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The Engineering Problem AIM Leocoene
Relative Humidity

06/18/18 12:00:00 UTC Altitude=50000

* Propagation of sonic —(
boom is strongly T *
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country and throughout
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The Engineering Problem (Cont.) AIM |escerne

90.0
I88.5
87.0

Perceived Loudness for 25D SST (45000 ft, M=1.6)
° Pro pagating identica| Weather data from 06/18/18 12:00:00 UTC

near-field pressure
signatures across the
US resulted in wide

range of PLdB values re5.58

— ~ 10 PLdB variation a0 §
 Low-boom supersonic -82-5§
aircraft must be able to _81.o§

adjust to these changing

i QO ;_\ s : 79.5
conditions ool I

78.0

B ] 76.5

This is a complex multi-disciplinary enginring challenge
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Adaptive Aerostructures for Revolutionary AJ[M Leadersnip
Civil Supersonic Transportation Initative

* To address the complex challenge of reliable/robust low-boom flight over
land

— Sense conditions between the aircraft and the ground (understand real-time
atmospheric conditions)

— Make small, distributed OML geometry adjustments to reduce boom for all flight
conditions

Empennage ;

Leading/
trailing edge

Engine inlet &
nacelle OML
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Technical Approach
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NASA research shows that small
changes in local aircraft shape
can significantly reduce
perceived loudness of a sonic
boom as flight conditions change

Frontier of possible
optimal designs

— ]

v\ Over water
b configuration

Over land
configuration
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4——  Minimize Drag
We will take advantage of these
past findings to design and test
materials, actuators, and the
required structural shape
reconfigurations to tune the
aircraft throughout flight

Over the course of the next five
years, our team will:

* Demonstrate a 5dB reduction
in perceived level loudness via
outer mold line reconfiguration

* Prove that the new solid state
material actuators enabling
the structural reconfiguration
are robust to 100k cycles

* Show that the fully coupled
aero-thermo-mechanical
modeling tools developed can
be used to design a boom
reduction solution to within 5%
error
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= |nitiative

Coupling of
Three “Challenges”

Challenge 2:
SMA Materials

Mat’l & Actuator f
Requirements g Mat’l

Distributed
Adaptivity Design
Tools &
Trade Studies

< Computational
J Mechanics Tools

Challenge 3:

Detailed Design & Demonstration

Technology
Transition
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Multi-Disciplinary Expertise to Address the Challenge !
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A IIM Leadership

External Advisory Board * Initiative
e Charbel Farhat Aeronautics and Astronautics, Stanford University
e Luigi (Gigi) Martinelli Mechanical and Aerospace, Princeton University
 GregReich Aerospace Systems Directorate, Air Force Research Lab
e Sergio Lucato Senior Materials Expert, Teledyne
e David Marshall Aerospace Engr. Sciences, University of Colorado
« Jeff Brown Vice President and SMA Expert, Dynalloy

Ensures technical focus and advancement to solve challenge
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Overview of the Project Timeline AIM oot
Trade studies in full Integrated adaptive aerostructure
computational framework lab demo (TRL 3-4)

Yearl %  Year2

100

Challenge 1: Design Tools/Trade
Studies

Challenge 2: SMA Material
Development

Cumulative
Funding (%)

Undergraduate Student Engagement

0]

Existing tools verified/validated Customized SMA Integrated adaptive aerostructure
actuators produced W.T. demo (TRL 4-5)
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Challenge 1.
Distributed Adaptivity Design Tools
Development & Trade Studies

ATA Engineering Boeing Florida Int’l Univ. Princeton Univ. Texas A&M Univ. Utah State Univ.
E. Blades D. Lazzara  G. Dulikravich A. Dogariu R. Bowersox D. Hunsaker
T. Magee D. Miles F. Carpenter
H. Shen B. Goldman P. Cizmas
S. Reuter A. Gerakis
M. Shneider C. Limbach
R. Malak
H. Reed
N. Tichenor
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Low-Boom Configurations for Preliminary Studies AIM Lo

1. NASA Configuration 25D with flow
through nacelle

Configuration 25D(F)

