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Introduction—Design History

Aircraft Design History o
“Edisonian” Era

Tam summarizes in [1]: Early 19005
I 3 A I
o "Edisonian" era Analysis & Tost
o Little theory available, rely on experiment 1950

@ Analysis-and-test

Physics-based Simulation & Modeling
1980s - Present

@ Physics-based modeling and simulation \4

Tools & Methodology

Chosen design tools impact the design methodology:
@ Reflect schedule constraints
@ Analysis fidelity

e Dictates trustworthiness of results
e Sets the stage for later design phases

@ Consider design phase objectives and experience

v
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Introduction—Definitions

Analysis Fidelity

Low-fidelity

» Empirical &
Statistical Analysis

« High-level
configuration
parameters

* Parameter space
DOF < 100

D. Lazzara (MIT)

Medium-fidelity

Physics-based,
linear/non-linear
analysis

High-level
configuration
parameters

3D location of major
components
General structural
information

Parameter space

DOF ~ 100 or
greater

Thesis Proposal Defense

High-fidelity

Physics-based,
linear/non-linear
analysis

Geometry of
detailed surface
contours

Body mesh of
detailed internal
structural
components

DOF ~ 10°to 10°
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Introduction—Definitions

Computer Aided Design (CAD) Usage

CAD-free

CAD-based
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Introduction—Definitions

Fidelity of Analysis in MDO

Low-fidelity MDO High-fidelity MDO
Optimizer Optimizer
Discipline Discipline Discipline Discipline
1 o n 1 . p
I I I I
Low-fidelity Low-fidelity High-fidelity High-fidelity
Analysis Analysis Analysis Analysis

“Multifidelity MDO”

Optimizer
Discipline Discipline
1 o n
I I
Low-fidelity Low-fidelity
Analysis Analysis
1 1
High-fidelity High-fidelity
Analysis Analysis
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© State-of-the-Art
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State-of-the-Art
Conceptual Design Methodology

Design Process In-Series

@ High-level configuration parameters used [2, 3, 4, 5]

o Low-fidelity analysis permits quick analysis of configuration
performance [6]

@ Medium- and high-fidelity analysis utilized in later development phases

—=
—
d
Conceptual Preliminary Detailed
Design Design I Design

D. Lazzara (MIT) Thesis Proposal Defense 9 Oct. 2008 9/ 44



State-of-the-Art

Conceptual Design Methodology
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State-of-the-Art

Conceptual Design Methodology
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State-of-the-Art
Conceptual Design Methodology

Common Available Tools
@ Design Sheet [8]
@ Program for Aircraft Synthesis Studies (PASS) [9, 10]
o ASWING [11]

New Variable-fidelity Tools
@ Design and Engineering Engine (DEE) [12]
@ Web-services, CAD-based MDO framework [13, 14, 6]
o Multidisciplinary Aircraft Design and Evaluation (MADE) [15]
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State-of-the-Art

Applying High-fidelity Analysis in MDO

In 2003, Bowcutt listed the following areas for advancement [16]:
@ Parametric geometry generation
o Automated data transfer between tools
e Automated high-fidelity analysis
e MDO

@ Probabilistic tools for systems-level risk assessment, uncertainty-based
optimization

Collaborative/distributed /grid computing

Quantify system effectiveness by modeling development,
manufacturing, operations and campaign use
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State-of-the-Art

Needed Areas of Advancement

Parametric geometry generation

o Automatic 3D model creation and regeneration [17, 18], considering:

o Continuous design variables
o Design space smoothness or irregularity

@ CAD systems are well established in aerospace industry

@ Spectrum of parameterization choices depending on geometry
representation [19, 20, 21, 6, 22]

Shape functions

NURBS surfaces

Lines, conic sections, algebraic & four-point curves

Bezier & B-spline curves
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State-of-the-Art

Needed Areas of Advancement

Automated Data Transfer Between Tools

o Generally Input/Output (10) schemes are incompatible between
analysis tools
e File 10
o XML, web-services [14, 6]
o Oracle databases [15]
o Commercial MDO frameworks attempt to simplify data transfer
o ModelCenter [23] & iSIGHT [24]

