
KU Aerospace DesignKansas University
Co

py
rig

ht
 ©

 R
. M

. B
ar

re
tt 

20
20

 A
ll r

ig
ht

s r
es

er
ve

d

Unclassified   Rev. 22 August 2021

• Team Structures
• Minion Report
• Update on Report Section 1
 - Past Winning Reports for Reference
 - ConOps, Mission Spec. & Profile
 - Historical Sections
 - Market Assessment
 - Figures, Grading & Design Gems
• Report Section 2

Friday 26 Jan. 2024
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2
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3

Class of  ‘88 Scholarships Available

AIAA 
UGTeam

Heavy Lift 
Stratoforce

AIAA Grad. 
Aircraft

Electric Sailplane
($8k scholarship 

for 1 team, AE 
722)

AIAA Grad. Missile 
Rapid Reaction 

Satellite Launcher
($4k scholarship for 

1 team, AE 722)

AIAA UG Individual
Stratospheric P/L

($2500 total scholarship 
funds for up to 5, AE 

522)

AIAA DBF
AE 592

Military 
Coleopters Other

Liliana Cole Jeb Maggie Peter Payton Reanne

Cherry Ben Minh Carson Rhett Jennifer Josh

Gracyn Tim Ben McCoy

Lucy Josh Jack

Camden Reanne

Sam



KU Aerospace DesignKansas University
Co

py
rig

ht
 ©

 R
. M

. B
ar

re
tt 

20
20

 A
ll r

ig
ht

s r
es

er
ve

d

Unclassified   Rev. 22 August 2021

4

AE 522/722 Weekly Schedule

Monday Tuesday Wednesday Thursday Friday

9:00 AM - 10:00 AM
Bo 9 – 9:30

Shanya 9:30 –
10:00

10:00 AM - 11:00 AM Payton & Jennifer
Coleopter Cam9-9:30

Payton & 
Jennifer

Coleopter
Cam9-9:30

11:00 AM - 12:00 PM Swarm Drones Maggie 11:30 
– 12:00 Swarm Drones Maggie 11:30 –

12:00

12:00 PM - 1:00 PM Olivia in Lab
Coleopter Build DBF? Olivia in Lab Olivia in Lab

Coleopter Build Olivia in Lab Olivia in Lab
Coleopter Build

1:00 PM - 2:00 PM Olivia in Lab
Cole Glider

Olivia in Lab
Stratoforce

Olivia in Lab
Cole Glider

Olivia in Lab
Stratoforce

General
G400

2:00 PM - 3:00 PM Reanne Jeb Missile Reanne Jeb Missile General
G400

3:30 PM - 5:00 PM Faculty Meeting

5:30 PM - 6:00 PM
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5
Minion Update
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6Report 1 Update
Chapter 1 Introduction, General Concept of Operations, Mission Specification and Profile 
     Students must make at least one high quality Concept of Operations including the overall scheme for each aircraft 
type/class. This will be followed by Mission Specification and Profiles. Cutting and pasting properly done work from AE 
521 in the Fall is fine so long as the original author is referenced (so it's not plagiarism). There should be a nice Mission 
Specification in a neat table (preferably) or bulletized form. The Mission Profile should be done in CAD as was the case 
for AE 521. A short discussion of the drivers, direct and implied goals is always good. Note that conditions in the Fall 
were quite lax. Because this will be a competition document which will go to the world's finest missile designers, the 
standards will be incrementally higher. 

Examine all of the details of the Mission Specification and Profile put forth by the AIAA. 

References (always at end of report)

Appendix A: 
• List Team Members' actions, roles on the team and contributions
• Recruitment of Minions
List efforts to enlist freshmen, sophomores, juniors, seniors and Grad. Students to help with the report. Remember that 
every hour spent on the project by a minion is one less hour you have to spend. 
• All Students choosing to compete in the AIAA Design Competitions must get AIAA Membership by 30 January 2024. 
• Decide on Team Leadership
     -Team Leader
     -Deputy Team Leader
     -Report Boss
     -CAD Boss
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7Report 1 Update
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8Report 1 Update
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9Report 1 Update
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10Report 1 Update



Vermelding onderdeel organisatie
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1111
Chapter 2 Historical Data -- Discussions
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1212

Structural Limit Payload

Chapter 2 Historical Data
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1313
Chapter 2 Historical Data (Meadowlark)
Payload-Range Diagram Overlay
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Chapter 3 Motto (Abbreviated Operating 
Statement) and Design Philosophy
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Civil Corporations Abbreviated Operating Statements

• Just a few words
• Describes overall corporate direction

Example: 
FAA: "Safety is our passion" 

Chapter 3 Motto (Abbreviated Operating 
Statement) and Design Philosophy
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Military Abbreviated Operating Statements

• Just a few words
• Describes overall corporate direction

Example -- Army:

Chapter 3 Motto (Abbreviated Operating 
Statement) and Design Philosophy
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• Just a few words
• Describes overall corporate direction

Example -- Navy:

Chapter 3 Motto (Abbreviated Operating 
Statement) and Design Philosophy
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• Just a few words
• Describes overall corporate direction

Example -- USAF:

Chapter 3 Motto (Abbreviated Operating 
Statement) and Design Philosophy
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• Just a few words
• Describes overall corporate direction

Example: 
Pratt and Whitney: "Reliable Engines" 

Chapter 3 Motto (Abbreviated Operating 
Statement) and Design Philosophy
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• Just a few words
• Describes overall corporate direction

Example: 
Airbus: "We make it fly" 

Chapter 3 Motto (Abbreviated Operating 
Statement) and Design Philosophy
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• Just a few words
• Describes overall corporate direction

Example: 
Boeing: "Build something better" 

Chapter 3 Motto (Abbreviated Operating 
Statement) and Design Philosophy
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Chapter 3 Design Philosophy
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Chapter 3 Design Philosophy
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Chapter 3 Design Philosophy

Jet Performance, No Emissions.

Designing regional 
commuters that give 

passengers the best ride, 
shareholders the best 

bottom line, and the world 
no emissions.
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Chapter 4 Objectives, Requirements and Design
Optimization Function

25

This Lecture: Part II  p. 102            Next Lecture: Part II    

Concept 1:  Requirements, Ri (i = 1...n)  

Concept 2: Objectives, Oj (j = 1... m) 

A performance or physical characteristic below which and/or above 
which, the design will be considered nonviable. 

A performance or physical characteristic that is desirable to attain. 

Use survey information, experience & market data to generate an 
Optimization Function. 
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26

This Lecture: Part II  p. 102            Next Lecture: Part II    

Concept 1:  Requirement
A performance or physical characteristic below which and/or above 
which, the design will be considered nonviable. 

Typical values:  R1 = 0/1, R2 = 0/1, R3 = 0.5/1 

Use survey information, experience & market data to generate Optimization Function. 

Example: Required Ferry Range: 1800nmi

Chapter 4 Objectives, Requirements and Design 
Optimization Function
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27

This Lecture: Part II  p. 102            Next Lecture: Part II    

Concept 1:  Requirement

Concept 2: Objective

A performance or physical characteristic below which and/or above 
which, the design will be considered nonviable. 

A performance or physical characteristic that is desirable to attain, 
typically within given bounds. 

Typical values:  R1 = 0/1, R2 = 0/1, R3 = 0/1 

Typical values:  O1 = 50kts, O2 = 0.10, O3 = 1500ft

Use survey information, experience & market data to generate Optimization Function. 

Example: Required Ferry Range: 1800nmi

Example: Objective Ferry Range: 2100nmi

Chapter 4 Objectives, Requirements and Design 
Optimization Function
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28

This Lecture: Part II  p. 102            Next Lecture: Part II    

Concept 4 Additive Weighting

Concept 3: Multiplicative Weighting

Typically done to assess objectives relative to each other

Typically done to provide a "switch" to null designs that can't meet threshold values

Concept 5 Exponentially Additive Weighting
Typically done to assess objectives relative to each other and more strongly weight 
high or low performance. 

