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• Ses s ion 1- Ba ck g rou nd on a eroela s ticity a nd w ind tu nnels
– His torica l overview  of a eroela s tic tes ting
– Overview  of experim enta l res ea rch a t NASA La RC
– Introdu ction to a eroela s tic w ind-tu nnel tes ting

• Ses s ion 2 - Tu nnel ca libra tions ; the Tra ns onic Dyna m ics  Tu nnel

• Ses s ion 3 - M odel des ig n, fa brica tion

• Ses s ion 4 - W ind tu nnel tes ting  a nd ca s e s tu dies

• Ses s ion 5- Active control a nd s m a rt s tru ctu re tes ts

EXPERIM ENTAL AEROELASTICITY AG ENDA



RIGID BODY

AEROELASTICITY

Thermal Control



W HAT AFFECTS AEROELASTICITY?



HISTORY OF AEROELASTICITY

Airpla ne des ig ns  ha d a eroela s tic problem s  from  Da y One !

Sa m u el La ng ley's m onopla ne la u nched (da ys  before the W rig ht Flyer) 
from  a  hou s eboa t in the Potom a c River s u ffered a  s tru ctu ra l fa ilu re --
pos s ibly a eroela s tic diverg ence



Flu tter w a s  com m on du ring  W orld W a r  I

• The Ha ndley Pa g e 0 -40 0  bom ber ha d a  cou pling  betw een the 
a ft fu s ela g e in tors ion a nd a na ntis ym m etric eleva tor m otion

– “…  a t certa in critica l s peeds  of flig ht a  ta il w obble is  s et 
u p, involving  hea vy tors iona ls tres s es  on the fu s ela g e, the 
type of vibra tion being  a n a ng u la r os cilla tion 
a pproxim a tely a bou t the a xis  of the fu s ela g e …
…  the a ng u la r m a g nitu de of this  os cilla tion a m ou nts  a t 

tim es  to s om ething  a pproa ching  15°, a nd is  u ndou btedly 
extrem ely da ng erou s  to the s tru ctu re … ”

– The DH-9 ha d a  s im ila r problem   in 1917
– Des ig n m odifica tions  w ere developed to elim ina te s u ch  

a eroela s tic ha za rds  …  a  s tiff torqu e tu be connecting  the 
left a nd rig ht eleva tors  w a s  introdu ced.

HISTORY OF AEROELASTICITY



The 30 ’s  provided m ore exa m ples  of flu tter. 

• The Lock heed M odel 14H (Su per Electra )  
requ ired s ig nifica nt effort to ba la nce the 
tip-m ou nted ru dders .

• K LM  refu s ed to a ccept the a irpla ne w ithou t a  better s ta tic a erodyna m ic 
ba la nce for the ru dder. 

• Eig ht a irpla nes  w ere delivered to Northw es t. Northw es t s u ffered their firs t 
cra s h in com pa ny his tory nea r Bozem a n, M onta na , k illing  10  people, in 
J a nu a ry 1938.

HISTORY OF AEROELASTICITY



Other types  of inherent a eroela s tic problem s  . . .

• “Propeller w hirl flu tter” ( w ing  flu tter du e to propeller-na celle-w ing  
intera ction ) led to the los s  of s evera l lives  in the Lock heed Electra  (a  4-
eng ine tu rboprop tra ns port).

• Severa l people w ere k illed in the cra s h of the Is ra eli ARAVA ta ctica l 
tra ns port w hen the w ing  flu ttered ca ta s trophica lly beca u s e a  w ing  s tru t 
a tta ching  bolt w a s  im properly torqu ed -- u nfortu na tely this  problem  
reoccu rs  (e.g ., F-117).

HISTORY OF AEROELASTICITY



• J et - a g e incidents  s till occu r . . .

– w ing  bending -tors ion flu tter, encou ntered in tes ting  of w ing -tip fu el ta nk s  for 
the  T-33 (u npla nned hig h s peed tes t points ) da m a g ed the a irpla ne beyond 
repa ir.

