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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

F1. Design: An Engineering
Discipline

F2. Systems and Systems Thinking

F3. Basics of Systems Engineering

F4. Decision Making with
Ethics and Integrity

Al. Purpose & Process

Conceptual Design

A2. Understand the Problem

A3. Solve the Problem

A4. Initial Sizing: Takeoff Weight
Estimation

Ab5. Initial Sizing: Wing Loading and
Thrust Loading Estimation

A6. Cost Considerations

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 CMAl
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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

Prof. Pradeep Raj, 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 material,

we regret any inadvertent omissions.

3 CMA1 28 September 2024



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)

28 September 2024



N/l The Book Of B enesis

"’from -~

“The Acrospace System Designers Bible
By W Gilldtle & J.H.McMasters

@And on the first day there was gravity and the spirit of Newton said
FaK =iy
and Matters became weighty.

@And then there was boundless energy and it was consdidated and
Einstein quoth:

E = try €°
and There was Motion, but it was merely transverse.
And on the third dqy,from the heavens,a voice cried out:
=[] (Cp-C ) dx d
q if ( ) T

and there was Lift.

Courtesy of McMasters, The Boeing Corp.

5 CMA1 28 September 2024



But on the fourth day, the Devil said:
Cp=Cpp. * C/rR e +ACp, +Dlpy*AC
Pai L Dp DM DP bugs

¥ (ACDBouvmcv) * CLS'\ﬂ X UPFLOW
- & Q;f(u'f)"af dz - 2[5 (Nanagemt Rl-q,u'\rcnnn‘()

+ ACDW' Cpmm - CDTR\P *Cpua™ 20 HO.T.+C

and there was Drag.
Bn the fifth day a Yy verce feom the widamess cried out:

“...don'f ‘(‘or’g‘zf 51’&5'1\[‘!'5 and cnﬂ’fro\.“
@And this was echced by varous muttitudes orying:

“ . envionmental cortrsl systams ground Support qu"p’kmff- %
£ar inte the night of e sucth day. and cte.

A nd onthe iask dag,the sprit of Maynard Kaunes prociaimed:

e who contirels 4he purse strings corfrslytae pelicy.”
and Yrare was Economic. RCA‘\*& Caviedh C“_“.r.‘\m”

6 CM A1 28 September 2024 Courtesy of McMasters, The Boeing Corp.
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Al. Purpose & Process

Al.1 Purpose of Aircraft Design

Al.2 Process of Aircraft Design

Al1l.3 Critical Importance of Conceptual Design (CD) Phase

Al.4 Proven CD Process

Al.5 CD Process Implementation & Keys to Success
A1.5.1 Become “Design Smart”

Al.5.2 Innovate

7 CMA1 28 September 2024



7/~ | imesimss.  What is the Purpose of Aircraft Design?

Answer: Meet a Need
Need, also termed Operational Capability, may be Explicit or Perceived.
Two examples below illustrate this.

“The strategic airlift capability of the armed forces is undergoing considerable
modernization to extend the life and augment the overall performance of the
current fleet. Just as this modernization has resulted in considerable mission
performance improvements over the previous generation of aircraft, it is expected
that the next generation will provide major improvements over the present
one. This RFP is for the design of a next generation strategic airlift military
transport with an assumed 2030 entry into service (EIS).”

- 2014-15 AIAA Undergraduate Team Aircraft Design Competition

“Researchers have been using Global Hawk-type UAVs to gather data during the
hurricane season to improve their computer models. The models predict storm
track with accuracy, but they are less accurate in predicting storm formation and
Intensification behaviors. Those types of predications require long-term
observations and measurements. The Global Hawk-type aircraft are limited to 24
hours endurance. This challenge asks students to design a new system of next
generation un-crewed aircraft platforms with much longer endurance.”

- 2013-14 NASA ARMD University Engineering Design Challenge

Meet a Customer Need Which is Typically Non-specific

8

CM A1 28 September 2024



COLLEDE BF ENGINEERING
KEVIN T. CROFTON DEPARTMENT OF
“.E,W‘.Efﬁ"“ OCEAN ENGINEERING

Customer Needs Generate Requirements

Requirements Typically Spelled Out in a Request for Proposal (RFP)

1st Military Aircraft RFP: 1907
SIGNAL CORPS SPECIFICATION, NO. 486

ADVERTISEMENT AND SPECIFICATION FOR A HEAVIER-THAN-AIR FLYING MACHD

To Tus Pusuic:

Sealed propasals, ‘a dupl will bo recelved st this ofos wniil 12 o'clock noos on February 1,
1808, on behatf of the Doard of Ordnanos and Fortifioation for fusnlshing the Signal Corpa witk »
hoavesr-Uinn Alr Byimg imnshine. Al propesals reosived will be terand over 10 the Board of Osduance
and Fartifanting 4t 128 first mesting after Fehirunry | for its of2inl action,

Parsont wishing 1 sabmit Propossls undur thin spseifizaliln O 97640 the natassary fonas sad
nvelopes Dy application ts Uhe Chiet Suwesl ORosr, Viltel Siies Aray, War Depaetment, Washingioa,
D¢ The United Staton ressrves the right o rejoct any and il proposals,

Unloys the bidders nes alss the mesutaotarers of Lau Sring mazkioe 1key must state the neme and
place of tho maker.

Pralovunary. < Tlin specifiow ion oovers (he conslriztion of & fyluy meatine mappurted snbirely by
the dynaeic reaction uf the stmophere And DAVIng 26 gwa Bng 3

Acreplance «~The fiying machioe will he scenped coly afrer a socoasafnl 1rial A, darlug wikich
1L will comply with all sequiremeats of this spacifiontion. No paymests ok accooot will be made uatit
After the teinl Sght and aecaplascs.

Taspechizn 'The Goveromest resarves the right 10 (nepect auy sad all provessas of manufuctisre.

Gererdl REgUIRENENTY.

The geasral limensicus of the Aying mmohlne will be determioel by the wanufecturer, subjeot to
the following econdittons
L Hididers mev anbalt witk their propossls the lollowisyg
[a} Drawings o acals showing the geaeral dlmonsiony aad shuge of the Eglog sadhine which
they proposs to bastd andes 1is apeci Nexilon
(5] Statamest of the spenl for which 1t Is Sasiyned
(2) Simtemoent of tho tobe! aurfnce ares of 1he pipposling plates
() Sixlemez of 1he total welght,
(¢) Desrsiption of the sugine wiizh will ba ased for mative powes
() Vhe material uf wiich tha frame, plancs, awl propeiees wiil e soastrested.  Planarecalved
will nat be shown 10 oiher whiers
2. It i losiralle that the fying machine absald e dos@nel so 1has it may e qulokly azd sasily
assamUind and waken npart and packed for trausportation ia army wagose. It shozld be empebie of
belng meemiled st pul ln epurtisg condition in nbout ote dour
J. The Sging machine must be desigiad (U carry two persons having a combined weight of aboat
350 pousds, aleo wafciant fuel for & Sight of 120 miles
4. The Bying machine shoull Se designed t2 have a speed of a1 loast forty mises par hour in stiil
air, hut bidders uss sebmit quotations In thar proposals for cost 'depesting upon 1he spoed attalnel
duoriog s trinl fight, necocding 10 the fellowing sosle
40 milea per hour, 10C par cant.
39 tniles per hoar, B0 per cont.
58 milem pac bousr, B0 per conl
4T mlles por hour, TO per gent.
A6 milen par honr, (0 par cent.
Lasa than 36 miles par hour rajsated,
41 milea par hoar, 110 per csnt.
42 mliee per botr, 190 per cent
44 milow par hoar, 130 par et
44 miles pot hoar, 140 per cent.

