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Integrated online identification of aerodynamic and

thrust parameters in supersonic cruise missile

JIANG Zhenyu" , TANG Xiaobin, LIU Shuang, YANG Chengye
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; To accurately predict the aerodynamic and thrust characteristics of supersonic cruise missile during flight, improve the flight

performance and mission adaptability, an integrated online identification method for aerodynamic and thrust parameters was proposed. Motion model

of supersonic cruise missile powered by a solid rocket ramjet engine in the longitudinal plane was established, and a polynomial model of

aerodynamic and thrust coefficients in the cruise phase was established. The unscented Kalman filter algorithm was used to conduct online

identification and simulation verification of aerodynamic and thrust parameters. The identification performance was compared and verified based on

flight test data. Researches show that the integrated identification of aerodynamic and thrust parameters for supersonic cruise missile is necessary

and effective, and the proposed method can be applied to online parameter identification during flight.
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Fig.8 Integrated parameter identification results

based on flight test telemetry data

NHEESE— AR IERE , K 25 S BN
EARAS(2) MK (3) , 705k 3 S ik ) <3 1 &
TS ) 28, TR AT 3 A e R S
HAE L B D =qSC, [ F =qSCy fR5 T 50T 32 i
FIFHET RN SE2R I35 a9 FPE 10 B

FrIRASAL AR, B UE -5 T {8 18] 19 i 2241
RS

LRAORAE ARG HE T AT a0 5 1 —
IREAELR AR AL, TSI BT R FR(E S
PURERTA /NG 22 SR EAL AR, 14 XE W€
TELRAEVUE S BEVE T (W — A~ S HERf , (H45
SR ESTBIEE R, A BER A R ER 5 T B
(6 S SEIME, 9128 AT A5t e Mg - AE AT ile s
SRR B A BT I R TS B HE T D /D, 2B
RS BRBE T, M 3 BOR A s,
RESE ] N e kA TR T S RE SR 5% Tl A6
B IERBS %



55 4 1 TLIRT, 55 P BT T 50 Bl 1 5 4 ) SR IR E L AR -85
actuator failure [ J ]. Aerospace Science and Technology,
3 Zig 2022, 122 107371.

BT R 50 3l ) S HE AR BRR

ok PR T — MRS SN 2 TSk
WAL ik, BET

1) sdSr 733l T Mk s LA g v RE 2 ik

4 2 AR L T T 3 50
et I K B SV R A U3
B ORI ) B S B0 17— IR LR,
L RIS A UK B9 REKE S0 BT
AEAR BT R T AT R a0 ) S
S i

2) FtxE AT S AT BBy 5 4 ) —

AL HER, FERAE R TR, B SHE BliE
BRI AT BEAF 76— 5 (i 22, T T BCRAT
P SRR S I B G2, ] 2% BE R B 7 5 4y 2
WHURBR A T AR IE .

2 % 3R ( References)

(1]

BfRE, WERH, SRIRMS, & BMCKHET R4S KD
BLIMT. dest: WSS ik, 2006.

BAO F T, HUANG X J, ZHANG Z P, et al. Integral solid
propellant ramjet rocket motor[ M ]. Beijing: China Aerospace
Publishing House, 2006. (in Chinese)

F2z. Bk ERSPER REBOH SRR EID]. K
v EPRHE R, 2020.

WANG A. Designing and health simulation for the control
Changsha: National
University of Defense Technology, 2020. (in Chinese)
JATEGAONKAR R V. Flight vehicle system identification; a
time domain methodology[ M]. Reston, VA. : AIAA, 2006.
MORELLI E A, GRAUER J A. Advances in aircraft system
identification at NASA langley research center[ J]. Journal of
Aireraft, 2023, 60(5) : 1354 - 1370.

DEILER C, MONNICH W, SEHER-WEIB S, et al.
Retrospective and recent examples of aircraft and rotorcraft
system identification at DLR[J]. Journal of Aircraft, 2023,
60(5): 1371 —1397.

