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Robust adaptive fault tolerant control for
non-minimum phase hypersonic vehicle

. 1,2 . 1,2 - 1,2
WEI Qizhao ", QI Ruiyun *, JIANG Bin"
1.College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China;
2.Key Laboratory of Navigation, Control and Health-Management Technologies of Advanced Aerocraft,

Ministry of Industry and Information Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China

Abstract: A robust adaptive fault-tolerant controller based on output redefinition is proposed for non-minimum
phase Hypersonic vehicle models with parametric uncertainties and elevator faults. First, for the unstable internal
dynamics caused by the coupling of elevator and lift in the altitude subsystem, the system output is redefined, the
pitch angle is taken as the new output of the system, some coordinate transformations are performed on the new
internal dynamics, and the desired tracking command for the pitch angle is designed. For the redefined altitude and
velocity subsystem of the system, the unknown nonlinear function is parameterized and written as the product of
unknown aerodynamic parameters and function vectors, and the adaptive law is used to estimate the unknown
aerodynamic parameters and failure value.Finally,the stability of the system is analyzed via the Lyapunov approach.

The effectiveness of the proposed method is verified by the simulation results.

Keywords: non-minimum phase; hypersonic vehicle; adaptive control; fault tolerant control
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A control scheme of improving attitude
control under closed-loop guidance

LUO Yin, WANG Xiaofang

(School of Astronautics, Beijing University of Technology, Beijing 100081, China)

Abstract: In order to meet the requirement of closed-loop guidance of ballistic missile for attitude tracking
accuracy, a control method based on predictive function control is proposed in this paper. In the process of missile
flight, the rolling optimization and feedback correction of predictive function control can effectively suppress the
signal with unknown law and obtain stable control command. The simulation results show that the attitude controller
based on PFC can achieve the closed-loop guidance control command well in the case of strong disturbance and

model mismatch. In conclusion that PFC controller has high control accuracy and strong robustness.

Keywords: closed-loop guidance; predictive functional control; robustness
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Simulation and experimental study on buffer of multistage cylinder

LIU Wang, GUO Jinyan, ZHANG Xiao, ZHOU Qiao, ZHANG Guodong,
XING Chunpeng, JIA Yankui

(Beijing Institute of Space Launch Technology, Beijing 100076, China)

Abstract; In order to reduce the impact force of multistage cylinders, a simulation method of the buffer between
multistage cylinders based on finite dynamic simulation is proposed. In this method, 304 stainless steel is used as
buffer material, and the optimal constitutive model of buffer material is obtained by various kinds of constitutive
models. Then the obtained constitutive model is imported to the simulation method, and effect of the constitutive
model of 304 stainless steel on buffer is studied by means of simulation and experiment. Results show that the
elastic-plastic constitutive model of stainless steel is in good agreement with the experimental results. This model
may provide some guidance for reducing the impact force of multistage cylinder, and the application of stainless

steel to multistage cylinder can greatly reduce the buffer load.

Keywords: multistage cylinder; buffer; constitutive model; 304 stainless steel
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New type of space launch technology without support
based on road vector topology information

ZHANG Jun, YUAN Xincheng, LIU Zhun

(Beijing Aerospace Automatic Control Institute, Beijing 100854, China)

Abstract: Space mobile launch technology is a popular engineering application technology involving multi-
disciplinary cross-discipline, and it is urgently needed to overcome its core key technologies such as unsupported
high-precision, fast, and low-cost. This paper proposes a space mobile launch technology based on road vector
topology information, designs a data fusion method based on road network curve characteristics and inertial
measurement, and uses the curve characteristics of the existing road network to match the inertial navigation
trajectory. Ensure that during the maneuvering process, " stop and launch" high-precision mobile launch
technology. Has high application value. The basic structure and principle of the method are explained, and the

feasibility of the algorithm is verified through modeling, simulation, and actual sports car experiments.

Keywords: vector road data; topology information; auxiliary inertial navigation; autonomous positioning

technology ; mobile launch
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Dynamic mechanical behaviors of 0Cr18Nil0Ti and
impact energy absorption application

RAN Zhiguo, HE Chuntao, LI Lijun, WANG Jian, YANG Jie

(Beijing Institute of Mechanical Equipment, Beijing 100854, China)

Abstract; The stainless steel of OCr18NilOTi was studied by split Hopkinson press bar (SHPB) experiment, and
dynamic mechanical behaviors were obtained under different strain rates. Cowper-Symonds constitutive model was
applied and parameters were determined. An expansion tube with material OCr18NilOTi used to absorb impact
energy was designed, and finite element method was introduced to simulate low speed impact on such a tube.
Analysis result shows that the impact force versus displacement curve was perfect, and the load fluctuation is small.

