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[ﬁﬂ[ Introduction to Aeronautics ]

ARO 101 Sections 03 & 04
Sep 30, 2015 thru Dec 9, 2015
Instructor: Raymond A. Hudson

Week #9 Lecture Material
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‘1\5(1) Topics For Week #9

Intro-Aero

* Basic Aircraft Stability— How do we describe the stability of an aircraftin flight
with respect to Angle Of Attack (o) and Angle of Sideslip (8)?
v’ Static Longitudinal Stability: Relative location of center of gravity (cg) with respect

to the aerodynamic center (ac). How does an aircraft respond to angle of attack
upsets from a “trimmed” condition?

v’ Static Directional Stability: Also known as “weather vane stability.” Nose points into
a steady state crosswind due to the vertical tail.

* Flight Dynamics Angle Definitions— Angles defined for vertical and lateral flight
paths and how they relate to one another. Crosswind landing technique.

* Primary Aircraft Structural Elements— We identify the various structural
members, and their proper names, used to form the structure of the wing and
fuselage of a modern aircraft.

* Flight Phases— All fixed wing aircraft progress through the same flight phases.
Let’s define them and examine what characterizes each phase of flight.

* Air Transport Safety — A plot that shows that as annual numbers of people flying

continue to increase, total deaths associated with aircraft accidents decrease.
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ARO Flying In Trimmed Flight

101
mtro-aero || Wing & Tail Forces Balanced to Achieve No Rotation About CG

“Hands-off flying” when aircraft is “in trim” should maintain altitude, heading, & speed.

W = Wing Lift | 4 A T = Tail Lift

d = distance — d, = distance
|
|
|

Center of Gravity (cg) :‘
|

For trimmed ﬂlght no rotatmn about cg.

Equation: (dew)+(T xd ) =0
(Lift of Wing x distance from cg) + (Lift of Tall X distance fromcg) =0
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ARO Static Longitudinal Stability

101 Tendency For Airplane To Return To Trimmed Flight When Disturbed

Intro-Aero

Why must an aircraft’s CG be located in front of its AC?

Center of Center of
Gravity (CG) Gravity (CG)
Aerodynamic Aerodynamic
Center (AC) Center (AC)
As angle of attackincreases... As angle of attackincreases...
Lift will increase, but... Lift will increase, but...
Weight vector pulls nose back down! Weight vector continues to pull tail down!
Airplane returns to trimmed flight! Airplane eventually flips over!
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Static Directional Stability

Tendency For Airplane To Return To Zero Sideslip When Disturbed

Aside force develops
because of the angle
of attack of the fin.

This creates 3 moment
around the Center of Gravity.

The aircaft will soon
"weather vane” into
the relative wind

and stop slipping.

Also Known As: “Weathervane Stability” because the same force/action occurs
on a weathervane which is what causes it to point INTO the relative wind.
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[AROJ[ Vertical Flight Dynamics Angles ]

101 Pitch Angle, Flight Path Angle, & Angle Of Attack

ntro-Aero

A - Angle of Attack
0 - Pitch Angle
Y - Flight Path Angle

Local

—_— — — - 2 —_———,eeee e —————— — —

H orizontal

—
Therefore,we have another equation for determining AOA:

oa=0-v
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101
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Heading Angle, Track Angle, & Angle Of Sideslip

[AROJ[ Lateral Flight Dynamics Angles

B - Angle of Sideslip
Y - Heading Angle
I - Track Angle

Similar to Vertical Angles:

B=y-p
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ARO || Primary Aircraft Structural Components
101 Elements Of The Wing Structure

Intro-Aero

WING TIP

SKIN
LEADING

TRAILING EDGE
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ARO || Primary Aircraft Structural Components
101 Elements Of The Fuselage Structure

Intro-Aero
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ARO || Primary Aircraft Structural Components

101
MU Elements Of The Fuselage Structure
Monocoque
Construction
Formers or

Bulkheads

Strength based
on external skin

Covering-refarred 10 as
“stressed skn"-must be ngd
n order o carry loading-
normally wood or matal

Stringers—strips
running the
lengthwise along the
structure
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[AROJ[ Typical Aircraft Flight Phases

Heading Angle, Track Angle, & Angle Of Sideslip

A
Cruise
Descend
- %]
<
z
!
Taxi

Start  out Shut

up down

Origin Destination
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Flight Safety Statistics

Yes, It IS Safer To Fly Across Country Than To Drive Across Town!

Fall 2015

I Aircraft safety

Worldwide
Casualties* due to: accident W hijacking W bombing Aircraft passengers carried, bn
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