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Based on NFTET

GUO Xiaoping » QI Ruiyun

(College of Automation Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing, 211106, China)

Abstract: For the safety reentry flight problem of hypersonic vehicle at fault, a robust trajectory resha-
ping algorithm is proposed based on the neighboring feasible trajectory existence theorem (NFTET) un-
der the large failure of the vehicle. In the nominal case, an improved predictor-corrector guidance law
based on the feedback linearization theory is proposed to generate the reentry trajectory to satis{y the va-
rious constraints. Since NFTET is only applied to the occurrence of small failures, to ensure the safe
landing with high precision under the large failure, the robust trajectory reshaping algorithm is designed
based on NFTET, and the higher landing accuracy of the flight path is obtained. The simulation results
show that the algorithm proposed in this paper can effectively solve the problem of the safety reentry
trajectory reshaping under the large failure of vehicle, and improve the autonomous fault tolerance abili-
ty of the vehicle.

Key words: hypersonic vehicle; safety reentry flight; NFTET; robust trajectory reshaping algorithm;

autonomous fault tolerance ability

PO e P KAT AR R R L A AT T RATAR IR A AT B E R AR I
TR e I AR 2 — WL KU A 3 6 2 DU - 5 [ LR o P R e A 4 o 77 v O 5 P T
FKMZERBRWRBIAER 2 b @S w « 7 SRR B GRS R | R e
e H A BB B e R AR R X RO A R 5 AR AR O R B L
SROQAT AR A AT R S RE T AR FEAGROR TS I R AT R BE Y R I 32 B

ELWH HEARB RS 61374116 BT H TR A N K AA BIE7HZ R A AT H (HKHT-010) % I H .
W fm HH#A:2017-05-15: 11T H#3:2017-06-20
BIEEE o, &, #&%, HL4 2, E-mail: ruiyun. qi@nuaa. edu. cn,

3| /N SR . BT NFTET By 75 3 CAT 48 S 900 S B h [T ], B s 2s ok R 2% 2% 4k, 2017, 49
(S):82-88. GUO Xiaoping, QI Ruiyun. Design of robust trajectory reshaping for hypersonic vehicle Based on NFTET
[J]. Journal of Nanjing University of Aeronautics & Astronautics,2017,49(S) :82-88.



BT F5/NT % T NETET (5874 7 28 6 PR 9L 56 40 83

P 3 A8 A L B X AT 1 56 B s AT o A A O &
G oE O ZE . SCHR [7-8 1K B A5 B 51 Al &
B, R DRk S B 1 TRAT A B T A B3 A
W T340 SR FH 2l 245 O 3i vk 52 B T 38 3 A TR il
ST AR R RGO 6 N 2 TN Bk A
Schierman"" iz H e A AT AR H 38 B 5 % 6 B
LI P EAT G b, FR BN RE T A, B T
Bl A, SCHRCLL]EE T AH S8 T 47 0300 7 78 i 7
(Neighboring feasible trajectory existence theo-
rem, NFTET) #1 # i & # & # ( Trajectory ro-
bustness theorem, TRT) SZ 8L T T~ [ 25 Fifi BL 5 fi
TRBEEM . SCERC12 )% NFTET 7% 2 7
B SR FH P00 A 1 B30 AR AR R U L 58 B T
TELR AT S AR it

NETET s5& B HUGE T & A B0/ i 22 19
O, X T8 KRRy B BE e 25, SCmk [11] A&
NFTET A9 TRT & B AE H T # 4 A R 50 % T
ZHI ARG, TRT & #1056 2 3 A 30 1 A 3L
PE . T A SR AR [ T L ) S R B 4 55
AR WA SCES G B e A 1 A G ] 5 5
B BRI TR T NFTET 9 8 i 9k 8 4 50 1, o
T ZEARGHE RSP T B PEEA, 8y
FUIOUE 2B A SO T K I 22 B R B
H, RAT AR BEAE 2 A R TS TR M 1Y A i L

1 BARE

1.1 BANEBZhHFE
A AL A KA T8 3 o5 AR

V=—D/m— gsiny (@D

. Lcoso vV g,
Y= mV Jr(r V)Cos)’ (2)

v _ _ Lsinc A
o= T Veosy + - cosysingtang 3
h =Vsiny (€Y
) — ~ Vecosysing 5)
rCcosg

o= Vcosr}’cossé 6)

Xrp o REE x=[V.7.¢.h.0,0] 535 Jp 3 BE it
AR T A L R i i u=[a, 0]
A0 R T RSN £ 5 R MU R s m R RAT AR R
Hig NHESMEEE ., L A D 4318 F+ M T,
HRBA N
L =0.50V*SC, . D=0.5pV*SCh, )

S H AT A NS B H o HRAHEE
C. 5 Cp o WRRTH I R BB R
1.2 BAAREH

R A RAT AR AT R A AE 2 R A

Z) o ALFE IR Q, i # N K g SFURE LR %
4 5 DL K 480 £ ¥ R0 2% A4 (Quasi-equilibrium glide
condition. QEGC) Ay “FR A H " 4411,
QAT A LA R — E B L i AR
h(t) =h;,00,) =07 ,0(t;) =¢; V(i) =V}
KHehy 207 o RV g BT8R 2o RS .
U AT Ff1 29 o 55 1
Amin << @ < Quax s Omin << 0 < O max (8)
s @i T Qe (G i T G0 ) R 45 1] 128 119 300 L1
1.3 PBEHIES BIR
5 T ) A ) B AR A Sy g A R RAT AR
OHOR B ARG RPN A 35 N R RE T . 2
AT AR A SRR U L TRAT A R BT 55 A
AT AL IR 2 IR ) B AR
HPEEMEE S . ARSCEEIET IR S,
AT R B A E AL T,

2 WRIRGBI ST

AR SCR T AR [ 7E BOA L 2 T B 2k Ak R A i
PE T PUNAL IE S 5k L DL 20 e ) A
O 1y RN 1) 388 ek Sz A5 2 P A S B N A T £ S 3
BB A AR AR TRLE .
2.1 AFREHR
P S 5 4 oA R O R B AR 2 R AL
5 B U (e VO R HEAT RAT AR AR R L SEpR
RAT AR P A R e, R i 2 P S
- _pV? SC,‘cosa’nv __ pV*SC,sino

S (9

2mg,

W cosy=1, W md# n, 5 QEGC, [ 1§
B QEGC . 454 (- V) F i 5645 ©AT Y 3R A

1 —=V?/(griwm) < ny < Nyma ao

P e AYN IR R 2, AT S Bl 2 AR
YRR 2 S B v B P RAT d A S
2.2 #HISEEIt

9T T RGN ) 5T 2 1] O 2 AR SCE TR
2 i A ios ANEL 1 TR

AT A

=Y 812
B FTEEKT

HhERR T

R NOPE]: SALTP

Fig. 1 Relationship between the longitudinal angles
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