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Q1 Assume fuselage aerodynamics effects are neglected. At o= 2.6° the lift coefficient for the wing

Q2

* is measured as 0.48. The lift is found to be zero at a geometric angle of attack o = —1.1°. The

moment coefficients about center of gravity for o = 1.3° and o = 4.8° are —0.0] and 0.05,
respectively. The location of the center of gravity is 0.3.

(@)

(b)

(©)

(b)

(©

Calculate Cm,ac,,;, and location of the aerodynamic center of the wing. If lift due to the

aerodynamic forces are neglected, examine the pitch direction of the wing,
(8 marks)

Now assume that a horizontal tail is added to model with the characteristic of tail is shown
in Table Q1(b). Compute the CM-Cy at a = 4.8°. Analyze the stability of the aircraft as a

whole 1n term of longitudinal mode.
(12 marks)

If aircraft flying at steady state is pertubated with upward gust of wind. Compare the
stability of an aircraft with respect to both moment coefficient curves illustrated in Figure
Q1(c).

(5 marks)

List the characteristics of the short period and phugoid stability modes.
(5 marks)

Consider an aircraft model in a wind tunnel setup where the aircraft is constrained at its
center of gravity. The aircraft is free to perform a pitching motion about its center of
gravity. The governing equation of this simple motion is obtained from Newton’s second
law and is given as:

Ad — (Mg + My)Ad — M,Aa = Ms,AS,

where Aa is the change in the angle of attack (Assumption: the change in the angle of
attack and pitch angles are identical), Ade is the change in elevator angle. Derivatives, M,
and M,, are the longitudinal derivatives due to the pitching velocity and the angle of attack.
Find the transfer function relating the change in the angle of attack, Aa(s) and the change
in elevator angle Ade(s). Use the Laplace transform theorem in Table Q2(b).

(2 marks)

Determine the solution, a(t) for the governing equation in Question Q2(b) if a step input
is applied to the elevator using the following data:

M, =-2.05s"1

M, =-880s"2

My = —0.95572

Mé'e = —5.55 %
Use partial fraction and inverse Laplace theorem to obtain the output response of the
system, a(t) with the initial conditions of @(0) = 0 and d‘;(to) =10

(14 marks)
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(c) A rotorcraft based unmanned aerial vehicle (UAV) is installed in a test rig to test the
functionality of the autopilot system. The UAV prototype is constrained so that it can only
rotate about the z-axis (i.e., producing a pure yawing motion). The yaw angle to the rudder
input transfer function can be modeled according to:

Y 10
8rua(s)  sZ+05s+2

Design a heading control system so that the model has the system can exhibit closed-loop
performance with damping ratio, § = 0.6 and setting time, t; < 2.5 s. Consider the sensor
used in the control system design to be a perfect device.

(10 marks)

Q5 Consider the unity feedback system shown in Figure Q5 with:
K,(s+6
G(s) = ot &)
(s +2)(s+3)(s+5)
is operating with a damping ratio of 0.707.

(a) Design a PI controller to drive the step response error to zero and compare the
specifications of the uncompensated and compensated system. Provide a detailed root
locus plot for the closed-loop system as K, varies from 0 to c with necessary calculation
such as the asymptote angle, centroid, break-in/out, angle of departure/arrival or imaginary
axis intersection point to support your answer.

(25 marks)

-END OF QUESTIONS-
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Table Q1(b): Aircraft with tail characteristics

—— Wing area 0.2 m*
Wing chord 0.25m
Distance C.g to A.c of tail 0.19m
Tail area 0.04 m*
Tail setting angle 3 degrees
Tail slope 0.2 /degree
Downwash angle 1 degree
dt/da 0.4

; Trimmed

Figure Q1(c): Moment coefficient curves

O,y

Trimmed,

Kz
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Table Q2(b) The Laplace transform theorems.

Laplace transforms— Table
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S Ga(s)

Figure Q3 Simplified block diagram for pitch angle control system.

R(s) ~»-«v;»-om~m-w

Controller Plant_
Dynamic
K,(s) B G(s)

IR BRI

Figure QS The uncompensated system.

