibody dynamics for vehicular cold launch systems
YAN Panyun', LIANG Guozhu'*, LYU Yongzhi®, QI Zhihui’, WANG Xi’

(1. School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. Beijing Institute of Space Launch Technology, Beijing 100076, China)

Abstract: In order to meet the rapid analysis requirements of launch dynamics, the absolute coordinates
method of rigid multibody dynamics was used to fit the characteristics of complex constraints and changing to-
pological structure of the vehicular launch systems. A fast simulation model with nine degrees of freedom was
established and applied for typical vehicular cold launch systems. By comparing with ADAMS and ABAQUS,
it shows that the maximum deviation of the loads of the rear outrigger is less than 4% , the consumed time is
7.1% of ADAMS and 0.004% of ABAQUS, and the current simulation model is effective and convenient to
simulate the system dynamic characteristics. An actual example was adopted to investigate the dynamic charac-
teristics of the load ratio of launch tube base-chassis outrigger and the influences on the average load ratio and
the maximum displacement of launch tube mouth from an adjunctive load distribution factor. The results show
that the load ratio of launch tube base-chassis outrigger increases gradually and then keeps constant approxi-
mately in the ejecting process, the adjunctive load distribution factor determines the load distribution propor-
tions between the launch tube base and chassis outrigger by which the interior ballistic pressure load in the
tube is transmitted to the ground, and the most suitable adjunctive load distribution factor exists which makes
the disturbance on the system caused by missile ejection motion least.

Keywords: launch dynamics; vehicular cold launch; rigid multibody dynamics; changing topological

systems; numerical simulation
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Location method of near distance electromagnetic radiation source
based on compressive sensing
GU Xiaopeng, XIE Shuguo®, HAO Xuchun

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

Abstract: A locating method of near distance electromagnetic radiation source is proposed in this paper.
To avoid the disadvantages of complexity, high hardware cost and large volume of the conventional multi-chan-
nel array system, a single antenna motion virtual array system is proposed to realize the function of the near-
field location. On the basis, the sparsity of the radiation source in the spatial position of the measured area is
proposed. The number and position of the radiation sources are reconstructed with less sampling data by using
the non-stop motion sampling and the compressive sensing method. The sampling data quantity is reduced un-
der the premise of ensuring the location accuracy, and the error effect caused by the time delay of the multiple
sampling in every array element is eliminated. The feasibility of the method is verified by simulation. Then the
system is designed for the actual test and good results have been achieved in the experiment.
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Received: 2016-01-21; Accepted: 2016-03-11; Published online: 2016-06-29 09 .05

URL : www. cnki. net/kems/detail/11.2625. V.20160629.0905.001. html

Foundation items: National Natural Science Foundation of China (61271045 ,61427803)
* Corresponding author. E-mail: sgx888@ 163. com



2017 48 1 A
4348 1

> 2t
EtEMEMRAXAEZEFR :":"3—*& January 2017
Journal of Beijing University of Aeronautics and Astronautics e 5 Vol.43 No. 1

http ; // bhxb. buaa. edu. ¢n
DOI. 10.13700/j. bh. 1001-5965.2016. 0076

jbuaa@ buaa. edu. cn

BEAmRREGESFEEHIN AN i

=N
SCEL

MEir, g’

(e iz i R K 2% ABIE 5 8 ) TR 24 Bi, dbat 100083)

B RH#TEANERARAARERLEF BPM X 2R FAM AKX, AWM

BPM ¥ Z R KA RERGRFRMAXA BT A AT ERBEGNEE N TN ER KT X
BHER,BLPMLBELE BPM F 2R HI AKXt Howe RA R 4% FHRARA LA X £
ZRHTHEABPM A EZRHAARMEIAFREFRASHET Rh, BRKEELEF R
RFEERER A FREFRANEER A RRN A RECBEEL — R T W ERHEN ZRT
Pt 3T A 2] T Bk JE Ay BPM ¢ 2 50 FOM A K A Bk B 9 BPM & 5o B A R NA-
CA0012 E A A F Rl kK im A Bl K A T oy 7 48 4T #E4T 7 UM &2, K 3L X T NACA0012 2 &,
R#tEH BPM 2B FH A XA A REEE; ZAE TN T KE MK HLE A DU-96-W-

180, Tl £ KA B & &,
*x # A
FESES: V211
XHEEFRIRED . A

R4 MR i T 3R R R R S 3
JE 2% 2 ) B9 AR B T 72 2 . R SRR R I AR
0T Tll, T F B FH 458, 4 it 23 & 30 ALK i
Fr R O S B A g R 4 M R ROPL M
T IR R R g R R HL LR
W R HL R R g R R L R, &
JE& 2 % W 7 T 7 v X TR MR R % o R
B

T J2 5 W 75 1) BLE BF 58 J7 10, Powell ® A
B 4 I it B T 100 52 A O S M )
7 E ., Ffowes Williams F1 Hall "' JA g & 4% Mt 75 12
R 38 750 R 5 T U 0 vl 0 D T R R U
20, DRI A R 7 958 A O A B 3 e R e T
T RS bR R B3R 75 T Lighthill 38380 F 92k T IR
K TR A R MR AR AL I R BT R 4 M
() U 7 o AR ML, Hayden') s 2 4% M 75 463

MAARE; RARKRF; RFTMN; FERAK; 2 FHRA

XE4HS: 1001-5965(2017)01-0086-07

16 B % BF T 69 1 B 7 % . Chase' A0l
Chandiramani' ' A Jy & 2% W 75 2 0 1A T 77 % 3l ok
JB 25 75 BT R . Crighton' 5 2 2% 1k 7 R AL,
i R FN IR R KPR &, RREE R T
HESE B BRSO AR B . Amiet' ™ B B 10 3T 7 3 IR
J1 5 AR S Ui A %) BE TH S B e 7 A DGR,
FRAS T O AL, Howe ') 3 13 3R i1 45 BR 3% 4 b5
MR BB TS BRE T AR &M SRR, h T
[ R T % B9 I 5% 0, Roger il Moreau' ' 5
X Amiet " 45 5 BN B 8B IE 15 3 TR DAk
B R 25 W e A R, e 3B R S % X AR IR 0 R
g 7 B S

i T RS v A B R A R, 8 N LA
M T2 23BN E 229 . N3 47 ok
Tl B T 7 35 0 2 B e . B T
KECRT 43 Sk 3 FHE 2 7 0 3 A3 7 Y 3 3 1 i

RS EE: 2016-01-21; REABHH: 2016-03-11; M2 HARATIE: 2016-03-17 15:10
M 4& H R b4k : www. enki. net/kems/detail /11.2625. V.20160317. 1510. 001. html
HEE&mMB: HEK“9737 1% (2012CB720202) ; E K H AR =4 (51476005)

# @ IFL{E# : E-mail; lixd@ buaa. edu. cn

SIAER: iz, 20F EARAE4EFEEBTAMNAKXEA]]. X FEMEMAAFFM], 2017,43 (1) : 86-92.
BAI B H, LI X D. Improvement of airfoil turbulent trailing-edge noise semi-empirical prediction formulation [J ]. Journal of Beijing

University of Aeronautics and Astronautics , 2017 , 43 (1) : 86- 92 (in Chinese ).


Administrator
新建图章

http://www.cnki.net/kcms/detail/11.2625.V.20160317.1510.001.html

1

FASE LT, 45 « 3R i Uit 2 % W 7 2 22 4 UM 2 ek ik

b A F R
EEEE 87

MF ¥k 2 25, Wang Al Parviz' " [ By SRR |
(LES) SR 7 A X B iy 3k 2 % i 3, SR e
i H Ffowes Williams F1 Hall'”’ i) BB &k W 75 FR 4
W T &M . T AEE E ST AR,
T AR R 5 57 249 3 3 1 S0 5 3 i R A 5 R
Mo Ewert 281 ISP 19370 35 24 B e AL I 7 U5
T A FH 75 U B 7 R B A UL M 7 TE ST B A
RYFE L35, 15 8] T AR TN 25 . Kamruzzaman
AU S T 340 9 4 Ak B R R % A AT B T
T 7 e RO 3 3 | S T P A e T S 7 M
i, Albarracin 257 IR T 3 T2 Ym0 E
S W FE T B 5E AR, S 8 P i X R 4%
Ab 1Y Lighthill Ji 7 5K & #F 17 75 W B AL, P45 &
Ffowes Williams 1 Hall'”’ fi% 1 75 140 7 B2 Fm T
R EH WA WRET —Fh TR
Y97 S W 3 R R 4 N O 9 o

UL AR BUE By ok b iz (H R A
RREAD Ty i A0 o B A K B T B R ) 5 b O 95
FHEAN T By B, % 2R st R] J 1 B0 M ik
TEARIE FH 5 4R 1 2 28 56 3000 7 31 3 i (el AR e, 2
TR A A T By, Fink A K S0 8
SERAH KA M IEAE L, 25 T WO e R R S M
(2B A R, Glegg i j Xt K A1 L 5 i
MR HE, B TR AL TE A R RS Y ok
ZU I J7 ¥. Brooks 'R 45 My W & T
NACAOO12 3 AU 7E A [7] I ff AN (7] > I B DL K¢
AR BT 10 5L )2 i s 2 B0/ B 4 W e O
VAN 9 IS S vk R /NS W R S 28 vl RN
3 BPM 78 TR 43 8 7 )32 1, I 9 4 W 2
TR J7 HL W 75 B AR fF NAFNoise ™ e
NAFNoise " vh | i1 ¢ )2 S 80 fi ) XFOIL
AR5 TS 2 Brooks 5 1 B E 47 #%
JE B 22 56 B (A BPM 20 26) 0 15 40 2% 13
N2 117 T

