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AE 521 Aerospace Design I

Dr. Ron Barrett-Gonzalez
Professor of Aerospace Engineering
The University of Kansas, Lawrence
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Today’s Schedule:
• Call Roll
• Service/Outreach Sign-Ups:

Mon. 10/23 Eisenhower Middle School, Abilene 
Mon. 10/30 Wamego Middle School
Sat. 12/2 Flint Hills Discovery Center, Manhattan
Sat. 12/9 Flint Hills Discovery Center, Manhattan
? Farley Elementary visit to KU Campus

• Competitions
• Small Report 5
• Hyperbook
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Mon. 
10/23

Mon. 
10/30

Sat. 
12/2

Sat. 
12/9

Mon. 
10/23

Mon. 
10/30

Sat. 
12/2

Sat. 
12/9

Ativie,Joseph x Linthavong,Cherry x
Bailey,Lucy M Lofland,Chris C x x
Barland,Jack A x x Marshall,Jeb O x x x
Bonham,Maggie E x Mays,Benjamin S x
Braaten,Niels C x Mcmichael,Barrett x x
Caulfield,Camden Lee Mcnulty,Jack B x
Coppens,Ryan Mistretta,Anthony J x
Dargahi,Alex x Olson,Kadin Lee x x
Denault,Carson Robert x Platt,Charlie M x
Deng,Keyu x Poznanski,Joshua x x x x
Dillon,Peter Reida,Reanne N x x
Dodge,Andrew Reidy,Macoy M x x
Dunlay,Joshua P x Relan,Jennifer x x x x
Dutta,Sap Richardson,Jake x x x
Foster,Dean C x x x Russell,Lucas S x x x
Gillies,Gunnar x x Schneider,Cade W x x x
Goudschaal-Frazier,Gracyn Jane Shah,Dhairya x x
Guzman,Jonathan Alan x Sullivan,Tim Michael
Harder,Samuel A x x Sutton,Joshua T x
Heide,Rhett Gile x x Svoboda,Benjamin C x
Horst,Evelyn x Thorson,Johnathan A x
Hunt,Wesley Afra x To,Hoang Minh x
Junnare,Nupoor x x Torok,Jackson P x
Keathley,Liliana Gabriel Torres Leon,Hector x x
King,Kathryn M Waggoner,Alex x
Kuligowski,Payton M x x Wall,James Edgar x
Larsen,Isaac x x Wegiel,Jeremy L

Fall 2023 Outreach Activities Driver/Rider signups
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Game 3 Commercial 
Transports General Aviation Fighters Aircraft Designers Aerodynamics Stability & Control

Game 4 Amphibians Homebuilts Interceptors Politicians Performance Materials & 
Processes

Game 5 Bombers Autogyros Lighter than Air Military Leaders Propulsion Structures

Game 6 Before WWI Naval Aviation Transport 
Helicopters

Aerospace 
Professors

Strength of 
Materials Fluid Mechanics

Game 7 Gliders X-Planes Launch Vehicles Astronauts Weight Sizing Conversions

Game 8 Cold War Tactical Missiles Commercial 
Transports First Flights Stability and Control Piston Engines

Game 9 Russian Aerospace European Aerospace Canadian Aerospace Doctrines & 
Agreements Rocket Engines Jet Engines

Game 10 Experimental 
Airplanes

Experimental 
Rotorcraft Attack Airplanes Corporate Leaders Wing Sizing Configurations

Game 11 Business Transports
Prehistoric 

Aerospace Devices 
& Lore

VTOL Aircraft KU Professors Stability and Control Exoatmospherics

Game 12 NASA Trivia Surface-to-Air 
Missiles Unusual Weapons Aerospace Laws The Atmosphere Materials & 

Processes

Game 13 Military Transports Pioneer Years Low Observables 
Aircraft Combat Pilots Supersonic 

Aerodynamics
Aircraft 

Configurations

Game 14 Aerospace 
Economics Strategic Missiles Hard-Launched 

Munitions Aerospace Museums
Guidance, 

Navigation & 
Control

Aerospace Safety 
Practices

Game 15 Urban Air Mobility Flying Toys and 
Sports

Air Crashes and 
Fatalities KU & KUAE History Design Practices Circuits and 

Instrumentation

Game 16 Record Setters Failed Designs Aerospace Scandals 
& Cover-Ups Dirty Politics Design Practices Finite Element 

Methods
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Competitions

American Institute of Aeronautics & Astronautics (AIAA): 
 • Undergraduate Team: Heavy Lift Mobility Platform
 • Undergraduate Individual: Stratospheric Payload Delivery
 • Graduate Team: Electric Training Sailplane
 • Graduate Missile: Rapid Reaction Satellite Launcher

Vertical Flight Society (VFS): 
 • Multi-Mission Modular UAS for Disaster Relief
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Competitions

American Institute of Aeronautics & Astronautics (AIAA): 
 • Undergraduate Team: Heavy Lift Mobility Platform
 • Undergraduate Individual: Stratospheric Payload Delivery
 • Graduate Team: Electric Training Sailplane
 • Graduate Missile: Rapid Reaction Satellite Launcher

Vertical Flight Society (VFS): 
 • Multi-Mission Modular UAS for Disaster Relief

You do not have to compete, but...
You must choose/develop a mission spec. and profile of 

professional caliber from previous competitions



Unclassified   Rev. 8 Sept. 2009

KU Aerospace DesignKansas University
Co

py
rig

ht
 ©

 R
.M

. B
ar

re
tt 

 A
ll r

ig
ht

s r
es

er
ve

d 
7

Student
AIAA UGTeam 

Heavy Lift
AIAA UG Indiv. 
Strato Payload

AIAA GTeam 
Electric Sailplane AIAA Missile

VFS Disaster Relief 
UAS Other Graduation

Ativie,Joseph
Bailey,Lucy M
Barland,Jack A
Bonham,Maggie E
Braaten,Niels C
Caulfield,Camden Lee
Coppens,Ryan
Dargahi,Alex
Denault,Carson Robert
Deng,Keyu
Dillon,Peter
Dodge,Andrew
Dunlay,Joshua P
Dutta,Sap
Foster,Dean C
Gillies,Gunnar
Goudschaal-
Frazier,Gracyn Jane
Guzman,Jonathan Alan
Harder,Samuel A
Heide,Rhett Gile
Horst,Evelyn
Hunt,Wesley Afra
Junnare,Nupoor
Keathley,Liliana Gabriel
King,Kathryn M
Kuligowski,Payton M
Larsen,Isaac