2. NASA axisymmetric body (AXIE)

— Gives equivalent near field pressure
signature as Configuration 25D(F)

Chosen due to wide use in literature and availability of geometry
and data (e.g., 2"9 AIAA Sonic Boom Prediction Workshop in 2017)
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Boom Propagation
Toolset to Date

* Near-field key parameters
— Aircraft configuration
— Angle-of-attack
— Mach number
* Far-field key parameters
— Temperature
— Relative humidity
— Wind
— Atmospheric turbulence
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Sensitivity: Mach Number & Angle-of-Attack AIM eacerenip

85

—e— o =3.375° + Aa

. . . . . . 84|
* Variations indicative of wind gusts or o M=16+AM ‘ .
. 83 === Low-Boom Goal |- S
atmospheric turbulence .. -

81| , —
- NASA C25D(F) PLdB values most sensitive @8 N\ \ /]
to changes in Mach number SR R N T i o ;
— MAX(APL,) ~ 7.0 db R <t VAR
— MAX(APL,)~3.5db 76L.. . el — ['2.875‘0’3_87501 |
I5p-- S ' - ' == 'j"" B Mach € [1.4, 1.8]
1405 =04 —03 —02 —6.1_ 0.0 0.1 .ofz 03 04 05
Relatively-small perturbations may lead to large PErTiation Maghitice
increases in PLdB
BOEING
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Sensitivity: Laminar-to-Turbulent Transition ALM Lesocon

e How can laminar-to-turbulent transition be controlled to minimize

boom?
— Sonic boom noise, drag, and trim are coupled

18

B kHz,12 mm
12kHz,Bmm| EPIC
20 kHz,B mm |

* |n-house stability tool EPIC compared to b . Lasmac
NASA stability tool LASTRAC

 Development path
— Study laminar-to-turbulent transition characteristics 6l

16|

N-factor

of NASA 25D geometry .l
— Determine effects of small OML geometry on 2}
laminar-to-turbulent transition f000 . 2000 3000 4000 5000 6000 7000 8000

VRe

Ultimately perform trade study of laminar flow effects on sonic
boom signhature versus viscous drag

Adaptive Aerostructures for Revolutionary Civil Supersonic Transportation
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Sensitivity: Atmospheric Conditions * Initiative
How do changes in atmospheric conditions affect s g
perceived boom loudness at the ground? o -
Fh@"l 2@0{!
* Two possible approaches to mathematically b5 B E_
model acoustic propagation ~ L %

— Burgers equation:

* Thermoviscous attenuation, geometrical
spreading, atmospheric inhomogeneity, b
and molecular vibration relaxation

— Khokhlov-Zabolotskaya-Kuznetsov (KZK)

A
N
b

equation:
 Adds diffraction, axial convection, Variation of boom N-Wave with
transverse convection induced by atmospheric turbulence

atmospheric turbulence. N

More complex, but may be necessary

Adaptive Aerostructures for Revolutionary Civil Supersonic Transportation 15
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Sensitivity: Atmospheric Conditions A e

BOEING
* Problem: Current design studies assume hypothetical profiles
* Real atmospheric profiles are significantly more complex

Hypothetical Profiles Real Profiles: Cloudy and Humid
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Sensitivity: Atmospheric Conditions
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BOEING

* Ground signature estimated using hypothetical atmospheric profiles
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Perceived Loudness, varying temperature:

« STD 76.70 PLdB
« STD-20°C 76.48 PLdB
« STD+20°C 77.09 PLdB
Perceived Loudness, varying humidity:
* 65%(STD) 76.70 PLdB
« 20% 73.54 PLdB
« 80% 77.22 PLdB

Loudness shows sensitivity to both
temperature and humidity profiles



Sensitivity: Atmospheric Conditions
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Propagation in wet and dry climates can result in large differences in PLdB

Consider the 25D configuration flying over:

— Las Vegas: 77.4 PLdB
— Jacksonville: 83.4 PLdB

Relative Humidity (Giound Level)