Automated High-fidelity Analysis

@ Historically mesh/geometry creation is a tedious manual process

o Automatic cartesian mesh generation in Cart3D [25]
o Automatic surface tesselation with CAPRI [26]
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State-of-the-Art

Needed Areas of Advancement

@ Optimization methods research

o Integrating low- and high-fidelity analysis in MDO
o Low-fidelity gradients, high-fidelity objective function evaluations [27]
e Surrogate methods (Trust Region Model Management—-TRMM)
[28, 29]
o Organizational adaptations [30, 31]
o Aircraft configuration errors found earlier [32]
@ 50% improvement of radically new designs; 10% and 2% for novel and
mature designs, respectively.
o Existing frameworks try simplifying low- and high-fidelity analysis
integration
7MDO [33]
Boeing MDOPT [34]
DEE [12]
Work by Amadori et al. [14, 13] and Jouannet [6]

v
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State-of-the-Art

Sensitivities for CAD-based Optimization

CAD-free Methods

@ Analytic shape functions [35]

Finite-differencing or adjoint methods of surface geometries
Free-form deformation (FFD) [36]

Basis vectors [37]

Domain element approach

Partial differential equations [38]

Discrete approach [39, 40]

Polynomial/spline approaches [32, 41]

Topology optimization [42, 43, 44]
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State-of-the-Art

Sensitivities for CAD-based Optimization

CAD-based Methods

o Automatic
differentiation—intractable
without source code [31]

@ Develop in-house CAD
system—easily differentiable with
source code, as done recently in
[45]

e Finite-differencing of nodes or
element centroids in surface
geometry or body mesh
[46, 47, 45, 48, 49]

Element
Centroid
L (xy.2)

b (),
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State-of-the-Art

Sensitivities for CAD-free Optimization

As stated in Zang [30]:
oF OoF oU o0V 08

dx 6U 8V 85 8:0

1 2 3 4
/ faQ Sensitivity of:
f=f(z,U) © Objective Function to Solution
U = CFD Solution @ Solution to Volume Mesh
V = Volume Mesh © Mesh to Geometry
S = Surface Geometry Q Geometry to Parameter

x = Configuration Parameters
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State-of-the-Art

Sensitivities for CAD-free Optimization

As stated in Zang [30]:

T
oV, 98 0w
Y YT

/ £dQ

f = f(z,0)

U = CFD Solution

V = Volume Mesh

S = Surface Geometry

x = Configuration Parameters

Sensitivity of:
@ Objective Function to Solution
@ Solution to Volume Mesh
© Mesh to Geometry

Q Geometry to Parameter
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State-of-the-Art

Sensitivities for CAD-free Optimization

As stated in Zang [30]:

OF _ OF U oV oS
ox U, 0V 0SS oz
~ =~~~ =~
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State-of-the-Art
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State-of-the-Art

Shape Sensitivity Analysis

As derived in Choi & Kim [50]:

;=T (x,7),
Q- =T(Q,7)
x e
T ‘L= wT(w) Initial Domain Perturbed Domain
i de, dT(x, T(x, . .
V(e 1) = c:' = E:_ 7) = 9 gf_ 7) = Design Velocity
T —
T(,7) = T(@,0) + 700 (2,0) 4 =2+ 77 (,0) + -
T
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State-of-the-Art
Shape Sensitivity Analysis

As derived in Chen et al. [51]:
Q:b0— Q(b)
T : x(b) — x(b+ db)
Qb+ 0b) = T'(Q(b); 6b)

.’B(b + 6b) = T(CC(b), 5b) = .’B(b) + ‘76b Initial Domain Perturbed Domain
With F(b) = [ £(b, z(b))d
Q(b)
F(b+ 6b) = / F(b+ 8b, (b + 6b))d2
Q(b+6b)

_/ [f(b+5b,w(b)+‘75b)u@ dQ
Q(b)
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State-of-the-Art

