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AOE 4065-4066:

Capstone Air Vehicle Design (AVD) Course Modules (CMs)

Overview of AVD Courses

I. Foundational I1. Air Vehicle Design I11. Project Management
Elements Fundamentals Topics

Al. Purpose & Process

Conceptual Design

F1. Design: An Engineering
Discipline

F2. Systems and Systems Thinking

F3. Basics of Systems Engineering

F4. Decision Making with
Ethics and Integrity

A2. Understand the Problem
A3.
A4,

Solve the Problem

Initial Sizing: Takeoff Weight
Estimation

Initial Sizing: Wing Loading and
Thrust Loading Estimation

Cost Considerations

A5.

A6.

AT7. Concept to Configuration: Key

Considerations
ATA. Configuration Layout: Drawings & Loft

Conceptual & Preliminary Design

A8. Trade Studies
A9. Use of Software Tools

A10. Preliminary Design: Baseline Design
Refinement & Validation

2 CMA3
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P1. Basics of Project Management
and Project Planning

P2. Project Organization

P3. Roles & Responsibilities of
Team Members

P4. Project Execution:
Teamwork for Success

P5. Project Risk Management

P6. Delivering Effective Oral
Presentations

P7. Writing Effective Design Reports
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Disclaimer

Profs. Pradeep Raj and Wm. Michael Butler, Aerospace and Ocean
Engineering, Virginia Tech, collected and compiled the material contained

herein from publicly available sources solely for educational purposes.

Although a good-faith attempt is made to cite all sources of the material,

we regret any inadvertent omissions.
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CRUCIALLY IMPORTANT

CMs only introduce key topics and
highlight some important concepts and

ideas...but without sufficient detail.

We must use lots of Reference Material* to

add the necessary detalls!

(*see Appendix in the Overview CM)

13 August 2024



7/~ |isssstmes,  Alrcraft CD Process: The HOWSs!
“Top Down” — 3 Steps
ﬂ. Comprehensive Understanding of the Problem (Initial Step) \

1.1 Analyze RFP to understand genesis and nature of cusig[ner’s problem

1.2 Collect De3|gn Requwements Ir S_t? _F ully Ull_ders&n d
(a) RFP—mission (speed, range, payload, etc), cost (acqwsﬂmeplyidéxﬁign, LCC,
etc.), RM&S, and scheduling (EIS, tech freeze) requirements m
(b) FAR (or CFR) and/or DoD documents—regulatory requirements & constraints
(c) ConOps—any additional requirements based on end-user perspective

1.3 Select Comparator Aircraft, Measures of Merit (MoMs), and Key Design Drivers

1.4 Identify Promising Technologies to tackle most difficult challenges

1.5 Investigate Proposal Selection Criteria

1.6 Develop Design Objectives & Strateqy, and Prepare Design Guidelines document/

ﬁ Generation of Feasible Concepts (Intermediate Step) \
2.1 Sketch multiple viable concepts—the ones you think could meet the need
2.2 Size all viable concepts; estimate TOGW, Wing Loading, Thrust or Power Loading
2.3 Down-select the most promising ones as a set of preferre stem concepts (PSCs)
using decision-making tools €n and Only Then

3. Selection of Best PSC as Baseline Design (Final @E@QB to Solve it
3.1 Create outer mold line (OML) and interior profile of PSCs by choosing and integrating
fuselage; wing; high-lift system; empennage; subsystems; C.G.; etc.
3.2 Conduct Design Trade Studies—Mission and Technology, if possible
3.3 Compare feasible configurations using MoMs and select “best” design! /

5 CM A3 13 August 2024



\V//7alll- Aircraft CD Process: The HOWS!
“Top Down” — 2"d Step

1. Comprehensive Understanding of the Problem (Initial Step)

1.1 Analyze RFP to understand genesis and nature of customer’s problem

1.2 Collect Design Requirements
(a) RFP—mission (speed, range, payload, etc), cost (acquisition, production, LCC,
etc.), RM&S, and scheduling (EIS, tech freeze) requirements
(b) FAR (or CFR) and/or DoD documents—regulatory requirements & constraints
(c) ConOps—any additional requirements based on end-user perspective

1.3 Select Comparator Aircraft, Measures of Merit (MoMs), and Key Design Drivers

1.4 Identify Promising Technologies to tackle most difficult challenges

1.5 Investigate Proposal Selection Criteria

1.6 Develop Design Objectives & Strategy, and Prepare Design Guidelines document

(2. Generation of Feasible Concepts (Intermediate Step) )
2.1 Sketch multiple viable concepts—the ones you think could meet the need
2.2 Size all viable concepts; estimate TOGW, Wing Loading, Thrust or Power Loading

2.3 Down-select the most promising ones as a set of preferred system concepts (PSCs)
\_ using decision-making tools V,

3. Selection of Best PSC as Baseline Design (Final Step)
3.1 Create outer mold line (OML) and interior profile of PSCs by choosing and integrating
fuselage; wing; high-lift system; empennage; subsystems; C.G.; etc.
3.2 Conduct Design Trade Studies—Mission and Technology, if possible
3.3 Compare feasible configurations using MoMs and select “best” design!

6 CM A3 13 August 2024
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asaneneime  Alrcraft CD Process—Intermediate Step
2. Generation of Feasible Concepts (3 elements)

\/a

Questions to ask for each elememnt

2.1 Create Multiple Viable Concepts <= CM A3

— What should the air vehicle look like to best perform the mission?

— Should it have a wing? Or two? Or more? Should it have a fuselage?
Should it be tailless or have an empennage? What type of landing gear
should it have? What kind of engines? Turbojets, turbofans, turboprops,
piston-props? Etc.

— How do you choose?

o Use your understanding and knowledge of the pros & cons of available options

(2.2 Perform Initial Sizing &~ CMA4&A5 )
— How big should be the air vehicle?

— What is its TOGW? Wing Loading? Thrust or Power Loading?

o Size all viable concepts or choose a few to size; use qualitative decision-making
\_ tools to choose a few )

2.3 Select Promising Feasible Concepts &= CMA3
— Are all airplane concepts you sized feasible?

7 CM A3 13 August 2024



COLLEGE OF ENGINEERING
KEVIN T. CROFTON DEPARTMENT OF

AEIEOS[PI}CE‘AND F]CEAN ENGINEERING O u t I I n e

\77ad

A3. Solve the Problem
A3.1 Prerequisites for Solving the Problem

A3.1.1 Design Objectives and Design Strategy
A3.1.2 Three-view CAD Drawings

A3.2 Create Multiple Viable Concepts

A3.2.1 Initial Concept Sketches
A3.2.2 Initial Concept Models

A3.3 Choose a Few “Good” Feasible Concepts

A3.4 Select Best PSC as Baseline Design

8 CM A3 13 August 2024



e Two Must-Do’s Before
You Begin to Solve the Problem

\77ad

1. Define “Design Objectives”

o What important expectations of the customer does the team
need to meet?

2. Develop “Design Strategy”

o How will the design team go about achieving the objectives?

9 CM A3 13 August 2024 Image Source: Internet



COLLEGE OF ENGINEERING ] “ u u ] , ,
7/~ e, 1. Define “Design Objectives

 What primary expectations of the customer need to be met?

« Sometimes spelled out in the RFP. If not, Design Team should
define them.