CMA1l

5. The spend seoomplished during the trial Aight will ba determinad 3y AKI0g AN Average of the
thine aver n inoaswred vocree of more tian fAve miles, apalast and wits the wisd. The time will be taken
by & Sying etarl, peaning the starting point st foll spend al Loth ends of she coure.  This taat sulijest
10 Auch mlditioant desails as the Chinf Signa) OMoar of the Army may prescribe at the tise

£, Laleen o % A trinl end Aght will b required of at lenst ome hour during which lime
the Aying machise waal restals continseasly I2 Uhe alr withoat dading 1t ahall retiarn 10 the starting
Prnt and land without any demage thal would pravest It Immediaaly sarting cpou ansther Bight
Doaring this teial Aight of ane honr 1t most b steered In all directioes without diffeuisy and at all thmes
unier parfect sontrel and aqailibrium

T Three trials will be allowed for apesd sa provided for la paragraphs 4 and & Thres trisk for
sadurniics ab provided foe in parsgeaph &, end both tewts must be completod within a peciod of thiry
Aayn trom Uss date of delivary, 'The axzpenms of the lesls ta s borans by the manafeciuser.  The plece
of dalivery 16 e Govarnment and trinl Sights will be st Foet Myer, Virginia

51t moudd be ao designad s to aacend |o any coentry which may e sncoustared In fald servion.
The starting device om bt simple and transportabie. It shaall alss Iand iu » S8l without requiring
& apecinlly pregased spat and withsoot damaying its structare.

B, 11 aheald Le provided with some Levios 10 parmit of » safe descent in case of an accidest o the
peopalling machizery.

10, 11 should be auSciontly aimple in it cOutroction Asd operalion te peemit an lotelligent man o
ecomae proficint in (% wee witkin a ressonabis leagth of fima.

11, Bidders must faeniah evidancs that the Gevernmont o4 1he United States kan the lawfsl right to
tae all patsnted deviews o sppurtedances which may boa part of the Byine machine, sl 1hat the
manafacturers of the fying macking sre authorised 10 couvey [he anne 19 e Governmout. This refers
10 the unresirietad vight 10 aso the Aying machiun sold to the Gorerument, bul doss net contenplate the
excdionlie purchane of patest rights foe duplioating the Nying maeline.

13 Wildars will e required to furmish with their proposel & cerlifad check amounting o lea
por cent of tha price atwted for the 4o-mile wpaed  Upon making the award for this fying mackiun
these certified chocks will Le returned te the bidders, acd he varosea’ul bidilar will be requimed to furnish
& bosd, socending o Aray Regolwi) of e equnl 19 the price siated for tho ¢>-miie speed,

18, I're prios qooted k= propoasls munl be usdentood 10 lnclule the iustruction of 1wo men In the
handliog sad operation of this A5ing machine. No axirs oharge for this service wiil be allowed.

14, Bifders must state Lbe e which will be required for dellvery after receipt of order.

JANES ALLEN,
Brigadier General, Chigf Signal Officer of tha Army.
Bioxas Ovmce,

Wasiaworos, D, C., Decamber &8, 107,

Key Aspects
350 Ibs. payload; 40 mph top speed
Easily transportable in army wagon
Cost: $25,000
Schedule: 7 months delivery

“Sole sourced” to Wright Bros.

28 September 2024

Source: Fig. 1.3, Ref. AVD 1 (Nicolai & Carichner)




\V/7allE = Wright Bros. Response to RFP:

AEROSPACE AND OCEAN ENGINEERING
VIRGINIA T

1907 SIGNAL CORPS SPECIFICATION, NO. 486
An Air Vehicle that Meets ALL Specifications

RFP-based Military Aircraft Procurement Process Has
Remained Essentially “Unchanged” Ever Since!

10 CM A1 28 September 2024 Source: Fig. 1.4, Ref. AVD 1 (Nicolai & Carichner)



\V/7adlE o Capstone Air Vehicle Design Project
“What have we signed up to do?”

Solve a “Connect-the-Dots” puzzle...
but one created for you, the younqg adults!

How is it different from a puzzle for kids?

You create the dots yourself (using clues from the RFP) and
you connect the dots yourself to create a design!
YOU DO IT ALL!

11 CM A1 28 September 2024



\Vy7alll Capstone Air Vehicle Design Project:
The First Day!

hgve been no scheduled supersonic
PP Uoessonic civil transport is for a premium-

¥d that the aircraft would carry 56100 passengers

tion on rontes such as Los Angele: ) -Singapore

passenger service
class trans-Pacific
in a first/business c}

(SIN) or San Francis e -Sydaey (SYD). These are extr -mnge outes (in
excess of 16 hours), and sxgmﬁcant time could be sa nRonic 3???[ it
may be impractical for a supersonic aircraft to fly non st d to

refuel en-route. .“es “
Requirements e‘

Althongh a major task of to determine customer
fequirements. some initi erfom ment‘ are:

* Range, at least 6

. Cr\usmg speed, KS ch 2.0
® Passengers, at least

This project will be completed in collaboration with Virginia Polytechnic Institute and

State University (better known as Virginia Tech) in Blacksbucg, Vit iginia, USA. On 22
Angust 2016, 7 final year students at Virginia Tech started work on this project. Approx.

§ students from AAE will also work independently on the design until November when T h t I I O H f)
there will be teleconferences to show progress and plan futice work. See the separate e u e S I O n I S . O W .
documents for this project for the full details.

There may be opportunities to visit and/or host the VT students acound Thanksgiving
2016 and/or Easter 2017 respectively.

12 CM A1l RFP: Request for Proposal 28 September 2024 BSP: Blank Sheet of Paper
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Al.1 Purpose of Aircraft Design

Al.2 Process of Aircraft Design

Al1l.3 Critical Importance of Conceptual Design (CD) Phase

Al.4 Proven CD Process

Al.5 CD Process Implementation & Keys to Success
A1.5.1 Become “Design Smart”

Al.5.2 Innovate

13 CMA1 28 September 2024



7/~ | im@iinss. “There’s a method to the madness!”
The only way to learn about design is to do design. But how to ‘do

design’? There is a process to do design that produces a quality
product, and the process can be learned.

