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RIRGRAFT STABILITY

FLIGHT STABILITY & CONTROL

Stability:

Static Stability: System response is
considered without time.

Dynamic Stability: System response is

considered with time

Rolling
<T ‘ &L W --------------------------

Longitudinal

Axis
Yawing tvl/

Directional Axis

Pitching

Lateral Axis

Sign Notation:
For pitching:
Nose up (+ve)

Nose down - (—ve)

Rolling:

Right wing (Starboard) down = (+ve)
Right wing (Starboard) up = (—ve)
Left wing (Port wing) down = (—ve)

Left wing (Port wing) up = (+ve)

Yawing:
Turning towards right wing = (4ve)

Turning towards left wing = (—ve)

LONGITUDINAL STABILITY

Criteria for Longitudinal Stability:

For Statically stable aircraft, trimmed at

positive angle of attack
1. Cp, = (+ve) >Cyp, >0
2. Cp, <0

For trimmed aircraft Cp,,, = 0
For neutrally stable aircraft C, = 0

For statically unstable aircraft C,,, > 0

1. Wing Contribution:
Cmeg = Cm,e T Cp,, (h—hyo) ... D
CLW = CLO + ay oy
Where;

Cm, = Independent on «

dCy,
Cm, = P = Dependent on a
Cm0 T Cmac"' CL0 (h —=h,o)

ac
a_or(n =ay(h—hy) >0

Wing alone configuration is unstable

ac
because == > 0.
Jda

For wing alone configuration to be

stable, use airfoil with negative camber

or reflexed trailing edge.

2. Contribution of Horizontal Tail:

O(t=(0(w_iw_£)+it
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1 vz
7 th qt
Ne=1 = — Tail efficiency factor
- 2 Joo
2 PVer
1¢Se . _
Vg = 3 — Tail volume coefficeint
w>w
(Cmeg), = —meViiC,
CL, = arat
Cmcg = _ntVHat(aw — iy — €) + i
- de }
€=g aaa
Cmcg T]tCHat (aw - iw

(s +25)
€p ao(O(

+ it> .2

Empirical relation for €, g, = 2Cuw
meAR
de  2ay
da  meAR
Rewriting (2)

CmCg = N¢Vua (i + &)

Independent of a

de

—N¢Vaaga <1 —%) @

Dependent of a

(Cmeg), = Cmy > 0 and €, <0

(Satisfied the criteria for longitudinal

stability)

Tail alone configuration is statically

stable configuration:

(CmC ) = Cm, +Cp,, (h—hye) = ViCy,
&/ wt

+ Cmfuselage

Or

(Cmcg)w’t = Cm,. T aw0y (h —hye)
+ Cp, (h—hyo)
—Ne Vu(ay — iy — €+ ip)
+ Crngysetage =+ 3

Cm, = (Cm,.) + Cr, (h — hae) + neVya (e + so)}

Ot
Cm,, = aw(h = hoe) = (1= 57 a

Neutral Point:

A point where Cmcg constant for airplane

(acm dCp, )

Here h = h,, (Neutral point) equation (3)

dCp de
aO( = aw [(h hac) Nt VH Ay (1 - %)]
de

0= 2, |(ha—heo) = mevi 2 (1- 50|

_ a¢ as) 1 acmfuselage
B =B + eV ay, (1 oa) ay oa
Neutral point location

ac

Jo = 2w =hy)

{(h, — h) — Static margin}

ac

a_; = —ay(h, —h)

{Neutral point should behind the CG

location}

9Crm : .

. = —ay X static margin

{For a/c to have static longitudinal
stability}

1. h, > h (Stable configuration)

2. h, = h (Neutral configuration)

3. h, < h (Unstable configuration)
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Elevator Deflection: a® STICK FREE LONGITUDINAL
_0Cy, aCy,, STATIC STABILITY