𝑶𝑭 = 𝑹𝟏𝑹𝟐𝑹𝟑𝑹𝟒𝑹𝟓

𝑶𝑭 = 𝑶𝟏 + 𝟑𝑶𝟐 + 𝟐𝑶𝟑 + 𝟏𝟎𝑶𝟒 + 𝟐𝑶𝟓

𝑶𝑭 = 𝟐𝑶𝟏𝟐 + 𝟓𝑶𝟐&𝟏 +𝑶𝟑𝟏 −𝟑𝑶𝟒𝟐

Chapter 4 Objectives, Requirements and Design 
Optimization Function
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This Lecture: Part II  p. 102            Next Lecture: Part II    

Combined Objective Functions: Example

𝑹𝟏 = ,𝟏	 𝒊𝒇	𝑽𝒄𝒓 ≥ 𝟐𝟓𝟎𝒌𝒕𝒔
𝟎	 𝒊𝒇	𝑽𝒄𝒓 < 𝟐𝟓𝟎𝒌𝒕𝒔

𝑶𝟏 = 6
𝑽𝒄𝒓 − 𝟐𝟓𝟎𝒌𝒕𝒔

𝟏𝟎𝟎𝒌𝒕𝒔
	 𝒊𝒇	𝟐𝟓𝟎𝒌𝒕𝒔 < 𝑽𝒄𝒓 < 𝟑𝟓𝟎𝒌𝒕𝒔

𝟏	 𝒊𝒇	𝑽𝒄𝒓 > 𝟑𝟓𝟎𝒌𝒕𝒔

Chapter 4 Objectives, Requirements and Design 
Optimization Function
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30

This Lecture: Part II  p. 102            Next Lecture: Part II    

Combined Objective Functions: Example

𝑹𝟏 = ,𝟏	 𝒊𝒇	𝑽𝒄𝒓 ≥ 𝟐𝟓𝟎𝒌𝒕𝒔
𝟎	 𝒊𝒇	𝑽𝒄𝒓 < 𝟐𝟓𝟎𝒌𝒕𝒔

𝑹𝟐 = 8
𝟏	 𝒊𝒇	𝑾𝒑𝒍 ≥ 𝟏𝟖𝟎𝟎𝒍𝒃𝒇
𝟎	 𝒊𝒇	𝑾𝒑𝒍 < 𝟏𝟖𝟎𝟎𝒍𝒃𝒇

𝑶𝟏 = 6
𝑽𝒄𝒓 − 𝟐𝟓𝟎𝒌𝒕𝒔

𝟏𝟎𝟎𝒌𝒕𝒔
	 𝒊𝒇	𝟐𝟓𝟎𝒌𝒕𝒔 < 𝑽𝒄𝒓 < 𝟑𝟓𝟎𝒌𝒕𝒔

𝟏	 𝒊𝒇	𝑽𝒄𝒓 > 𝟑𝟓𝟎𝒌𝒕𝒔

𝑶𝟐 = 6
𝑾𝒑𝒍 − 𝟏𝟖𝟎𝟎𝒍𝒃𝒇

𝟏𝟐𝟎𝟎𝒍𝒃𝒇
	 𝒊𝒇	𝟏𝟖𝟎𝟎𝒍𝒃𝒇 < 𝑾𝒑𝒍 < 𝟑𝟎𝟎𝟎𝒍𝒃𝒇

𝟏	 𝒊𝒇	𝑾𝒑𝒍 > 𝟑𝟎𝟎𝟎𝒍𝒃𝒇

Chapter 4 Objectives, Requirements and Design 
Optimization Function
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This Lecture: Part II  p. 102            Next Lecture: Part II    

Combined Objective Functions: Example

𝑹𝟏 = ,𝟏	 𝒊𝒇	𝑽𝒄𝒓 ≥ 𝟐𝟓𝟎𝒌𝒕𝒔
𝟎	 𝒊𝒇	𝑽𝒄𝒓 < 𝟐𝟓𝟎𝒌𝒕𝒔

𝑹𝟐 = 8
𝟏	 𝒊𝒇	𝑾𝒑𝒍 ≥ 𝟏𝟖𝟎𝟎𝒍𝒃𝒇
𝟎	 𝒊𝒇	𝑾𝒑𝒍 < 𝟏𝟖𝟎𝟎𝒍𝒃𝒇

𝑹𝟑 = ,𝟏	 𝒊𝒇	𝑩𝑭𝑳 ≤ 𝟐𝟓𝟎𝟎𝒇𝒕
𝟎	 𝒊𝒇	𝑩𝑭𝑳 > 𝟐𝟓𝟎𝟎𝒇𝒕

𝑶𝟏 = 6
𝑽𝒄𝒓 − 𝟐𝟓𝟎𝒌𝒕𝒔

𝟏𝟎𝟎𝒌𝒕𝒔
	 𝒊𝒇	𝟐𝟓𝟎𝒌𝒕𝒔 < 𝑽𝒄𝒓 < 𝟑𝟓𝟎𝒌𝒕𝒔

𝟏	 𝒊𝒇	𝑽𝒄𝒓 > 𝟑𝟓𝟎𝒌𝒕𝒔

𝑶𝟐 = 6
𝑾𝒑𝒍 − 𝟏𝟖𝟎𝟎𝒍𝒃𝒇

𝟏𝟐𝟎𝟎𝒍𝒃𝒇
	 𝒊𝒇	𝟏𝟖𝟎𝟎𝒍𝒃𝒇 < 𝑾𝒑𝒍 < 𝟑𝟎𝟎𝟎𝒍𝒃𝒇

𝟏	 𝒊𝒇	𝑾𝒑𝒍 > 𝟑𝟎𝟎𝟎𝒍𝒃𝒇

𝑶𝟑 = 6
𝟏𝟎𝟎𝟎𝒇𝒕

𝑩𝑭𝑳 − 𝟏𝟓𝟎𝟎𝒇𝒕
	 𝒊𝒇	 𝟏𝟓𝟎𝟎𝒇𝒕 < 𝑩𝑭𝑳 < 𝟐𝟓𝟎𝟎𝒇𝒕

𝟏	 𝒊𝒇	𝑩𝑭𝑳 < 𝟏𝟓𝟎𝟎𝒇𝒕

Chapter 4 Objectives, Requirements and Design 
Optimization Function
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This Lecture: Part II  p. 102            Next Lecture: Part II    

Combined Objective Functions: Example

𝑹𝟏 = ,𝟏	 𝒊𝒇	𝑽𝒄𝒓 ≥ 𝟐𝟓𝟎𝒌𝒕𝒔
𝟎	 𝒊𝒇	𝑽𝒄𝒓 < 𝟐𝟓𝟎𝒌𝒕𝒔

𝑹𝟐 = 8
𝟏	 𝒊𝒇	𝑾𝒑𝒍 ≥ 𝟏𝟖𝟎𝟎𝒍𝒃𝒇
𝟎	 𝒊𝒇	𝑾𝒑𝒍 < 𝟏𝟖𝟎𝟎𝒍𝒃𝒇

𝑹𝟑 = ,𝟏	 𝒊𝒇	𝑩𝑭𝑳 ≤ 𝟐𝟓𝟎𝟎𝒇𝒕
𝟎	 𝒊𝒇	𝑩𝑭𝑳 > 𝟐𝟓𝟎𝟎𝒇𝒕

𝑶𝟏 = 6
𝑽𝒄𝒓 − 𝟐𝟓𝟎𝒌𝒕𝒔

𝟏𝟎𝟎𝒌𝒕𝒔
	 𝒊𝒇	𝟐𝟓𝟎𝒌𝒕𝒔 < 𝑽𝒄𝒓 < 𝟑𝟓𝟎𝒌𝒕𝒔

𝟏	 𝒊𝒇	𝑽𝒄𝒓 > 𝟑𝟓𝟎𝒌𝒕𝒔

𝑶𝟐 = 6
𝑾𝒑𝒍 − 𝟏𝟖𝟎𝟎𝒍𝒃𝒇

𝟏𝟐𝟎𝟎𝒍𝒃𝒇
	 𝒊𝒇	𝟏𝟖𝟎𝟎𝒍𝒃𝒇 < 𝑾𝒑𝒍 < 𝟑𝟎𝟎𝟎𝒍𝒃𝒇

𝟏	 𝒊𝒇	𝑾𝒑𝒍 > 𝟑𝟎𝟎𝟎𝒍𝒃𝒇

𝑶𝟑 = 6
𝟏𝟎𝟎𝟎𝒇𝒕

𝑩𝑭𝑳 − 𝟏𝟓𝟎𝟎𝒇𝒕
	 𝒊𝒇	 𝟏𝟓𝟎𝟎𝒇𝒕 < 𝑩𝑭𝑳 < 𝟐𝟓𝟎𝟎𝒇𝒕

𝟏	 𝒊𝒇	𝑩𝑭𝑳 < 𝟏𝟓𝟎𝟎𝒇𝒕
Caution!   Ill-posed OF! 