AR 28 06 T 7 vk R AR T S0 HHE 5 3
f (H T AF S 36 T 9 B AL ARG 2 48 56 10 5
T g R T LR R e AR

K 2B 1) 3 Y 2 5 W 7 2 24 6 i 0 A 70 v S
SR FH PR S R ALY R 7 TR YR R g TS R
HX 2 AFEFEAMED . Heller fI Dobrzynskim:
{18 000 g S 6 248 SR 48 7 B AU W ) TR 300 B SR e M
SR E B, BPM 2 25 56 I 28 =X 8 o e g i
PR A R ) A, TS
PR T 43 8 W g T 7R R S M R R
T P 5L AT e R A Ok A R D TR R O R
S BT R LA A

Brooks %' (24 28 16 991 ) & 5L 2 W+ 4 it Ay
BRI, i X T RS R K HLIE L, BPM 2
50 T 2 2 A R TR I A SOk
e BPM 2 22 6 0 2% 3w Ay g 0003 B
JECIR, T 0 AL 48 0 3R Y i I 0 B R R 4 Wk R
BPM = 22 56 #5002~ k47 17 2t

1 BPM FZGEFMATHI S SRt

B 481 BPM Jy i (% 14 38 780 8 4 Wk 75 fly S A
T4 FE TG AR RN g T R e AR
TS 75 ] LR 7R R
SPL,,=101g( 10> + 10°™'%) (1)
A . SPL, Fi1 SPL, 43 1] > W Iy 1 A T8 7S R
A R R

Brooks 25" AR #E Ffowes Williams 1 Hall'”' 1y
A5 TR X6F R % Mk 7 S 6 KU AR AT 10 — b Ak B 5 5
W2 3 T M 75 5 A A R 2 T =Xk
&”waD)+A(SR)+(K'—3) (2)

St

Wgzmq

AP AR RS s Ma SR S A8 AL
53900 Ay W g T R G Ak 1) 0 R R A A TR R R L K
BE 5D R 48 ) 1 R BRI A (- ) B BRI AL, H
HAR & Se, = f8 /U, LAWK ) TH B 2k Ab i 2
FLA IR S 2 5 KB TR 97 IR 8 S R U,
SR JIE I 7 e it B 5 Sty Ay W g T P R S ARG ) U
BTG i MR 5 K IR AEAE T R E

R RE 1, T M s 5™ 2B 1Y) 3 3 75 s 4
WAAH

“Md’LD

SPL, = 101g(6" > ) + A(iil") +

(K -3) + AK (3)
KXrh:s, oy Jy i R & ab 1y ik B AL R
S, =f8, /U, VL 7110 & 2 Ak 0y ih 5t 2 7% &
JFE 225 K B 0 T R 55 WA B AK SR R 7 T A X
T TR A R STk, AR R IR A

AK {a(1.43@(Rew) =5.29)  Re,. <5000
0 Re,. > 5000
(4)

A ca NIRRT 5 Re, . S LUK 3 1] FE 2530 5=
MBIRE 8, NSHKENERLL.

DR T A A T Ty TR P R R P AR A TR
5 W% 7 TP R R R AN SR HE R R R SR Al
R AR ] RAAT B0 g A ) TR 2 R
N



88 =AU

NN S 1

A 4R

2017 4

=2
*

I, %9,
=10t (5)
b I, FUIT, 4y 90 R 9 R ) 6
I3,

P () RARX(S) T IE H
I*—gt( U*‘s:)' 10 Re.. < 5000
Hp @ v "
— =0
1. X

@, Re;.

> 5000

(6)
Kb HE AW IE RV R AL

M (6) AT LAFE i, FE Jy 0 75 s 5T Bk R
T Ty A A R Y TR AL R B . YR
Wi Re, . > 5000 [, F g v e Y555 Wy 7 T Y
PR Z LG IE T 7 T 5 W T SRR RS
JBREZI,

H T Ffowes Williams 1 Hall'”' it 38 70 J2 2 1
R AT X R Gk Ak 4 T T ik S AR A A, AN g
5 e R T R S W T R R T R 2R R R
Js g T P A g T P R A A S DT R 2 ok T
USRI o A, Howe ™™ SR 75 154 B3 X 2
GRUEFE AT TR A SR AT, A5 3 10 3 A R 2 M 3
WL Ny

C w2
M(x,0) =<pxui>2;'"-§(57) DF(w)  (7)

Krhip, WL H R u, TR GA R 52 B 15
B e Wl F(w) MR NWEREGC,

Howe ™™ {1y B 51 80 % JH T Chase™™" ft B
T 7 U0 2 401 2% 5 500 i AR IE 3 , E R A [ R
8 v R ) YL 2 L (R 2 A TR 0 R A
F(o) W2 RS0 52 000 A SR, o an i
EAFCR G E o N T 3RAS % B B A 75 22 1 i A
i As B, BRTTEAE ) CFD J7 i 41 24
BB A (TR = SR ) =3 BTN (= ST e B/ h = K G
1T R ]

M (7) BT LLE H7E Howe ™20 (i B 44 45 78
AN TR R T RS U A R T g TR R Y R T AR
5 HH R T 1 300 R ) 6 B8 R B 1 SF- O BUGE B, DAL
JE TR R R TR R 7R R Lk

2

H *
J:(ﬁ) (8)
VIR 8

il He A (8) Ak (6) mT LR B2 B %
Mg 7 A5 70 6 K T AT g T RS R RS TR 2 L
R—F M T BPM 2 22 5 1 ) 23 X, Howe ™™
JFE 25 W 75 LR v R ) TRT P U MR R A SRR N

HY T i 0 M PR Ok [T IR ) T M R R T
Bk, 2T LR AT, S A O - BPM 2 2256 T 2%
RS 38 Y i I 120 52 2 % M 7 A v ML TR o
fiti 2 7 BPM il 17 He g T R 75 R A P R TTRR

T BPM 2 22 50 Fi 2 2 7E A
9 500 K5 18, 4 % MR g Howe ™™ B i 45 70 Xt
BPM 2 28 55 F I 24 QR 4T 7 an R skt o 15 S
BPM 2 28 55 500 23 2 v 9 i g 107 905 IR 7 o A
50 T AR PR R R R G 2 L i ROk ) S 30 B2
BLH J5E B — R J7 I L B ko 5 30 R R LR TR
JEE B9 R 07 BCAE Fe, 80 AT LA B B 69 R ) T e
YR 75 A G STk S RO
AK:lOlg(%) (9)

5,

K3 (9) AUE A (4) AUA(3) 3 al LA 3

HCHE S 9 BPM 22 28 56 $500 24 5

2 FAZWHNANXEIE

2.1 HEIREME

7 SC Ve B A5 = HIL PR R AR ) 1
F14) 35 R it O 100 B ) R Sk S AR MR S ) R AT SR IE
FUHIH T 5 R T, HT 4 Fb T80 R Y 3R
RIS NACAOO12 3 AL 55 5 Ff T35 XF iy (1) 32 741 oy
AR JE X HLEL A DU-96-W-180, T4 1. T4 2
M3, A Re — 3, WM o A, TH 4
5T, B0 —30, R s B U, A,

1 HHEIR

Table 1 Computation cases

T.o H U,/ (m-s™")  Re/10°  a/(°)
1 NACA0012 56.0 1.5 0
2 NACAO0012 54.8 1.5 4
3 NACA0012 53.0 1.5 6
4 NACA0012 37.7 1.0 0
5 DU-96-W-180 60.0 1.1 4

AR IR R ) 22 B OpenFOAM
B S B T ORI EIR .t TIX S ALY
oK it PR, AT A AT L 2, PRt A T AT
JE SR A #% , I i U %6 $% SST ( Shear Stress Trans-
port) 1 J5 B AL R

AR BT A TR R SRR RE D
Lot A R S W k[ 21 ] .

