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Figure 7.6 lllustration of static stability.
ta) Statically stable system. (&) Statically
unstable system. (c) Statically neutral system.
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Figure 7.8 Examples of dynamic stability. (a)} Aperiodic. (k) Damped oscillations.
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Figure 7.9 An example of dynamic instability.
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Facendo qualche passaggio si puo vedere che :

Cmu — CLG(“X-cg - 'iacﬁ) = CL(x*(Xcg—XN)

Margine di stabilita statica :

MSs=dCm/dCL=  dC, _dC, da _CM, _(Xw—X
dC, da dC, CL
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Margine di stabilita
dC, dC, da _CM, _(— v )
dC, de dC, CL

(04

Essendo tipicamente Xcg avanti (verso il l.e.) al punto neutro

(es. :) o o
Xcg 2030 X N 2050

Il Margine di stabilita MSS é negativo e nel caso sopra
MSS =-0.20 (cioe 20% di stabilita statica)

In effetti per la stabilita , come il CM o
deve essere negativo anche il

CM oL = MSS deve essere negativo

Corso Manovre e Stabilita - Marzo 2010



Dipartimento ey
Ingegneria Aerospaziale G oo M e e
vnversiia ail Napoll Fegerico il

CM

Com bloccati al variare di de

NB:
) MSS < 0 Esiste solo 1 valore di CL al quale il velivolo
e equilibrato a comandi liberi
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Se=-10 CL

"~~. Curva del velivolo a com liberi
oe=-5

oe=0
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Figure 7.13 Moment coefficient curve with a negative slope.
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Figure 7.15 Moment coefficient curve with a positive slope.
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Punto neutro
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Punto neutro : Trimmed & Luicplane
M, =10

Centro aerodinamico del velivolo completo
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La portanza agisce sempre nel centro di pressione.

Velivolo stabile :
Il cp si sposta dietro se il velivolo cabra !

L’inverso se picchia !
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Figure 7.26 A diagram for static stability, with the
lift acting at the center of pressure.
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Con alfa pari all’angolo d’attacco assoluto le equazioni si semplificano:

C.

WEF Zero lift line

alfa ASS

C, =C, -q o, =a—&+I, +1:0,

h Oh

d . . :
e=— .0 (Infatti ¢, e trascurabile)
do
de

o, =0 1-——|+1, +7-9,
do
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Con alfa pari all’angolo d’attacco assoluto le equazioni si semplificano:

C L
WEF Zero lift line

alfa ASS
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MOMENTO:

WEF Zero lift line

alfa ASS

och:oc-(l—jJrthrr-Se JW
da

— S, d
CM = CM +CL OL(Xcg Xac wf) CL nh—(l(l——gj(Xac h —Xcg)
ac_ wf awf S da
S

_CLahnh Eh(lh +T°6€)'(;ac_h —;cg)

— S, d
CM = CL (Xeg — Xac wf) — C Tlh (1——8j(xac h —Xcg)
; o S do
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PER ESSERCI EQUILIBRIO CM. e
(con de=0) "

—1h <0 !

E tanto minore quanto minore e

CI\/I

ac_ wf

Figure 7.13 Moment coefficient curve with a negative slope.

+C|_ a(;cg—;ac_wf)_CL Tth_hOL 1_E (;ac_h _;CQ)
o S do

_CLahnh S?h(lh +’C°6€)'(;ac_h —;cg)
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MOMENTO con alfa assoluto:

% .-

WEF Zero lift line

alfa ASS

l ‘VAVT

— S, d
CM = CM + CL OL(Xcg Xac wf) CL nh —Ot(l——gj(Xac h —Xcg)
ac_ wf awf S da

_CLahnh %(Ih +T°6€)'(;ac_h —;cg)

C,=C, +C, af(Xeg—X RV (1—Ej
M Mac wt L g _ hC da

o CL%nh\/h (Ih + TSe)
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Con alfa pari all’angolo d’attacco assoluto le equazioni si semplificano:

C.

WEF Zero lift line

alfa ASS

W

CM =C|_ (Xeg — Xac wf) — CL T]h 1——8 (Xac_h —Xcg)
’ o S da

de \S, I,
do ) S ¢
de

CM =C|_ (;cg Xac wf) C V n. 1-——
’ ot do

CMa = CLan (;09 _;ac_Wf)_CLahnh 1-
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Trascurando la differenza in zero-lift line e ponendo

C.=C__

— — C. de
+C, ol (Xeg—Xac wi)—V, —|1——
L ( g _ f) h CL dot

[0

o CL(thh\/h (Ih + T8e)
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Stabilita statica

- = C. de
Xeg —Xac wf)—V, —~|1——
(Xes )=V C, da

[0

PUNTO NEUTRO

_ C
XN = Xac_wf ‘|‘Vhl I—E
C, da

(03
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Stabilita statica — — CLOL
Cy, =Cp | (Xeg = Xac_wt) =V} —
L L(X
PUNTO NEUTRO
_ = C Ly, de
XN = Xac_wf + V, 1-—
. da
MSS Static margin
Margine di Stabilita Statica [
E&Cth
3 np
g @ m—
MSS = XN — Xcg ;ac_wf ;
~ X g —
XN

Figure 7,24 Illustration of the static margin,
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MSS = Xn — X
CLah de | —

C, da

o

MSS = ;ac_wf + Vh

... Eriguardando I'espressione del CM

o

CLah 1_&
C, do

(;cg — ;ac_wf ) — Vh
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Quindi anche :

dc, dcC,

dOL C|\/|

o

CI\/ICL -

dC,  do

dc, C,

a

—MSS

CI\/I
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