– initia l flu tter tes ting  on the KC-135 s how ed a  lim ited a m plitu de (LCO) flu tter 
of the vertica l ta il (24 to 36 in. m otion a t the top for 46 s econds )

– E-6A TACAM O (Boeing  70 7-320 ) los t the u pper ha lf of the fin a nd ru dder; 
“s olved” the problem ; a nd, repea ted the fa ilu re on the next flig ht !

HISTORY OF AEROELASTICITY



• STATIC  (involves  the intera ction of a erodyna m ic a nd ela s tic forces )

– DIVERG ENCE -- deform a tion - dependent a erodyna m ic forces  exceed the 
ela s tic res toring  ca pa bility of the s tru ctu re

– CONTROL SURFACE REVERSAL -- control los s  or revers a l of expected 
res pons e du e to s tru ctu ra l deform a tion (s tiffnes s ) of the prim a ry s u rfa ce

– LIFT EFFECTIVENESS  ----cha ng e in m a g nitu de a nd dis tribu tion of 
a erodyna m ic loa ds  du e to the s tru ctu ra l s tiffnes s  of the a erodyna m ic 
s u rfa ce

• DYNAM IC (involves  the intera ction of a erodyna m ic a nd ela s tic a nd inertia l 
forces )

– FLUTTER  -- a n os cilla tory ins ta bility w here one ”m ode of m otion” is  driven
to res ona nce by a  s econd m ode.  Both m odes  ha ve coa les ced to the s a m e 
frequ ency    (inclu des  ‘bending -tors ion’, propeller w hirl, a nd pa nel flu tter)

– ‘BUZZ’ a nd ‘BUFFET’ -- hig h frequ ency ins ta bilities  ca u s ed by flow  
s epa ra tions , w a k es  from  forw a rd s tru ctu res , s hock  w a ve os cilla tions

– ‘DYNAM IC RESPONSE’ du e to g u s ts , tu rbu lence, a nd other s u ch 
a tm os pheric dis tu rba nces  tha t a ffect a ircra ft perform a nce

SOM E TYPES OF AEROELASTIC PHENOM ENA



• Frequ ency dom a in s olu tions  m a y revea l . . .
– flu tter a s  a  coa les cence of a eroela s tic frequ encies  of 2 or m ore m odes

– or, a eroela s tic diverg ence a s  a  “zero frequ ency” m ode

FLUTTER



s A V-g Diagram is constructed for 
each altitude and Mach no., the   
V-g diagram shows damping for 
increasing freestream velocity.

s Critical modes may be sensitive to 
damping, the path (somewhat) 
indicates the nature and severity of 
the instability.

s Aerodynamic loads affect both 
frequency & damping, but some 
modes are insensitive to 
aerodynamics.

s The number of roots depends upon 
the number of D.O.F. in the system 
or modes of vibration used in the 
solution.

FLUTTER
- The V-g (Velocity-da m ping ) cha rt is  a  popu la r w a y

to pres ent frequ ency dom a in s olu tions



IM PACT OF FLUTTER ON FLIG HT



FLIG HT FLUTTER CLEARANCE REQUIREM ENTS

Flu tter is  a  low  
a lt. & hig h q 
ha za rd



• M ilita ry Specifica tions  

– M IL-A-8870 A, a irpla ne s treng th, rig idity, flu tter diverg ence, M a rch 31, 1971.

– M IL-F-9490 D, flig ht control s ys tem  - des ig n, ins ta lla tion a nd tes t of piloted 
a ircra ft

• Civilia n Specifica tions

– FAR 23.629 Applies  To Norm a l, Utility, Aeroba tic, And Com m u ter Aircra ft

– FAR 25.629 Applies  To Tra ns port Ca teg ory Airpla nes

• Other docu m ents  tha t m a y prove helpfu l

– "Stru ctu res  Flig ht Tes t Ha ndbook ," Norton, W .J ., AFFTC-TIH-90 -0 0 1,  Air 
Force Flig ht Tes t Center, Edw a rds  AFB, Ca lifornia , Nov. 1990 .

– "Aeroela s tic Flig ht Tes t Techniqu es  a nd Ins tru m enta tion," Va nNu nen, J . W . 
G ., a nd Pia zzoli, G ., AG ARD-AG -160 , Vol. 9, AG ARD, London, Eng la nd, 
Feb. 1979.

