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Trajectory linearization control based tracking guidance design for
entry flight

SHEN Zuojun® , ZHU Guodong

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

Abstract: A novel use of trajectory linearization control ( TLC) method was introduced in the guidance
law design for hypersonic vehicle entry flight. By exploiting the inherent characteristics of time scale separation
of entry vehicle dynamics, altitude and velocity could be controlled separately via outer and inner loop design.
In the outer loop, path angle was used as pseudo-control for controlling the altitude. In the inner loop, the
flight path angle command and velocity were tracked using bank angle and angle of attack as controls. A linear
time-varying controller was designed for the feedback loop to stabilize the error dynamics. Feedback gains were
computed online and are the symbolical functions of reference trajectory, therefore no explicit gain scheduling
or mode-switching were needed. Extensive dispersion simulations show that this guidance algorithm can
achieve precise trajectory tracking and is trajectory-independent. The simulations also show that an integrated
entry guidance approach which combines the use of TLC-based tracking guidance law design and on-board ref-
erence trajectory planning can significantly enhance the autonomy and adaptability of entry flight.

Key words . trajectory linearization control ( TLC) ; entry flight; trajectory tracking guidance; time scale

separation ; nonlinear control
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Multi-mode vibration suppression of clamped plates based on
piezoelectric networks
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Abstract: The exact solutions for transverse free vibrations of a clamped plate were adopted as the modal
coordinates to solve the given electromechanical coupled kinetic equations of clamped piezo electro mechanical-
plate in modal space. After the computational analysis was conducted for harmonic response of the clamped
piezo electro mechanical-plate which was stimulated under single-point excitation force, the optimal parameters
of electrical components in piezoelectric networks used to suppress different resonances were obtained. For the
clamped piezo electro mechanical-plate with parallel resistors and inductors, it has more than one local optimal
parameters comparing with a simply supported plate. The clamped piezo electro mechanical-plate has the abili-
ty to suppress multimode vibration by analyzing the effectiveness of these optimal parameters on other reso-
nances. In addition, the effectiveness is more sensitive to inductance comparing with resistance. The clamped
piezo electro mechanical-plate with parallel resistors and inductors is more effective than piezo electro mechani-
cal-plate only with resistors in reducing resonant response at single resonant frequency, while the multiple-
mode vibration suppression effectiveness of it with parallel resistors and inductors will be decreased.

Key words: clamped plate; piezoelectric ceramic; circuit networks; vibration suppression; optimal

parameters



20154 11 H
AL 11

tEMEMRKEFFER

> 2
:":'ﬁ'a-*g‘ November 2015
B
Journal of Beijing University of Aeronautics and Astronautics mE 15 Vol.41 No. 11

http : // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2014. 0726

ETEIHNBHTANZTERRERRSR

NS | N N 2 \ 2 3
BHE", WREFE, ZLE, TAK
(L. BRPHALZS MU R LA AR TREFH, W 1101365 2. WIALA MR K (362 BE, WM 110136
3. REMT R BT EESER TSI, KiE 116024)

jbuaa@ buaa. edu. cn

=N
SCEL

i B HNLZ AR EAZRRERA T FAEN EZN RN, RET —MET R
Mg EH (RHO) WAL R R R E A Z R AR L X R AR TR 548, RAHINTT A
ERRAREZENG IR PN R R BN, TR TIAARRRAEAREBRARS T B2
O EH ARG U RSB RET. A S REBRI R ERE R EANAT R
AMAETARSE, FEFNIHRASZENGRRFE AN W F BB EHRNOL XA
G RRREEFAEEN KRB REHTEANEZRER TEERRN, ELXTRXRRAELAK
BEALT, B X BEXRARTRIA R KRR W AR A EHARE, BAN G R HHATH

K H AL Bh R
x #
hESES. V271.4; TP273
SERARIRAG . A

P g 25 B D 3 B B0 B N 2, TN R SE L
(UCAV) [l HL 2l Je 5 ) B0 H AT © & B %5 TE A HL &
IO S Bl AR A R A R AR ke 1R % B R4 Y o
W BRI, %2 OHL 3 P 3 07 VAT < R 5 3
A XT3 v B R G ik ko s o PRk T
L G FR G R 25 R SR 5T v A o B R R
IR . T KRG — R AR B A B R S,
AR BT R4 e o o B AR
$5 % SRR AT I AR X A L AR e S 0y v,
REZEARTEMAT K, X T WA W
PSR B M At R T, A T e
R L5 e TRT AL R

IR 1 % 22 B A 28 WODL Bh e 5 L 1y 17 I A5
B B RS B B TR R R G
T fif B0 AR 2 1 A B B , 2 MR — B B R
e RAF R B 28 IS, B R Rk

R at s (RHC) ; S pEf A Mk £ XA%; TR

NXEHS: 1001-5965(2015)11-1994-06

TR T B kA R R G R B, A
KAEEH L RRGE TSRS L, MR
Ge i BLR AN, RGER R S AU L X RS
PEAT S LB TSR

1 EREGNIRREMI=HEER
ok raes

1.1 ZHENHIRRERREEAREN
2SS TSR L K R G F 8k 3 AR 4
A, BRR A BB A L. T K RGN
AL A IR 25 I AL 280 J i 2R A5 24 I 3R
T EHER, h X RGMEHIF EHFER S
AR 2 AN B 9 2 PR BEAT DL IE, EL 3 R 3 4
A AT BARST (9 HLIU AR A 32 ML DU i o 2 9 45 3
A AL 3 2 vh AR L AT BL 8D, OF T RLRET. 58
NIRHLIAT SE WL BN I, L KR G822 45 € 1 I [6]

W B 2014-11-19; EABH: 2015-02-13; MK HRRATIE: 2015-04-02 09 :35
X 2% R itk . www. enki. net/kems/detail /11.2625. V. 20150402.0935.003. html

EEWE: HEARFAIES (61074090) 5 fi 28 B2 5 4

« WIAEE . A (1968—) , &, iIL T RURA , ##2, ffulli@ 163. com, FFHF 55 J7 ) AP 58 fE R 4%

Sl A, #aEk, 2tE, & RTRIMBBEANERAKERAL[]] L FMEMK A FFH#,2015,41(11) : 1994-
1999. Fu L, Xie F H, Meng G L, et al. An UAV air-combat decision expert system based on receding horizon control [J ]. Journal
of Beijing University of Aeronautics and Astronautics , 2015, 41 (11 ) : 1994- 1999 (in Chinese ).


Administrator
新建图章

www.cnki.net/kcms/detail/11.2625.V.20150402.0935.003.html

%11

AT, % B TR S A BN MR TR RS

AL HLF M
1995

Vi) B T R T AL 288 SR AR BT — I 220 1) 75 A
BRJE PR T IR, L E A MRS . f e nT
A LUK A TE R 28 50 A2 4 s — A A
A s T, 4 A ] Js B TG B L 3 #L 3 i
VR R, R 52 12 i 8k P Y ke S R G N R ML
(1 TRAT , 3K S AL Bl A B gl 2 TE N ML A B &R
T
1.2 BfEsERNEE

W DL XA 6T KRG T A S
i 3L T B UL, % B R e AL Bl D O a4 i )
AR O R AL (U (1) ~2(3)) el ¥
Flu(t) e 2,0 =ty,t, b, R A, 13 PE AR+
5 J(x, u, ) EK" .E*,Q%%%ﬂiu(z)%%ﬁ
G SR N A T AT M 371 SR &% b
e (1 4 — B ).

J(x, ,u,)= i F(x, ,u, ,x, ) +d(x ,t)
(1)
xzf(x’u’t)’x(to):xo (2)
u(t) e (3)

Ko Y FCx,u,x, ) WESER ¢ (x, 1)

Fmtabr sk =f(x,u,t),x(1,) =x, HREGAR
BITRE 31, F 2, 0 B ) UG I 8] AT AR AR 50, AN
x, g3 A S 2 A& iR 2 5k =0,1, -+ ,n 1.
1.2.1 ZAkEH5EMHE

o TR FALF B BRHLA AR Xz g, 2
M7 A F I B APRZS 1) 5 X, X, RER, TR«
b 43 BRI T (L0 07) Rl () -

X . =(x,,y,,2,0,0,,¢,,06,) i=r,b (4)
APy, Az, B ARAR R R SO AL E AR AR 50,
BB BE 5 0, T, o3y A A AR AR
ASCHIL TR AR A AT 328 T S R AT 38 VR B £

22 AN A R s e, ELABR R S HLHE B
AT HE Ty ), ) TRBLAE I AR AR R b BT B
NI N

I'/:g(nx - sin@) (5)
=€ (n - cos
=& (n, - cos0) (6)
__ &
" Veos Qn‘ (7

KV Ol AT RN VO AR LR 0
JULTIE AR A 5, U QAT EE T 1), 8RR A )
6] 3t Al 1] 3 s, A n, B BT AT U R
L kmEE R e, = /0l 0l e, Mo, 5050 T
Al i ZR AR T b Al AL B 2R A B B0 A S E A A 38 A

BRZ O, B 0, i1 F 0050k ¢ T i A o
B s S, i

P I A B R RS A R 9
hpmw$mUTﬁ%&MTﬂ%ﬁ§Tmmﬂ

fisU 4 A0 #0032 7 67 #R R TE o RO B IR
A AT b

[gosfcosy cosfsingy - sinf—

Lkg=E|—sin1p cos i 0 El(g)
Qinacosz/f sinf@sinyy  cosf =

[gos@cosyp - sing sinfcosi

L, :Lk: = Hos@sin(ﬁ cosyy  sin@sinys El

U _ sing 0 cosg

(9)

w, sinf cos O

1
. .. 0O
+ @, sin @ sin
=g v Y5
L w, cosf U

Fuma(als]
ﬁDDD”DD
fursjal
-0m0
=
FEBRIBE
- DD] O

(10)
R ML BT 11 T8 B2 O 2t 45O 3 i v A o it R
J5 , A AR 32 B 2 7 R

V.=VcosOcosi (11)
V. =Vcos@siny (12)
V.=Vsing (13)
=V, (14)
y=V, (15)
z=V, (16)

KV, .V, V. 45k
.0, AN O, Bl oy i

MR8 2 Ty 27 B (K (5) ~ﬁ(7))ﬂli
Sor A (L (1) ~ KX (16) ) nf g, H %
T ERAIL A 20 B RS R B Z) Eﬁ%’iﬁ?ﬂ
o3 n, n, B n, BIRTSE R AR RS Ty dr FR A
AT RN AL T — B 2 RS
1.2.2 424 29 ka5t

B3l 2 VE e A 7 pb e 5 8 FH A s A 4 2 e
SE A5 LB D SRR ) el IR B TEIRR R G
Bt b, 5 R 36 [ 1 A A K R (NASA)
SeEPE T RS R |
RV | F K B T | Fe Kok A o e K 3k
ot d Rk B MRS E AT B B TR
BLBh &R AT LA i ix 7 Fh R A3 4 i — A el JL
Pl B . A SCHL B SR PEAE AR 1 7 Fob BEAS 45
z&kzﬁJﬁEE’JﬁEmL N UL 28 25 BOOR TRAT B AR
WA, ST — S 3 i i T R B, 9
ﬁ,ﬁm\#ﬁmzﬁﬁuw/mzw#.

XFF T A FEAREY AR BT, A SO &R

B2V AR O,



1996 b B = R R

A A 4R
EEEEE

2015 4¢

GURSTT UL B n,on, Fon, AE D 2 1) 722 4
JF LART DL i 353 3 2 2 50 14 748 Ak A Ok 4 1
BLSE AL B B A . XT8R2 P i i 11, w] LUK
AL B 73 il Ry 3X T R AR S A b — i El L
P & e AT R, BPLAR U5 2 S R
i LI SR AT AE T R R B R R TE R A Y
AN [a], Y4 7 B BEAS B A, DT 58 R AE 1
AR B R BT

AT DL AL B T R A R SR A T R
M, T AL R B n, on, Bl 0, X BE SRR
AR O B, S T R RS2l bl
By Y B T R S RALIRES X, B4, B
DL Bl 2 ) Q@ 8 12 T X RGNS R %
il 5w (o) R HLBN PR 25 S HLE) .
1.2.3 REMNFH R RIBAR RS

AFRHLAL &0 R R(O) , 16 AL b &= R X
WAL A BOSFAO R AT /0BT, I 1 s

X :

B

y u

R(©O) Y,

oy s — EVRR 30 f6 FELBR E A6 5
v, v, — T HL I JE 2K Tk OB o R 2K B 5
B—EHL E R(0) — T LA B 5 D— AR 85 5
D s — LT 2 B84 B
Dy — T L 5 05 AR T 3
I WHLE SR KR

Fig.1 Relation of situation of two sides in air combat

230 H YRR R B B o B s o | b il
FLIe L33 T7 I8 1 W 64 E 7. AL 28T K s 2
S O T BANAS SR 32 A i i
25 AR F L H R BB ST, 2% DA A S X
BT T R B XM 59 T ol X4 52 X 9 5 T AT
SERLAIAT BT LAAR SCAE HE ST A5 0 B R B
I, 35 5 R A I 4 o B B A e AR A i
L3 pR %L

1) fA AL R %KL

A BEAL B R BOC R B R AL AR 19 A B
B IR HARTr AL /N AT 5 A
il A BN A T R T L R R TR AL X B
HILAY b 325 2 e K, S5 BB AL X BOHIL AT R B

ARk A 4 AN BT R B A A oy M 60°,
IR e KA E e N 85,85 H AR TT 62 £ 73
o TR IR R X T A R T kR KRR R R
DXLAAN 3 A4~ DI, O 3 A BE O 35 pR 4K

%]_ W\‘SSO 85°$‘¢‘
10 x(180° - 85°)