Shape Sensitivity Analysis

As derived in Chen et al. [51]:
Q:b0— Q(b)
T : 2(b) — x(b+ 6b)
Q(b + 5b) = T(Q(b); 5b) ,
.’B(b + 6b) = T(CC(b), 5b) = .’B(b) + ‘76b Initial Domain Perturbed Domain

With J = VT = I + bV V,

r _ afd(2+/ fV - ndl
o9(b)

db  Jow Ob
N———————

Uses design velocity
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State-of-the-Art

Shape Sensitivity Analysis

As derived in Chen et al. [51]: I

Q:b— Qb)

T:x(b) — x(b+ ob) ~_Active
Q(b+ b)) =T (2(b); 0b) Boundary
x(b + 0b) = T(z(b); 6b) = x(b) + V b

Perturbed Domain

dF of / —

Yoy FV - ndl

b Jou Ob 0

= fV ondl = Y~ fV - ndl

0Q(b) ke A(b) [o197%

~
Sum over Active Boundaries
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State-of-the-Art

Shape Sensitivity Analysis

As derived in Chen et al. [51]: .

Q:b— Qb)

T:x(b) — x(b+ ob) ~_ Active
Q(b+ b)) =T (2(b); 0b) Boundary

x(b + 0b) = T(z(b); 6b) = x(b) + V b
Perturbed Domain

Defining ® as an implicit analytical function of a primitive relative to pa-

rameters b, e of ;oo
—_— = —dQ + / ———dI’
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Outline

© Open Issues for Research
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Open Issues for Research

Conceptual Design

Design Methodology

@ Solely low- or high-fidelity analysis in MDO is insufficient
o Legacy codes are limited in analyzing new configurations [52]
o Larger design space explored by changing legacy codes [32]
o Costly work arounds for missed configuration issues [32, 16, 31]

@ CAD-free design provides information, yet exact translation into a
CAD model is difficult [31]

@ CAD model is regenerated post-analysis; analysis relies on CAD-free
mesh /geometry [13, 6]
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Open Issues for Research

Conceptual Design

CAD in Design
@ 3D model-centered design (Knowledge Engineering)

o Different CAD generation methodology

o Design intent driven by low- and medium-fidelity configuration
parameters (problem-specific)

@ Robustly incorporating internal structural assemblies [30]

Low:Fidelity Medium-Fidelty High-Fidelity

ﬁd;

PASS

I Reference Wing Area
*Aspect Ratio
*Taper Ratio
*Sweep
*Dihedral

ASWING

=

True Geometry
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Open Issues for Research
CAD-based Sensitivity Analysis

Design Velocity Calculation

@ Need implicit representation of boundary primitives [51]

@ Issues in projecting triangulation nodes, or element centroids, onto
model faces [49]
e Topological change modifies the total number of model faces
o Face IDs may vary even with no topological change (slivers)

Long computational time for design velocity calculation

Assumption of constant topology (otherwise need mesh history)

Difficulty in selecting parameter step-size for finite-differencing [45]
o Need less than 1% error

Difficulty in using finite-differencing of nodes on face boundaries
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Outline

@ Proposed Research
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Proposed Research

Research Objectives

© Develop a conceptual design methodology that conducts
multidisciplinary, gradient-based optimization of aircraft CAD models
using multifidelity analysis

@ Develop a methodology for creating robust, multidisciplinary CAD
models, where both outer mold lines and internal subsystem
assemblies are coupled and driven by the parameter space from low-
and medium-fidelity analysis codes.

© Develop efficient and robust design velocity calculations when finding
performance sensitivities for gradient-based optimization.
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Proposed Research

General Approach

© Literature Review )

@ Develop an MDO framework with low-, medium- and high-fidelity
analysis codes

o Investigate efficient data communication methods, such as web-services

v

© Develop CAD models with proper design intent (defined above)

e Include methodology for generating internal structural assemblies
o Develop codes to automatically generate CAD models

Q Develop algorithms for design velocity calculation from CAD models
e Explore ways to improve robustness and reduce computational time