Cr, = Ao, ot 98, If elevator is free to oscillate from position

8efree €an be calculate He = 0
— Elevator control effectiveness
08, (ach )
ac ac _ oa
aSLt = Otat + K]_‘t Se Sefree e ache
: : (35¢)
C C +C
Meg Megw Mege Considering tail lift coefficient
Cmcg = Cmac + CLW(h — hae) aCLt
aCLt C agay + 68 8 {8e = 8free}
—NeVh | arar + 5. 8e (ach
o, ()
9Cp, aCy, T L a
6. _ntVHK --- Elevator power Cp, = acae + 68: - 9Ch,
L (35¢)
— t
Acmcg - _T]tVH aSe 68 ache
Calculate the el le to tri N @ |
alculate the elevator angle to trim Ly = At 95, ache O
aC a%
Cmeg = Cm, + a—ma ¢
- Cr, = ato F (F= Free elevator factor)
0Cy
Cmcg =Cp, + EM + ACmcg o i aCLt ache/ day
06, /\0Cy, / 08,
C _C E)Cm 6CL 8 €
meg = bmy T 5~ A MeVh 55— 95, (F is always less than 1)
i = = Os
To trim the a/c at a = oy, (new a), Cmneg =0 C, = aw(h — hae) — FrVigay (1 _ @)
acC
oy + (S5 O
Crpim Cm = dw [(h hac) FntVH (1 - _)]
trim eV (aCLt> Ay Ja
tVH ase ag
hy = hae + F1Vi w(1 _ﬁ)
Elevator Hinge Moment: h;, < h, because factor F is multifield
Cp, = Elevator hinge moment coefficient shift forward and stability gets reduced.
Che = f(at' Se)
. oCh, . oCh, . CG (NP)
he = q, T 35, e
Fl;z—fgi-ﬁg Re;?g;{ng
Tendency Tendency ——

(NP")
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Corresponding Cy,

Cmo = Crrlac + CLo (h - hac) + F ntVHat (lt + SO)

.. DYNAMIC LONGITUDINAL
STABILITY
1. Short Period Oscillation:
Angle of Attack (a) is changed and

Velocity kept constant, pitch attitude

constant, heavily damped motion

2. Long Period Oscillation: (Phugoid
Mode)
AOA kept constant and Velocity is
increased or decreased pitch attitude
varies, lightly damped motion (Vg —

gust wind)

il

V, =V, +Vy

Energy transfer takes place from PE to
KE it lose or gain height.

1
APE = mgh kE = 2 mV?(before wind)
Here the frequency is large time period

is less

(‘)n
u)n=21rfn:>fn=% T=—

fn
A2 =—fwy * im Wn
where § = damping ratio;
wy = Natural frequency

Xq )= 2mé
Jiv

1
Amplitude § = Hln (

Xn+1

6 = Logarithmic decrement

M,=—-pxiq complex pair with

negative real part.

After Wind Gust:

1 1
AKE =3 m (V + V,,)? -5 mV?

1 1
AKE = Sm (V2 + V2 +2VVy) —EmVZ

1
AKE = 5 (mVZ) + (mVV,,)

The aircraft velocity V., is greater than

wind velocity.

1
{(Emvvzv) ~ 0} Neglected
V >> Vi APE = AKE
mgh = mVVy
gh =VV,,
Before wind, L = W = %sz SCL

1
After wind, L = 3 p(V+ V,,)?SC,,

1
L 5 p(V+Vy)?SCL  (V+V,)?
— — 2
W % oV2SC, v
L V24 V3 +2VVy,
W V2
(Vi is very small neglected)
L . 2V, (1 sz)
W vz o v

(L — W)net change in lift

2V,
L:W(1+—w)
Vv

2V, 2V,
L:W+—WW:>(L—W=—WW)

V \Y
V2g
On =
—-_g
n \2av’
V21V
T =
g
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For Dynamic Longitudinal Stability
The characteristic equation given as
AM*+BA+CA?+DA+E=0
To check whether it is the characteristic
equation for Longitudinal mode

1. All coefficients A, B, C, D and E

are positive
2. BandC >D andE

3. Aisalmostequal to 1

Routh’s Criteria:

R = BCD — D?A — B2E

Case 1: R > 0 the aircraft is stable

(—p; 2 ig)and (—p, + iq)
One of the complex pair
represents (phugoid mode) and
other complex pair represents
the short period oscillation.

Case 2: R =0 then aircraftis dynamically
neutral

Case 3: R < 0 then aircraft is dynamically
unstable.

Case 4: If E = 0 then one of the A value is
zero which shows that mode is
dynamically unstable.