%

/.,
y:
1] -

-
3

Wﬂ% Jacksonville, EL
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Relative Humidity (%)

dp (psf)

"Shocklet” features at
fault for 6 PLdB rise
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Measurement of Atmospheric Properties with LIDAR A|M Leaderehip

Initiative
* Wind speed (Mie scattering) N PRINCETON
* Temperature (thermal broadening) W UNIVERSITY
* Density (signal strength)
* Water vapor (line skirts)

The spectrum is dispersed using a
rubidium atomic vapor prism

Return signal '

Atomic vapor prism

Lower index

Angular displacement (mrad)

Higher index

Frequency - 384,230 (GHz)

Prism deflection angle

Adaptive Aerostructures for Revolutionary Civil Supersonic Transportation
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LOOk DOWh LIDAR AIM vLeadership

« Laser pulse is sent out and return signal is a combination of Rayleigh © Initiative
and particle scattering

* Return signal is passed through an atomic vapor prism which allows
the Rayleigh spectrum to be measured

35 .
30 i 2 335[ Inset 4
g 25 /j B i o N Supersonic
e 4
% Ozone absorbs 253.7 nm :,." ;'I g d T 9= 63.4° | Aircraft
e | Pl
520 Y __ . _- a '
2 / 32 hy=335Km - Ih .
ﬁ 151 e il -’ A rm
=3 P p P o
b= ,'” Extinction - Molecular Scattering - -~ I
= 10k ,’: and Ozone Absorption 1 |
il i —UV 1253.7 nm - Max ozone concentration -~ I
Photon count - ground  § . - -
£ .l i ===UV I253.7 nm - Min ozone concentration - ~
gUle= A8 iy ===V I[3551m | I ¥ o
visible =4, /12 i l' ] - = Visible 532 nm roun
UV Il = 2,642 gl e IR 780 nm 20 Hn
0 L Ll L PR L R £ i A 1 P 1 | L T L l L " L I
10 10 10" 10° 10% 10"
Number of photons backscattered from every 100 m interval PRINCETON

Laser shot at 63.43 degrees with the vertical
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Sensitivity: OML Geometry Reconfiguration A|M Leadership
Offsetting Far Field Effects - Atmospheric Conditions © At

 (Can small OML geometry changes lead to reduced boom signature?

— Three-dimensional bump added to NASA C25D(F) underside about the
plane of symmetry

* Three bump heights were considered: 1 cm, 2 cm, and 4 cm
 Bump located 12 m from nose

1cmBump [————= x 4cmBump ——

0.040

L 0038 | || T T
————— 0.036 o —— e
0.034
T 0030 S SIVIVAN S
= . NS 0028 iag}'mgAVAve
0. =
e A 0.022 N ﬂ‘ﬁiVAVAV
/ oo e orocE s
Surface Bump o
' T 313&3 05 TP
| LT T T Ty oo [T T
11 115 12 125 13 [l oooe 11 115 12 125 13
0.000

Distance From Nose, X [m] Distance From Nose, X [m]
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Over Pressure [psf]
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Sensitivity: OML Geometry Reconfiguration KT Lecorstio
Surface Geometry Source Initiative

Adjoint sensitivity analysis of CFD solutions spotlights surface regions responsible
for highlighted signature variation

Method provides opportunity to discover candidate locations for local surface
deformations to reduce boom

0.0150

—_— Ax =05
— Design Point

— Ax =0.5°

0.0125

0.0100

Density Adjoint

- ‘m‘?
_____ L0075 AL
A o ‘ 00050 TTT==al 15 *j _
8 0.0025 . "
% 0.0000 \ x
4 -0.0025
4 -0.0050 - : ll
- Ground Pressure 00075 : +- \
o <ol Nearfield (H/L=5) |
ignature wos| Pressure Signature
e o e o N IR BOEING

Tirme: [ms] Line Sensor Location [m]
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Sensitivity: OML Geometry Reconfiguration

Added surface bumps resulted in
changes in PLdB across azimuth
angle (@) sweep

1 cm and 2 cm bumps resulted in
PLdB reduction up to &=30°

— Max reduction along
undertrack, APL = -0.43 db

Largest bump increased PLdB
values across range of azimuth
angle

Adaptive Aerostructures for Revolutionary Civil Supersonic Transportation
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Many-Objective Hybrid Optimization (MOHO) AJM Leocersnip

FLORIDA
F I U INTERNATIONAL
UNIVERSITY

Non-Dominated Sorting Differential Evolution based on Reference Points (NSDE-R)
— Uses reference points to create a diverse set of optimum designs or aid in multi-

criteria-decision-making - . , , , !