© Demonstrate full functionality of the framework under development
e Comparison with similar frameworks via certain performance metrics

v
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Proposed Research
Summary of Current Work

lected Analysis Codes

PASS ASWING Cart3D

@ Empirical models calculate @ Coupled lifting-line and @ Euler flow solver

performance vor;e);.—lattltiehaerodyna?;|c @ Use triangulation of model
@ Internal optimizer moceling with a nonuni Clilih surface
° nonlinear structural formulation

Configuration parameters . .

g B @ 3D location of major structural
@ JAVA components and lifting surfaces
@ FORTRAN

P ASWING
SO o <

Control
ANOPP Noise Stabity and
e ) oo 4 (5

e L")
el §

Optimizer

—eass
Legacy Codes
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Proposed Research

Summary of Current Work

o Connectivity between PASS and SolidWorks model (via CAPRI) to
create triangulation for Cart3D

o CAD model regeneration and data extraction via CAPRI

@ CAD model information used in all three fidelity levels of analysis

Server 1

ASWING
y SWING s LASWING

XML XML

Config. Data
File _\L Server 2 Server 3 File
—

cAD “GAPRI “Cartad
/XML *SolidWorks
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S == -ASWING

XML XML

Config. Data
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Proposed Research

Summary of Current Work

@ XML post-processing of PASS database
@ lteration history of PASS design variables

PASS XML Data

Optimizer Objective Function = weight.to

Eomtoor o, IEStmoditied [astupdated [tatus _ [comment [mainClass objects opHmizerclass|
RSO B0 A1 23, 2003[ul 14, 2008 1:28:58 PM\complete\Arbmary tube and wing. [simplex__|mission [simplex
o Design B Inputs Section Results Section
Variable [ Min. [ Max. Variable Variable Last Iteration Value Variable Value

sref 1000.0 |5000.0 [cruiserange_constraint sref 3986.2513506528057 cruiserange 6087.184150236626

5.0 [12.0 |tofieldin constraint arw 6.36305625165378  |tofieldin 8807.51538665071 1
sweepw 0.0 40.0 landfieldin_constraint sweepw 34.00457998697677 landfieldin 5054.328893794097
tovercw 0.1 0.3 climb2grad_constraint tovercw 0.1354830433194521 initialgrad 0.16019680261679387
taperw 0.1 1.0 dtinitcr_constraint taperw 0.24157921464318427 |climb2grad 0.03484422509035209
lex 0.0 [200 |atfinaler constraint lex 0.1009007944425063  |cutbackgradleng  [0.018875012627564558
tex 0.0 15.0 minstability_constraint tex 0.4428266975253171 cutbackgrad 0.12826017769121878
chordextspan (0.0 0.75 clwmargininitcr_constraint |chordextspan 0.34174650932725176 |clwingmax 2.498308340186387

0.0 10.0 Ihmargintorot_constraint 'wingdihedral 4.097774935996088 clwingmax_mod 2.498308340186387
wingheight [0.0  [1.0|clnmargininitcr_constraint _|wingheight 0.12337237236061260 [clwingmax agard  |2.733890080312557

0.25 0.75 clhmar _constraint. 0. 93081043320507 |cltotal.initer 0.4083623001232923
sh/sref 0.1 0.75 'spanw_constraint sh/sref 0.26812889898450776 |cltotal.finaler 0.4616181401380892
arh 0.5 5.0 totalepnl_constraint arh 4.851582830411209 d/t.initcr 0.7218167971986561
sweeph 0.0 [40.0 |LTO NOK constraint sweeph 38.766497899606776  [dJt.finaler 0.7434970872792519
toverch 0.1 0.3 toverch 0.13887937356648636 |l/d.initcr 17.25138620770705
taperh 0.1 1.0 taperh 0.4987907151383498 l/d.finalcr 16.48746207803231
dihedralh 0.0 10.0 dihedralh 7.568512718881805 minstability 0.20482812315452176
ttail 0.0 1.0 ttail? 0.0 clwmargin.initer 0.42475704804450704
sv/sref 0.1 0.5 sv/sref 0.19319336181186555 |clhmargin.torot 0.9659897154553745