2.2 BBENARSYIUTERI

1 S 1 3B i i 3 )2 R G M S BPM 2 &2
50 P 2> 2 DA K el i J5 B BPM 2 28 56 15 I 4 =X
o 2L 3 A e 25 Ak 1 Hs y TRT R W g T i B R A



1

FASE LT, 45 « 3R i Uit 2 % W 7 2 22 4 UM 2 ek ik

A AT R
EEEE 89

BRI NS o B2 6B R
Ve SE IR B W (R A L PR I R S X R A
o JEE 13 5 0 A7 3 3 A0 0F 1GR3 R L R
JE i SR B I

BlLAHM T TN L TH 2 TN 3 A E A
L 5% W T RIS 7 T 30 5 2 57 % D5 R I I £ 4 72
16K 22 DL BT H gl R o R AL T AR SO
(1 30 52 0 B R L T ELA 48 1 T B 46 3 A BF S
BLAG (4 [ 52 /50 )5 DLR 3 P& 45 K 2% TAG il
EPT K DTU) B4R BAM A T
Brooks 25 fit 2 22 06 F0 I 25 K45 5 B9 3 R
JEREAR S L Ca) 4 T 0 T R R R
JE 5 AR B OC FR T LA T B A A S
R JBE B 0, i3k 3 B T A S S T R
G0 H W AR RS R . WA 1(b) AT LLE
B % A BN, TR TR 5 E f R JE JE U
JIN I pl TR 08 0 S B0 R R 4 TR ) T 930
FUZEEAS SRR . I 1 X AT LA R
V& 15 7 1 A S R R T8 g AR L Brooks
2 U 2 22 0 R /D 5 X 3 32 R Brooks
2 U s W S I A BRRD T  22 M T A G
B GRS R A B A R AR A [
BFFE WL K 3 55 1% B B9 30 2 B B R I R
—3,

P2 4y T 3R R g TR ) T i )2
SRR (0, M 0,) BEXT M ALK R IWE 2(a)
AT LT Y B2 A i, 350 R W ) T 2
Sy T3 I A A 0, X T R Tl
T 30 5 2 B 2 A8 SR S 2 g5 IR 2 (b) TT LR
H B AR I, SR R TR g T R Bl iR
3£ I A A 38 AT DR /N X Rl TR ) A A
J2 BB A 75 B R B4 5 8 T LA R I8 R ) T R
W A2 B & R, 3 5B 45 R #B L Brooks
AEU R 22 00 WU B /D5 X E #J2 N A Brooks
At S R N 4 R T SRR T IR A S
B SRS I 5 B B R AR R

B3 TSI a =0 W, 38 R 4% A
JERI R IR &, R sh ik R 6, KT S A8 ik
KF o W LLFE B RO R, R e R
JiE A R Bl A B AL N T, % R D O ok
ViR B KU, B R %k R R B N § 8
(Ko 78T LU H S [ WF 58 H0AG 3 5 5 310 10 i
J2 R 5 B AR — E0, B8 L Brooks 2 2k
Z W WA /N 5 X B A Brooks 451 Sz
MR BT Z 2% THAF SRR, FH
S I 75 ) f i R AR JRE

5l

d'le

Fig. 1

0/c

a4 fe

0.04

0.03+

0.02+

0.01F

— LB AR
= DLR™

IAG
DTU ™
ATk

0.010

2
a/(°)
(a) Wy i

0.008 -

0.006 -

0.004 -

— R i o
2 DLR®I

s JAG™
DTU [33]
AT

0.002

I ]

al(®)
(b) & Sy

PR AL RS JE B RO (AL Ak

Variation of boundary displacement thickness with

0.020

angle of attack

0.015

0.010 |

0.005 -

ERBFMAR
o DLRP

a JAGHI
DTU®
A

0.006

2
a/(®)
(a) W

0.004 |-

0.002

280 T o
LR

o D

a JAGH!

DTU™
A3

a/(®)
(b) Ky

B2 5R s R B R 2 1

Fig.2 Variation of boundary momentum thickness with

angle of attack



db A5 R

90 db s A A R k2% 2017 4
0,015 =
— 200 FR 2 70
o DLRI®I
s IAGPY
0.012} DTU ™ :
FSV.L 60 Lo
o
=2 0.009 \ E
- O o 50
= w1
i F 40} —=—DLR Ry
0.006 ° - -5 — NAFNoise N
———— A !
0.003 L : s 10 20 3040
’ 1.0 15 20 S/kHz
Re/10°¢ () L1
(a) 1 SO RE IR 70
0.009
— LB A
o DLR® 60 =
a TAGH
DTU B o
0.006 o EHE = sof
-
o &
L5 g g 40
0.003 F - NAFNoise
———— A3
3 i L L
s skHz 10 20 3040
ob— i (b) L2
1.0 15 20 70
Re/10¢
(b) ih 5t )2 sl L e
B3 sl O B B IR I R i A s 1k g
Fig.3 Variation of boundary thickness with Reynolds number ;\
when angle of attack equals to zero =
2.3 i@iﬁﬂ?ﬁ%ﬂfﬁéﬂﬁﬁiﬂu e ——s=—— NAFNoise
o T B R 0 7 U 3 5 0, A X N B, L DS
BB ¥ 10 (0 58 1 6 5 8 2% W 75 M S0 o | L
—E R E M THEMBSIE N, IERERE 60
Zkr=1m,
Bl 4 (a) Sty T T 00 1 () 328 370 Wk 75 5000 45 1 or
— 0o a
R H L SPL, . 4 A5 06 W 75 74 T 9. WA 48 0 2 2 .l
AU 5 £ T 25 L 9 AT B O BPM. U0 4% S 7 5
PVE B oh O i, eloatk Ja i) 0 4 1% 5 % A 30f —<—DLR
N R . N - i |
BCHE f T A LT — B, i B R ) T i %
AN T W 7 5RO s w10 20 304
G5R G A R G AR, ST N 0 3 i F (d) L4
, . o 70
4°/F B 4(b) g T T 2 B TN A RS X . K )
X LG AT DA, etk S ) 00 A5 5 A B T A e GGL_
R ST A s SR 2 . B 4 (c) 4 i -
. s
T YA 6° /T T00 3 B Tl Ao 3% % Lk, AT DAE & S0t
=%
vl

P AT B B4 A A e ) T 4 2R A R T S

o 2 5L T SCHE I 0 B 25 SRR S | 5 9 L e A

BATATREE . T 4(d) 4 T T 4 T A e .
S T T3 4 G070 Ak O, ALt 14 B 25 bs 10 203040
BB 5SS L ARG, TR 4(e) 2 (e) L3

TR WL i B 4 W 7 U 45 SR X L, 7T L B4 T~ THLS MM

F W WA ok 5 BPM T 4% SR A =5 gt vt R a2 Fig.4 Comparison of noise prediction for Case 1 — Case 5



1

FASE LT, 45 « 3R i Uit 2 % W 7 2 22 4 UM 2 ek ik

A AL

M ] 91

B X E 2R i T BPM Al 1 7 A R Y
Tk o T Rt SR A BPM 0 AR 3 A S 00 R
FIARAE IR ZZVE 2 N, 5 S A5 R ) S IR 4 o

3 & g

1) 73 Hr L4 758 BPM f 246 50 22 50 5
Howe J& 2% I B 10, 4 BLAG 48 BPM 2 22 56 i il
2% 3AE e A L 0 5 K 2 22 ol T A% 48 BPM
e 22 0 TN 24 3R A T I T R A

2) Pt 7L ST BPM 2 22 55 F0i 23 5 b i
o3 T U N R S g T P R R R R A 2 HE
R TR 19 s TG P -5 R TG S R A 7 A A T R
ZWIE LTI R AR JR 2 LBt o i 3R AL
BIEREMN KT Z .

3) i ik Je B BPM 2 28 5 B 2% X0
NACA0012 FE A F R Sy HLJE 3 A DU-96-W-180 i
77 7 e 7 U, 5 S 25 RN bk B s e gt I
9 BPM 22 28 56 F5T0 28 300 AN R 38 AN [R) e ffy T
HHA B RERE

2% 3k (References)

[ 1] BROOKS T F,POPE D S,MARCOLINI M A. Airfoil self-noise
and prediction: NASA-RP-1218[ R ]. Hampton,, Virginia: NASA
Langley Research Center,1989.

[ 2] YANNICK R, MOREAU S, MAUUEL H, et al. Fan trailing-

edge noise prediction using RANS simulations; ATAA-2010-

3720[ R]. Reston: AIAA,2010.

ANA G S,TOM H,HOWARD H. Experimental investigation in-

to trailing edge noise sources: AIAA-2006-2476 [ R ]. Reston:

ATAA ,2006.

[ 4] ROBERT G R, MILLER G, GUO Y P, et al. Airframe noise
studies-review and future direction: NASA-CR-213767 [ R ].
Hampton, Virginia: NASA Langley Research Center,2005.

[ 5] WAGNER S, BAREIB R, GUIDATI G. Wind turbine noise
[ M]. Berlin; Springer, 1996 ;67-80.

[ 6 ] POWELL A. On the aerodynamic noise of a rigid flat plate mov-
ing at zero incidence[ J]. Journal of the Acoustical Society of
America,1959,31(12) :1649-1653.

[ 7] FFOWCS WILLIAMS J E,HALL L H. Aerodynamic sound gen-
eration by turbulent flow in the vicinity of a scattering half plane
[J]. Journal of Fluid Mechanics,1970,40 :657-670.

[ 8 ] LIGHTHILL M J. On sound generated aerodynamically:I. Gen-
eral theory[ J]. Proceedings of the Royal Society of London, Se-
ries A ; Mathematical and Physical Sciences,1952,211(1107)
564-581.

[ 9] LIGHTHILL M J. On sound generated aerodynamically: IT. Tur-
bulence as a source of sound[ J]. Proceedings of the Royal So-
ciety of London, Series A ; Mathematical and Physical Sciences,
1954 ,222(1148) .1-32.

[10] HAYDEN R E. Noise from interaction of flow with rigid sur-

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

faces:; A review of current status of prediction techniques; NASA
CR-2126[ R]. Washington,D. C. : NASA,1972.

