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1750 (80)

LOC

1 External fatalities [Total 244]
Il Onboard fatalities [Total 5001]

961 (0)

Onboard fatalities
606 (21) / / External fatalities

504 (0)

314 (0)
156 (69)

CFT RE(Landng) UNK  SCFENP  MAC  REVAP RE(Takeoff)

193 (9)

154 (38)

ARC Abnormal Runway Contact

CFIT Controlled Flight Into or Toward Terrain
F-NI Fire/Smoke (Non-Impact)

FUEL Fuel Related

LOC-I Loss of Control - In flight

MAC Midair/Near Midair Callision

OTHR Other

RAMP Ground Handling

RE Runway Excursion (Takeoff or Landing)

RI-VAP Runway Incursion — Vehicle, Aircraft or Person

SCF-NP  System/Component Failure or Malfunction (Non-Powerplant)
SCF-PP System/Component Failure or Malfunction (Powerplant)
UNK Unknown or Undetermined

usos Undershoot/Overshoot

WSTRW  Windshear or Thunderstorm

No accidents were noted in the following principal categories:

ADRM Aerodrome

AMAN Abrupt Maneuver

ATM Air Traffic Management/Communications, Navigation, Surveillance
BIRD Bird

CABIN Cabin Safety Events

EVAC Evacuation

F-POST  Fire/Smoke (Post-Impact)

GCOL Ground Callision

ICE leing

LALT Low Altitude Operations
LOC-G Loss of Control — Ground
RI-A Runway Incursion — Animal
SEC Security Related

TURB Turbulence Encounter

For a complete description go to: http:/iwww.intlaviationstandards.org/

122(3) 110 (9) 96 (1)

23(0) 1(8) 2(2)

OTHR F-NI WSTRW FUEL RAMP SCF-FP
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Vi1 139kn

Airborne 9sec, at max 172KkIAS, Vo:145kn e
Roll increasing % 140°AGL V,:153kn , o
Aircraft yawing & S ¢ - e, e iy e (ION
: - .Wﬂf/’ “Engine
325" & 159kn: ing, i =" " treakaway
= Outer port wing holding 14’ climb el : -~ _“at Rotation,

— _~~ _~"Port wing drops,
_-", e ,ﬁécavered near-level;
“—_~Actual climb-out speed:
V:+6

Calculated critical speeds for NTIOAA -

Vs 124 Stall, takeoff configuration, normal

Vs 159 Stall, as asymmetrically damaged

Viuca 128 Min. Control, damaged, wings level

Vuce 159 As above, but with 5 left bank

stalls; roll 5 & 1100 fpm; —
OQutboard port slafs ——

retracting

.+ Sideslip baginning

Wings past
vertical |
Nose below BT A
horizon ’ »
!
~1 28 sec: Last
- | DFDR values-
| 112" bank,

21 nose-down

: « Port wingtip impact;
4" Aircraft flicks over
# ... into ground
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Wind 290° \\ 2 Basic principles of flying
iy characteristics understood

/ﬁ.f— 3 undercarriage deployed during descent,

aircraft's phugoid motion diminishes

Runway 33L

“~— Maximum altitude reached 12,000ft

1 Hit by missile at 8,000ft, aircraft
adopts rapid phugoid motion

Estimated ground track
- =

£.b

c

@

210

% 4 37km approach an final, A

815 approximately 3,000ft N
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Case study Nodes Cost(g(m)) Depth SVI  Heading Change
Trajectory “a’ (with V.Ts) 196 49200 207  0.66 22
Trajectory “b” (with V.Ts) 209 49768 211 0.67 25
Trajectory “c”’ (with V.Ts) 219 50123 219 0.64 29

Proposed Algorithm 225 50475 223 0.68 33
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Abstract

Abstract

This thesis presents an efficient approach for safe landing trajectory
generation of an airplane with structural damage to its wing flying in proximity to
local terrain. While an aircraft experiences a damage, system parameters severely
change depend on the damage location and quantity. The autopilot is not able to
maintain the airplane control in case of considerable damage. A preliminary
requirement for recoverability and survivability of an aircraft after the damage is a
better understanding of its performance and flight envelope. In this paper, wing
damaged airplane maneuvering flight envelope and stability properties inside the
maauvering flight envelope, are investigated for different wing damages and at
different altitudes. In addition, eigenvector analysis is utilized to demonstrate the
effect of damage on motion modes, handling quality, and longitudinal and lateral-
directional coupling. The overall above analysis provides a comprehensive
understanding of the wing damage effect on airplane performance and dynamics
that is essential for continuing flight and safe landing.

A damaged airplane maneuvering flight envelope is estimated by analyzing the
local stability and flying quality at each trim condition. Trim state distance to a
flight envelope boundary provides a novel criterion defined as the Safety Value
Index (SVI) to prioritize choice of trim conditions for post-damage flight. A library
of trajectory segments including trim states and transition maneuvers between trim
conditions in the local neighborhood are generated using a controller. A potential
field strategy is utilized to rapidly define emergency landing trajectories composed
as trim state sequences based on criteria including terrain avoidance, SVI, and safe
landing requirements such as touchdown heading and position, airspeed, glide
slope, and bank angle. Cost criteria are balanced by adjusting weights. Landing
scenarios are presented to demonstrate the capability of the proposed approach to
autonomously plan safe landing trajectories.

Since the search algorithim used for trajectory generation is a local algorithm, some
modifications on obstacle cost, introducing virtual targrts have been applied to
enhance the algorithm optimality performance. Simulation results illustrate the
performance enhancement of the algorithm. There may be some emergency
conditions accompanied with the wing damage including hydraulic or fuel lines
damage or fire to the wing which are considered in trajectory generation.



Abstract

Considering different cost function in our case leads to a Multi-Objective
Optimisation problem. Therefore in the next step to enhance the algorithm
performance a subjective-objective method is used to assign different criterias’
weight. In subjective approach Pareto analysis is used while is combined with
Entropy method in objective weight assignment using a fuzzy operator.

Since the pilot requires information from different sub-systems (Fault Detection
and Identification, landing site selection, trajectory generation ...), a pilot interface
and a site selection algorithm in the framework of emergency flight management
system is designed and presented.

Tracking the designed trajectory by the trajectory generation system requires a
tracking controller. In this thesis, a nonlinear robust controller with multiple model
structure 1s designed to track the flight variables. The performance of the designed
controller is verified in presence of noise, disturbance and wing damage.

Key Words: Wing Damage, Flight Envelope, Trajectory Generation, Multi-
Objective Optimisation, Emergency Landing, Tracking Controller.
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