If other mode is negative then it
shows pure convergence.

If other mode is positive then it
shows pure divergence.

Case 5: If any coefficient in the
characteristic’s  equation is
negative then mode will give
pure divergence or dynamically

unstable condition.

a® DIRECTIONAL STABILITY
WEATHER COCK STABILITY

3 = Sideslip Angle
} = Yawing Angle

N = Yawing Moment

B=-y
Criteria for Yaw stability
ON
ﬁ <0 a—B >0
Cn 1 )
5 pV2Sb
6CN Cn
T lIJ 0 and a_B >0

Case 1: If the yawing moment trying to
restore the original equilibrium

position i.e, zero yaw condition

then  airplane is  statically
directionally stable.

dCy

—<0 (or) —N > 0 (stable

Case 2: If the yawing moment tends to take
the airplane further away from
equilibrium position, then the
airplane is statically directionally

unstable.
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oN oN

E > 0 (or) B < 0 (stable)

Case 3: If the yawing moment created the
airplane neither return back to
original equilibrium position it
takes away from its original

equilibrium position then the

airplane is statically directionally

neutral.
ON d
@ =0 (OI‘) O_B 0

CONTRIBUTION OF WING

1. Sweep Back Wing:
Voo

v

(A +ve)

y y
¢ Drag Component gives yawing moment

o Lift component gives rolling moment.
dCy y sin2A
—=—Cp =
oy b 57.3

(per radian)

e Sweep back angle contributes positive

directional stability.

o If ‘;C—quz 0 where (A =0) Neutrally

stable. (For straight wing)

e For forward sweep

aC
A= —ve) a—ql;l > 0 (Unstable).

2.

Dihedral Wing:

- T

(Dihedral Wing)
(T'= +ve)

(Anheciral Wing)
(T'=—ve)

e Due to dihedral or anhedral
(cathedral) wing the lift vector on
each wing (Span wise) is getting
tilted there by it creates minor
destabilizing effect.

e Dihedral and anhedral wing results

negative directional stability.

Contribution of Fuselage:

¥ .V

o
L.

CG

Sideways force towards starboard side
is (+ve).

Sideways force acts on ac of fuselage.

e (CG)well below ac is creating

yawing moment towards starboard

side (+ve).
ON
ﬂ = (+ve)
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Yawing moment towards starboard
is (+ve)
Yawing angle towards starboard is
(+ve)

e Fuselage alone contribution

unstable for directional stability.

Contribution of Dorsal and Ventral Fin:

Dorsal fin

Ventral fin

¥

It creates yawing moment towards port side
(—ve).

{ F = sideway force acts on ac of Dorsal and
Ventral fin}.

6N_—Ve_ 6N<O
oy +ve ve oy

Dorsal and Ventral fin provides positive

directional stability.

Contribution of Vertical Tail:

Vertical Tail

Rudder
9 Trim tab

a'+o=y

o' = Effective incidence of fin

Vg = Resultant velocity of vertical tail.

VR = resultant velocity of a/c.

o = Sidewash angle.

¢ = Rudder deflection angle

B’ = Trim tub deflection angle

l¢ = Fin lift arm.

Nyt = —L'ly (Net moment acting due to
vertical tail)

L' = Lift due to vertical tail

(—ve) because vertical tail is behind the CG it
creates a restoring moment towards port side.
Cryp = a1 +a38 + azp’

Since trim tab deflection D very small (' = 0)

(Anticlockwise moment)
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o 1
Covr = a0 + a3 §

4 = OCLyt
1 aa”’
oA = dCry
2 ag
1 N2
=3P (VR)? Syt CLyr
Now since, Nyt = —L'I¢ {Ie = lyr}
Now since,
NVT - —L,lf
’ 1 1\2
=—Cp (‘ p(Vr) SVT) lyr
= Gy’ + 259 (5 PV Sur ) b
Nyr@CG = ——p(VR)ZSVTlvT(al(dJ —0)

+ a3%)

1
Non-Dimensional zing: { 2pVRS b }

Cryp = — 2 (ay ( — 0) + a5 &)

Chypr = —Nvr W@y (W —o0) + a5 %)
6CNVT

do , 08
)2
oy oy oY
If rudder is fixed (Pedal fixed condition) then

= —Mvr vVT (all (1

6CN — ' do
—aJT = —MNyrWr <a1 (1 —@)>

Pedal
- fixed
Condition

provides

<6CN O)
oy
Vertical tail positively  for

directional stability (Main contributing

member)

Pedal Free Directional Stability:

Rudder is free to oscillates until hinge
moment tends to zero (H, = 0)

H' = % p (VR)?SrCy; Cr

(When rudder is deflected hinge moment
exerted).