Think about which one(s) you want to do...
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Student
AIAA UGTeam 

Heavy Lift
AIAA UG Indiv. 
Strato Payload

AIAA GTeam 
Electric Sailplane AIAA Missile

VFS Disaster Relief 
UAS Other Graduation

Linthavong,Cherry
Lofland,Chris C
Marshall,Jeb O
Mays,Benjamin S
Mcmichael,Barrett
Mcnulty,Jack B
Mistretta,Anthony J
Olson,Kadin Lee
Platt,Charlie M
Poznanski,Joshua
Reida,Reanne N
Reidy,Macoy M
Relan,Jennifer
Richardson,Jake
Russell,Lucas S
Schneider,Cade W

Shah,Dhairya

Sullivan,Tim Michael
Sutton,Joshua T
Svoboda,Benjamin C
Thorson,Johnathan A
To,Hoang Minh
Torok,Jackson P
Torres Leon,Hector
Waggoner,Alex
Wall,James Edgar
Wegiel,Jeremy L

Think about which one(s) you want to do...
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Small Report 5

1. Choose a Competition from the list of AIAA and VFS 
Competitions

2. Develop an Abbreviated Operating Statement (AOS) 
for the chosen competition and Generate a Concept 
of Operations (ConOps)

3. Generate the Mission Specification and Profile
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Aircraft Design Process
Where it all begins:    

The People, Laws, Rules & Regulations

Civil Aerospace 
Systems

Military Aerospace 
Systems

FAA: 
Governs flight in 

"navigable airspace"

DoD: 
Governs flight in 

military airspace & 
of military systems
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Aircraft Design Process
Civil Aerospace Systems

Airplane Type Passenger 
Limit

Weight  
Limit

Regulations

Ultralight 1 155/254lb Ultralight FAR 103

Homebuilt none none Experimental FAR 21

Light Sport Aircraft 1 1320lb ASTM Consensus Stds

Propeller & Agricultural planes, Flying Boats, 
Supersonic

< 9 12,500lb Normal Category FAR 23, 

Twin Prop, Regional Turboprop, Transport Jets, 
Flying Boats, Supersonic  

< 19 19,000lb Commuter Category: FAR 
23

Business Jets, Regional Turboprops, Transport 
Jets, Flying Boats, Supersonic Cruise Airplanes

> 19 none FAR 25

Military Trainers, Fighters, Attack Aircraft, 
Military Patrol, Bomb & Transport Aircraft

none none Military
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Aircraft Design Process
Military Aerospace Systems  1948 Key West Agreement - Army
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Aircraft Design Process
Military Aerospace Systems  1948 Key West Agreement - Army
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Aircraft Design Process
Military Aerospace Systems  1948 Key West Agreement - Army
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Aircraft Design Process
Military Aerospace Systems  1948 Key West Agreement - Navy
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Aircraft Design Process
Military Aerospace Systems  1948 Key West Agreement - Navy
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Aircraft Design Process
Military Aerospace Systems  1948 Key West Agreement - Navy
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Aircraft Design Process
Military Aerospace Systems  1948 Key West Agreement - Navy
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Aircraft Design Process
Military Aerospace Systems  1948 Key West Agreement - Navy
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Aircraft Design Process
Military Aerospace Systems  1948 Key West Agreement - USAF
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Aircraft Design Process
Military Aerospace Systems  1948 Key West Agreement - USAF



Unclassified   Rev. 8 Sept. 2009

KU Aerospace DesignKansas University
Co

py
rig

ht
 ©

 R
.M

. B
ar

re
tt 

 A
ll r

ig
ht

s r
es

er
ve

d 

Aircraft Design Process
Military Aerospace Systems  1948 Key West Agreement - USAF
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Aircraft Design Process
Military Aerospace Systems  1948 Key West Agreement - USAF
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Aircraft Design Process
Overall Directions

Civil: 

Mission Statement

Operating Documents

Basic Operating 
Statements

Military: 

Mission Statement

Operating Documents

Basic Operating 
Statements
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Aircraft Design Process
Civil Corporations Abbreviated Operating Statements

• Just a few words
• Describes overall corporate direction

Example: 
FAA: "Safety is our passion" 
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Aircraft Design Process
Military Abbreviated Operating Statements

• Just a few words
• Describes overall corporate direction

Example -- Army:
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Aircraft Design Process
Military Abbreviated Operating Statements

• Just a few words
• Describes overall corporate direction

Example -- Navy:
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Aircraft Design Process
Military Abbreviated Operating Statements

• Just a few words
• Describes overall corporate direction

Example -- USAF:
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Aircraft Design Process
Civil Corporations Abbreviated Operating Statements

• Just a few words
• Describes overall corporate direction

Example: 
Pratt and Whitney: "Reliable Engines" 
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Aircraft Design Process
Civil Corporations Abbreviated Operating Statements

• Just a few words
• Describes overall corporate direction

Example: 
Airbus: "We make it fly" 
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Aircraft Design Process
Civil Corporations Abbreviated Operating Statements

• Just a few words
• Describes overall corporate direction

Example: 
Boeing: "Build something better" 
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Aircraft Design Process
Operating Documents Countless thousands of pages...
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Aircraft Design Process

3. Engineering Teams 
Develop Designs to Meet 
Mission

2. Mission Specification 
and Profile Generated

4. Designs Synthesized

1. Military Leaders, Business Team, & Management 
Assess Need for a New Aerospace Vehicle or System
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Aerospace System Management Tools: 

1. Heilmeir's Catechisms

2. Quad Charts

3. Concept of Technology (ConTech)

4. Concept of Operations (ConOps)

5. Technology Readiness Level (TRL)

6. Systems Engineering (SE)
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5Technology, System and Vehicle Descriptions
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University of Kansas Transportation Research institute

Ultra-High Sensitivity Acoustic Vector Sensor

2120 Learned Hall, The University of Kansas, Lawrence, Kansas 66044  (785) 864-2226   barrettr@ku.edu

What are we trying to do?
Develop an acoustic vector sensor with an order of magnitude higher sensitity levels for
effective acoustic radar, UAV sense & avoid, countersniper, quiet UAV sensing etc...