* In engineering design, designer uses three types of knowledge:
A. knowledge to generate ideas—comes from experience and natural ability
B. knowledge to evaluate ideas—comes from domain-specific knowledge
C. knowledge to and make decisions and structure the design process—
largely independent of domain-specific knowledge

« Six basic actions are taken to solve any design problem

1) Establish the need—what is to be solved

2) Plan—how to solve it

3) Understand the problem—what the requirements are, and what existing
solutions for similar problems are

4) Generate alternative solutions

5) Evaluate the alternative solutions—compare them to design requirements and
to each other

6) Decide on acceptable solutions
Adapted from “The Mechanical Design Process” by David G. Ullman

This Model Works for Entire Product or a Small Piece of It

14 CM A1 28 September 2024




KEVIN T. CROFTON DEPARTMENT OF
AEROSPACE AND OCEAN ENGINEERING

A proven aircraft design process,
supported by appropriate tools, exists to

help you create innovative air vehicles
that best meet all customer needs.

15 CM A1 28 September 2024
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Aircraft Design Process

Three Phases: Conceptual, Preliminary, and Detail (or Production)

aka Detall Design

Conceptual Design Preliminary Preduction Design
Design
Requirenments Leaft Lot
and
Specilications
: J Wood Mockup Metal Mockup
¥ t t
T . Drawings
Conceptual : Selected Prelimina Final .
Candidate - 2 inary 1
slgn *| Configuration Design + Detail
3 Views Configurations Layouts Layouts L‘?;‘;?;ﬂ{'_.. - Assembly
y Y ry ry T - *  Installalion
Integraled
¥ * Wiring System
Wind . _
Engineen
:"Eg:ﬂ Lagoratorir;!;;
¥ Y L
Andlyile o Aeslysis

» Manufacturing

A schematic of the aircraft design process created in the late 1980s by
Sam Smyth, a Highly Experienced Lockheed Designer

Creation and Evaluation of Ideas Drive the Process

16

CMAl

28 September 2024




7/~ | mesemss. Typical Scope of Three Design Phases

* Conceptual Design (~1% of the people)

- Establish performance goals - Define design drivers

- Generate alternative concepts - Ensure concepts are feasible
and evaluate (i.e., meet requirements)

- Select Preferred concept - Generate 3 views

- Limited aerodynamic simulations

* Preliminary Design (~9% of the people)

- Refined sizing of preferred concept - Start using big computer codes
- Design examined/establish confidence - Do serious wind tunnel tests
- Some changes allowed - Make actual cost estimate

(you bet your company!)

 Detail Design (~90% of the people)

- Final detail design - Certification process

- Drawings released - Component/systems tests

- Detailed performance - Manufacturing considerations
(earlier now)

- Only “tweaking” of design allowed - Flight control system design

We ‘mimic’ the first two in our two courses (4065 & 4066).

17 CM A1 28 September 2024



7/~ | assmass., Three-Phase Aircraft Design Process:

Progression from RFP to Shop Drawings!

Phase |
Conceptual Design

Phase Il
Preliminary Design

Phase lll
Detail Design

/‘\ﬁ. “\

dilRe. - giEREne_

VS.

A 4 A
R ———— R e ———

30 L

- Basic Mission Requirements
« Range, Altitude, Speed
- Basic Material Properties

olp E/p  $/b

« Aeroelastic Requirements

« Fatigue Requirements

« Flutter Requirements

« Overall Strength Requirements

Local Strength Requirements
Producibility
Functional Requirements

Geometry Design Objectives
Airfoil Type Drag Targets
AR Weight Targets

tlc Cost Targets
A Etc.

A

Basic Internal Arrangement
Complete External Configuration
— Camber, Twist Distributions
— Local Flow Problems Solved
Major Loads, Stresses,
Deflections

Etc.

Detail Design

— Mechanisms

— Joints, Fittings & Attachments
Design Refinements as
Results of Test

Feasible Design

Mature Design

Shop Drawings

Desired output is generated by performing specific tasks.

28 September 2024

Courtesy of Dr. Lee Nicolai



DLLEGE OF ENBINEERING
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What is TRL?

@ NASA/DOD Technology Readiness Level

System Test, Launch

| |

& Operations
()]
| —
— System/Subsystem
— Development
®
) Technology
b Demonstration
@)
_ Technology
i Development
— Research to Prove
— Feasibility
)
i
(@) g:slc Te:h nology
e searc
L

m

TRLS

TRL 8

TRL7

Actual system t‘flight proven”]through successful

mission operations

Actual system completed and “flight qualified”
through test and demonstration (Ground or Flight)

System prototype demonstration in an operational

environment

System/subsystem model or prototype[demonstration

in a relevant environment)

Component and/or subsystem validation in relevant

environment

lenvironment|

Analytical and

characteristic

Component and/or subsystem

proof-of-concept

validation in laboratory

itical function and/or

Technology [concept and/or application formulated

Basic principles observed and reported

Higher TRL > More Mature > Less Risk

19 CMA1l

28 September 2024

Source: Fig. 1.4, Ref. AVD 1 (Nicolai & Carichner)
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VZ? ameeene N the Hands of Good Designers, the
o Design Process has Delivered...




7/~ | imsnsamss. Increasing Levels of Performance
Achieved with a Dramatic Increase in Cost

Tactical (Combat) Aircraft: unit cost has
Increased at a factor of 4 every 10 years
since the beginning of the aviation age!

“In the year 2054, the entire
defense budget will purchase
just one tactical aircraft... “
Norm Augustine,
LAW NUMBER IX,
Augustine’s Laws, 1983
Published by AIAA

Norm Augustine
Born 1935

I Augustine’s, not Moore’s law 2]

ca
US combat aircraft O Estimated

..
(=}
-

F-22 Raptor o
(o]

&
F-15 Eagle”// £-35 ISF

p.51 ™ F-18 Hornet
Mustang

2

: F-14 Tomcat

S 9

F-16 Falcon
10°

i’ P-40 Kittyhawk
7@ Wright Model A
10’ T T T L | T T T T T T T
1910 30 50 70 90 2020*

3

Aircroft unit cost, $, log scole

Sources: Norman R.
Augustine; John D. Christie *Forecast

Source: The Economist, 2010

Commercial Aircraft: trend of increasing cost has been basically the

same as for military aircratft.

We Face a Daunting “Affordability Challenge”

22 CMA1 28 September 2024



Vi | ssmes. Key to Affordability is
Reduced Life Cycle Cost (LCC)

Three Components of Life Cycle Cost

60

50
50 A

40 -
Approx.
% of LCC | 30

20
20

10 A

Desigh & Test Production 0 & S (Operations & Support)

Production + O & S Costs = ~80% of LCC

Design & Test = Only ~20%!