= 2( |y |-60°)

S = —_ o o
v %5 5 x(85° —60°) 60° < |y | <85
v o o

H- el 0° <[] <60
(17)

2) HEESLH AL

I A o B T AR B B R AE TR AL
SN RV IR N . Y AR R E D R T 3L
5L Fie KA PR SR B 2 Dy, B, P LA FEAHLAY
B DL AR /N BB 3 25 0T Xk B8 ) i /),
BLHEA TR ALY 5 55 1) 565 e 0 A, FRHL 6% B e 0

D, +D,
SEEHTIE G, TT LA 2 D = e i

2
PEH Ik B e KAH, BE A U B8 A4 E— 20 /)N, L 2
Y HRLA L D /N T AL T 96 /A AT kR
PR Dy, I, FRAL A R 5 00 34T 853 322 Wk /N I
T 0. MRAE LL_E B, B R O ek R

u-u(,)l

S, =e (% (18)
A p, = et D (19)
AR D =Dy, D=D W, ¥HS, =

0.95, A7 1E 2570 A bR ifiE 22 1
o,=2(D e = Dymin) (20)

3) il AL B

S L e it 950 R 1 Lk 5 A
S LAY Bl B, DU S HLL 3 R ) 0 4
B 8 0B 25 1 Bl S B 30 B % AR LS 4T
7 0 R RS T L7 B B e, 2 7
e T3 B R, % H AR AL S B8 79 i ) 48
AR SCHS BE B AR SOPL S RE S HRE 9 I, E SCRAL

AL RE R

VZ
E=H 4y (21)
A H R ERPL S R BRLAE 20 E R ECh
8 I
1 E
- P
S,=@p? 0.5<-" <2 (22)
1 E,
@k, 5 <0



A5

%11 AT 5 0T 8 2 B T ABLZS B K R 1997
AHFE, NIRRT (L0 YL BE & £, & Wi M Yok
(W7 ERHLEAN BB

L35 75 DB L RIEE 8 2 () A AH OGO &R L TE I,
PAFR A7 £ 5 55 B B 1 238 P 3. e T LA
2 S B B R B T R A

S=K,-S,-S, +K,S, (23)
ALK, K, B IRCR G BA K, +K, =1(0 <
K, K, <1).

S54 UL b B Sn i s S A H R B, LUE
I 2 AL A HAE S TSI 221
VR FRHLHEAT B B DR SR 1 46 F -

F(x, u, ,x, )=50t,) -5/(,) (24)
S, o) AES, Ceyy ) 20 500 O B AL AN 8 AL AE
MHT?'JEI’J?“%%%“{E Fe AL 2 A R B AR ) 4

*rzFu“u,m>wu 75 I R o T AL
R FOHLAG 25 95 B 40 2

2 ETEIREBEINERRRR
REHFTESHERIE

2.1 EFERIHHEINERRFESNFTE

7% 3l B 45 #% #] ( Receding Horizon Control,
RHC) 2 20 fH22 70 44X Tl 5 & Se iy 8 i ok
) —Fh i vk, OO R AR LR S AL B T
i) 4 Ja) [ 30 1 SR itk 2 A R AEZR IR Sh R AT 1 — &%
G Jry PRI A ) R, A5 45 T 5 52 2% P 0 B3 B 5O
FEAB MR FEAR. IR S AL B> RHC AL 553 72 7)
R E S (LB R A E &) H
AN B 1w i 4 E 9 O A DX T, B by T gl i ds . A2 —
RSN TF LG, T &R G0 24 5K S AE 0 46 4%
P8 1R SR A Z AT BRI SO B d5 0 42 1 1) 3L, 74 3
AR P 9. AR 2, AU R A ) Y
B A ERE S LR B RGP BT &S
e, A DL b R B A Bl A A AR A SE 2, 5
SR A SO 0 P 3 1) VR B, TR LR Sh AR A
XF T AR A LY o DL K A 2 o S R R 2R A R
85, AEANHIE BARAKIZ S5 BT IR Sh
S A e — P AR A O kT R Bl g
il ER AN 2 frs

3 DA b B, AR B R — R R R 2 T Y )
V) i 2 1T 5 619, AT R R I 220 0, 09K 3 I e
Kt +nAe],n RS BOEE K, A g PSR
N LA S N TR T
Ity sty s ot - KRS 2 15 T 2
SR R ARG AS AL Bl Tk SR i DG 4 AR U)K

nn-|

- - .
u‘.ﬂ~+1|'k+l l”‘J.~-o—2|’l.-+l “{c+3|f1.+1

a1

k+1

w
&-— Mer2 ‘m Mz Hhalice

hrn--- ,
ITF

Hy My My

P2 7l A dalogs ] it 2
Fig.2 RHC schematic

itk R Bl I 3 P e DI R B L, s s
u, o, ) R BR BRECH

J(x1,‘+mm|1,\ ’uzk-o-mAtlzk) =

2 F(x/pmAH/A uLA+mALHA ’x1k+(m+1)m| Ik) (25)

2.2 (FERIE
BERE 25 W IR 2% AF A IR KRG b R U
2GS MR L R RAGRA, Bt LR ARG
BRI L R R G FON B, B e O e B L K
FRGLH A T A 3E V. D7 BRI IR ARk ]
7.
x1 HEMBEEH

Table 1 Initial conditions for simulation

ERHL x/m y/m m  o/(m-s"') 0/(°) w/(°)

FAHL 10000 10000 10000 150 0 60
AL 10000 0 10000 150 0 0
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An UAV air-combat decision expert system based on
receding horizon control

FU Li"', XIE Fuhuai’, MENG Guanglei’, WANG Dongzheng’

(1. Faculty of Aerospace Engineering, Shenyang Aerospace University, Shenyang 110136, China;
2. School of Automation, Shenyang Aerospace University, Shenyang 110136, China;

3. Faculty of Electronic Information and Electrical Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: Aiming at the poor adaptability of expert system in air combat, a maneuvering decision algo-
rithm based on the receding horizon control (RHC) method was proposed to improve the air combat maneuve-
ring decision-making expert system. Firstly, the optimal control problem was systematically analyzed in the air
combat maneuvering decision-making expert system. The system state equation, the index function and the
control constraints of the maneuvering decision-making optimal control model were established. On this basis,
according to the principle of the RHC method, the whole air combat process was divided into some sequential
ones with the finite time horizon. In each time horizon, the optimal control model of the maneuvering decision-
making expert system was solved to conduct air combat maneuvering decisions with initial state updated. The
process was repeated until the air combat was over. The simulation result shows that, through solving the RHC
optimal control model of the air combat maneuvering decision-making expert system, the unmanned aerial
vehicle (UAV) can rapidly take effective maneuvering decisions in the case of expert system failure.

Key words: receding horizon control (RHC ) ; optimal control model; maneuvering decision; expert

system ; air combat
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Table 2 Influence of tether length deviation on the radial parameters of CCPTS
LBEE 2 i 25 kg Al=0.01m Al=0.1m Al=1m Al=10m
(kN « m)
Ry 4% 2% /m =0 (7.6,7.0 x10 %) (75.7,6.6 x107°)  (757.4,6.67 x10~*) (7572,6.67 x107%)
0 X2 /rad =250 (7.6,7.0x10°°) (75.7,6.6 x107°)  (757.1,6.67 x10°*) (7574,6.67 x10*)
- o (9.36 x10 7,
(Ry,0) Ry XM 22/% =0 159 x10-%) (0.00093,0.00015)  (0.0093,0.00152) (0.093,0.015)
(9.36 x10 7,
0 FEXT i 25/ % =250 159 x10-%) (0.00093,0.00015) (0.00933,0.001516) (0.0933,0.015)
. X
Ry 45T 2/ 0 (9.78 x10 2, (9.78 x 102, (0.976, (9.769,
r=
(m-sY 1.9x1077) 1.96 x10 %) 1.95x10°7) 1.96 x10°°)
. . 9 Y X 0.0101, 0.101, 1.014, 9.772,
(Ry,0) 0 X fii 22/ 7 =250 ( -9 ( -8 ( -7 ( -6
(rad » s 2.0x10°%) 1.96 x10 %) 1.956 x10°7) 1.996 x10 %)
Ry HIGHR 22/ % =0 (0.057,0.000188) (0.571,0.00193) (5.698,0.0193) (57.03,0.194)
0 H R 2%/ % r=250 (0.0857,0.000185) (0.8567,0.001808) (8.601,0.01804) (2.808,0.1974)
Ry, doxt 2/ 0 (2.2x10°3, (2.2x107%, (2.1x1073, (0.022,
T= 2 - - -
(m-s?) -5.63x10°"?) -5.69 x10°'") ~5.94 x10°'%) -5.79x107%)
e oy B 2.7x107°, 2.8x10°%, 2.7x107%, 0.028,
(Ry,)  OEMEZR, L _osg (2.7 %107, (28107, (27107, ( "
(rad + s72) -7.02 x10°'?) -6.98 x10 ') -6.29 x10 ') -7.55x107%)
Ry AR 22/ % =0 (0.00687,0.0659) (0.06869,0.666) (0.6556,6.952) (6.8686,67.767)
U RS % =250  (0.00357,0.00495) (0.036,0.0492) (0.3339,0.443) (4.0603,63.127)
3 REKEREX CCPTS EXSHMEM
Table 3 Influence of tether length deviation on the attitude parameters of CCPTS
BESH i 2% A8 F14E/ (KN« m) Al=0.01m Al=0.1m Al=1m Al=10m
s A 22/ rad r=0 0.0072 0.0715 0.715 7.13
- e 72250 0.0043 0.043 0.430 4.285
v . 7=0 0.0001365 0.001356 0.01356 0.1352
AT 25/ %
7 =250 0.000069 5 0. 000 695 0.006 95 0.0693
7=0 2.120 x10 77 2.124 x10°° 2.123x10°° 1.944 x10~*
266 X5} i 2 / rad 3 s .
. 7 =250 1.1x10" 1.06 x10 ~° 1.021 x10 73 1.011 x10 "~
v S 7=0 0.00024 0.00242 0.02411 0.2204
‘ =250 0.000093 4 0.00090 0.008 67 0.0856
=0 1.103 x10°* 1.123 x10 77 1.046 x10~° 1.692 x10 ~°
Y%t {5 22/ rad ! , s ) .
. 7 =250 6.427 x10 - 6.267 x 10~ 4.828 x10 - 1.288 x10 -
v P 7=0 3.4718 222.4203 106.7783 135.2518
‘ =250 0.5465 5.0869 42.203 96.5517
x4 HEREFEI CCPTS HESHMF M
Table 4 Influence of payload mass deviation on the radial parameters of CCPTS
M/
B 58 2z flflj“ﬁ | am=0.01kg Am=0.1kg Am =1 ke Am =10 kg
s m
Ry 4% 2%/ m =0 (47.0,4.2 x107°)  (470.5,4.15 x10°%) (4704,4.101 x10 %) (46930,0.0413)
0 xR 2 /rad 1 =250 (47,4.1x107%) (470.4,4.09 x10 %) (4705,0.0041) (46430,0.0413)
X (5.76 x10 ~*,
(Ry,0) Ry HX W2/ % =0 5.5 x10-9) (0.0058,0.000943)  (0.0577,0.00938) (0.555,0.0939)
L (5.79 x10 7%,
0 A 22/ % 7 =250 » (0.0058,0.000925) (0.058,0.00937) (0.569,0.0977)
9.268 x107°)
Ry #5422/ 0 (0.0608, (0.594, (6.268, (61.77,
(m-s1) - -1.17x10°%) -1.18x10°7) ~1.17x10°%) -1.19x107%)
. 0 S AR 3 0.0627, 0.6298, 6.044, 62.85,
(Ry,0) 0 4 X4 {22/ T =250 ( -3 ( -7 ( -6 ( -5
(rad - 1) —1.17x10°%) -1.20x10°7) -1.20x10°°) -1.19x107%)
Ry AR 2 /% 7=0 (0.763,0.00116) (0.164,0.0117) (45.987,0.108) (89.353,1.113)
0 KR 22/ % =250 (0.0505,0.00115) (5.071,0.011) (1.718,0.112) (84.204,1.112)
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Table 5 Influence of payload mass deviation on the attitude parameters of CCPTS
BEBH I 22 Ah 15/ (kN - m) Am =0.01 kg Am =0.1kg Am =1kg Am =10 kg
R 7=0 0.0444 0.444 4 4.443 44.51
246 %o} i 2 / rad
7 =250 0.0426 0.4278 4.277 42.43
v R 2 /% 7=0 0.000 844 0.008 44 0.0843 0.8382
’ T =250 0.000 689 0.00692 0.069 1 0.6817
R R (rad - 5-1) =0 1.319 x10°° 1.328 x10 77 1.229 x107* 1.207 x 10 *
. ot 72250 1.2x10°° 1.159 x 10 - 1.153 x10* 1.142 10 °
v IR 2% 7=0 0.1499 1.508 13.944 135.268
wme =250 0.1016 0.981 9.766 95.805
linear Dynamics,2014,77(4) :1077-1099.
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Two dimensional dynamics of continuous cislunar payload transfer
system considering structural deviation effect
QI Naiming® , YANG Yong, HUANG Panxing, SUN Kang, HAN Bing

(School of Astronautics, Harbin Institute of Technology, Harbin 150006, China)

Abstract: Based on the motorized momentum exchange tether (MMET) , with the principle of momentum
exchange and by considering the structural deviation (including the tether length deviation and payload mass
deviation) , the two dimensional error dynamics of continuous cislunar payloads transferring system ( CCPTS)
was built by Lagrange method and its numerical simulated solution was solved by Mathematica software. Under
the conditions of existing the tether length deviation and payload mass deviation, the dynamic simulations of
the CCPTS were presented. It is shown that tether length deviation and payload mass deviation have similar
influence on CCPTS’ s dynamics (including generalized coordinates and generalized velocity). With the incre-
ment of tether length deviation or payload mass deviation, the maximum of the CCPTS’ s generalized coordi-
nates’ deviation and generalized velocities’ deviation increases linearly. However, the maximum of the
CCPTS’ s generalized accelerations have no evident linear relation with the structure deviation of the CCPTS.
Lastly, the external torque can weaken the influence degree of the structure deviation of the CCPTS on the
dynamic parameters.

