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Indian Institute of Technology, Kharagpur 
Department of Aerospace Engineering 

End-Spring Semester Examination, 2012-13, 3rd_yr B.Tech & Dual Degree 

Time: 3 hrs. AE31004- Aircraft Stability and Control Marks: 50 

Answer ALL qu~stions 
Breakup of marks: Ql: 3x3, Q2: 3x3, Q3: 2+4+2x3, Q4: 4+6, Q5: 6+4 

1a) Obtain an expression for the aerodynamic stability derivative Zu· Assume 
the Prandtl-Glauert model for the dependence of the lift coefficient on the 
free stream Mach number at a constant angle of attack. 

lb) 

1c) 

2a) 

2b) 

2c) 

3a) 

Obtain an expression for the aerodynamic stability derivative Mw in terms of 
the static margin of the aircraft. 

What is the meaning of the aerodynamic stability derivative Lv? On what 
features of the aircraft geometry docs its value depend? How is the lateral
directional• behaviour of an aircraft affected if Lv has i) a large negative 
value, and ii) a small negative, or even positive, value? 

An aircraft of mass 6 x 103 N has a wing loading of 9 x 102 N/m
2 

If it is in 
straight and level flight at 40 m/s at sea level, determine i) the overall lift 
coefficient and ii) the pitching moment coefficient about the centre of mass 
that is developed. 

The wing has an aspect ratio of 8. The horizontal tail, whose planform area 
is 20% that of the wing, has an aspect ratio of 5. If the tail arm is 2.5 times 
the mean chord of the wing and the powerlpant produces only a small 
moment about the centre of mass, determine the distance d behind the aero
dynamic centre of the wing-fuselage combination where the stick fixed· neu
tral point lies. Make any necessary assumptions and state them. 

A deflection of the elevator of this aircraft through 1° causes the lift coeffi
cient of the horizontal tail to change by 0.03. If, at a given point of flight, 
the static margin is 2d, then determine the angle through which the elevator 
must be moved to increase the airspeed by 5m/s. 

A model of an aircraft is to be used for dynamic testing in a wind tunnel. Its 
wing has a straight, unswept quarter-chord line. The following geometrical 
data apply: 

Wing span, b = 0.60 m 
Wing area, S = 0.06m2 

CL,; = 4. 1/rad 

Root chord, c,. = 0.15 m 
Tail arm, lH = 0.50 m 

CL"" =3.5/rad 

Tip chord, c1 = 0.05 m 
Tail area, SH = 0.012m2 

2 
Iyv = 1.42kg-m 

In a static test, the model is fixed rigidly to the balance and the tunnel run 
at 100 m/s. The following measurements for the lift and pitching moment 
about the centre of gravity of the model arc recorded: 
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a (deg) L (N) M,
9 

(N-m) 

8.2 257.2 -11.0 

3.5 110.3 +6.60 

Determine the static margin, kn, of the model from the~e me~uremcnts. 
A~sumc that the aerodynamic cl:wrd is .nearly ·the same length as the geomet
ric mean chord. 

3b) The model i~ next set up for dynamic testing by supporting it on a pivot 
through its mass centre such that it is free to pitch. Its plane of symmetry is 
vertical and parallel.to the free stream. 

When the tunnel is running at a. steady speed Ue the model is seen to wake 
small oscillation~ in pitch. Show that the equation of motion of these o~cilla
tions is 

.. 2( Oc)• ? [yyf) + lfzpueSHCL""ls 1 + aa () + lfzpu;ScknCL.B = 0 (2) 

3c) From the data given, determine. the natural frequency and damping ratio of 
these oscillations. The tunnel speed is 100 mjs. 

3d) Assuming that the model here approximates the short period osc.!llations of 
an aircraft in free flight, discuss the ~effect of the altitude of flight on the fre
quency and damping of the short period mode. 

3c) Hov.: do you expect the oscillatory pitching motion of a .tail-less aircraft to be 
different from one with a horizontal tail? An~wer with reference to Eq.(2). 

4a) Compare and contrast the characteristics of the phugoid and short-period 
modes of the longitudiniJ.~.small perturbation motion of an aircraft. 

4b) The small-disturqance longitudinal dynamics ·of an aircraft that is flying 
straight and level·at a constant speed of 176 feet/s is described by the equa
tions: 

{ 

6.it} '[ -0. 045 
6.w -o. 369 
6.q - o. 0019 

6.() 0. 0 

0.036 

-2.02 

-0.0396 
. o,.o 

0.0 

176 

-2.Q5 

1. o· 

-32.2]{6.u} [ 0.0 2.15] 
0. 0 . 6.w. + -.5. 02 0. 0 { 6.ry} 
o, 0 6.q -3. 0 o. 0 6.7T 

0. 0 6.() 0. 0 o. 0 . 

Making the necessary simplifications to these equations, obtain reduced-order 
equations for the short-p~rjod a.nd phugoid modes. Hence obtain the natural 
frequencies and dampil'}g ratios for these modes. 

5) The lateral-directional dynamics of an aircraft in an initial state of straight 
and level flight at ue = 236 m/s is given by the equations: 
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rl r -0 0559 

0.0 -'-236. 0 9.81 

O.O 1 r1 6.p -0. 0127 -0.435 0.414 0.0 0. 0 6.p 

6.r = o. 00357 -0.00606 -0.146 0.0 0. 0 .. 6.r + 
6.¢ 0. 0 1.0 0.0 0 0 0 0 6.¢ 

6.-J; 0. 0 0.0 0.0 0.0 0. 0 . 6.1/J 

[ 0 0 5 66 l -0. 144. 
0. 115 { 6.~} 

0.00377 -0.489 

0.0 0. 0 6.( 

0.0 0.0 
The characteristic polynomial of the system matrix of the above equations is: 

).,
5 + 0. 639>..4 + 0. 940>..3 + 0. 513>..2 + 0.00367>.. = 0 

It is known that the above polynomial equation has two real xoots, one large 
and the other small in magnitude. 

a) What arc the eigenvalues of this dynamical system? Name the modes to 
whicP, eac]l corresponds. What is the significance of the zero root of this 
polynomial? 

b) Determine the time to halve or d'ouble amplitude for each mode, and also the 
time period where applicable. 

~--------~--------x-------------------
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