0.5 5.0 arv 1.7629429175064633 clhmargin.initer 1.0025025016875597
sweepv 0.0 50.0 sweepv 48.37884912813087 clhmargin.landing 0.47992694575095474
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Proposed Research
Summary of Current Work

@ XML post-processing of PASS database
@ lteration history of PASS design variables
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Proposed Research
Summary of Current Work

Configuration Representation
o Centralize parameter space for PASS & ASWING in CAD model

Low-Fidelity Medium-Fidelity High-Fidelity

T
MR
A N,
ASWING
PASS Cart3D

True Geometry

D. Lazzara (MIT) Thesis Proposal Defense 9 Oct. 2008 30 / 44



Proposed Research

Summary of Current Work

Demonstration

D. Lazzara (MIT)
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Outline

© Expected Contributions
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Expected Contributions

Conceptual Design Methodology

@ More robust and efficient design velocity calculations

@ Demonstrated feasibility of CAD-based multifidelity analysis in MDO

o Applicable methodology for creating CAD models for use in this
framework

@ Demonstrate exploration of a larger design space and quantitative
configuration down-select
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Outline

@ Timeline
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Timeline

Phase Duration

Task

Oct08 — Dec08

Jan09 — Mar09

Apr09 — Jun09

Jul09 — Sept09

Oct09 — Dec09

Jan10 — Mar10

Aprl0 — May10

Complete integration of PASS with SolidWorks model via CAPRI
Create code to construct sensitivity matrix for aerodynamics analysis

Create and implement design velocity calculation schemes

Create automatic geometry generator for various concept aircraft
Test robustness of solid models

Create code to construct sensiti
Create code to construct sensi
subsystems

Create web-services based framework
Integrate NASTRAN module with PASS

ity matrix for structural analysis
ty matrix for controls or other

Resolve issues with multifidelity MDO integration
Demonstrate feasibility and effectiveness of the completed CAD-based
multifidelity MDO framework

Write Thesis Draft

Finish Thesis
Thesis Defense

hesis Proposal Defense




References |

(1]

(2]
3]
4]
[5]
(6]

[7]

Tam, W. F., “Improvement Opportunities for Aerospace Design Process,” No. AIAA
2004-6126, Space 2004 Conference and Exhibit, American Institute of Aeronautics and
Astronautics, San Diego, California, 28-30 September 2004.

Raymer, D. P., Aircraft Design: A Conceptual Approach, AIAA Education Series, 4th ed.,
2006.

Jenkinson, L. R., Simpkin, P., and Rhodes, D., Civil Jet Aircraft Design, AIAA Education
Series, 1999.

Howe, D., Aircraft Conceptual Design Synthesis, Professional Engineering Publishing
Limited, 2000.

Brandt, S. A, Stiles, R. J., Bertin, J. J., and Whitford, R., Introduction to Aeronautics: A
Design Perspective, AIAA Education Series, 2004.

Jouannet, C. and Krus, P., “Direct Simulation Based Optimization for Aircraft Conceptual
Design,” No. AIAA 2007-7827, 7th AIAA Aviation Technology, Integration and Operations
Conference (ATIO), American Institute of Aeronautics and Astronautics, Belfast, Northern
Ireland, 18-20 September 2007.

Kesseler, E., “Advancing the State-of-the-Art in the Civil Aircraft Design: A
Knowledge-Based Multidisciplinary Engineering Approach,” European Conference on
Computational Fluid Dynamics, TU Delft, Delft The Netherland, 2006.

D. Lazzara (MIT) Thesis Proposal Defense 9 Oct. 2008 36 / 44



References I

(8]

9]

[10]

[11]
[12]

[13]

Buckley, M. J., Fertig, K. W., and Smith, D. E., “Design Sheet: An Environment for
Facilitating Flexible Trade Studies During Conceptual Design,” No. AIAA 92-1191,
Aerospace Design Conference, American Institute of Aeronautics and Astronautics, Irvine,
California, 3-6 February 1992.