Generally, such an expansion tube is perfect for impact energy absorption.

Keywords: stainless steel ;0Cr18Nil0Ti;dynamic behavior;impact energy absorption tube
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Equipment degradation state recognition method based on
improved hidden Markov model

GUO Sen, WANG Dawei, ZHANG Shaowei, FENG Anan, HE Wenhai

(Shanghai Electro-Mechanical Engineering Institute, Shanghai 201109, China)

Abstract: Aiming at the problem that parameters leamning algorithm of hidden Markov model (HMM) for surface
equipment state recognition easily converges to local optimal solutions, an improved HMM is proposed based on
adaptive particle swarm optimization (PSO). An inertial weight factor is joined in the basic PSO. It is controlled
dynamically based on the iterative results of the algorithm. Therefore global search capability of the new algorithm is
improved. The adaptive method is integrated to parameters learning algorithm of HMM, which contributed to
optimize the initial parameters of HMM. The new model is applied to state recognition for diesel engine with
different degradation state. Actual engine vibration data is analyzed. The correct classification rate of the proposed
method reached 96.4% , better than the traditional method based on PSO. The results verify that the proposed state

recognition method has a better performance than the traditional algorithm.

Keywords: surface equipment; degradation state recognition; HMM; adaptive optimization; PSO
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Effect of maximum principal elongation of rubber material on
cracking performance of nozzle closure

ZHANG Meng, YANG Dawang, LI Xiuming, DUAN Jiagian, YANG Ming

(Shanghai Space Propulsion Technology Research Institute ,Shanghai 201109, China)

Abstract ; Aiming at the problem of cracking of a certain Type of rubber nozzle closure under pressure ,based on the
cracking energy density,the cracking mechanism of rubber materials and the mechanical behavior under quasi-static
tensile load were studied ,and it was consluded that the cracking energy density of rubber materials is mainly related
to the maximum principle elongation of the material, and the rubber material is mainly hyperelastic under quasi-
static tensile load, in the 150% strain range, the Ogden hyperelastic constitutive model can fit its mechanical
behavior well; Based on the Abaqus finite element software and pressure-bear test,the distribution law of the stress
distribution of nozzle closure in different maximum main elongation rubber materials is carried out,and the maximum
stess mainly distribute in the root of the inner surface,, moreover,when the maximum main elongation of the rubber
material increase 13% , the maximum stress reduce 4.5%, when the maximum main elongation of the rubber
material increase 94% ,the maximum stress reduce 29% , that is,under the same conditions, the larger the maximum
principal elongation of rubber material is, the smaller the maximum stress of the nozzle closure is,so the risk of
cracking of nozzle closure structure can be effectively reduced by adjusting the maximum main elongation of the

rubber material.

Keywords: solid rocket motor; nozzle closure; crack; maximum principal elongation



2021 4F 10 A
$F30% T

o Tk oK 2% 22 i) Oct. 2021
Vol.39

Journal of Northwestern Polytechnical University

BRI R T IE R E

BAER Fuik, BRI, A, TF
(IR K ah 2 BRI A, 1)1 &#f 610100)

W E: LR ANIIARSER 56 R4k E A AR A IR, B E RS R S ALY I RSk it
AT S, AT AR Z R MRS R R IATT K, F T OREM S A LR A

Supplement

R P oM T TR AR JFRAT AR = AER RN ANSYS A X RBATH A F

AT A e LT AT BT LR R ARSI,

B R AE A b RN EAREATE] T R EH R

JEFa g BB ML AT B e # FIRE T T EM R A lE R4, SR X RHRE
A BAT 8 AT AL, 3R B R R R S5 32 38 Ao fy i 42 BB RE T e 36T le Rskie & T 42 6%

WL T 69 55T 16 e dh ik | 7T A5 09 AR RIS

*x #
FESZES.V231.96 X EAFRIZAD : A

e RGN RSP ILIR 30 ) 3 2ok
WL MESHHL T VRS H A R GG
WA AT RIZ A R 25 3 O™ B AR, W WP6 |
WP7 RF % s AL 22k H 3 PR 40 177 5 5000 56 56
ST TS L WA K Sh AL T R S I S
BT K SMLIERE AT A B 8T e et LA 4
SR ENIMNE LB X — D AT TR
AT, SCHER [ 4 ] % [R] 1] 5% F1 S 1] 5% &
Gt R PG AR PR VLT T S e i, SCIR[ 514
U ) B (AR A% 25 5 32 T UG U 7 R B
ST SCHR[ 6 ] R BCA FROCIETHE Tl &
P T R G A, TR e A i —
JBE R AL 33 L B AT BROT i, SR M PRI AR L,
AR R

