
Mechanics Of Flight

Mechanics Of Flight Mechanics of flight is a fascinating subject that explores the
scientific principles enabling aircraft to soar through the skies. Understanding how
airplanes achieve lift, thrust, drag, and gravity balance is essential for both aviation
enthusiasts  and  professionals.  This  article  provides  an  in-depth  look  at  the
fundamental concepts behind the mechanics of flight, including aerodynamic forces,
aircraft components, and the physics that make flight possible. Fundamental Forces
in Flight Aircraft movement through the air is governed by four primary forces that
interact continuously. These are lift, weight (gravity), thrust, and drag. Mastery of
these  forces  and  how  they  work  together  is  essential  to  understanding  the
mechanics of flight. Lift Lift is the force that acts perpendicular to the direction of
flight and is responsible for overcoming gravity, allowing an aircraft to rise and stay
aloft.  It  is  generated  primarily  by  the  aircraft's  wings  through  the  process  of
aerodynamics. Weight (Gravity) Weight, or gravity, is the force pulling the aircraft
toward  the  Earth's  surface.  It  acts  downward  and  must  be  balanced  by  lift  for
sustained level flight. Thrust Thrust is the forward force produced by the aircraft's
engines,  propellers,  or  jet  turbines.  It  propels  the  aircraft  forward  and  must
overcome drag to maintain speed. Drag Drag is the resistance force acting opposite
to the direction of motion. It results from air friction and pressure differences around
the aircraft's body and wings. The Aerodynamics of Flight Aerodynamics is the study
of how air interacts with moving objects. In aviation, it explains how aircraft generate
lift  and  how  flow  patterns  affect  stability,  control,  and  efficiency.  2  Bernoulli's
Principle and Lift  One of the key concepts explaining lift  is  Bernoulli's  principle,
which states that an increase in the speed of a fluid (air) occurs simultaneously with a
decrease in pressure. The design of airplane wings (airfoils) leverages this principle
by shaping the upper surface to be more curved than the lower surface, causing
faster airflow over the top and creating lower pressure above the wing. Newton's
Third Law and Lift Another explanation for lift involves Newton's third law of motion:
for every action, there is an equal and opposite reaction. As the wing deflects air
downward,  an upward reaction force (lift)  is  generated.  Flow Patterns and Wing
Design  Understanding  airflow  around  wings  involves  analyzing  different  flow
patterns:  Laminar  flow:  smooth,  orderly  air  movement  over  the  wing  surface,
reducing drag. Turbulent flow: chaotic airflow that increases drag but can improve
lift at higher angles of attack. Wing shape, angle of attack, and surface smoothness
influence  these  flow  patterns,  directly  impacting  aircraft  performance.  Aircraft
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Components Essential to Flight Mechanics The physical structure of an aircraft is
designed to optimize aerodynamic forces and provide control.  Key components
include: Wings and Airfoils Wings are the primary source of lift. Their shape (airfoil) is
specifically  designed  to  generate  favorable  airflow  and  pressure  differences.
Fuselage  The  main  body  of  the  aircraft,  which  houses  passengers,  cargo,  and
systems, also influences aerodynamics by affecting overall drag. Empennage (Tail
Section) Comprising the horizontal and vertical stabilizers, the tail provides stability
and  control,  helping  to  maintain  or  change  aircraft  attitude.  3  Control  Surfaces
These include: Ailerons: control roll.  Elevators: control pitch. Rudder: control yaw.
Control  surfaces  manipulate  airflow  to  steer  and  stabilize  the  aircraft.  Engines
Engines produce thrust. Types include piston engines, turboprops, and jet engines,
each contributing differently to propulsion mechanics. The Physics of Thrust and
Power Thrust is generated through various mechanisms depending on the aircraft's
propulsion  system.  Propeller-Driven  Aircraft  Propellers  work  on  the  principle  of
Newton's third law by accelerating air  backward to produce forward thrust.  The
blades are shaped as airfoils to maximize efficiency. Jet Engines Jet engines operate
on the principles of  the Brayton cycle,  compressing air,  mixing it  with fuel,  and
igniting to produce high-speed exhaust gases that generate thrust via Newton's
third law. Power and Efficiency The relationship between engine power and fuel
consumption  affects  aircraft  range  and  performance.  Advances  in  engine
technology aim to optimize thrust while minimizing fuel use and emissions. Control
and  Stability  in  Flight  Achieving  and  maintaining  controlled  flight  involves
understanding how to manipulate the aircraft's orientation and movement. Angles
of Attack and Stall The angle of attack (AOA) is the angle between the chord line of
the wing and the relative airflow. Increasing AOA increases lift until a critical point
called the stall  angle,  beyond 4 which airflow separates from the wing surface,
causing loss of lift. Stability and Control Aircraft stability ensures it maintains steady
flight  without excessive input,  while  control  surfaces allow pilots to change the
aircraft's  attitude  and  direction.  Gyroscopic  and  Aerodynamic  Stability  Design
features like the vertical stabilizer and dihedral wing angles contribute to inherent
stability,  making  aircraft  easier  to  control.  Fundamental  Flight  Maneuvers  Pilots
execute various maneuvers to navigate and operate aircraft effectively.  Takeoff
Involves accelerating on the runway until sufficient lift is generated for the aircraft
to become airborne. Climb An ascent achieved after takeoff, often using increased
engine power and optimal pitch attitude. Cruise Level, steady flight at a constant
altitude and speed. Descent and Landing Controlled decrease in altitude, involving
reducing thrust, adjusting pitch, and deploying landing gear and flaps as needed.
Modern Innovations in Flight Mechanics Recent advancements continue to improve