/

ﬁle design' Obiectixe 1s to minimize the acquisition and operating cost. Advanced technologies should\
used only where justified based on performance and cost (note entry into service date) and w 1th

acceptable cost and schedule risk. {X& ﬁ' A\ I\ A
Design Objectives QLY

e The re-use of at least 70% of the airframe structure and syst@ms by weight for both the 6 and 8
seat variants 1s a design objective. This includes everything in the empty weight of the airplane
with the exception of the engine.

e Minimize production cost by choosing materials and manufacturing methods appropriate for the
production rate that 1s supported.

e Make the aircraft visually appealing so it will be marketable and identify what features are

important to the pilot, passengers, and owners.
K e Make the aircraft maintainable and reliability at least as good as comparable aircraft. j

 Many times, you see ‘goals’ and ‘objectives’ used
interchangeably—even in RFPs. However, it’s very helpful to
think about the two as separate but tightly linked entities.

Goal?

10 CMA3 13 August 2024



7/~ | ahisiiamsise Distinction Between Goals and Objectives

 Goal is a statement of aim

— What do you want to achieve? The answer is your “Goal”
 Objectives are steps required to achieve the goal

— What specifically needs to done by whom, when and where to realize

your goal? The answer is your “Objectives”

« Examples

— Goal: | want to get a better grade in chemistry.

— Objective: | need to memorize the periodic table before my next quiz.

— Goal: I want to lose weight.
— Objective: | need to reduce 20 pounds by the end of the year.

 Goals and objectives are both tools for achieving what you want

« Goals without objectives can never be accomplished while
objectives without goals will never get you what you want

 Objectives are very concrete, goals are less structured

 Goals may be nebulous, objectives must be S M.A.R.T.

Teams Must Understand Project Goals and Objectives

11 CMA3 13 August 2024 Source: Miscellaneous



COLLEGE OF ENGINEERING - -
ansonenere.— Objectives Must Be S.M.A.R.T.

e Specific
— Consider five “W” questions:

« Who are the stakeholders?

* What specifically does the team need to, and want to, achieve?

* Where will the team demonstrate its achievements?

* Which requirements and constraints [technical and non-technical]
must be met to achieve the objective?

* Why does the team need to accomplish the objective (reason, relevance,
benefit).

 Measurable
— How will we know we got there, i.e., we have achieved the objective?
e Attainable

— Are we willing and able to develop the attitudes, abilities, skills, and
financial capacity to achieve the objectives?

e Realistic
— Are we willing and able to work hard to achieve the objectives?
e Time-bound

— When does the team need to fully achieve the objectives? What is the time
frame? Deadlines? Creates a sense of urgency!

12 CM A3 13 August 2024



7/~ | iiEsEnss. 2. Develop “Design Strategy”
« Design Strategy outlines how you are going to achieve the design
objectives

o Itis less specific than a project plan (a la Gantt chart) which details tasks,
milestones, schedules, and resources (personnel, level of effort, etc.)

o It tries to broadly answer the question, "How do we get there from here?"
(Should we take a train or airplane or automobile for getting to the destination
on time and within budget?)

« Strategy gives overall direction

o A strategy should point out the overall path without dictating a particular
narrow approach

o Each design team needs to create an effective design strategy

« Examples

o If a design objective is emissions reduction, a strategy might be to explore
alternative fuels to minimize fossil fuel consumption; another might be
alternative propulsion systems but without dictating specific fuels or engines

o If design objective is cost reduction, a strategy might be using commercial off
the shelf (COTS) components without dictating specific components

13 CM A3 13 August 2024
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T Outline

A3. Solve the Problem

A3.1 Prerequisites for Solving the Problem

A3.1.1 Design Objectives and Design Strategy
A3.1.2 Three-view CAD Drawings

A3.2 Create Multiple Viable Concepts

A3.2.1 Initial Concept Sketches
A3.2.2 Initial Concept Models

A3.3 Choose a Few “Good” Feasible Concepts

A3.4 Select Best PSC as Baseline Design

14
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fEmers,  Three-view (or 3-vu) CAD Drawings

VIRGINIA TEC

\/a

Design teams use three-view CAD drawings* as the common standard language for
communicating about the aircraft system with customers, production teams, etc.

*See CM A7a for more details

WS: Wing Station Top View or
FS: Fuselage Station Plan View , _
WL: Water Line B et il T e

e e e e . . . e . e e

A-A: Vertical Reference Plane
B-B: Fuselage Reference Plane
C-C: Centerline Plane of Symmetry
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13 August 2024 Source: Figure 1-1, Ref. AVD 4 (Kirschbaum and Mason)
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Depth and Height |
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Underlying Principle of 3-vu Drawing:
Orthographic Projection

Consider an object inside a box; project image; open the box

Width and Depth |

JoP

)

LEFT SIDE

=

FROMT ¢ RIGHT HDE

REAR

|

16
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ARANGEMENT THE SIOE
PeoRIVE 1S TiHe “Fraar”

i~ ™HE ISOX,

\/~\
BO‘TT;M Height and Width

Courtesy of W.H. Mason



7/~ | issaess. Orthographic Projection for
Aircraft Three-View Drawing

A ) ALRCRAFT LENETAL
ARANGEMENT THE SIOE

. PEoRIGE 1S Tre “Fraat”
Top View | > . THE RO,
Length and Span S

Front View >L"' = EJ__J
Height and Span LEFTSIDE ] “eomT [RsnTHOC| Rear

\
Shaded sections s \
BoTTom Side View of Aircraft

are SETEEE for Length is Width Height and Length
Aircraft drawing Span is Depth

17 CMA3 13 August 2024 Courtesy of W.H. Mason




COLLEGE OF ENGINEERING

N7/~ | imssnsm.  SAE Specs for Aircraft Three-view

* Required Views
The plans shall consist of a standard aeronautical three-view, using a US-
standard third-order projection:
1. Show Side view (right) in the lower left with the nose pointing right
2. Show Top view above the right side view also with the nose pointing right
3. Show Front view in the lower right.

 Dimensions
At a minimum, all aircraft must have the length, width, height, and CG
location clearly marked and dimensioned on the submitted engineering
drawings.
All dimensions must be in set of units (e.g., inches and decimal inches) to an
appropriate level of precision. (Hint: four decimal places are too many!)

« Summary Data
Include a table with a summary of pertinent aircraft data such as wingspan,
empty weight, engine make and model, etc.

Use SAE Specs

18 CMA3 13 August 2024
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Three-view Drawing of RC Airplane:
A Good Example of Using SAE Specs

ALL I:IIr\f'IENSIEIMa1 IN [NCHES

JUSH K. (BT .
B |

1 | 2 | 3 | 4 | 5 | & | 7 | 8
i |
A = 3
19.5 T FLANE INFORMATION
— v WINGSPAN (IN) 97.5
12, ] —lt—p CHORD (IN) 16.8
&) = HOR. TAIL SPAN [1N) 35.25
T TAIL CHORD (IN] 12.15
F VERT. TAIL AREA (IN? 130
— 35.2 — e ()
? EMPTY WEIGHT (LBS) 7.5
- oy - FULL WEIGHT (LBS) 25.5
z6.5 |H T STATIC MARGIN (%CHORD) 15
l 1 CARGQ VOLUME (IN*) 156.6
S~ ENGINE MAKE THUNDER TIGER —
ENGINE MODEL PRC .46
[
D - 97.5 >
5.0
L —13.0
| , b
(i%\] v
E
AcioDosisn IREERIE R ey
FIRST 15SLED FIGHT ING GOBBLERS
] DRANWN BY TYLER L. TEAM 216
CHECKED BY GEORGE L. VIRGINIA TECH
F &PPROVED BT

REV |
FINAL DESIGN |h

SCALE: 1r lBl

| SEET L OF |
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3-view Drawings Provide