23 CM A1 28 September 2024



7/~ | isesimss. Nearly 70% of Life Cycle Cost (LCC)is
Committed in Conceptual Design Phase

100
95
Detailed
Pesign
Preliminary
ESIg
= Impact On Cost /
CUI w C’J?
Design
- Cost

“concept
esign

85

70

50
Cumulative % of

LCC Committed

Cumulative Percent Of Life Cycle Cost

n-—"'-'-'-'-'-‘

Milestones | ] 1] 10C Out of Service
Calendar Time (Not to Scalg) =————

Source: Defense Systems Management College, 3 Dec 1991

Early Design Decisions Have Disproportionately Large

Impact on Life Cycle Cost

24 CM A1 28 September 2024




7/~ | mssames. Typical Government Acquisition Program

AEROSPACE AND OCEAN ENGINEERING
VIR

BEsign to Cost : Manage to Cost

100

75
Cum
Percent 50

Actual Funds Spent
0 0 2 4 Y, 6 8 10
Concept ears
PD Design Phases
Detail
Development
Production
| RDT&E |
’7 Production
|—— Operations
Acquisition Schedules (DoD 5000.1/.2) P
~ 705 Conceptual Validation FSD Production
© O ©, ®  oc
Concept i
90's Exploragon PDRR EMD Production
7706;‘7 Concept Tech  System Dev Production & Operation &
i Refine Dev & Demo Deployment Support
A B C 10C

Figure 1.16 Design phases integrated into the entire government program.

25

CM A1 28 September 2024 Source: Fig. 1.16 Ref. AVD 1 (Nicolai & Carichner)
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The outcome of
the Conceptual Design (CD) Phase
essentially determines
the Quality and Cost of the aircraft.

Good Decisions Early

P

Higher Quality and Lower Costs Later

26 CM A1 28 September 2024



N7/ | imasmmss, INVesting More in Early Design to Make
Good Decisions is Highly Desirable

Spending
Profile #1 -
Traditional

Spending
Profile #2-
Desirable

BIJIETES

arIy Design Development & Test Production

TIME ﬁ

Spending Profile #1: Traditional
Spending Profile #2: ~ Three times the Early Design Budget of Spending Profile #1

Dollars spent on trades, iterations and design changes in early
stages of design result in reduced program cost downstream

But It’s Extremely Difficult to Realize in Practice

27 CM A1 28 September 2024 Courtesy of Lee Nicolai



7/~ is@mess.  Your Challenge in a Nutshell

Successful Designs require Good Decisions [Early]

Sound Judgment requires Extensive Experience

If you have little or no experience, pursue 2 options:

1. Consult with subject matter experts (SMES)

2. Work with a competent Devil’s Advocate*
to increase chances of making Good Decisions!

*someone who is not shy about asking tough questions

28 CM A1 28 September 2024



COLLEDE BF ENGINEERING
KEVIN T. CROFTON DEPARTMENT OF

RERDSPACEANO OCLAN ENGINEERIG Outline

\/a

Al. Purpose & Process

Al.1 Purpose of Aircraft Design

Al.2 Process of Aircraft Design

Al1l.3 Critical Importance of Conceptual Design (CD) Phase

Al.4 Proven CD Process

Al.5 CD Process Implementation & Keys to Success
A1.5.1 Become “Design Smart”

Al.5.2 Innovate

29 CMA1 28 September 2024



7/~ | imeiensis.  Aircraft Conceptual Design (CD) Process

+ Radius Payload
Mission + Payload Speed

Trades + Speed Radius
| Customer | + Box Size

Evaluate * Hover
Req/ConOps Time
« Etc.

\ 4

ICD Negotiate
l With Customer

Proposal

. Selection
Mission Criteria
i [ Iterate

[ t No. 1 Design
+ Design Guidelines oncept Mo Back to

- Radius Configuration <)
Concept of Y
Operations P| ; Payad H Sketches :q

Technology
Trades

+ Signature f ‘
r_* = 4-__I Point

System Approach T Technology Design
* Tactics Measures of Merit
+ Support Aircraft .
+ ECM + TOGW

Stealth Initial .
. Subsystems « Targets KillediLCC| | 2:2"“'5'“ Sizing « Performance . TsFC
+ Etc. * Etc. | + Signature  Engine TW
I l * Subsystems Trade Results + Empty Weight
Functional Inputs + Risk Analysis With Customer < Cp
« Aero _Selec? @ * Req Analysis/Allocation A . LD

TFSC

+ Materials A\ 4

* CLmax
* Etc.

. Configuration(s) « SE Results
Design Trades |€————— ‘I;Vr;zﬁltsslon * Man. Plan

+ Mat/Structure + RM&S

\ 4 .
e Si + LCC Analysis
Select MoM wis Signature

Preferred
Configuration

« TIW + Etc. + System Sp_ec
+ AR + Test Planning
+ Sweep « TRL=2-3 -
+ Etc.

WIS ¢ * Assessment

Y Preliminary
Baseline Design
Design

A Proven and Well Understood Process!

Adapted from Dr. Lee Nicolai’s lecture slides
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Y/ | st Air Vehicle CD Process:
Three Major Steps

1. Comprehensive Understanding of the Problem (Initial Step)

« Develop a thorough understanding of the problem which facilitates, and
culminates in, the development of Design Guidelines

2. Generation of Feasible Concepts (Intermediate Step)
« Create multiple viable concepts based on Design Guidelines

« Discard the infeasible concepts, and select the feasible ones as a set of
Preferred System Concepts (PSCs)

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

« Select the best PSC as Baseline Design through comprehensive
parametric analyses and trade studies

Note: In this course, we use the following definitions:
* Viable—capable of becoming actual: ‘we think it should work’
* Feasible—realizable: ‘we know it should work’

Each Step Requires lterative Decision Making!
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7/ | imssmass, Alrcraft Conceptual Design Process:

1.

Nature of Decisions

Comprehensive Understanding of the Problem (Initial Step)

Define the Need: Analyze RFP to determine what must the system do (target
capabilities)? How well? Under what conditions? What is the product? When to deliver?
Determine Requirements and key Design Drivers: performance, cost, safety,
environment, etc. Firsg

Identify the customer and their Measures of Merit (MoMs) F"Hy Ulld ’
Determine Proposal Selection Criteria: both technical and the p el‘stand
programmatic, based on requirements & MoMs l’ObIem
Develop Design Guidelines

Identify competition: who/what do we have to beat?

T
Generation of Feasible Concepts (Intermediate Step)h@m and @Eﬂﬂy TZZD@
il

Create multiple viable concepts that could solve the problem B@gﬁm to S@Z] 7
Develop feasible concepts using engineering analysis, design, and decision-mg@nﬂ@
tools

Pick a few “good” ones as a set of preferred system concepts (PSCs) using
appropriate selection criteria

Selection of Best PSC as Baseline Design and Quit (Final Step)

Select the best PSC as Baseline Design using results of parametric and trade
studies along with customer’s MoM’s and proposal selection criteria

There are no right answers, only a best answer at a given point in time!
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Y/ | st Air Vehicle CD Process

* Radius Payload
Mission + Payload Speed
Trades * Speed Radius
Customer * Box Size
Evaluate * Hover

Req/ConOps @' Time - 0 +5 +10
* Etc.