Key words: tether satellite; momentum exchange; cislunar transfer; payload; dynamics; structural devi-

ation
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Fig.1 Schematic diagram of closed-loop air circuit laterally interconnected air suspension system
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Vehicle height adjustment of closed-loop air circuit laterally
interconnected air suspension system

JIANG Hong*', YANG Yongfu', YU Pengfei' , XU Xing”, LI Mei’

(1. School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China;
2. Automotive Engineering Research Institute, Jiangsu University, Zhenjiang 212013, China;

3. Mechanical and Electrical Engineering College, Hainan University, Haikou 570228, China)

Abstract: In order to further improve the dynamic and energy-economic performance of air suspension, a
closed-loop air circuit laterally interconnected air suspension structure which combines the advantages of both
interconnected air suspension system and closed-loop air circuit air suspension height control system with high
and low pressure chambers was proposed. In order to deal with the portability defects caused by traditional air
suspension height control strategy when it’ s applied to the interconnected suspension system, a special propor-
tion integration differentiation-pulse-width modulation ( PID-PWM) height control strategy designed for lateral-
ly interconnected air suspension was proposed and a corresponding mathematical model was established for
simulation study via MATLAB/Simulink. The simulation results show that the control strategy works effective-
ly, the overshoot phenomenon is avoided and the portability defects have been solved. A height adjustment
experiment is carried out on a test bench and the impact of different initial pressure of gas chamber on the
charging/discharging time as well as the control error during the vehicle height adjustment were studied. The
experimental results show that the control strategy for the closed-loop air circuit laterally interconnected air sus-
pension system can adjust the vehicle body height rapidly and accurately. The correctness of the mathematical
model and the validity of control strategy are verified. The study about the impact of gas chamber initial pres-
sure provides a theoretical basis for the setting of the vehicle height adjustment system parameters.

Key words: air suspension; closed-loop; lateral interconnection; proportion integration differentiation-

pulse-width modulation ( PID-PWM) ; vehicle height adjustment
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Image-based underwater 3D reconstruction with
single viewpoint adjustment camera model

WEI Yingmei' , KANG Lai*’

(1. College of Information System and Management, National University of Defense Technology, Changsha 410073, China;

2. Science and Technology on Information Systems Engineering Laboratory, National University of Defense Technology, Changsha 410073, China)

Abstract: In underwater imaging, the light ray associated with each scene point goes through different
media with different refractive indices, which introduces refractive distortion in underwater images. Such
distortion reduces the accuracy of image-based 3D reconstruction based on traditional single viewpoint camera
model. Based on theoretical analysis of the ability of a new single viewpoint adjustment camera model in com-
pensating for refractive distortion, an efficient and automatic image-based underwater 3D reconstruction algo-
rithm with non-linear optimization was proposed. The performance of the purposed method in terms of recon-
struction efficiency and accuracy was examined quantitatively using both synthetic data and real images. The
experimental results suggest that the proposed single viewpoint adjustment camera model can handle scene
space distortion effectively and significantly improve the quality of traditional image-based underwater 3D
reconstruction using single viewpoint camera model.

Key words: image-based underwater 3D reconstruction; refractive distortion; single viewpoint adjust-

ment camera model ; non-linear optimization; space distortion
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PRl Ay i A it i A B2 AT DL R R A S B Y
PRES, PRI, X (5) A XEF MY, vk ) d2 fil g F 02
RS (o, y, 0, 4,5, 0) B985 R (7) Fl
K@), Y g #0 By, BTy F R AR
Y PR AL AR ERS A B AT HE N P F L
B2, &, =0 W, BRSO AL SRS AL &
A, B 5T N Y. 0 A K. R, JOF
e (10) 555 47 wig 1Y BE 488y 5 ) SUhn A
K, 3K 25 BB R Aty e T — 5 14 TR X
2.2 Coulomb EEERMWELXFR
661 3l 1 2 7 R BB T 38 A ME s AE T ik
() 2 fih 5 stick-slip IR 25 7 48 (9 A Wy DL R Ak T
stick PRATHT BE 8 7 9 TH 55 AR S A 7 Al X AR
Coulomb JE 858 HE 1Y B4 ¢ &, 8 bR 3 5 [h] 21
Bl b Sy e M BRI T 0 SR i
1 g..=0 i, 3% X BRI Coulomb - 28 482 455 7
F14) B A5 DKL BROCA g, U) JFC T o) JBE 42 4% o 00 71 ] JBE
PR E R
Fl=pFy +F,
{Fﬂ'zl‘«oFm - F,
P R A A i S AHE ) B HEXS AR Coulomb
JEEFE AL TRY | Xof 17 1 1 ] JBE 458 % £ R 071 [ JEE 4 % o
A 53 50 L

(11)

F = F. + F_
{ ri = Mo+ I Ni i (12)
Fli=peFy - F,
L (12) il g
F . = F. - F_
{ ri — Mo- TN i (13)
F;:(MO++MO—)F\'¢'_F;’

M g, =0 Wl U] 1) Y IE fi) g A
i o 32 3 59 o ok

| ..
gri:?( ‘g.n"-l_ g.)
(14)

1 ..
Ea=y g, - &)
Mt (14) AT 4

FL=0, gF;=0

giF. =0

.-+‘ 2 0’
{gﬂ (16)

g. =0, F_.=0,
2.3 HMAEFTEMKRMBEE

W R 2 S 2539 V1) 1) T R AT DA DA IR S A
K RE B ¢, =¢.,.(q,q), Hrl,qg=[xy 0]

Mg, #0 M, iha(7) M(8) I, BEH#E T
F. & q F g ek %, 3 0y 22 07 72 20 (10) 19 47 3
Y2 q Mg By eREC P, BT R O O
T B BT 387 TR iz T 7

Mg, =0, i (7) M) n o, EEHE T
F AN g 1 ¢ AR,85 § Ak NIEARE
FERE R % 07 72

EEA D QRN g [F B A
.o agri . agTi.-
=2 2T 17
& aqq aqq (17)

B (13) X (15) A (17) For #22(10) B

S, AT DA B 2 M R T R
[i] _ @ﬂ’;: 1@?
R o N [
o e wally
H o~ Je ‘2E| (18)

L (e + o) Fy U

A sw,y wy, H AT H 3R RS AR 5 R AL N
VT AR R (LCP) Ay £ (H 55 oK g =X (18 ), Af
3 F, Rl (13)  arsR BT F R IRA

2 15707 B (10) v, SR 5 R Bor 75 e 1) R

3 8 fl

3.1 EfRE

B 2 s A B FL R m, R
OB 2a A 26, AT 55 K- [ 5E 1 A AR 1 i A EE
B R C AR UL, JAR AR (v, y) , AR
SCE R 8 5 1 0 FeE AT 3l g 2y

+

oi O

B2 B A

Fig.2 Slider in this example
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AR 1 AT 2 /i A R T ) 3R 2
N 20F 5
-y —asinf + bcosf 5, >0 g &
51={ (19) Roist
0 6,<0 o i s
: E 10} k=
-y +asinf + bcosf 6,>0 - :
62={ (20) :
0 52S0 05| l '
N \ i X 7 S S I i li]iu.
sHY > H ’
A (19) A (20) X I ERFAT45 6, F 8, . el 05 BE

FEMRTOUf 1 ORITOAR 2 5 S v i e A 1) i)

(W« Bl 1)) S8 T 43 0 2R
g,=% —afsin® + bo cos (21)
gﬂ:a&+aésin0+bécos¢9 (22)

WEGE S HN:m=2.0kg,a=0.4m,b =
0.3m; 4l AL (5) 4, Hhn=1.5,
K=2.96x10"N/m'”,c=1.89 x10° N + s/m".
3.2 HEFRELSH

BOI1 FIRTEENEAT Am FEFSH
T & A 4 fih . 15 JBE 2 S 8U S X AR %) Coulomb B2
BRR BN u, =pu_ =0.3,p4,, =
po- =0.4; WM 1N %, =0,y, =0.8m,0, =
m/6rad, i, =0,5,=-3.0m/s,0,=0.

B3 251 T AR 1 TR 2 1% 1m) 322 il
J1 F o F BT GRRIE  EL 4 250 T 8, F s, 1Y
B[] G R P R U Rl DA A AR 0 T £ 2 2 5
T &A= il 4, S Alf 42 5 o 4. 96 m/s SR 5 1% L R
A R RIEARE , FLRE TR R 0. 65 m/s i T A 1
5 TR R, JFL G R R R 316 m/s 5 B T AR
S LR RTS8 A 5 24 b AF M TfT b fly T Al
TEAN [, X O 114 Al 45 e ik g A Ut AN [

B 54T xoy F1 6 KRS Dy R, His 3
REGHEZIREY A B 6 4 W T KT
B & DSR2 R4 ) ny i ) g AR L BT
R T A 2 Wi WO 5 T A A R SR S A 1 2 1Y
MAXE iz 2, B EE 8 O 00 O e A R LR R
PR 0 S0 A ) A I . A R S T PR
A il 8 I, A2 Bl R ) A, DR R 4 T 1 A
2ok LR Bl 1 IS, Fie 28 W) A RE S T 5
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=
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Fig.3 Time history diagram of F, and F,
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Fig.4 Time history diagram of §, and §,
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Fig.6 Time history diagram of % and F

BHI2 R AOCEE K T b R A —
NS F, =Asine. EEBERE R w, =0.3,
o =04, =0.5,u, =0.6, WIELKMNH x, =
0,y,=b,0,=0,%,=5,=0,0,=0.

B 7 g5 1 AS A A0l e A B, « F & Y s
B AR 24 A =11 N B AR S ) 3 B
stick-slip LR (WLE 7(a)) ;24 A =12 N i, #5144
A X B EE HA stick-slip LR (WLE 7 (b)) 524
A =18 N I}, 58 447 B 9 3 Ji {0 G stick-slip
Z(WE7(c)).

B 1 AR 2 ¥ R T TR, K
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An LCP method for dynamics of planar-motion rigid-body with
non-symmetric friction
WANG Xiaojun'?, WANG Qi*?

(1. Department of Electron and Machine, Changzhou Institute of Technology, Changzhou 213002, China;

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

Abstract: A modeling and numerical calculation method for the dynamics of the rigid-body in planar mo-
tion with contact, impact, symmetric and non-symmetric Coulomb’ s dry friction was presented based on the
theory of contact mechanics and the arithmetic of linear complementarity problem ( LCP). The local deforma-
tions in contact bodies were taken into account although bodies were assumed to be rigid. The normal contact
forces were expressed as nonlinear functions of penetration depth and its speed. The friction law adopted sym-
metric or non-symmetric Coulomb’ s dry friction model. Firstly, by using the friction saturation, the positive
and negative parts of the relative acceleration of contact points, the complementarity conditions and formula-
tions about the friction law were given in order to determine state transitions of stick-slip in numerical method.
Then, based on the event-driven scheme, the problems of detecting stick-slip state transitions and solving fric-
tional forces in stick situation were formulated and solved as a linear complementarity problem. Finally, the
numerical example of a planar-motion rigid-body was given to analyze its dynamical behaviour affected by sym-
metric or non-symmetric Coulomb’ s dry friction and shown that the proposed method was effective.

Key words: non-symmetry; Coulomb’ s dry friction; contact forces; linear complementarity problem

(LCP) ; non-smooth
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Zr S =Xt Ti-Zr-Cu-Ni $F# X $F 18 L M gE AU 22 M
FE, A, HEE, 2, xR, EXE’

(1. JEstizs AR s BB TR 2 A i fbsi e, dbat 1001915

2. BERCR AL (SR A IRTHUE A R E D AURE, A 6100925

3. AR AL T AL (SR D B RSHEA R, BHS 610092)

i E. % W% F & Ti-5Zr-15Cu-15Ni., Ti-10Zr-15Cu-15Ni Ti-15Zr-15
Cu-15Nifn Ti-25Zr-15Cu-15Ni 4 F# 4k £ 4F 1, & JH 4 #0476 3t Ti-6ALAV B AT HEH L H
B AR Zr A B WA R I B A Ti-6A14V b oy 58 B AT AR, 3F A 4T B B ok
BB AL R A BT8R AT K. 5 R R W, Ze TR MW A A X Ti-Ze-Cu-Ni 4k 3£ 4F B
WEAIRE AR FED W, Y Ze & F K Swi% 25wt% B 4P Ry B Al R Z 8 K, HRAE & iR
FERE ;Y Zr 48 N 10wt% 15wi% it 4R E R A R 2R, R AR ERK. 5 M
HHR ST ,25wi% Zr 2 BEWAHAESH BRI FE2 NARWREAL R RN, H
HHEHEIBRFIEALERNL. I5wi% 1 25wi% Zr S EHF R ELE AT RN EMAE. &
AR A AR A RS IR SL B B AR E An 3 ) 3R B, Ti-15Zr-15Cu-15Ni 2 5% £ 89 4F 8 R
NEN, A RIFWNE AN, AR LT 5 E N 298 MPa.