Key Inputs for Analysis

Example 1. Wetted Areas for Performance and Weight Estimation

Component Surface
Fuselage 70344.8
Vert tail 26165.3
Wing 102636.7
Circular arc canopy 9071.4
Nacelle 25462.9
Total 233681.0
N
750. ,/ \‘
A N
V N
P Gl N N\
Pl \\ P
© 500. VAN N
I %
i Z (HEN
m / \\ N //,‘
e N o P
\'\/
t 290, = . | .
© ) 7 -
1 pa— g — X
P e ~ T~ o \
0. Wal N I
s 200. 400. 600.
Fuselage stations
20 A3 13 August 2024 Source: Figure 7.4, Ref. AVD 2 (Raymer)
CM



Y7/ |isssimes,  3-view Drawings Provide
Key Inputs for Analysis

Example 2. Cross-sectional Area Distribution for
Transonic and Supersonic Wave Drag Estimation

Component Volume

Fuselage 847124.4

Vert tail 42903.5

Wing 287005.5

Circular arc canopy 46014.0

Nacelle 95149.8

Total 1318196.8
C
r /]
o 4000. A
S /
/ \
> N
N
¢ 3000. —tf \\
e D,
C ] \\
t
: 2000. —— — <7
o ] y \\ - ’\\\
n 1 7 < BANEA
1000. 7z A N RS
a 4
r S [/ ’\\ \\
/r o \\ =1

© 0 L =
a 0. 200. 400. 600.

Fuselage stations

Source: Figure 7.5, Ref. AVD 2 (Raymer)
21 CMA3 13 August 2024



aemes,  3-view Drawings Provide
Key Inputs for Analysis
Example 3. Fuel volume and weight for c.g. estimation

\/a

i
N N L
N
/ﬁﬂ SNSNANNNN
{:,._-_ W, . FRP
C | M
Cross-section
area of tanks Tank wolume = area under each curve
T m
Tank c.g. is centroid of area plot Total fuel c.g. must be near aircraft cg.

Source: Figure 10.29, Ref. AVD 2 (Raymer)
22 CMA3 13 August 2024
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B o . Outline

A3. Solve the Problem
A3.1 Prerequisites for Solving the Problem

A3.1.1 Design Objectives and Design Strategy
A3.1.2 Three-view CAD Drawings

A3.2 Create Multiple Viable Concepts

A3.2.1 Initial Concept Sketches
A3.2.2 Initial Concept Models

A3.3 Choose a Few “Good” Feasible Concepts

A3.4 Select Best PSC as Baseline Design

23
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N7/~ |ssssiansime  Aircraft Conceptual Design (CD) Process

« Radius Payload
] Sketch Your Moson | p
Customer * Box Size MoM
] _[=%% Viable Concepts!
* EIC.
| ICD | Negotiate

With Customer

Proposal

Mission Selection

Regs ! Criteria Iterate

c ;
. Design
* Design Guidelines Concept No. 1 Back to

+ Radius Configuration Q
Concept of .
Operations : :Iatﬂ:;: Sketches :4

Technology
Trades

« Signature é
I LEe I Point

System Approach T Technology Design

TFSC

* Tactics Measures of Merit
* Support Aircraft | |+ LCC

+ OML
+ ECM - TOGW Steath Initial - GA
* Subsystems + Targets Killed/LCC . Etcp Sizing « Performance . TSFC
: Etc. - Etc. i * Signature Share + Engine TIW
I l + Subsystems Trade Results + Empty Weight
Functional Inputs * Risk Analysis With Customer . C
« Aero Select + Req Analysis/Allocation A .

* Materials A

) Configuration(s) « SE Results
Design Trades |¢———— w:i';l:]ltssm" * Man. Plan

+ Mat/Structure * RM&S

v
W . Q + LCC Analysis
Select MoM WIS Signature Y

Preferred
Configuration

«TW « Etc. + System Spec
+ AR + Test Planning
+ Sweep + TRL=2-3

. Risk
Etc. i Assessment

WIS

\ 4

Preliminary
Baseline Design
Design

Time for Creative Synthesis!

Adapted from Dr. Lee Nicolai’s lecture slides

24 CM A3 13 August 2024
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:; z; AEROSPACE AND OCEAN ENGINEERING In iti al CO n Cept SketC h i n g

A way to quickly capture and convey ideas to others!

http://engineeringisawesome.com/post/13113817812/engineering-sketches

85 CMA3 13 August 2024


http://engineeringisawesome.com/post/13113817812/engineering-sketches

N7/~ | sesemess. Example of Concept Aircraft Sketch

CONCEPT AIRCRAFT

@ A THTZEE_-\HE'W AW ORI G~ Dwé CROUGH!C.Q MBINATION o R \/lsw AND
IN BoARD Peoﬂu.e_)

WG AZEA
Cl-»n .'S.)_.—Al

T
: /e
HoR. Suer AREa

Scate (Fegr) scate or 0@c Ko

3 V2 WOoRENG DWE
DRAWN OUT OF ScALE ‘ P 474

26 CMAS3 13 August 2024



N7/~ | isssizesm.  Sketching a Concept: 15t Step

Agk Relevant Questions

What should the air vehicle look like to
best perform the mission?

Should it have awing? Or two? Or
more”?

Should it have a fuselage?

Should it be tailless or have an

Supercruise light weight fighter

empennage? (J> V2 z[é’ o
What type of landing gear should it S
have? Sl

What kind of engines? Turbojets, turbofans, turboprops, piston-props? Etc.
How do you decide?
« Use your understanding and knowledge of the pros & cons of available options

« At this stage itis justinitial impressions and getting ideas on paper.
 This can serve as a starting point for initial CAD work or work using tools

like NASA OpenVSP.

Use Your “Design Smarts” (see CM A1)

27

Source: Figure 10.29, Ref. AVD 2 (Raymer
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COLLEGE OF ENGINEERING .
N | S, Plan of Action for Sketches

 Requirements Review — What are the key configuration drivers?
What need are we trying to fulfill with the new design?

 Research — What has been done in the past and currently to address
the design need? You need to know the competition?

o Jane’s All the World’s Aircraft

o Aviation Week ol B =22
. . FLIGHT
o Flight International - manaT I

and others

All the World’s Aircraft

B e  Bmaues pouman s

L)

Information

Technology

 Initial Brainstorming — If some ideas come to mind, make initial
sketches, capture the ideas and record them

o What kind of configuration comes to mind?

o These are ideas that can be explored later (don’t get too invested
into these)

Adapted from Dr. Wm. Butler’s lecture slides
8 CM A3
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PIAGGIO

P.180 AVANT!