How does this currently get done? 
Doppler shift & conventional ACS techniques 

Who does it now?  MicroFlown, ShotSpotter, Boomerang

What limits present approaches? Low-Rn aerodynamics effects on filaments

What is new about our approach? Dynamic filament sweeping sheds laminar 
boundary layer & increases sensing sweep area

Why, at this time, can our approach succeed? New method just proven in 
the lab less than 4 mos. ago, provisional patent filed just weeks ago

What difference does our approach offer? Order of magnitude greater AVS 
sensitivity, impervious to atmospheric foulants

What are the “mid-term” and “final exams?” i. Anechoic Test ii. Flight Test

How much will our approach cost?  ~$1M over 3 yrs for flying POC

36
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7Quad Charts



Unclassified   Rev. 8 Sept. 2009

KU Aerospace DesignKansas University
Co

py
rig

ht
 ©

 R
.M

. B
ar

re
tt 

 A
ll r

ig
ht

s r
es

er
ve

d 
3
8

University of Kansas Transportation Research institute

Supersonic Hovering Aerial Vehicle (SHAV) for Counterpiracy
Description/Objectives/Methods
• New aircraft configuration & propulsion technology enables 
counterpiracy interdiction UAV

• New multi-mode powerplant is designed to function as a turboshaft 
in hover, turbojet ithrough the transonic and pressure-assisted ramjet 
through the high supersonic

• 13 years of convertible aircraft design expertise including the 
world's only hovering missile underpin the program via CFD, FEM & 
MDO techniques.

• Posted Videos show production, fielded Subsonic Hovering Missile Prototypes 
pioneered by the TRI team:
         http://www.youtube.com/watch?v=6448lIxJ3pE&feature=related  
         http://www.youtube.com/watch?v=k2mFhrjfoFQ&feature=related
         http://www.youtube.com/watch?v=1CCbo_hWS-U&feature=related

Task FY 12 FY13 FY14

1. SHAV Modeling

2. SHAV Pwrplnt Design 

3. SHAVFabrication

4. SHAV Tunnel Testing 

5. SHAV Flight Testing

Budget & Schedule

Budget:  $5.5M/yr

2120 Learned Hall, The University of Kansas, Lawrence, Kansas 66044  (785) 864-2226   barrettr@ku.edu

Military Impact:

Dramatically 
increased 
interdiction
capability

Hover – Transonic – Supersonic UAV/Weapon System

38
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Ultra-High Sensitivity Acoustic Vector Sensor (AVS)

Description/Objectives/Methods
• A newly invented system improves the accuracy levels of the 
world's leading AVS systems by nearly an order of magnitude

• Because the leading AVS systems are foreign, other armed forces 
are taking advantage of this branch of technology to make highly 
advanced countersniper systems. Currently, the US has no edge in this 
area. 

• This important improvement allows for nearly an order of mangitude 
in accuracy via increasing swept sensor areas, while maintaining 
nascent sensor form factor. Low Rn effects are mitigated by very high 
speed dynamic sweep patterns. The ultimate goal is to give vehicles 
the same situational awareness that bats possess either passively or 
actively.  

Military Impact
Problem: Current forms of acoustic sensing technologies like 
ShotSpotter and Boomerang have limited accuracy levels, 
perform poorly when exposed to periodic signals (like 
propellers & turbines) and are easily confused by reflected 
waves. 

• UAV sense and avoid systems, passive acoustic radar and 
highly accurate countersniper systems will enabled. 

• Acoustic spatial sensing akin to that of bats is now enabled by 
this new technology

Task FY 10 FY11 FY12

1. UHSAVS Design

2. UHSAVS Fabrication

3. UHSAVS Aneochic Test

4. UHSAVS Field Testing 

5. Data Reduction

Budget & Schedule

Budget:  $300k/yr

2120 Learned Hall, The University of Kansas, Lawrence, Kansas 66044  (785) 864-2226   barrettr@ku.edu

AVS is a mechanical analog to what bats do.  

3
9
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Concept of Technology
40

ConTech

Definition: A Concept of Technology (CONTECH) 
is a user-oriented document that "describes the 
characteristics of a particular technology from a 
user's perspective. A CONTECH also describes 
the interface with the whole machine, vehicle, 
system and/or system of systems and describes 
how it will enhance a particular mission 
characteristic on levels big and small.”
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Example Concept of Technology
41

Pressure Adaptive Honeycomb (PAH) Flap Systems

1. During steady flight, 
the PAH wing is trimmed 
at a given CL.

2. Upon entering gust field, the 
PAH trailing edge deflects 
upwards, relieving lift, 
maintaining steady flight. 

3. At the center of the 
downburst, the airfoil retrims 
itself to camber neutral. 

4. As the aircraft exits the gust 
field, the trailing edge deflects 
hard down, maximizing CL, 
maintaining steady flight. 
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Concept of Operations
42

ConOps

Definition: A Concept of Operations (CONOPS) is a 
user-oriented document that "describes systems 
characteristics for a proposed system from a user's 
perspective. A CONOPS also describes the user 
organization, mission, and objectives from an 
integrated systems point of view and is used to 
communicate overall quantitative and qualitative 
system characteristics to stakeholders.”
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Very Basic Conops Example