Negotiate
With Customer

Proposal

. Selection
Mission Criteria
i [ Iterate

c t No. 1 Design
+ Design Guidelines oncept No Back to

- Radius Configuration <)
Concept of ol .
Operations P| . Payoad Sketches :q

Technology
Trades

+ Signature é
[ Ee I Point

Design

System Approach T Technology
* Tactics Measures of Merit| |, yaterials w‘
* Support Aircraft | |+ LCC . Stealth
+ ECM + TOGW

) Initial .
+ Subsystems + Targets KilledLcC| | ; ProPUIsion Sizing + Performance - TSFC
* Etc. « Etc. ) + Signature + Engine TW
$ l + Subsystems Trade Results + Empty Weight
] Functional Inputs Select * Risk Analysis | With Customer * Gy
« Aero oelect @ * Req Analysis/Allocation A - LD
Configuration(s)

TFSC

‘ chax
* Etc.

. . + SE Results
Design Trades |€———— CJ;ZEEO" * Man. Plan
+ Mat/Structure * RM&S
\ 4 \Eﬁl ;
MoM TW . ws | - signature < Yﬁ@ LCC Analysis
Select CTW .« Etc. + System Spec
Preferred 1 . AR + Test Planning
Configuration @ % + TRL=2-3
+ Sweep Risk
+ Etc. @ @ﬂ N@ * S
@mg S@ Assessment
\ 4

- \\\ ﬁ@ PreDIim_inary
BS::ilgljrr‘\e % &6) esign

NOTE: The Process Only Depicts the WHATSs, Not the HOWS.
You Choose the HOWS!
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\V/7adll Aircraft CD Process: The HOWSs!
o “Top Down” — 3 Steps

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 Choose 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 Create 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, if possible
3.3 Compare feasible configurations using MoMs and select “best”!
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COLLEDE BF ENGINEERING
KEVIN T. CROFTON DEPARTMENT OF

AERDSPACEAND OCCAN ENGINEERING Outline

\/a

Al. Purpose & Process

Al.1 Purpose of Aircraft Design

Al.2 Process of Aircraft Design

Al1l.3 Critical Importance of Conceptual Design (CD) Phase

Al.4 Proven CD Process

Al.5 CD Process Implementation & Keys to Success
A1.5.1 Become “Design Smart”

Al.5.2 Innovate
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7/~ | mssamess. Alrcraft CD Process: Implementation

« Define Design Project Scope (what tasks the team needs to do)
— Using ‘The HOWS’, develop a list of tasks & subtasks that need to be

performed (work breakdown structure or WBS)

o Compile a list of questions that the team needs to answer for each task and subtask
o Once the questions are answered, consider the task or subtask complete!

o Determine products or results to be delivered (to whom, and when)

 Develop Design Project Schedule (when the team needs to do the tasks)
— For each task and subtask, determine when it must be completed so that the
project schedule and deliverable requirements can be met
— Make a Gantt chart to show the WBS with milestones and durations
« Estimate Design Project Cost (who on the team will do the tasks)
— Allocate available [human] resources to various tasks based on the scope and
schedule of each task
 Develop a Project Organization Chart (how to ensure on-time completion)
— Organize the team in a way that ensures efficient execution of all tasks
— Clearly define everyone’s roles & responsibilities

See CMs in Part lll. Project Management Topics
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OLLEDE OF ENGINEERING
KEVIN T. CROFTON DEPARTMENT OF
AEROSPACE AND OCEAN ENGINEERING

As you roll up your sleeves to implement
the CD process in earnest, let’s consider
two additional topics that are key to
successful outcome:

(1) “Design Smart”

(2) Innovation

Both are essential to ensuring that project
scope is accurately defined and associated
tasks are properly executed

37 CM A1 28 September 2024 Source: Fig. 1.11, Ref. AVD 1 (Nicolai & Carichner)



OOLLEDE OF ENBINEERING
KEVIN T. CROFTON DEPARTMENT OF

AERDSPACEAND OCCAN ENGINEERING Outline

\/a

Al. Purpose & Process

Al.1 Purpose of Aircraft Design

Al.2 Process of Aircraft Design

Al1l.3 Critical Importance of Conceptual Design (CD) Phase

Al.4 Proven CD Process

Al.5 CD Process Implementation & Keys to Success
A1.5.1 Become “Design Smart”

Al.5.2 Innovate
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{4 LEGE OF ENGINEERING (14 - J)
Y | s, Become “Design Smart”!

Two Characteristics of “Design Smart” Individuals

1. They have good understanding of why airplanes—especially
those performing your class of missions—Ilook the way they do

2. They gather lots of sources of information about potential

approaches to achieve the desired functionality of the
Integrated system—the air vehicle you need to design

Become “Design Smart”—Your Key to Success!
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7l How to Become “Design Smart”?

Read “Case Studies” that you can find
(some are in primary and supplemental references)

Learn the pros and cons of available options for
all elements that are integrated into
a full aircraft system.

Keep Your Focus on the INTEGRATED System!

40 CM A1 28 September 2024 Source: Fig. 1.11, Ref. AVD 1 (Nicolai & Carichner)



7/~ | aaeeiamss. How well can you answer two questions?
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V77~ |issisemss,  Why Such Widely Ditferent

” Air Vehicle Systems?
 Perform Desired Mission: Not all airplanes are well suited for a mission

o Shape and size dictated by

_ Alr :
= How far? How fast? How high? Clja& deSIgns must py,
= What and how much to carry? IS;IOH Performanc o et
= What are the landing and takeoff requirements? eq“1rements

= Are there any maneuver/acceleration requirements?
= What MIL or FAR requirements must be satisfied?
« Select Best Configuration Option: Different design teams make
different Design Decisions
o Fuselage shape and size: what and how to package “stuff’?
o Lifting surface size, shape, location: how to best meet RFP requirements?
o Propulsion system type and location: what best meets RFP requirements?
o Empennage type and location: what's the best way to ensure a balanced

system? We have to, many choie
o Landing gear type and arrangement: what's best? €ach and myst decide S for
o Etc. one 1s best £, Which

r .
Different Design Decisions Produce Different Aircraft Our design|

(Even for the Same Mission!)

Must Create ‘Best’ Airplane to Meet Customer Needs!
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COLLEDE OF ENGINEERING
W KEVINT.C&DF‘IOND(PARIMENTOF
meesemanenne At the End of the Day...

...it’s all about the decisions throughout the design process!

28 September 2024 Source: Fig. 1.11, Ref. AVD 1 (Nicolai & Carichner)




(A LEOE ENGINEERING - -
\ 77l Airplane Design

“Basic Laws”

e Simplicity is the essence of true elegance—
- it can also save weight and/or reduce cost.

* If you can't build it, you can’t sell it.