All The — "
World’s Aircraft &=
2005-2006

Edited by Paul Jackson mr

turboprop Busin

Prngoio P.180 Avant, Wi

alow
reby reduce 1

jawa.janes.com
Intefigence and Insight You Can Trust

Avanti flight dock e
0. Typical Piaggio Avanti cabin interior

Hakan

Lots of good information

In these books

CM A3

MALOCGS!

preselet

 captain and
slour display

cfone V1 in.
1(46 1 0/ 18)
(1L A0 in)
VS L)
mQ2Ao
9m @
m( e

(41 1im)
m (61 4V in)
R(13 11 0% in)
(13 #111% i)
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b (19 010 dn)
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Stm (2000 in)
m (1 f110% in)
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67 fitted with 240 m
-u-"n'_"a.un_mmm mm-l.mhu)

Piaggio P.180 Avanti corpor:

Emergency exi (sibd): H
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g Am Leagth
Bagguee compament; Foor engh
Mac lengih
Volume
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s, pross
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Foreplane
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et ol )
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Operaing weigh ity one il
Max usabie fuel w

Source: Jane’s All the World’s Aircraft 2005

0.67m(

A Quick Word about Jane’s

PIAGGIO to SA}

i

4ssm (14t iim)

AT mmuqm
108w 110w 1)

412351
(1335 5q )

3,402 kg (7.50010)
Sk ae0 i)
02 )

‘aerial, Incraasing overall length to
m (7 f£ 10% in) tailcone. b

AIRCRAFT: TALY 319

ransport (Jane'vDennis Pannet)

Max payload
Paylaod with max fue

bW (679 g
ERFORMANCE
‘Max operating Mach No (Myo)
Max operating specd (Vo)
260 k1 (452 kb 299 mph) IAS
M Jevel xpecd of FL280 395 ki (732 kil 455 mph)
Munoeuvring specd 199 kt (368 ki
N euiing speed with four pasicngees at d-<ruise
hi

070

391 ke (724 ki 430 mph)
368 Kt (682 ki 423 mph)
341 ke (632 kavh: 393 meph)
Staling spoed st mas landing weight:
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Service ceiling
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Appendix £ 760 4B
Appendix G 818 dBA)
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7/~ | sisiemes. A Quick Word about Jane’s
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Example of information for Piaggio P.180

2 November 2021 Source: Jane’s All the World’s Aircraft 2005




COLLEGE OF ENGINEERING

KEVIN T. CROFTON DEPARTMENT OF
AEROSPACE AND OCEAN ENGINEERING
VIRGINIA TECH

\/a

An Example of Creating an Initial Sketch
Based on a Good Understanding of
Customer Requirements

14 CM A3 2 November 2021
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AEROSPACE AND OCEAN ENGINEERING The Scenario

Billionaire couple Mr. & Mrs. Olson have always had an interest in aviation and aviation
history. They donate to the Smithsonian Air & Space Museum and are regular attendees of
Oshkosh. Both of them have a pilot’s license and have been flying for years.

Mr. Olson is a warbird enthusiast and has great recollections of stories told by his father of
flying the Lockheed Ventura in the 1940s. Some of his favorite aircraft of all-time include
the Ventura and the B-25.

The Olsons want to make an impact on current aviation while still paying homage to
what many consider as the Golden Age of Aviation (1920s-1940s).

In particular they are interested in a new aircraft design that has the following characteristics:

Range of at least 1,500 miles
Service ceiling of 30,000 feet

Top speed in the subsonic range (interested in getting to a destination faster than
in the 1930s and 1940s but flying from point A to B in as short a time as possible
is not a goal)

Able to carry up 9 people which includes 3 crew with luggage in a reconfigurable

cabin
Should be able to operate from small regional airports
At least two engines in case of an engine out. No jet engines

“Elegance of the Golden Age of Aviation with a modern treatment”
There is an interest in alternative uses for this recreational transport vehicle

15 cCcMA3



enomeesere . Requirements and Desires

VIRGINIA TECH
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Billionaire couple Mr. & Mrs. Olson have always had an interest in aviation and aviation history. They

donate to the Smithsonian Air & Space Museumand are regular attendees of Oshkosh. Both of them

have a pilot’s license and have been flying for years.

Mr. Olson is a warbird enthusiast and has great recollections of stories told by his father of flying the
Lockheed Ventura in the 1940s. Some of his _ of alHtime include the

The Olsons want to make an iffipact on current aviation while still paying homage: to what mary
consider as the Golden/Age of Aviation|(1920s-1940s).

In particular they are interested in a new aircraft desigh that has the following characteristics:

- Topspeed in the subsonic range (interested in getting to a destination faster than in the

1930s and 1940s but flying from point Ato B in as short atime as possible is not a goal)

16 CM A3 Adapted from Dr. Wm. Butler’s lecture slides



COLLEGE OF ENGINEERING

V7~ imEsmss. Requirements and Desires

Billionaire couple Mr. & Mrs. Olson have always had an interest in aviation and aviation history. They

donate to the Smithsonian Air & Space Museumand are regular attendees of Oshkosh. Both of them

have a pilot’s license and have been flying for years.

Mr. Olson is a warbird enthusiast and has great recollections - \)S ' his father of flying the
Lockheed Ventura in the 1940s. Some of his favorite = \ S 2 the
B25. g\
m@ co

The Olsons wantto make an [P~ 4O , da(\ what marny
consider as the GoldenAs~ e S\.a \ g\}\ DP ?\
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In particular they a “Y\e \‘(\\&\g ;«\G d S?P‘i s1owing characteristics:
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| S 50" G0
((\ k _«d in getting to a destination faster than in the
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1930sand 194 b\ oint Ato Bin as short atime as possible is not a goal)
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. Butler’s lecture slides
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\Vy/7lll .
The Mission

* 30,000 foot service ceiling
« 1,500 mile range Mission similar to a

*  Subsonic cruise regional airliner

Cruise

Loiter

Descend

Takeoff Land

N

* 5,000 to 7,000 ft unway possible

18 CMA3 2 November 2021 Source: ResearchGate
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De Havilland Canada Dash 8 Piaggio P180 Avanti

King Air 360

Pilatus P-24

Someinitial thoughts: W, ~10,000 lbs, W/S ~ 50-601b/ft2

This Photo by Unknown Author is licensed under CC BY-SA

19 cmMA3


https://creativecommons.org/licenses/by-sa/3.0/

COLLEGE OF ENGINEERING

enccooveeneree SO me Initial Decisions to be Made for

VIRGINIA TECH

\/

a Sketch

Engine possibilities: PT6A, PW123
Electric?
Hybrid?

Space Allocation for a cabin:

Business jet?
Passenger Amenities of the 1930s?

Attempt to integrate some newtechnologies?
Increased aerodynamic efficiency?

Alternative uses? Small cargo transport?
':;‘p : ﬁw‘!

Bush plane alterative? Cabin reconfiguration?

2 November 2021
20 CM A3 Unknown Author is licensed under CC BY-SA, Wikipedia, Pilatus
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Doodles to More Formal Sketches

Very firstideas

= Y e,

Ventura

DESCRIPTIVE ARRANGEMENT  NAVAER

21 CMA3
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This Photo by Unknown Author is licensed under CC BY-SA
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More Examples of Initial Sketches

14 CM A3 2 November 2021



ansmiewes.  EXample of Hand-drawn Sketches
(P-38: ca late 1930s)

The Good Old Days!

41 CMA3 13 August 2024 Courtesy of Lee Nicolai
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AEROSPACE AND OCEAN ENGINEERING Th e P -38 L | g h t n | n g

"fork-tailed devil"
(Zwieselsteilsteufel)
As named by the Luftwaffe

"two planes, one pilot"
(MITHE. N1 Bk,
Ni hikoki, ichi pairotto)

As named by the Japanese

https://www.youtube.com/watch?v=p26NYIRXm2s

42 CMAS3 13 August 2024

Source: Internet


https://www.youtube.com/watch?v=p26NYiRXm2s

7/ | asiass, Example of Hand-drawn Sketches
Archangel (eventual SR-71)

Concept Formulation Phase: 1958-1959

Cruise Mach Number: 3.0

Altitude At Maximum Radius: 100,000 ft.

Radar Detectability: Minimal

Recon. Camera Payload: 500 Ibs.