Chapter 4 Objectives, Requirements and Design 
Optimization Function
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This Lecture: Part II  p. 102            Next Lecture: Part II    

Combined Objective Functions: Example

𝑹𝟏 = ,𝟏	 𝒊𝒇	𝑽𝒄𝒓 ≥ 𝟐𝟓𝟎𝒌𝒕𝒔
𝟎	 𝒊𝒇	𝑽𝒄𝒓 < 𝟐𝟓𝟎𝒌𝒕𝒔

𝑹𝟐 = 8
𝟏	 𝒊𝒇	𝑾𝒑𝒍 ≥ 𝟏𝟖𝟎𝟎𝒍𝒃𝒇
𝟎	 𝒊𝒇	𝑾𝒑𝒍 < 𝟏𝟖𝟎𝟎𝒍𝒃𝒇

𝑹𝟑 = ,𝟏	 𝒊𝒇	𝑩𝑭𝑳 ≤ 𝟐𝟓𝟎𝟎𝒇𝒕
𝟎	 𝒊𝒇	𝑩𝑭𝑳 > 𝟐𝟓𝟎𝟎𝒇𝒕

𝑶𝟏 = 6
𝑽𝒄𝒓 − 𝟐𝟓𝟎𝒌𝒕𝒔

𝟏𝟎𝟎𝒌𝒕𝒔
	 𝒊𝒇	𝟐𝟓𝟎𝒌𝒕𝒔 < 𝑽𝒄𝒓 < 𝟑𝟓𝟎𝒌𝒕𝒔

𝟏	 𝒊𝒇	𝑽𝒄𝒓 > 𝟑𝟓𝟎𝒌𝒕𝒔

𝑶𝟐 = 6
𝑾𝒑𝒍 − 𝟏𝟖𝟎𝟎𝒍𝒃𝒇

𝟏𝟐𝟎𝟎𝒍𝒃𝒇
	 𝒊𝒇	𝟏𝟖𝟎𝟎𝒍𝒃𝒇 < 𝑾𝒑𝒍 < 𝟑𝟎𝟎𝟎𝒍𝒃𝒇

𝟏	 𝒊𝒇	𝑾𝒑𝒍 > 𝟑𝟎𝟎𝟎𝒍𝒃𝒇

𝑶𝟑 = 6
𝟏𝟎𝟎𝟎𝒇𝒕

𝑩𝑭𝑳 − 𝟏𝟓𝟎𝟎𝒇𝒕
	 𝒊𝒇	 𝟐𝟎𝟎𝟎𝒇𝒕 < 𝑩𝑭𝑳 < 𝟐𝟓𝟎𝟎𝒇𝒕

𝟏	 𝒊𝒇	𝑩𝑭𝑳 < 𝟐𝟎𝟎𝟎𝒇𝒕
Better... 

Chapter 4 Objectives, Requirements and Design 
Optimization Function
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Combined Objective Functions: Example

𝑹𝟏 = ,𝟏	 𝒊𝒇	𝑽𝒄𝒓 ≥ 𝟐𝟓𝟎𝒌𝒕𝒔
𝟎	 𝒊𝒇	𝑽𝒄𝒓 < 𝟐𝟓𝟎𝒌𝒕𝒔

𝑹𝟐 = 8
𝟏	 𝒊𝒇	𝑾𝒑𝒍 ≥ 𝟏𝟖𝟎𝟎𝒍𝒃𝒇
𝟎	 𝒊𝒇	𝑾𝒑𝒍 < 𝟏𝟖𝟎𝟎𝒍𝒃𝒇

𝑹𝟑 = ,𝟏	 𝒊𝒇	𝑩𝑭𝑳 ≤ 𝟐𝟓𝟎𝟎𝒇𝒕
𝟎	 𝒊𝒇	𝑩𝑭𝑳 > 𝟐𝟓𝟎𝟎𝒇𝒕

𝑶𝟏 = 6
𝑽𝒄𝒓 − 𝟐𝟓𝟎𝒌𝒕𝒔

𝟏𝟎𝟎𝒌𝒕𝒔
	 𝒊𝒇	𝟐𝟓𝟎𝒌𝒕𝒔 < 𝑽𝒄𝒓 < 𝟑𝟓𝟎𝒌𝒕𝒔

𝟏	 𝒊𝒇	𝑽𝒄𝒓 > 𝟑𝟓𝟎𝒌𝒕𝒔

𝑶𝟐 = 6
𝑾𝒑𝒍 − 𝟏𝟖𝟎𝟎𝒍𝒃𝒇

𝟏𝟐𝟎𝟎𝒍𝒃𝒇
	 𝒊𝒇	𝟏𝟖𝟎𝟎𝒍𝒃𝒇 < 𝑾𝒑𝒍 < 𝟑𝟎𝟎𝟎𝒍𝒃𝒇

𝟏	 𝒊𝒇	𝑾𝒑𝒍 > 𝟑𝟎𝟎𝟎𝒍𝒃𝒇

𝑹𝟒 = ,
𝟏	 𝒊𝒇	𝑪𝒂𝒄𝒒 ≤ $𝟖. 𝟓𝑴
𝟎	 𝒊𝒇𝑪𝒂𝒄𝒒 > $𝟖. 𝟓𝑴

𝑶𝟒 =

$𝟕. 𝟓𝑴
$𝟖. 𝟓𝑴 − 𝑪𝒂𝒄𝒒

	 𝒊𝒇	 $𝟏𝑴 < 𝑪𝒂𝒄𝒒 < $𝟖. 𝟓𝑴

𝟏𝟎	 𝒊𝒇	$𝟓𝟎𝟎𝒌 < 𝑪𝒂𝒄𝒒 < $𝟏𝑴
𝟏𝟎𝟎	 𝒊𝒇	𝑪𝒂𝒄𝒒 < $𝟓𝟎𝟎𝒌

𝑶𝟑 = 6
𝟏𝟎𝟎𝟎𝒇𝒕

𝑩𝑭𝑳 − 𝟏𝟓𝟎𝟎𝒇𝒕
	 𝒊𝒇	 𝟐𝟎𝟎𝟎𝒇𝒕 < 𝑩𝑭𝑳 < 𝟐𝟓𝟎𝟎𝒇𝒕

𝟏	 𝒊𝒇	𝑩𝑭𝑳 < 𝟐𝟎𝟎𝟎𝒇𝒕

Chapter 4 Objectives, Requirements and Design 
Optimization Function
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This Lecture: Part II  p. 102            Next Lecture: Part II    

Combined Objective Functions: Example

𝑹𝟏 = ,𝟏	 𝒊𝒇	𝑽𝒄𝒓 ≥ 𝟐𝟓𝟎𝒌𝒕𝒔
𝟎	 𝒊𝒇	𝑽𝒄𝒓 < 𝟐𝟓𝟎𝒌𝒕𝒔

𝑹𝟐 = 8
𝟏	 𝒊𝒇	𝑾𝒑𝒍 ≥ 𝟏𝟖𝟎𝟎𝒍𝒃𝒇
𝟎	 𝒊𝒇	𝑾𝒑𝒍 < 𝟏𝟖𝟎𝟎𝒍𝒃𝒇

𝑹𝟑 = ,𝟏	 𝒊𝒇	𝑩𝑭𝑳 ≤ 𝟐𝟓𝟎𝟎𝒇𝒕
𝟎	 𝒊𝒇	𝑩𝑭𝑳 > 𝟐𝟓𝟎𝟎𝒇𝒕

𝑶𝟏 = 6
𝑽𝒄𝒓 − 𝟐𝟓𝟎𝒌𝒕𝒔

𝟏𝟎𝟎𝒌𝒕𝒔
	 𝒊𝒇	𝟐𝟓𝟎𝒌𝒕𝒔 < 𝑽𝒄𝒓 < 𝟑𝟓𝟎𝒌𝒕𝒔

𝟏	 𝒊𝒇	𝑽𝒄𝒓 > 𝟑𝟓𝟎𝒌𝒕𝒔

𝑶𝟐 = 6
𝑾𝒑𝒍 − 𝟏𝟖𝟎𝟎𝒍𝒃𝒇

𝟏𝟐𝟎𝟎𝒍𝒃𝒇
	 𝒊𝒇	𝟏𝟖𝟎𝟎𝒍𝒃𝒇 < 𝑾𝒑𝒍 < 𝟑𝟎𝟎𝟎𝒍𝒃𝒇

𝟏	 𝒊𝒇	𝑾𝒑𝒍 > 𝟑𝟎𝟎𝟎𝒍𝒃𝒇

𝑹𝟒 = ,
𝟏	 𝒊𝒇	𝑪𝒂𝒄𝒒 ≤ $𝟖. 𝟓𝑴
𝟎	 𝒊𝒇𝑪𝒂𝒄𝒒 > $𝟖. 𝟓𝑴

𝑶𝟒 =

$𝟕. 𝟓𝑴
$𝟖. 𝟓𝑴 − 𝑪𝒂𝒄𝒒

	 𝒊𝒇	 $𝟏𝑴 < 𝑪𝒂𝒄𝒒 < $𝟖. 𝟓𝑴

𝟏𝟎	 𝒊𝒇	$𝟓𝟎𝟎𝒌 < 𝑪𝒂𝒄𝒒 < $𝟏𝑴
𝟏𝟎𝟎	 𝒊𝒇	𝑪𝒂𝒄𝒒 < $𝟓𝟎𝟎𝒌

𝑹𝟓 = ,𝟏	 𝒊𝒇	𝑷𝒌 ≥ 𝟗𝟎%
𝟎	 𝒊𝒇𝑷𝒌 < 𝟗𝟎% 𝑶𝟓 = 6

𝑷𝒌− 𝟗𝟎%
𝟏𝟎%

𝟐
	𝒊𝒇	 𝟗𝟎% < 𝑷𝒌 < 𝟏𝟎𝟎%

𝟏	 𝒊𝒇𝑷𝒌 = 𝟏𝟎𝟎%

𝑶𝟑 = 6
𝟏𝟎𝟎𝟎𝒇𝒕

𝑩𝑭𝑳 − 𝟏𝟓𝟎𝟎𝒇𝒕
	 𝒊𝒇	 𝟐𝟎𝟎𝟎𝒇𝒕 < 𝑩𝑭𝑳 < 𝟐𝟓𝟎𝟎𝒇𝒕

𝟏	 𝒊𝒇	𝑩𝑭𝑳 < 𝟐𝟎𝟎𝟎𝒇𝒕

Chapter 4 Objectives, Requirements and Design 
Optimization Function
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This Lecture: Part II  p. 102            Next Lecture: Part II    