understanding  and  efficiency  of  flight.  Fly-by-Wire  Systems  Electronic  control
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systems replace mechanical linkages, providing more precise control and stability. 5
Composite Materials Lightweight, strong materials reduce aircraft weight, improving
fuel efficiency and performance. Advanced Aerodynamics Design innovations, such
as winglets and blended wing bodies, reduce drag and enhance lift. Conclusion The
mechanics of flight involve a complex interplay of aerodynamic principles, physical
forces, and engineering design. From the simple concept of lifting an aircraft into the
sky to sophisticated control systems, understanding these fundamentals is key to
appreciating  how  airplanes  and  other  flying  vehicles  operate.  As  technology
advances,  our knowledge of flight mechanics continues to grow, enabling safer,
more efficient, and more innovative ways to explore the skies. --- If you'd like more
detailed  explanations  on  specific  topics  or  recent  innovations,  feel  free  to  ask!
QuestionAnswer What are the four fundamental forces involved in flight? The four
fundamental forces involved in flight are lift, weight (gravity), thrust, and drag. Lift
counteracts gravity to keep the aircraft in the air, thrust propels it forward, and drag
opposes  the  forward  motion.  How  does  an  airplane  generate  lift?  An  airplane
generates lift primarily through the shape of its wings, which creates a pressure
difference: higher pressure below the wing and lower pressure above it, according to
Bernoulli's principle. The angle of attack also influences lift by directing airflow to
produce the necessary upward force. What role does airspeed play in maintaining
controlled  flight?  Airspeed  determines  the  airflow  over  the  wings  and  control
surfaces.  Adequate  airspeed  is  essential  to  generate  enough  lift  and  maintain
stability. Too low airspeed can cause a stall, while too high can lead to excessive
stress on the aircraft. Why is angle of attack important in flight? The angle of attack
is the angle between the chord line of the wing and the oncoming airflow. It directly
affects lift production; increasing the angle of attack increases lift up to a critical
point, beyond which airflow separation causes a stall. What is the significance of the
center of gravity in aircraft stability? The center of gravity (CG) affects an aircraft’s
balance and stability.  Proper positioning of  the CG ensures smooth control  and
prevents  issues  like  tail-heavy  or  nose-heavy  conditions,  which  can  lead  to
difficulties  in  maneuvering  or  stability.  6  How  do  control  surfaces  like  ailerons,
elevators,  and  rudders  influence  flight?  Control  surfaces  manipulate  airflow  to
change the aircraft's orientation: ailerons control roll, elevators control pitch, and the
rudder controls yaw. By adjusting these, pilots can maneuver the aircraft in three-
dimensional space. What is the purpose of flaps and slats during flight? Flaps and
slats are high-lift devices that increase wing surface area and curvature, allowing the
aircraft to generate more lift at lower speeds. They are mainly used during takeoff
and landing to improve lift and control at slow speeds. How does the concept of stall
relate to the mechanics of flight? A stall occurs when the angle of attack exceeds a
critical  point,  causing  airflow  over  the  wing  to  separate  and  lift  to  decrease
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drastically. It results from insufficient airflow and can lead to a loss of altitude if not
corrected promptly.  What  are the differences between subsonic,  transonic,  and
supersonic flight in terms of flight mechanics? Subsonic flight occurs below Mach
0.8, where airflow remains smooth. Transonic (Mach 0.8–1.2) involves mixed airflow
with shock waves forming, increasing drag. Supersonic (above Mach 1.2) involves
fully supersonic airflow with shock waves that significantly affect aircraft design and
performance.  How  do  modern  aircraft  optimize  fuel  efficiency  through  flight
mechanics? Modern aircraft optimize fuel efficiency by maintaining optimal angles
of  attack,  smooth  airflow  over  wings,  efficient  cruising  speeds,  and  employing
advanced  aerodynamics  and  engine  technologies  to  reduce  drag  and  improve
thrust-to-  weight  ratios.  Mechanics  of  Flight:  An  In-Depth  Exploration  of  How
Aircraft Soar The mechanics of flight is a fascinating field that combines principles
of physics,  engineering, and aerodynamics to explain how objects—most notably
airplanes—are  able  to  defy  gravity  and  traverse  the  skies.  From  the  earliest
experiments with gliders to the sophisticated jet engines of today, understanding
the underlying mechanics provides insights into one of humanity's most remarkable
technological  achievements.  This  article  delves  into  the  fundamental  forces,
principles,  and  engineering  factors  that  make  flight  possible,  offering  a
comprehensive review suitable for enthusiasts,  students, and professionals alike.
Fundamental  Principles of Flight The Four Forces of Flight At the core of flight
mechanics  lie  four  fundamental  forces  that  interact  to  produce  and  sustain  an
aircraft’s movement: 1. Lift: The upward force that counteracts gravity, allowing an
aircraft to rise off the ground. 2. Weight: The downward force due to gravity acting
on the mass of the aircraft. 3. Thrust: The forward force produced by engines that
propels  the aircraft  through the air.  4.  Drag:  The resistance force opposing the
aircraft’s forward motion, caused by air friction and pressure differences. Achieving
sustained  flight  requires  a  delicate  balance  among  these  forces.  When  thrust
exceeds  drag,  the  aircraft  Mechanics  Of  Flight  7  accelerates  forward;  when  lift
exceeds weight, it climbs; and when forces balance, the aircraft maintains steady
flight. Newton’s Laws and Aerodynamics The mechanics of flight are grounded in
Newtonian physics:  -  First  Law (Inertia):  An aircraft  at  rest  stays at  rest;  in  the
absence of net force, it remains stationary. - Second Law (F=ma): The acceleration of