E 5 R s 0 R B LG I R i 2 &R
SR e d R BRI R 22— Sk [ 10]
XF T I | St RS AR TR X6} e - 1ife S ok
MITHEAE R A5 R R W e 1 SORZh W R R A5 31 11
e )RR SRR B RS R o R, X
BRL 11 5T 3R T, SR 2l M ASE U 7511 5t A i T

%5 B #5:2021-04-15

AT ARG BN R e ik

X E4HS:1000-2758(2021) S0-0047-07

ZOL TR AR SR . SCIR[ 121 R 3 Flig
HUBL IR 5% 11l P e st A7 33, OF R R 7
GERIEAT T XF L3 M, K L - SRS NI AL
RRRATE VTR0 B 15 4 SR A 1 v O T 24 A I
SCHR[ 13 ] 9 AIF 52 3 I SR T I JEE A R 5 0 A A
AERURZE M0 SRS I RE R 5045 2 1 W 5 e
B R AT R SRR B T A R O R, (HR
Wt e S e e e R R, iR 22 Rl 1K

BT LA EBEE, AR SCEE X B Ry A R I 48 R B
BU T 5 T SRR % SR, 545 AR W1
FER S RIER S RN S 2R GBI . iJa 7051 R
FERE HENI RS 255 BN BEARAT 1 e 1 A iR 2L Al
P IR EE R T TR oA, LA 4 IS B wF
il TAER S

1 SREREANNNETRS
I A S BB T R e i L T

MAE REE AR A L, Fe T R g 2 A Ak
BRAHRIR BSOS, 2 MRS X ARG RE AT, =4k

PEBEI T w3 (1992—) , TR iR 8l 0% A BR UL 20w B B TR0, S22 e shipL A BT HAT S
BIEAEE 20K (1985—) , TR AR 8 1% s A IRSTUE A wl s P TR, R 2R & s pL S ABLHRTE

e-mail; ljynav@ qq.com



48 odb Tk

539 %

FEARLGNIE 1 B

-11111\1&1( vi(" @ >

K1 TR ER

AR BB 1" As M R S LI AR B,
BT T A S L Z NP AR BLEAL T il
Fie5 & Sl LHC A 3 1 3 e R A i 4 B 1 AR Y
77 P b 7R 20 Al AR 2 A 1) Bl 1) B T A, PR
Ji gt 1 A SIHLUHARTER O | e 2 ) R SBLEEH Y

7 SORE b 7 RV 1) s g S SCON il R SZ
20 RS R AR e C A, R e S i e
F g il SRR WA 2 PR

K2 57 SoRnRER

2 NIEtE

SO W BE SR R T B 5 2R G0 e B e i ) 32 A
ENRPaag ok i B MR ESENIbDVL S S (o

21 FZREEBIEANEITE
SCHRFR Y il ) 4 e A A R R A A
I RABA AL
1ER A R IG5, i 0 R AE
S0 LR BN RE TR E R R 43 K A | 2%
J E§ A1 13 = S N e SRV S G T B A et
BRI AT Ak . Bl R AR R Ak Jr R a0 3 FoR,
SR PSR I 2 R 2 5% o 1% T Ak =X B A 1) et
AR JE AR

2.1.1

AN %%

a)  fAALRT b) LR

B3 A R ik

2.1.2 X RHRIEFHE

B 15 1k J5 AR LR D 5 FH ANSYS Workbench
PEATTEERE, th Tl P e i i R A 5 R S L Ay
HRAT AR , PRI AE il 1) 47 R 25 S0 J8] 8% L A it o [
FELHWE 4 Fs

K4 iy TRa 2R &

473 591 B X6 Tl R s it A% e 28, in 28y
ZILES, B K/ 51k 50,500, 1 000 N, 1175
SRR SR R R AR 1 AT (LR T RRAR I ) ¥
PRAE IR I, 5 2 AT L2 1, Hodh 5,
HAH R AR T A, 6, M JE R AR A,