Combined Objective Functions: 

𝑹𝟏 = -
𝟏	 𝒊𝒇	𝑽𝒄𝒓 > 𝟐𝟓𝟎𝒌𝒕𝒔
𝟎	 𝒊𝒇	𝑽𝒄𝒓 < 𝟐𝟓𝟎𝒌𝒕𝒔 𝑹𝟐 = 8

𝟏	 𝒊𝒇	𝑾𝒑𝒍 > 𝟏𝟖𝟎𝟎𝒍𝒃𝒇
𝟎	 𝒊𝒇	𝑾𝒑𝒍 < 𝟏𝟖𝟎𝟎𝒍𝒃𝒇 𝑹𝟑 = -𝟏	 𝒊𝒇	𝑩𝑭𝑳 < 𝟐𝟓𝟎𝟎𝒇𝒕

𝟎	 𝒊𝒇	𝑩𝑭𝑳 > 𝟐𝟓𝟎𝟎𝒇𝒕

𝑶𝟏 = @
𝑽𝒄𝒓 − 𝟐𝟓𝟎𝒌𝒕𝒔

𝟏𝟎𝟎𝒌𝒕𝒔
	 𝒊𝒇	𝟐𝟓𝟎𝒌𝒕𝒔 < 𝑽𝒄𝒓 < 𝟑𝟓𝟎𝒌𝒕𝒔

𝟏	 𝒊𝒇	𝑽𝒄𝒓 > 𝟑𝟓𝟎𝒌𝒕𝒔
𝑶𝟐 = @

𝑾𝒑𝒍 − 𝟏𝟖𝟎𝟎𝒍𝒃𝒇
𝟏𝟐𝟎𝟎𝒍𝒃𝒇

	 𝒊𝒇	𝟏𝟖𝟎𝟎𝒍𝒃𝒇 < 𝑾𝒑𝒍 < 𝟑𝟎𝟎𝟎𝒍𝒃𝒇

𝟏	 𝒊𝒇	𝑾𝒑𝒍 > 𝟑𝟎𝟎𝟎𝒍𝒃𝒇

𝑶𝟑 = @
𝟏𝟎𝟎𝟎𝒇𝒕

𝑩𝑭𝑳 − 𝟏𝟓𝟎𝟎𝒇𝒕
	 𝒊𝒇	 𝟐𝟎𝟎𝟎𝒇𝒕 < 𝑩𝑭𝑳 < 𝟐𝟓𝟎𝟎𝒇𝒕

𝟏	 𝒊𝒇	𝑩𝑭𝑳 < 𝟐𝟎𝟎𝟎𝒇𝒕

Example

𝑶𝑭 = 𝑹𝟏𝑹𝟐𝑹𝟑𝑹𝟒𝑹𝟓
𝟓𝑶𝟏𝟏 + 𝑶𝟐𝟑 + 𝟐𝑶𝟑𝟐 + 𝟐𝑶𝟒&𝟐 + 𝟐𝑶𝟓𝟏

𝑫𝑶𝑪 ∗𝑾𝒕𝒐

𝑹𝟒 = -
𝟏	 𝒊𝒇	𝑪𝒂𝒄𝒒 ≤ $𝟖. 𝟓𝑴
𝟎	 𝒊𝒇𝑪𝒂𝒄𝒒 > $𝟖. 𝟓𝑴

𝑹𝟓 = -𝟏	 𝒊𝒇	𝑷𝒌 ≥ 𝟗𝟎%
𝟎	 𝒊𝒇𝑷𝒌 < 𝟗𝟎%

𝑶𝟒 =

$𝟕. 𝟓𝑴
$𝟖. 𝟓𝑴 − 𝑪𝒂𝒄𝒒

	 𝒊𝒇	 $𝟏𝑴 < 𝑪𝒂𝒄𝒒 < $𝟖. 𝟓𝑴

𝟏𝟎	 𝒊𝒇	$𝟓𝟎𝟎𝒌 < 𝑪𝒂𝒄𝒒 < $𝟏𝑴
𝟏𝟎𝟎	 𝒊𝒇	𝑪𝒂𝒄𝒒 < $𝟓𝟎𝟎𝒌

𝑶𝟓 = @
𝑷𝒌 − 𝟗𝟎%
𝟏𝟎%

𝟐
	𝒊𝒇	 𝟗𝟎% < 𝑷𝒌 < 𝟏𝟎𝟎%

𝟏	 𝒊𝒇𝑷𝒌 = 𝟏𝟎𝟎%

Inclusion of overall design drivers like WTO & DOC

Chapter 4 Objectives, Requirements and Design 
Optimization Function
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This Lecture: Part II  p. 102            Next Lecture: Part II    

Combined Objective Functions: 