- John McMasters, Boeing

“Good Airplane”

Aerodynamically efficient, including propulsion integration (streamlining!)
Must balance near stability level for minimum drag

Landing gear must be located relative to cg to allow rotation at TO
Adequate control authority must be available throughout flight envelope
Design to build easily (cheaply) and have low maintenance costs
Environmentally friendly: quiet, low emissions, sustainable

44
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ALE0E ENGINEERING . .
\ 77l Airplane Design

To Design Good Airplanes, Ask the Type of Questions Listed Below
and Find Answers

 For aerodynamically efficient concepts
o Where do you locate the wing? What shape and size of the wings?
For efficient propulsion integration with the airframe
o What type of engines? How many?
o Where do you locate the engine(s)?
o Meet noise regulations? Low (zero!) emissions? sustainable
For adequate control authority throughout the flight envelope
o Where do you locate the empennage?
o What kind of control surfaces? Where?
For safe ground operations as well as takeoff and landing
o What is the right type of landing gear?
o Where to locate it?
For an airplane that someone is willing to buy
o How to design to build/ manufacture easily and inexpensively?
o How to make it more reliable and have low maintenance costs?

Some Examples Follow to Get The Ball Rolling

Source: Adapted from W.H. Mason’s Aircraft Design Lectures
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V7 | isimns. Military Aircraft: F-22

RGINIA TECH

Mission: Air Dominance, Multi-role Fighter

Length................ 62 ft
Height.............. 16.67 ft
Wingspan............ 445 ft
WingArea............ 840 ft?
Horizontal Tail Span. . .. .. 29 ft

Engine Thrust Class. . . .35,000 Ib
Max Takeoff Weight. . . .83,500 Ib

............... Mach 2 class

AIM 9 SIDEWINDER

AIRTO-AIR MISSILE

MICHELIN AIR-X
STEEL-BELTED RADIALS

Source: http://www.f22fighter.com/Specs.htm
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\V/7lll o Military Aircraft: F-22
| General Characteristics

Contractor: Lockheed-Martin, Boeing

Power plant: two Pratt & Whitney F119-PW-100 turbofan engines with afterburners and
two-dimensional thrust vectoring nozzles

Thrust: 35,000-pound class (each engine)

Wingspan: 44 feet, 6 inches Length: 62 feet, 1 inch Height: 16 feet, 8 inches
Weight: 43,340 pounds

Maximum takeoff weight: 83,500 pounds

Fuel capacity: internal: 18,000 pounds; with 2 external wing fuel tanks: 26,000 pounds
Payload: armament air-to-air or air-to-ground

Speed: Mach 2 class with supercruise capability

Range: more than 1,850 miles ferry range with two external wing fuel tanks (1,600
nautical miles)

Ceiling: above 50,000 feet (15 kilometers)

Armament: one M61A2 20-millimeter cannon with 480 rounds, internal side weapon
bays carriage of two AIM-9 infrared (heat seeking) air-to-air missiles and internal main
weapon bays carriage of six AIM-120 radar-guided air-to-air missiles (air-to-air loadout) or
two 1,000-pound GBU-32 JDAMs and two AIM-120 radar-guided air-to-air missiles (air-
to-ground loadout)

Crew: one

Unit cost: $143 million

Initial operating capability: December 2005

Inventory: total force, 183 Source: https://www.af.mil/About-Us/Fact-

Sheets/Display/Article/104506/f-22-raptor/
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AEROSPACE AND OCEAN ENGINEERING

\V/7adlE 5 e Commercial Aircraft: B-737-800

Source: https://www.delta.com/us/en/aircraft/hneinn/737-200

VIRGINIA TECH

Mission: Air Transportation (passengers or cargo)

.............. 41 ft21in
117 ft5in
2,835 miles
1,341.2 ft?
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Source: https://thelexicans.wordpress.com/2013/07/24/cutaway-thursday-boeing-737-800/
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COLLEDE OF ENGINEERING

KEVIN T. CROFTON DEPARTMENT OF
AEROSPACE AND OCEAN ENGINEERING
VIS NIA TE(

Al1l5.1.1 Fuselage
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(LLEGE OF ENGINEERING
§ 37‘2 F KEVIN T. CROFTON DEPARTMENT OF F |
AEROSPACE AND OCEAN ENGINEERING use ag S

Shape and size dictated by the
“Stuff”’ that needs to be “Packaged” "

o Payload

— Passengers
— Cargo
= Luggage + Revenue Cargo

= Flat pellets
— Crew Compartment

o Subsystems

— Fuel

— Landing Gear

— Avionics System

— Power System

— Hydraulic or Pneumatic or
Electrical Actuation Systems

— Environmental Control Systems

o Other
— Wing Carry Through
— Armament

Size of weapons bay and embedded

engines would have major influence
on fuselage shape and size

50 CM A1l 28 September 2024 Image Source: Internet



V7 | ismemes. Examples of Fuselage Interiors
Boeing 737-800 Passenger Cabin

O B e $ fl# A [ ¢
United First* Economy Plus® Economy In Seat Power Exit Row bt Doors Lavatory Closat Galley
A 01 02 03 04 0795_4011 12 14 15 onz‘zzzsznzslz_g_y__‘29303132313§363738 A
SR8 02K o0 ]/]]eT e el
—el ol ja) | ininln]niuinlninisninls|niniele i
c FE EBOBEREIOODOOUIOOOOOOOOOQ
ol 0@ E EEE @ | o[zl=ffaa}a]a|afafaia)a|alsls(T
. . . Bl EEDEE00C00000000000000
v (13} 02 03 04 07 o08 1011 14 15 20 21 22 23 24 25\26 27 28 29 30 31 32 34 35 36 37 38 v
. o8
. C-5 Galaxy Main Landing Gear
C-5M Super Galaxy Cockpit

Stowed inside the LG bay during flight
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COLLEDE OF ENGINEERING

KEVIN T. CROFTON DEPARTMENT OF
AEROSPACE AND OCEAN ENGINEERING
VIS NIA TE(

Al5.1.2 Wing
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o7l Wings (Lifting Surfaces)

What determlnes wing placement: low, mid or high?

Focus: Best Integrated Solution to Meet Design Objectives

53 CMA1 28 September 2024 Image Source: Internet



0| F 08 ENGINEERING ] L] =
\ 77l Wing Size Dilemma

- Efficient cruise implies C, close to the C, for L/D,,,.

(if drag rise were not an issue, C, for max range would be
much less than C, for L/D

max)

« Wings sized for efficient cruise require very high max lift
coefficient, C; _orlong runway to land.

54 CM A1 28 September 2024 Source: Adapted from W.H. Mason’s Aircraft Design Lectures



\ 77l Why Sweep the Wing?

Subsonic (usually small sweep)
e Adjust wing aerodynamic center (AC) relative to cg
e On flying wing, get moment arm length for control

Transonic (significant, 30 ° to 35° sweep)
* Delay drag rise Mach number (compressibility effect)
- What is the drag divergence Mach no.?

Supersonic (large, 45° to 70 ° sweep)
* Wing concept changes from subsonic or transonic designs
- must distribute load longitudinally as well as laterally
* Reduce cross-sectional area and area variation of the
Integrated concept
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COLLEDE OF ENGINEERING

T T Why Variable Sweep?