an  aircraft  depends  on  the  net  force  acting  upon  it.  -  Third  Law  (Action  and
Reaction): For every action (such as the movement of air over wings), there is an
equal and opposite reaction, which is harnessed to generate lift. Aerodynamics—the
study of how air interacts with moving objects—is central to understanding how
these forces are generated and manipulated. Generation of Lift: The Aerodynamic
Principles Bernoulli’s Principle and Air Pressure Differences One of the most well-
known  explanations  for  lift  involves  Bernoulli’s  principle,  which  states  that  an
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increase  in  the  speed  of  a  fluid  (air)  occurs  simultaneously  with  a  decrease  in
pressure. The shape of an aircraft’s wing (airfoil) is designed to take advantage of
this: - The upper surface of the wing is curved (cambered), causing air to move faster
over it.  - Faster airflow results in lower pressure on top. - The lower surface has
relatively higher pressure. - The pressure differential produces an upward lift force.
While Bernoulli’s principle provides an essential part of the story, it is complemented
by other factors to fully explain lift. Newton’s Third Law and Angle of Attack The
angle  at  which  the  wing  meets  the  airflow,  known  as  the  angle  of  attack,  also
influences lift: - As the wing’s angle increases (up to a certain point), it deflects more
air downward. - According to Newton’s third law, the downward deflection of air
creates an equal  and opposite upward force on the wing.  -  This action-reaction
mechanism contributes significantly to lift,  especially  at  higher angles of  attack.
Flow Patterns and Wing Design The efficiency of lift  depends on wing design: -
Airfoil  shape:  Curved upper  surface and flatter  lower surface optimize pressure
differences. - Camber: The curvature of the wing improves lift at lower speeds. -
Aspect  ratio:  The  ratio  of  wingspan  to  chord  length  influences  lift  and  drag.  -
Winglets: Small vertical fins at wingtips reduce vortices and induced drag, improving
lift efficiency. In sum, lift results from a complex interplay of pressure differentials,
airflow deflection, and wing geometry. Mechanics Of Flight 8 Thrust and Propulsion
Systems  Types  of  Propulsion  Thrust  is  generated  by  various  propulsion
mechanisms, each with unique features: - Propeller Engines (Piston and Turboprop):
Use  spinning  blades  to  accelerate  air  backwards,  producing  forward  thrust  via
Newton’s third law.  -  Jet  Engines (Turbojets,  Turbofans,  Turboshafts):  Compress
incoming air,  mix it  with fuel,  ignite,  and expel  exhaust gases at  high velocity.  -
Ramjets and Scramjets: Air-breathing engines suitable for high- speed flight, relying
on  supersonic  airflow  to  generate  thrust.  Engine  Performance  and  Power  The
amount of thrust produced depends on: - Intake airflow - Combustion efficiency -
Exhaust velocity -  Aircraft weight and aerodynamic resistance Advancements in
engine technology continue to enhance thrust-to-weight ratios, fuel efficiency, and
environmental performance. Drag and Its Components Types of Drag Drag opposes
thrust and impacts fuel consumption and speed: - Parasite Drag: Includes form drag
from the aircraft’s shape,  skin friction from surface roughness,  and interference
drag at junctions.  -  Induced Drag: Generated by the creation of lift,  arising from
wingtip  vortices and pressure differences.  Minimizing Drag Design strategies to
reduce drag include:  -  Streamlining fuselage and wings -  Using smooth surface
coatings - Employing aerodynamic fairings - Implementing winglets Reducing drag
allows for  higher speeds and lower fuel  consumption,  critical  for  efficient flight.
Stability and Control Aircraft Axes and Control Surfaces Aircraft stability relies on
controlling movement around three axes:  -  Longitudinal  Axis (roll):  Controlled by
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ailerons.  -  Lateral  Axis  (pitch):  Controlled  by  elevators.  -  Vertical  Axis  (yaw):
Controlled by the rudder. Control surfaces adjust aerodynamic forces to maintain or
change aircraft attitude.  Mechanics Of Flight 9 Stability Types Aircraft exhibit:  -
Static Stability: Initial tendency to return to equilibrium after disturbance. - Dynamic
Stability:  The  aircraft’s  oscillations  diminish  over  time  after  disturbance.  Design
considerations ensure that aircraft are inherently stable or easily controllable during
flight.  Advanced Concepts and Future Trends Supersonic and Hypersonic Flight
Breaking  the  sound  barrier  involves  overcoming  shock  waves  and  wave  drag:  -
Specially  designed  airframes  (e.g.,  slender  fuselages,  swept  wings)  -  Thrust
vectoring  and  variable-  geometry  wings  Hypersonic  flight  (Mach  5+)  introduces
challenges like extreme heat and material stresses, prompting research into new
materials and propulsion systems. Emerging Technologies Future developments in
flight  mechanics  include:  -  Electric  propulsion:  Reducing  emissions  and  noise.  -
Hybrid engines: Combining traditional and electric power sources. -  Autonomous
flight systems: Enhancing safety and efficiency. - Urban air mobility: Small,  VTOL
(Vertical Takeoff and Landing) aircraft for city transportation. These innovations aim
to make flight more sustainable, efficient, and accessible. Conclusion The mechanics
of  flight  encompass  a  complex  and  dynamic  interplay  of  physical  principles,
aerodynamic design, and engineering ingenuity. From the fundamental forces—lift,
weight, thrust, and drag—to advanced propulsion systems and control mechanisms,
understanding  how  aircraft  achieve  and  sustain  flight  reveals  the  sophistication
behind  human  flight  endeavors.  As  technology  advances,  the  field  continues  to
evolve,  promising  more  efficient,  faster,  and  safer  ways  to  explore  the  skies.
Whether considering the basic physics or cutting-edge innovations, the study of
flight  mechanics  remains  a  testament  to  human  curiosity  and  engineering
excellence.  aerodynamics,  lift,  thrust,  drag,  stability,  control  surfaces,  flight
dynamics,  propulsion,  wing  design,  flight  instruments