Sgr = Surface area of rudder

Cr = Rudder chord

Cy = Hinge moment coefficient
v

l p(Vg)2SrCr

Cy = bia’" + by + b3p’

(B’ = 0 trim tab deflection)

Cy = bia +b3E

aCy ., oCy
o'’ * %

Rudder is free to oscillate until (He) hinge

Cly =

b; =

moment is zero
Cy = 0 = bya’" + by + bsB' (B’ = 0)already
O=Dbja”+bs¢

o _bid’ b0
by b,
B _ b (1-2)
o b, v
CNcg = CNfuselage + CNwing
—nntVr [30 (Y — 0) + a%¥]
aCNcg _ aCNfuselage CNwing
oy oy oY
o (12
NNTVVT Fm
, 0%
+ az ﬂ) ]

When rudder is free to oscillate
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0Cn., <8CN> N <6CN>
an 81]] f allj wing
, do
— neVial (1—%) 1
a b}
aj; ‘b,

aCy,
= (), + (G)

wing

, do
— NeVeag (1 - %) F
F = free rudder factor
’ aCLVT ’ aCLVT
S
b dCy _— aCy
L7 a N pi

Pure Yawing Motion (Dynamics):
Directional

Yaw motion is a function of Y Er

‘_.,_-/
State variables

characteristics equation A> — N,.A + Ng =0

Wy = /NB 28w, = —N,

- Ne | M

T 2w, 2/Ng
ON/or ON/ or

Ne=—— Ng=—7

N —aN>O

B_aB

LATERAL STABILITY

Sign Convention: Rolling moment towards
starboard is positive; rolling moment
towards port side is negative & rolling angle
towards starboard is positive ; rolling angle

towards port is negative

Criteria for Lateral Stability:
ac,
b

L' = Rolling moment

0

¢ = Rolling angle

1. Vertical tail contribution for lateral

stability:

<+<——Resultant
<+—— Velocity

Vertical tail stabilizes for lateral stability.

2. Contribution of Fuselage:

¢ Resultant
< Force

oC;, —ve

—— = —— < 0 (stabl

b +ve (stable)

Fuselage contribution for lateral
acy,
¢

stability is ( < 0) which stabilize in

lateral mode.
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3. Contribution of Dorsal and Ventral Aa = Br(rad) = Ax = B (deg)
Fin: 57.3
dc, BT dCy,
AL =Aa g P A0 = 55

Dorsal fin Net rolling moment acting on

airplane

L'= —2ALy (—ve sign for

anticlockwise moment)
Ventral fin AL = Change in lift.
Net change in both the wing so
—
Resultant (X by 2)

«— Force

1
AL = E pVZSFACL

Sr = Dihedral wing area of one

For Dorsal Fin

wing.
oC; —ve A
L = 7 2 (—ve) < 0 (stable)  J L
op  +ve BT dCL
Dorsal fin contributes positively for AL =aSr3 57.3 dC
lateral stability. Net change in rolling moment
L' = 2ALy.
4. Ventral Fin: T——— Br dCy _
- 5734
H q) . !
\ C, L BF dCLy Sl" dCLroll <0
/ Lron — =
Resultant 3P d0( b S B
Velocity , 2I' dCLy Sr
CL - 7 4

B~ 573 dab S

— Dihedral wing contributes

stabilizing effect for lateral stability.

aC;,  +ve

ap  —ve >0 e Sweep Back Wing:
Ventral fin contributes negatively for Net rolling moment,
lateral stability. L' =—(Ls—Lp)y

Ls = Starboard Lift L, = portlift.
5. Wing Contribution:
e Dihedral Wing:
Dihedral angle (T") Ly = % pSCy(Vcos(A — B))?
Dihedral angle (3)