Kroo, I. M., “An lteractive System for Aircraft Design and Optimization,” No. AIAA
92-1190, Aerospace Design Conference, American Institute of Aeronautics and
Astronautics, Irvine, California, 3-6 February 1992.

Kroo, I, “Multidisciplinary Optimization Applications in Preliminary Design—Status and
Directions,” American Institute of Aeronautics and Astronautics, 1997.

Drela, M., ASWING 5.4 User Guide, 30 May 1999.

La Rocca, G. and van Tooren, M., “Development of Design and Engineering Engines to
support multidisciplinary design and analysis of aircraft,” Tech. rep., Delft University of
Technology.

Amadori, K. and Jouannet, C., “A Framework for Aerodynamic and Structural
Optimization in Conceptual Design,” No. AIAA 2007-4061, 25th AIAA Applied

Aerodynamics Conference, American Institute of Aeronautics and Astronautics, Miami,
Florida, 25-28 June 2007.

D. Lazzara (MIT) Thesis Proposal Defense 9 Oct. 2008 37 / 44



References Il

[14]

[15]

[16]

[17]

(18]

[19]

Amadori, K., Johansson, B., and Krus, P., “Using CAD-Tools and Aerodynamics Codes in
a Distributed Conceptual Design Framework,” No. AIAA 2007-964, 45th AIAA Aerospace
Sciences Meeting and Exhibit, American Institute of Aeronautics and Astronautics, Reno,
Nevada, 8-11 January 2007.

Hwang, H., Jung, K., Kang, I., Kim, M., Park, S., and Kim, J., “Multidisciplinary aircraft
design and evaluation software integrating CAD, analysis, database, and optimization,”
Advances in Engineering Software, Vol. 37, 29 September 2006, pp. 312-326, Elsevier Ltd.
Bowcutt, K. G., “A Perspective on the Future of Aerospace Vehicle Design,” No. AIAA
2003-6957, 12th AIAA International Space Planes and Hypersonic Systems and
Technologies, American Institute of Aeronautics and Astronautics, Norfolk, Virginia, 15-19
December 2003.

Kulfan, B. M. and Bussoletti, J. E., “"Fundamental" Parametric Geometry Representations
for Aircraft Component Shapes,” No. AIAA 2006-6948, AIAA/ISSMO Multidisciplinary
Analysis and Optimization Conference, American Institute of Aeronautics and Astronautics,
Portsmouth, Virginia, 6-8 September 2006.

Kulfan, B. M., “Universal Parametric Geometry Representation Model,” Journal of
Aircraft, Vol. 45, No. 1, January-February 2008, pp. 142-158.

Raymer, D. P., “Notional Design of an Advanced Strike Fighter,” No. AIAA 95-3922,
American Institute of Aeronautics and Astronautics, 1995.

D. Lazzara (MIT) Thesis Proposal Defense 9 Oct. 2008 38 / 44



References IV

[20]

[21]

[22]

[23]
[24]

[25]

Choi, S., Alonso, J. J., Kroo, I. M., and Wintzer, M., “Multi-Fidelity Design Optimization
of Low-Boom Supersonic Business Jets,” No. AIAA 2004-4371, AIAA/ISSMO
Multidisciplinary Analysis and Optimization Conference, American Institute of Aeronautics
and Astronautics, Albany, New York, 30 August - 1 September 2004.

Goraj, Z., Frydrychewicz, A., Ransom, E., Self, A., and Wagstaff, P., “Aerodynamic,
dynamic and conceptual design of a fire-fighting aircraft,” IMechE, Vol. 215, No. G, 25
April 2001, pp. 125-146.

Mawhinney, P., Price, M., Armstrong, C., Raghunathan, S., Ou, H., Murphy, A., and
Curran, R., “Using Idealised Models to Enable Analysis Driven Design,” No. AIAA
2003-6747, AIAA’s 3rd Annual Aviation Technology, Integration, and Operations (ATIO)
Tech, American Institute of Aeronautics and Astronautics, Denver, Colorado, 17-19
November 2003.

Phoenix Integration, “ModelCenter 7.0 Data Sheet,” http://www.phoenix-int.com,
September 2008.