X O W REAH; HER;, 2H AR EREZ(DSC); HAAL; FWEEZ

%‘F hESYEE . TG425

Iﬁ MHEAARIRED . A

BB 4 FLA 0 o BE L IR | v e e B LA
RAR B AT ik v R R AR A ZE A K
KEF AT &S SAa E Z A E
THRAEEWEZE T EARZ R, Kb RERE
SRR T E AR R TE A A R B
T LG5 P B0 o 12 o, R AT R O L
TR SRR B2 000 3 26 Ag SLAF R
AL JEETRLRN Ti S ET 7 MR T Ag LA AL JE
BFRE, Ti BT R RE 0% 4R 159 B8 R 09 22 3k 98 B, HLAT
4 Sk ELA B A R el R B v ) IR A
TR BR AT R R Cu I NifE A B &t R,
IFE AL Ti-Cu-Ni TR A& FZ A, W0
Ti-15Cu-15Ni fl Ti-15Cu-25Ni"**. 8% ifij , Ti-Cu-Ni

XEHS: 1001-5965(2015)11-2029-07

BT 0 s Al UL RS A v, A ST AR A R X R  4 BE
A B e S e A K, PRk a U0 T ke — AR R B A
B AU BE (BRI ET R, 1T Ti-Zr-Cu-Ni £F 8} )2
HEF SR 2 —F G &R SR AW, Ze
A B Ti-Cu-Ni 5 &, A BEAR G 405 10 LB 1A
M, ea&F kW mH&E Zr & & W4E KA
37.5Ti-37.5Zr-25CuZ") . Hi 6 F 4K Zr & &
BRI BT RHIT 58 AR A ACBIESE b, DARS AT R
Ti-15Cu-15Ni 2y B fify , FOI& AR BE X ] 2y 910 ~
960°C " @ I IR B B Zr TR (AKT
25wt% ) 4% Ti-Zr-Cu-Ni & 541K, #F 55 A 6] Zr
BT R I A R TR D R T KRSk )
=P BE RS

YFs B HA: 2014-12-10; KA HH: 2015-01-16; W4 H kA : 2015-03-31 14:54

M 2& R itk . www. enki. net/kems/detail /11.2625. V.20150331. 1454. 004. html

EEWA: HKAARFHAIEEA (50705050 ) 5 11 5 H bR AHE A4F % BUEE 4 (2013DFRS50590) 5 v s i B B A RLAIF Al 55 9% % T %% 42
* BHAEE : 546 (1976—) , 5 WAL E N, M3, gwei@ buaa. edu. en, FEWFFTT7 0] Ky SE AR I AR 45

SIR%: HF, 74, HRHE, ¥ Zr & EXTi-Ze-Cu-Ni 5FH R4 B EL MG ZH[]]. XX MEMAAFFR, 2015,41(11):
2029- 2035. Guo W, Qi D, Yang J ], et al. Effect of Zr content on properties of Ti-Zr-Cu-Ni filler metal and its brazed joint [J ].
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1.1 56w #

KBRS 4 N Ti-6A1-4V 5 4: (TC4).
FIL 55 AR ML KE EF 48 R KRR I TR 26 mm x
85 mm x 3 mm U~ Ay AR . SR T AE IR A A RR TR
B 7K S WK G 4 M b R AT 25 B A BT Ok, 4R
JEFEK R BR AR B R A RRIE VR, IFAE & BT R
HE AT R S I PE 15 min.

SR LI S0 B 45 25 1 4 BRIl B4 1y
Ti-Zr-Cu-Ni JEHORAEFBL. S 1 PR AE SRR 27
8 53V 4 HAE 99.99% T AR T Ik 4 Ik
4 FRETRLfb 22 B2 TR 5 38 1 7. Rl 26
I8 B A K PR EF I T AL 15 mm x 2 mm x
0.8 mm R~ (3 AR EF B 2R )5, T 400 5 SiC K
WP ACHT B ST BT TR 75 B ALTE £ B v h i vk

1 FHEOLZERS

Table 1 Chemical composition of

the brazing filler metal wt%
2l s
FERH fi

B =2

78 i k| B
1" HAy 5 15 15
2 HiA 10 15 15
3* H4 15 15 15
4* Higx 25 15 15

1.2 SRRk st

FI T 25 B4 BT AL (15 STA 449 F3) Xf 4 K
B J A0 AR P AT I, AR AT A [) 41 R 4 22 3 41 4
1 #k ( Differential Scanning Calorimetry , DSC) i
S e g I N 1 2 = v 1 By e )
1000°C, #4384 10°C /min, TS T
1.3 STRLEER M

R T WEGEER BRI, S A BOR R Ze 5
MIEFRE 15 mg, B HOCTE Ti-6A1-4V #id . S8 5 4%
BURE A B2 R T A S 940°C, m #h s hy
10°C /min , {53 B8] 7 5 min, BLZS FE R 2 x 10 Pa.
B BCRE SR T CAD s R A 00 X H 4 e o AL
1.4 $1Ri%

AR5 BT R 1 Ak it 22 DSC K 45 21, i
JE G AT IR T S8, R AT Ti-6A14V £5 HE 5T
TR BE LR B 0. 1 mm, iR 40 E 25 FE N 2 x
10 7 Pa. [&] 1 4T SRR A 2 L A

[kF R

|
BT AT alRE R e
Fig.1 Assembly drawing of brazing sample

1.5 Az

& JH DHV-1000 % 5 {52 SO0 BT 96 42 3k X
Sl S A 0 A R AT IO, D A AT
200g, PRAFIFIA] 15 . M6 07 42 1 3K i il 4 Oy vk
(GB/T 2651—2008/1S0 4136 :2001) , il £ 5T # 4
SRR RE. SR AT WDW-100 J7 B £z fift i 46
BLXS 4 FhEF ek a0 B 08 B Sk R A7 P 09 356, U6 4%
PE AR RN S mm/min, 3K K i R % . Hop
B AP TR AR Sk 1 BT DTSR O 3 AN AR Y 5T 1)
SR A 2.
1.6 WWARWE

S MU RS0 5, A BT AR 4 Sk B ARKE i, OF
HHA Kroll” s & ¥ (3 mL HF, 6 mL HNO,
100 mL H, 0) % iUk 3E A7 4 A0 B 1. 1) F 4 A AE
T DI RE A L T B B (25 . CS3400 ) X 4T 47
22 S A 4 T ) fOUL ZH LA T L AR 3 A

2 #RE5ITR

2.1 Zr FEXNFEIBARNZN

EFRL 1T ~ £F KL 47 DSC £ il 2 fios  4F
BERE R 2 RV OME R B R 2 TR, 5
Ti-15Cu-15Ni Y [& W A £k iR B A6 b (910C,
960°C ) """ Zr SLE AN A B FEAR T AT R 4
W, I 2 Zr TR B AERMIRET S
Ti.Cufl Ni JL 2 & 4 S -

L—CuyZr(Ti), + Cu,,Zr(Ti),

L—Cu, Zr(Ti), + CuZr(Ti) """

1E 704 ~735°C Z[d] ,4 Fi&FBLER A 7E — 1T
PG, U8 B XA TR DX, 4 R AT R} 3R A7 7 25 AH
7] Py 461 2 AR 0L TR 1 G [ AR L R RORE 4 R
53 1 A 848°C 1 907 C s 5T H} 27 ~ TR} 47 1y [ A £k
T B2 AH AL (821 ~ 825°C) , L AH £k il B2 73 il Ay
831,839 .882°C. 1] WL T} 17 RIAT K} 47 i A 46
T T AT RE 2T AT R 37 O WM 4R IR,
FLETRE VORAT R 4" 75 [ 00 AR £ 3 18 IX ) b gk
PEITE 60°C 2247, 1T 6T A 2" FET A} 3" [ 98 I X 1]
FEEE /N, 2 10 ~ 15°C 26 A5 . [0 B IX ] R X 4F
R B R AN F, HLZE 5y 1 R AR 42 Sk X3
B3R BT S5 16 A G

EFRM Ze 3 5 X AT RHE AT T A B S .
M Zr SN Swi% (EFRE 1) B ST R [ AH 28 A0
VROFH 2R 3R B A0 b A v, A K oAt 3 R AT R K
3 04 TELVROAH 2 T B, 33 43 TE LU T ) 1) T A5 Ui
JEE K e v T A e 1 T AR I R 1 K A &
KA B AL AR, JF (45 fb R K, DA T e A1
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SR 45 1 Zr A BEXE Ti-Ze-Cu-Ni 7 A 98 e S b e g s ofy U015 2031

B R Y Zr & 10wt% (5F KB 27) .
15wt% (475 3%) F125wt% (AT kE4%) B, 4T 4 10 [
M, WA &R B AR Kny 25,4
Zr ol 25wi% , ST R W AE 2 T R, R
% B A HAT B 00 AR R AT AR R . O
4 FhEFRLR) DSC i vl LA Y, 78 57 BHE 46 1) 3
R AEAE Z AN g (DL 2) , B Ti-Zr-Cu-Ni
ST RFAE S Ak T BE DX 8] £ 78 224> 3 it sl o 3 S 1
AR TR Y Ze R 25wt%  TEAT R AL
TR A A R B S A PR AN IO T B E822 ~
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Fig.2 DSC curves of brazing filler metals

x2 AHNEBREKNBEEEZERE
Table 2 Solidus and liquidus temperature of

brazing filler metals

EPEbS BRI/ C WARLRIRE/C [ R X )/ °C

1# 848 907 59
27 821 831 10
3* 825 839 14
4* 822 882 60

2.2 Zr SEXFRIDREN R

El 3 RANTR] Zr & 5 BT BHE TC4 B 36 Y
TN NG 0. W LLE B 4 FhETRHFE TCA 3R 1 #F
AE S0 B— o R (W N AN B . 3R 3 A T AN
PRI B R AR 2 Ze 550 Swi% I AT RERY i
WPEAE 2%, Bl R I B 14 mm® ;Y Zr f N
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Effect of Zr content on properties of Ti-Zr-Cu-Ni filler metal and
its brazed joint
GUO Wei™', QI Dan', YANG Jianjun®, LI Fei'’, HUA Yongping’, YU Wenjun’

(1. School of Mechanical and Automatic Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
2. Military Representative Office in Chengdu Aircraft Industrial ( Group) Co. , Ltd, Chengdu 610092, China;
3. Chengdu Aircraft Industrial ( Group) Co. , Ltd, Chengdu 610092, China)

Abstract: Four kinds of titanium-based filler metals, Ti-5Zr-15Cu-15Ni, Ti-10Zr-15Cu-15Ni,
Ti-15Zr-15Cu-15Ni and Ti-25Zr-15Cu-15Ni, were fabricated by electric arc melting method, and the four
kinds of filler metals were used for vacuum brazing of Ti-6A1-4V plate lap joints. The melting characteristic
and wettability of the filler metals on Ti-6Al-4V were tested, and the microstructures, microhardnesses and
shear strengths of the brazed joints with different filler metals were tested and analyzed. The results show that
the addition of Zr has an obvious effect on the melting temperature of Ti-Zr-Cu-Ni filler metal. The gap
between solidus and liquidus temperatures is wide with much higher ligiudus temperature when the content of
Zr is Swt% or 25wt% . In contrast, the gap between solidus and liquidus temperatures is narrow with lower
liquidus temperature when the content of Zr is 10wt% or 15wt% . Different from other compositions of filler
metals, when the content of Zr is 25wt% , there are two obvious low temperature eutectic reactions during
melting process, and the filler metal appears two spreading layers phenomenon during the wetting process.
And much lower microhardness was attained in the brazed joint when the content of Zr is 15wt% or 25wt% .
Considering the melting characteristic of the filler metals and the microhardness and shear strength of the
brazed joints, the optimized composition of the filler metal is Ti-15Zr-15Cu-15Ni, and the shear strength of the
brazed joint with this filler metal is 298 MPa.

Key words: Ti based filler metal ; wettability; differential scanning calorimetry ( DSC) ; microstructure ;

shear strength
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Fig.5 Measurable fuel zone schematic
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Table 2 Results of each fuel tank layout with two sensors
1% A 21 A R/ mm 1 B AR & m3 A bR/ mm S 5 A
WA S ERAE S - »
X Y1 z X, ¥, 2z, AL X AB /%
1 1271.63 72.69 0.00 1271.63 72.69 787.00
15 93.98
2 945.94 1341.92 0.00 945.94 1341.92 787.00
3 2630.99 607. 44 171.03 2630.99 607.44 817.49
25 92.37
4 3724.96 -714.61 335.57 3724.96 -714.61 854.54
s 5 4520.95 -991.63 451.61 4520.95 -991.63 883.11 92,51
7 6 5340.54 -635.17 562.01 5340.54 -635.17 916.28 '

L7 25 A AR PR A 8 1 DG Ak A JR) 45 21 = 4 151
Fig. 17 Three-dimensional diagram of optimal layout

results of each fuel tank with two sensors
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Aircraft fuel measurement sensor optimal layout technology

YUAN Mei*"?, HE Yigiang'®, DONG Shaopeng', NIU Ben'~’

(1. School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
2. Collaborative Innovation Center for Advanced Aero-Engine, Beijing 100191, China;

3. Aviation Science and Technology National Laboratory, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: It is very important for aircraft flight safety to accurately measure the remaining fuel in each
fuel tank in real time. An aircraft fuel measurement sensor optimal layout method based on particle swarm opti-
mization (PSO) was designed to improve aircraft fuel measurement accuracy. Firstly, the concept of the fuel
entity was proposed, and two models were built including the complex wing fuel tank CAD model which had
multi-chamber with inner clapboards and the fuel entity model in fuel tank. Secondly, the total fuel volumes of
complex and irregular multi-chamber tanks were calculated at different aircraft attitudes based on the second
development of Unigraphics NX (UG). Thirdly, the concept of the largest measurement range ( LMR) of the
aircraft fuel tanks was put forward, which was used as the goal to optimize the sensor layout. Finally, the
boundary distance factor ( BDF) was introduced to avoid settling the sensor too close to the fuel tank wall. The
results show that the method can optimize the layout of several fuel sensors without being limited by the shape
and size of the fuel tank, which can effectively avoid interference in the internal area of the tank, ensure fuel
measurement continuity at different aircraft attitudes, and make the aircraft fuel measurable range reach a
higher level.