Uniform =)  Uniformly distributed #i o Necmil ‘
reference points optimum designs 10’ g% N s
L 1

Biased m)  Optimum designs biased in T RliieRelollolel s ;,
reference points region of reference points P ' |

200 400 600 800 1000
Generations

NSDE-R performs better than current state-of-the-art
algorithms (NSGA-IIl) especially when solving problems
with more than four objectives

Adaptive Aerostructures for Revolutionary Civil Supersonic Transportation




Parametric Optimization

* Design tool that characterizes how
optimal OML changes with flight
conditions

* Allows lookup of optimal OML shape
as flight conditions change &
planning of morphing trajectory

* Based on integration of existing
algorithm (P3GA) with aerodynamic
and sonic boom analysis tools

e Current progress: P3GA integrated
with XFOIL

Adaptive Aerostructures for Revolutionary Civil Supersonic Transportation
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Initiative

200 —

[ Imorphing NACADD12
Non-Morphing NACA0012

180 —

160 —

140 —

120 —

100 —

l

60 —
40 —
20 —
T

0 g _ I [ [ |

50
Air Speed (my's) 00 2

] 8 10 12 14 16
Angle of Attack (deg)

NACA 0012 optimized for maximizing lift-
to-drag (L/D) characteristics
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Near-Field Lower-Fidelity Modeling: PANAIR AIM Leacership

Initiative
[ ]

Lower-fidelity modeling capability to couple into optimization

A
framework

llal ,(lr],).
— PANAIR and sBoom wrappers developed

UtahStateUniversity
— PANAIR validation for AXIE case complete

Propagated ground signatures for AXIE case using PANAIR, UNS3D, and
mean of Boom Prediction Workshop results

R/L=3

—— workshop Mean

dp (psf)

dp tpsh)

dp (psh

::::::::
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PyLdB Loudness Code AIM Lo
A
* In-house code designed for seamless integration into the yl

((({

optimization framework

— Written in Python for UtahStateUniversity

accessibility R o Lonss
o y
— Will be provided to the A
community
m 78.0F ® ®
S o o
z_ °
* Shows excellent agreement sl e . °
with NASA's LCASB in initial ° © ;
testing using AXIE ground 7.} .
Slgnatu reS Casle 1 Casle 2 Casle 3 Casle 4 Casle 5 Casle 6 Casle 7 Casle 8 Casle 9
. Case Studies
— 0.08% difference t
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Challenge 2:
Materials Development & Integrated
Solid-State Actuation Design

Boeing Fort Wayne Metals Univ. of Houston Texas A&M Univ. Univ. of North Texas
J. Mabe J. Schaffer T. Baxevanis D. Hartl M. Young

|. Karaman

D. Lagoudas

A. Solomou
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Challenge 2:
Team Organization and Objectives

Lagoudas
(TAMU)

Develop SMA actuator materials
» composition (high and low temperature)
* processing
* forms Mabe et al.

Demonstrate actuator durability greater than
100K cycles.

Demonstrate Scale up of material and
actuator production.

Input and
Production Guidance

NASA-Glenn
Research Center

Mechanics, Modeling, and Component
Design for Durability.