Basic Flight MechanicsMechanics of FlightFundamentals of Airplane Flight
MechanicsFlight Mechanics Modeling and AnalysisAerodynamics, Aeronautics, and
Flight MechanicsIntroduction to Aircraft Flight MechanicsFlight mechanics and
flight control for a multibody aircraftFlight Mechanics of High-Performance
AircraftMechanics of FlightIntroduction to Aircraft Flight MechanicsMechanics of
FlightMechanics Of Flight, 11/EMechanics of FlightFlight DynamicsFlight Dynamics
PrinciplesMechanics of flight ... seventh editionFlight MechanicsAircraft
PerformanceComputational Space Flight MechanicsFlight Theory and
Aerodynamics Ashish Tewari Warren F. Phillips David G. Hull Jitendra R. Raol Barnes
W. McCormick Thomas R. Yechout Köthe, Alexander Nguyen X. Vinh Alfred Cotterill
Kermode R. H. Barnard Kermode Alfred Cotterill Kermode Robert F. Stengel Michael



Mechanics Of Flight

7 Mechanics Of Flight

V. Cook Alfred Cotterill Kermode Angelo Miele Mohammad H. Sadraey Claus
Weiland Joseph R. Badick
Basic Flight Mechanics Mechanics of Flight Fundamentals of Airplane Flight
Mechanics Flight Mechanics Modeling and Analysis Aerodynamics, Aeronautics, and
Flight Mechanics Introduction to Aircraft Flight Mechanics Flight mechanics and
flight control for a multibody aircraft Flight Mechanics of High-Performance Aircraft
Mechanics of Flight Introduction to Aircraft Flight Mechanics Mechanics of Flight
Mechanics Of Flight, 11/E Mechanics of Flight Flight Dynamics Flight Dynamics
Principles Mechanics of flight ... seventh edition Flight Mechanics Aircraft
Performance Computational Space Flight Mechanics Flight Theory and
Aerodynamics Ashish Tewari Warren F. Phillips David G. Hull Jitendra R. Raol Barnes
W. McCormick Thomas R. Yechout Köthe, Alexander Nguyen X. Vinh Alfred Cotterill
Kermode R. H. Barnard Kermode Alfred Cotterill Kermode Robert F. Stengel Michael
V. Cook Alfred Cotterill Kermode Angelo Miele Mohammad H. Sadraey Claus
Weiland Joseph R. Badick

this book presents flight mechanics of aircraft spacecraft and rockets to technical
and non technical readers in simple terms and based purely on physical principles
adapting  an  accessible  and  lucid  writing  style  the  book  retains  the  scientific
authority and conceptual substance of an engineering textbook without requiring a
background  in  physics  or  engineering  mathematics  professor  tewari  explains
relevant physical principles of flight by straightforward examples and meticulous
diagrams  and  figures  important  aspects  of  both  atmospheric  and  space  flight
mechanics are covered including performance stability and control aeroelasticity
orbital mechanics and altitude control the book describes airplanes gliders rotary
wing and flapping wing flight vehicles rockets and spacecraft and visualizes the
essential principles using detailed illustration it is an ideal resource for managers and
technicians  in  the  aerospace  industry  without  engineering  degrees  pilots  and
anyone interested in the mechanics of flight