BT RV A R R IR RS R BB Tl S

49

®3 PRETEER

/(v -min') K/(N-mm™')  K,/(N-mm

3 000 5.42x10’ 1.86x10"
9 000 5.38x10’ 1.85%10"
15 000 5.31x10’ 1.83x10"
21 000 5.19x10’ 1.79%10"
27 000 5.04x10’ 1.74x10"
a)  RIRRIEES) b JRHRIEE S 33 000 4.85%107 1.68x10"
B S b raen s 39 000 4.62x107 1.61x10"
45 000 4.36x10’ 1.53%10"
*x1 TRTEZER 51 000 4.05%10’ 1.43x10"
B/ N 8,/mm 8,/mm 57 000 3.71x107 1.32x10"
50 2.49%10° 4.77%10° 63 000 3.33x10’ 1.19x10"
500 2.49%10™ 4.77x107 69 000 2.91x10’ 1.04x10"
1 000 4.98x107 9.53x10™*
as]
3 o 28 7 5 8 R AL %) H A ok 55 RUAR ] e ) 2
(PRI SR 2 300 K, il g
ARIERHRIEE | K, Ry Ji il Js o I EE AT L 5 I oy £
A, AT L. 3
R2 BAIETHEHER B a5t
#Hifmj/N K/(N-mm™" K,/(N-+mm")
50 2.01x10° 1.05x10° L5t
500 2.01x10° 1.05x10° o1 . ‘l‘_ 4 STe T
#%3% /10" (r-mim )
1 000 2.01x10° 1.05%10° a)  HTHREEER
101
213 X RHW A [
KT ANSYS Workbench i 32 48 #4718 i 137 43 =Y
BE L LS R, 43 590 B0 A6 i 7 I : 7
S0 N AR WARBIR K 0~ 1 150 o sRARBIR = o
SO 124 BEBURRAE A, AR 57 A 1 =
VAR S A8 | R IR AT 3 5 A Ay B8 A0 e 1 15 3142 al
] Sl I BEAE (LR TR SRR ) D2 3, Horh Ky iy Al
AR ZINIEE K, 8 el s S EE o 1 2 3 4 5 6 71
SR AN 6 Firzs , T WL REE e e i, b $ /10" (emim )
ARSI I, ELNE S Y AR

Ko zhilEihsk



50 W odb Tk ok

ALy

o 439 &

22 HWANEITE
SRR A R R, SRR 4 TR
R4 HERSH

Wi, MRS SEEE/ B/ REKE

:#I ¥
mm mm mm WA (°) 4%/ mm
15 32 9 10 15 4.763
REAMEK R 60 000 v/ min, 7 F R 50 4

JitE i om=2.06 ke, M4 (M= &SPl it F
WY R AT A G G, 1 B R ) F 4R
DAV R 0.16 g - mm/kg, M) 3 7R - 1 5 Ky
0.33 g - mm, MRHE(1) X, Tl 15% F5 K 5% R
69 000 r/min, T AT 12 H7 2K A% 1) 10 2 Aar Ry
35.28 N,
F =m’r (1)
el 2 MR ERHLSOR TR AR,
D] 11 7 2 7 2 shad B2 R AT REAF R A — AR 2
R O, L7 250, e 7R AR 1] 28 Ao o K, e KA ) 2y
ETRmEM SR Z MR (2) X, fkiE
i F=55.55 N,
Fo=F +mg (2)
WRAFE R BHLFHEY X Falifk m AT,
FA AR AR AR AR A AR
5 - 0.000 44(@3) 3 (3)
Db
K, Qp NZBIKRIE RS, D, IR ShEE
1 a N, Hrh Q, FEHRF32 A0, ji

cos

Qo = (4)

X, n HIRIREL
WS A (3) XA HIRZ AT 5, =
8.49x10™" mm, FHRlZKE KA 0 2 542 10 28I [
(B A5 ARAC R A 1] DI 8 (7 kb R DI 8 ) |, A5 Fl i R
K, 5 65 417.04 N/mm,
23 XZAGZENEITH
SOREEEWIEE K, drBlRNIEE K FISCRNIEE K,
Se[El e  RYE A2 KRBT, 4 & A 4
iy, SORMIBE R R
KK,
K, +K, (5)
TEASCH SCARNINEE K, B A i b i 1) M
I K HORWIE K, FTS R s w L K K, 73

FURA(5) =X, AR AT G SRS G H NI 7 518 K,
= 63 355 N/mm, K, = 61 580 N/mm, ¥l HI
K, Fi A sl K K, 50 A(5) =0, it
B E SOREE G IINE K, MK, WRS, HES
A K, B Ky ML, 2090 K,y = 65 300 N/mm
FI K,y = 65400 N/mm, X2 W TAEEUE iR s
SNIEE He AR B R 3 R L b, BRIl (5)
KA RNAZRA SN EE I TR W
x5 ZEDNE

e/

(r+min™")

K;m/(N . mmil) K;zd/(N : mmil)

3 000 6.53%10" 6.54x10"
9 000 6.53x10* 6.54x10"
15 000 6.53%x10* 6.54x10"
21 000 6.53x10* 6.54x10*
27 000 6.53x10* 6.54x10*
33 000 6.53%10" 6.54x10"
39 000 6.53x10* 6.54x10"
45 000 6.53x10" 6.54x10"
51 000 6.53x10* 6.54x10*
57 000 6.53x10* 6.54x10*
63 000 6.53%10" 6.54x10"
69 000 6.53x10* 6.54x10"