CHASE D M. Noise radiated from an edge in turbulent flow
[J]. ATAA Journal,1975,13(8) :1041-1047.
CHANDIRAMANI K L. Diffraction of evanescent waves with
applications to aerodynamically scattered sound and radiation
from unbaffled plates[ J]. Journal of the Acoustical Society of
America,1974,55(1) :19-29.

CRIGHTON D G. Radiation from vortex filament motion near a
half-plane[ J ]. Journal of Fluid Mechanics,1972,51(2) :357-
362.

AMIET R K. Noise due to turbulent flow past a trailing edge
[J]. Journal of Sound and Vibration,1976,47(3) :387-393.
HOWE M S. Edge-source acoustic Green’ s function for an air-
foil of arbitrary chord with application to trailing-edge noise
[J]. Quarterly Journal of Mechanics and Applied Mathematics,
2001,54(1) :139-155.

ROGER M,MOREAU S. Broadband self-noise from loaded fan
blades[ J]. ATAA Journal,2004 ,42(3) :536-544.

WANG M, PARVIZ M. Computation of trailing-edge flow and
noise using large-eddy simulation[ J]. AIAA Journal,2000,38
(12) :2201-2209.

EWERT R, APPEL C, DIERKE J, et al. RANS/CAA based
prediction of NACAOO012 broadband trailing edge noise and ex-
perimental Validation; AIAA-2009-3269 [ R ]. Reston: AIAA,
2009.

KAMRUZZAMAN M,LUTZ T,HERRIG A, et al. RANS based
prediction of airfoil trailing edge far field noise: impact of iso-
tropic and anisotropic Turbulence; ATAA-2008-2867 [ R ]. Re-
ston: ATAA ;2008.

ALBARRACIN C A, DOOLAN C J, JONES R F, et al. A
RANS-based statistical noise model for trailing edge noise:
ATAA-2012-2181[ R]. Reston: ATAA ,2012.

AL, G AR . — i ik 57 19 0 b 1) 3 Y 8 4% 0 93 W 75
B g5 (3] =S 8 71 %41 ,2016,31 (1) :115-123.

BAL B H,LI X D. A RANS-based prediction method for the air-
foil broadband trailing edge noise [ J]. Journal of Aerospace
Power,2016,31(1) ;115-123 (in Chinese).

FINK M R. Experimental evaluation of theories for trailing edge
and incidence fluctuation noise [ J]. AIAA Journal, 1975, 13
(11) :1472-1477.

GLEGG S A L,BAXTER S M,GLENDENNING A G. The pre-
diction of broadband noise from wind turbines [ J]. Journal of
Sound and Vibration,1986,118(2) :217-239.

MORIARTY P. NAFNoise: A program for calculating 2d airfoil
noise. Design code[ EB/OL]. Golden, Colorado ; National Wind
Technology Center, 2003 [ 2016-03-17 ]. https: // nwtc. nrel.
gov/NAFNoise.

GUO Y P. Slat noise modeling and prediction|[ J]. Journal of
Sound and Vibration,2012,331(15) :3567-3586.

GUO Y P. A component-based model for aircraft landing gear
noise prediction[ J]. Journal of Sound and Vibration,2008,312
(4):801-820.

GUO Y P. Flap side edge noise modeling and prediction[ J].
Journal of Sound and Vibration,2013,332(16) :3846-3868.



AL ALF R

92 S e PN g5 2017 4
[28] HELLER H H,DOBRZYNSKI W M. Unsteady surface pressure 1 : Trailing-edge noise [ C] // Proceedings of the AIAA/CEAS
characteristic on aircraft components and far field radiated air- Third Workshop on Benchmark Problems for Airframe Noise
frame noise[ J]. Journal of Aircraft,1978,15(12) :809-815. Computations ( BANC-1II ). Reston: ATAA,2014.
[29] HOWE M S. Trailing edge noise at low Mach numbers [ J]. [33] HERR M,EWERT R,RAUTMANN C. Broadband trailing-edge
Journal of Sound and Vibration,1999,225(2) .211-238. noise predictions-overview of BANC-II results: ATAA-2015-
[30] HOWE M S. Trailing edge noise at low mach numbers, Part 2. 2847[ R]. Reston: AIAA,2015.
Attached and separated edge flows[ J]. Journal of Sound and
Vibration,2000,234(5) :761-775. EEE T
[31] CHASE D M. Modeling the wavevector-frequency spectrum of MEL B E0d, FRIR T 0 A%,
turbulent boundary layer wall pressure [ J]. Journal of Sound
and Vibration,1980,70(1) :29-67. EBER OB, EEWR I RHEE GFEAG
[32] HERR M,BAHR C,KAMRUZZAMAN M. Workshop category i

Improvement of airfoil turbulent trailing-edge noise
semi-empirical prediction formulation

BAT Baohong, LI Xiaodong”

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

Abstract: The traditional BPM semi-empirical prediction airfoil turbulent boundary layer trailing edge
noise was improved. The traditional BPM semi-empirical prediction formulation overpredicts the spectra in high
frequency range at high angle of attack or for thick airfoil. Tt is found that it was mainly caused by the overesti-
mation of the noise contribution from pressure side source through the analysis and comparison between the tra-
ditional BPM semi-empirical prediction formulation and Howe’ s trailing-edge noise theoretical model. Then
the ratio of noise contribution from suction side and pressure side source is improved to the square power of
boundary displacement thickness rather than the one power appeared in the traditional BPM semi-empirical
prediction formulation. The improved BPM semi-empirical prediction formulation is employed in the airfoil tur-
bulent boundary layer trailing-edge noise prediction, which shows that better results can be obtained from the
improved BPM semi-empirical prediction formulation for NACAQ012 airfoil at high angle of attack. The predic-
tion for wind turbine airfoil DU-96-W-180 is improved significantly by improved BPM semi-empirical predic-
tion formulation.
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Force based impedance control of electro-hydrostatic actuator
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Abstract: As a kind of compliance control method, impedance control can realize force and position co-
ordination control. So it has obvious advantages in the applications that the actuating systems are required to
interact with the environments. Because of high energy efficiency and compact structure, electro-hydrostatic
actuator (EHA) with force based impedance control has an extensive prospect. The force controller of EHA is
the foundation of the impedance control. Due to the uncertain external load characteristics in impedance con-
trol and the time-invariant parameters of EHA , the quantitative feedback theory (QFT) was employed to de-
sign the force controller. The mathematical model of EHA was analyzed first. Then the uncertainty range of the
controlled plant was combined with the performance specifications of the system to quantitatively plot the
boundaries on the Nichols chart. The open-loop frequency characteristic curve of the nominal element was ad-
justed to satisfy the limitations of boundaries and the force controller was completed simultaneously. The force
control and static/dynamic impedance control experiments under various load characteristics were conducted to
examine the efficacy of the system. The experimental results demonstrate that the force controller designed by
QFT method has sufficient robustness and the impedance control of EHA is achieved successfully.
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robust control
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Influence of EUT radiated emission testing location on test results

LYU Dongxiang, SU Donglin

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

Abstract: In order to improve the measurement precision and reduce the influence of equipment under
test (EUT) electromagnetic radiated emission testing location on test results in electromagnetic capatibility
(EMC) semi-anechoic chamber, this paper studies the influence law on electromagnetic signal radiation emis-
sion testing of semi-anechoic chamber typical resonance frequency for different testing locations of semi-ane-
choic chamber. The research is modeled, simulated and calculated by geometrical optics, consistency of dif-
fraction theory and multipath effect algorithm. The math model and computational formulas are proposed, be-
sides, the influence of direct field is eliminated in the math model. The electromagnetic propagation effects of
reflection, refraction and multipath effect in the testing are comprehensively considered. The calculation re-
sults of math propagation model and actual testing model that eliminate the influence of direct field are com-
pared. The results verify the effectiveness of math model. This research supplies theory basis for correcting the
results of electromagnetic radiation emission testing in different positions of semi-anechoic chamber, which is
also helpful to improving the measurement precision of electromagnetic radiation emission testing in semi-ane-
choic chamber.