VIRGINIA TECH

\/a

« Swept back: low supersonic
drag, good

— “on-the-deck” ride
qguality

 Unswept position: low
landing speed (carrier suit.),
efficient loiter

* Optimum sweep back
available over transonic
speed range

But: adds weight/complexity, currently unfashionable

56 CM A1 28 September 2024 Source: Adapted from W.H. Mason’s Aircraft Design Lectures
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RGINIA TECH

anipemiemers.  Why Three Lifting Surfaces?

Piaggio Avanti

Can trim with near minimum drag over wide c.g. range
But if you can make a design with two surfaces, why use three
— Adds cost, weight, wetted area

Sometimes, efficient component integration leads to three
surfaces to save weight
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(LLEGE OF ENGINEERING -
KEVIN T. CROFTON DEPARTMENT OF Wh W I
Q’ 2; AEROSPACE AND OCEAN ENGINEERING y IN g et S ?

Nearly equivalent to span extension w/o increased root bending
moment

Used where span limitations are important

Good wingtip flow crucial to low drag

The local flowfield is extremely nonuniform, to work

Requires advanced computational aerodynamics methods to design
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| KEVIN T. CROFTON DEPARTMENT OF I I P,
3 N MEN
I | e, Why a Flying Wing~

Removing fuselage can
Improve aerodynamic
efficiency

— But, payload volume
distribution is still an issue

Synergistic effect with relaxed
static stability

Military: low stealth

Commercial: distribute load,
reduce weight but, limited cg
range
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7/~ | isssanss.  Options Beyond Cantilever Wings

Truss-braced Wing
. o e ‘ Blended Wing-Body

60 CMA1 28 September 2024 Image Source: Internet



COLLEDE OF ENGINEERING

KEVIN T. CROFTON DEPARTMENT OF
AEROSPACE AND OCEAN ENGINEERING
VIS NIA TEC

Al1l.5.1.3 Propulsion
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\V/7adl T Propulsion System

VIRGINIA TECH

What Determines Type & Location? Best Way to Meet Design Objectives!

. AR EIAY L CANRTRA R
'

1. Type: jet, propeller, hybrid electric, electric

2. Location: accessibility, efficiency, safety,...
28 September 2024 Image Source: Internet




COLLEDE OF ENGINEERING

KEVIN T. CROFTON DEPARTMENT OF
AEROSPM:EXANO OCEAN ENGINEERING
VIR NIA TEC)H

Propulsion System Types

« Two Main Options to produce forward thrust

1.

Propellers

o Powered by reciprocating piston

engines, gas turbines (turboprops),

or electric motors

o Keeping tip speed less than sonic

restricts practical use to flight

speeds < 500 kt

2. Jet Engines

o Variants include turbojets; afterburning

turbojets; and turbofans

o Can operate supersonically to Mach 3.5
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Turbofan
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\V/7alE Hybrid-Electric Power Train

AEROSPM:E’ANO OCEAN ENGINEERING
VIRGINIA TECH

Several Hybridization Options to Integrate IC Engines with Electric Motors

Battery / Fuel Cells

Battery / Fuel Cells u

¥ Fuel Battery/
Fan’/a\\,\ Fuel Cells

Source: Figure 4.1 https://www.clean-aviation.eu/clean-aviation/our-energy-efficiency-and-emission-reduction/our-strategic-research-innovation-agenda
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| COLLEDE OF ENGINEERING

7/~ | imssssmss  Propulsion System Location

 Engines in pods on wings

= Load relief on wing: weight savings = Accessibility for service (maybe)
= Safety = Can be low drag

* Propulsion for lift control
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COLLEDE OF ENGINEERING

KEVIN T. CROFTON DEPARTMENT OF
AEROSPACE AND OCEAN ENGINEERING
VIS NIA TEC

Al.5.1.4 Empennage
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VI~ | s Empennage

Ensure longitudinal and lateral stability, adequate control power, and
spin recovery throughout the mission

Many Options!

~ o+ o ——mmeey

Canard and vertical

- Horizontal (éft) and 3§

Choose the Best Option to Keep the Integrated System Balanced
Throughout the Mission

67 CM A1 28 September 2024 Image Source: Internet



7/~ | imesemss. Empennage Sizing Considerations

Vertical Tail

« Sized by one or more of the following criteria

o Landing and Takeoff—one-engine-out or severe crosswind conditions

o Maneuverability—required maneuverability for a fighter aircraft

o Subsonic Cruise Directional Stability—directional stability derivative Cnﬁ> 0; typical
values are 0.08 to 0.17 per radian at 0.8 Mach number

o High-speed Directional Stability—For M > 2, tail might be sized to have a minimum
value of 0.08 for C, ;

Horizontal (Aft) Tail

Sized by one or more of the following criteria

o Landing and Takeoff—Ilarge enough to rotate the aircraft at takeoff speed, and trim it
at low speeds for landing approach

o Maneuverability—for fighter aircraft, C., , should be near zero even positive (with SAS)

o Static Longitudinal Stability—static longitudinal stability derivative C,, < 0 at all flight
speeds; should not be too negative to ensure reasonable trim drag; typical values are
between -0.7 and -1.4 per radian

o Low Trim Drag—trim drag should be < 10% of total aircraft drag
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\ 77l Why Canards?

e Trim surface carries positive load for positive g maneuvers
 Reduces subsonic-supersonic ac shift

 Drawback: downwash from canard unloads wing
(for forward swept wing this is good)

e If balanced stable, C, on canard is much higher than the wing
o balanced unstable, control system design very expensive

o acceptable high angle of attack lateral/directional characteristics
hard to obtain

o When to use? severe supersonic cruise/transonic maneuver
requirement

o Not Stealthy

69 CM A1l 28 September 2024 Source: Adapted from W.H. Mason’s Aircraft Design Lectures



COLLEDE OF ENGINEERING

KEVIN T. CROFTON DEPARTMENT OF
AEROSPACE AND OCEAN ENGINEERING
VIS NIA TEC

Al5.1.4 Landing Gear
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W KEVIN T. CROFTON DEPARTMENT OF L an d | N g G ear

AEROSPACE AND OCEAN ENGINEERING

Numerous considerations in choosing type & arrangement
Tricycle = Tip back and turnover

= Light weight

= Static and dynamic loads

Tricycle

= Runway surfaces
» Floatation

= Stability during taxi and
takeoff, and during
touchdown and braking

= Ground maneuvers

= Steering qualities

71 CMA1 28 September 2024 Image Source: Internet
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OOLLEDE OF ENGINEERING
KEVIN T. CROFTON DEPARTMENT OF

AERDSPACEAND OCCAN ENGINEERING Outline

\/a

Al. Purpose & Process

Al.1 Purpose of Aircraft Design

Al.2 Process of Aircraft Design

Al1l.3 Critical Importance of Conceptual Design (CD) Phase

Al.4 Proven CD Process

Al.5 CD Process Implementation & Keys to Success
A1.5.1 Become “Design Smart”

Al.5.2 Innovate
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DLLEGE OF ENBINEERING . .
\ 77l What is Innovation?

