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Spring 2019

Aerodynamic Stability & Control

MEMS 500: Independent Study

Donahue, Daniel



Daniel Donahue’s Independent Study

The learning objective of this independent study was to further my own knowledge in the field of Flight
Mechanics/Dynamics as well as attaining experience in creating coursework. This was done by creating 10
lectures worth of hand-written notes on the subject of Aircraft Stability and Control, creating a written
syllabus that outlines this work done during Spring 2019 as wells as the work done during Fall 2018 (following
page), and five questions that cover the discussed topics that could be used on homework or exams. |
primarily used the book by Pamadi, “Performance, Stability, Dynamics, and Control of Airplanes 2" ed” while
also pulling from my experiences as an aerodynamic stability and control engineer.

During the course of the semester | generated 30 pages of hand written notes that correspond to 10 lectures
worth of material. It was agreed upon with my advisor, David Peters, that 3 pages of hand written notes
would equate to a lecture. This number was based off of his experience with lecture materials where 3 pages
of hand written notes, accompanied by in-person elaboration of the material, equates to one lecture worth of
material.

Below is a syllabus of the 10 covered lectures with corresponding pages in the hand-written notes attached.

Lecture Topic Note Pages
1 Nomenclature and Euler Angle conversions 1-2

2 Kinematic and Inertial Coupling with Spin Mode discussions | 3-5

3 Aero Database Summations and Downwash Angle 6-9

4 Engine Forces and Moments 10-11

5-8 Wind Tunnel Testing 12-26

9-10 Flight Testing 27-30




Mechanical Engineering & Materials Science
Aerodynamic Stability and Control

Instructor: Daniel Donahue

Course Summary:

This course provides an introduction to aerodynamic stability and control fundamentals. The course covers
basic aircraft nomenclature, a full nonlinear derivation of aircraft equations of motion, aircraft stability and
dynamic derivatives, and aircraft performance. Course special topics include discussion of different types of
wind tunnel testing, flight testing and insight into how a practicing engineer verifies data fidelity.

Major Topics:

Aircraft Geometry, Nomenclature and Axes Systems
Aircraft Equations of Motion

Longitudinal Characteristics

Maneuvering Performance

Lateral-Directional Characteristics

Dynamic Derivatives and Spin Characteristics

Hinge Moments

Engine Forces and Moments

. Wind Tunnel Testing

10. Flight Testing
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Question Bank:

1)

Show that both equations are to determine a heading angle, but the second is quadrant independent:

—1Vx%2+y?—x
y

tan~?! % 2 tan

Derive the kinematic coupling terms from the aircraft equations of motion. What yaw rate is required
to coordinate no sideslip generation for 100°/s of roll rate at 0° AOA? 15° AOA? 35° AOA?

After returning from a Free Spin test, you are provided with the following wind tunnel data:

- x,Y,z, model positions in the tunnel during testing
Vsink, the tunnel operating speed

- 1,0, ¢, model Euler Angles

- All mass properties for the model

Calculate the six aerodynamic coefficients (C;, C,,, Cp, C;, Cp, Cy).

Given the below pitching moment data, calculate the tail required to trim the aircraft and the
downwash angle on the tail.

Horizontal Tail Position

Angle of Attack -30 -25 -20 -15 -10 -5 0 5 10 15 20 Off
-16 0.54 0.49 0.44 0.39 0.34 0.29 0.24 0.19 0.14 0.09 0.04 0.07
-12 0.48 0.43 0.38 0.33 0.28 0.23 0.18 0.13 0.08 0.03 -0.02 0.065
-8 0.42 0.37 0.32 0.27 0.22 0.17 0.12 0.07 0.02 -0.03 -0.08 0.06
-4 0.39 0.34 0.29 0.24 0.19 0.14 0.09 0.04 -0.01 -0.06 -0.11 0.058
0 0.36 0.31 0.26 0.21 0.16 0.11 0.06 0.01 -0.04 -0.09 -0.14 0.06
4 0.315 0.265 0.215 0.165 0.115 0.065 0.015 -0.035 -0.085 -0.135 -0.185 0.062

8 0.279 0.229 0.179 0.129 0.079 0.029 -0.021 -0.071 -0.121 -0.171 -0.221 0.063
12 0.248 0.198 0.148 0.098 0.048 -0.002 -0.052 -0.102 -0.152 -0.202 -0.252 0.102
16 0.215 0.165 0.115 0.065 0.015 -0.035 -0.085 -0.135 -0.185 -0.235 -0.285 0.14
20 0.21 0.16 0.11 0.06 0.01 -0.04 -0.09 -0.14 -0.19 -0.24 -0.29 0.1125
24 0.167 0.117 0.067 0.017 -0.033 -0.083 -0.133 -0.183 -0.233 -0.283 -0.333 0.073
28 0.14 0.09 0.04 -0.01 -0.06 -0.11 -0.16 -0.21 -0.26 -0.31 -0.36 0.06
32 0.075 0.025 -0.025 -0.075 -0.125 -0.175 -0.225 -0.275 -0.325 -0.375 -0.425 0.04
5) Show why implementing the rolling moment damping term in an aerodynamic database should not

use the following logic. Provide two ways to use the same data set, but have correct implementation.

Qb
8Cry, = 1 (@M, 181, 357) * sign(6)
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