Unclassified   Rev. 8 Sept. 2009

KU Aerospace DesignKansas University
Co

py
rig

ht
 ©

 R
.M

. B
ar

re
tt 

 A
ll r

ig
ht

s r
es

er
ve

d 
44

Basic Conops Example
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Basic Conops Example



Unclassified   Rev. 8 Sept. 2009

KU Aerospace DesignKansas University
Co

py
rig

ht
 ©

 R
.M

. B
ar

re
tt 

 A
ll r

ig
ht

s r
es

er
ve

d 
46

Conops Example Figure



Unclassified   Rev. 8 Sept. 2009

KU Aerospace DesignKansas University
Co

py
rig

ht
 ©

 R
.M

. B
ar

re
tt 

 A
ll r

ig
ht

s r
es

er
ve

d 
47

Conops Example Figure
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Conops Example Figure + Verbiage
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9Technology Readiness Level (TRL)
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Introduction to Systems Engineering 
50

• "Some" concensus on precisely what SE is and what it does

• Some technologists profess to have the only "true" definitions, but 
there are no "absolute" terms. DoD, International Council on 
Systems Engineering (INCONSE), various professors all have their 
own slightly different language

• Basically: modern terminology and managerial jargon for what has 
been going on in the aerospace industry for more than a century
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Systems Engineering is an interdisciplinary approach and 
means to enable the realization of successful systems. It 
focusses on defining customer needs and required 
functionality early in the development cycle, documenting 
requirements, and then proceeding with design synthesis 
and system validation while considering the complete 
problem: operations, cost and schedule, performance, 
training and support, test, manufacturing, and disposal. 

Systems Engineering (SE) considers both the business and 
technical needs of all customers with the goal of providing a 
quality product that meets the user needs.

Introduction to Systems Engineering 

Problem vs Solution: 
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Problem vs Solution: 

Introduction to Systems Engineering 
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SE involves the coordination 
of work performed by 

engineers from all other 
engineering disciplines 
(electrical, mechanical, 

computer, software, etc.) as 
required to complete the 
engineering work on the 

project/program. 
J. Stein,“ Systems, Systems Engineering, and INCOSE: A Five Minute 50,000 
Foot Overview”, INCOSE IW , Torrance, CA January 24-25,2015

Achieving balance between 
inherent conflicts in the 
Why, What, How, Which, 
When, Who and Where

Introduction to Systems Engineering 
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Introduction to Systems Engineering 
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Introduction to Systems Engineering 



Unclassified   Rev. 8 Sept. 2009

KU Aerospace DesignKansas University
Co

py
rig

ht
 ©

 R
.M

. B
ar

re
tt 

 A
ll r

ig
ht

s r
es

er
ve

d 
56

Introduction to Systems Engineering 
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Introduction to Systems Engineering 
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System Requirements
1. Mandatory requirements insure that the system satisfies the customer's operational need. Mandatory requirements (1) 
specify the necessary and sufficient conditions that a minimal system must have in order to be acceptable (2) must be 
passed or failed, there is no middle ground, and (3) must not be susceptible to trade-offs between requirements. Typical 
mandatory requirements might be of the following form: The system shall not violate federal, state or local laws. Mandatory 
requirements state the minimal requirements necessary to satisfy the customer's need. 

2. Tradeable Requirements (Objectives) are evaluated to determine the preferred designs. Tradeoff requirements (1) 
should state conditions that would make the customer happier (2) should use scoring functions to evaluate the criteria, and 
(3) should be evaluated with multicriterion decision aiding techniques because there will be trade-offs between these 
requirements. 

Sometimes there is a relationship between mandatory and tradeoff requirements, e.g. a mandatory requirement might be a 
lower threshold value for a tradeoff requirement. The words optimize, maximize, minimize and simultaneous should not be 
used in stating 

Quality function deployment (QFD) is useful in identifying system requirements

Verify and validate requirements
Each requirement should be verified by logical argument, inspection, modeling, simulation, analysis, test or demonstration.
Validating requirements means ensuring that 
 1) the recommended solution satisfies the actual needs of the customer
 2) the description of the requirements is consist and complete
 3) a system model can satisfy the requirements
 4) a real-world solution can be tested to prove that it satisfies the requirements. 

Requirements are often validated by reference to an existing system that meets most of the requirements.

Introduction to Systems Engineering 
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Introduction to Systems Engineering 



Unclassified   Rev. 8 Sept. 2009

KU Aerospace DesignKansas University
Co

py
rig

ht
 ©

 R
.M

. B
ar

re
tt 

 A
ll r

ig
ht

s r
es

er
ve

d 
60

Introduction to Systems Engineering 
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Introduction to Systems Engineering 
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Introduction to Systems Engineering 
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Desired SE Personality Traits

Introduction to Systems Engineering 
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Thursday
12 September 

2023
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Today’s Schedule:
• Call Roll
• Service/Outreach Sign-Ups:

Mon. 10/23 Eisenhower Middle School, Abilene 
Mon. 10/30 Wamego Middle School
Sat. 12/2 Flint Hills Discovery Center, Manhattan
Sat. 12/9 Flint Hills Discovery Center, Manhattan
? Farley Elementary visit to KU Campus

• Mid-Semester Jeopardy/Quiz Questionnaire
• Competitions
• Small Report 5
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Mon. 
10/23