* Developing new value for customers through novel
solutions that meet new needs, inarticulate needs, or old
needs in new ways.

* Integrating or applying better and novel ideas or methods
o It's not creation of those ideas or methods—that’s Invention

 Doing something different

o It's not doing the same thing better—that’'s Improvement

Capstone Design Project offers
An Excellent Opportunity to Learn to Innovate

Ability to Innovate:

Your key to “Owning the Future”

73 CMA1l 28 September 2024 Source: Internet



7/ |mssmass, A Few Innovative Aircraft Concepts

https://www.boeing.com/features/2019/01/spreading-our-wings-01-19.page

Driven by Novel Technologies for Sustainable Aviation

74 CM AL httpsd/yupimbasagaaVv/aero/industry-provides-nasa-with-ideas-for-next-x-plane
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COLLEGE OF ENBINEERING
V? RERDSFACE ANDDCLAN ENGINERNG How to Innovate?

Don’t Just Do It...Ask:
“How might we do it differently?”

An Example of Skunk Works® Innovation
Advanced Composite Cargo Aircraft (ACCA)

Program Manager:
Mr. Mike Swanson
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W KEVIN 1. CROFTON DEPARTMENT OF 1
AEROSPACE AND OCEAN ENGINEERING A C C A G enesis

Customer (AFRL) Needs and Wants

 Prepare for a Future Cargo Aircraft Paradigm Characterized by
o Low Cost/ Low Rate Production
o Manufactured With Composites
o Large Scale Vehicle

« Conduct a Program to Mature Critical Technologies
o Advanced Composites
o Novel Structural Concepts
o Low Cost Fabrication
o Rapid Manufacturing
 Program Objectives
o Design in 5 Months, Build & Fly in 18 Months
o On Schedule, On Budget
o Budget: Not to Exceed (NTE) $50M
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(U LEDE OF ENGINEERING
KEVIN T. CROFTON DEPARTMENT OF

AEROSPACE AND OCEAN ENGINEERING
~ An Impasse!

Estimated cost to build and fly a new composite airplane:
approx. $350M

o Not much room to trim the cost of designing, building, and flying
a new composite airplane—the traditional way

Customer budget: not to exceed $50M

How to bridge the large gap? INNOVATE!

Break the Impasse by Asking

“How might we do it differently?”

77

CMAl
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7/~ | eiimss. Advanced Composite Cargo Aircraft

« Do we have to build a whole new airplane to meet the needs?

D0O328J

Replace just the fuselage and vertical tail with
composite builds; retain the rest

Cargd ircra;‘t Innovation at its Best!
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7/~ | iesimss. ACCA Team Designed and Built
Advanced Composite Fuselage and Vertical Tail

D0-328J Fuselage and Vertical Tail

Vertical Tail Leading .~ D0-328J Horizontal Stab

Edge (4 Parts)
Do-328J Wing/v /Do-328J Rudder

Vertical Tail Assy (62 Parts)

Ve
Upper Fairings (20 Parts) v ' /;i"" +—— Upper Fuselage Skin
Cargo Floor (30 Parts) o /, Tail Fairing (2 Parts)

-

Main Frame Assy \ /
Lower Fuselage Skin And o % Cargo Door (29 Parts)

Frames (113 Parts) Ba o /
‘c“" L
Do-328J Flight e d
4 w" 1:

\“."9-," Do-328J Main Landing Gear
- ‘\' Main Landing Gear Fairings
And Doors (40 Parts)

Station

Unitized Structure: 90% Reduction in Structural Parts
Elimination of 15,000+ Fasteners

28 September 2024




VZ/~ | s, ACCA Key Project Milestones

P

- T
L at S,

November 2007: Jet-2 Fuselage Skin wind Tunnel Comp'osite.FuseIége
Lands in Palmdale Fabrication Testing Assembly

Mating of Cockpit  Aircraft Re-Assembly Flight Station June 2, 2009: First

20 Months — Landing to Takeoff!
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VZ/~ | issEimss |f You Don’t Innovate...Someone Will!

The iPhone is commonly referenced as a first-of-its-kind device that
revolutionized the way we navigate the world. But in his new book, The One
Device, Brian Merchant argues that Apple's breakthrough product was less a
stroke of genius and more a ''container ship of [pre-existing] inventions." By
the time the iPhone debuted, in 2007, Finger Works had figured out multi-touch
keyboards, Nokia's phones were playing music and running apps, and IBM had
birthed and buried its own smartphone, the Simon.

So what set the iPhone apart? Steve Jobs' insistence on intuitive design was a
huge factor. So was timing. In 1992, when IBM unveiled the Simon, hardware
was bulky and wifi was essentially nonexistent. By 2007, that landscape had
shifted, paving the way for the iPhone's success. "The point isn't that Apple
ripped off the Simon," Merchant writes. It's that something like the iPhone was
Inevitable. Jobs was just the first to make it a mass-market reality.

IPhone was inevitable; Jobs was first to make it!

Note: Highlighting is mine. Source: http://time.com/4819579/iphone-one-device-review/
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VI | . Innovative Product Alone
Does Not Guarantee Success!
IPhone Launch Video Excerpt (10 mins.)

‘SEmn

Inmemet

You Have to Mesmerize the Customers!

https://www.youtube.com/watch?v=-3gw1XddJuc
28 September 2024



PM 1 - Basics of Team Effort.pptx
https://www.youtube.com/watch?v=-3gw1XddJuc

COLLEDE OF ENGINEERING

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

Epilogue
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KEVIN T. CROFTON DEPARTMENT OF
AEROSPACE AND OCEAN ENGINEERING

Get ready to embark on an exciting journey of
creating magic by

combining your imagination with
the aircraft design process!
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KEVIN T. CROFTON DEPARTMENT OF
AEROSPACE AND OCEAN ENGINEERING

Recommended Readings

Ref. No. | Chapter Author(s) Title
AVD 1 Chapter 1 Nicolai, L.M. and Fundamentals of Aircraft and Airship Design , Volume I—Aircraft Design,
Carichner, G.E. AIAA Education Series, AIAA, Reston, VA, 2010.

AVD 2 Chapter 2 Raymer, D.P. Aircraft Design : A Conceptual Approach,
AlIAA Education Series, AIAA, Reston, VA, 2012.

AVD 5 Chapter 1 Sadrey, M.H. Aircraft Design: A Systems Engineering Approach ,
John Wiley & Sons, Inc., 2013.

AVD 8 Chapter 1 & 2 |Kundu, A.K. Aircraft Design ,
Cambridge University Press, 2010.

AVD 9 Chapter 1 Torenbeek, E. Advanced Aircraft Design: Conceptual Design, Analysis and Optimization
of Subsonic Civil Airplanes ,
John Wiley and Sons, Ltd., June 2013.

NOTE: See Appendix in Overview CM
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