𝑹𝟏 = -
𝟏	 𝒊𝒇	𝑽𝒄𝒓 > 𝟐𝟓𝟎𝒌𝒕𝒔
𝟎	 𝒊𝒇	𝑽𝒄𝒓 < 𝟐𝟓𝟎𝒌𝒕𝒔 𝑹𝟐 = 8

𝟏	 𝒊𝒇	𝑾𝒑𝒍 > 𝟏𝟖𝟎𝟎𝒍𝒃𝒇
𝟎	 𝒊𝒇	𝑾𝒑𝒍 < 𝟏𝟖𝟎𝟎𝒍𝒃𝒇 𝑹𝟑 = -𝟏	 𝒊𝒇	𝑩𝑭𝑳 < 𝟐𝟓𝟎𝟎𝒇𝒕

𝟎	 𝒊𝒇	𝑩𝑭𝑳 > 𝟐𝟓𝟎𝟎𝒇𝒕

𝑶𝟏 = @
𝑽𝒄𝒓 − 𝟐𝟓𝟎𝒌𝒕𝒔

𝟏𝟎𝟎𝒌𝒕𝒔
	 𝒊𝒇	𝟐𝟓𝟎𝒌𝒕𝒔 < 𝑽𝒄𝒓 < 𝟑𝟓𝟎𝒌𝒕𝒔

𝟏	 𝒊𝒇	𝑽𝒄𝒓 > 𝟑𝟓𝟎𝒌𝒕𝒔
𝑶𝟐 = @

𝑾𝒑𝒍 − 𝟏𝟖𝟎𝟎𝒍𝒃𝒇
𝟏𝟐𝟎𝟎𝒍𝒃𝒇

	 𝒊𝒇	𝟏𝟖𝟎𝟎𝒍𝒃𝒇 < 𝑾𝒑𝒍 < 𝟑𝟎𝟎𝟎𝒍𝒃𝒇

𝟏	 𝒊𝒇	𝑾𝒑𝒍 > 𝟑𝟎𝟎𝟎𝒍𝒃𝒇

𝑶𝟑 = @
𝟏𝟎𝟎𝟎𝒇𝒕

𝑩𝑭𝑳 − 𝟏𝟓𝟎𝟎𝒇𝒕
	 𝒊𝒇	 𝟐𝟎𝟎𝟎𝒇𝒕 < 𝑩𝑭𝑳 < 𝟐𝟓𝟎𝟎𝒇𝒕

𝟏	 𝒊𝒇	𝑩𝑭𝑳 < 𝟐𝟎𝟎𝟎𝒇𝒕

Example

𝑶𝑭 = 𝑹𝟏𝑹𝟐𝑹𝟑𝑹𝟒𝑹𝟓 𝟓𝑶𝟏 + 𝑶𝟐𝟑 + 𝟐𝑶𝟑𝟐 + 𝟐𝑶𝟒𝟏.𝟓 + 𝟐𝑶𝟓  𝑶𝟔𝟏 𝑶𝟕

𝑹𝟒 = -
𝟏	 𝒊𝒇	𝑪𝒂𝒄𝒒 ≤ $𝟖. 𝟓𝑴
𝟎	 𝒊𝒇𝑪𝒂𝒄𝒒 > $𝟖. 𝟓𝑴

𝑹𝟓 = -𝟏	 𝒊𝒇	𝑷𝒌 ≥ 𝟗𝟎%
𝟎	 𝒊𝒇𝑷𝒌 < 𝟗𝟎%

𝑶𝟒 =

$𝟕. 𝟓𝑴
$𝟖. 𝟓𝑴 − 𝑪𝒂𝒄𝒒

	 𝒊𝒇	 $𝟏𝑴 < 𝑪𝒂𝒄𝒒 < $𝟖. 𝟓𝑴

𝟏𝟎	 𝒊𝒇	$𝟓𝟎𝟎𝒌 < 𝑪𝒂𝒄𝒒 < $𝟏𝑴
𝟏𝟎𝟎	 𝒊𝒇	𝑪𝒂𝒄𝒒 < $𝟓𝟎𝟎𝒌

𝑶𝟓 = @
𝑷𝒌 − 𝟗𝟎%
𝟏𝟎%

𝟐
	𝒊𝒇	 𝟗𝟎% < 𝑷𝒌 < 𝟏𝟎𝟎%

𝟏	 𝒊𝒇𝑷𝒌 = 𝟏𝟎𝟎%
𝑶𝟔 =

𝑫𝑶𝑪𝑨,𝟏𝟎 − 𝑫𝑶𝑪
𝑫𝑶𝑪𝑨,𝟏𝟎

𝑶𝟕 =
𝑾𝑻𝑶𝑨,𝟏𝟎 −𝑾𝑻𝑶

𝑾𝑻𝑶𝑨,𝟏𝟎

Chapter 4 Objectives, Requirements and Design 
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This Lecture: Part II  p. 102            Next Lecture: Part II    

Combined Objective Functions: Apply OF to evaluate designs

𝑶𝑭 = 𝑹𝟏𝑹𝟐𝑹𝟑𝑹𝟒𝑹𝟓 𝟓𝑶𝟏 + 𝑶𝟐𝟑 + 𝟐𝑶𝟑𝟐 + 𝟐𝑶𝟒𝟏.𝟓 + 𝟐𝑶𝟓  𝑶𝟔𝟏 𝑶𝟕
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This Lecture: Part II  p. 102            Next Lecture: Part II    

Combined Objective Functions: Apply OF to evaluate designs

𝑶𝑭 = 𝟑. 𝟔𝟐

𝑶𝑭 = 𝟐. 𝟗𝟏

𝑶𝑭 = 𝑹𝟏𝑹𝟐𝑹𝟑𝑹𝟒𝑹𝟓 𝟓𝑶𝟏 + 𝑶𝟐𝟑 + 𝟐𝑶𝟑𝟐 + 𝟐𝑶𝟒𝟏.𝟓 + 𝟐𝑶𝟓  𝑶𝟔𝟏 𝑶𝟕
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This Lecture: Part II  p. 102            Next Lecture: Part II    

Combined Objective Functions: Apply OF to evaluate designs

𝑶𝑭 = 𝑹𝟏𝑹𝟐𝑹𝟑𝑹𝟒𝑹𝟓 𝟓𝑶𝟏 + 𝑶𝟐𝟑 + 𝟐𝑶𝟑𝟐 + 𝟐𝑶𝟒𝟏.𝟓 + 𝟐𝑶𝟓  𝑶𝟔𝟏 𝑶𝟕

𝑶𝑭 = 𝟑. 𝟔𝟐

𝑶𝑭 = 𝟐. 𝟗𝟏

Chapter 4 Objectives, Requirements and Design 
Optimization Function
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Example Ancillary Design Considerations
1. Reduce total fuel burn to most efficient in class
2. Minimize Time on Ground per Turn
3. Under FAA 90 sec. Evacuation requirement

4. Rapid Cabin Sterilization
5. Exceed most stringent EASA noise regulations for RJ's

6. Special accommodations for business travelers
7. Allow pax to have ready access to all luggage without wait
8. Allow for growth of the physical dimensions of the traveling public

9. Operate from austere airports with neither jetways nor air-stairs
10. Allow for rapid powerplant inspection, LRU replacement, drop

11. Enable all normal ground operations with engines running
12. Minimal to no de-icing dispatch delays
13. Powerplants reachable without special equipment

14. Minimize number of engine start cycles per operational day
15. Allow for powerplant diameter growth with time without significant aircraft changes

16. ADA compliant cabin section, ingress and egress from ground w/o special equipment

41
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11 Requirements Weighting Functions from the Design Characteristics:
R1: Certification Base: FAR-25
R2: Entry into Service:  EIS 2030 -100,  EIS 2031 -200
R3: Passengers: 30" pitch, 50 pax -100, 76 -200
R4: Range:  2,000nmi -100,  1,500nmi -200
R5: Cruise Mach: ≥0.80
R6: Seat Width:  ≥18" 
R7:(Folded) Wingspan: ≤ 24m
R8: Approach Speed: VA < 141kts
R9: Takeoff Field Length: 5kft MSL, ISA+18, 4,000/50ft -100 6,000/50ft -200
R10: Landing Field Length: 5kft MSL, ISA+18, 4,000/50ft -100 6,000/50ft -200
R11: Crew:  Pilot, Copilot, 1 F/A -100,  2 F/A's -200

6 Objectives Weighting Functions from the Specified Design Objectives:
O1: Maximize structural commonality between -100 & -200
O2: Good aesthetics
O3: Enhanced Reliability WRT SOTA
O4: Reduced MRO load WRT SOTA
O5: Minimize DOC
O6: Minimize production costs

16 Objectives Weighting Functions from Anciliary Objectives: 
AO1: Reduce total fuel burn to most efficient in class
AO2: Minimize Time on Ground per Turn
AO3: Under FAA 90 sec. Evacuation requirement
AO4: Rapid Cabin Sterilization
AO5: Exceed most stringent EASA noise regulations for RJ's
AO6: Special accommodations for business travelers
AO7: Allow pax to have ready access to all luggage without wait
AO8: Allow for growth of the physical dimensions of the traveling public
AO9: Operate from austere airports with neither jetways nor air-stairs
AO10: Allow for rapid powerplant inspection, LRU replacement, drop
AO11: Enable all normal ground operations with engines running
AO12: Minimal to no de-icing dispatch delays
AO13: Powerplants reachable without special equipment
AO14: Minimize number of engine start cycles per operational day
AO15: Allow for powerplant diameter growth with time without significant aircraft changes
AO16: ADA compliant cabin section, ingress and egress from ground without special equipment

42

Chapter 4 Optimization Function Example 
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11 Requirements Weighting Functions from the Design Characteristics:
R1: Certification Base: FAO-25
R2: Entry into Service:  EIS 2030 -100,  EIS 2031 -200
R3: Passengers: 30" pitch, 50 pax -100, 76 -200
R4: Range:  2,000nmi -100,  1,500nmi -200
R5: Cruise Mach: ≥0.80
R6: Seat Width:  ≥18" 
R7:(Folded) Wingspan: ≤ 24m
R8: Approach Speed: VA < 141kts
R9: Takeoff Field Length: 5kft MSL, ISA+18, 4,000/50ft -100 6,000/50ft -200
R10: Landing Field Length: 5kft MSL, ISA+18, 4,000/50ft -100 6,000/50ft -200
R11: Crew:  Pilot, Copilot, 1 F/A -100,  2 F/A's -200

6 Objectives Weighting Functions from the Specified Design Objectives:
O1: Maximize structural commonality between -100 & -200
O2: Good aesthetics
O3: Enhanced Reliability WRT SOTA
O4: Reduced MRO load WRT SOTA
O5: Minimize DOC
O6: Minimize production costs

16 Objectives Weighting Functions from Anciliary Objectives: 
AO1: Reduce total fuel burn to most efficient in class
AO2: Minimize Time on Ground per Turn
AO3: Under FAA 90 sec. Evacuation requirement
AO4: Rapid Cabin Sterilization
AO5: Exceed most stringent EASA noise regulations for RJ's
AO6: Special accommodations for business travelers
AO7: Allow pax to have ready access to all luggage without wait
AO8: Allow for growth of the physical dimensions of the traveling public
AO9: Operate from austere airports with neither jetways nor air-stairs
AO10: Allow for rapid powerplant inspection, LRU replacement, drop
AO11: Enable all normal ground operations with engines running
AO12: Minimal to no de-icing dispatch delays
AO13: Powerplants reachable without special equipment
AO14: Minimize number of engine start cycles per operational day
AO15: Allow for powerplant diameter growth with time without significant aircraft changes
AO16: ADA compliant cabin section, ingress and egress from ground without special equipment

𝑅!(𝑏𝑖𝑛𝑎𝑟𝑦) = 60	𝑖𝑓	𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛	𝑛𝑜𝑡	𝑚𝑒𝑡1	𝑖𝑓	𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛	𝑚𝑒𝑡

𝑂" = A
0	𝑖𝑓	𝑤𝑜𝑟𝑠𝑡	𝑖𝑛	𝑚𝑒𝑒𝑡𝑖𝑛𝑔	𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒

𝐿𝑖𝑛𝑒𝑎𝑟𝑙𝑦	𝑣𝑎𝑟𝑦𝑖𝑛𝑔	𝑖𝑓	𝑛𝑒𝑖𝑡ℎ𝑒𝑟	𝑤𝑜𝑟𝑠𝑡	𝑛𝑜𝑡	𝑏𝑒𝑠𝑡
1	𝑖𝑓	𝑏𝑒𝑠𝑡	𝑖𝑛	𝑚𝑒𝑒𝑡𝑖𝑛𝑔	𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒

𝐴𝑂# = A
0	𝑖𝑓	𝑤𝑜𝑟𝑠𝑡	𝑖𝑛	𝑚𝑒𝑒𝑡𝑖𝑛𝑔	𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒

𝐿𝑖𝑛𝑒𝑎𝑟𝑙𝑦	𝑣𝑎𝑟𝑦𝑖𝑛𝑔	𝑖𝑓	𝑛𝑒𝑖𝑡ℎ𝑒𝑟	𝑤𝑜𝑟𝑠𝑡	𝑛𝑜𝑡	𝑏𝑒𝑠𝑡
1	𝑖𝑓	𝑏𝑒𝑠𝑡	𝑖𝑛	𝑚𝑒𝑒𝑡𝑖𝑛𝑔	𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒
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𝑅!(𝑏𝑖𝑛𝑎𝑟𝑦) = 60	𝑖𝑓	𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛	𝑛𝑜𝑡	𝑚𝑒𝑡1	𝑖𝑓	𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛	𝑚𝑒𝑡

𝑂" = A
0	𝑖𝑓	𝑤𝑜𝑟𝑠𝑡	𝑖𝑛	𝑚𝑒𝑒𝑡𝑖𝑛𝑔	𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒

𝐿𝑖𝑛𝑒𝑎𝑟𝑙𝑦	𝑣𝑎𝑟𝑦𝑖𝑛𝑔	𝑖𝑓	𝑛𝑒𝑖𝑡ℎ𝑒𝑟	𝑤𝑜𝑟𝑠𝑡	𝑛𝑜𝑡	𝑏𝑒𝑠𝑡
1	𝑖𝑓	𝑏𝑒𝑠𝑡	𝑖𝑛	𝑚𝑒𝑒𝑡𝑖𝑛𝑔	𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒

𝐴𝑂# = A
0	𝑖𝑓	𝑤𝑜𝑟𝑠𝑡	𝑖𝑛	𝑚𝑒𝑒𝑡𝑖𝑛𝑔	𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒

𝐿𝑖𝑛𝑒𝑎𝑟𝑙𝑦	𝑣𝑎𝑟𝑦𝑖𝑛𝑔	𝑖𝑓	𝑛𝑒𝑖𝑡ℎ𝑒𝑟	𝑤𝑜𝑟𝑠𝑡	𝑛𝑜𝑡	𝑏𝑒𝑠𝑡
1	𝑖𝑓	𝑏𝑒𝑠𝑡	𝑖𝑛	𝑚𝑒𝑒𝑡𝑖𝑛𝑔	𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒
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𝑅!(𝑏𝑖𝑛𝑎𝑟𝑦) = 60	𝑖𝑓	𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛	𝑛𝑜𝑡	𝑚𝑒𝑡1	𝑖𝑓	𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛	𝑚𝑒𝑡

𝑂" = A
0	𝑖𝑓	𝑤𝑜𝑟𝑠𝑡	𝑖𝑛	𝑚𝑒𝑒𝑡𝑖𝑛𝑔	𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒
𝐿𝑖𝑛𝑒𝑎𝑟𝑙𝑦	𝑣𝑎𝑟𝑦𝑖𝑛𝑔	𝑖𝑓	𝑏𝑒𝑡𝑤𝑒𝑒𝑛
1	𝑖𝑓	𝑏𝑒𝑠𝑡	𝑖𝑛	𝑚𝑒𝑒𝑡𝑖𝑛𝑔	𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒

𝐴𝑂# = A
0	𝑖𝑓	𝑤𝑜𝑟𝑠𝑡	𝑖𝑛	𝑚𝑒𝑒𝑡𝑖𝑛𝑔	𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒
𝐿𝑖𝑛𝑒𝑎𝑟𝑙𝑦	𝑣𝑎𝑟𝑦𝑖𝑛𝑔	𝑖𝑓	𝑏𝑒𝑡𝑤𝑒𝑒𝑛
1	𝑖𝑓	𝑏𝑒𝑠𝑡	𝑖𝑛	𝑚𝑒𝑒𝑡𝑖𝑛𝑔	𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒

11 Requirements Weighting Functions from the Design Characteristics:
R1: Certification Base: FAO-25
R2: Entry into Service:  EIS 2030 -100,  EIS 2031 -200
R3: Passengers: 30" pitch, 50 pax -100, 76 -200
R4: Range:  2,000nmi -100,  1,500nmi -200
R5: Cruise Mach: ≥0.80
R6: Seat Width:  ≥18" 
R7:(Folded) Wingspan: ≤ 24m
R8: Approach Speed: VA < 141kts
R9: Takeoff Field Length: 5kft MSL, ISA+18, 4,000/50ft -100 6,000/50ft -200
R10: Landing Field Length: 5kft MSL, ISA+18, 4,000/50ft -100 6,000/50ft -200
R11: Crew:  Pilot, Copilot, 1 F/A -100,  2 F/A's -200

6 Objectives Weighting Functions from the Specified Design Objectives:
O1: Maximize structural commonality between -100 & -200
O2: Good aesthetics
O3: Enhanced Reliability WRT SOTA
O4: Reduced MRO load WRT SOTA
O5: Minimize DOC
O6: Minimize production costs

16 Objectives Weighting Functions from Anciliary Objectives: 
AO1: Reduce total fuel burn to most efficient in class
AO2: Minimize Time on Ground per Turn
AO3: Under FAA 90 sec. Evacuation requirement
AO4: Rapid Cabin Sterilization
AO5: Exceed most stringent EASA noise regulations for RJ's
AO6: Special accommodations for business travelers
AO7: Allow pax to have ready access to all luggage without wait
AO8: Allow for growth of the physical dimensions of the traveling public
AO9: Operate from austere airports with neither jetways nor air-stairs
AO10: Allow for rapid powerplant inspection, LRU replacement, drop
AO11: Enable all normal ground operations with engines running
AO12: Minimal to no de-icing dispatch delays
AO13: Powerplants reachable without special equipment
AO14: Minimize number of engine start cycles per operational day
AO15: Allow for powerplant diameter growth with time without significant aircraft changes
AO16: ADA compliant cabin section, ingress and egress from ground without special equipment
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𝑅!(𝑏𝑖𝑛𝑎𝑟𝑦) = 60	𝑖𝑓	𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛	𝑛𝑜𝑡	𝑚𝑒𝑡1	𝑖𝑓	𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛	𝑚𝑒𝑡

𝑂" = A
0	𝑖𝑓	𝑤𝑜𝑟𝑠𝑡	𝑖𝑛	𝑚𝑒𝑒𝑡𝑖𝑛𝑔	𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒
𝐿𝑖𝑛𝑒𝑎𝑟𝑙𝑦	𝑣𝑎𝑟𝑦𝑖𝑛𝑔	𝑖𝑓	𝑏𝑒𝑡𝑤𝑒𝑒𝑛
1	𝑖𝑓	𝑏𝑒𝑠𝑡	𝑖𝑛	𝑚𝑒𝑒𝑡𝑖𝑛𝑔	𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒

𝐴𝑂# = A
0	𝑖𝑓	𝑤𝑜𝑟𝑠𝑡	𝑖𝑛	𝑚𝑒𝑒𝑡𝑖𝑛𝑔	𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒
𝐿𝑖𝑛𝑒𝑎𝑟𝑙𝑦	𝑣𝑎𝑟𝑦𝑖𝑛𝑔	𝑖𝑓	𝑏𝑒𝑡𝑤𝑒𝑒𝑛
1	𝑖𝑓	𝑏𝑒𝑠𝑡	𝑖𝑛	𝑚𝑒𝑒𝑡𝑖𝑛𝑔	𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒

Relative Objective Weighting Factor = 123456789:	4<	=3:9%>	?:@AB8	CDE:96AF:@
123456789:	4<	G89AHH75I	?:@AB8	CDE:96AF:@

 =	ROWF >	ϵ > 0

11 Requirements Weighting Functions from the Design Characteristics:
R1: Certification Base: FAO-25
R2: Entry into Service:  EIS 2030 -100,  EIS 2031 -200
R3: Passengers: 30" pitch, 50 pax -100, 76 -200
R4: Range:  2,000nmi -100,  1,500nmi -200
R5: Cruise Mach: ≥0.80
R6: Seat Width:  ≥18" 
R7:(Folded) Wingspan: ≤ 24m
R8: Approach Speed: VA < 141kts
R9: Takeoff Field Length: 5kft MSL, ISA+18, 4,000/50ft -100 6,000/50ft -200
R10: Landing Field Length: 5kft MSL, ISA+18, 4,000/50ft -100 6,000/50ft -200
R11: Crew:  Pilot, Copilot, 1 F/A -100,  2 F/A's -200