Key words: aircraft fuel measurement; aircraft fuel tanks modeling; fuel sensor optimal layout; fuel

volume solver; particle swarm optimization ( PSO)
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Calculation of the astronauts’ radiation dose from galactic cosmic ray
ZHANG Binquan” , YU Qinglong, LIANG Jinbao, SUN Yueqiang, YANG Chuibai, ZHANG Shenyi

('National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Radiation risk of astronauts during the flight in low earth orbit (LEO) and deep space explora-
tion is mainly from the exposure of galactic cosmic ray (GCR). The radiation dose from GCR is the basis for
the assessment of astronauts’ radiation risk. In 2013, a new estimation method for the assessment of astro-
nauts’ radiation dose was presented by the International Committee on Radiological Protection (ICRP), so as
to improve the assessment’ s accuracy of the radiation dose from heavy ions in space. Based on this method, a
Monte Carlo program was developed for simulation of the particle transportation in materials and a voxel phan-
tom of Chinese adult male was realized in this program to represent the astronaut. With this program, the
fluence to dose conversion coefficients for the organs of astronauts were calculated for the isotropic exposure by
particles with the atomic number from 1 to 92. The radiation dose to astronauts in LEO from GCR was
also estimated.

Key words: space radiation; galactic cosmic ray ( GCR) ; astronaut; radiation dose; Monte Carlo
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Analysis and test research on influencing factors of
drilling and coring quantity of lunar soil simulant

QUAN Qiquan, SHI Xiaomeng, TANG Dewei” , JIANG Shengyuan, DENG Zongquan

( State Key Laboratory of Robotics and System, Harbin Institute of Technology, Harbin 150001, China)

Abstract: During the design of drilling and coring mechanism for lunar exploration, a coring method

based on a flexible tube can obtain slim continuous sample core, which enables high coring rate and preserves

the stratification information of the subsurface samples. Since the complex movement of lunar soil particles

during the flexible tube coring, there is no systemic method to analyze the factors that determine the coring

quantity. The flowage of the lunar soil particles in flexible tube was analyzed and the coring model of the flexi-

ble tube based on the theory of limit equilibrium was established. The mechanical boundary conditions of the

model were interactions between lunar soil and coring drill tools and among each part of lunar soil. The coring

model described the dynamic process of lunar soil flowing from the outside of coring drill tools into the flexible

tube. A numerical prediction method for coring rate was proposed based on the coring model. Drilling parame-

ters, lunar soil properties and drill tool structure were analyzed as key influencing factors of coring rate. A

verifying test with simulant of lunar soil HIT-LS1# and drill tools HIT-2 was implemented on a simulated drill-

ing test-bed. The average error between the test results and the predicted results is less than 5% .

Key words: lunar soil simulant; drilling sampling; flexible tube coring; theory of limit equilibrium;

drilling parameters
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m™?) m7?) % m7?)  m7?)

0 200 204 2.0 440 200 197 -1.5
20 400 390 -2.5 460 400 398 -0.5
40 600 598 -0.3 480 600 594 -1.0
60 800 806 0.8 500 800 800 0.0
80 1000 1019 1.9 520 1000 1016 1.6
100 1200 1177 -1.9 540 1200 1179 -1.8
120 1000 1012 1.2 560 1000 1015 1.5
140 800 796 -0.5 580 800 798 -0.3
160 600 593 -1.2 600 600 596 -0.7
180 400 398 -0.5 620 400 403 0.8
200 200 199 -0.5 640 200 196 -2.0
220 0 8 660 0 7
240 0 0 0.0 680 0 0 0.0
260 0 0 0.0 700 0 0 0.0
280 0 0 0.0 720 0 0 0.0
300 0 0 0.0 740 0 0 0.0
320 0 0 0.0 760 0 0 0.0
340 0 0 0.0 780 0 0 0.0
360 0 0 0.0 800 0 0 0.0
380 0 0 0.0 820 0 0 0.0
400 0 0 0.0 840 0 0 0.0
420 0 5 880 0 0 0.0
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Table 2 Compare between inversion absorbed external

heat flux and real value of numerical experiment 2

- Guea’ Gegn” ‘iﬁ Xt - Inea’ Tegn” ‘iﬁ Xt
. (W= (W~ iR/ . (W - (W  iRE/
m—Z) m—Z) % m—Z) m—Z) %

0 1000 986 —1.4 440 1000 707  -29.3
20 1000 992 -0.8 460 1000 1002 0.2
40 1000 1001 0.1 480 1000 1023 2.3
60 1000 1010 1.0 500 1000 1019 1.9
80 1000 1013 1.3 520 1000 1024 2.4
100 1000 1008 0.8 540 1000 1026 2.6
120 1000 997 -0.3 560 1000 1016 1.6
140 1000 991 -0.9 580 1000 1004 0.4
160 1000 1000 0.0 600 1000 1008 0.8
180 1000 982 -1.8 620 1000 990 -1.0
200 1000 695 -30.5 640 1000 684  -31.6
220 0 0 0.0 660 0 0 0.0
240 0 0 0.0 680 0 0 0.0
260 0 0 0.0 700 0 0 0.0
280 0 0 0.0 720 0 0 0.0
300 0 0 0.0 740 0 0 0.0
320 0 0 0.0 760 0 0 0.0
340 0 0 0.0 780 0 0 0.0
360 0 0 0.0 800 0 0 0.0
380 0 0 0.0 820 0 0 0.0
400 0 0 0.0 840 0 0 0.0
420 0 0 0.0 880 0 0 0.0
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Inverse heat conduction problem for transient external heat flux
inversion of spacecraft on orbit
SONG Xin" , ZHANG Youwei, LIU Zijun

( Beijing Institute of Spacecraft System Engineering, Beijing 100094, China)

Abstract: Spacecraft external heat flux is very important for researching deterioration law of thermal con-
trol coating on orbit, influence of various spatial factors on thermal control products, as well as plume thermal
effect of spacecraft attitude and orbit control engine. However, there are many difficulties in direct heat flux
measurement. Thus, the inverse heat conduction problem can be used to get results which can satisfy certain
precision. Firstly, in order to deduce transient external heat flux of spacecraft on orbit from telemetry tempera-
ture of spacecraft equipment on orbit, inverse heat conduction problem mathematical model was set up and
solved by the conjugate gradient method. Iterative process of conjugate gradient method was improved accord-
ing to physics concept in order to increase its anti instabilit. Then, two numerical tests were used for the pur-
pose of checking mathematical model effect. The numerical tests could represent external heat flux change of
most both earth-orbiting spacecraft and deep space exploration spacecraft. The maximum relative deviation
between inversion value and true value is 2. 9% except step change data. Inversion results of the mathematical
model is very good. Furthermore, satisfied results can be obtained by processing data analysis for absorbed
external heat flux at step change location.

Key words: spacecraft; heat flux; radiation; inverse heat conduction problem; conjugate gradient

method
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PROCESS_ATTRIBUTE _TYPE processTable [ NUM
_PROCESS] =

{

{“ Processl ” confirmScene, 3000, 120,
PROCESS _ PERIOD, PROCESS _ DURATION,
SOFT{ ,

void createP(void) |
CREATE _ PROCESS ( & ( processTable [ 0 ]),
&procld[ 0], &retCode) ;

processTable H1 (1% 3 8 2 JUHR IR Ry i 18 1) 44
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Fig. 9  Process schedule
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f& % 1, FR A “ 2477 (buffer) 1 AR (black-
board) , Z2 £ 1 2 Al 19 T E 73 1) S AL T 43 X ) i
17 8 B A S 117 R0 SR 3 1407, i AN [ ) 2 3 ok
T Z A AT B AT LL AT X A . 5 0 X )
15 M55 26400, IF e N 53 AT DA At 2 A FLR A, 5 X
HOAR G J P, 2 By b R T B R/INGE, T L&
TR 2 .3 AT LRI i F A R A
A 2 /0 HERE IE AR S R U [R5 45

X PR E D AR R G R TR
( semaphore ) F1 “ H 7 (event) 5Z Fl. ¥
VxWorks 653 R FITH8U(E 5 i, {72 — Ak
TORKL, 2 2 A AR 5 R ] — B, R A
ST LATE IR 55 B 2245 5 &, o8 A0S 5 B b
W8 E R 5 AU RN, JERR DA 2 19 J7 23R
WAF SR (S el 7 B AR e At ) L R R
7 SR IBUGF 5 5 A AT LAV; ) B, i {5 5 5 4
BV — , o R D0 A T 2 R RS R R 5 I Z e
W5 R TR T, I E S R B .
7 D) 2 R ik i ) B A A S T ROR S,
— PR E(up) 7, — MRS (down) 7. {4k
T up PRSI, BT A S5 R i AF i o Fe 22 1k AHME
FORAS, I &N D TE Q) 2 g5 1R ) aR IR 2SR
down.

VxWorks 653 (1 2k 1A 32 bR 40 4% & usrApplnit
(), FC AN HLFE A8 B0 ) 32 R B A T
void usrApplnit( void)
%
RETURN_CODE_TYPE retCode;
portC () ;
createP () ;
START (procId[ 0], &retCode) ;
SET_PARTITION_MODE ( NORMAL, &retCode) ;
%

portC () F Sk A1 2 43 IX. 1] 38 {5 i [, createP ()
B N () 32E FR, START bR 30 55 — > E /R,
SET_PARTITION _MODE pR %1% & 43 X it A IE %
R, BRI IR 1T
3.3.3 B Makefile X4 &9 &

I FH Y Makefile SCOF 2N AT
all: uavm. sm
uavm. sm: vxMain. o uavm. o pos-stubs. o uavm. lds
$ (LD) $ (LDFLAGS)-T uavm.lds-o $ @ $ (fil-
ter % .0, $)
% .0: % .c
$(CC) $ (CFLAGS)-c-0o $@ $ <

uavm. lds: uavm-app. xml

xmlgen--ldScript--arch $ (TOOLARCH) -address \
$ (PARTADDR)-0 $@ $ <

N 85 % uavm. sm K i T vxMain. o,
uavm. o uavm. lds ,pos-stubs. o X ff, H.Hf vxMain. o
T B W16 4L , pos-stubs. o ST BT T 73 X
PEVE RGN O, 4y X Hidik 728 2 PARTADDR % 5
bsp. xml £ HF—3K.
3.4 ZAMME

LEG AL J R A IMA B R e
it 5% X AF configRecord. reloc, 4H & & D 1E R 5t .
o3 KARAE R B8 B RGeS R e AT
F IMA & hiztr. ol 2R 32 2 T AR AL
BRI A o3 DR R BB SR T R A R —
A Makefile SCHF, W IF K N 53T 0 A B TiC
RERAWRGIT ENGIF R E RN A A
— R, BHIT S N RUREE S R H SRR T SR IE
B C I B RE & 75 1 W, &R G kN 01
B UE Fiv A7 43 X B N A D RE
3.4.1 #EkEE R0 TFA

BRI &R P AT Z i DR RS S
o XHRAE R G0 R SORY T A SORY Y 5
B 78 ST 73 DB U8 J3E T S R4S 2 I R] | 23 DX [) 3
7 J0 G R A T AR R SRR R

5102 (1
< Schedule Id = “0” >
< PartitionWindow PartitionNameRef = “uavmTest”

Duration = “0.10” ReleasePoint = “17/ >

< PartitionWindow PartitionNameRef = *“ uavm ”
Duration = “0.10” ReleasePoint = “17/ >

< /Schedule >

< Connections >

< Channel Id =“1” >

< Source PartitionNameRef = “uavmTest” PortNam-
eRef = “send_test_q_1"/ >

< Destination PartitionNameRef = “uavm” PortNam-
eRef = “msg_OC_M1A3_Q_107"/ >

< /Channel >

< Channel Id = “2”7 >

< Source PartitionNameRef = “uavmTest” PortNam-
eRef = “send_test_q_2"/ >

< Destination PartitionNameRef = “uavm” PortNam-

eRef = “msg_OC_M1A3_Q_108"/ >
< /Channel >
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< Payloads >
< CoreOSPayload/ >
< SharedLibraryPayload NameRef = “pos”/ >
< ConfigRecordPayload NameRef = “configRecord”/ >
< PartitionPayload NameRef = “uavm”/ >
< PartitionPayload NameRef = “uavmTest”/ >
< /Payloads >
Schedule JCZ 1 & ™43 X 1) duration 22 Fl 5
2 ErtEHELR ") Connections TLZE BN X 2

IF) RS 38 5 1 “ Bt 7, Payload JLE A1 I T 75 22
e B g
3.4.2 o Rk LA A

A 7> XHRA 45 A B BC B3R, FR O 0 X il ik
SR, A3 X vavm S, RN AT
< Application NameRef = “vavm”/ >
< SharedLibraryRegion NameRef = “pos”/ >
< Settings
RequiredMemorySize = “0x100000”

Application JGFK 48 & T & 43 X 15 & /9 )i
JH , SharedLibraryRegion JG & 15 & T 1% 43 X8 H 1)
I Ry 4y X #:/E & 48, RequiredMemorySize JT
FOE ST 53 KT AT R AT KD
3.4.3 4 Makefile X489 &

ZiG I R Y Makefile SCPF K 2 115 A2 1
AORE B ) 25 DR B T — R, AN B o 2 73 A A
—AECEIC R, FEANFEMT
all: net checkSize
include $ ( WIND _
Makefile. rules
core0S.sm; $ (MOS_DIR)/ $ (CPU) gnu. debug/
coreOS.sm; cp $ < $ @
pos.sm;: $ (POS_DIR)/pos.sm; cp $ < $@
$ (APP_DIR)/uavm.sm; cp $ < $ @
$ (APP_DIR ) /uavmTest. sm; cp

BASE ) /target/ config/make/

uavm. sm :
uvavmTest. sm:
$<se@
net: $ (SYM_FILES)
checkSize: $ (SM_FILES)

xmlgen--bbCheck $ ( addprefix-j, $
$))\

configRecord. xml

Horr Makefile. rules S g 3 A= AR 55 15 28
B 26 T boot. txt. it B iC 5% % configRecord. xml
LA N TR B0 R B4 1% configRecord. reloc U4, net 3
71 G PR AE Y R — A T 48 T AR B AR, A SR 4
ram A1 rom W 73551 3R 7R A2 B J& RAM B B & 48

( basename

BEf% F1 ROM B B4 1Y &R B 85 1%, checkSize 5 # &
G B AR B R /N 75 TR A

4 IMA 7Bl

IMA L il 32 222 2 Be A 0 5y Uik,
o BRI — N5 B B okiz 4T N, (A B
T B — S Sy A 0 7 P 4 R A G O B ROHE
BRIk [ H A N BB ok A AN R 1 B
B B ST 5 — A X, da S W R L 1 BT R
B S0 A g
4.1 WKEANFE

ST 5 — 4 X, IF & R A vavmTest, ff
%lﬂﬁ% OC.GCS.RUV.DPU % % F1 422 i £ 9%

W WSRO A IR 5 A, FI B UAVM 5 4p 5t
WAF e IR, W 10 fis.