– "Aeroela s ticity / a ircra ft s tru ctu res ," Cha pter 12, Flying  Qu a lities  Pha s e, 
USAF Tes t Pilot School, Edw a rds  AFB, Ca lifornia .

– "Flig ht Control Sys tem  Stru ctu ra l Res pons e a nd Lim it Cycle Os cilla tion," 
K irs ten, P. W ., AG ARD Conf. Proc. No. 233, Flig ht Tes t Techniqu es , 
London, Eng la nd

DOCU M ENTS OF INTEREST INCLUDE:



Vis ion Sta tem ent:Ou r Vis ion Is  to Be the W orld's  Lea der in Perform ing  Innova tive 

Aeroela s tic Res ea rch, in Developing  Cos t-Effective Aeroela s ticity M ethods  a nd 

Uniqu e Adva nced Concepts , in Condu cting  Hig h Qu a lity W ind-Tu nnel Tes ts , a nd in 

Serving  a s  a  Technolog y Res ou rce for the U.S. Aeros pa ce Indu s try, the Depa rtm ent 

of Defens e, Aca dem ia , a nd NASA.

AEROELASTICITY BRANCH
Stru ctu res  a nd M a teria ls Com petency

NASA La RC

M is s ion Sta tem ent:Ou r M is s ion Is  to Provide a  Stra teg ic a nd Critica l Role to the U.S 

Aeros pa ce Com m u nity by Condu cting  Pioneering  Res ea rch to Obta in a  Fu nda m enta l 

Unders ta nding  of Com plex Uns tea dy Aerodyna m ic Flow  a nd Aeroela s tic Phenom ena  

Experienced by Flig ht Vehicles , in Developing  a nd Va lida ting  M ethods  a nd Innova tive 

Concepts , a nd in Perform ing  G rou nd a nd W ind-Tu nnel Tes ts .



GOALS
• Develop ba s ic fu nda m enta l k now ledg e, a na lytica l m ethods , & a dva nced concepts

• Define a eroela s tic & a eros ervoela s tic cha ra cteris tics  of a dva nced a ircra ft & r/c

• Control a nd exploit a eroela s tic res pons e throu g h a ctive a nd pa s s ive m ea ns

• M a inta in Tra ns onic Dyna m ics  Tu nnel a s  a  u niqu e na tiona l fa cility

• Va lida te w ind tu nnel tes t res u lts  for prediction of flig ht a eroela s tic events  

• Throu g h w ind tu nnel tes ting  identify the a eroela s tic properties  of DOD a nd 
indu s try flig ht vehicles

• Acqu ire experim enta l da ta  for m ethod va lida tion a nd a dva nced concept 
verifica tion

• Provide a eroela s tic expertis e to DOD, indu s try, a nd NASA projects  



Eng ineers  a nd s cientis ts  in the Aeroela s ticity Bra nch a re a ble to perform  res ea rch to:

•  Develop fu nda m enta l k now ledg e & u nders ta nding  of com plex s tea dy/u ns tea dy 
a erodyna m ic flow  & a eroela s tic phenom ena , es pecia lly in the tra ns onic s peed ra ng e

•  Develop a na lytica l m ethods  tha t a ccu ra tely predict a eroela s tic phenom ena  inclu ding  
flu tter, bu ffet, bu zz, lim it cycle os cilla tions , a nd g u s t res pons e, a nd s tea dy a nd 
u ns tea dy a erodyna m ic flow  phenom ena  tha t inclu de vis cou s  effects , vortex flow s , 
s epa ra ted flow s , tra ns onic nonlinea rities , a nd u ns tea dy s hock  m otions

•  Apply a na lytica l m ethods  to s olve releva nt a eroela s tic problem s  rela ted to fixed- a nd 
rota ry-w ing  a ircra ft a nd la u nch vehicles

•  Inves tig a te, develop, a nd dem ons tra te u niqu e concepts  tha t em ploy s m a rt m a teria ls  
a nd/or a erodyna m ic s u rfa ces  to prevent a eroela s tic ins ta bilities , redu ce loa ds  a nd 
vibra tions , a nd a llevia te a dvers e s tru ctu ra l res pons e