Adaptive Aerostructures for Revolutionary Civil Supersonic Transportation



Shape Memory Alloy (SMA)
Actuation

Compact
Light Weight
High Energy Density
Robust

Thermal Cycling

Under Stress : -
‘ . I I Temﬁerature I I
De-twinned Austenite
Martensite i M A A

Adaptive Aerostructures for Revolutionary Civil Supersonic Transportation
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Bending
Beam

Hinge Line
Integrated
SMA Tube
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Flight Tests

Lab and
Wind Tunnel
Tests

Adaptive Aerostructures for Revolutionary Civil Supersonic Transportation




University

AIM vLeadership

SAE International AS210 - Initiative
MIL-STD-210A ie
60 Initially Two Shape Memory Alloys Targeted
——standardday | . | oy Temperature for Autonomous Actuation
40 ——cold day
— hot day ¢ Actuation due to ambient temperatures, adapt between a
20 take-off and landing configuration to a cruise
configuration.
O 0 * Using AS210 and MIL-STD-210A for altitude and
0o temperature models.
o -20 . . :
(] * High Temperature for World Wide Ambient
-40 Temperature.
60 *  SMA will not actuated due to hot ambient temperatures.
* RTCA DO-160 Type D2 Equipment, electronic equipment in
-80 non-pressurized areas.
-100 Currently specific applications and detailed
0 20000 40000 60000 requirements are TBD, but this work is laying the
Pressure Altitude (feet) ground work for potential applications.

Adaptive Aerostructures for Revolutionary Civil Supersonic Transportation
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SMA Property Mapping and Development of SMA Selection A M Leadership
Criteria for Solid State Actuators in Supersonic Flights © Initiative

TARGET : High temperature SMA to actuate at temperatures above 85°C

Nickel, Titanium, and Hafnium melt ratios varied and temperature response evaluated

1 600 E
500§ Martensitic Start Temperature Vs Hafnium content (at.%.) 550 3 Martensitic Start Temperature ¥s Nickel Content (at.%) E
450 3 / 3 500 3 ® Hf, E
400 3 i = 3 ® Hfg E
Y Niso g . E 450 3 Hiw  E
350 4 * Nig E 400 3 E
G 3 e Ni d E o 3 ® Hiyg E
O 3003 5.3 E O 3503 ® Hfy E
= ] * Niggy / 1 E E ® Hiy E
@ 250 3 ; o bt E @ 3003 E
et 3 Mig: E 5 3 e Hfy, E
% 200 + Nig, , e 2 0 =
2 E E = 2003 E
@ 150 3 — . E @ E E
o E E 2 4503 =
E 100 3 I / E g : E
@ E E 100 3 E
F 53 e £ F E E
& E E = 503 E
E D_: g E 3 E
3 h E 03 E
-50 3 . = 50 3 2
—100—5 z— _1uu_§ §_
-150 3 . = 1503 5, E
-200 3 = -200 3 - . ~ E
L el I i i L T T T e e e e e e
0 2 4 6 8 0 12 14 16 18 20 22 24 26 28 30 40.8 50.0 50.2 50.4 50.6 50.8 51.0 51.2 51.4
Hf Content (at.%) Ni Content (at.%)
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Primary Challenge: 4y R
100K Actuation Cycles Before Failure Initiative

100
. . —~ Oact€ act‘757ONf-0 845
Alloy selection and processing “¢
is being developed to meet a 2 10 -wzmmf-o.s
range of material, actuation, ?5’ 4 -
3 >
and pc?rformance g 0, £,0,-225N,-0.48
requirements: O 19 & NigTig, [56]
] =< ® Nig,Ti,, [80] oo
* Transformation Temperature o @ TisNizoCuy [58]
. ; TigoNi5oCuyg [65] Gactsact=93Nf-0'46
* Maximum Work Output 0.1 A Nigg 3Tize ;Hfy
. St.able Perff).rmance 1,000 10,000 100,000
* High Durability Number of Cycles to Failure

* Fracture and Fatigue Toughness Maximize work output while

maintaining 100K cycle lifetime.

