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[fA] Harrier jls poges slowlsn wix o sl adgl olasein .(V-F) Jsoo

Kestrel FGA.1 Harrier GR3/AV-8A Sea Harrier FA2 Harrier GRS AV-8B+ Harrier
Crew One (Two for trainer versions)
Length 42 ft6in (13.0 m) 47 2in (14.4m) 46 ft 6 in (14.2 m) 46 ft 4in (14.1 m) 471 8in (14.5m)
Wingspan 22ft11in(6.98m) | 25f3in(7.70m) 25t 3 in (7.70 m) 30 ft4in(9.25 m) 30 ft4in (9.25 m)
Height 10t 9in (328 m) 11ft4in (3.45m) 12 ft 4 in (3.76 m) 11 ft & in (356 m) 111t &in (3.56 m)
< 12,500 Ib
Empty Weight 10,000 Ib (4,540 kg) | 12,200 Ib {5,530 kg) = 14,052 Ib (6,370 kg) (5,670 kg)? 13,968 Ib (6,340 kg)
Maximum take-off
26,000 Ib 26,200 Ib 31,000 Ib 31,000 Ib
welgnt 17,0001b(7, 710 ¥g) (11.800 kg) (11.900 kg) (14,100 kg) (14,100 kg)
(short takeoff) . 4 & 4 i 3 d g
545 mph 731 mph 735 mph 662 mph 662 mph
Max speed o g R o P
(8771 km/h}y (1,176 km/h) (1,183 kmv/h) (1,065 km/h) (1,065 km/h)
Combat radius 200 nmi (370 km) 300 nmi (556 km) 300 nmi (556 km)
Engine Pegasus 6 Pegasus 11 Mk 101 | Pegasus 11 Mk 106 | Pegasus 11 Mk 107 | Pegasus 11 Mk 105
Thrust 15,000 Ibf (66.7 kN) | 21,800 Ibf (97.0 kKN) | 21,800 Ibf (97.0 kN) | 24,750 Ibf (110 KN} 23,500 Ibf (105 KN)
Blue Fox / Blue
Radar Mone Mone Mone ANAPG-B5

Vixen

[£2] F — 35 5ls 30500 slomlsn aim o sl adsl clasein . (Y-F) Joax

F-35A f F-35B F-35C
CTOL | STOVL CATOBAR
| Length 5051 (15.4 m) -505&(154m) 5081 (155 m)
| Wingspan §35fc(10?m) ;351’[(10?m) Easn(131m)
;ng Area 460 2 (42.7 m?) 460 2 (42.7 m ) 620 i (62.1 m=)
| Empty we|ght E 29 098 Ib (13 199 Kg) 32 300 Ib (14, ?on Kg) ; 34 BDD Ib (15 800 Kg)
| Internal fuel 18 498 Ib (8, 390 kg) 13 325 Ib (6. 045 kg) 19 524 Ib @, 900 kg)
| Max takeoﬂ wetght ?U UUD Ib class (ST SUU Kg) GU UDD Ib class (2? 2[][] hg) ?D DDD Ib class (31 SUU Kg) |
[ Range [ >1.200 nmi (2_220 Km) [ >900 nml (T ETD hm) : >T,2[JD nmi (2_220 Km)
| Combat radlus on ] i :
e | 625 nmi (1,158 km) | 467 nmi (865 km) | 630 nmi (1,167 km)
| internal fuel[
: Thrusth.'.fmght :
| | 0.87 0.90 075
| = full fuel: |
| 1.07 1.04 1 0.91
= 50% fuel:
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Abstract

This thesis proposes a MIMO (multi input-multi output) fuzzy adaptive
output feedback tracking control method for vertical maneuver of VTOL
(vertical takeoff and landing) aircraft. Since in practice; uncertainties exist in
the input coupling parameter due to its dependence on the physical
parameters, and unknown disturbances can occur as well in the form of input-
dependent accelerations in dynamics, which should be compensated at the
same time. In the VTOL aircraft, the rolling moment reaction jets in the
wingtip create a force that is not perpendicular to the y-body axis. Hence, a
positive rolling moment will induce a slight acceleration of the aircraft to the
right. This characterizes the non-minimum phase property of the VTOL
aircraft. To this end, the dynamics with input-dependent disturbances are first
rigorously derived based on the general form of acceleration disturbance
vector in VTOL system. Second, the nonlinear velocity observer is designed
to estimate the velocity information not available in the actual situation such
that the output feedback tracking control can be achieved even in the
presence of uncertain input coupling and disturbances. Third, fuzzy adaptive
estimator is designed to estimate both unknown input coupling coefficient
and input-dependent  disturbances. fuzzy systems are employed to
approximate the plant’s unknown nonlinear functions and robustifying
control terms are used to compensate for approximation errors. Finally, the
fuzzy adaptive output tracking controller is designed based on the nonlinear
velocity observer and the fuzzy adaptive estimator. The trajectory tracking
errors can be guaranteed to be globally ultimately bounded and their ultimate
bounds can be adjusted appropriately. Both stability analysis and simulation
results demonstrate the effectiveness of the proposed method against
uncertainties and disturbances in VTOL system.

Keywords: VTOL, Acceleration disturbance, unknown input dependent
coupling coefficient, non-minimum phase, nonlinear velocity observer,
fuzzy adaptive estimator, MIMO control, output feedback, tracking, indirect
fuzzy adaptive control.
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