Keywords: electromagnetic radiated emission; semi-anechoic chamber; testing location; measurement

precision; electromagnetic compatibility
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Influence of opening ratio on acoustic damping of orifice injector
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2. Department of Space Equipment, Equipment Academy, Beijing 101416, China)

Abstract: According to the length and the inlet boundary conditions of injector, the gas-liquid coaxial in-
jectors of liquid rocket engine are simplified into four categories: 1/4 wavelength closed tube, 1/2 wavelength
closed tube, 1/4 wavelength open tube and 1/2 wavelength open tube. Linear acoustics is adopted to analyze
the influence of the inlet opening ratio on the acoustic damping capability of the injector in order to obtain the
law of the acoustic influence of opening ratio. It is found that the inlet opening rate has a very different effect
on the damping capability of the injector under the conditions of standard length and optimal length. The
damping capability can be greatly improved if the inlet opening rate and the length of the injector are chosen
reasonably. The research results can provide reference for the optimum design of the length and inlet jet of the
injectors, and acoustic damping of the combustion chamber.
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Micro-Doppler resolution of multi-ballistic targets in midcourse
WANG Yizhe', FENG Cungian'> ", LI Jingqing' , MENG Fanjie'
(1. Air and Missile Defense College, Air Force Engineering University, Xi’an 710051, China;
2. Collaborative Innovation Center of Information Sensing and Understanding, Xi’ an 710077, China)

Abstract: To solve the problems of overlapping and difficult separation of micro-Doppler information of
multi-ballistic target echo in narrow-band radar, a novel method based on auction algorithm and wavelet analy-
sis is proposed to separate micro-Doppler of multi-ballistic targets. First, based on the sliding scattering mod-
el, the time-frequency skeleton is obtained by preprocessing. Then, the path length is defined by variation
rules of Doppler and estimated precession period. The shortest paths corresponding to Doppler curves are ex-
tracted by auction algorithm. Finally, micro-Doppler resolution of multi-ballistic targets is realized after trans-
lational motion compensation by wavelet analysis. Simulation results indicate that the method can solve path
selection problems well in intersection region, and is suitable for various forms of micro-motion.
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Fig.1  Alignment errors for pitch angle,

roll angle and yaw angle
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Table 2 Statistics of alignment errors
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Rapid coarse alignment for marching vehicle based on GPS and odometer

TA Gaoming, SONG Lailiang” , RAN Longjun

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

Abstract: Aimed at vehicle-mounted strap-down inertial navigation system (SINS) , a rapid coarse align-

ment method for marching vehicle is proposed. The matrix between navigation frame and body frame is decom-

posed into three parts. The problem to solve the matrix between navigation frame and body frame is attributed

to solving the matrix between initial body frame and inertial frame, which can be obtained by the non-colinear

vectors constructed with the vehicle’ s velocity from GPS in navigation frame and that from odometer in body

frame. The only requirement of this alignment method for marching vehicle is a turning movement in the align-

ment stage. Compared with the existing alignment methods, this method does not use the measurement infor-

mation of accelerometers. The simulation results show that the coarse alignment can be fulfilled in 1 minute,

and the alignment error is less than 0.3° with low accuracy gyros whose zero bias is 0. 1(°) /h.

Keywords; coarse alignment; GPS; odometer; non-colinear vectors; turning movement
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Table 2 Geometrical parameters of slotted cylinder
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Effect of angle of slit on shedding vortex of slotted circular cylinder
LIU Zhirong', ZOU He', LIU Jinsheng’, BAO Feng', ZHU Rui""

(1. School of Acronautics and Astronautics, Xiamen University, Xiamen 361005, China;
2. School of Aeronautics Engineering, Tsinghua University , Beijing 100084 , China)

Abstract. Vortex shedding from a circular cylinder with a slit which belongs to the unsteady flow of bluff
bodies has very strong application prospects. However, it is still difficult to fully understand the complex flow
phenomenon. Using flow visualization and particle image velocimetry ( PIV) measurement, we explored the in-
fluence of a slit on the flow field structure. Adopting the method of proper orthogonal decomposition (POD) ,
we reconstructed the flow field in the series of operations on PIV data. The experimental results show that the
flow in the slit demonstrates periodic motion, and this oscillating vent-flow greatly alters the near wake flow
features within a certain range of Reynolds number. Shedding vortex frequency of slotted cylinder has certain
sensitivity with the angle of slit. The Strouhal number increases gradually with the increase of the angle, and the
Strouhal number of slit ratio (slit/diameter) equals to 0. 15 is more stable than that of slit ratio equals to 0. 10.

Keywords: slotted circular cylinder; shedding vortex; particle image velocimetry (PIV) ; proper orthog-

onal decomposition (POD) ; Strouhal number
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Fig. 10 Comparison between simulation results and test data of acceleration with continuous shift
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Table 3 Simulation results versus test data

I R/ K 3B F v R ML K i A5 2 EBUE SN T

Pl (km - h~") e/ (r - min~") /(N - m) B/ (- min ') LS/ (N - m)
W iE R®E/% WK% iR R/ KB iE RE/% WK iR RE/% KR iE O RE/%
3 11.0 12.2 9.8 2007 2070 3.1 1450 1270 -16.7 355 381 7.3 6243 5416 -13.2
4 17.4 18.2 4.6 2131 2180 2.3 2070 2054 -0.8 566 572 1.1 6880 6634 -3.6
5 27.2 26.5 -2.6 2210 2181 -1.3 2490 2437 -2.1 845 832 1.5 5785 5828 0.7
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7 48.4 48.1 -0.6 1795 1810 0.3 2802 2798 -0.1 1525 1520 -0.3 3090 3080 -0.3
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Modeling and simulation of multi-axle vehicle powertrain system
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(1. School of Transportation Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Beijing Institute of Space Launch Technology, Beijing 100076, China)

Abstract: In order to study the dynamic load characteristics, the multi-axle vehicle powertrain system dy-

namics simulation model was developed. First, the engine dynamic characteristic model was built by obtaining

the cycle fuel injection quantity-rotate speed-torque MAP according to the load characteristic test data and es-

tablishing a fuzzy PI controller to adjust the cycle fuel injection quantity. Second, the transmission system was

built with modeling of the torque converter, the simplified clutch model, the transfer case, the interaxle differ-

ential, the main reducer, the wheel-side reducer, etc. Finally, the multi-axle vehicle powertrain system dy-

namics simulation model was established in Simulink. The comparison results between simulation and test data

show that the model effectively simulates the dynamic load characteristics and the speed characteristics.
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Table 1 Throughput under uniform Bernoulli traffic

H—f i (f, =0.2)
ik IR,

H— 3k (f, =0.5)

JA— AL (f, =0.8)

0.90 0.95 0.99 0.90 0.95 0.99 0.90 0.95 0.99
MF-MRSF  0.999993 0.999988 0.999935 0.999974 0.999968 0.992779 0.999976 0.999971 0.986 823
LCMS 0.999991 0.999985 0.999 586 0.999973 0.999977 0.995416 0.999977 0.999977  0.986048
MUCB 0.99999%4 0.999989 0.999945 0.999977 0.999989 0.999902 0.999972 0.999980 0.999917
0Q 0.999995 0.999991 0.999957 0.999984 0.999993 0.999939 0.999983 0.999985 0.999937

*£2 1% ON-OFF I & i@t &
Table 2 Throughput under uniform ON-OFF traffic
. H—fbf#(/, =0.2) H—fb % (/, =0.5) H— {3 (f, =0.8)

Rk 0.30 0.60 0.90 0.30 0.60 0.90 0.30 0.60 0.90
MF-MRSF  0.999999 0.999997 0.999758 1 0.999956 0.995 684 0.99999%4 0.999952  0.985620
LCMS 0.999998 0.999992 0.999 696 1 0.999969 0.998816 0.999992 0.999968 0.985124
MUCB 0.999999 0.999997 0.999701 1 0.999973 0.999 674 0.999993 0.999983  0.999583
0Q 1 0.999999 0.999762 1 0.999977 0.999 878 0.999997 0.999989  0.999 859
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Packet scheduling algorithm for mixed unicast and multicast traffic in
CICQ switches based on Work-Conserving
LIANG Jiacheng, XIONG Qingxu” , YAN Fulong, XIAO Han, ZHANG Yuanhao

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

Abstract: A new crossbar buffer balanced scheduling algorithm called multicast and unicast crossbuffer
balance (MUCB) is proposed for combined input and crossbar queued ( CICQ) architecture switches, which
accommodates mixed unicast and multicast traffic. Different from the popular algorithms mainly based on traffic
state such as queue length and/or waiting time, the proposed algorithm aims to make the switch operate in
Work-Conserving state to the largest extent by balancing the occupancy of crosspoint buffers. In addition, to
achieve high throughput and the scheduling fairness at the same time, the proposed algorithm considers enough
the difference between unicast traffic and multicast traffic as well as the mutual influence relations of input
scheduling and output scheduling in a CICQ switch. Simulation results demonstrate that under different propor-
tions of multicast traffic, compared with the existing popular algorithms for a CICQ switch, MUCB algorithm
can significantly improve the total performance in terms of throughput and average packet delay for the mixed
unicast and multicast traffic.

Keywords: packet switching; scheduling algorithm; multicast; unicast; combined input and crossbar

queued (CICQ) ; Work-Conserving
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Abstract: Based on the solution algorithm of state equation in modern control theory, analysis and com-
parison between interval analysis method and stochastic process are proposed to solve control system with un-
certain but bounded parameters. After the definition and influence of uncertainty in engineering practice are
known, the uncertain parameters were expressed in the forms of interval and stochastic process. To obtain the
response of the system, uncertain variables are divided into the one related to initial condition and the other
concerned in system input; zero input response and zero state response. According to extension principle of in-
terval function in interval analysis and Chebyshev’ s inequality in probability and statistics theory, based on
mathematical proof and numerical calculation, the problem of compatibility of using non-probabilistic interval
analysis method and probabilistic approach is resolved. The results illustrate that with the uncertain input in-
terval vector which is acquired by probabilistic approach, the system’ s response interval acquired by non-
probabilistic interval analysis method contains the one obtained by probabilistic approach.
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Maglev electromagnetic radial spherical magnetic bearing design

ZHAO Hang', MIAO Cunxiao*, ZHANG Liyuan', HAN Tian', REN Yuan’, FAN Yahong’
(1. School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China;
2. Department of Space Equipment, Equipment Academy, Beijing 101416, China;
3. Beijing Institute of Control Engineering, Beijing 100190, China)