6 Objectives Weighting Functions from the Specified Design Objectives:
O1: Maximize structural commonality between -100 & -200
O2: Good aesthetics
O3: Enhanced Reliability WRT SOTA
O4: Reduced MRO load WRT SOTA
O5: Minimize DOC
O6: Minimize production costs

16 Objectives Weighting Functions from Anciliary Objectives: 
AO1: Reduce total fuel burn to most efficient in class
AO2: Minimize Time on Ground per Turn
AO3: Under FAA 90 sec. Evacuation requirement
AO4: Rapid Cabin Sterilization
AO5: Exceed most stringent EASA noise regulations for RJ's
AO6: Special accommodations for business travelers
AO7: Allow pax to have ready access to all luggage without wait
AO8: Allow for growth of the physical dimensions of the traveling public
AO9: Operate from austere airports with neither jetways nor air-stairs
AO10: Allow for rapid powerplant inspection, LRU replacement, drop
AO11: Enable all normal ground operations with engines running
AO12: Minimal to no de-icing dispatch delays
AO13: Powerplants reachable without special equipment
AO14: Minimize number of engine start cycles per operational day
AO15: Allow for powerplant diameter growth with time without significant aircraft changes
AO16: ADA compliant cabin section, ingress and egress from ground without special equipment

45
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How to Handle Requirements Weighting Functions: 
11 Requirements Weighting Functions from the Design Characteristics:
R1: Certification Base: FAO-25
R2: Entry into Service:  EIS 2030 -100,  EIS 2031 -200
R3: Passengers: 30" pitch, 50 pax -100, 76 -200
R4: Range:  2,000nmi -100,  1,500nmi -200
R5: Cruise Mach: ≥0.80
R6: Seat Width:  ≥18" 
R7:(Folded) Wingspan: ≤ 24m
R8: Approach Speed: VA < 141kts
R9: Takeoff Field Length: 5kft MSL, ISA+18, 4,000/50ft -100 6,000/50ft -200
R10: Landing Field Length: 5kft MSL, ISA+18, 4,000/50ft -100 6,000/50ft -200
R11: Crew:  Pilot, Copilot, 1 F/A -100,  2 F/A's -200
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How to Handle Requirements Weighting Functions: 
11 Requirements Weighting Functions from the Design Characteristics:
R1: Certification Base: FAO-25
R2: Entry into Service:  EIS 2030 -100,  EIS 2031 -200
R3: Passengers: 30" pitch, 50 pax -100, 76 -200
R4: Range:  2,000nmi -100,  1,500nmi -200
R5: Cruise Mach: ≥0.80
R6: Seat Width:  ≥18" 
R7:(Folded) Wingspan: ≤ 24m
R8: Approach Speed: VA < 141kts
R9: Takeoff Field Length: 5kft MSL, ISA+18, 4,000/50ft -100 6,000/50ft -200
R10: Landing Field Length: 5kft MSL, ISA+18, 4,000/50ft -100 6,000/50ft -200
R11: Crew:  Pilot, Copilot, 1 F/A -100,  2 F/A's -200

Just meet them all... 𝑅Q(𝑏𝑖𝑛𝑎𝑟𝑦) = ,0	𝑖𝑓	𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛	𝑛𝑜𝑡	𝑚𝑒𝑡1	𝑖𝑓	𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛	𝑚𝑒𝑡 \∋\ 	 ^
R

S

𝑅Q = 1
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How to Handle Requirements Weighting Functions: 
11 Requirements Weighting Functions from the Design Characteristics:
R1: Certification Base: FAO-25
R2: Entry into Service:  EIS 2030 -100,  EIS 2031 -200
R3: Passengers: 30" pitch, 50 pax -100, 76 -200
R4: Range:  2,000nmi -100,  1,500nmi -200
R5: Cruise Mach: ≥0.80
R6: Seat Width:  ≥18" 
R7:(Folded) Wingspan: ≤ 24m
R8: Approach Speed: VA < 141kts
R9: Takeoff Field Length: 5kft MSL, ISA+18, 4,000/50ft -100 6,000/50ft -200
R10: Landing Field Length: 5kft MSL, ISA+18, 4,000/50ft -100 6,000/50ft -200
R11: Crew:  Pilot, Copilot, 1 F/A -100,  2 F/A's -200

Just meet them all... 𝑅Q(𝑏𝑖𝑛𝑎𝑟𝑦) = ,0	𝑖𝑓	𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛	𝑛𝑜𝑡	𝑚𝑒𝑡1	𝑖𝑓	𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛	𝑚𝑒𝑡

𝐺𝑒𝑛𝑒𝑟𝑎𝑙	𝑂𝑝𝑡𝑖𝑚𝑖𝑧𝑎𝑡𝑖𝑜𝑛	𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛 = 𝐺𝑂𝐹 =P
$

%

𝑅!
1
𝑚Q

$

&

𝑂" +
1

𝑛𝑅𝑂𝑊𝐹Q
$

'

𝐴𝑂# 	 = 	
1
𝑚Q

$

&

𝑂" +
1

𝑛𝑅𝑂𝑊𝐹Q
$

'

𝐴𝑂#

\∋\ 	 ^
R

S

𝑅Q = 1
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How to Handle Specificed Objectives Weighting Functions: 
6 Objectives Weighting Functions from the Specified Design Objectives:
O1: Maximize structural commonality between -100 & -200
O2: Good aesthetics
O3: Enhanced Reliability WRT SOTA
O4: Reduced MRO load WRT SOTA
O5: Minimize DOC... Or is it Maximize DOP?
O6: Minimize production costs
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How to Handle Specificed Objectives Weighting Functions: 
6 Objectives Weighting Functions from the Specified Design Objectives:
O1: Maximize structural commonality between -100 & -200
O2: Good aesthetics
O3: Enhanced Reliability WRT SOTA
O4: Reduced MRO load WRT SOTA
O5: Minimize DOC ... Or is it Maximize DOP?
O6: Minimize production costs

Develop methods to weight each value from 0 to 1. If guidance is given on 
their relative importance with respect to each other, apply such weighting. 
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Recall... 
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Recall... 
Chapter 4 Optimization Function Example 
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How to Handle Specificed Objectives Weighting Functions: 
6 Objectives Weighting Functions from the Specified Design Objectives:
O1: Maximize structural commonality between -100 & -200

0 if no part by weight is common between the two, 1 if all parts can be made with the same tooling jigs, procedures and 
processes

𝑂&= '()*+,	./	),(01	,+2,	31(	,+(	120(	,..4)5*,7)*1	258	9:.;(11(1	<(,'((5	,+(	=&>>	258	=?>>	2):;:2/,
@!"#$$A@!"%$$

O2: Good aesthetics   
O2 = 0 if ranked the worst aircraft among surveyed candidates, 1 if best among candidates, rank ordered in between

O3: Enhanced Reliability WRT SOTA
O3 = 0 if < SOTA 99.7% Dispatch Reliability (Brooks, Robert, "Embraer Draws Regional Jet Order Worth Up to $1 B," 

2014.) 
O3 = 333(DR – 0.997) if > SOTA 99.7% Dispatch Reliability

O4: Reduced MRO load WRT SOTA
O4 = 0 if TO < 18,000hrs (14,400cycles) MTBO (GE Aviation, "CF34-10E Engines Outperforming Expectations," May 2014, 

https://www.aerocontact.com/en/virtual-aviation-exhibition/product/545-cf34-8e-ge-aviation, 1.25 flt 
hrs/cycle)

𝑂B =
C&

B?,>>>
− D

E
if TO > 18,000hrs MTBO (considering maximum airframe life of 60,000 cycles = 75,000hrs)

O5: Minimize DOC ... Or is it Maximize DOP?
O5 = 0 if DOC > $1,361 ($2014) (https://www.planestats.com/bhsr_2014sep)
𝑂F = 4 $&,DH&=IJK

$&,DH&
	𝑖𝑓	𝐷𝑂𝐶 < 1,361

O6: Minimize production costs, Cpro ∝ Cacq ∝ WTO
O6 = 0 if WTO > WTOref
𝑂H = 4@'&(!)=@'&

@'&(!)
	𝑖𝑓	 𝑊CJ < 𝑊CJ:(/
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Develop methods to weight each value from 0 to 1. If guidance is given on 
their relative importance with respect to each other, apply such weighting. 