10 7 i AE ]

Fig. 10 Application testing framework
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g E) HEsALrh s AT S R MK 11 s,
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Processl ~
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VxWorks 653
Copyright (c) 1984-2007 Wind River Systems. Inc.

CPU: wrSbe7457 Power PC
Runtime Name: VxWorks 653
Runtime Version: 2.2
BSPversion: 1.3/9
Created: Nov 102014.16:44:50
WDB: Ready

Processl created NO_ERROR

Process2 created NO_ERROR

Process3 created NO_ERROR

Process4 created NO_ERROR

Process5 created NO_ERROR

Process6 created NO_ERROR

Process7 created NO_ERROR

Process8 created NO_ERROR

Waiting for OC Scene input!

Test......At this time, OC Scene order has been sent!
Scene FSSis 3, scene informationis 0x10......Cloudy, rotor
Waiting for OC Start input!

Test...... At this time. OC send start order!

Startis 1...... Demo is starting......

Waiting for OC network data!

Test___.__At this time. OC send network data!

Link successfully!

‘Waiting for OC control right data!

Test......At this time, OC send control right data!
The connect object is 10, ready to get control......

F11 RIFB T4

Fig. 11  Application running result
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IMA application development based on Harmony system engineering
XU Wen, XIONG Zhiyong, ZHANG Guoquan *

( National Key Laboratory of Science and Technology on Avionics Integration Technologies, Shanghai 200233, China)

Abstract: Integration modular avionics (IMA) system application development with Harmony system en-
gineering ( SE) modeling method was introduced, Rhapsody was used as the system design tool with Harmony
profile to create a software model based on the IMA application requirements, and the system use case dia-
grams, activity diagrams, sequence diagrams, internal block diagrams and state diagrams were analyzed. With
the model, the IMA application development process based on VxWorks 653 operation system ( OS) was speci-
fied, including module OS build, partition OS build, application build and integration build, and test the IMA
application. In module OS build process, it was focused on the development of core OS Makefile. In partition
OS build process, it was focused on the development of partition OS configuration table and its Makefile. In
application build process, it was focused on the development of application source code, application configura-
tion table and its Makefile. In integration build process, it was focused on the development of module configu-
ration table and its Makefile. The application was tested by loading it into the IMA module, the application’ s
running state was consistent with the Harmony software model.

Key words: system modeling; Rhapsody; Harmony method ; integration modular avionics (IMA) system
application; VxWorks 653
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Wing rock motion induced by forebody asymmetric vortices in pitch-up
XU Siwen, DENG Xueying" , WANG Yankui

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

Abstract: Aiming to the issue that the angle of attack was usually fixed rather than pitched-up in the pre-
vious researches about the wing rock induced by forebody asymmetric vortices, series of wind tunnel experi-
ments were conducted in Beihang University D4 wind tunnel over the configuration of a pointed ogive-cylindri-
cal body with 30° swept wings. Effect of pitch rate on wing rock motion as well as the mechanism of that was
first studied through wing rock experiments in different pitch rates. The flow mechanism of wing rock in high
rate pitch-up was then studied through the surface pressure measurements during the dynamic wing rock.
Experimental results show that, as the wing rock motion time reduces with increase of pitch rate, the motion
patterns of wing rock are different in three different intervals of pitch rate. The sinusoidal-like motion, which
is totally different from the motion at static angle of attack, would occur in the third interval with high rate
pitch-up. The variation of forebody flow with angle of attack, instead of the variation of forebody flow with roll
angle, is found to be responsible for the sinusoidal-like motion in high rate pitch-up. Hence, the flow mecha-
nism of wing rock in pitch-up is greatly different from that at static angle of attack.

Key words: pitch-up; forebody asymmetric vortices; wing rock; sinusoidal-like motion; flow mechanism
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LADRC-based attitude decoupling control for helicopter and
parameters tuning
WU Chao', WANG Haowen **, JIANG Chen’, ZHANG Yuwen®, NI Xianping'

(1. National Key Laboratory of Science and Technology on Rotorcraft Aeromechanics, Nanjing University of
Aeronautics and Astronautics, Nanjing 210016, China;

2. School of Aerospace Engineering, Tsinghua University, Beijing 100084, China)

Abstract: To meet the ADS-33E-PRF flight quality and effectively overcome the influence of external
disturbance, an attitude control strategy based on a linear active disturbance rejection control ( LADRC) is
proposed for helicopter. Flight dynamics model of UH-60A and the wind model were established. UH-60A was
trimmed for verifying accuracy of dynamic model and trim algorithm. Helicopter attitude decoupling control
loop based on the single input/single output second-order LADRC controller was set up with stabilization feed-
back loop. The controller parameter tuning problem was transformed into constrained optimization problem in
time and frequency domain according to quality requirement of ADS-33E-PRF. Combining H-infinity synthesis
algorithm and steepest descent algorithm, the optimization of parameters was calculated. Quality assessment of
attitude control was made and the control loop was applied to the attitude hold control simulation in atmospher-
ic disturbance. The results of simulation and quality evaluation show that the attitude control system based on
LADRC has good decoupling performance and capability of anti-disturbance.

Key words: helicopter; attitude decoupling; parameters tuning; linear active disturbance rejection;

flight quality



20154 11 H
AL 11

tEMEMRKEFFER

> 2
:":'ﬁ'a-*g‘ November 2015
B
Journal of Beijing University of Aeronautics and Astronautics mE 15 Vol.41 No. 11

http : // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2014. 0728

EFriEme&nshee i #EBE4 S35t
e, W, ARA
&Y

(JERCBET R FAi~~Be, dbat 100081)

i B M ARESMNETERE A2 288 (KKV) o9& 3 &% F A, XA
SMETHRIAME(NDO) XL M mF BART — A& TR AL H 4. &L=
FHAA TR w4 430 W T AL 2, F AR NDO X B A A B AT R R AR I
By SAME  BRT REFAFNLH ARFT AP mEZ. Bo, 2 8 AERRE . TEH
EfmRAAEREAEE AN BT ERGE, AT MM A AR RN B AFET
B R REE RS RN, T EEREXASTHRERAER AL THERMAG BRSNS #

jbuaa@ buaa. edu. cn

BA AT 3R

X B W RS FAETRUME; BEEH; AERE; EHKR

hE4SZES. V488.13
XERFRIZED : A

#HeFE K #8 (Kinetic Kill Vehicle, KKV) {E -}
— B ORAZ S AT A, A e AT AR
ELUR I AE , 8 1 B A o 4 BOR 22 H AR 54k
SUZ AT AR A L, Bl RE 4 R SR T B R
i A LA, DS BURS v A R o) S A s
T 3 B A S BUORE B R AR A S

KT HI A E NS T R E RS Horp
7 B R )4z #8 J2 9] 51 (proportional naviga-
tion ) , FLAR i 7 X 02 4 S 0 4 B 4 5 9 HAH
T B R 2 A R R R 51 E AR R L
B RATI, BT 5 e DL ORUEAE A A b H AR, SCRk
[3]42 T —Fb B Lo i) 5 32, i aod 45 ] 5 9% e
BT AT 1] B9 0 32 3 R /N R FE AR AL 8, 2k 3
TN AR AR . R AR AR R X 3 A
P2 A U P2 R BB T — A L] 5 ] A IR
TR T B, (H % 07 AGE TS
KT H bp 8 1175 B

BEE FEHI BIE BTSSR A R 22 B R T

NXEHS: 1001-5965(2015)11-2095-08

BT AR B R 09 ) S A B s SR A
ST WA S A0 backstepping il &
FEUPRT g 2 R A s A A R
DL A XA B S AH X A R R T —Fb
ST R TR0 11 e 0 ) e Indig 2517 A HRe A0 42 o
RIS AR T — Fh oot He ) S R At
I 2t i BEHLE T T3 T Re Rk 9ok
Bl S, A A W i R gl A JE M R
B, A5 PRI 1R 25 A0 AT PR BT ) P e S B & (HAE
) b Y BEIZ T 1 0 75 L R . Tk s s R
T ol T A BRI R] A S ) L AR 4 A o R
B SE TS R G R fh R I SR &
A R Ol P TN DAel = N i B N
& HAEHLEN. Rao Fl Ghose' " & %} H k5 HL 30 #% 11
Tl A A A 2 A R A ] S R H AR
PRI T RE R B S B S R A R AR T
FEAR s it oo HAME . R R R 5 A F il
o SR 1) B0 K I AR I EHR LS. TR

Wi B 2014-11-20; R A EE: 2015-01-06; W4 H KR AT iE : 2015-01-20 10:50
) 2% H AR #b 3k www. enki. net/kems/detail/11.2625. V. 20150120. 1050. 001. html
E£TIH: 8637111 (2011AA7043024) ; “985 2" =M f s @ 1% 55 H
* BIHAEE: B0 (1986—) , 55, BRIk N, LW A, yangxu@ bit. edu. en, FZEHFGE J5 0] 2 ®AT 4% 8 2 S 4.

SIA%: e, K, WEA BETHERANHEERERRAEHERI[T] XFMEMKXAFFH, 2015, 41 (11) : 2095-
2102. Yang X, Zhang J, Liu Y X. Sliding mode guidance law for KKV based on collision course [] ]. Journal of Beijing University
of Aeronautics and Astronautics , 2015, 41 (11 ) : 2095- 2102 (in Chinese ).


Administrator
新建图章

www.cnki.net/kcms/detail/11.2625.V.20150120.1050.001.html

2096 G| AN T S N = 4

A A 4R
NEEEE

2015 4¢

i A1 2. 52 56 A i backstepping 19 B, B3t T
— 18 A I A S A R I A i A 2R
(i ) S L% 7 1 2 SO B . S it T 4
T 1 HS Qu il Zhou'™) 2 1 e 30 [ 3728 B AL By
BN BT T — b I T 3 2 1 B 1 o S A

FESEBRRL R, BT R G B SR 25 & H
B 2 e LA i, o B o 5 R T R
AR YA 3 45 0 8 2. Zarchan''®! 1 Shima
AUy BRI AR R 2B (KF) Ry /K 2 ik
P (EKF) {977 2 %F 22 8 Bk A 4 K H b 9 2 500
FiAtit. Zhu 280 R0 SRR 25 0000 2% (ESO) X
LA B A 32 J3E 52 AR A 3, 5 0 A4 1 R R i
T —Fh A 45 i S . Zhang 25 B W
B 7 B T ) S A, R B AR LS N A
ST I 3 i Al 2 T 00U 5 % S e A
3 3 ) R A R A R i 3T T AT
EETS

L LR TERAEAT R BARES , K2 R X
S 8 R /IVEEL A2 3 g 4 o R Ok e R A R
b ) A 6 28 2% g I A 18 1 o 5 A TR 3 Ay
i 5 380 L Y 4 905 S B0 % I A P2, T R
)RR A 8 X DL 15 A 1l A

o 3l i 42 46l ) A R R S AR
A SCUETF T — R 3 T R A 4k (collision course)
(i R S . T S 0 R JELARL TR R
500 S ShHLIGR ] 208 iR B 28, 7 A T i 72 3
3£ 7 1) B4 3 1) 3o 2%, o B R B R R B K
5 1) T (0 98 5, T 2 52 O R 2 . E
SE R B R A B RR LS BT
e, FH AE 2 VE T H UL 28 (NDO ) Xof JH 52 i A
e, R4S T T B AR LS AR 52X
RO R Tk

1 BEEENEHER

FUbR B2 80 e, 38 5 5 B A, ml DUOR =
2 1) R A by WA A L 3 VTG PN B A R R
3 S AE PV THD P S BT X R Y o S A O A5
D78 AR SCHE AR 1] F- T 7 5 BRI 8T 1 Atk
TR HER R R LB AL AR &R Oxy F HYAHXS
B ENRFR. S SO M R E AR T 42808 &
T b5 m

AR A TR BB 5 3R H AR K8 B, 22
W 5 SR H AR B 32 EE 7, HL S SR 3 2 A
B RG Y HA A SR E. 7ER bR R
A H B R X IE B T R

¥

I e E ST NG

Fig. 1 Missile and target engagement geometry
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Sliding mode guidance law for KKV based on collision course
YANG Xu®, ZHANG Jiao, LIU Yuanxiang

(School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Aimed at the problem of exoatmospheric kinetic kill vehicle (KKV') guidance law design for
intercepting targets, a novel missile sliding mode guidance law with nonlinear disturbance observer ( NDO)
was derived base on collision course. Through steering angle of attack of missile, the direction of velocity of
missile always pointed at the expected collision point. Missile could intercept the target with lower overload,
faster speed via NDO, which was currently estimating and dynamically compensating to target acceleration.
Moreover, comparison to the two interception strategies were obtained with interception trajectories, capture
zones and velocity range. Another strategy was the sliding mode guidance law based on finite time convergence
which aiming to steering the line of sight rate close to zero. The results show that the validities of the proposed
sliding mode guidance law based on collision course in application for kinetic kill vehicle.