Unrefueled Mission Radius: 2,000 nm

Go-ahead to First Flight: 18 - 24 months
;.mmn 1958

, R S f‘""&“
Kelly Johnson’s

hand-drawn sketch of
the first concept, A-1

Source: Pedlow & Welzenbach, The CIA and Overhead Reconnaissance, The
Story of U-2 and OXCART Programs, HR70-14, 1992 (Declassified 2011)

43 CMA3 13 August 2024
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A3. Solve the Problem
A3.1 Prerequisites for Solving the Problem

A3.1.1 Design Objectives and Design Strategy

A3.1.2 Three-view CAD Drawings
A3.2 Create Multiple Viable Concepts

A3.2.1 Initial Concept Sketches
A3.2.2 Initial Concept Models

A3.3 Choose a Few “Good” Feasible Concepts

A3.4 Select Best PSC as Baseline Design

44 CM A3 13 August 2024



7l Initial Concept Models
Hand-drawn sketches are often a basis for
Initial Concept Models.

In the past, draftsmen generated Initial Concept Models.
T |

Today, Concept Models are generated using CAD.

Lest You Forget: Who uses CAD? Human Configurators!

45 CMA3 13 August 2024
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LTI Example of Initial Concept Models
- Archangel (eventual SR-71)

|

\/a

Jul 1958 Archangel 1

Sep 1958 Archangel 2

Nov 1958 Archangel 3

Dec 1958 Archangel 4
N Dec 1958 Archangel 5

- Jan 1959 Archangel 6

Jan 1959 Archangel 7
— Feb 1959 Archangel 10 A

—

/ts:" i

=,

Mar 1959 Archangel 11

(2) Turbojets

A -

Note: See Appendix

46 CMA3 13 August 2024



V7l Lockheed’s Archangel-12

VIRGINIA TECH

A-12 INITIAL CONFIGURATION 3-VIEW

Emgty Waeight = 43 645 Ibs Aug 1959
Zoro Fusd Weagt » 45 400 bs 2
Fusl Waight = 54 800 4
Payload = 500 by e —r \
Takeoff Gross Weight = 110,000 bs A —————
- ._, :c; —_- > — )

(2) Turbojets

[ . R

_-'-QA—-

22% Increase in Empty Weight Compared to A-11 - "Cost of Stealth™

Source: Robarge, ARCHANGEL: CIA’s Supersonic A-12
Reconnaissance Aircraft, Jan 2012

13 August 2024

47 CMA3



7/~ | issstmes, Example of Initial Concept Models
C-X (eventual C-5) ca early 1960s

AEROSPACE AND OCEAN ENGINEERING
VIRGINIA TECH

—WMW%W.‘- Specific Operational Requirement

ORAFT JUNE 1963 (1}

BASIC DESIGN MISSION ILF 2.5 100, 000 - 130,000 LB FOR 4,000 NM

ALTERMNATE MISSION 50,000 LB FOR 5,500 NM
MAX. DESIGN PAYLOAD 130, 000 - 150,000 LB
CRUISE SPEED 4. 440 KTAS

CRUISE CEILING 47 30,000 FT

TAKEOFF OVER 50 FT. AT MAX, G.W,——— % 3,000 F1  89.5°F S.L.
TAKEQFF OVER 50 FT AT G.W. FOR 4,000 NM— 3 4,000 FT  S.D. S.L
LANDING OVER 50 FT WITH 100,000 LB AND —

FUEL RESERVES FOR 4,000 NM| ——————— 3 4000 FT 5.0, 5L

ATRFIELD FLOTATION REAR OR SUPPORT AREA FIELDS
LENGTH 100 - 110 FT

CARGO COMPARTMENT WIDTH 16- 1.5 FT
HEIGHT 135 FT

LOEREET - SR GA

o Conventional Configuration

LCAHEED - GEQRGIE

— Specific Operational Requirement
DRAFT JUNE 1963 (2

CARGO LOADING ————————— STRAIGHT-THROUGH
ONE FULL CROSS SECTION OPENING
OME 9 X 10 FT OPENING
TRUCK-BED HEIGHT FLOOR DESIRABLE

POWER PLANT S1X TURBOFAN ENGINES MIL QUAL. OR
FAA CERT. BY JUNE 1967

RELIABILITY 95% PROBABILITY OF COMPLETING 10 HR
MISSION

MAINTAINABILITY =—————— MIL-M-26512 QUANTITATIVE TREATMENT
AVAILABILITY JUNE 1970

%‘%‘L Low Wing Fuselage Mounted Engine Configuration

A

P
<K
- D -
12} [oTa)
48 CM A3 13 August 2024 Source: Garrard, The Lockheed C-5 Case Study in Aircraft Design



7/ mssmnes,  Example of Initial Concept Models
o C-X (eventual C-5) ca early 1960s

sepeams | ow Wing Configuration ﬁ”ma—wm__ Canard Configuration

LPCHRERT - SETAA . . . .
oy Buried Engine Configuration COEKHEED GEORT

.

Lambda Wing Configuration

49 CM A3 13 August 2024 Source: Garrard, The Lockheed C-5 Case Study in Aircraft Design



N |, Example of Initial Concept Models
Hypothetical ASW* Aircraft

Sample Mission Profile °

C{uiseﬁoﬁ numik.

soonm 3

Completed Configuration Sketch

Loiter 3 hr

Loiter 20 min

Fuel tanks|

Warmup & takeoff Land
Crew weight = 800 |b
Avionics payload = 10,000 |b

Initial Configuration Sketches (OML)

Avionics bay
= ]
D i— D
q
o O O L
1—Conventional 2--Dver-wing nacelies -

o %ﬁ o j *ASW: Anti-Submarine Warfare

3—Canard, low wing 4—{anard, high wing

Source: Fig. 3.8, 3.9 & 3.10, Ref. AVD 2 (Raymer)
50 CM A3 13 August 2024



V7l = Recommended Tool for
o Initial Concept Models

NASA Vehicle Sketch Pad (VSP) — Open Source
http://www.openvsp.org/

perVSP 3.1 - 1072
File Edit Window View Model Analysis

Cirrus SR22 Boeing 747-400

——

3-vus for Engineers!

Boeing 777-200 Cessna 182 AlAA Paper 2010-0658

AlAA Paper 2013-0331

Perspectives for Laymen ALAA Paper 2022-0004

51 CM A3 13 August 2024
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A3. Solve the Problem
A3.1 Prerequisites for Solving the Problem

A3.1.1 Design Objectives and Design Strategy
A3.1.2 Three-view CAD Drawings

A3.2 Create Multiple Viable Concepts

A3.2.1 Initial Concept Sketches
A3.2.2 Initial Concept Models

A3.3 Choose a Few “Good” Feasible Concepts

A3.4 Select Best PSC as Baseline Design

52 CMA3 13 August 2024
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memaeoeme  Aircraft Conceptual Design (CD) Process
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* Radius Payload

[ . + Payload Speed
] Select Feasible weson | s

+ Box Size MoM
Evaluate * Hover

v Req/ConOps C oncepts . Eitm.e
|_|CD | Negotiate ’

With Customer

Proposal

Mission Selection

Regs Criteria
A

Iterate

c ;
. Design
* Design Guidelines Concept No. 1 Back to

+ Radius Configuration Q
Concept of .
Operations : :Iatﬂ:;: —|  Sketches :4

Technology
Trades

+ Signature f ‘
I = I Point

System Approach T Technology Design

TFSC

+ Materials

* Tactics Measures of Merit
* Support Aircraft | |+ LCC
+ ECM + TOGW

+ OML
| Stealth Initial + GA
+ Subsystems + Targets Killed/LCC . E:gpu sion Sizing + Performance + TSFC
« Etc. « Etc. ) + Signature Share + Engine TW
I l + Subsystems Trade Results + Empty Weight
Functional Inputs * Risk Analysis With Customer . C
Select * Req Analysis/Allocation A .

