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Q1

Q2

(a)

(b)

(@)

(b)

In the study of airplane motion, we normally begin with the study of longitu-
dinal motion (stick fixed). Explain briefly the longitudinal motion (stick fix-
ed)

(5 marks)

A flat lifting surface is mounted on a hollow slender as shown in Figure Q1(b).
The slender rod is supported in the wind tunnel by a transverse rod. A low
friction bearing is used so that the slender rod-flat plate system can rotate freely
in pitch. To have the centre of gravity located at the pivot point, ballast is
placed inside the slender tube forward of the pivot. The mass of the slender rod
and the contribution of pitching moment due to slender rod are neglected. The
mechanical friction of the bearings is also neglected. The equation of motion
is given as § — M,6 — M0 = 0 and moment of inertia, Iy = 1.4 x 107 slug fi’.
Use Cjq = ;Za% for an infinite flat plate and u, = 25 f#/s. Estimate the following
for the system;

(i) damping ratio.

(8 marks)
(ii) undamped natural frequency.

(8 marks)
(ii) damped natural frequency

(4 marks)

In airplane lateral motion, one of the most common dynamic phenomena
experienced when flying at high angle of attack is known as wing rock. State
the primary motion in wing rock.

(5 marks)

A Navion General Aviation airplane is constrained to pure yawing moment.
The yawing moment equation written in state-space form for Navion is given
as;

[L/:\\(f = [-4955 ——01.76] [if +[-—2.6] Ady

By using the airplane data given in Figure Q2(b) and the yawing moment
equation, determine the following;

(i) characteristic equation and eigenvalues for the system and predict the
type of response of the airplane.
(10 marks)
(ii) damping ratio
(5 marks)
(iii)  undamped natural frequency
— " (5,marks)
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Q4 (a
(b)
Qe
(b)

Describe how Routh-Hurwitz can be used to determine the stability of an
airplane system that can be model mathematically?
(5 marks)

A transport airplane has the closed loop control system that has the
characteristic equation of s*> + 5s> + 7s + 3 = 0. By using Routh-Hurwitz
criterion, determine the absolute stability of the system.

(20 marks)
Define the flying qualities.
(5 marks)

A light airplane trainer has the following aerodynamic, mass and geometric
properties.

W=17,5801b Iy =25,900 slug.fi*  Cmo=-0.4 rad!
S =260 fi? c=10.8ft Cmo. = -1.7 rad™?
CLa, = 4.0 I‘ad'l Cmq = - 4.3 I‘ad'l

Determine the following;

1 Short-period flying qualities in terms of damping ratio and natural
frequency at sea level for a true airspeed of 800 ft/s.
(15 marks)

(ii) Examine the effect of damping ratio and natural frequency and suggest
how can the design engineer improve the flying qualities for
this airplane?

(5 marks)

Describe briefly what is the root locus technic and how this technical is useful
in designing the control system?
(5 marks)

A fighter airplane is equipped with an automatic control for its steering system
K(s +2)(s +3)

s(s+4)(s% +2s +2)

has the open loop transfer function of G(s) =

(1) Sketch the root locus for this control system.
(10 marks)

(ii) From the sketched root locus, determine the pole when the system has
the damping ratio of 0.5, damped and undamped natural frequencies
and gain at this damping ratio.
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General aviation airplane: NAVION
Longitudinal ~ C, Ch Cis Ch. 2L Ci. € Cy, C.. Cry Coe  Cai 5 1R
M = 0.158 i ae
Sea level 0.41 0.05 4.44 0.33 -—0.683 0.0 -4.36 3.8 —-9.96 0.0 0.0 0.0 0.355 —0.923
Lateral C Cra Cr C, o C, o Cu, G Cis Ci, Cs,
M = 0.158 5
Sea level —0.564 —0.074 —0.071 —0.410 -0.0575 0.107 —0.125 —0.134 -—0.0035 0.157 0.107 -0.072

Note: All derivatives are per radian,

Center of gravity and
mass characteristics

CG at 29.5% MAC
l, = 1048 slug-f2

Iy = 3000 stug-ft*

I, = 3530 slug-ft?

be=0

W = 2,750 Ibs A —
N

Reference geometry

S = 184 ft*
b=3341t
=571
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