Abstract: Due to the large interference torque of deflected cylindrical magnetic bearing, this paper de-
signs a novel electromagnetic radial spherical magnetic bearing. When the spherical bearing deflects or offsets,
the electromagnetic force will keep pointing to the center of the rotor, which can reduce the interference of the
stator poles on the rotor torque and improve the control precision of the magnetic bearing. First, the working
principle of the spherical magnetic bearing is illustrated and its mathematical model is established. By using
the theory of equivalent magnetic circuit method and finite element numerical method, the current stiffness and
displacement stiffness of the spherical bearing are calculated. The results of the two methods agree well with
each other, indicating that the finite element model is reasonable. Then, the finite element method is used to
analyze the interference torques when spherical magnetic bearings and cylindrical magnetic bearing deflect.
The calculating results show that the interference torque of the spherical magnetic bearing is 1. 8% that of the
cylindrical magnetic bearing when rotor reaches the maximum deflection angle 0.3°, showing that spherical
magnetic bearing relative to the cylindrical magnetic bearing has greatly improved in the ability of anti-interfer-
ence torque. Finally, the interference torques of the spherical magnetic bearings with X and Z offsets are also
analyzed, showing that the calculation results are quite to the deflection torque. Therefore, the designed elec-
tromagnetic radial spherical magnetic bearing has the advantage of low interference torque, and can be used for
high-precision control and angular rate detection of inertial actuator in aerospace engineering.
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with elements obeying exponential distribution
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Dynamic fault tree analysis using sequential binary decision diagrams
LI Peichang, YUAN Hongjie ", LAN Jie, CHENG Ming

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

Abstract: In order to solve the problem of the existing dynamic fault tree analysis method, such as state
space explosion, low computational efficiency and limited application range, a method for dynamic fault tree
analysis based on sequential binary decision diagram is proposed. First, dynamic logic gates are transformed
into logic gates with sequential events. Next, sequential binary decision diagram model and Boolean operation
with sequential events are presented. Then, failure paths of dynamic fault tree are obtained by sequential bina-
ry decision diagram and extensional Boolean operation. Finally, probability calculations for sequential events
with multi-unit are deduced. With a certain ammunition as an example, considering the imperfect coverage
problem, the dynamic fault tree is analyzed under the situations of exponential and non-exponential distribu-
tion. The results show that this method has the advantages of high efficiency, high accuracy and wide applica-
bility, which provides a theoretical basis for the reliability analysis of complex dynamic systems.
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sis; imperfect coverage

Received: 2016-01-11; Accepted: 2016-02-29 ; Published online: 2016-04-01 17 .07
URL : www. cnki. net/kems/detail/11.2625. V.20160401.1707.003. html
Foundation item: National Defense Basic Scientific Research Program of China (61325102)

# Corresponding author. E-mail: yuanhongjie@ buaa. edu. cn



2017 48 1 A
4348 1

> 2t
EtEMEMRAXAEZEFR :":"3—*& January 2017
Journal of Beijing University of Aeronautics and Astronautics e 5 Vol.43 No. 1

http ; // bhxb. buaa. edu. ¢n
DOI. 10.13700/j. bh. 1001-5965.2016. 0045

jbuaa@ buaa. edu. cn

ETHRERMZIRESEHNBAEMBEF X
%, e
S

(e Zs AR K2 HLAE TR I A sl ik 2= B, dbat 100083)

i B AVAEBRNBEARTECREN, AT EANBAZXLFRAENEL
FRARPATHE X RN E A EABEIN B AL LT R AR RN Z LA RN & KA,
AXEY —FEN T B IS N SR E S AFHL 8 A KB AR A B AR B3E 2 ST AT
EHEFTR NAFEEREETREGETBRENN T _REEFT BB, XA &N
FRFEHERERBBEFEATTIRINBAZEITRZAENELR AR EN T E, KB NAX
HEFHMHERBRER T 20 A 4R, BELURNEERREHTRIET XM T ENE
B, &, AXHIET NAXIRE T ENREERALELS MWL ETEELE, R

A AL A AR S B R AL R o

X B W MBEA; FE; FRHEREE; B TEBE

&4 KS . TP242
N akERINAD . A

BEE Tl LA AAE B S AR A i 3t 37 #0k
i, 4R LA N A ARG R T T AL g N8
PG Y /5 9 BF s ol 2 — " Tl pLes A
bR A2 T8 A 3 28 HLaR N EFT S B b € 5 B
ar N T H AR A5 E s Bl ae A5 HAh 30 4% 19 56 &R
AV DO P E I L O At PUR /5 E ]
BT HLAS AR TE B B K J i i 3 2ok v A Y
I A g S DR VA O AR RE o 7 58 LA 1 26 hn
RE A, AT LA R 5 2 R bn g LR AR E Tk Ml 4R
NS AR b 2 5 0 A B 2R YOG ZR R S BLALAR N
DEERAE o HLAE A B 3 A8 AR 2R — B2 e 7E HL 2%
B R 7 S Bk r — s AR e 30 o 00 S 3
EAFE] AL g AR S )k =2 AR AR AR A R
(9 o anfar S BLAE LA A SR AL AR 2R FITE 22 AL bR AR A
WS TBR P 17 100 DR v Aty 52 AL i N A A AR 5
AR AR R ALEEARAE 7 AR B AR 2 4R
e AL N E RORGBE ?

XEHS: 1001-5965(2017)01-0176-08

Rossano"*' il Gu'® % iz [ HL #% A A 3 5 Bk
T B3 TR 25 R L AT TR TR 1 2 fih o AR 8 AS [ 2
fl (V% ST T ANAH AR O BR AL BIHLER N FE A bR R
A5 A8 45 R (B B O 2 2 i ST 7R LA N 0 K I
T H B A FRIREE A i S ml b Y, IF B3 Fh 7 ik Xt
RERR LA IR IR ARG 18 SR AR 5 AT R AR T x
Blas b 1 Fh 2 23 5l J:47 Sz o), 12 3 il &
I S 3RO R B AR A SR i s 2 s B AL
A NFE RS R bR, H 23X 7 ik R AR O &
AR A B ST B P AR . FAR S Ll
I R ER AN AT I AR, I B DY T B 3R s
B THLAE N EE AR R 5 AR bR R AR L
F ORI AN Ty 4 B T B R T 22 A AR R Bl AR AR
3O 8 o RO IR R AR I A B, R RE R B
A BRHE 2 Ae bR FR 0 B IR HL S N BB 8 ), AR
SCER X EL A BRBAL A A JE A bR 3RORIE 22 AL bR R Y
ER I AIL A A4 T — bR S A o R O s, Rl

WFs HES: 2016-01-13; RAHHA: 2016-04-15; M 4% H AR AT 18] . 2016-05-04 14 .06
M 4& H R b4k : www. enki. net/kems/detail /11.2625. V.20160504. 1406. 002. html
E&TH: EREF-AUT 58T (A0320132007) ; F B 575 KL 30 (20102X04007-052)

# B IL4EE : E-mail: hanxianguo2003@ 163. com

SIR®R: B4, #AEH RTHRERAREGERNBEAZCAE T[] A FMEMKAFF®R, 2017, 43 (1) 176- 183.
FAN M Z , HAN X G. Precision improvement method for serial robot localization based on a new calibration and compensation strate-

gy [J]. Journal of Beijing University of Aeronautics and Astronautics , 2017 , 43 (1 ) : 176- 183 (in Chinese ).


Administrator
新建图章

http://www.cnki.net/kcms/detail/11.2625.V.20160504.1406.002.html

1

140 % 0T B R R o L3R (R 177

Aok S 06 56 0E IO P B A 4 2R 4 B — iR B4 067 2 b
B0 5 RE A B O M 2 R LA N B9 K

1 HREHEBRES

BLas N BA 8 1E AL & A IS B B9 55 A8 AR &R
10y F LA JEN E FEN LB N R Ui (905 2 AR &R 1O
X 2 A AR R AR JE R BB TR P AR LR T AR
SE BUE LA, 5 B S — NI AR R O,
I o 6 A o [ 7 270 3 A HEAR AP, P, P75 5
IR B AL X T 00k A R AR O R, I RE A E R
SETERL e B E T AR T A I I A B AR AT
THLAF NS AR R B AL LR T, A6 S A 1Y
i, A 3 S HEAR AR AR AR ZR 1 O, | T B9 AR bR
JE TN, HLA Ak 22 AR R AR X T 3 AR AR AR 1Y
A7 28 AT UE o AR A AR A 21 (AT RUAR 38 B4
NN E) DH 280887 |

2 FREHER

2.1 ENTHEBIGEHRE

R PR 1T 705 B A 2 RS, 47 1 s I0E L 5%
NGB B A 0L 5, P PO R AR B T
T, AR Ty Top,, HUAR & P, (P, Py 7E I 52 AR
PRE 1O, | AP, P, PR P, P, P,
PR 2 ffok. T SR AT SR A A A T, , A8 3¢
R T e T A g s S R B T 8

EMAT L I 2,3k 2 bR R O, | AR
B0, | 7T LA R v 22 AL b 2 RS BIL A Al
FRE O, | AL AR R {0, | B B BB A S Al
Z10,, | AR R |0, |, 25 H 58 UE H BRI
L ARFRR O, | AR T LS ASEARFE R 10y, | F
M A BR R Oy | IR R TN Ty, F1 Ty,
BRI PRAE AR AR ZR { Oy | T Oy | FIDEE KRN T,