1
L, = ) pV2 SC (cos(A — B))?
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C, _ C. ¥
a8 57.3b
Sweep back wing  provides

stabilizing effect for lateral stability

Lateral Directional (Routh’s Criteria):
AM*+BA+CA?+DA+E=0
To check the above equation is the
characteristic equation for lateral direction
1. DandE>BandC
2. (A=1)
3. One of the coefficients is negative.
R =BCD—-D*A—-B2?E>0(R>0)
If one root is (+ve); it is corresponding to
directional divergence.
If roots are (—ve); it is corresponding to
damping in roll.
Ifroots are (—ve) butvery small valuei.e., in
the order of 10”-3 then it is corresponding
to spiral motion
If roots are complex pair with -ve real part;

it is corresponding to Dutch-roll mode —p +

iq.

Pure Pitching Motion (Dynamics):
(Longitudinal)
0 = Pitch angle; q = Pitch axis

Governing DE for pitching moment at CG of

a/c
YMgo = 1,0
AMg = 1, AB

Characteristics Equation:
A2 — (Mg —Mg)A—My =0

w, =/ —Mg

28w, = —(Mq = Mgy)

My — M;
Lo Mg—M
2wp
E _ _ (Mq - Ma)
2,/—Mg
Ignoring compressibility,
- 1
(L/D)V2
V2g V2 Vn
w=—andT=
v g

where T is the time period of phugoid

oscillation

Pure Rolling Motion (Dynamics):
(Lateral)

Y Rolling motion = I, ¢

ﬂ
06,

Roll Moment due to aileron deflection

AS,

oL
3P AP Roll damping moment

Flight Path

Directional
Divergence

Insufficient Cy =

Large C“B
Low CIB

e .. §piral Divergence
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Direction Cosines And Euler Angles

Coordinates that completely describes the
orientation of a rigid body relative to some
reference frame. Three parameters are
necessary and sufficient for orientation
description (minimal set). A minimal set will
contain at least one orientation where the
kinematic differential equations are singular
Singularity is avoided by using redundant

sets of more than three parameters.

1
b, IR b
AR
A13 .
~ - cosa
b, . 13
Q12 fl,
[} 1 4
g1 E'o' écos A1

/ COS 0y

COSy7 COSQqp COSUq3
COSOyq1 COSOy,; COSOy3

COS0O37; COSO3z, COS 033

CR] = [CR][CE] projects N frame to R frame

([¢] + [®][c]){A} =0

RN Dutch Roll Mode

Euler Angles

Most commonly used sets of attitude
parameters, Describe attitude of reference
frame B relative to the frame I through three
successive rotation angles about axes {B}
Standard set of Euler angles used in aircraft
and missile is (3(Yaw)-2(Pitch)-1(Roll)) i.e,,
(,6,¢). This sequence is called
asymmetric set. Other is (3-1-3) set of Euler
angles, to define the orientation of orbital
planes of satellites relative to the equatorial

plane of planet. It is called symmetric set.

l Yaw
about b

The final DCM is obtained by three cascading

rotations

cosy sinyg 0
M()] = [— siny cos\y 0]
0 0 1

cosO@ 0 —sinb
[M(G)]=[ 0 1 0 ]

sin6 0 cos©
1 0 0 ]

M(d)] = [0 cosd sing
0 —sing cos¢

The direction cosine matrix in terms of the
(3-2-1) Euler angles is
C = [M(P)]M(B)][M]

X info@iitiansgateclasses.com | @ : +91-9740501604 | © Copyright Reserved | www.iitiansgateclasses.com



http://www.iitiansgateclasses.com/

lITians GATE
CLASSES

Excisive GATE COACHING BY IIT/IISC GRADUATES

A division of PhiE Learning Center GATE-AE-QUICK REVISION FORMULA SHEET
C11 C12 C13
C= [CZI C22 C32]
C31 Gz C33
cOcy cOsy —s0
= [sq)seap —chsy  sdsOsy + chey sq)cel
chsOcy + sdpsy  cpsOsY — spep  cpch

9 == Sin_l(—C13):

_ T T
Not unique, ) <sin™1(-C;3) < >

C12 C23
=tan~! (—) , d =tan?! (—)
v Cu) ® Caz
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