this  comprehensive  volume  addresses  the  mechanics  of  flight  through  a
combination of theory and applications topics are presented in a logical order and
coverage within each is extensive including a detailed discussion on the quaterion
formulation for six degree of freedom flight

flight  mechanics  is  the  application  of  newton  s  laws  to  the  study  of  vehicle
trajectories performance stability and aerodynamic control this text is concerned
with the derivation of  analytical  solutions of  airplane flight  mechanics problems
associated with flight in a vertical plane algorithms are presented for calculating lift
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drag pitching moment and stability derivatives flight mechanics is a discipline as
such it has equations of motion acceptable approximations and solution techniques
for  the  approximate  equations  of  motion  once  an  analytical  solution  has  been
obtained  numbers  are  calculated  in  order  to  compare  the  answer  with  the
assumptions  used  to  derive  it  and  to  acquaint  students  with  the  sizes  of  the
numbers a subsonic business jet is used for these calculations

the design development analysis and evaluation of new aircraft technologies such
as fly by wire unmanned aerial vehicles and micro air vehicles necessitate a better
understanding of flight mechanics on the part of the aircraft systems analyst a text
that provides unified coverage of aircraft flight mechanics and systems concept will
go a lon

a  new  edition  of  the  most  effective  text  reference  in  the  field  aerodynamics
aeronautics and flight mechanics second edition barnes w mccormick pennsylvania
state university 57506 2 when the first edition of aerodynamics aeronautics and
flight  mechanics  was  published  it  quickly  became  one  of  the  most  important
teaching and reference tools in the field not only did generations of students learn
from it they continue to use it on the job the first edition remains one of the most
well  thumbed  guides  you  ll  find  in  an  airplane  company  now  this  classic  text
reference is available in a bold new edition all new material and the interweaving of
the computer throughout make the second edition even more practical and current
than before a new edition as complete and applied as the first both analytical and
applied  in  nature  aerodynamics  aeronautics  and  flight  mechanics  presents  all
necessary derivations to understand basic principles and then applies this material
to specific examples you ll find complete coverage of the full range of topics from
aerodynamics to propulsion to performance to stability and control plus the new
second  edition  boasts  the  same  careful  integration  of  concepts  that  was  an
acclaimed feature of the previous edition for example chapters 9 10 and 11 give a
fully integrated presentation of static dynamic and automatic stability and control
these three chapters form the basis of a complete course on stability and control
new features you ll find in the second edition a new chapter on helicopter and v stol
aircraft introduces a phase of aerodynamics not covered in most current texts even
more material than the previous edition including coverage of stealth airplanes and
delta wings extensive use of the computer throughout each chapter now contains
several computer exercises a computer disk with programs written by the author is
available

based on a 15 year successful approach to teaching aircraft flight mechanics at the
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us air force academy this text explains the concepts and derivations of equations for
aircraft  flight  mechanics  it  covers  aircraft  performance  static  stability  aircraft
dynamics stability and feedback control