Engineous Software, “iSight Version 10 Specifications,” http://www.engineous.com,
September 2008.

Aftosmis, M., “Cart3D,” http://people.nas.nasa.gov/aftosmis/cart3d/cart3d.html, March
2008.

D. Lazzara (MIT) Thesis Proposal Defense 9 Oct. 2008 30 / 44



[26]

[27]

[28]

[29]

(30]

(31]

Haimes, R. and Follen, G., “Computational Analysis PRogramming Interface,” Proceedings
of the 6th International Conference on Numerical Grid Generation in Computational Field
Simulations, July 1998.

Balabanov, V. and Venter, G., “Multi-fidelity Optimization with High-Fidelity Analysis and
Low-Fidelity Gradients,” 10th AIAA/ISSMO Multidisciplinary Analysis and Optimization
Conference, American Institute of Aeronautics and Astronautics, Albany, New York, 30
August - 1 September 2004.

Robinson, T. D., Surrogate-Based Optimization using Multifidelity Models with Variable
Parameterization, Ph.D. thesis, Massachusetts Institute of Technology, May 2007.

Alexandrov, N. M., Dennis, J. E., Lewis, R. M., and Torczon, V., “A trust region
framework for managing the use of approximation models in optimization,” Tech. rep.,
NASA Langley Research Center, October 1997.

Zang, T. A. and Green, L. L., “Multidisciplinary Design Optimization Techniques:
Implications and Opportunities for Fluid Dynamics Research,” No. AIAA 99-3798, AIAA
Fluid Dynamics Conference, American Institute of Aeronautics and Astronautics, Norfolk,
Virginia, 28 June - 1 July 1999.

Haimes, R. and Merchant, A., “Direct CAD Access for Analysis and Design,” Evolutionary
and Deterministic Methods for Design, Optimization and Control with Applications to
Industrial and Societal Problems, EUROGEN 2005, FLM, Munich, 2005.

D. Lazzara (MIT) Thesis Proposal Defense 9 Oct. 2008 40 / 44



References VI

(32]

[33]

[34]

(35]

(36]

Vandenbrande, J. H., Grandine, T. A., and Hogan, T., “The search for the perfect body:
Shape control for multidisciplinary design optimization,” No. AIAA 2006-928, 44th AIAA
Aerospace Sciences Meeting and Exhibit, American Institute of Aeronautics and
Astronautics, Reno, Nevada, 9-12 January 2006 2006.

Alonso, J., LeGresley, P., Van der Weide, E., Martins, J., and Reuther, J., “pyMDO: A
Framework for High-Fidelity Multi-Disciplinary Optimization,” No. AIAA 2004-4480,
AIAA/ISSMO Multidisciplinary Analysis and Optimization Conference, American Institute
of Aeronautics and Astronautics, Albany, New York, 30 August - 1 September 2004.
LeDoux, S. T., Herling, W. W., Fatta, G. J., and Ratcliff, R. R., “MDOPT-A
Multidisciplinary Design Optimization System Using Higher Order Analysis Codes,” No.
AlAA 2004-4567, AIAA/ISSMO Multidisciplinary Analysis and Optimization Conference,
American Institute of Aeronautics and Astronautics, Albany, New York, 30 August - 1
September 2004.

Hicks, R. M. and Henne, P. A., “Wing Design by Numerical Optimization,” Journal of
Aircraft, Vol. 15, No. 7, 1978, pp. 407-412.

Samareh, J. A., “Aerodynamic Shape Optimization Based on Free-form Deformation,” No.
AlAA 2004-4630, 10th AIAA/ISSMO Multidisciplinary Analysis and Optimization
Conference, American Institute of Aeronautics and Astronautics, Albany, New York, 30
August - 1 September 2004.

D. Lazzara (MIT) Thesis Proposal Defense 9 Oct. 2008 41 / 44



References VII

[37]

38]
[39]
[40]
[41]

[42]

[43]

[44]

Pickett, R. M., Rubinstein, M. F., and Nelson, R. B., “Automated Structural Synthesis
Using a Reduced Number of Design Coordinates,” AIAA Journal, Vol. 11, No. 4, 1973,
pp. 498-494.