A 1 AT SRR Ty, BV B T, T LA 32
RARASE], BEW AT AR Ty o 1 T Al Ty P
Tk 22 A bR R R B Y (B2 AR 5 P, P, P, T

, e dr Z,

P L ok

P"pp‘ ‘PE}I< Ve B2 AbbR A
3 ! S

k
\ XS T K
z,

Ty Y g

R Y PP 4
7 P S TR
/i':’fl,i

\ *,

PLas A LA PR R

B L AR e
Fig. 1  Calibration model

X, HLAR A FEAL R 2R
2 S AR e ik e An R
Fig.2 Coordinate system model of equivalent

transformation method

M B AR PR FR O f XM B AR FRFR {0, | R AR B i
CLHIAY 0 1 SVD 35 PRSI T, s o
T, ., =SVD('P, ,,;P, ;) (1)

HR Al T 2 v = A 1) 2 B G &% AT LA 3
T,,=T,'T, ,.T, (2)

AT IR BN GE Ty oy, ~ Ty, 1 Ty 7%
e T, AL S T,

A 3R 1 57 8 5 U G W B A Oy 3 35 A7 R
iR, TS X T A B R I Ak A &R i AR AR A
(X YV Z]"Hiie TR %R e R

O do O O oo O
R, . qr HB L, 04 ty . =R, @PHPZ HB L 04 L,
050 B 5 5o o
(3)
MR R X Y 2] R(3)
RS AT AR R A AOCR W .
R, R, =R,R, , (4)
Ry .ty +ty 5 =Rty + 8, (5)

2.2 MASEERRERENARETHR
R 22 A5 B AT LA i Ry 2 FioE U0 7 B A%
B R R OR BT 9 A R A
3 AR LR IR IFE O TSR i aok R v A A g Y
55 O, AR R b i Ak TR
B R, PEAT % 18 AR AR B AR 4 T A5
R, =(I+S8S)(I-8)"'=(I-8)"(I+8) (6)
X (6)RAK(4) AT

G =A -S“B, +B,-S-S-4,-8S=0 (7)
A
A =R, ., - R, ,,
B, =R, ,, +R, ,,
M -¢ o
SZB 0 —aEl
L o Y



178 | R [ N N S < 4

A 4R
| 8 i |

M R, BKT (a,b,c) MeRi%L, I H R, 2
Ry o, B HE) R, ML AZ He o B, (0 i 2 2 %K
P33 Bk S R (7)) LR E R, 10f# , N ik
e B AUBOE 52 5 — A U (4) s i 07 # o
7 S T ML A A B3 64 a7 2 I D R s
R 3 AR KUARAR
G,=A,-S:-B,+B,-S-5-4,-5=0 (8)
XH.A, =R, ,, - R, ,,;B,=R, ,, +R, .o
2.3 MAmMNERERBTHER

A0 (7) A (8) 3 BN = K T2 (a,b,¢)
=00 IR MR T R, AR XS R, B SR il bE A
B2 5y, AELA L St A A 0 T DA A

HFE R, PR (a,b,c) RN IR
TEHEAT SR AR, Hoad B R ¥ e L /N TIRIE I E
P BRI, R 05 I A kA S L B (a, b, c)

A o
HRA f5e /I e v 7. b R
F=16,(a.b.c) [ + [G.(a.b.0) [ (9)

PeE LA R, AR abc BT TE
X (9) PHERE S b K F et a boe SR T -

F]:aF:sum[Gl. X —§-31+31°§—
da da da
aS°A,°S—S-A1-aS)+(—aS-BI+
da da da
Bl-as—as-Al-S—S-Al-aS).xG1]+
da da da
sum[G2 X(_GS B, 2-§—§° )
da  da
d

S_S.AZ.S) . (aSBBaS
da Ja Jda

aS-Az-S—S-Az-aS). xGZ] (10)
da Jda

A ssum () FoRHE PP A TTR B

[F] B H A 45 30 h

S PR RN =
gi-Al-S—S-Al-gi) + (—(;‘Z-Bl+
l-i-g-Al-s-s-Al-‘;i). xGI] .
SR RN e
S—S~A2-g‘2) + (—(;“Z-BZ+BZ-2“Z—

a8 aS
ab-Az-S—S-Az-ab). xGZ] (11)

2017 4
F3=8F=sum[Gl.>< (—aS-B1 + B, .95 _ a8

dc dc dc  dc
AI-S—S-A]-§ +(—aS-Bl+Bl-

dc dc
aS_aS.AI.S_S.AI.aS). XG]] +
dc  dc dc
sum[Gz. X (—aS-Bz+BZ-aS_aS.A2.

ac dc  dc
Sosoa ) (B m

ac ac ac

aS'AZ-S—S-AZ-"S). ><G2] (12)
ac ac

BE—WEx(0) =(a, b, ¢) , KHHSE
FEARA L (10) ~ 5 (12), 3K 80 4 = 2 A
IF(x(0)) [, 2R [ F(x(0)) || <e(e JMEEEME) ,
W) x(0) Sy B3R5 2R (| F(x(0)) || = &, 4 35 4+ 1
e AW

aF

x(i+1) =x(i) - (67) . CF(x(i))
1=1,2,-,k
Hrpr
mqf oF oF o
[Pa b dc [
gzgn aF, ang
0x [ha 9b o9c O
HF, oF, oF, 5
567 b GCD
o (x(i)) O
F(x(D) = (x(i) g
L (x(i)) Y

AT 2 WA, R (| F(x(s)) | <&,
2ox(s)=(a, b, c )RR AR, 45 R i 25 5
R (6) 7T LA B AR a8 B b i % A
¥R, .

BOGRIER (5), I 45 A bR sk i i 8 25
SRR R, , BAT SR AS A 8 16 ¢, SR T EE T

. O : )
tpzélzl__([RB>R2_I3><3]1.[RB>BZ_I3><3]) ].

I__t-lp; % RB~>BS - 13><3 RBHBB - I3><3
[RBHBZ - I3><3 ] ! . [thlurz - tBﬂBZ

] (13)
R -1

B—B3 3x3 RPtPaP3 - tBﬂBzy

3 HRERK

ENLEE NG b Rbr g I H i RS H
APT JOGER B2 AL (3 /4~ §0 5 8 Al KUKA Fg 1 Tl
P2 A KR210 R2700 44 5%, tNI& 3 Fr /= o



51

S T b R R T R IR A RS I 7 2

:itﬁﬁf"" 1’

179

TSN 3 A B AR T E AEALER R 0 AR R
Pl KUKA HL2§ NGB s 3] 5 — 07 % id 5% F Bb it
T AR s 7 A5 8 XY\ Z A B C, [R) i i L
TN A G 3 A bR S kR P, P, TP A
— AR IR SR T 6 A . IR Es R Tl
SeLEERIE 1R,

PEAT RO Ab B, R Ry 1R B 6 B
3ABE A — AR E AR, N I R B
AT € =20 U451, Khn e MBI T, 5
e E A B MESER, B8EBEH ZYX B

20 HE R AL AR B2 dlih 2 K (LK 4) 0
BEEER

K3 tRERBRS

LA HATER JHNT WS E AT 5 7 B 00 vE R P s B % Fig.3 System of calibration experiment
F1 BRERBIER
Table 1 Records of calibration experiment
= 1 2 4 5 6
X/mm 787.08 1 034.80 .15 920.70 845.21 1260.31
Y/mm 652.11 421.65 .07 716.23 624.32 779.90
Z/mm 1397.13 1510.33 1421.27 1300. 67 1336.91 1256.55
A/(°) -17.88 3.59 .65 34.18 0.52 26.86
B/(°) -34.95 -14.42 12 14.70 26.71 50.43
Cc/(°) -131.82 -108.07 -77.79 -48.75 -122.20 -80.52
—-1451.6941 -1532.0754 -1389.2756 -1388.2781 -1465.0915 -1104.0852
$E1‘/T<)£PP]/mm 1261.1261 939.9405 1342.0428 1159.2002 1207.2960 920.8180
870.6370 1016.8270 L6331 864.7954 882.3916 836.600 1
—-1481.2436 —-1511.5478 —-1356.8446 -1341.0887 -1492.6352 -1124.3930
iEﬁ:)ﬁPPz/mm 1176.5776 874.3971 1337.0263 1197.0634 1173.3683 946.8551
849.1372 955.5218 .5800 795.3994 801.3349 750.6445
-1429.1399 - 1466.6288 -1306.9963 -1288.5433 -1413.1110 -1046.6973
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Table 2 Results of calibration experiment

EY 4 X,/mm Y /mm Z/mm A/(°) B./(°) C./(°)

B 2614.63 1173.67 490.06 55.31 -0.08 -0.21

4 FMEZLI

HY T 3R 2 D TR A T AL A A 2 45
P4 A i 07 28 45 S, 3 WA G B LA — 2 S
DAL 7 FH e 2 205 R 2 B2 N 138 38 0 S A A i
() LR RS R — AR & . 53 Ak, R HLER A
AR B 1) B S VR B IR e, BRIV R FH RS B 0
IXES bR i AR TE — R R
PG B, 25 E — 20 4 v R AL A8 A RS B, 0
X HILA N HEAT 7 S M2 T 15 3 H B A