Mon. 
10/30

Sat. 
12/2

Sat. 
12/9

Mon. 
10/23

Mon. 
10/30

Sat. 
12/2

Sat. 
12/9

Ativie,Joseph x Linthavong,Cherry x
Bailey,Lucy M Lofland,Chris C x x
Barland,Jack A x x Marshall,Jeb O x x x
Bonham,Maggie E x Mays,Benjamin S x
Braaten,Niels C x Mcmichael,Barrett x x
Caulfield,Camden Lee Mcnulty,Jack B x
Coppens,Ryan Mistretta,Anthony J x
Dargahi,Alex x Olson,Kadin Lee x x
Denault,Carson Robert x Platt,Charlie M x
Deng,Keyu x Poznanski,Joshua x x x x
Dillon,Peter Reida,Reanne N x x
Dodge,Andrew Reidy,Macoy M x x
Dunlay,Joshua P x Relan,Jennifer x x x x
Dutta,Sap Richardson,Jake x x x
Foster,Dean C x x x Russell,Lucas S x x x
Gillies,Gunnar x x Schneider,Cade W x x x
Goudschaal-Frazier,Gracyn Jane Shah,Dhairya x x
Guzman,Jonathan Alan x Sullivan,Tim Michael
Harder,Samuel A x x Sutton,Joshua T x
Heide,Rhett Gile x x Svoboda,Benjamin C x
Horst,Evelyn x Thorson,Johnathan A x
Hunt,Wesley Afra x To,Hoang Minh x
Junnare,Nupoor x x Torok,Jackson P x
Keathley,Liliana Gabriel Torres Leon,Hector x x
King,Kathryn M Waggoner,Alex x
Kuligowski,Payton M x x Wall,James Edgar x
Larsen,Isaac x x Wegiel,Jeremy L

Fall 2023 Outreach Activities Driver/Rider signups
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Game 3 Commercial 
Transports General Aviation Fighters Aircraft Designers Aerodynamics Stability & Control

Game 4 Amphibians Homebuilts Interceptors Politicians Performance Materials & 
Processes

Game 5 Bombers Autogyros Lighter than Air Military Leaders Propulsion Structures

Game 6 Before WWI Naval Aviation Transport 
Helicopters

Aerospace 
Professors

Strength of 
Materials Fluid Mechanics

Game 7 Gliders X-Planes Launch Vehicles Astronauts Weight Sizing Conversions

Game 8 Cold War Tactical Missiles Commercial 
Transports First Flights Stability and Control Piston Engines

Game 9 Russian Aerospace European Aerospace Canadian Aerospace Doctrines & 
Agreements Rocket Engines Jet Engines

Game 10 Experimental 
Airplanes

Experimental 
Rotorcraft Attack Airplanes Corporate Leaders Wing Sizing Configurations

Game 11 Business Transports
Prehistoric 

Aerospace Devices 
& Lore

VTOL Aircraft KU Professors Stability and Control Exoatmospherics

Game 12 NASA Trivia Surface-to-Air 
Missiles Unusual Weapons Aerospace Laws The Atmosphere Materials & 

Processes

Game 13 Military Transports Pioneer Years Low Observables 
Aircraft Combat Pilots Supersonic 

Aerodynamics
Aircraft 

Configurations

Game 14 Aerospace 
Economics Strategic Missiles Hard-Launched 

Munitions Aerospace Museums
Guidance, 

Navigation & 
Control

Aerospace Safety 
Practices

Game 15 Urban Air Mobility Flying Toys and 
Sports

Air Crashes and 
Fatalities KU & KUAE History Design Practices Circuits and 

Instrumentation

Game 16 Record Setters Failed Designs Aerospace Scandals 
& Cover-Ups Dirty Politics Design Practices Finite Element 

Methods
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0AE 521 Jeopardy/Quiz Questionnaire 

(Circle your choices)

Do you want Dr. B. to continue with the buzzer quiz/Jeopardy type edutainment games in the last hour of class periods? 
Yes       No

Do you want Dr. B. to revert to straight up “normal” Powerpoint buzzer quiz format or keep the Jeopardy format?
“Normal” Buzzer Quiz format               Jeopardy format

Do you feel that you have learned or are learning from the buzzer quiz/Jeopardy edutainment games? 
Yes       No

Suggestions for improvement: 



Unclassified   Rev. 8 Sept. 2009

KU Aerospace DesignKansas University
Co

py
rig

ht
 ©

 R
.M

. B
ar

re
tt 

 A
ll r

ig
ht

s r
es

er
ve

d 

i.) Proper training
 -Most things you will do in your working life will be competitive

Why do we compete? 
71
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i.) Proper training
 -Most things you will do in your working life will be competitive

ii.) Enable you to work as a member of a competitive team
 -Think strategically
 -Hone time and personnel management skills
 -Make a better product/outcome than the competition

Why do we compete? 
72
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i.) Proper training
 -Most things you will do in your working life will be competitive

ii.) Enable you to work as a member of a competitive team
 -Think strategically
 -Hone time and personnel management skills
 -Make a better product/outcome than the competition

iii.) Demonstrate your skills to others outside of KU 
 -Helps you, personally 
 -Helps maintain the reputation of KUAE grads w/in industry
 -Enhances your employability & that of future Jayhawks
 -Helps maintain national rankings of KUAE Department

Why do we compete? 
73



Unclassified   Rev. 8 Sept. 2009

KU Aerospace DesignKansas University
Co

py
rig

ht
 ©

 R
.M

. B
ar

re
tt 

 A
ll r

ig
ht

s r
es

er
ve

d 

i.) Proper training
 -Most things you will do in your working life will be competitive

ii.) Enable you to work as a member of a competitive team
 -Think strategically
 -Hone time and personnel management skills
 -Make a better product/outcome than the competition

iii.) Demonstrate your skills to others outside of KU 
 -Helps you, personally 
 -Helps maintain the reputation of KUAE grads w/in industry
 -Enhances your employability & that of future Jayhawks
 -Helps maintain national rankings of KUAE Department

iv.) Solidify friendships – you'll need them

v.) Have a better life

Why do we compete? 
74
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AE 522/722 Teams
 • Seniorocracies, NOT Democracies 

 • Good to recruit both <Seniors & non-AE's
  - Juniors are generally best – good CAD
  - Underclassmen used for STAMPED data
  - Photoshop, Paint, Illustrator skills useful
  - Architecture & Design students great renderings
  - Art students awesome for real artwork

Spring Competitions 75
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AE 522/722 Teams
 • Seniorocracies, NOT Democracies 

 • Good to recruit both <Seniors & non-AE's
  - Juniors are generally best – good CAD
  - Underclassmen used for STAMPED data
  - Photoshop, Paint, Illustrator skills useful
  - Architecture & Design students great renderings
  - Art students awesome for real artwork