* Aero n .
- + Propulsion Configuration(s) . SE Results
e + Weights * Man. Plan

v + Mat/Structure * RM&S .
MoM TW . ws | - signature * LCC Analysis
Select TW | - Ete, + System Spec

Preferred | . AR + Test Planning
Configuration + TRL=2-3

+ Sweep
+ Etc. Risk

WIS i Assessment
v Preliminary
Baseline Design
Design

Adapted from Dr. Lee Nicolai’s lecture slides
53 CMA3 13 August 2024



VT |, Initial Sizing is the 15t Step in
Assessing Feasibility

Initial Sizing Is the starting point for defining the basic
characteristics of the aircraft to be designed to perform a

prescribed mission.

In aircraft conceptual design, we initially do three types of sizing:
* Initial Weight Sizing Seelnitial Sizin
« Initial Wing Sizing TOGW, Wing,
* Initial Engine Sizing

g Modules for
and Engine Sizing

Most design efforts conduct initial sizing (and more!) of many
viable concepts to assess their feasibility. An expedient
alternative is to use qualitative decision-making tools to reduce
the number of viable concepts down to a handful which are then
sized to assess their feasibility. We recommend this alternative
option to student teams to accommodate schedule and resource
constraints. Examples from student design project presented next.

13 August 2024

54 CMA3
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VT Student Design Project Example
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Eight Viable Concepts

Viable Concepts

VANGUARD

KICKER

\
BADGER STALLION

VULTURE SPARROW

Source: 2020-2021 AIAA Vanguard Team (Lead: Snellings)

55 CMA3 13 August 2024
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VT Student Design Project Example

Pros/Cons of Each Viable Concept

Viable Concepts

VULTURE Pros Cons KICKER Pros Cons
Simple ¢ Conventional * 2-engine ® 2-engine cost,
configuration tail lacks redundancy fuel burn,

High wing for redundancy e Turret for ToT maintenance
loading stores | e Engines not e H-tail e H-tail is more
Turbofan for protected redundancy complex than
speed and a conventional
service ceiling .
tail

Pros Cons Pros Cons
Simple to e Low wing may o H-tail e Prop adds drag
manufacture be hard to load redundancy during sprint
Pilot visibility payload * High wing for * Complex
Landing gear P 1_engine lacks |Oad|ng stores duct_lng with
can easily be redundancy * l::;c:a“ for ::‘rg':;ement
plgced in low turbop'rop for
wing endurance

NHA SCR Presentation | 10/28/20 | Slide 89

Source: 2020-2021 AIAA Vanguard Team (Lead: Snellings)

56 CMA3 13 August 2024
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VT Student Design Project Example
Pros/Cons of Each Viable Concept

Viable Concepts

57

Pros Cons
VANGUARD STALLION Pros Cons
e H-tail e Low wing . ;
redundancy harder to load ® 2-engine e Twin boom
e Engines are redundancy complexity
protected, IR e Turret for ToT |e Dive capability
signature e Reduce FOD |e Takeoff tilt
hidden risk
e Low wing has
large in ground
effect
BADGER Pros Cons SPARROW Pros Cons
e Conventional |e Lacks e High wing, low | Two engines
design originality FOD may increase
e Two integrated |e Lacks mission e Engine cost
guns flexibility Redundancy |e Risk of tail
e Low initial cost e Turret strike
NHA SCR Presentation | 10/28/20 | Slide 90
Source: 2020-2021 AIAA Vanguard Team (Lead: Snellings)
13 August 2024

CMA3
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Down-selection of 3 Most Promising Concepts!

MA
VULTURE ;

Viable Concepts VANGUARD

Decision Matrix Criteria and Weights
Criteria Weight Criteria Weight

Survivability 25 Mission Flexibility 5
Cost 15 Manufacturability 5
CAS Capability 12 Originality 5
Austere Operability 12 Pilot Visibility 5
Growth 7 Appearance 3
Serviceability 6 Total 100

HAWK BADGER STALLION SPARROW KICKER

NHA SCR Presentation | 10/28/20 | Slide 20

Source: 2020-2021 AIAA Vanguard Team (Lead: Snellings)

58 CMA3 13 August 2024



Q;Z; AL T L VT Student Design Project Example
Qualitative Decision-Making Matrix
Scores based on qualitative inputs of team members

MA

Decision Matrix for Identifying Promising Designs

Criteria Weighting Kicker Sparrow Hawk Stallion Badger Anvil Vanguard Vulture
Survivability 25 7 5 7 7 10 8 9 9
Cost 15 8 8 5 9 5 9 9 8
Combat 12 7 7 7 6 6 6 9 9
Austere
Operability 12 9 10 9 8 9 10 6 6
Growth 7 7 10 9 9 7 8 8
Serviceability 6 8 8 10 8 10 9 8 8
Mission
Flexibility 5 8 10 10 8 8 8 9 10
Visibility 5 8 8 10 9 5 9 8 9
Originality 5 9 7 5 8 5 8 8 10
Manufactura
bility 5 7 8 10 9 10 7 7 5
Appearance 3 10 8 9 9 3 6 10 10
Weighted
Sum 100 77 76 77 77 76 80 82 82

Rank o) 8 6 4 7 3 2 1

NHA SCR Presentation | 10/28/20 | Slide 94

Source: 2020-2021 AIAA Vanguard Team (Lead: Snellings)

59 CMA3 13 August 2024



AEROSPACE AND OCEAN ENGINEERING

7/~ s, RMIT Univ. Student Design Project Example

Pros/cons of Bio-LNG viable aircraft concepts

Fuel tank Pros Cons
\‘ ’ * Reduces bending momentonwing  * Wing flow interference
Engines — + Ease of maintenance * Reduced cruise lift-to-drag ratio

« Short fuel piping

Pros Cons
» Large volume-to-area ratio « Tank mounting must meet higher
* Reduced boil-off FAA g-load limits
 No possibility of bird strike damage * Possibility of vapor leakage into
fuselage

* Lost cargo volume

& Pros Cons
* Reduced ground noise » Long fuel pipes through fuselage
* Improved cruise lift-to-drag ratio « Shorter tail moment

— * Reduced bending moment on wing * Must increase wing box volume

Pros Cons
» Improved cruise lift-to-drag ratio * Long fuel pipes through fuselage
* Reduced bending moment on wing » Shorter tail moment
* No cryogenic fuel lines in fuselage * Must increase wing box volume

Source: Burston et al,” Conceptual Design of Sustainable Liquid Methane Fueled Passenger Aircraft,’ 20t ISPE, 2013, pp 391-400

60 CMA3 13 August 2024
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We defer discussion of Initial Sizing procedures to
CM A4 and A5.

Instead, we look at examples of
how Initial Sizing results are used in making decisions.