AMEE SIS 3 B - D TE LA K o W 3 4
=R | RPN SRR & IR CE VAN L XA
BTN HILAS AR i B AR i 76 I o AR A R Y AR A DA K
7 s a5 76 0 B A B 3R 9 A A 5 D38 3 4 i R
BRHLA N iz sh il AR i Y 3 AN AR S S H AR EAR 5
A, 08 30 58 UG HLAR A8 B 3 A AR A
bR s @A 3 A AR AR A 5 HAR AR AL I8
FHAME S B A5 BIHL RS A (038 s & P R AL A2
3,0 s 3 1 3 A HEAR A AR AR
4.1 7 =

AR SCARYE S M AR AR T —FP B i 10 M
B T HAEZ 5 A SE 50 ik BT 3 A2
SR Ll — i FH A A MR B T R ARG

3 A B D - AR ) G A A S
H AR AR AT DA H bR AL 28, B HIALES N iz
B Hb LK, AR IR S BAn AR E 4
AR 1 B 0 75 380 1) 4 i B AL R T i 7
4 0 b T DAAS 3] s s 0 1 07 %, D E bR A
ok 25 ) A B ) 47 AT B A AR fb B AD SR
W 57 22 A A b > AR S 2SR S H R A %
LR YNSRIV ES=wi
XY ZA B C)=XY Z A B C)+AD

(14)

BN I AN R S TR, Y AL A A s F
H AR A7 B I Y i # AR 4 P, P, Py R RS H
PREEAR Py Py Py E A HAE A AR S AT, 2

BIS oAb Bk i

Fig.5 Principle of the new compensation algorithm
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Table 3 Target data records in compensation experiment

with universal compensation algorithm mm

BFTS PR AR H bR bn AT wWEE
-1408.80 -1455.28 -1455.39 -1455.30
AR AL 1398.80 1263.11 1263.22 1263.21
1027.63 848.95 849.21 848.94
-1416.39 -1463.87 -1463.99 -1463.87
SR 2 1347.08 1211.64 1211.75 1211.74
1081.34 902.76 903.00 902.74
-1416.51 -1450.18 -1450.29 -1450.18
FEFR A 1400.22 1262.90 1263.00 1263.00
1140.48 961.97 962.22 961.95
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Table 4 Target error values before and after

universal compensation algorithm mm
Ui FLAR AT 1 FLAR AT 2 AR AL 3
] 0.30 0.29 0.29
N 0.10 0.10 0.10

RS HMEEEMEREEFBELER

Table 5 Target data record 1 in compensation experiment

with the new compensation algorithm mm

AR TS PR EAR ERTY LE 7D AT S
-1408.82 -1455.28 -1455.34 -1455.30
RS 1398.83 1263.11 1263.31 1263.13
1027.55 848.95 849.28 848.95
-1416.41 -1463.87 -1463.94 —-1463.88
FUBR 5 2 1347.13 1211.64 1211.85 1211.66
1081.25 902.76 903.07 902.75
~1416.52 -1450.18 -1450.25 -1450.18
bR 3 1400.27 1262.90 1263.10 1262.91
1140.39 961.97 962.29 961.97

K6 FMEEEIMEWRERRERE

Table 6 Target error values before and after

the new compensation algorithm mm
o L HLAR AR 2 bR A3
AT 0.39 0.38 0.39
NI 0.03 0.02 0.02

RT HMEEEMELEEARBREIER2

Table 7 Target data record 2 in compensation experiment

with the new compensation algorithm mm

BARIF S WG H 4§ b AT 2R
-1630.62 -1470.65 -1470.99 -1470.67
LYY= 631.62 385.45 385.36 385.43
888.57 875.46 876.05 875.47
-1632.82 —-1458.37 -1458.74 -1458.38
R S 2 681.02 434.08 433.99 434.06
940. 35 926.55 927.13 926.57
~1648.09 -1473.47 -1473.83 -1473.49
HUER 5 3 611.25 364.67 364.57 364.65
947.85 937.06 937.64 937.08

FS ~ K8 TEN A S bR E T kAR B 22,
IFEE S AT OB A R IS ILAS A BE % 15 B AR
e R RE 2 B2 K BE(H 29009 0,03 mm, Jy ik B B
R AT EAT A 2 B 3 AR IE Bl

x8 IMERIREMRIREE

Table 8 Target error values before and

after compensation mm
i e bR L BB L 2 bR A3
FMZ R 0.69 0.69 0.69
SR 0.03 0.03 0.03
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Precision improvement method for serial robot localization based on
a new calibration and compensation strategy
FAN Mingzheng, HAN Xianguo *

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

Abstract. Before the localization operation, the serial robot position relationship between base coordinate
system and measurement coordinate system needs to be demarcated. For the hidden robot base and flange coor-
dinate systems of serial mechanism, a kind of equivalent transformation method is presented in this paper,
which is combined with the application of the target-points coordinate measurement data at the end of the robot
using laser tracker to establish the calibration matrix equation. Calibration equation can be transformed into the
ternary quadratic matrix equation form by Rodrigo matrix. Then the matrix equation between the robot base and
measurement coordinate systems can be solved by using least square method and Newton iteration method.
This method is verified by calibration test and 20 groups of calibration results are obtained. The calibration re-
sults combined with a position compensation algorithm can greatly improve the localization precision of robot.
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Fig.3  First-order bending formation
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Wind tunnel test of gust alleviation active control for
flying wing configuration aircraft
YANG Junbin, WU Zhigang* , DAI Yuting, MA Chengji, YANG Chao

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

Abstract: Flying wing configuration aircraft is advantageous on the characteristics of stealth and aerody-
namics, but due to lack of conventional elevator and rudder, gust alleviation control method for the aircraft
with conventional configuration is not suitable anymore. For the flying wing configuration aircraft with large as-
pect ratio, a wind tunnel model, support system with two degrees of freedom of plunging and pitching, and
gust generator which is capable of generating continuous sine gust are designed. Three control schemes that
can simultaneously reduce wing tip acceleration and wing root bending moment are designed using classical
control law theory. Wind tunnel test of gust alleviation active control is conducted and the open and closed
loop test data are analyzed. Test data show that the wing tip acceleration and the wing root bending moment
due to gust of flying wing aircraft have a large peak at the frequency of pitch mode, while the peak at the fre-
quency of first bending mode is relatively small; for different combinations of control surface, the effects of
gust alleviation are different; for flying wing configuration aircraft, selecting the appropriate combination of
control surfaces can effectively reduce the gust load and gust response.

Keywords : aeroservoelastic; flying wing configuration; gust alleviation; active control; wind tunnel test
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Sea surface oil spill detection method using BeiDou satellite reflected
signal and its experiment
WU Jun, ZHANG Bo" , HONG Xuebao, YANG Dongkai, HAN Mutian

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

Abstract: To monitor the oil spill situation in small-scale fixed sea area, a shore-based sea surface oil
spill detecting method was developed using BeiDou reflected signal. This method applies/global navigation sat-
ellite system-reflection ( GNSS-R) technology to shore-based oil spill detection. A shore-based experiment has
been carried out, in which a right hand circular polarization (RHCP) antenna and a left hand circular polari-
zation (LHCP) antenna were used to gain the direct and reflected raw signal power from the BeiDou satellites
based on signal synchronization respectively. After BeiDou satellites’ elevation angle and azimuth angle are
taken into account, whether oil spill events happened or not can be judged from the retrieved dielectric con-
stant of sea surface, which is obtained from the reflectivity calculated according to the extracted signal power
values. Experiment results show that the mean and standard deviation of retrieved dielectric constant is 3. 6
and 2. 13 respectively on an oil covered surface, which is in accordance with real oil dielectric constant that
falls between 2.0 and 4.5, and much smaller than dielectric constant of sea water. It proves that the method
using BeiDou reflected signal is feasible to detect oil spill events in shore-based environment.

Keywords: global navigation satellite system-reflection ( GNSS-R ) ; BeiDou satellite reflected signal;

shore-based platform; sea surface oil spill detection; dielectric constant
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Calibration of reaction wheel torque measuring system
based on wavelet methods
LIN Xia'?, BAI Tao', WU Guogiang', XIONG Shujie' , LIN Baojun'"

(1. Academy of Opto-Electronics, Chinese Academy of Sciences, Beijing 100094, China;
2. University of Chinese Academy of Sciences, Beijing 100094 , China)

Abstract. It is a superior new closed-loop simulation method to introduce reaction wheels’ real-time
torque acquired by a torque measuring system into satellite semi-physical simulation. However, due to the sus-
tained external torque introduced into the simulation closed loop, the semi-physical simulation could not run
accurately in a long time. To solve this problem, with experimental data analysis, it was determined that the
reaction wheel measuring system was the external torque interference source. Then, based on the wavelet
threshold filtering method, we eliminated the initial bias by using the real-time wavelet filtering method and
cancelled the process deviations by moving average method incorporating with wavelet de-noising method, and
thus the measuring system can be calibrated accurately. Finally, with these methods applied, the satisfactory
result was achieved in the semi-physical closed-loop simulation.

Keywords: semi-physical simulation; torque measuring system; reaction wheel; wavelet analysis; real-

time filtering; de-noising
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