3 IaftEEERITE

MR i - T G 2R, R FH 48 38053 i i 1 5 =%
B FIR A T R AL, AR AL ET R 2 A
i UL A SR ANAS T 7 R,

N S A
GIE 7
SR AT JahiR

-

K7 e

e R GER R 5 P AR il AR S R W RE(E
R FRTSCITARER G MR, 256 5 W2 AN 25 5 3l I
NI S BT ARILR 6 2= 7 R IURIEANE 8



Hi) RV A R R IR RS R BB Tl S 51

IV
x6 IGRFEE(EEFHNE)
NI/ He
B Il 5z 8/
Mrik  dEshrm fE ik L 0.1 5%10* 1x10°
(r+min"")
(r-min”") (remin™") (r-min’)
1 p AR p 0 0 0
2 iE TaE 36 002 449 .4 658.6 790.8
3 = RE 22 376 453.3 273.7 177.7
4 i T 38 460 641.0 641.0 641.0
5 na T 63 093 731.3 1021.7 1135.6
6 Jz s 33 090 732.7 458.9 307.6
R7T GRHBZE(ZEEINE)
PESNIR A/ Ha
. Il AL 3/
Broc sEshdrm FRErE ( . 0.1 5x10* 1x10°
r * min
(r-min")  (remin?) (r-min")
1 7c NV p 0 0 0
2 iF T 36 392 452.8 664.0 797.1
3 J< sz 22 506 456.8 273.7 178.6
4 iE o 38 460 641.0 641.0 641.0
5 1F TaE 65 390 738.2 1 040.9 1199.8
6 JZ =yl 33 276 739.5 461.7 309.1
- =B =
18 o = 18| —
g P —— =K R
- p L —— PO /
16 . f_l‘fl‘ V. 16| et //
14F —— NI / 14 e ey y
« —e— BRI //,/ N T ///
N:o: 120« IR 7/,* N: 120 mmsox 7*/’
SO — SO _—
# R /
K 8 PR X 8k » )
&\\/K\___ g /\/ﬁ\‘—-___
4F < T 4r - T
, yd T 5 /// -
7 o / e
L~ . , . . - / . . y y )
0 2 4 6 8 10 0 2 4 6 3 i0
#5% /10" (r-min™) 3 /10° (r-min”")
a) NI b R

8 HIRK

— B IRBI R+ R A, I 9 210 s, RIS EERIE TR T — Zhhis A



52

[ | S A N = ¢ %539 &

LESLd

S5k 36 002 F1 63 093 r/min,
K ZEE NI 71— | il A 4 )

N 36 392 F165 390 r/min,

I.. lvég“""\ o q 05

a)  —MiRE

b) KRR

K9 Fey4RAA (FRNIED)

F10  FeroRAE (BN )

2) B 5 HhR 0 3l NI BE Bl s S B B8
& i FEEAIR 5
3) R Ja SR BIZE A Bl KIS Bt o 0 AR Ak

ARSORG - SOR 9 o SCARN AR S 43, 53 5
THEE T SOOI A Sl W EE T I -5 il 7 Y 2 R S
TRENAT 5 SORBI S H NI BERZE G SRR, 2 J5 R
FHERE W BE AN 255 3h W BE AT T 6 19 i S 4%
R IR AT T o0h AR

1) BT e b 7R i w5 ) RE AN Bl 28 9 22 A

Ak

4) FEREHRIBE 255 SN BEAS 2 0 %
— B IRA B A+ A R A, R ZR A NI
BERE e — il A 51 36 002 1/min il
63 093 r/min, RHLEHSNER, ¥ F— Kl
FUEH A3 51K 36 392 r/min 1 65 390 r/min,

Bk
B2 30K

(1]

(2]

(3]

[4]

(5]

Do, EEAE. SR T ANSYS WBT B Iy €1 /88 = S Jm RS S MA E E R 2, T, 2010

MA Weimeng, WANG Jianjun. Rotor dynamics based on ANSYS[ C] // The 23rd Notional Conference on Vibration and Noise
Control, Shenyang, 2010 (in Chinese)

VR A, skAEIZ. i R sh DL HLE Ty A et e 5 R B[ T . s =i, 2011, 32(8): 1371-1391

CHEN Yushu, ZHANG Huabiao. Review and prospect on the research of dynamics of complete aero-engine systems[ J]. Journal
of Aeronatics, 2011, 32(8): 1371-1391 (in Chinese)