61 CMA3 13 August 2024



Vi~ | i#siwss. Archangel (eventual SR-71)
Initial Sizing of A-2 and A-3

s |

Kelly Johnson's A-2 Design Kelly Johnson's A-3 Design

13A (2024 Source: Pedlow & Welzenbach, The CIA and Overhead Reconnaissance, The
62 CM A3 ugus Story of U-2 and OXCART Programs, HR70-14, 1992 (Declassified 2011)



\/a

COLLEGE OF ENGINEERING

AEROSPACE AND OCEAN ENGINEERING

VIRGINIA TECH

KEVIN T. CROFTON DEPARTMENT OF ArC h an g el (even t u al S R'7 1)

Concept Feasibility: 1958-1959

A-7 THROUGH A-9 SERIES (A-7-3 SHOWN)

JANUARY 1959
Length: 83751 Zero Fusl Weight: 27,200 Ibs CruseMach 32
Span 47510 Fuel Weight 43,700 bs Crase AU 915k

Height: 22351 Takeoff Gross 70500 bs Radus 1637 NM

Two 34" Dia Ramjets. Ve -H_)

A-10
FEBRUARY 1959
Length 10951 Zero Fust Wesgnt: 33 300 Ibs Crutse Mach 32
Span 450n Fuel Weight 52.700 bs Crises AY 05k
Height: 19251 Takeoff Gross 86000 bs Radus 2,000 NM
4
/ /
Sigrificant Improvement Over A-1: S ol /'/ 7Y
- 12,000 Lb Reduction in TOGW f 2 “7" 4
- 2500 Ft Addtional ARitude . 4
LA
. N '\\
e
g
< \
T Two Genaral Electric
L J03-3 Turbojets; 2-D
P Under-aing Iniats

MARCH 1959
Length 115670 Zero Fusl Weignt: 38 800 Ibs Cruise Mach 32
Span 55670 Fuel Weight 55330 bs Criass AY S35k

Helght: 21030 Takeoff Gross: 82,130 bs Radus 2,000 NM

Onginally Designed to Carry
31,000 Lbe of HEF and 17 000 /
Wos of JP-150 / e ’ /

Key Operational Concegt. Single
Bate + Ar Refueing (13,340 NM
Renge \Weh 2 Air Refuslings/'S &
Hour Total Nission Time) f
- -

...But oI
cepts

Two J55 Tubojets With Afterborners

AUIIU Jiauvo

A-12 INITIAL CONFIGURATION 3-VIEW

Emgty Waight = 43 645 Ibs
Zoro Fuel Wetght » 45 400 bs

Fusl Weight = 54 800 24 3

Payload = 500 Iby e \

Takeoff Gross Weight = 110,000 bs - S—— |
<X —

- - —

| 22%Increase in Empty Weight Compared to A-11 - "Cost of Steaith” |

63

CMA3

13 August 2024

Source: Pedlow & Welzenbach, The CIA and Overhead Reconnaissance, The Story
of U-2 and OXCART Programs, HR70-14, 1992 (Declassified 2011)



V77 |isssstmes,  C-X (eventual C-5) Example

‘ AEROSPACE AND OCEAN ENGINEERING
| VIRGINIA TECH

Concept Formulation Phase: ca early 1960s
Initial Weight Sizing Helped Identify Promising Concepts

—““"W— Takeoff Weight vs Design Cruise Speed
CONVENTIONAL AND LAMBDA WING CONFIGURATIONS
STE200 C4 ENGINES %000 FT. TAKEOFF

4,000 N, M1 RANGE 130,000 LE. PAYLOAD

7100 - 7
LAMBDA WING
TAKEOFF
WEIGHT = 600 f————
1000 L8 CONVENTIONAL CONFIGURATIONS
5’[:} AR
0.7 0.8 0.9 1.0

CRUISE MACH NUMBER

Conventional concepts preferable over unconventional ones!

64 CM A3 13 August 2024 Source: Garrard, The Lockheed C-5 Case Study in Aircraft Design
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A3. Solve the Problem
A3.1 Prerequisites for Solving the Problem

A3.1.1 Design Objectives and Design Strategy
A3.1.2 Three-view CAD Drawings

A3.2 Create Multiple Viable Concepts

A3.2.1 Initial Concept Sketches
A3.2.2 Initial Concept Models

A3.3 Choose a Few “Good” Feasible Concepts

A3.4 Select Best PSC as Baseline Design

65 CMAS3 13 August 2024
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mmdnonasaens — Alrcraft Conceptual Design (CD) Process

\/a

* Radius Payload
Mission * Payload Speed

Trades * Speed Radius
| Customer | + Box Size MoM

Evaluate * Hover
Req/ConOps Time

\ 4 . Ete.
|_ICD_ | Negotiate Ete

With Customer

Proposal

Mission Selection

Regs . Criteria Iterate

c ;
. Design
* Design Guidelines Concept No. 1 Back to

+ Radius Configuration Q
Concept of .
Operations : :Iatﬂ:;: —|  Sketches :4

Technology
Trades

+ Signature f ‘
I = I Point

System Approach T . Technology Design
* Tactics Measures of Merit L
+ Support Aircraft +LCC

+ OML
+ ECM - TOGW Steath Initial - GA
* Subsystems + Targets Killed/LCC . Etcp Sizing « Performance . TSFC
: Etc. - Etc. i * Signature Share + Engine TIW
- ‘ + Subsystems Trade Results + Empty Weight
—I Functional Inputs * Risk Analysis With Customer . C
o G Select + Req Analysis/Allocation A .

TFSC

* Materials A

: . Configuration(s) « SE Results
v + Mat/Structure * RM&S .
MoM W ws | . Signature * LCC Analysis
CTW « Etc. + System Spec
. AR + Test Planning
+ Sweep + TRL=2-3

5 Risk
WIS = * Assessment

Preliminary
Baseline Design
Design

Select
Preferred
Configuration

\ 4

Select “Best” Baseline Design

Adapted from Dr. Lee Nicolai’s lecture slides
66 CMA3 13 August 2024



\V//7alll- Aircraft CD Process: The HOWS!
- “Top Down” — 3 and Final Step

1. Comprehensive Understanding of the Problem (Initial Step)

1.1 Analyze RFP to understand genesis and nature of customer’s problem

1.2 Collect Design Requirements
(a) RFP—mission (speed, range, payload, etc), cost (acquisition, production, LCC,
etc.), RM&S, and scheduling (EIS, tech freeze) requirements
(b) FAR (or CFR) and/or DoD documents—regulatory requirements & constraints
(c) ConOps—any additional requirements based on end-user perspective

1.3 Select Comparator Aircraft, Measures of Merit (MoMs), and Key Design Drivers

1.4 Identify Promising Technologies to tackle most difficult challenges

1.5 Investigate Proposal Selection Criteria

1.6 Develop Design Objectives & Strategy, and Prepare Design Guidelines document

2. Generation of Feasible Concepts (Intermediate Step)
2.1 Sketch multiple viable concepts—the ones you think could meet the need
2.2 Size all viable concepts; estimate TOGW, Wing Loading, Thrust or Power Loading

2.3 Down-select the most promising ones as a set of preferred system concepts (PSCs)
using decision-making tools

(" 3. Selection of Best PSC as Baseline Design (Final Step) )

3.1 Create outer mold line (OML) and interior profile of PSCs by choosing and integrating
fuselage; wing; high-lift system; empennage; subsystems; C.G.; etc.

3.2 Conduct Design Trade Studies—Mission and Technology Trades, if possible

\_ 3.3 Compare feasible configurations using MoMs and select “best” design!

J




anmmmeere — Alrcraft CD Process—3'Y & Final Step

3. Selection of Best PSC as Baseline Design (3 Elements)
Questions to ask for each element

3.1 Concept to Configuration: Generate Integrated System OML

(see CM A6, A7, A7a & A9)
— Is the fuselage sized and shaped right?
— Is there enough room to pack payload, subsystems, fuel, etc.?
— Where is the C.G. location?
— What should be the initial values of wing span, MAC, sweep, taper, etc.?
— Is the tail sized right? Is the static margin adequate?
— Are the wing and landing gear correctly located relative to C.G.?
— Is the number of engines right? Are they sized and placed correctly?
— Are the inlet and nozzle properly sized for each engine?
— Etc., Etc.