•  Opera te a nd m a inta in the Tra ns onic Dyna m ics  Tu nnel a nd the Rotorcra ft Hover Tes t 
Fa cility, a nd perform  m odel tes ts  to s u pport indu s try, NASA, a nd other prog ra m s  

•  Provide technica l expertis e to s u pport s im u la tions , g rou nd tes ting , w ind-tu nnel tes ts , 
a nd flig ht experim ents  of cu rrent a nd fu tu re flig ht vehicles

FUNCTIONAL STATEM ENT



•  Sm a rt M a teria ls  Applica tions  to Aerodyna m ic/Aeroela s tic Problem s

•  Active Controls  Applica tions  to Aeroela s tic Problem s

•  Com pu ta tiona l Aerodyna m ics /Aeroela s ticity 

•  Tw in-Ta il Bu ffeting  Control

•  Active Aeroela s tic W ing /M a neu ver Loa ds

•  Helicopter Rotor Aeroela s ticity

•  Tiltrotor Aeroela s ticity

•  Hig h Speed Tra ns port Aeroela s ticity

•  Blended W ing  Body Aeroela s ticity

•  Flow  Cha ra cteris tics  of Tra ns onic Dyna m ics  Tu nnel (TDT)

•  Tes ting  in the TDT a nd in the Rotorcra ft Hover Tes t Fa cility

M AJ OR AREAS OF RESEARCH EM PHASIS



AEROELASTICITY BRANCH - ORG ANIZATION

Bra nch Office

Aircra ft
Aeroela s ticity G rou p

Adva nced Aeros ervoela s tic
Concepts  G rou p

Theoretica l
Aeroela s ticity G rou p

Rotorcra ft 
Aeroela s ticity G rou p

Fa cility Opera tions  Tea m

Aeroela s tic Focu s  Area s

Sm a rt Stru ctu res
Com pu ta tiona l Aeroela s ticity

Rotorcra ft Aeroela s ticity

Technica l Tea m s
W RATS

ATR
AAW
ASM

W yle

OdinATTB

DTSV



FACILITY M ANAG EM ENT

TDT
Fa cility

M a na g em ent
FM

Opera tions

Fa cility
Coordina tion

FC

Sa fety
FSHEnvironm enta l

EC

HG RS Drive
Sys tem

Fixed Applica tions

DAS
DASM

Experim enta l
Res ea rch

Endea vors
Res ea rch Tes t

Eng ineers

Tes t Specific
Applica tions

•  Bldg . M a intena nce
•  CCD M a intena nce
•  Im plem ent Environ.

Requ irem ents
• Equ ip. M a na g em ent

M odel
Technicia ns

Tes t
Opera tors

•  Stra teg ic Pla nning
•  Opera tiona l Pla nning
•  Bu dg eta ry Pla nning
•  Im plem enta tion

Shift Lea ders
As s t. FC

Developm ent
•  CoF Im prv Prjcts
•  Fa c. Im prv Rs rch
•  AE Tes ting  Im prv

Secu rity
SM



AEROELASTICITY BRANCH - AFFILIATIONS

Tom Noll, Bra nch Hea d (deta iled to SM C)
Boyd Perry, As s is ta nt Bra nch Hea d (a cting  BH)

Sta n Cole, Fa cility M a na g er (a cting  ABH)
J erry G a rcia , Da ta  Acqu is ition M a na g er
W es ley G oodm a n, Fa cility Sa fety Hea d

A - Arm y
Ld - Lea der

Bra nch Office

Rob Scott (Ld)
J ennifer Heeg

Bob M os es
Da ve Pia ta k

Ca rol W ies em a n

Adva nced Aeros ervoela s tic 
ConceptsDa ve Schu s ter (Ld)

Bob Ba rtels
J ohn Edw a rds
Ra y K va ternik

W a lt Silva

Theoretica l Aeroela s ticity

Tony Rivera  (Ld)
J a m es  Flora nce

J ennifer Flora nce
Don K eller

Robert Sleeper

Aircra ft Aeroela s ticity
Bill Yea g er(Ld, A)