Key words: missile guidance; nonlinear disturbance observer; sliding-mode control; collision course;

capture zone
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Fig.8 Density contours of TSC waverider’ s lower surface
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Fig.9 Shockwave structural diagram of TSC waverider
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Fig. 10 Density contours of TSC osculating cone

waverider’ s bottom section
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Table 1 Inviscid aerodynamic performance

parameters of TSC waverider

Fy ZEER FHFRHE BORE A
Y
Smr/mz C, Cp L/D
TSC-ConeWR 7.296 0.1000 0.0283 3.53
TSC-0SConeWR  7.714 0.0997 0.0285 3.50

R 2ZREBRBEGTHEREESH
Table 2 Inviscid compression performance

parameters of TSC waverider

I R A ToHG SRR FR AL
g
o =pu/(pu) n =Py /Py,
TSC-ConeWR 3.206 0.906
TSC-0SConeWR 3.130 0.888

R, ZRIE 405 T 5 W) D) 4 3fe I
RE TR PERE S B A — 30, X2 i T =GR %
HES e U R 3 R 4 T Y TR 43 0 A 3. 066
1.868F12.362m”, i FLH hy 1:0.609:0.770; = 2%
JE 45 W) Y Ak e P AR 3 A R 4 T i T AR A S oy
3.226. 1. 961 1 2. 527 m’, W K K
1:0.608:0. 783, 4 # 3 A 45 1 1) 1 A2 b 3 45 A
[A], JF HOH = 2R 48 ok M AR IR, AIEL 8 o i %
JE 2 B o0 At — 3, TR LM i S B A A ]
3.2 thEEH

DL b = 0 A S W U e AR iR T
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Table 3 Viscous aerodynamic performance

parameters of TSC waverider

_— ZHmMMB TEHRE AR Tk
4
S,/ m? C, C, L/D
TSC-ConeWR 7.296 0.0992 0.0326 3.04
TSC-0SConeWR ~ 7.714 0.0979 0.0323 3.03

R4 ZRERFRGEEEFERESE
Table 4 Viscous compression performance

parameters of TSC waverider

. AR KPR BRI R EL
4
o =pu/(pu), 1 =Py /Py
TSC-ConeWR 3.183 0.830
TSC-0SConeWR 3.084 0.828

(b) =FFEGWI ek ik
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Fig. 11

Pressure contours of TSC waverider
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Table 5 Aerodynamic performance comparison of

TSC cone-derived waverider in different conditions

Stk (4 oK/
R A ) ¢

TeHs/Ma6/30 £ 0° 0.1000 0.0283  3.53  3.206 0.906
Rt/ Ma6/30 £/ 0° 0.0992 0.0326  3.04  3.183  0.830
i/ Ma6/ 30 £ 4° 0.1856 0.0592  3.13  3.894 0.745
i/ MaS /30 £ 4° 0.1940 0.0627  3.09  3.129 0.806
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Fig. 12 Pressure contours of TSC waverider off

design condition
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Design and comparative analysis of multistage compression
cone-derived waverider and osculating cone waverider
LYU Zhenjun, WANG Jiangfeng "

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

Abstract: As a forebody of hypersonic vehicle which was powered by air-breathing scramjet, waverider
not only showed its excellent aerodynamic performance, but also played the role of pre-compression to incom-
ing flow for hypersonic vehicle. In order to further enhance the waverider forebody’ s pre-compression effect, a
new design method for multistage compression waverider configuration was presented, based on theory of oscu-
lating cone proposed by Sobieczky. Multistage compression cone-derived waverider and osculating cone
waverider which had multiple compressive surfaces were obtained by using the design method. Aerodynamics
performance of three-stage compression cone-derived waverider and osculating cone waverider were compared
and analyzed in the same design condition and with the same projection curve of forbody. The research results
show that the design expectation is in well agreement with the result of numerical simulation. The design meth-
od of multistage compression waverider can be used to cone-derived waverider and osculating cone waverider.

Key words: aerodynamic configuration; hypersonic; multistage compression; cone-derived waverider;

osculating cone waverider
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3.2.2 XN AZENY A

WU 3 RIS 4 A5 0L S 2 O A HIOIR 253
BURE A2 A HERR] P4 5 2 80 mm, BORME T, R
TS AR A, 1 3 FL s il 15 L/s, i
4 HoAS A 19 L/s.

IR A b A SRR P9 I LS R A 8
N, Nl DL, AR 4 Tl 3 A4 ik
AR AL/s, 18 4 pomk BRI LIS 3 A A ER
LS SRt — A B G, DR I A X R o BE A5
) PR Bl BRI s B A Oy S B, Dy 3K B e R s R ]

7 B E— 20 N R s AR
5.0
45 —— 53

log(EL55 )%)
(9]
wn

15 20 25 30 35 40
il /h
P8 il X S I S

Fig.8 Vacuum degree influenced by pumping velocity

0 05 10

303 HAEAAEEN YD

B S AR S 6 BT S s HOR A
ST A 19 L/s BECRE BohRI4 , A B
YR it i BEAE R 5 RS 6 P43 %1 o 80 mm
A1 190 mm.

B A v S BT N B s AR A AN A 9 B
e W e T B 2 4050 O R i
FEA PR AR ALL T S i A 2 /0 S S e
LS R R S



AL A5 R

2114 65 M2 M ROk 2%
50
450 % —e— 155
—— idgi6
. 40f
o -
M 351 !\
= 30 N
E{J
T 2y
—tsess 05 5-5-0-5-5-5-5-5..
20k
1.5 — e et |
0 0.5 1.0 1.5 2.0 2.5 3.0 35
A il /h

PO A fh e o 28 JEE ) 52

Fig.9 Vacuum degree influenced by sample volume

3.2.4 SARENAEENI A

U 4 AN S AU SR dh 12 A S B8] Y 1Y
5 2y 80 mm, fili i 19 L/s il ik A v A 84
B 4 RN HE K S AR R LT

e o A R A A s R A R 10
i, W H AT LU L2 2GR0 f e A B B s
JEHE RS IR (I 87 Pa) . RMET YRR &L T RE S A
KRR 2R T A —E B R, = B2
A%, PR ity 22 A M il b 200 8 T R 3
JH R

50
a5k 3\ — 4
| —e— 855
; § i3
= 4.[)] \
= | \
M 35H &

log(
 o% ] (¥
nw o

-
il i

W

\*”*—11 e
a0k Y *0-0-0-0-0-0-8

0 05 10 15 20 25 30 3
A il/h
P10 B K 0 202 B A5 e

Fig. 10 Vacuum degree influenced by water content

Lh

3.2.5 BREMNAZEWNG R

IR 6 Fiata 7 AL SRR e R Y
I EEY R 190 mm , il 19 L/s, $ill <ok 8 b A
PORES LT IR 6 SRS BORE IR 7 R
JFHHE SRR

IR AR R H e B s AR A 11
fiw , B H e LA W 2 4038 50 5 A0 A R L 4

5.0
4.5 —— iXBE6
4.0 —— k37
?i 3.5H
& 30
% 25}
- 20¢F e T —
15 )
1.0 : : : :
0 0.5 1.0 1.5 2.0 25
Asffial/h
PRI o S X 25 4 5 )
Fig. 11 Vacuum degree influenced by density

1 o015 4
HE PSR ARG G 75 Pa) . P50 FE dh 88 205
SO 25 AR T B B 5 BE 05 A
S 0 R 2

4 4 it

ASCBOI R T — BRI A R
G¢, R ALL A M 23 52 BT 1 AT B R T T
R 4598

1) DA £ oG 8 il o PR R o 5 52 5
B 5 5

2) Rl 2 R A DL SR R PR
JE 0 SR PR 3R 5 il A P A o AT I A A
X AR IR s B TG ) 5 T X A RO s R A
AR ARG 5 s 5 0o A IR L 2 T2 A A 4

feay

S Hk (References)

(1] BRBH A T ERBEHAAE S (M. deat . 00 A, 2005
315-318.

Ouyang 7 Y. Tntroduction to lunar science [ M ]. Beijing: China
Astronautic Publishing House,2005:315-318 (in Chinese) .

(2] mhgrad, HamAR. A BRRI TR i A BRI BE M [ T]. Mt K
TEMREE T ,2006,23(1) :1-11.

Ye P J,Xiao F G. Issues about lunar enviromental in lunar explo-
ration project[ J]. Spacecraft Environment Engineering,2006 23
(1) :1-11(in Chinese).

[3] Shi X M,Quan Q Q,Tang D W, et al. Development of a drilling
and coring test-bed for lunar subsurface exploration and prelimi-
nary experimental research [ J]. Chinese Journal of Mechanical
Engineering,2013,26(6) :1-10.

[4] Wechsler A E,Glaser P E. Thermal conductivity of nonmetallic
materials summary report, NAS 8-1567 [ R ]. Huntsville:
NASA,1964.

[5] Tien C L,Nayak A L. Analytical models for lunar soil thermal
conductivity[ C] // AIAA 10th Thermophysics Conference. Re-
ston: AIAA,1975:27-29.

[6] Cremers C J,Birkebak R C. Thermal conductivity of fines from
Apollo 12[ C] // Lunar and Planetary Science Conference Pro-
ceedings. Huston ; Lunar and Planetary Institute, 1971,2:2311-
2315.

[7] BZ Wi, M. Bt IORE U RS A e ()] s 5
B4R 2012 ,48(1) :165-169.

Yin S, Chen L,Dong Z F. Lunar soil simulant for drilling tool re-
search[ J]. Geology and Exploration,2012,48 (1) :165-169 ( in
Chinese) .

[8] kT, &K, MRt ife. CAS-1 BEHULJ] S5 0y DI & 5 RHJE L iy
WIS T]. 5 71 ,2014,35(1) :74-82.

Zhang Y, Yu F,Chen S X. Experimental study of dynamic shear
modulus and dampingratio of CAS-1 lunar soil simulant[J].
Rock and Soil Mechanics,2014,35(1) :74-82 (in Chinese) .

[9] 29K A BRLHERAEE BB BBV PE AR AT [ D ] IR IR

P IR Tl K2 ,2012.

Yan R. Thermal characteristics analysis for drilling process of lu-



%11

SRV, AF DL s L R BT B B v

A5

2115

nar regolith sample drilling Tool[ D ]. Harbin; Harbin Institute of
Technology,2012 (in Chinese).

[13]

2014,35(6) :648-656 (in Chinese) .
A BB, 2K W R G kA 0L T B 5 AR 1 A 35 00

[10] Beffipn. A T Bl OR AR 1 A2 5 B HRe v M R S AT ) 45 3k [J]. #o B4 15 42 ,2011,30(6) :138-141.
FeBFFE[ D], W IR « ME R 15 ol K2 ,2013. Shi H, Duan L C,Li T M. Analysis of thermal field on the
Hou Y S. Drill thermal characteristics test system development process of auger drilling simulative lunar soil [ J]. Geological
and experiment research of the lunar surface drilling sampling Science and Technology Information,2011,30(6) :138-141(in
process[ D ]. Harbin: Harbin Institute of Technology, 2013 (in Chinese) .
Chinese) . [14] BRI . S P 5 AR R 3 v i 88 3 1 A A AL [ D ]
[11] CuiJS,Hou X Y,Zhao D M, et al. Thermal simulation and ex- L AR IRIBNE K 2 ,2014.
periment of lunar drill bit in vacuum[ J]. Telkomnika Indone- Chen S J. Thermophysical properties of lunar regolith and simu-
sian Journal of Electrical Engineering, 2014, 12 (6 ): lation of its vertical temperature distribution [ D ]. Shanghai:
4756-4763. East China Normal University,2014 (in Chinese) .
[12] sy, W El, 4 57 4. B0 3846 i 038 00 17 5 iR 56 0F [15] ikiE%. s B FMIM]. db st B 5 Tk A4, 2004

5[], FEMisE R ,2014 ,35(6) :648-656.
Shi X M, Jie D G, Quan Q Q. Experimental research on lunar

soil simulant drilling load analysis[ J]. Journal of Astronautics,

783-786.
Da D A. Vacuum design manual[ M ]. Beijing: National Defense

Industry Press,2004:783-786 (in Chinese).

Device design and implementation method of
lunar soil simulant vacuum test
ZHANG Tao, AN Yinghe, DING Xilun"

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

Abstract: Drilling sample of lunar soil over depth of 2 m is the most important object of the third stage of
China’ s lunar exploration project. For performance test and security validation of the drilling process, it is
necessary to simulate a vacuum thermal environment which is close to lunar surface and then to carry out the
simulation test. A test device for lunar soil simulant in vacuum condition was designed and the pumping meth-
od was studied. The vacuum degree, under the condition of mechanical pump, influenced by pumping veloci-
ty, sample volume, water content, density and temperature was analyzed. Furthermore, with comparing the
effect of methods which pumped from the top and the bottom of the lunar simulants vessel, the most efficient
method to maintain the density of lunar soil simulants was put forwarded. The research makes some contribu-
tion to the construction of lunar vacuum thermal environment simulator.