 • Sooner teams established, sooner recruiting begins
 
 • Good team structure: 
  1 Über-organizer
  + 2-4 Motivated AE Seniors 
  + 1-2 AE Juniors with great CAD chops
  + 1-2 AE Underclassmen
  + 1-3 Arch./Design/Art students

Spring Competitions 76
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AE 522
 • AIAA UGrad. competitions
 • VFS UGrad. Competition
 • (Special Design Spec. for non-competitors)

AE 592  
 • AIAA DBF – get 1-3 hrs tech. elective credit. 
   Will NOT count as 2nd Design course

AE 722  
 • VFS Grad. Team VTOL 
 • AIAA Grad. Team Aircraft 
 • AIAA Grad. Team Missile

Spring Classes & Activities
77
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Spring Competitions – Structure & Judging

AE 522
• AIAA UGrad. Team Heavy Lift

- We have great contacts among alumni to help
- Judges stacked against us – many with conflicts of interest
- Largest field – 54 competitors last year
- Not after best concept, mostly diversity well-known of non-KU institutions
- Last big win was 2014
- Path to win award is to join up with foreign university, let them glue their name
   on the report, we do the work. 
- Winning concepts have been mixed, but mostly conservative

78
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Spring Competitions – Structure & Judging

AE 522
• AIAA UGrad. Team Heavy Lift

- We have great contacts among alumni to help
- Judges stacked against us – many with conflicts of interest
- Largest field – 54 competitors last year
- Not after best concept, mostly diversity well-known of non-KU institutions
- Last big win was 2014
- Path to win award is to join up with foreign university, let them glue their name
   on the report, we do the work. 
- Winning concepts have been mixed, but mostly conservative

• AIAA UGrad. Individual Strato. Payload
- Most other schools don't prepare individuals well for individual, so we're competitive
- Highest probability of winning a prize (we've done well in the past)
- NEWT is somebody's pet project – must do deep research
- More work than team, but no team "baggage" to haul around

79
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Spring Competitions – Structure & Judging

AE 522
• AIAA UGrad. Team Heavy Lift

- We have great contacts among alumni to help
- Judges stacked against us – many with conflicts of interest
- Largest field – 54 competitors last year
- Not after best concept, mostly diversity well-known of non-KU institutions
- Last big win was 2014
- Path to win award is to join up with foreign university, let them glue their name
   on the report, we do the work. 
- Winning concepts have been mixed, but mostly conservative

• AIAA UGrad. Individual Strato. Payload
- Most other schools don't prepare individuals well for individual, so we're competitive
- Highest probability of winning a prize (we've done well in the past)
- NEWT is somebody's pet project – must do deep research
- More work than team, but no team "baggage" to haul around

• VFS UGrad. Disaster Relief UAS
 - Competition tilted towards "big rotorcraft" schools
 - Good only for people who are truly interested in VTOL
 - Possible to crack with wind tunnel, CFD and/or flight tests
 - Winning concepts have been mixed – some conservative, some aggressive

80



Unclassified   Rev. 8 Sept. 2009

KU Aerospace DesignKansas University
Co

py
rig

ht
 ©

 R
.M

. B
ar

re
tt 

 A
ll r

ig
ht

s r
es

er
ve

d 

Spring Competitions – Structure & Judging

AE 522
• AIAA UGrad. Team Heavy Lift

- We have great contacts among alumni to help
- Judges stacked against us – many with conflicts of interest
- Largest field – 54 competitors last year
- Not after best concept, mostly diversity well-known of non-KU institutions
- Last big win was 2014
- Path to win award is to join up with foreign university, let them glue their name
   on the report, we do the work. 
- Winning concepts have been mixed, but mostly conservative

• AIAA UGrad. Individual Strato. Payload
- Most other schools don't prepare individuals well for individual, so we're competitive
- Highest probability of winning a prize (we've done well in the past)
- NEWT is somebody's pet project – must do deep research
- More work than team, but no team "baggage" to haul around

• VFS UGrad. Disaster Relief UAS
 - Competition tilted towards "big rotorcraft" schools
 - Good only for people who are truly interested in VTOL
 - Possible to crack with wind tunnel, CFD and/or flight tests
 - Winning concepts have been mixed – some conservative, some aggressive

81

Good to enlist Design, Architecture & Graphics Arts students
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AE 592  

• AIAA DBF 
 - Great for team building
 - Weather a big factor
 - No straightforward way to win
 – Wonderful, but maddening crap shoot
 - Winners "game the rules" the best
 - Hardware at airport = obstacle, but manageable
 - Often devolves to $ contest

- National teams bring $100+k worth of aircraft
 - Trip expensive & exhausting, but fun 
 - Massive learning experience at all levels
 - Hiring managers love to hear about DBFish activities
 

Spring Competitions – Structure & Judging
82



Unclassified   Rev. 8 Sept. 2009

KU Aerospace DesignKansas University
Co

py
rig

ht
 ©

 R
.M

. B
ar

re
tt 

 A
ll r

ig
ht

s r
es

er
ve

d 

AE 722  
• VFS Grad. Disaster Relief UAS
 - Really hard given top rotorcraft schools always win
 - We have "ace in the hole" in terms of experience & flight test data
 - Top rotorcraft schools teach 9 – 12 helicopter classes...
 - We teach 1 helicopter class... On a good year

Spring Competitions – Structure & Judging
83
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AE 722  
• VFS Grad. Disaster Relief UAS
 - Really hard given top rotorcraft schools always win
 - We have "ace in the hole" in terms of experience & flight test data
 - Top rotorcraft schools teach 9 – 12 helicopter classes...
 - We teach 1 helicopter class... On a good year

• AIAA Grad. Team Aircraft Electric Sailplane
 - Judging straightforward, little funny business detected
 - We have strategic advantage via Prof. Depcik
 - This year challenging, but well within reach
 - Good chance of success

Spring Competitions – Structure & Judging
84
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AE 722  
• VFS Grad. Disaster Relief UAS
 - Really hard given top rotorcraft schools always win
 - We have "ace in the hole" in terms of experience & flight test data
 - Top rotorcraft schools teach 9 – 12 helicopter classes...
 - We teach 1 helicopter class... On a good year