aircraft  operating  as  so  called  high  altitude  platform  systems  haps  have  been
considered as a complementary technology to satellites since several years these
aircraft can be used for similar communication and monitoring tasks while operating
at a fraction of the cost such concepts have been successfully tested those include
the aerovironment helios and the airbus zephyr with an endurance of nearly 624
hours 26 days all these haps aircraft have a high aspect ratio wing using lightweight
construction in gusty atmosphere this results in high bending moments and high
structural  loads  which  can  lead  to  overloads  aircraft  crashes  for  example  from
google s solara 50 or facebook s aquila give proof of that fact especially in the
troposphere where the active weather takes place gust loads occur which can lead
to the destruction of the structure the airbus zephyr the only haps aircraft without
flight accidents provides only a very small payload thus it does not fully comply with
the requirements for future haps aircraft to overcome the shortcomings of such
single wing aircraft so called multibody aircraft are considered to be an alternative
the concept assumes multiple aircraft connected to each other at their wingtips it
goes back to the german engineer dr vogt in the united states shortly after the end
of world war ii he experimented with the coupling of manned aircraft this resulted in
a high aspect ratio wing for the aircraft formation the range of the formation could
be increased correspondingly the engineer geoffrey s sommer took up vogt s idea
and  patented  an  aircraft  configuration  consisting  of  several  unmanned  aerial
vehicles coupled at their wingtips however the patent does not provide any insight
into the flight performance the flight mechanical modeling or the control of such an
aircraft single publications exist that deal with the performance of coupled aircraft a
profound complete analysis however is missing so far this is where the present work
starts for  the first  time a flying vehicle based on the concept of  the multibody
aircraft  will  be  analyzed  in  terms  of  flight  mechanics  and  flight  control  in  a
performance analysis the aircraft concept is analyzed in detail and the benefits in
terms of bending moments and flight performance are clearly highlighted limits for
operation in flight are shown considering aerodynamic optimal points the joints at
the wingtips allow a roll  and pitch motion of the individual aircraft this results in
additional  degrees  of  freedom  for  the  design  through  the  implementation  of
different relative pitch and bank angles for example using individual pitch angles for
individual  aircraft  further  decreases  the  induced  drag  and  increases  flight
performance because the lift  is distributed symmetrically but not homogenously
along  the  wingspan  a  lateral  trim  of  the  individual  aircraft  in  formation  flight
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becomes necessary the thesis presents a new method to implement this trim by
moving the battery mass along half the wingspan which avoids additional parasite
drag further a complete flight dynamics model is provided and analyzed for aircraft
that are mechanically connected at their wingtips to study this model in detail  a
hypothetical torsional and bending spring between the aircraft is introduced if the
spring constants are very high the flight dynamics model has properties similar to
those of an elastic aircraft rigid body and formation eigenmotions can be clearly
distinguished if the spring constants are reduced towards zero which represents the
case of the multibody aircraft classical flight mechanics eigenmotions and modes
resulting  from  the  additional  degrees  of  freedom  are  coupled  this  affects  the
eigenstructure of  the aircraft  hence normal  motions with respect to the inertial
space as known from a rigid aircraft cannot be observed anymore the plant also
reveals  unstable  behavior  using  the  non  linear  flight  dynamics  model  flight
controllers  are  designed  to  stabilize  the  plant  and  provide  the  aircraft  with  an
eigenstructure similar to conventional aircraft different controller design methods
are used the flight controller shall further maintain a determined shape of the flight
formation  it  shall  control  flight  bank  and  pitch  angles  and  it  shall  suppress
disturbances flight control theories in the time domain eigenstructure assignment
and in the frequency domain h infinity loop shaping are considered the resulting
inner control loops yield a multibody aircraft behavior that is similar to the one of a
rigid aircraft  for  the outer control  loops classical  autopilot  concepts are applied
overall the flight trajectory of the multibody aircraft above ground is controlled and
thus an actual operation as haps is possible in the last step the flight controller is
successfully  validated  in  non  linear  simulations  with  complete  flight  dynamics
flugzeuge  in  der  form  von  sogenannten  höhenplattformen  engl  high  altitude
platform systems haps werden seit einigen jahren als kostengünstige ergänzung zu
teuren satelliten betrachtet diese flugzeuge können für ähnliche kommunikations
und überwachungsaufgaben eingesetzt werden zu den gegenwärtigen konzepten
solcher fluggeräte die bereits erfolgreich im flugversuch eingesetzt wurden zählen