ALLEN J, GHOREYSHI M. Forced motions design for

aerodynamic identification and modeling of a generic missile

system of a solid ducted rocket[ D ].

configuration[ J]. Aerospace Science and Technology, 2018,
77 742 -754.

W), KRNI, AEHE, SE. R T BP M ML AT d
ZHRPERE BEREER [T]. R EESH, 2021, 39(5):
3-7.

YANG G H, DU L F, LI H, et al. Parameter identification
and adaptive of aircraft
network[ J |. Aerospace Control, 2021, 39(5): 3 = 7. (in
Chinese)

FAN W, XU B, ZHANG Y B, et al. Adaptive fault-tolerant

control of a mnovel ducted-fan aerial robot against partial

control based on BP neural

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

FEME, SR BETRESEIFNN RGBS
BCREAETTLI]. ST, 2015, 36(1) : 103 -110.
WANG J C, QL X H. Sensor fault estimation method for flight
control
identification[ J].
110. (in Chinese)
KELM B, MYSCHIK S. Model-based control reconfiguration
of a multirotor UAV using online system identification by
sparse regression ( SINDYc) [ C]//Proceedings of the ATAA
Aviation 2023 Forum, 2023.

INK, )T RRUZ A AT 8 B AE L HER i [T ]
iR pEdl, 2012, 30(6) : 3 -6.

SUN Y, YANG G H. A method of on-line wind identification
in the field of guided aerocraft[ J]. Aerospace Control, 2012,
30(6): 3 -6. (in Chinese)

KARLGAARD C D, KUTTY P, SCHOENENBERGER M,

et al. Mars science laboratory entry atmospheric data system

systems  based on  aerodynamic  parameter

Acta Armamentarii, 2015, 36(1) . 103 -

trajectory and atmosphere reconstruction [ J ]. Journal of
Spacecraft and Rockets, 2014, 51(4) : 1029 —1047.
Wiz RGEHFRENE KM, JEaT: RN R
#, 2014.
XIAO D Y.
applications| M]. Beijing: Tsinghua University Press, 2014.
(in Chinese)

ISERMANN R, MUNCHHOF M. Identification of dynamic

systems: an introduction with applications [ M ].

Theory of system indentification with

Berlin,
Heidelberg: Springer-Verlag, 2011.

BETC, Wik, KRS, 5. TR 0 [ b & S L
WEAE 5 Al A [T 1. [ R kR, 2011, 34 (2):
176 —179.

GONG Y Y, YANG T, ZHANG X J, et al. Estimates of
nozzle loss of solid ramjet based on test data[ J]. Journal of
Solid Rocket Technology, 2011, 34 (2). 176 — 179. (in
Chinese)

JFRE. SRR AT IR e R S LI IR (D] &
W EPRHERAE, 2018.

ZHOU Y C. Research on thrust control of variable flow solid
ducted rocket[ D]. Changsha: National University of Defense
Technology, 2018. (in Chinese)

FEM, HNE, #0, 5. 52T PSO-BP i 42 0 4% 1) [ vt
RAPUIHE AT A8 it [T, Wiz 8h Jy % 4k, 2022,
37(7) . 1487 —1494.

WANG Z, TIAN X T, HUANG M, et al. Design of thrust
estimator in the solid rocket ramjet based on PSO-BP neural
network[ J ]. Journal of Aerospace Power, 2022, 37 (7).
1487 - 1494. (in Chinese)

JEIR . A AT BRI TT B S ERER [ D] i
IR : BRI Tl R, 2012.

ZHOU S J. Ascent phase trajectory optimization and tracking
for hypersonic vehicles [ D]. Harbin: Harbin Institute of
Technology, 2012. (in Chinese)

JULIER S J, UHLMANN J K, DURRANT-WHYTE H F. A

new approach for filtering nonlinear systems[ C ]//Proceedings

of the American Control Conference, 1995.



