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PART 1: AEROELASTIC EQUATIONS WITHOUT EXPLICIT
FORMULATION OF AERODYNAMIC TERMS

Next weeks...

PART 2: FORMULATION OF THE AERODYNAMIC FORCES
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CLASSICAL LINEAR FLUTTER
WHERE WE ARE IN THE COLLAR'’S DIAGRAM ?
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PHYSICAL EXPLANATION OF FLUTTER

.. FIRST CONTACT ...
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../../../Videos/Flutter/The flutter effect explained.mp4
../../../Videos/Flutter/V tail flutter (cam_ Flycamone2).mp4
../../../Videos/Flutter of Aeromodel/SAE Aero Design 2007 - Flutter.mp4

PHYSICAL EXPLANATION OF FLUTTER
. CONCEPT OF NORMAL MODES IN THE A/C ...

ai‘i
hiﬁ;-&i
A s o
il Sha T
iy Sy, £
By
ﬁid"-& v jf"':h ki{;
hi‘tﬁ . A A
i i R o
Fat =ﬁ-”""
.-‘.Aﬁ A,
o ﬁl ki&\
SN o D “Tvpical Section”
CLASES PARTICULARES, TUTORIAS TECNICAS ONLINE
LLAMA O ENVIA WHATSAPP: 689 45 44 70

@s@mmrmmeMW@Bumel Nanummmmwubmam#asmﬂa blenea)seé&@hoﬁdiﬁmmercero haganaﬁrdo&mereagad@mes (Vibraciones y Aeroelasticidad)


GTA FE Model/EIAE-GTA.pptx

PHYSICAL EXPLANATION OF FLUTTER
... an easy-to-understand phenomenon with a tricky mathematical treatment ... Qo)

“It has been said that the development
of unsteady airload theory for
oscillating wings did more to promote
misunderstanding of the flutter

phenomenon that any other factor”
(Bisplinghoff, “Principles of Aeroelasticity’)

Then, let’'s start today with a physical explanation of the
flutter with focus on:

v.  UNSTEADY AERODYNAMICS
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PHYSICAL EXPLANATION OF FLUTTER — UNSTEADY AERODYNAMICS

“Typical Section” with pure rotational motion

O Let’s start with ...
v' 1DOF: Pure rotation around the elastic axis
v' Let’s assume we know the expression of the aerodynamic moment (next slide)
v' Let’s play with the equations !
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PHYSICAL EXPLANATION OF FLUTTER — UNSTEADY AERODYNAMICS
Equations with aerodynamic terms

— | & —a + | Ky —
da o “

app® + arp +az =0

= Torsional divergence

az <0 (Ka < aQQ)

o

a; <0 ( (;2 <> U) = Dynamic instability of Flutter
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PHYSICAL 1o
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PHYSICAL EXPLANATION OF FLUTTER — COALESCENCE OF MODES

“Typical Section” with heaving (bending) + pitching (torsion)

O For this example ...

v’ Lift is determined by the
instantaneous angle of attack

v’ Lift acts at the aerodynamic
center
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PHYSICAL EXPLANATION OF FLUTTER — CONTROL SURFACE

Control Surface deflection coupled with bending / torsion

DIFFICULT TO BALANCE CONTROL SURFACES
@nm HINGED UFPER SURFACE HINGE AXIS

| EXTENDED ARB (4130 STEEL)

LEAD
UNBALANCED BALANCE  BALANCED
WEIGHT
{(ZJCENTER HINGED CONTROL SURFACE HINGE AXIS

I CAST

LEAD - STEEL ARM 178" X 1% (4130}
BALANCE
UNBALANCED BALANCED
FRISE/SLOTTED AILERONS

HINGE AXIS

)
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LAGRANGE’S EQUATIONS OF 3D “TYPICAL SECTION”
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LAGRANGE’S EQUATIONS
Kinetic Energy

c/2 : c/2

1 . ; .12
dT = 3 (dm - 1) {h+ (3:—111—) (.-.1: - ;13%) H (m—ﬁgg) 54

1 .. 1 , 1. .. . .. : .
T = [EME + Efﬂdﬂ'} + 51555 + S, hé + Ssho,. + (L; + Am%sé) aac]
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LAGRANGE’S EQUATIONS

Damping

4 (), o
dt 8q3 an 6(]3

Q Viscous damping > proportional to the speed f, = bu
(Fluid viscosity, dampers,...)