Adaptive Aerostructures for Revolutionary Civil Supersonic Transportation
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Exploring Shape Memory Alloys using Novel By UE ETR cecoren

. . . . . UNIVERSITY - Initiative
in situ and Conventional Experimentation SRR
] ] ] @ct of processing & heat treatment on precipitates siA
* SR-XRD in situ experiments used to . 25% R +550 G ats| | 25% FR+750°C s
examine effect of processing and heat | 7 -
treatment i,
. g 532+1.23nm ;g 15
 DSC, SEM, TEM, Vickers hardness 3
: H £ 2 | Final precipitate size ~ 25 n
experiments performed to characterize | @ [-WWARREESERES | &« Fnalpreciiate size =25 m
material’s microstructure and T et My
response ) 50% HR + 550 °C 3hrs “B0% HR + 750 "G 3hrs,s -
?"' . " 554+184nm : '
3 ULy = . B 1!
:g >, ‘- ey - - - g 10
TEM Images 8 W 8 * Fina! preclipitatfa sizg ~30 nm

i L i L L 2
0 2000 4000 6000 8000 10000 12000 0 2000 4000 6000 8000 10000 12000

Time (seconds) Time (seconds)
\in situ SR-XRD experiments on Nigg 5Tiz, sHf 15 (at. %)

550 °C 25% HR 550 °C 50% HR
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Fort Wayne Metals: From Specimens Toward AlM Leadership

. Initiativ
Production e

PAM/VAR Nig 3Tisg 7Hf5q
ingot at FWM (May 1, 2018)

e Constantly working to transition newly
discovered/characterized SMA materials
toward production scale

— Provides critical capability needed for
component testing

Vacuum arc melt
buttons SMA Bar

= 5, d
\. -
i
o Y EN
".‘ it i 3 B .-’ & “i,
1o 4 —= W R
A7 ’ o g o ST
, 0.5in = B
2 S e M S \
‘ - @

0.5in

- 1 Production Scale Up > FORT WAYNE METALS
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Modeling of SMA Constitutive Response AJ[M reacership
under Cyclic Loading + Initiative

Pre Fatigue 2% Fatlgye

. . . . O 18
Nicy 5 Ti,g 3Hf,o Actuation Fatigue under 300 = $ 45
0.08 MPa le 0,16 ic
0:14|c
o R ) 1L
— 0.06 v;-O‘.1-2 )
”::'. T E
- f-+{0.1 >
= 0.04 S e o
Sl ____/ © 74008 &~
) ‘o
& 0.02 N'sosT'297Hf 0.06 ¥
o
5 Heat Treatment: 0.04 %
g 0 =}
0 2000 4000 6000 8000 10000 @Ie
Cycles 0
@ Austenite Extension @ Martensite Extension Actuation Extension A ;

rm ;:" S
Q|gu a 2 e __
empera ure o

SMA response is evolving during the actuatlon cycl
Irrecoverable strains are accumulated due to evolution of

Yol AR R eARYdAOLeRT, tﬂm‘a’ﬁ%‘éf?) HUBEQPRIS

and facilitate the design of SMA actuator compone
Note: Each scan is on a separate specimen
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Modeling of Damage and Irrecoverable AM Leadership
: : - Initiative
Strains Evolution
Damage Evolution
SMA Isothermal Response 0.2
600 ] '
t
500 1% Cycle g 0.15 —e—Experiment
8 al Internal
D“_S 400 T 0.1 J Damage
L £ Internal
c\cg3oo- £ 0.05 — / Damage
o = o6 Model
0 200 — - = Expriment 0 50 100
1004 Simulation Actuation Fatigue Lifetime Percentage
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0.00 0.02 0.04 0.06 0.08 0.10 0.12 SMA Isobaric Response
Logarithmic Strain 0.18
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* The developed models predict the evolution of materials 5 0.1
response until failure by capturing: 8-82
= The damage evolution 8-8‘2‘
» The irrecoverable strains accumulation 0

285 305 325 345 365
Temperature / K
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Challenge 3: Undergraduate Student AJ[M Leadersnip
PartiCipation - Initiative

 Three undergraduate teams were integrated into the ULI project as full
participants

1. Data mining for real time weather and flight condition across the US for
flight path selection and weather impacts on boom signature.

2. Design, build, and test of Shape Memory Alloy actuated desktop
demonstrators of various forms of SMA actuation; torsion, tension, and

bending actuators.