ERE, B MATEIDRZ M BAE AU A B ). SRR EOR, 2006(6) @ 13-16

WANG Ke, WEI Fajie. The applications of economic affordability in the manufacture of aviation arming[ J]. Aeronautical
Science & Technology, 2006(6) : 13-16 (in Chinese)

CUNTER E J, BARRETT L E, ALLAIRE P E. Design of nonlinear squeeze-film dampers for aircraft engines[ J]. Journal of
Lubrication Technology, 1997, 99(1) . 57-64

TRATH, SR B R M SR A U T R G i L R B GIE [ ) ] M 450 TR e "4l , 2013, 28(2) : 133-136
XU Kejun, ZHANG Longping. Improvement method of dual-rotor critical speed based on the whole transfer matrix method[ J].
Journal of Naval Aernautical and Astronautical, 2013, 28(2), 133-136 (in Chinese)



Hi) RV A R R IR RS R BB Tl S 53

(6] KX, MRy i Wl T REM SRR [1]. s SHHI2AR, 2014, 12(1) , 36-43
ZHANG Huan, CHEN Yushu. Dynamic response calculation of a aero-engine’s dual-rotor system[ J]. Journal of Dynamics and
Control, 2014, 12(1) : 36-43 (in Chinese)

[7] M. 732k M. dest, ERE Tl AR, 1985
GU Jialiu. Rotor dynamics| M]. Beijing: National Defence Industry Press, 1985 (in Chinese)

[8] NELSON H D, MC VAUGH J M. The dynamics of rotor-bearing systems using finite elements[ J]. Journal of Eng for Indus
Trans ASME, 1976, 98(2) : 593-600

[9] GASCH R. Vibration of large turbo-rotors in fluid-film bearing on an elastic foundation[ J]. Journal of Sound and Vib, 1976, 41
(1):53-73

[10] HEAS, T, BN, 55 BT SORSNIEEX e 7S T R PRS2 m 0 p [ )], iz &L, 2008, 34(1) ; 23-37
HONG Jie, WANG Hua, XIAO Dawei, et al. Effects of dynamic stiffness of rotor bearing on rotordynamic characteristics[ J].
Aeroengine, 2008, 34(1) : 23-37 (in Chinese)

[11] BRE. B ESWUEIURSI AT [D]. Bat: Matiiz ik Ry, 2009
TANG Zhenhuan. Research on micro turbine engine vibration[ D]. Nanjing: Nanjing University of Aeronautics and Astronautics,
2009 (in Chinese)

[12] B30, B SN SR SN EE AL ZS K SHLEEHUIR S A R E[ D], F 5t F st iR R, 2012
ZHAO Wentao. Research on the whole engine vibration modeling and validation of aero-engine considering dynamic stiffness of
the tested casing bearing[ D]. Nanjing: Nanjing University of Aeronautics and Astronautics, 2012 (in Chinese)

[13] FEmiE. HE RS IIRSISEAMABI A D], At FatAi iRy, 2013
WANG Xianghui. Parametric design research on combined compressor vibration[ D]. Nanjing: Nanjing University of Aeronautics
and Astronautics, 2013 (in Chinese)

[14] AR, B Z Pl it FmEE 19 M M. JE5T. iz Tolk s iR, 2000
FU Caigao. Aero-engine handbook (19) [ M]. Beijing: Aviation Industry Press, 2000 (in Chinese)

[15] AREERL. M R ALBETHFMEER 12 B[ M. dbat. iz Tk ek, 2000
LIN Jishu. Aero-Engine Handbook (12) [ M]. Beijing: Aviation Industry Press, 2000 (in Chinese)

Critical speed calculation of high speed turbine engine

HAN Taoyi, LI Jiyong, ZHAO Yu, XIONG Jie, LI Fang

(Sichuan Aerospace Zhongtian Power Equipment Co., Litd, Chengdu 610100, China)

Abstract; During the working process of the turbine engine, its working speed coincides with the critical speed
leading to resonance, so it is necessary to calculate the critical speed. Based on this, the critical speed of a high
speed turbine engine is solved. In this paper, the supporting structure can be divided into two parts: bracket and
bearing. The force transmission path of the rotor is analyzed, and the 3D model of the bracket is simplified. Finally,
the static and dynamic stiffness of the bracket are computed by static analysis and harmonic response analysis using
ANSYS. The comprehensive static stiffness and comprehensive dynamic stiffness are obtained through coupling
bracket stiffness and bearing stiffness. Then the rotor mode shapes and critical speed under the comprehensive static
and dynamic stiffness are acquired. The results show that the static stiffness of the bracket is unchanged with the
load, but the dynamic stiffness of the bracket decrease when the rotation speed increase. The critical speed of the
rotor calculated through the comprehensive dynamic stiffness is higher than that of utilizing the comprehensive static

stiffness, which can provide a reference for future research.

