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Airplane Parts

Vertical Stabilizer Rudder
Horizontal Stabilizer Control Yaw Change Yaw
Control Pitch (side to side)
Elevator

Change Pitch
* (up ar?d down)

Wing

Generate Lift \\

Flaps
Change Lift and Drag

Jet Engine
Generate Thrust _
Aileron
Mg Change Roll

?\X\ Spoiler

Cockpit Change Lift, Drag and

Command and Control Slats Roll
Change Lift

Fuselage (Body)
Hold Things Together & Cany Payload




Angle of Attack, Flight Path Angle

Angle of atinck is the
diffarance balwean pilch
aftituds and flight path angle
(@ssumes ne wind)
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£ (Rate of Climb)
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Trajectory A
Instantaneous

/4

Final Velocity

Top View

Added Velocity
Component

Force Applied and
Removed

Initial Velocity -V

Object mass =m

Initial Velocity -V
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Trajectory B .
Continuous Vertical
Force Removed : U
1 ’
1 Side Force - . .
Top Vi Final Position
op view Final '
Velocity -
FY P
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F Vertical Force Lift
Ve
R= 4
F
- = Horizon
P - .
F a=f > e Initial Position
Force Applied
Weight
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| 1 (Horizontal Stabilizer)
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Short-period Motion)
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(Phugoid Motion)
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(Dutch roll)
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» AtE2E 1t (Dihedral
Dihedral EffeCt)

angle
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Dihedral
angle !

*. " acting to cause sideslip
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1891 Otto Lilienthal (1848-1896)

» The first person to design a glider that could fly a person and was able to
fly long distances. -the first safe, multiple gliding flights in history.

» His gliders were controlled by changing the centre of gravity by shifting his
body, much like modern hang gliders.




The Wright Brothers :

Wilbur (1967-1912) Orville (1871-1948)

>

In 1896, Langley successfully flew an
unmanned steam-powered model
aircraft. Chanute brought together
several men who tested various types of
gliders over the sand dunes along the
shore of Lake Michigan. Lilienthal was
killed in the plunge of his glider.

Thought a reliable method of pilot
control was the key to successful—and
safe—flight

Based on observation, Wilbur concluded
that birds changed the angle of the ends
of their wings to make their bodies roll
right or left. The brothers decided this
would also be a good way for a flying
machine to turn.

Equally important, they hoped this
method would enable recovery when the
wind tilted the machine to one side
(lateral balance).




1900-1901 Gliders

» The Wrights performed basic
wind tunnel tests on 200 wings of
many shapes and airfoil curves,
followed by detailed tests on 38
of them.

An important discovery was the
benefit of longer narrower wings:
wings with a larger aspect ratio
(wingspan divided by chord—the
wing's front-to-back dimension).




1902 Glider

» They hinged the rudder and
connected it to the pilot's warping
"cradle", so a single movement by
the pilot simultaneously controlled
wing-warping and rudder deflection

During September and October
they made between 700 and 1,000
glides, the longest lasting 26
seconds and covering 622.5 feet
(189.7 m).




Three-axis control

» wing-warping for roll (lateral
L~ motion), forward elevator for pitch
Mors i (up and down) and rear rudder for
ai:;;ﬁt;l___.x_ﬂ\;r 1 oo yaw (side to side).
_ ' | In March 1903, the Wrights
applied for the patent for a "Flying
| Machine", based on their
s D 2o successful 1902 glider.

Some believe that applying the
system of three-axis flight control
on the 1902 glider was even more
significant, than the addition of
power to the 1903 Flyer.

L,y A

Vertical
stabilizer

Horizontal
stabilizer




Il X| &5 (Elevator) g L35 (Aileron)

Right Aileron

\ ’ ﬂ Elevator Right Force (Fr) . ﬂ Left Force (FI)
N\
4 - % Center of ‘

Horizontal Stabilizer

Gravity

Center of

Gravity
Distance (L)

Left Aileron

Resulting Motion Distance (L)

Resulting Motion




Aileron, adverse yaw & rudder

Distance (L)

More Lift

Down
Aileron

NOTE: both ailerons, when
deflected by the same amouni,
produce the same profile drag

increment. There is no yaw

due to profile drag.

