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Fig. 1

Characteristics of hypersonic vehicle

WS B H:2017-05-04 ;152 B #1:2017-05-31
AR A BRARFFAELTAR (61673294)

Y A BB BT, B R T 61 A AT B S5 H) 545 L, T34 s zongqun@Lju.edu.cn
SRR FR, TRy, LN, 5. SR F iR ATEAEL A 2400 ARF T[] AR, 2017, 35(21): 95-106; doi: 10.3981/j.issn.1000—

7857.2017.21.012

95 Im



JF

R S48 2017,35(21)

SCIENCE & TECHNOLOGY REVIEW

T B sR AR L RS PRI AR R E SR
e B P AT O E PR RIS, ARk [
PRSI P AT X6 e 7 A T e B A2 o ) RBUTT T OR
ABEFE, WA T A D B FSEBR R . HZ R T A S a2
PSR I AL (A5 A P KA T A PR X LA S
o ARSCLL 2 Sy B ey A 7 RAT A AR S A B SO
CEIFRREE T b P AT e T ) P R | ) R S
S T A S IR RE A B

1 REFRCTRBRRE
IF T s 23 R FH 2 S0 B 2 TR 2 IR X—43A K
AT A I T 1 5 — R B (first principal model ,FPM) .

B2 HEIX-43ASEEEWE
Fig. 2 X-43A hypersonic verification machine

IR FEHLARTE AT R P A R R SR AL R L
A% B3 H D7 AR R AT T 4 U B e S v B R IR A B v A
ATAEL, RIS AN

._Tcosa—-D
p=Lcosa-D

" —gsiny

y= L+Tsina _ 8€0sYy

mo v
ﬁ=vsin‘y (1)
a=q-y

M=-25,,0,7 " wimnz +N,i=1,2,3

Horp R o U AR y B R T o MR R g R S A
RS & 5, 20 AR s L, D IRV Sl o 5 PEAR o
T, ARSI BRE A RIR N s, Fl o, s 5
Gl & SHLIE S T T 1 LB D AR S35 M, KT X T

NS RAT sl
RENAES T T BT AR T Oy Rk

T=3S,(Cra(@)d+ (@) + Cim)

L=~gS,.C\(a.8,.1m)

D=g$,.Cy, 8., m) (2)

M, =zT+qeS, C,(a. 8, m)

N =S, (N7@ +Nia+ N8 +N'+N'm) i=1,2,3
Ao, g= Lo HENFE, p RESHIE; S, NBH TR ¢ K
WSR2 N IS REL. 8, WTHREAEIR A 5 &
BRIRCY L €, T RELG ¢ NI RELG €, IR F&
5 C, AT FREL

VIS E SN
Crp(a)=Cl o’ +Cla +Cla+Cl
Ca)=Cia’+Cla’ + Cra' + C;
C,(c.8.m)=Cia+Cr8 +C+Cly
Coladm)=Coa’ +Coat Chd + (5, +C+Clny (3)
Co(@d.m)=Cra’ +Cha+ b, +Cly+Chm
¢'=[crocroc ol j=T.M. LD

N'=[NoN"ON" 0] i=1,2,3

2 HBEFEYITEAMENEERRHR

T ) 42 ) AN [] 1% 0 A L %, i — i T o o
SRR R T AR, — 7 T B2 TR TR PR Rk, o — T
17 22 7057 7% B T AR B T T i L S 5 /5K ZE R B 7Y
O B R ) 7 v PR Z ) AR E B, e K
A7 05 TR [ 2 o) A (] R0 9 e AL 50 ik TR AR
22 (CFD) 5255 77 ik B R LB AR ARG UEH AR, AR B A
mFE 1R,

AT K 430 MHLERAFE 3 L CFD SE50 7 i AL fjfk
AR BEAIGRUER R 4 5 11 IR H 5 E NSO 5E R
21 HEESHE

e R R AT AR ML A ML L o3BT KA T 2 i
RATH R T TR LR BILR G A B A K
AT A WY R T RAT AR B 1A TON BRSO AT AR

R1 ATBERARRS
Table 1 Advantages and disadvantages of each modeling technology
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New development of modeling and autonomous control for
hypersonic vehicle

ZONG Qun, LI Qing, YOU Ming, ZHANG Ruilong, ZHU Wanwan

College of Electrical Engineering & Automation, Tianjin University, Tianjin 300072, China

Abstract Hypersonic vehicle is a hot topic at home and abroad. In this paper, the modeling method and autonomous control issue of
hypersonic vehicles are reviewed. First, the characteristics and control difficulties of hypersonic vehicle are briefly described. Secondly,
typical hypersonic vehicle models are presented. Thirdly, the research progress of modeling of hypersonic vehicles is introduced from four
aspects: mechanism deduction method, CFD experimental method, model simplification technique, and model verification technique.
Fourthly, the research progress of autonomous control for hypersonic vehicles are stated, including the traditional sliding mode control, high—
order sliding mode control, back—stepping control, adaptive control and trajectory linearization control. The research of simulation platform
for hypersonic vehicle is briefly introduced as well. In the end, some prospects and conclusions are given.

Keywords hypersonic vehicle; modeling; autonomous control; simulation platform
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