Keywords: rotor system; dynamic stiffness; static stiffness; critical speed
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The mechanical analysis method of the aircraft structural
with high frequency load

AN Guochen, WANG Hui, GU Longfei, MU Weimin, LEI Liang

(Shanghai Electro-Mechanical Engineering Institute, Shanghai 201109, China)

Abstract; With the breakthrough of the high frequency pulse technology of the attitude control engine, the potential
resonance problem of aircraft structural parts with periodic high frequency load is becoming more and more
prominent. Based on the simulation model ,the natural frequencies of different modes were analyzed. The static and
dynamic analysis of the aircraft structure was carried out for the possible resonance problem for aircraft using
impulse power. The structure response and stress situation of the long time steady-state stress and periodic load were
analyzed. The deformation, stress and safety margin were obtained. This paper provides a feasible method for

mechanical analysis under high frequency pulse load.

Keywords: high frequency load; aircraft structure; modality analysis; mechanical simulation
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Multi-sensor information fusion for mobile robots

. 1 1 .1 2
LI Yonggiang , TANG Xudong' , LI Zhaokai' , Zhou Yunhu
1.Beijing Institute of Mechanical Equipment, Beijing 100854, China;
2.Department Mechatronics Engineering, Harbin Institute of Technology, Harbin 150001, China

Abstract: In order to improve the perception ability of the mobile robot and make the robot have higher autonomy,
MEMS sensors, including three-axis accelerometer and gyroscope, are installed in the position of the mobile robot
that needs to perceive the attitude. The position and pose information of the robot can be obtained by data fusion of
its readings. In this paper, the complementary filtering algorithm and the extended Kalman filtering algorithm are
used for sensor information fusion, and the quaternion method is used to obtain the position and pose of the robot
joint, which provides the basis for the robot to estimate its own state and make the corresponding decision in the
complex environment. Finally, the accuracy of the two algorithms is compared with the changes of position and pose

recorded in VICON 3D motion system.

Keywords: complementary filtering algorithm; extended Kalman filter algorithm; multi-sensor information fusion
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Application of Kalman filter and LSTM network in time
sequence control compensation

LU Bo, YANG Chao, XU Qi

(Beijing Aerospace Automatic Control Institute, Beijing 100854, China)

Abstract: The upper-stage rocket has a long flight time and high timing control precision. In this paper, a
compensation method of upper-stage rocket timing control based on Kalman filter and LSTM network is proposed.
Based on the analysis of timing control principle and error source, aiming at the problem that timing testing time
reference error is large, Kalman filter method is used to realize the measurement error estimation of timing control ,
and output the measurement error estimation value. At the same time, the multi-layer single-input LSTM deep
learning network is used as the error prediction network, and the Kalman filter estimated output sequence of the first
half of the upper stage rocket is used as the training data of the LSTM network to predict the larger flight timing
control error in the second half of the rocket, and realize the error compensation of timing control. The simulation
results show that the maximum timing control error of 6.23 ms can be reduced to the range of 2.92 ms by using the
error compensation method for the random 100-path timing control results of the upper stage rocket with a long flight

time of 10 h, and the method has good timing control compensation effect.

Keywords : upper stage rocket; timing control; Kalman filter; LSTM
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Multi-model control reconstruction technology for the
attitude control nozzle of the launch vehicle vacuum section

JI Gang, WANG Ling, YU Chunmei

(Beijing Aerospace Automatic Control Institute, Beijing 100854, China)

Abstract . Attitude control nozzle is a common actuator used in the vacuum taxi flight section of a carrier rocket. In
the event of a failure during flight, it is necessary to quickly confirm the failure and realize the control
reconfiguration in time to ensure stable attitude. The stability of the flight attitude can be guaranteed under special
conditions. Based on the configuration form of the attitude control nozzle, this paper studies a variety of fault models
to form a fault set. According to the results of the fault identification, the control set is adjusted adaptively, and it is
realized under the polarity fault and the typical plug-in reverse fault. The control reconfiguration technology of the

company has been verified by simulation.

Keywords: attitude control nozzle; attitude control system; launch vehicle; control refactoring
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Fixed time convergence based multiple flight
vehicles formation control method

ZHANG Ke, ZHAO Enjiao, ZHONG Zenan, ZHAO Yuxin

(College of Intelligent Systems Science and Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: In this paper, the formation control method is studied for multiple flight vehicles. The leader-follower
strategy is adopted, and the multiple flight vehicle control problem is studied based on the fixed-time convergence
control method. To improve the anti-jamming ability of formation control, a formation control model under the light
of sight of the followers is proposed, and the formation flight of the model is theoretically analyzed. Hereafter, the
model is decoupled by a precise linearization method. The stability of the formation control system is analyzed based
on Lyapunov function method, and a sufficient condition is obtained to guarantee the convergence of the formation
system in a fixed time. Aiming at the decoupled double integral system, a formation flight controller is designed
based on the fixed-time convergence theory. The simulation result illustrates the effectiveness of the formation

control method.