3.2 Conduct Trade Studies (see Trade Studies module) <=1 CM A8
— What is the effect of varying geometric or flight parameters on the MoMs?

3.3 Select “BEST” PSC as Baseline Design

— How to use MoMs to select a Preferred System Concept (PSC)?
see the following slides

\77ad

68 CMA3 13 August 2024



VZ/~ | isEsanss. T Student Design Project Example

Selection of Preferred System Concept as Baseline Design

PSC Selection Process A g
and Criteria —#% e i

ITEM VANGUARD VULTURE
VULNERABILITY*, vulnerable area FT? 17 34 17
MISSION FLEXIBILITY, hardpoints 8 8 8
FLYAWAY COST, $M 13.4 14.0 15.0
OPERATIONAL COST, $/FH 3,360 3,400 3,660
LIFE CYCLE COST, $M 64 65 70
SPRINT SPEED, KNOTS 330 334 323
PROJECTED RELIABILITY, MMH/FH 8 8 10
GROSS TAKEOFF WEIGHT, LB 11800 12000 12200**

Source: 2020-2021 AIAA Vanguard Team (Lead: Snellings)
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VANGUARD: Preferred System Concept as Baseline Design

PSC Selection_#* — A

VT Student Design Project Example

Measure of Merit Weight VANGUARD VULTURE ANVIL
Value Normalized Value Normalized Value Normalized

Value Value Value
Survivability 25 17 0.500 34 0.000 17 0.500
Flyaway Cost 15 13.4 0.107 14 0.067 15 0.000
Mission Flexibility 13 8 1.000 8 1.000 8 1.000
Reliability 12 8 0.200 8 0.200 10 0.000
Sprint Speed 10 330 0.988 334 1.000 323 0.967
Operational Cost 10 3360 0.082 3400 0.071 3660 0.000
Life Cycle Cost 10 65.4 0.070 66.5 0.054 70.3 0.000
\?V'Z’IZ;: akeoff 5 11800 0.033 12000 0.016 12200 0.000

Weighted Sum 100 41.06 _ 35.17

NHA SDR Presentation | 12/02/20 | Slide 59
Source: 2020-2021 AIAA Vanguard Team (Lead: Snellings)
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VT e C-X ldentified Parameters for
Optimized Design for Different MoMs

RFP Objective: Design an aircraft to meet the following requirements
Range = 3,600 nm; Payload = 200,000 Ibs; Propulsion = 4 Turbofans at 30,000 lbs SLST (Nominal)

But designs differ when optimized for different MoMs (Measures of Merit)

Measures of Merit (MoMs)
MINIMUM MINIMUM | MINIMUM MINIMUM
ITEM GROSS | MINIMUM LIFE | ACQUISITION | FLYAWAY Lee/ MINIMUM | MINIMUM
WEIGHT | CYCLE COST CcoST cosT | PRODUCTIVITY DOC FUEL
GROSS WEIGHT, LB 504,000/ | 524,000 530,000 | 525,000 | 519,000 | 508,000 | 547,000
WING LOADING, LB/FT2 135 128 131 133 141 142 115
THRUST/WEIGHT 0.239 0.202 0.207 0.029 0.270* 0.238 0.191
WING ASPECT RATIO
STRUCTURAL 15°* 10.2 1.0 9.8 8.5 13.2 15*
AERODYNAMIC 8.5 9.9 10.1 9.5 5.6 8.6 14.2
WING LEADING EDGE SWEEP, DEG 41 10° 17 10 36 36 13
WING MEAN THICKNESS RATIO 0.122 0.128 0.150* 0.137 0.090* 0.090* 0.090
LIFE CYCLE COST, $B 17.7 16.6 16.8 16.7 18.0 17.7 18.0
ACQUISITION COST, $B 1.4 10.7 [10.7] 10.7 1.4 1.4 12.1
FLYAWAY COST, $M 435 40.9 40.9 [40.9] 436 43.6 46.1
LCC/PRODUCTIVITY, $/TON-MI-DAY 165 185 180 192 [153] 162 200
DIRECT OPERATING COST, $/TON-MI 0.0516 0.0587 0.0557 0.0563 0.0511 [0.0497] | o0.0567
FUEL, LB 115,000 | 127,000 133,000 | 123,000 | 138,000 | 119,000 |[111,080]
TAKEOFF DISTANCE, FT 8,000* 8,000* 8,000* 8,000* 7,380 8,000* 7,080
SECOND SEGMENT OEI CLIMB GRADIENT 0.0597 0.0454 0.0509 0.0444 0.0300* | 0.0579 | 0.0643
FAR FIELD LENGTH, FT 8,230 8,150 8,030 8,360 8,770 8,120 6,480
INITIAL CRUISE ALTITUDE, FT 32,600 | 28,000* 28,000* | 28,000 29,800 32,500 | 31,200
INITIAL CRUISE MACH NUMBER 0.782 0.645 0.642 0.655 0.8902 0.700 0.550
WING AREA, FT2 ‘ 3,706 4,094 4,046 3,055 3,631 3,577 4,757
WING SPAN, FT 177.5 201.3 2021 103.8 143.6 175.4 259.9
SLS THRUST PER ENGINE, LB 30,110 36,460 27,430 27,480 35,040 30,230 | 26,120
*BOUNDARY VALUE
CM A3 13 August 2024 Courtesy of Lee Nicolai




mmenas,  C-X Recommended Design
Concept Formulation Phase: ca early 1960s

\/a

C-X Preferred System Concept (PSC) as Baseline Design!

“Smgy— CFP Recommended Design
- 216.2 FT -
‘-— 62.5 rr—-.[

41
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Epilogue
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anreere | NFEE Essential Ingredients of
| Air Vehicle Design

1. The Science
The physics and mechanics ... F=ma, C; =Cy, + KC,?
The tools ... CATIA, CFD, FEM, NASTRAN, M&S, MATLAB, Simulink
Left Brain

\/a

2. The Art

The beauty ... the creative genius... the timeless elegance
“If it looks good ... it flies good” CLJ (Kelly Johnson)

Right Brain

3. The Process and State-of-Mind
Be passionate ... think out of the box ... horizons unlimited
Question, then meet the requirements ... work the MoMs
Be willing to compromise
Yearn for the unachievable

74 CMA3 13 Augist 2024 Courtesy of Lee Nicolai
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Appendix
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ey,  Archangel (eventual SR-71)
Initial Concept Models

VIRGINIA TE

Sep 1958 Archangel 2

Jul 1958 Archangel 1

2 Turbojets + 2 Ramjets

Nov 1958 Archangel 3 // Dec 1958 Archangel 4

/ /
/ \ - X{ e //
/ //// / / / //f/{
,/\// 5/{:;\/\‘
e T . ;/// - p
//f: zf\/i///{’// ke */ \T:’///////
,/<j/, - ' ’L{"'C;é/"/
(2) Turbojets +(2) Ramjets

X 1 Turbojet + 2 Ramjets

.
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\V/7alll Archangel (eventual SR-71)
| Initial Concept Models

Dec 1958 Archangel 5 Jan 1959 Archangel 6

JRW 2000

2 Turbojets + 1 Ramjet 1 Turbojet + 2 Ramjets

Jan 1959 Archangel 7

1 Turbojet + 2 Ramjets




ey,  Archangel (eventual SR-71)
Initial Concept Models

\/a

VIRGINIA TECH

Feb 1959 Archangel 10

Mar 1959 Archangel 11

2 Turbojets
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