Renee La k e (A)
Ches terLa ng s ton(A)

M a rk  Nixon (A)
J eff Sing leton (A)

M a tt W ilbu r (A)

Rotorcra ft Aeroela s ticity



AEROELASTICITY BRANCH - TECHNICAL TEAM S

Scott  - Technica l Lea der
J RFlora nce

K eller
K va ternik
Schu s ter

Silva
W ies em a n

Aeros ervoela s tic Sem is pa n
M odel

Heeg - Technica l Lea der
J PFlora nce
Schu s ter

W ies em a n
Perry (NASA-La ng ley AAW  Boa rd M em ber)

Active Aeroela s tic W ing

W ilbu r  - Technica l Lea der
La k e

La ng s ton
Yea g er

Active Tw is t Rotor

Nixon  - Technica l Lea der
K va ternik

La k e
La ng s ton

Pia ta k
Sing leton

W RATS



G ROUP FUNCTIONS

AIRCRAFT 
AEROELASTICITY

Aeroela s tic Cha ra cteris tics
Flu tter Clea ra nce

Stea dy/Uns tea dy Aerodyna m ics

THEORETICAL 
AEROELASTICITY

CFD Uns tea dy Aerodyna m ics
Com pu ta tiona l Aeroela s ticity

Nonlinea r Aeroela s ticity
Aeroela s tic Ana lys es

Aeros ervoela s tic Ana lys es

ROTORCRAFT 
AEROELASTICITY

Helicopter Loa ds /Vibra tion
Aerom echa nica lSta bility

Rotor Perform a nce
Tiltrotor Aeroela s ticity
Arm y Requ irem ents

ADVANCED AEROSERVOELASTIC 
CONCEPTS

Aeros ervoela s ticity
Active/Ada ptive Controls
Exploiting  Aeroela s ticity

Sm a rt M a teria ls



G ROUP LEADER RESPONSIBILITIES

Res pons ibilities  To G rou p M em bers
•  Technica l Lea ders hip 
• M entors hip & Encou ra g em ent
•  Perform a nce Pla nning
•  Pa rticipa te in As s ig ning  Ta s k s  to G rou p M em bers
•  Lia is on to Bra nch Office (360 o Com m u nica tion)

Res pons ibilities  To Bra nch Office
•  Lia is on to G rou p (360 o Com m u nica tion)
•  Advoca te for G rou p
•  Res ea rch Pla nning
•  Res ou rce ($$ a nd W F) Bu dg eting

Res pons ibilities  To Self
•  CONDUCT RESEARCH



CHARACTERISTICS OF G ROUPS, TEAM S, AND 
AEROELASTIC FOCUS AREAS

G rou p Tea m AFA
• G rou p Lea der

• Collection of Individu a ls  
Su pporting  AB Core 
Ca pa bility

• Res ea rch $$ from RTAs

•  Res ea rch W ork force

• M a inta in AB Core 
Ca pa bilities

• Adm inis tra tive Unit
(e. g .Perf. Pla nning , 
Res ea rch Pla nning , etc)

• Accou nta ble for M iles tones  
a nd Delivera bles

• Form a l Entity

• Tea m  Lea der

• Collection of Individu a ls  
Su pporting  Specific AB,
La RC ... Res ea rch G oa ls

• Res ea rch $$ from  a n RTA

• Tea m  M em bers  As s ig ned 
from  G rou ps

• Tea m  Res ea rch Perform ed

•  Technica l Unit (Technica l 
Pla nning  Specific to 
Project)

• Accou nta ble for M iles tones  
a nd Delivera bles

• Form a l Entity

• Fa cilita tor (Rota ting )

• Collection of Individu a ls  
Interes ted in a  Very 
Focu s ed Area  of 
Aeroela s ticity

• No $$

• M em bers hip Volu nta ry to 
All Bra nch M em bers  

• No Res ea rch Perform ed

•  Open Foru m  for Pla nning  
a nd Coordina ting  Activities

• No M iles tones  or 
Delivera bles

• Inform a l Entity