How to Handle Anciliary Objectives Weighting Functions: 
16 Objectives Weighting Functions from Anciliary Objectives: 
AO1: Reduce total fuel burn to most efficient in class
AO2: Minimize Time on Ground per Turn
AO3: Under FAA 90 sec. Evacuation requirement
AO4: Rapid Cabin Sterilization
AO5: Exceed most stringent EASA noise regulations for RJ's
AO6: Special accommodations for business travelers
AO7: Allow pax to have ready access to all luggage without wait
AO8: Allow for growth of the physical dimensions of the traveling public
AO9: Operate from austere airports with neither jetways nor air-stairs
AO10: Allow for rapid powerplant inspection, LRU replacement, drop
AO11: Enable all normal ground operations with engines running
AO12: Minimal to no de-icing dispatch delays
AO13: Powerplants reachable without special equipment
AO14: Minimize number of engine start cycles per operational day
AO15: Allow for powerplant diameter growth with time without significant aircraft changes
AO16: ADA compliant cabin section, ingress and egress from ground without special equipment
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How to Handle Anciliary Objectives Weighting Functions: 
Configuration 1 Configuration 2 Configuration 3

Scores Scores Scores
O1: Maximize structural commonality between -100 & -200 1 1 0.9
O2: Good aesthetics 0.9 0.8 0.6
O3: Enhanced Reliability WRT SOTA 0 0 0
O4: Reduced MRO load WRT SOTA 0.5 0.4 0.4
O5: Minimize DOC 0.1 0.05 0.05
O6: Minimize production costs 0.1 0.1 0.05

Sum: 2.6 2.35 2
Weighted Sum (ROWF = 2): 0.87 0.78 0.67

AO1: Reduce total fuel burn to most efficient in class 1 0 0
AO2: Minimize Time on Ground per Turn 1 0 0
AO3: Under FAA 90 sec. Evacuation requirement 1 1 1
AO4: Rapid Cabin Sterilization 1 1 1
AO5: Exceed most stringent EASA noise regulations for RJ's 1 1 0
AO6: Special accommodations for business travelers 1 1 1
AO7: Allow pax to have ready access to all luggage without wait 1 1 1
AO8: Allow for growth of the physical dimensions of the traveling public 1 1 1
AO9: Operate from austere airports with neither jetways nor air-stairs 1 1 1
AO10: Allow for rapid powerplant inspection, LRU replacement, drop 1 1 1
AO11: Enable all normal ground operations with engines running 1 1 1
AO12: Minimal to no de-icing dispatch delays 1 1 1
AO13: Powerplants reachable without special equipment 1 1 1
AO14: Minimize number of engine start cycles per operational day 1 1 1
AO15: Allow for powerplant diameter growth with time without significant aircraft changes 1 1 1
AO16: ADA compliant cabin section, ingress and egress from ground without special 
equipment 1 1 1

Sum: 16 14 13
Weighted Sum: 1 0.875 0.8125

Total Score: 1.87 1.66 1.48
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Chapter 4 Optimization Function (Oread) 
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Chapter 4 Flow-Down Chart Construction
System Engineering Requirements Flow-Down Specifications (missile example)

Tier 0
System of Systems (SuperSystem) 
Performance Requirements and Goals

Modular Missile System that will be at least effective as the best Air-to-Air, 
Air-to-Ground, Anti-Radiation and Anti-Ship Missiles

Tier 1
System Performance 
Requirements

Tier 2
Interdependent Subsystem 
Requirements

Tier 3
Subsystem Requirements

Tier 4
Interdependent Component 
Requirements

Tier 5
Component Requirements

Tier 6
Granular Component 
Requirements

Canard, Wing & 
Fin Shapes, Sizes
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Chapter 4 Flow-Down Chart Construction
 (Oread Example)
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Chapter 4 Flow-Down Chart Construction
 (Oread Example)
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Chapter 5 STAMPED Analysis
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6.1 Gather STAMPED We/Wto Data – Get Aircraft We/Wto in given market

This Lecture: Part I, p6, 7            Next Lecture: Part I    

We/Wto
Year Aircraft 1 Aircraft 2 Aircraft 3 Aircraft 4 Aircraft 5 Aircraft 6 Aircraft 7 Aircraft 8 Aircraft 9 Aircraft 10
1990 0.616 0.620 0.652 0.654 0.612 0.644
1991 0.646 0.599 0.658 0.626 0.604 0.682
1992 0.624 0.617 0.660 0.641 0.602 0.606
1993 0.618 0.649 0.639 0.616 0.608 0.618 0.648 0.674
1994 0.615 0.613 0.668 0.663 0.633 0.612 0.662 0.624
1995 0.611 0.589 0.619 0.620 0.629 0.571 0.608 0.638 0.668
1996 0.647 0.613 0.642 0.666 0.603 0.580 0.589 0.619 0.641
1997 0.659 0.656 0.602 0.616 0.613 0.659 0.588 0.636 0.612
1998 0.626 0.606 0.642 0.577 0.636 0.614 0.653 0.633 0.588
1999 0.659 0.615 0.615 0.609 0.632 0.618 0.604 0.607 0.625
2000 0.608 0.603 0.582 0.628 0.691 0.596 0.653 0.584
2001 0.591 0.627 0.607 0.584 0.653 0.601 0.655 0.616
2002 0.587 0.606 0.627 0.650 0.625 0.618 0.610 0.652
2003 0.626 0.658 0.640 0.599 0.606 0.611 0.596 0.645
2004 0.573 0.580 0.591 0.585 0.646 0.626 0.614 0.627
2005 0.597 0.590 0.574 0.562 0.571 0.587 0.580
2006 0.623 0.620 0.598 0.585 0.571 0.594 0.610
2007 0.582 0.597 0.537 0.584 0.633 0.605
2008 0.570 0.570 0.554 0.630 0.630 0.609
2009 0.619 0.540 0.648 0.626 0.636
2010 0.643 0.616 0.605 0.590 0.611 0.595
2011 0.621 0.528 0.586 0.581 0.635 0.597
2012 0.570 0.538 0.630 0.574 0.574 0.592
2013 0.613 0.618 0.560 0.601 0.631 0.583
2014 0.630 0.605 0.620 0.586 0.633 0.583

Chapter 5 STAMPED Analysis
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6.5. Plot We/Wto Data

This Lecture: Part I, p6, 7            Next Lecture: Part I    
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6.6. Plot Weighted Averages of We/Wto (that is sum of We/Wto*%share)
 and Standard Deviations on either side of that data
6.7. Decide on appropriate trendlines for each value, plot, get equations & R-
values

This Lecture: Part I, p6, 7            Next Lecture: Part I    

We/Wto = -0.0019x + 4.3265
R² = 0.48406

WtAvg(We/Wto)+SD = -0.0017Yr+ 4.0145
R² = 0.37314

WtAverage(We/Wto) - SD = -0.002x + 4.6385
R² = 0.48631
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6.8. Extrapolate plots to Date of First Delivery (for example below, 2025)
6.9. Review Design Philosophy and Market Trends to decide on an aggressive or 
conservative approach to We/Wto selection
6.10. Select Design We/Wto according to trends and design philosophy

This Lecture: Part I, p6, 7            Next Lecture: Part I    

Projected Market Average
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"Aggressive" by 1 SD
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This Lecture: Part I, p166             Next Lecture: Part I    

Chapter 5 STAMPED Analysis -  Meadowlark Charts
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This Lecture: Part I, p166             Next Lecture: Part I    

Chapter 5 STAMPED Analysis -  Meadowlark Charts
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Chapter 5 STAMPED Analysis -  Meadowlark Charts



KU Aerospace DesignKansas University
Co

py
rig

ht
 ©

 R
. M

. B
ar

re
tt 

20
20

 A
ll r

ig
ht

s r
es

er
ve

d

Unclassified   Rev. 22 August 2021

70

This Lecture: Part I, p166             Next Lecture: Part I    

Chapter 5 STAMPED Analysis -  Meadowlark Charts
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This Lecture: Part I, p166             Next Lecture: Part I    

Chapter 5 STAMPED Analysis -  Meadowlark Charts
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This Lecture: Part I, p166             Next Lecture: Part I    
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This Lecture: Part I, p166             Next Lecture: Part I    

Chapter 6 Configuration Matrix



KU Aerospace DesignKansas University
Co

py
rig

ht
 ©

 R
. M

. B
ar

re
tt 

20
20

 A
ll r

ig
ht

s r
es

er
ve

d

Unclassified   Rev. 22 August 2021

74

This Lecture: Part I, p166             Next Lecture: Part I    

Chapter 6 Configuration Matrix
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This Lecture: Part I, p166             Next Lecture: Part I    

Chapter 6 Configuration Matrix
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This Lecture: Part I, p166             Next Lecture: Part I    

Chapter 7 Application of Optimization Function
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This Lecture: Part I, p166             Next Lecture: Part I    

Chapter 7 Application of Optimization Function
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This Lecture: Part I, p166             Next Lecture: Part I    

Chapter 7 Application of Optimization Function
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This Lecture: Part I, p166             Next Lecture: Part I    

Chapter 7 Application of Optimization Function
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This Lecture: Part I, p166             Next Lecture: Part I    

Chapter 7 Application of Optimization Function