der helios von aerovironment und der airbus zephyr der eine flugdauer von fast 624
stunden 26 tagen erreicht hat alle diese haps flugzeuge besitzen einen flügel langer
streckung  der  in  leichtbauweise  konstruiert  ist  hieraus  resultieren  in  böiger
atmosphäre  hohe  biegemomente  und  starke  strukturelle  belastungen  die  zu
überbelastungen führen können flugunfälle beispielsweise von googles solara 50
oder facebooks aquila  belegen dies insbesondere in  der troposphäre in  der das
aktive wetter stattfindet treten böenlasten auf die die struktur zerstören können der
airbus zephyr der bisher als einziges haps flugzeug frei von flugunfällen ist besitzt
nur eine sehr geringe nutzlast daher kann er die anforderungen an zukünftige haps
flugzeuge  nicht  vollständig  erfüllen  um  die  schwachstellen  solcher  ein  flügel
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konzepte  zu  überwinden  wird  in  dieser  arbeit  ein  alternatives  flugzeugkonzept
betrachtet  das  als  mehrkörperflugzeug  bezeichnet  wird  das  konzept  geht  von
mehreren an den flügelspitzen miteinander verbundenen flugzeugen aus und beruht
auf ideen des deutschen ingenieurs dr vogt dieser hatte in den usa kurz nach ende
des zweiten weltkrieges bemannte flugzeuge aneinanderkoppeln lassen hierdurch
ergab sich ein flugzeugverbund mit einem flügel langer streckung damit konnte die
reichweite des verbundes gesteigert werden geoffrey s sommer griff die idee von
vogt  auf  und  lies  sich  eine  flugzeugkonfiguration  patentieren  die  aus  mehreren
unbemannten flugzeugen besteht die an den enden der tragflächen miteinander
gekoppelt sind die patentschrift gibt jedoch keinen einblick in die flugleistungen die
flugmechanische  modellierung  oder  die  regelung  eines  solchen  fluggerätes
vereinzelt  existieren  veröffentlichungen  die  sich  mit  den  flugleistungen  von
gekoppelten  luftfahrzeugen  beschäftigen  eine  tiefgreifende  vollständige
flugmechanische analyse fehlt jedoch bisher hier setzt die vorliegende arbeit an ein
fluggerät  basierend  auf  dem  konzept  des  mehrkörperflug  zeugs  wird  erstmalig
hinsichtlich  der  flugmechanik  und  flugregelung  untersucht  in  einer
flugleistungsbetrachtung  wird  das  flugzeugkonzept  genau  analysiert  und  die
vorteile hinsichtlich der biegemomente und der flugleistungen klar herausgestellt
die  grenzen  des  einsatzes  im  flugbetrieb  werden  mithilfe  aerodynamischer
optimalpunkte aufgezeigt über die lager an den flügelspitzen die eine relative roll
und nickbewegung der flugzeuge untereinander ermöglichen ergeben sich durch die
einstellung unterschiedlicher längslage und hängewinkel zusätzliche freiheitsgerade
im  entwurf  die  verwendung  unterschiedlicher  nicklagewinkel  der  einzelnen
flugzeuge reduziert beispielsweise den induzierten widerstand weiter und steigert
die  flugleistung  durch  die  symmetrische  entlang  der  spannweite  jedoch  nicht
homogene  auftriebsverteilung  ist  auch  eine  laterale  trimmung  der  einzelnen
flugzeuge  in  der  formation  notwendig  hier  stellt  die  arbeit  eine  neuartige
möglichkeit  vor  um  diese  trimmung  ohne  zusätzlichen  parasitären  widerstand
mittels verschiebung der batteriemasse entlang der halbspannweite umzusetzen
weiterhin wird ein vollständiges flugdynamisches modell für über mechanische lager
verbundene  luftfahrzeuge  aufgestellt  und  analysiert  für  diese  analyse  wird  eine
hypothetische torsions und biegefeder zwischen den flugzeugen modelliert sind die
federsteifigkeiten  hinreichend  hoch  besitzt  das  flugdynamische  modell
eigenschaften  die  einem  elastischen  flugzeug  entsprechen  starrkörper  und
elastische  eigenbewegungsformen  sind  in  diesem  fall  klar  separiert  bei  immer
weiterer reduzierung bis auf eine federsteifigkeit von null kommt es zu kopplungen
zwischen  den  klassischen  flugmechanischen  eigenbewegungsformen  und  den
moden aus den zusätzlichen freiheitsgraden dies stellt den auslegungsfall für das
mehrkörperflugzeug  dar  hierbei  verändert  sich  die  eigenstruktur  engl
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eigenstructure des flugzeugs und normale bei einem starren flugzeug beobachtbare
bewegungen gegenüber dem inertialen raum sind nicht mehr erkennbar zusätzlich
zeigt  die  strecke  instabiles  verhalten  basierend  auf  dem  nichtlinearen
flugdynamischen modell werden mit verschiedenen methoden regler entworfen die
die regelstrecke stabilisieren und dem flugzeug eine streckenstruktur zuweisen die
derjenigen  klassischer  flugzeuge  ähnelt  zudem  soll  durch  die  regler  eine
vorgegebene form des flugzeugverbundes beibehalten werden die fahrt der längs
und  rolllagewinkel  sollen  geregelt  und  störungen  unterdrückt  werden  als
auslegungsverfahren  werden  theorien  der  zustandsregelungen  im  zeitbereich
eigenstrukturvorgabe  und  frequenzbereich  h  infinity  loop  shaping  verwendet
hierdurch  wird  durch  die  inneren  regelschleifen  ein  verhalten  des
mehrkörperflugzeugs  erzielt  das  dem  eines  starren  flugzeugs  entspricht  für  die
äußeren regelschleifen werden anschließend klassische konzepte von autopiloten
verwendet  im  ergebnis  ist  eine  regelung  des  flugweges  über  grund  des
mehrkörperflugzeugs  und  somit  ein  tatsächlicher  betrieb  als  haps  möglich  die
funktionalität  des  reglers  wird  abschließend  in  nichtlinearen  simulationen  mit
vollständiger flugdynamik verifiziert