» Y(s)

CONFIDENTIAL

PR St TR SR S




CONFIDENTIAL BDU20302

FINAL EXAMINATION

SEMESTER/SESSION : SEM 2/2021/2022 PROGRAMME
CODE
COURSE NAME : ELECTROMECHANICAL COURSE CODE
AND CONTROL SYSTEM

BDC/BDM

BDU20302

A Key Equations
The relevant equations used in this examination are given as follows:

I. The determinant of a 3 X 3 matrix:

c
—alf S)-bft et
g h i ! gt g h

2. Partial fraction for F(s) with real and distinct roots in the denominator:

K 4K s S I
(s+p) (s+py) (5 + )

F(s) =

Y]

(2)

3. Partial fraction for F(s) with complex or imaginary roots in the denominator:

Kl g Kzs + K3 +
(s+p) (s2+as+bh)
4. General first order transfer function:

G(s) =

F(s) =

S

s+a
5. General second order transfer function:

K
2+ 2¢8w,s + w,

G(s) =

6. The closed loop transfer function:
G(s)
i ) L e S
&) = T eoRe
where G (s) is the transfer function of the open-loop system, and H (s)
function in the feedback loop.
7. The final value theorem:
lim y(t) = limsY(s)
t—ooo 50

8. Time response:

&

.2
T.=

T, =

ml»&snl

%0S = e_(\/%) x 100%
—In (%—ﬁ)—so)

Jr+ (n (oo 35)

§=

©)

4

(%)

(6)

is the transfer

(7

®)
©)

(10)

(11)
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P o l—22 (12)
T 4 4
P dw, 7 =
B 2m
=— (14)
. 0.693
Y2 Tyl (15)
Ni, =0 110M
Y T (16)
9. Estimation of parameter q (Paynter Numerical Method)
qg = maxIAijAtI (17)
10. Estimation of the integer value of p (Paynter Numerical Method)
1
a(nq)pe”q < 0.001 (18)
11. Numerical solution of state equation:
Xk+1 = Mxy + N1,
with matrix M and N are given by the following matrix expansion:
1
M = e = J + AAt + 5 A% (19)
1 L s
N = At(I+EI-AAt+§TA At® + )B
12. Characteristic equation of the closed loop system:
1+ KG(s)H(s)=10 (20)
13. Asymptotes: angle and real-axis intercept:
_ [X Real parts of the poles — ¥, Real parts of the zeros] :
B n—m 21)
180°[2g + 1]
= ) 22
bo=— @2)
14. The solution to determine real axis break-in and breakaway points:
dK (o
do
g
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15. An alternative solution to find real axis break-in and breakaway points:
F ol Tl 55
o+z; Lio+ Pi 249
16. The angle of departure of the root locus from a pole of G(s)H(s):
6 = 180° + Z(angles to zeros) — Z(angles to poles) (25)
17. The angle of arrival at a zero:
0 = 180° — Z(angles to zeros) + Z(angles to poles) (26)
18. The steady state error:
ess = thqrg e(t) = £1_r’1(1] SE(s) 27)
where the error signal is given as:
E(s) = x U 28
©) = T xmemam < Ve @8)
19. Linear system (SISO) with state feedback:
*=(A—-BK")x+ Bu
(29)

or, X = ApewX + Bu

where Ay, is the augmented matrix and u = KTx + §,, 5
20. The characteristic equation for the standard form of the second-order differential

equation:

A2+ 28w A+ wE =0

The roots of the characteristic equation are: (30)
hp=—§w, T w,1-862-§
11‘2 =0+ Wy
21. The calculation of controller gains using the Ziegler-Nichols method:
Table 1 The Ziegler-Nichols tuning method.
Control Type K, K, Kp
P 0.5k, - -
PI 0.45K, 12K,/T, - (31)
PD 0.8K,, - KpT,/8
Classic PID 0.6K, 2K,/T, KpT,/8
Pessen Integral Rule 07K, 2.5 Ko/Ty 3KpT,/20
Some Overshoot 033K, 2K,/T, KT, /3
No Overshoot 0.2K, 2K,/T, KpT,/3
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22. The contribution of the wing-body to Mg:
CManwb = CM:anb + Cwa (h - ha-cwb)

(32)
CM,cgwb = C;'lfj',ac\,\,tJ + Qup Typ (h . hacwb)
23. The contribution of the wing-body-tail to M.
a de . 33
Cucgyy, = Crac,, T+ 2% (h = S Wy Et[l - _6_0.']) + Vha (i + &) &)
24. The equation for longitudinal static stability:
Cymo = Cumacy,, T Viae(ic + &)
34
0Cr,cq _ [h B 7 a; (1 63)] (34)
da, O Gwp — TH g dar
25. The absolute angle of attack, a,:
(g = a+ |a] (35)
where a is the geometric angle of attack.
26. Neutral point:
a; de (36)
hn - h’acwb + VHE(]. - 5&')
27. Static margin:
SM=h,—h (37
28. Elevator angle to trim:
S = Cpo + (aCM,cg/aaa)an (38)
frm vy (9C,./26,)
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