• AIAA Grad. Team Aircraft Electric Sailplane
 - Judging straightforward, little funny business detected
 - We have strategic advantage via Prof. Depcik
 - This year challenging, but well within reach
 - Good chance of success

• AIAA Grad. Team Rapid Reaction Satellite Launcher
 - Extremely tough, but fair. Graduates highly sought.
 - Top prize = well executed design on only what they want
 - Georgia Tech fields giant team & 3+ faculty + giant codes 
 - 2nd & 3rd place = best technical solution, but not what they want

Spring Competitions – Structure & Judging
85
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AE 722  
• VFS Grad. Disaster Relief UAS
 - Really hard given top rotorcraft schools always win
 - We have "ace in the hole" in terms of experience & flight test data
 - Top rotorcraft schools teach 9 – 12 helicopter classes...
 - We teach 1 helicopter class... On a good year

• AIAA Grad. Team Aircraft Electric Sailplane
 - Judging straightforward, little funny business detected
 - We have strategic advantage via Prof. Depcik
 - This year challenging, but well within reach
 - Good chance of success

• AIAA Grad. Team Rapid Reaction Satellite Launcher
 - Extremely tough, but fair. Graduates highly sought.
 - Top prize = well executed design on only what they want
 - Georgia Tech fields giant team & 3+ faculty + giant codes 
 - 2nd & 3rd place = best technical solution, but not what they want

Spring Competitions – Structure & Judging
86

Recruit some of Dr. Wang's CFD Students

Good to get Design & Graphics Arts students
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Student
AIAA UGTeam 

Heavy Lift
AIAA UG Indiv. 
Strato Payload

AIAA GTeam 
Electric Sailplane AIAA Missile

VFS Disaster Relief 
UAS Other Graduation

Ativie,Joseph
Bailey,Lucy M
Barland,Jack A
Bonham,Maggie E
Braaten,Niels C
Caulfield,Camden Lee
Coppens,Ryan
Dargahi,Alex
Denault,Carson Robert
Deng,Keyu
Dillon,Peter
Dodge,Andrew
Dunlay,Joshua P
Dutta,Sap
Foster,Dean C
Gillies,Gunnar
Goudschaal-
Frazier,Gracyn Jane
Guzman,Jonathan Alan
Harder,Samuel A
Heide,Rhett Gile
Horst,Evelyn
Hunt,Wesley Afra
Junnare,Nupoor
Keathley,Liliana Gabriel
King,Kathryn M
Kuligowski,Payton M
Larsen,Isaac

Think about which one(s) you want to do...
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8

Student
AIAA UGTeam 

Heavy Lift
AIAA UG Indiv. 
Strato Payload

AIAA GTeam 
Electric Sailplane AIAA Missile

VFS Disaster Relief 
UAS Other Graduation

Linthavong,Cherry
Lofland,Chris C
Marshall,Jeb O
Mays,Benjamin S
Mcmichael,Barrett
Mcnulty,Jack B
Mistretta,Anthony J
Olson,Kadin Lee
Platt,Charlie M
Poznanski,Joshua
Reida,Reanne N
Reidy,Macoy M
Relan,Jennifer
Richardson,Jake
Russell,Lucas S
Schneider,Cade W

Shah,Dhairya

Sullivan,Tim Michael
Sutton,Joshua T
Svoboda,Benjamin C
Thorson,Johnathan A
To,Hoang Minh
Torok,Jackson P
Torres Leon,Hector
Waggoner,Alex
Wall,James Edgar
Wegiel,Jeremy L

Think about which one(s) you want to do...
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Part I: Preliminary Sizing of Airplanes
Part II: Preliminary Configuration Design and 
Integration of the Propulsion System
Part III: Layout Design of Cockpit, Fuselage, Wing 
and Empennage: Cutaways and Inboard Profiles
Part IV: Layout Design of Landing Gear and Systems
Part V: Component Weight Estimation
Part VI: Preliminary Calculation of Aerodynamic, 
Thrust and Power Characteristics
Part VII: Determination of Stability and Control and 
Power Characteristics
Part VIII: Airplane Cost Estimation: Design, 
Development , Manufacturing and Operating

This Lecture: Part II, pp 1-2            Next Lecture: Part II    

Airplane Design Series by Prof. Jan Roskam
92
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Part I: Preliminary Sizing of Airplanes

Provides a rapid method for sizing an aircraft and determining: 
• Gross take-off weight, Wto
• Empty Weight, We
• Mission Fuel Weight, Wf
• Maximum Take-off Thrust, Tto or Take-off Power, Pto
• Wing area, S
• Max, lift coefficients, clean, take-off and landing, CLmax, CLmaxto, CLmaxL

Airplane Design Series by Prof. Jan Roskam

This Lecture: Part I, p2            Next Lecture: Part I    
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Part I: Preliminary Sizing of Airplanes

Mission Specification and Profile are Necessary to Start, Including: 

• Payload with full specifications
• Range and/or loiter requirements
• Operating Altitudes
• Field lengths for take-off and landing
• Fuel reserves
• Climb requirements
• Maneuver requirements
• Certification base (FAR 23, 25, Experimental, LSA, Military etc.)

