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Abstract: For the dynamic tilting model of the vertical/short takeoff and landing (V/STOL) aircrafts
during the transition process, a deep insight into the optimal control strategy was gained by considering the
constraints of the conversion corridor, control redundancy and the demand indexes of different take-
off/landing missions. Considering the jet-induced effect of the prototype aircraft, the V/STOL aircraft was
totally modeled. A calculation architecture for the general conversion corridor was established based on

the attainable balance set methodology. A control strategy was designed to ensure smooth conversion from
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the V/STOL aircraft transition process to the high-speed forward flight phase. By converting the dynamic

tilting problem during the transition process to a dynamic nonlinear optimal control problem, the

appropriate indexes and constraints were established according to the characteristics of different take-

off/landing missions. The method of calculating the conversion corridor by reachable equilibrium set was

not limited by the type of aircraft, but also was used to simplify the construction process with good

versatility and robustness. The optimization results with the goal of smooth transition grealy reduced the

pilot’s manipulation change during the aircraft transition process, so that the pilot can focus more on the

manipulation of the aircraft motion. The optimization result for shorter distance shortened the flight

distance of landing process by about 30%. The optimization results from the control strategy enabled the

pilot to better grasp the control focus and boundary, and increased the safety of the entire dynamic

transition process.

Keywords: thrust vector; dynamic modeling; transition process; conversion corridor;

control strategy; optimal control

T % & R 3R H/E R A B (vertical/short
takeoff and landing, V/STOL) K17 #5 J& —Fh 3 HLikd
R A5 R R R PR R AT . YR RS
LI R 900/, 4k f 4k 7 AL 7 KUBs 3 W] Sy
CAT AR AL BT, A R R T A S
HE T RE, A KRR AR A TR 37 M A K R
WU AT I, AR ESENLE & RO AT T, A4
O T BB, 80 B 45 AT e 2 AR .

T R PR AT B Bl ) e oK, TR
AT AR R AT R R A 5 LR W B
X — AR A R, JF ok — &R 8 [h)
D5 WS W L R, 2 1 RE MBS
KT 7 A WL AR G S U, 5] R R AR AL
7 (jet induced effect) , 7 2 X} H 5l Jy S Rk i A7
I T % R AN e . @i AR,
PR g4 A e BRI, A 70 R o B - £ o O
AR RALA REOR R AR TT 4 . IR AT A,
b /N B 5% WA 1 S SRR SR AL T
e 7. Bl A RGN, O KA Ok R WA N A
W ST v AR B 264 3 . (kS e ast I v 75 2
AT DA O i A o LA 1 R B,
5 ) R AR 3 RN T 3 KU B T R, AR AR BN
TOAR, X E SR AT B HEAT 42 F B R R
PRI LG 75 2 X S R R 11 19 B sl i s =X LA
FEARER NS 22 B2, I R B R b~ ok O 307 ki
R T . @F XA R B CATAE 55 SR LR %
FWEAFAE & 22 5, 18 N RAT LRGSR 5 0
P AN

DL b DUl R) R, A A 22 A Sy I 1Y) Bk A
5% SCHR [1,4-5] §F %) V/ISTOL "&AT #te i A
18 IS SR SRR AT T AT TH A5, O 45 1

T A, SCHR [6-7] A1) 28 5 2 AR
V/STOL "RAT#S AT T 8l J1 2 A, I X e ik
Ve R AR MEEAT T 0T o X 2o U AR,
B B G B 5T T R A R e 30 S
MR [9-10] &5 T A8 2k 8 2 JBR %) o3 A7 O v, B4
S DA — et = 2 R DR 28 1 kA e i 9 R R
B, e Ja MeE AR R V. AEHE IR
g 76 ) A A 3 R A R P R AR A ) L SRR [11]
R A5 3o U 3 A R R N 550 AR A X R Aoy B i A T
T Y. SCHR [12-13] B0 i U o AR BT A
(R RA R T AR R m, W2 R AT B A #R O\ 11
Ao B AR AR IR, B B 2 sk L
A Ee AR i ) B, IR AR R AT 5 54855
AT O A X AN A 3 o AR R A T 2
B BIEFE B SCHREE AP SCIR [16] 5 48 X i
THE 3 2 A M 2o I 3 AR R BRAR W AR AL UEA T T B
5, AR Jie 3 A 3h ) A BRI 7 X B
PR S WS AE - T ) KU Dl 3l 1 9 R AT B A A LR
(ANTR] o SRk [17] 98 T 4 1 2% 8 CALTE i [
o A v B BT R Ak 5 R TR R, 5 A R
Tl B PRIE T 2 PR A AT RV B I ks kA 7
(1, AR A B B R ot WS 457 (1% O 3 U T DR i A e L
BT TS

AR SCEE X HE 7 e R V/STOL KAT £ il A4
I FOBURT: SUR SR NEZ S0 S ANE B A DO RS DA 5
(A SO 5 T A U 5 | 1) W5 S AU 8 ST
T+ AU Ak AR A, ) T R A 2 56 A
S, b HEAH N 1 B ) R G RL 5 Bl ) A
SR Je 1) FH RS i 2ot A i G ) B ) 2E AR SR R
FH OH b 0T 5 AT I B B ATk S 4 kU0
A g R AU el U T TR o B AR e Ao R P A 45



410 = B

PICAR I, AT 52 A0 25 08, 58 L ER 9 3 g
BT, I 45t BE AR B o R Je R I
Ao 2 Al DAy e DA A o R, SR PR i P 51 M ) —
U, AR AN TR B A 558 5, 45t b 1 B I £k
B 5 B A B

1 HEXREBEE M IEER

o B B0 o 5 SRR AN AN AT LA DA B e i
B HARVES %, b e 0 2 B L B R i B
T AR A A R R B 5 i, A v A R T
FRCR, BB Ak BT ik, HAHGHR
I PEE MR I B o AR I I AR W, B
SeHE S AT AR B )RR

AR SCHESE XS 2 F-35B 945 LU RLAL, 4] 1
P o PO RMLA R R i e T 2R G iz 8, AL
P T 78 T W 1) A7 1, 458 ) RE AR e ) i 49,
JIT LAY BB R AT AR A 9N 1) 3y 2 et AT
feyi e

1 F-35B 4 AR ALE
Fig. 1 Reduced ratio F-35B aircraft model
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Fig. 2 Longitudinal control principle of power system
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