3. Shape Memory Alloy Actuated Model in Supersonic Wind Tunnel using
torsional actuation.
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Challenge 3: Undergraduate Student AM Leadershio
. . . o Initiativ
Participation e
Each team operated as an engineering course under the Aggie-Challenge program

— Received credit for their participation
— Presented status at weekly meetings to subject matter experts from the larger ULI program
— Participated in Engineering Project Showcase sponsored by Texas A&M College of Engineering

 Freshman and Sophomore students committed to participation in following years
— Laying the groundwork for improved student participation throughout program

* Wind tunnel model team is providing a platform for FSI model development and
model validation
— Abstract has been submitted for SciTech 2019

* Transitioning some efforts to full Mechanical Engineering Senior Design (Capstone)
team for increased participation/leveraging of student creativity
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Team 1.: Visualization of Flight Conditions and AJIM weacersnp
Optimal Flight Paths/Parameters v

e 6 eSO B SR o+ Benr e, VisUAlizing Flight Conditions Across the
C. Limbach (AERO) | Dept .of Aerospace Engineering .
Continental USA

. . Background Nationwide Interpolation Flight Path Interpolation
Team 1 students describe their progress —
H H To know where o morphan | e~ . R Flight
DA A g Gi two airports, fied |i flight diti b
to Dr' KOUSh | k Datta’ aCtI ng DeDUty a;mraﬁ an:reduce th:;effems W\ FARFIELD | conditions such o alrp?n:p:ezp:z:;zs I:::.'g':?paf:" ition can be
H H of a sonic boom, weather as temperalure,
rd P .
D | rector f0r the NASA Ae rona UthS conditions and population density pressure, wind This will allow for a function of morphing feasability to be
H along a flight path need to be : ¥ speed, wind developed along a specific path
Research Institute considered. TN - - ‘ diection, and
e — ta humidity are e S —
taken from
Objectives upper air
» 1 weather balloon !
of a sonic boom are not only dependent on > e * ’ . :‘;‘:?:;g otz i : =
he aircraft, but also a combination of flight o i * University of i |
conditions. Wyomrngy : e

s to interpolate flight conditions to predict
orphing an aircraft along a flight path, and
or ideal aircraft morphing.

MATLAB's interpolation framework was used to generate a contour model
allowing for interpolation at any point across the continental US.

Future Work

Refine interpolation methods to reduce error using radial
basis functions

. . Google Maps' API was ulilized to visualize the acquired interpolated data.
ary objective of the team is to create an &l L - e " . i

of the data to allow for visualization of the W J
pns and the morphing feasibility.

Add support for interpolation across time

ATLAB Output Google
iis .csv and valuez e Maps Account for geographical influences on interpolation
erpolates uploadad HTMLJS

::::: and | | oo Google at:‘:::’:::s I the softy with J; ipt to allow for web
zontally to Magg:l::mn Tables and deployment and live data scraping
hte a mesh displays data
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Team 2: Shape Memory Alloy Actuated ALM Lesocon

Desktop Demonstrator BOEING

Torque Tube Actuation Bending Actuation
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Team 3: Shape Memory Alloy Actuated AlM Leadership

= Initiative

Model in Supersonic Wind Tunnel

* SMA Actuation, sensors, and control system successfully
demonstrated on the bench using ABS plastic.

* Tunnel fit check and preliminary testing.

* Improved design being built for wind tunnel testing.

Team 3 students |
explain their approach
to Dr. John
Cavolowsky, TAC
Program Director
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Team 3: An Example of Integration AT Leocersho
. . . - Initiative
Across Project Participants

» Simple dual ramp wind tunnel model
used for evaluation of integrated
CFD and SMA tools.

* Simulations validated by actuated
supersonic wind tunnel tests.

» Validated processes and method will
be used for design optimization later
in the program.

Angle
|
gl

20, -20,
40. 60. 80. 100. 120. 0. 60. 80. 100. 120.
Temperature Displacement

Student Built SMA Actuated BOEING T g

Wind Tunnel Model
(Boeing Support, SMA and shock characteristics)
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