Q Structural damping = proportional to the displacement fs =i-¢g- K -u
(Mechanical friction)

/\% qq_) A L-We - Up
i-we-uUg g
(@)]
=
o &
u = 1 - gK - ug
) 0 )
1 gK - ug C R I .
7 7 w
I'.LJ'*
1 gK oD K . .
___g 2=t =9 g o f =i gK g
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LAGRANGE’S EQUATIONS
Elastic Deformation
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FORMULATION OF LAGRANGE EQUATIONS

Non-dimensional formulation

M Sa S (b ) [ MwE 0 0 h
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FORMULATION OF LAGRANGE EQUATIONS %€
h-DOF INERTIA FORCES Qe

5¢(t)
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FORMULATION OF LAGRANGE EQUATIONS %€
a-DOF INERTIA FORCES Qe
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FORMULATION OF LAGRANGE EQUATIONS %€
0.-DOF INERTIA FORCES Qe

A Z

S¢(t)
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AEROELASTIC EQUATION IN FREQUENCY-DOMAIN

Harmonic response is assumed

1 o ( ho
2 - gPeele b
—w* [My;] + iw [Fij] + [Kij] — A Qi | < a (= 0
\ ‘50
( hp )
1 We \ 2 ) ~ b
{_ (M) — m Qij;] + (:) (1 +194) [K” < ag > =0
\ 5“ Y,
p= b
~1—1 Wea 2 ‘ U::c
HK] ([M ] 2'?T,tbk2 [Qtj]) B (:) (1 + zga) [I]‘ =0 M
= TP oo b?

Solution Method #01: Set equal to zero both real and

imaginary parts to obtain “k” and “®”
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NOTE: The structural damping
is substituted by a generic “g”

—————————————————————————————————————————————— 4 ]' 2 . 1
Vg -M ETHOD g T 2l N U I and the problem is converted

into an EIGENVALUE

Solution Method #02:

PROBLEM with iteration in “k”

— - till “g” matches the structural
P = Cte = u = cte darmping g
> k

' Ay

12f 2m

4= (&) (4] + o (@]} | ]

) r o L
1 T / il o k=05 : »
U" 6l Il // : //, : : A i :
//,75 o= M . +++4+’++++'+++R++
A~ A1) =0 e
//,’ 2_/’.// "/,/'. fAR e R R 7 A iy :
i 0 20 40 6 80 100 120 140 16 180
B Wey PRe Air Speed (m/s) U
m— T —{m o0
R ()\m) Wb \ T x _____________
N Uoo(m) I /.,:’
_ SOm) I Il  FLUTTER
I ROwm) s & ~ POINT
N aim = el & v :
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. AND THE REAL SITUATION : AIRCRAFT DESIGN

;A:EROELASTIC MODEL OF THE A330-MRTT TANKER AIRCRAFT

FINITE ELEMENT MODEL

LUMPED MASS MODEL
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AND ... IN MORE COMPLEX STRUCTURES LIKE A/C

Aerodynamic Doublet-
Lattice Model to obtain

Finite Element Model to obtain
the generalized aero
Mass Matrix (lumped masses forces
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.. AND THE REAL SITUATION : AIRCRAFT DESIGN

i:LUTTER EQUATION AND VG METHOD
[Maa) {ita} + [Baa] {ita} + [Kaa) {ta} = { Q2 (tas ttay ia) } + {QE(t)}
{Q (ta, i ita) } = [Gral” [Qkk] [Gra) [da] [un]

[ba]” [Maa] [$a) {iin} + [$a)” [Baal [0a] {itn} + [0a]” [Kaa] [$a) {un} =
= [$a]” [Gral” [Qrr] [Gral [Ba] [un] + [0a]” {QE (1)}

[Mhpn) {iin} + [Bun] {un} + [Knn] {un} = %mei [Qnn(k, Moo)] [un] + {QF (1)}
— w? [Myn] {an} + iw [Bun] {in} + [Knn] {tn} = %meﬁo [Qnn(k, Moo)] [in]

—w? [Mpp] + iw [Brn)] + [Knn] — %meﬁo [th(k‘,Mm)]) {un} =0

—w? [Myp] + iw [Bpp] + (1 +ig) [Kpn] — %PmUi [th(kaMDo)]) {up} =0

S T T,
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. AND THE REAL SITUATION: (oS A W 5000 ALEOLATID MALYELSm 24 261200

SOLUCION CASO NOWIMAL  LCAMB= 1 |G GDL= 1 LCORTE= 0 HN_CORTES= 1

I.:.LUTTER EQUATION AND VG METHOD

]+ 2 [Quak M) = S 11 = 0

Qun(k, Me)] = T ]| =0

Damping (g)

A330-MRTT Reduced Frequencies Dist

Frequency {(Hz)

~ FREQUENCY [Hz]
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INFLUENCE OF PARAMETERS ON FLUTTER SPEED

Mass parameter u

Dense medium
(Light personal airplanes at low
altitude, submerged lifting surfaces on
high-speed ships and submarines, ...)

Unstable

"
Mﬂ/
- .
A - Linear tendency
”

Stable

0
0 20 40 &0 80 100
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INFLUENCE OF PARAMETERS ON | o zA b

FLUTTER SPEED -
Distance CoGto AC: %2+ a + X, —b |
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INFLUENCE OF =]

PARAMETERS 4.0
ON FLUTTER SPEED
Effect of Mach number Stable
35 ;
- m —_—
TPachS 100
30
20
L~10
25 / Wi
Flight at a fixed ambient state 20 —1 2
corresponds to a certain horizontal e ' NG
straight line; no flutter is expected if this ——> |
line falls entirely within the stable zone for 15 L
all Mach numbers of interest % o
nstable
1.0 ©
I__
oo, =0 <-f-| ’
R
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