covers all aspects of flight performance of modern day high performance aircraft

beginning with a summary of the mechanics of flight this book goes on to cover
various aspects such as air and airflow aerofoils thrust level flight gliding landing etc
it will continue to be an excellent text for all student pilots

an introduction to the principles of flight

mechanics  of  flight  is  an  ideal  introduction  to  the  basic  principles  of  flight  for
students embarking on courses in aerospace engineering student pilots apprentices
in the industry and anyone who is  simply interested in  aircraft  and space flight
written in a straightforward and jargon free style this popular classic text makes the
fascinating topic of aircraft flight engaging and easy to understand starting with an
overview of the relevant aspects of mechanics the book goes on to cover topics
such  as  air  and  airflow  aerofoils  thrust  level  flight  gliding  landing  performance
manoeuv

flight dynamics takes a new approach to the science and mathematics of aircraft
flight unifying principles of aeronautics with contemporary systems analysis while
presenting traditional material that is critical to understanding aircraft motions it
does so in the context of modern computational tools and multivariable methods
robert  stengel  devotes  particular  attention  to  models  and  techniques  that  are
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appropriate for analysis simulation evaluation of flying qualities and control system
design he establishes bridges to classical  analysis and results and explores new
territory that was treated only inferentially in earlier books this book combines a
highly accessible style of presentation with contents that will appeal to graduate
students and to professionals already familiar with basic flight dynamics dynamic
analysis  has  changed  dramatically  in  recent  decades  with  the  introduction  of
powerful  personal  computers  and  scientific  programming  languages  analysis
programs have become so pervasive that it can be assumed that all students and
practicing  engineers  working  on  aircraft  flight  dynamics  have  access  to  them
therefore  this  book  presents  the  principles  derivations  and  equations  of  flight
dynamics  with  frequent  reference  to  matlab  functions  and  examples  by  using
common  notation  and  not  assuming  a  strong  background  in  aeronautics  flight
dynamics  will  engage  a  wide  variety  of  readers  introductions  to  aerodynamics
propulsion  structures  flying  qualities  flight  control  and  the  atmospheric  and
gravitational environment accompany the development of the aircraft s dynamic
equations

the study of flight dynamics requires a thorough understanding of the theory of the
stability  and  control  of  aircraft  an  appreciation  of  flight  control  systems  and  a
grounding in the theory of automatic control flight dynamics principles is a student
focused text and provides easy access to all three topics in an integrated modern
systems context written for those coming to the subject for the first time the book
provides a secure foundation from which to move on to more advanced topics such
as non linear flight dynamics flight simulation handling qualities and advanced flight
control additional examples to illustrate the application of computational procedures
using tools such as matlab mathcad and program cc improved compatibility with and
more expansive coverage of the north american notational style expanded coverage
of lateral  directional  static stability manoeuvrability command augmentation and
flight in turbulence an additional coursework study on flight control design for an
unmanned air vehicle uav

classic text analyzes trajectories of  aircraft  missiles satellites and spaceships in
terms of gravitational forces aerodynamic forces and thrust topics include general
principles of kinematics dynamics aerodynamics propulsion quasi steady and non
steady flight and applications 1962 edition

flight is the process in which a vehicle moves through the air without any direct
mechanical support from the ground in physics science of the action of forces on
material bodies is referred to as mechanics the science of mechanics is basically
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divided into two branches 1 dynamics and 2 statics branch of mechanics that deals
with  the  motion  of  objects  in  relation  to  force  mass  momentum  and  energy  is
referred to as dynamics the topic of flight mechanics or flight dynamics is to study
the motion of flying objects e g aircraft missile through air provided by publisher

themechanicsofspace  ightisan  olddiscipline  itstopicoriginallywasthemotion  of
planets moons and other celestial bodies in gravitational elds kepler s 1571 1630
observations  and  measurements  have  led  to  probably  the  rst  mathematical
description of planet s motion newton 1642 1727 gave then with the devel ment of
his principles of mechanics the physical explanation of these motions since then
man has started in the second half of the 20th centuryto capture ph ically the space
in the sense that he did develop arti cial celestial bodies which he brought into earth
s orbits like satellites or space stations or which he did send to planets or moons of
our planetary system like probes or by which p ple were brought to the moon and
back like capsules further he developed an advanced space transportation system
the u s space shuttle orbiter which is the only winged space vehicle ever in operation
in the last two and a half decades there were several activities in the world in order
to succeed the u s orbiter like the hermes project in europe the hope project in japan
the x 33 x 34 and x 37 studies and demonstrators in the united states and the joint u
s european project x 38 however all these projects were cancelled the motion of
these vehicles can be described by newton s equation of motion

flight theory and aerodynamics get a pilot s perspective on flight aerodynamics from
the most up to date edition of a classic text the newly revised fourth edition of flight
theory and aerodynamics delivers a pilot oriented approach to flight aerodynamics
without assuming an engineering background the book connects the principles of
aerodynamics and physics to their practical applications in a flight environment with
content  that  complies  with  faa  rules  and  regulations  readers  will  learn  about
atmosphere  altitude  airspeed  lift  drag  applications  for  jet  and  propeller  aircraft
stability controls takeoff landing and other maneuvers the latest edition of flight
theory and aerodynamics takes the classic textbook first developed by charles dole
and james lewis in a more modern direction and includes learning objectives real
world  vignettes and key idea summaries in  each chapter  to  aid  in  learning and
retention readers will also benefit from the accompanying online materials like a test
bank solutions manual  and faa regulatory references updated graphics included
throughout the book correlate to current government agency standards the book
also includes a thorough introduction to basic concepts in physics and mechanics
aerodynamic terms and definitions and the primary and secondary flight control
systems  of  flown  aircraft  an  exploration  of  atmosphere  altitude  and  airspeed
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measurement with an increased focus on practical applications practical discussions
of structures airfoils and aerodynamics including flight control systems and their
characteristics in depth examinations of jet aircraft fundamentals including material
on aircraft weight atmospheric conditions and runway environments new step by
step examples of how to apply math equations to real world situations perfect for
students  and  instructors  in  aviation  programs  such  as  pilot  programs  aviation
management and air traffic control flight theory and aerodynamics will also appeal to
professional pilots dispatchers mechanics and aviation managers seeking a one stop
resource explaining the aerodynamics of flight from the pilot s perspective
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