Airplane Design Series by Prof. Jan Roskam

This Lecture: Part I, p2            Next Lecture: Part I    
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Top-Level Design Process:  Military

This Lecture: Part I, p3            Next Lecture: Part I    

Specific Required Operational Capability (ROC) Identified by Military

Contractor Identifies Need to Military

Initial Design and Trade Studies

Request for Proposal (RFP) 
Issued (Often Including Mission 

Specification and Profile(s))

Preliminary Sizing

Preliminary Design

If  all is well: Full-Scale Design & Development

ConOps Generated

Mission Spec. & Profile Refined

Objective Function Defined

Candidate Configurations Generated

Basic Modeling Performed, Each Configuration Scored

Suitable Candidates 
Selected

95
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Top-Level Design Process:  Civil Aircraft

This Lecture: Part I, p3            Next Lecture: Part I    

Market Niche Analyzed, Corporate Directions, National Goal Set, Board of  
Directors and/or Shareholders or Owners Determine Need for New 

Aerospace System

Initial Design and Trade Studies

Request for Proposal (RFP) 
Issued (Often Including Mission 

Specification and Profile(s))

Preliminary Sizing

Preliminary Design

If  all is well: Full-Scale Design & Development

ConOps Generated

Mission Spec. & Profile Refined

Objective Function Defined

Candidate Configurations Generated

Basic Modeling Performed, Each Configuration Scored

Suitable Candidates 
Selected

96



Unclassified   Rev. 8 Sept. 2009

KU Aerospace DesignKansas University
Co

py
rig

ht
 ©

 R
.M

. B
ar

re
tt 

 A
ll r

ig
ht

s r
es

er
ve

d 

Overall Aircraft Design Process from Mission Spec. & Profile

This Lecture: Part I, p4            Next Lecture: Part I    

Preliminary Sizing:

 Wto, We, Wpl, Wf, 

Tto, Pto, 

S, CLmax, CLmaxTO, CLmaxL

Sensitivity Studies: • Definition of  R &D Needs, Refinement of  Spec. 

Part I:

Part II:

Mission Spec. & Profile
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Overall Aircraft Design Process from Mission Spec. & Profile

This Lecture: Part II            Next Lecture: Part II    

Preliminary Configuration Layout and 
Propulsion System Integration

Configuration Candidates Identified and 
One or More Selected for Further Study

Refinement of  Preliminary Configuration

Preliminary Configuration Design Finished – ready for Detailed Design

Part I:
Part II:

• Initial Layout of Wing and Fuselage
• Class I: tail Sizing, Weight and Balance, Drag Polar
• Initial Landing Gear Disposition
 (Parts II, IV, V VI)

Sizing Iteration and Reconfiguration

• Layout of Wing, Fuselage and Empennage
• Class II: Weight & Balance, Drag Polars, High Lift, S&C
• Performance Verification
• Preliminary Structural Layout
• Landing Gear Disposition and Retraction Check
• Cost Calculations 
(Parts II through VIII)
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Top-Level Design Process:  Civil & Military

This Lecture: Part I, p3            Next Lecture: Part I    

Decision-Makers Recognize Need for New Aerospace Aircraft System

Initial Design and Trade Studies

Request for Proposal (RFP) Issued (Often Includes Draft Mission Specification and Profile(s))

7. Preliminary Sizing

8. Preliminary Design

If  all is well: Full-Scale Design & Development

1. ConOps Generated

2. Mission Spec. & Profile Refined

3. Objective Function Defined

4. Candidate Configurations Generated

6. Suitable Candidates Selected

99

5. Basic Modeling Performed, Each Configuration Scored
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Step 1: Concept of Operations
100

ConOps
Describes systems characteristics for a proposed system from a user's 
perspective. A CONOPS also describes the user organization, mission, and 
objectives from an integrated systems point of view and is used to communicate 
overall quantitative and qualitative system characteristics to stakeholders.
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Step 2: Mission Specification & Profile
101

Mission Specification
Describes in words and with numbers the desired performance and 
constraints of the system as well as general characteristics to be 
optimized and requirements which must be met. 

Mission Profile
Presents in a graphic format all of the major events and mission legs 
which make up the entire mission. Missile, munition and rocket mission 
profiles often include elapsed times. 
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Step 2: Mission Specification & Profile
102

Example Mission Specification – Attack Aircraft
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Step 2: Mission Specification & Profile
103

Example Mission Specification – Regional Jet
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Step 2: Mission Specification & Profile
104

Example Mission Specification – Anti-Drone Aircraft
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Step 2: Mission Specification & Profile
105

Example Mission Specification – Target Missile
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Step 2: Mission Specification & Profile
106

Example Mission Profile – SR-71
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Step 2: Mission Specification & Profile
107

Example Mission Profile – Regional Turboprop
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Step 2: Mission Specification & Profile
108

Example Mission Profile – Format
• Construct as a 3-d ribbon using NX, then cut and edit further in PowerPoint or other package
• Ribbon indicates aircraft flight path & roll angle (esp. important for aerobatic & combat a/c)
• Small a/c figs indicate aircraft attitude and function
• Numbers & stages go in middle of legs
• Bars & tick marks indicate breaks
• Do in 3-d package
• Watch resolution
• Edit in PPT

   • If drop or any other action is indicated, make a small figure
   • Tables are not acceptable. Only notation on figure!
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Step 2: Mission Specification & Profile
109

Example Mission Profile – Rotorcraft
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Step 2: Mission Specification & Profile
110

Example Mission Profile – Dual-Mode Hybrid STOL
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Step 2: Mission Specification & Profile
111

Example Mission Profile – Firefighter
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Step 2: Mission Specification & Profile
112

Example Mission Profile – ISR Aircraft
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Mission Specification: 
• Max. gross weight: 6.8lb (3.1kg)  • Sandstorm capable to 100kts
• Max.payload weight: 2.2 lb (1kg)  • Vmax 140kts for 1hr (blue sky)
• All weather capable      • -40/100°F (38°C), 100% humidity
• 12”/hr (31cm/hr) rain   • Combat shotgun resistant @5m
• 25+ kt gust penetration   • 15g MOUT wall strike
• Sensors: B/W 0.001 lux, Color 0.1 lux,FLIR • Land + autostart
• Flight modes: 1st, 3rd person, fully autonomous w/waypoint nav.

Startup

VTO & Climb

Xition

VL & Shutdown

XitionXition & HOGE 10min

HOGE 10min

Descent Climb

Release 500g P/L

HOGE 5min

Cruise, 10km, 50 (140)kts
Cruise, 10km, 50 (140)kts

Step 2: Mission Specification & Profile
Example Mission Specification & Profile – XQ-138 (20 y/o line format)

Descent

Xition

113