Key words: lunar soil simulant; vacuum device; environment simulation; vacuum implementation;

vacuum degree
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Table 1 Simulation parameters settings

24 gl
Ty/s 0.5
N 4
T B /s 2500
ry/m 500
a/(m+s7?) 0.3
Vo / (m = s71) 10
w,,/ (rad + s71) 0.15
T,y Ty/S 0.33
v/ (m+s™") 40
Ak 0.2
r./m 40
R2ER & 0.8

S E m, e e 1 1.0x1073
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Coordinated standoff target tracking using two UAVs with
only bearing measurement

ZHU Qian', ZHOU Rui*', DONG Zhuoning', LI Hao’

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

2. AVIC Chengdu Aircraft Design & Research Institute, Chengdu 610091, China)

Abstract: A novel method for a random moving target coordinated standoff tracking was proposed to maxi-
mize the target position estimation precision by two unmanned aerial vehicles (UAVs) equipped with only
bearing sensor. The analytical relationship model between the UAV observation geometry configuration and the
root mean square error ( RMSE) of target position estimation, which is chosen as performance index, was es-
tablished, and thus the optimal UAV observation geometry configuration was obtained. Extended information
filter was used to implement target states fusion and estimation. The optimal cooperative observation geometry
configuration was implemented using online distributed nonlinear model predictive control (NMPC) , consider-
ing the constraints of UAV platform dynamic performances, collision avoiding, and security distance. The sim-
ulation results demonstrated the pair of UAV effectively maintained the optimal observation geometry configura-
tion and coordinated standoff target tracking performance in real-time.

Key words: unmanned aerial vehicle (UAV) ; standoff tracking; coordinated control; nonlinear model

predictive control; root mean square error
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Fault diagnosis method based on extension case-based reasoning
WEN Tianzhu', XU Aiqiang“', SUN Weichao

(1. Department of Scientific Research, Naval Aeronautical and Astronautical University, Yantai 264001, China;

2. Graduate Student’ s Brigade, Naval Aeronautical and Astronautical University, Yantai 264001, China)

Abstract . Extension case-based reasoning is a kind of knowledge reasoning method which is the combina-
tion of the extenics and case-based reasoning. Firstly, the representation of extension case using compound
element was introduced, and the similarity computing method of fault symptom with interval value was given.
Secondly, the reasoning process of extension case was analyzed; in the retrieve of extension cases, rough set
method was adopted to confirm weight of fault symptom, and search strategy guided by rules was proposed; in
the reuse of extension cases, conductive transformation was adopted to fulfill the reuse of extension case
according to different search results; in the revise of extension cases, increasing and decreasing transform were
adopted to add or delete fault symptoms of reused extension case and change their weight; in the retain of
extension cases, three retain modes of revised extension case were discussed, including adding, deleting and
replacing. Thirdly, the fault diagnosis process of this method was explained by an application case, and the
time complexity of extension case retrieve was analyzed. By the comparison of the proposed search strategy and
global search strategy, it is known that using the proposed search strategy can increase search efficiency and
improve diagnosis speed.

Key words: extenics; case-based reasoning; case retrieve; fault diagnosis; extension transformation
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Adaptive decoupling control of a MIMO system based on
fuzzy neural networks
BAI Chen, FAN Yao, REN Zhang® , YANG Peng

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

Abstract: According to the control problem of a class of uncertain multiple-input multiple-output
(MIMO ) nonlinear systems, an adaptive decoupling control approach based on fuzzy neural networks was
proposed. Firstly, a sub-channel decoupling control law of MIMO nonlinear systems was designed using decen-
tralized control theory and feedback linearization approach. Secondly, the approximation of the system
coupling terms and uncertainty terms were obtained by a fuzzy neural networks observer and compensated into
the control law as compensation signal. It was proved that the control law, the observer and the weighted
vector adaptive law could guarantee the uniform convergence of the errors of the output variable, the observer
variable and the weighted vector finally. Simulations were carried on a typical uncertain MIMO system. The
proposed method was compared with a traditional output feedback control method without adding compensation
control signal. The simulation results show that the influence caused by coupling among the channels and un-
certainty is eliminated by the compensation control and the observer errors can converge. The results validate
the effectiveness and stability of the proposed control approach.

Key words: multiple-input multiple-output systems; fuzzy neural networks; adaptive; decoupling

control ; uncertainty
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Strategy of removing space debris using ground-based lasers
WANG Chenglin, ZHANG Yan™ , WANG Kunpeng

( Beijing Institute of Tracking and Telecommunications Technology, Beijing 100094 , China)

Abstract: The removal strategy of space debris is one of the most key technologies to achieve the goal of

clearing space debris in a wide range of sizes from 1 to 10 ¢m actively using ground-based lasers. In order to

develop an effective strategy for removing space debris, we firstly studied on the influences, which the changes

of different velocity components had on the altitude of new orbit’ s perigee, finding that the same velocity

increment along different velocity components has different effects on lowering the altitude of perigee. And then

combined with the geometrical and physical of ground-based lasers, the constraint conditions that determine

the area of orbit transfer were deduced. Finally, a general strategy, removing space debris in the way of con-

tinuous impulse orbit transfer using ground-based lasers, was proposed based on those mentioned above. More-

over, space debris removal using ground-based lasers is realized and the effectiveness of the clearing strategy is

also verified through simulation experiments.

Key words: ground-based lasers; space debris; removal strategy; orbital variation; simulation
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Fig. 13 Transient vibration curves over time of
symmetric thick-disk rotor with working speed

near lower order critical speed
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Fig. 16 Transient vibration curves over time of
asymmetric thick-disk rotor (k =0.05) with

working speed near lower order critical speed
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Analysis of transient vibration of single-thick-disk rotor crossing
two orders of critical speeds
LIU Zheng, WANG Jianjun”

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

Abstract: The special structure of drum type compressor of aero-engine, which can be simplified as a
thick-disk rotor system whose radial moment of inertia is greater than the axial one, has two inherent frequen-
cies when whirling forward. Transient response to unbalance exciting force of single, thick-disk rotor crossing
two orders of critical speeds in constant angular acceleration and constant working power was calculated respec-
tively, and the nonlinear coupling between the thick-disk rotor and energy occurred at the latter. The results
show that the low order vibration shape of single, thick-disk rotor is shaft’ s bend, the higher one disk’ s incli-
nation, wherein the higher order mode is unique feature of thick-disk rotor; when rotor crosses the critical
speed, its transient vibration is composed of free vibration and forced vibration; when the power is not enough
to provide the rotor crossing critical speeds, the coupling between external energy and the rotor system will
appear, resulting in a sharp increasing stall phenomenon.

Key words: single-thick-disk rotor; transient vibration; constant angular acceleration; constant power;

critical speeds; two orders mode
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5113 BB, % J2 AR MoS, /Graphene 81 11 4 K . rb i A 00 S P S [57) 2159
(NH,CSNH, ) g B U AL 5040, & 00 72409 4RJ5 42 B0 A 1 mmol 9 Na,MoO, - 2H,0 i

MoS, /Graphene Hi i1k 1] MoS, i it 1k 2% #§ & &
PEE A K TE A 2800 b, 45 MoS, & A +
TR PE LA, A1 BRI VE O BRI Y S B IR L
R H - F bR 30 2 1) 3 A6 e B B T
HE . I, MoS, /Graphene KB T R 4F#Y
A AL T AU BE , AR P St R AR
HLA ) R 04 0L i

1 SLIEER4y

1.1 LZEEF 58

Na,MoO, - 2H,0 ( ff 3% i 95, 99. 99% ),
NH,CSNH, (B 595 ,99% ) , 1 5 3 Fr (B ik 3%
7,99.8% ), &5 4% FR P (KMnO, , b 5t 4L T.) 7, AR
(Jr#ral) ), MaiiR (H,S0, btk T, AR) . K
b T A A 2550 34 S 43 BT 2 T AR VR A s
K e )

1.2 SHBEENES MoS,/Graphene 2K B &
70 Bl &

K FH ek 7 19 Hummers 351 Sl % b
M5 (Graphene Oxide, GO). HAR & WL BT .
W 1 g A7 8585 7 e — € & 19 NaCl rp— i fff )5
20 min, 8K J5 #EAT 4008, R G OK R & nh Bk A AR
By B UE S A AR TR AR Hh 70°C T4 30 min.
P51 [ 1A A B b B S B AR A% B A O, n A
23 mL B R , = T B HE 24 he S BOK A ik 2
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Fig.4 XRD image of MoS,/Graphene composite catalysts
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Preparation of layered MoS,/Graphene films and
their electrocatalytic performance of hydrogen generation

YANG Yang, XU Di, WU Qingyong, XIANG Min, DIAO Peng”

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

Abstract: MoS,/Graphene electrocatalysts which were used for water-electrolytic hydrogen making were
synthesized using a hydrothermal method among which NH,CSNH, (thiourea) was served as both the source of
sulfur and the reductive agent. MoS,/Graphene films prepared on fluorine-doped tin oxide ( FTO) by spin
coating method were applied for performance test of electrocatalytic water splitting. The study shows that the
activity of MoS, toward hydrogen evolution reaction improves as high as nearly 100% after coupling with gra-
phene. The high catalytic activity of MoS,/Graphene was attributed to two aspects: firstly, the selective growth
of layered MoS, on graphene through chemical coupling afforded an abundance of catalytic active sites on MoS,
edges. Secondly, as a good conductive substrate, the graphene sheets can accelerate the electron transfer. The
12 layered MoS,/Graphene catalysts achieved the highest efficiency toward hydrogen evolution reaction with a
current density up to —4.5mA/cm’ at the overpotential of 0.2 V and an onset potential of 0. 085 V in
0.5 mol/L H,SO, solution. Hence, as a substitute for Pt family noble metal toward hydrogen evolution reac-
tion, the layered MoS,/Graphene has broad application prospects.

Key words: hydrogen production by water electrolysis; MoS,/Graphene composite catalysts; hydrother-

mal synthesis; electrocatalytic activity; Tafel slope
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Table 1 Repairable operator data of high-pressure-

water-infusion system of nuclear power station
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Table 2 Unrepairable operator data of high-pressure-

water-infusion system of nuclear power station
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Algorithm based-on dynamic Bayesian networks for
repairable GO methodology model
FAN Dongming, REN Yi® , LIU Linlin, LIU Shuzheng, FAN Jian, WANG Zili

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

Abstract; GO methodology was an effective method of evaluating the reliability and the security of com-
plex systems. Besides the capability to describe the sequence characteristics of multi-states, GO methodology
was also capable of expressing complex dynamic repair behavior of the systems. For GO methodology models
whose systems containing the dynamic repairable characteristic, a new algorithm based on the Bayesian net-
works was presented. The algorithm firstly mapped the repairable and unrepairable operators into dynamic
Bayesian networks, and then mapped the whole model into Bayesian networks software to solve the problem.
With the support of the mature algorithm and software, this new algorithm is capable not only of figuring out
the curves of reliability that is changed over time but also the reliability index on the determined time point
without caring about the shared signals. This new algorithm based on the Bayesian networks theory is governed
by unified simple rules and it is quite convenient to apply in engineering.

Key words: GO methodology; dynamic Bayesian networks; repairable model; reliability modelling;

model algorithm
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Effect of attack angle on stability and transition in
a swept-wing boundary layer

JING Zhenrong' , SUN Pengpeng' , HUANG Zhangfeng * '

(1. Department of Mechanics, Tianjin University, Tianjin 300072, China;

2. State Key Laboratory of Aerodynamics, China Aerodynamics Research and Development Center, Mianyang 621000, China)

Abstract: Attack angle is one of the key parameters to the cross-flow instability of swept-wing boundary

layers. For swept NACAOO12 airfoil with infinite spanwise length, the basic flow field was calculated by

solving the three-dimensional compressible Navier-Stokes equations numerically, the neutral curve and the

evolution curve of growth rate were obtained by solving the Orr-Sommerfeld equation, the effect of attack angle

on the cross-flow stability was analyzed by linear stability theory (LST), and the transition position was pre-

dicted by eN method. It is found that, the growth of unstable waves in the leeward is inhibited but enhanced in

the windward. Transition firstly occurs in the windward, and the transition position predicted by eN method is

about 0.1 to 0.2 of the chord length with the N factor of about 6 when the disturbance velocity is 0.05% of

the free-stream velocity.

Key words: attack angle; swept-wing; hydrodynamic stability ; transition; eN method
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Roll maneuver control of robotic fish propelled by oscillating pectoral fins
GONG Zhao, CAI Yueri® , BI Shusheng, MA Hongwei

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

Abstract: Based on the practical requirements on the research of the roll maneuver control of robotic fish
propelled by oscillating pectoral fins, a central pattern generator ( CPG) based fuzzy control method was pres-
ented. Pectoral fins oscillating disciplines which drive the robotic fish roll were obtained by mimicking the pec-
toral fins oscillating pattern of natural prototype, and relative parameters were defined to quantitatively describe
the disciplines. Based on the CPG model, a fuzzy method controller was built to achieve the roll motion control
of robotic fish. Experiments were presented and the related results were analyzed in detail. Results show that
the robotic fish rolls quickly to reach the target angle at the maximum angular velocity of 10(°)/s, and the
steady state error is less than +5°. Finally, with the combination of the roll maneuver control and the yaw
control, the robotic fish can swim through a narrow space with the width of 1/2 wingspan, which shows the
high maneuvering ability of the robotic fish propelled by oscillating pectoral fins.

Key words: bionic robotic fish; oscillating propulsion; central pattern generator ( CPG) control; fuzzy

control; roll maneuver
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