Module-3

Lecture-14

Static Stability - Wing contribution, Tail
contribution and Static Margin




Wing Contribution
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Figure 1: Line diagram showing wing contribution in stability

e Summing up moments about C'G,

M.y = Ly cos (y — i) [Teg — Tacw] + D sin (= i) [Teg — Tacw)

+ Ly Sin (Qy — %) [Zeg] — Duy €08 (0 — 1) [2eg] + M,

acw

e Divide by pV/25¢/2

Cmcg = Cr,, cos <O‘w - iw) M + Cp,, sin (aw — iw) M

+C'p,,, sin (o — iy) [ZTZ“’] — Cp,, €08 (Qy — 1y) [%‘7] + Ce,
e Since,

oS ((y — 1y) = 1
SIN (U — Tap) A Quy — Ty
CrL>Cp
Zeg — 0

e Hence,

Cmcg = CLw (fcg - anw) + Omacw
CLM - CLO -+ CLaOé
Cmcg = Cman + (CLD + CLaa) (fcg - fac,w)

Cme., = C

Macqy

+ C’Lo (Ecg - ja,c,w) + C1Lo¢05 (Ecg - Eac,w)

1



e This gives wing contribution as,
Cma,w = OLa,w (ECQ - Eac,w)

Cmo,w = Omuc,w + CLo (ECQ - ECLC,’LU)

Wing and Tail Contribution
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Figure 2: Line diagram showing wing and tail contribution in stability

Angle of attack at tail in presence of wing, (ay) is given by:
at:O{w—iw—S—{—it (1)

where,

e: Downwash at tail
1. Wing setting angle
1; Tail setting angle

Moment about c.g. due to lift and drag at tail.

e Kindly note that lift at tail will be perpendicular to the local velocity at tail (which
is different from the velocity free stream). Similarly, drag experienced at tail will be
along the local velocity at tail. The free stream velocity and local velocity directions

differ by downwash angle . Hence,
Mgt =—li[Licos (o — iy — )+ Dysin (o — iy — €)] 4+ 2Ly sin (o — iy — €)
—2z¢Dycos (a0 — iy, — €) + Oy

a.c,t

e For small angle approximation along with

Cr>Cp



Zeg — 0
Crng... = 0 - Tail airfoil — symmetric aerofoil
cos(ay, — iy —€) = 1
Sin(y — Gy — €) = (Qy — Ty — €)

We have,
1
Mc.g,t = L.l = _ép‘/tQStCLtlt

Note L; at tail is proportional to dynamic pressure at tail and not free stream

dynamic pressure.

M Sy 1
Om _ c.g,t _ t C
o (%pv2>freestream Cu nSw Cu "
Sty (%p‘ﬂ)t
Co = =02t 0y where, = 200 )t 2
oo nwa w b MRS (%pVQ)fs ()

e For symmetric tail:
CLt = CLaytOét = CLa,t [Oéw — iw + it — 5]

e: Downwash due to wing at tail

€=¢&,+ %aw
£, = Downwash at a = 0 (for cambered wing)
Je 2Cr, . Assuming e = 1
da  TAR, -+ Elliptic lift distribution
de 20,
da  TAR,
0
OLt = CLat {aw — byt — Ep — _an}
’ Oy,
Sy 1
Cmc.g,t = _nS_t_tCLt = _VHntCLt

where, Vj: tail volume ratio (typical value 0.5 to 1.0)

0
Cchgyt = _ntVHOLa,t {aw - iw + it — & — (i) aw}

= _nVHC’La,t {Zw + th — 80} — nVHCLmt {Oéw — (3—2) Oéw}



Cmag,t = T]VHCLQJ {iw + & — it} — TIVHCLOM {1 — (g—;) } Al (3)

Crmeor = Ch, + %a
o Oa

Crnoy = VuCr, , {iw + o — it}

oC,, Oe
[ da :|c.g,t = Va0, {1 - 8_05}

Adding the effects of wing, tail & fuselage (ov, = aq/c):

9Cr, IC, ICp,
(Cmcg)a/c = Ch,y, + Oy, + Ciny j, + (—8a )wa + (—aa )ta + <—8a )fsa

Oe
(Crney ), 1o = Cimo, + Cing, + Ciny, +CL, (Teg — Tacw) @ —nVuCr,, (1 ) a

 da
+Cmaf5
where,
Cmow — Cm(ww + CLO (fcg - fac,w)
Cmot = VHCLa,t (50 + iw - Zt)
From the expression for (C’mcg)a Je
C = Cp. (Tog—T Vs (1= ) + ¢
( ma)a/c — YLa, (xcg - xac,w) — VH: Lot - % + Ma g,

Definition of Neutral Point (Stick Fixed): It is that c.g. location at which 0C,,/0«a
or 0C,,/0C], vanishes (= 0) — Neutrally Stable. Hence,

Os
O = CLaw (fcg — fac,w) — VHntCLa,t (1 — %) + Cmafs

Which gives,

C C Oe —
Tnp = Tacw — A Vi Lo 1—— :No
T P r s CLaw + nt HCLayt aO[
Tpp = N, Stick Fixed Neutral Point.

Stick Fixed: elevator is fixed not allowed to move or float.



Static margin (SM)

SM=7,,, = Teg = No — Teg

Typically transport aircraft SM = 5% to 15% of the mean aerodynamic chord.
Approximate expression for SM relating 0C,,/0C/:

C1m C 85
— — Afs Lot
pu— —_— 1 _——
Tnp Toc,w CLaw + 0 ! H CLayt ( a@)
_ _ Oe
(Cma)a/c = CLaw (xcg - Iac,w) - LHntC’La’t (1 - 804> + Omafs (4)

Dividing LHS & RHS by Cy,,

Cm CL 85 Cma
—a:—c _—acw_v a,t 1__ + fs
CL% Teg — Zac, HT) CL%

Under the assumption Cp,, , = Cf, (approximately)

a,a/c

oC,, Cr.. ) Cing
~ |: :| = Tcg - fac,w - VH77 Lo, (1 - _€> + —L

0Cn] wo O (|02, [9Ck
8CL Y et HT/CLaw 106 OCL fs

According to the definition of neutral point, it is the 7., at which 0C,,/0a = 0 or
equivalently 0C,,,/0C, =0

J— J— CLa,t ag 8Cm
0~ Teg = Tacw — VHT]CLW (1 8_04) i (aOL)fs

oC, o~ _ , _
_ [GCL } » = N, — Ty = Static Margin (5)

Typical values: 5% to 15% based on mean aerodynamic chord.