Keywords: multiple flight vehicles; fixed-time convergence; accurate linearization; cooperative control
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Infrared target detection and recognition based on
transfer learning with small samples

GONG Renjie, ZHENG Zhihui, CONG Longjian, XU Zhentao, WEI Haiping,
TANG Bo, LI Quanyun

(Beijing Aerospace Automatic Control Institute, Beijing 100854, China)

Abstract; In infrared target detection and recognition, aiming at the problem of the unsatisfactory of network
generalization capability due to the limited number of infrared samples, this thesis proposes an infrared target
detection algorithm based on transfer learning. Firstly, this thesis demonstrates the feasi-bility of the infrared target
detection using transfer learning with visible images. In order to achieve the goals of infrared target detection with
small samples, the algorithm designs a deep neural network based on domain adaptation. The verification of the
VisDrone2019 UAV data sets and Street Scene infrared images data sets shows that it implements high-precision

infrared target detection algorithms to complete tasks with small samples.

Keywords: infrared target detection; multi-modality image ; transfer learning; attention mechanism; generalization

ability ; domain adaptation
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Intelligent information fusion technology
based on deep BP neural network

YUAN Ying'?, YU Feng'*, ZONG Hua’, CHEN Yang'

1.College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2.Key Laboratory of Space Photoelectric Detection and Perception, Nanjing 210016, China;
3.National Key Laboratory of Science and Technology on Aerospace Intelligent Control, Beijing 100854, China

Abstract; An intelligent information fusion technology based on deep BP neural network is proposed, which can
overcome the shortcomings of traditional filtering algorithms. Deep BP neural network obsesses powerful self-learning
and nonlinear mapping abilities, it can simulate orbit dynamics model and correct orbital parameters based on the
observations, which provide an intelligent solution to non-standard multi-sensor information fusion problems. The
technology is applied to complete celestial navigation based on starlight angle. Numerical simulations have
demonstrated that, without accurate physical models, deep BP neural network can realize information fusion and

achieve considerable accuracy compare to the extended Kalman filter.

Keywords: deep BP neural network; intelligent information fusion ;extended Kalman filter;integrated navigation
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Autonomous trajectory segmentation planning
method for asteroid landing phase

WAN Yixing"?, XU Rui'?, LI Zhaoyu'?, ZHU Shengying'**,
LIANG Zixuan'?, SHANG Haibin'"?

1.School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China;
2.Key Laboratory of Autonomous Navigation and Control for Deep Space Exploration,

Ministry of Industry and Information Technology, Beijing 100081, China

Abstract; Most asteroids are irregular in shape, and the gravitational field around them is very complicated. And
the environments around asteroids are currently unknown to human. Therefore, flying missions near asteroids has
become extremely difficult. In deep space, far away from the earth, there are problems such as communication
delay and uncertain environment. The ability to carry out autonomous trajectory planning is required for space-craft.
The thesis takes asteroids as the research object, uses the segmentation planning method to get the trajectory of the
asteroid landing section. First, the polyhedral model is used to approximate the gravitational field of the asteroid,
and on this basis, the dynamics of the asteroid is analyzed. And the RRT algorithm is used to make a preliminary
plan for the navigation point sequence, and the optimal control principle is used to accurately solve the trajectory
between the navigation points. Finally, the autonomous trajectory planning of the probe and the asteroid landing

phase can be realized.

Keywords: asteroid landing; RRT algorithm; segmentation planning method
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Study on the US military requisition mechanism of
civil and commercial satellites

ZHANG Xinwei, ZHANG Zhaocai, WANG Hanlin

( Beijing Institute of Space Science and Technology Information, Beijing 100086, China)

Abstract; US military requisition mechanism experienced several stages, including civil cars and ships requisition
during World War One, civil airplanes requisition during World War Two. The military requisition object changed
together with the technology development and the warfare needs. US established the effective military requisition
mechanism of civil/commercial satellites, and attempted to demonstrate the feasibility of military requisition on
satellites. US Air Force designed the CRIF mechanism, and finally established the commercial satellite service
acquisition mechanism. This paper analyzed the US military requisition mechanism of civil and commercial
satellites, and studied the commercial satellite service acquisition mechanism. On the basis, some suggestions are

given.

Keywords : military requisition ; military-civil fusion;commercial service acquisition; CRAF
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