Bloor, M. I. G. and Wilson, M. J., “Efficient Parameterization of Generic Aircraft
Geometry,” Journal of Aircraft, Vol. 32, No. 6, 1995, pp. 1269-1275.

Campbell, R. L., “An Approach to Constrained Aerodynamic Design With Application to
Airfoils,” Tech. Rep. NASA TP-3260, November 1992.

Jameson, A., Pierce, N. A., and Martinelli, L., “Optimum Aerodynamics Design Using the
Navier-Stokes Equations,” , No. AIAA 97-0101, January 1997.

Braibant, V. and Fleury, C., “Shape Optimal Design Using B-Splines,” Computer Methods
in Applied Mechanics and Engineering, Vol. 44, No. 3, 1984, pp. 247-267.

Allaire, G., Jouve, F., and Toader, A.-M., “Structural Optimization using sensitivity
analysis and a level-set method,” Journal of Computational Physics, Vol. 194, September
2004, pp. 363-393.

Novotny, A. A., Feijoo, R. A., Taroco, E., and Padra, C., “Topological-Shape Sensitivity
Analysis,” 2002.

Othmer, C., “CFD Topology and Shape Optimization with Adjoint Methods,”
Internationaler Kongress Berechnung und Simulation im Fahrzeugbau, VDI Fahrzeug- und
Verkehrstechnik, September 2006.

D. Lazzara (MIT) Thesis Proposal Defense 9 Oct. 2008 42 / 44



References VIII

[45]

[46]

[47]

[48]

[49]

[50]

Kleinveld, S., Roge, G., Daumas, L., and Dinh, Q., “Differentiated parametric CAD used
within the context of automatic aerodynamic design optimization,” No. AIAA 2008-5952,
AIAA/ISSMO Multidisciplinary Analysis and Optimization Conference, American Institute
of Aeronautics and Astronautics, Victoria, British Columbia Canada, 10-12 September
2008.

Nemec, M., Aftosmis, M. J., and Pulliam, T. H., “CAD-Based Aerodynamic Design of
Complex Configurations Using a Cartesian Method,” No. AIAA 2004-113, 42nd AIAA
Aerospace Sciences Meeting and Exhibit, American Institute of Aeronautics and
Astronautics, Reno, Nevada, 5-8 January 2004.

Botkin, M. E., “Three-Dimensional Shape Optimization Using Fully Automatic Mesh
Generation,” AIAA Journal, Vol. 30, No. 7, 1991, pp. 1932-1934.

Armstrong, C. G., Robinson, T. T., Ou, H., and Othmer, C., “Linking Adjoint Sensitivity
Maps with CAD Parameters,” Evolutionary Methods for Design, Optimization and Control,
CIMNE, Barcelona, Spain, 2007.

Robinson, T. T. and Armstrong, C. G., “Collaborative investigation by QUB and VW into
the automatic calculation of parametric sensitivity,” 2007.

Choi, K. K. and Kim, N.-H., Structural Sensitivity Analysis and Optimization, chap. 6,
Springer, 2005.

D. Lazzara (MIT) Thesis Proposal Defense 9 Oct. 2008 43 / 44



References IX

[51] Chen, J., Freytag, M., and Shapiro, V., “Shape Sensitivity of Constructive
Representations,” SPM, Association for Computing Machinery, Inc., Beijing, China, 4-6
June 2007, pp. 85—96.

[52] Carty, A. and Davies, C., “Fusion of Aircraft Synthesis and Computer Aided Design,” No.
AlAA 2004-4433, 10th AIAA/ISSMO Multidisciplinary Analysis and Optimization
Conference, American Institute of Aeronautics and Astronautics, Albany, New York, 30
August - 1 September 2004.

D. Lazzara (MIT) Thesis Proposal Defense 9 Oct. 2008 44 / 44



	Introduction
	State-of-the-Art
	Open Issues for Research
	Proposed Research
	Expected Contributions
	Timeline
	References