Distance (L)

Resulting Motion

Increased lift

causes increased

induced drag.
Adverse Yaw
Decreased lift

causes decreased
induced drag.

Less Lift

" Less Drag
z * Up

Aileron

> SolAl HRE 0D Rlol HEHE
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Resulting Motion

Center of
Gravity

Vertical Stabilizer

Side Force (F) /

-

Rudder

Distance (L)
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Unmanned Aerial Vehicle (UAV), Unmanned Aircraft

System (UAS), Unmanned Aircraft Vehicle System
(UAVS)...
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Northrop Grumman g,
=i = 35.4m
& S& 10,400 kg

Y US$123.2 million
B2 A& =2 31.4 kN,
Gt=0ll 100,000 km?7tXl & Jts
HSAl2t: 36A12¢

gt 650km/h

U= 20 km
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Honeywell Kestrel

Honeywell OAV ‘ l
3 d

Micro Mechanical
Flying Insect




UAVSE & =0t

Civil & Commercial

N\

Research & (o h ~ Reconnaissance
Development

Logistics
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g, 7, M3 (GNC)

= (Navigation) High-level
commands

. To accurately determine
position and velocity ‘
relative to a known osition Planning
reference velocity

. Commanded
. To plan execute the aitude ‘ Maneuver
maneuvers necessary to

Navigation Guidance

Desired
Trajectory

move between desired
locations (& = 2/0]) ‘

» =T (Guidance) o Control
* To directing the motion outputs |
of something or the I
course of a projectile Actuators —

> X-"O-I (COI’]tI’O|) Excitation

. .. Plant
« To exercise restraining
or directing influence

Sensors
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OO 2+E &[]

=c| &, 58 &g S=
&St 21 A! (identification)
N8 = & A (control law
design)

GlHl && (simulation)

We know that
F =ma=muv.

Let
F=muvg —clv—ug) .

Then from (1) and (2),
m(o —vg) + e(v—wvg) =0
Let v — vy = F, then (3) becomes
mE +cE =0,

(4) gives E(t) = F(0)exp~m t.
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ldentification

» Newton-Euler 2

> TE A A OII=
Control law design
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Simulation

» Matlab plots
» X|4AF Hardware tests

Flight tests!




Alir traffic control
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Nightly News = Dateline » Meetthe Press » MSN

U.S. air traffic controller force in crisis

By Blair Watson

Aviation
updated 4:5% p.m. ET Jan. 30, 2008

Higher-than- forecasted air traffic controller
retirements and total controller attrition over
the past few years have left the United States
with the lowest number of fully trained and
certified controllers since 1992, according to
the Mational Air Traffic Controllers Association.

By the end of 2007 there were 11,250 fully
qualified controllers working at the Federal
Aviation Administration’s 314 facilities. In 20086,
there were 11,706, and in 1992, 10,696.
According to NATCA, since 2004 the FAA has
significantly underestimated the number of
controllers who will retire, and this has

As congested skies continue, staffing crisis 'has industrywide consequences'

Controllers at the busy Cleveland Air
Route Traffic Control Center at
Cberlin, Ohio monitor their screens.
MATCA, the U.S. controllers' union,
says the system is now in crisis, with
large-scale retirements of controllers
and insufficient hiring of replacements
by the FAA producing a situation
whereby there are no longer enough
experienced controllers to handle
traffic safely in four of the busiest
areas of the U.5. Controller fatigue is
now a major issue, according to
MNATCA,

Bombardier Starts

Offering CSeries Airliner A Vl"atfﬂn

Etihad Readies for Major
Expansion

SkyTeam to Streamline Heathrow Check-In
Upmarket Eos Ready to Double in Size

Northeast Weather Affects Air Travelers

Your forecast
Click to see the weather outlook
for your destination

contributed to the current controller shortage. FIRST
PERSON

Earlier this month, NATCA President Patrick
Forrey said that remaining veteran controllers
no longer can handle peak volumes in Atlanta,
Chicago, Mew York and Southern California
safely. Forrey indicated that a controller

Most romantic trips
M=nbc.com readers share photos

st of romantic places around the

world.







