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INSTRUCTION 1. ANSWER THREE (3) QUESTIONS

FROM SECTION A AND ANSWER ONE
(1) QUESTION FROM SECTION B.

2. THIS FINAL EXAMINATION IS
CONDUCTED VIA CLOSED BOOK.
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THE EXAMINATION CONDUCTED VIA
CLOSED BOOK.
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SECTION A
Q1
u —0.04225 —0.11421 0 —323 0.00381
w| |-0.20455 —0.49774 317.48 0 —244568
q| | 0.00003 —0.00790 —0.39499 0 —4, 51576
2] 0 0 1 0

Q2

The longitudinal state equation with input elevator, i deflection above shows full order
models of A-7A Corsair Il aircraft.

(a) Describe and illustrates the dynamic stability modes contain in longitudinal

motion.
(5 marks)

(b) By using the reduced model, analyze the stability corresponding to the short
period approximation. Compare and illustrate the pitch rate,q response of the
model with high and low damping ratio.

(15 marks)
(c) Determine the steady state of pitch rate response in rad/s when unit step input of
1
(5 marks)
Figure Q2 shows the lateral control system for aircraft A.
(a) Determine the closed loop transfer function.
(5 marks)

(b) By using second-order system response approximation. Analyze the effect of
increasing the gain, K from 1.5 to 5.4 towards the control system (use root that is

closer to the origin).
(8 marks)

(c)  Compare the stability of the system with the aid of S-plane diagram when the gain
K=13 and K=18.
(8 marks)

(d) Determine the gain, K at jw crossing. Give comments.
(4 marks)
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Q3 (a) The governing equation of flight motion in a six degrees of freedom aircraft can
be written as:

The equation of translational motion:
In x-direction : m(U + QW —RV) = —mgsin 6 + Fy + Fry
In y-direction : m(V + UR — PW) = mgcos 6 sin @+ Fy, + Fr,

In z-direction : m(W + PV — QU) = mgcos 6 Cos @+ Fy, + Fr,

The equation of rotational motion:

In x-rotation : PI,, — RI., — PQIl, + RQ(IZ'Z - Iyy) = Iy +ir
In y-rotation : Qlyy + PR(lxx — Iz;) + (P = R®)L, = My + My
In z-rotation : Rl,, — Pl + PQ(Iyy - Ixx) + QRIL., = Ny + N7

Where
U,V,W : translational velocity in x, y and z direction
U,V,W : translational acceleration in X, y and z direction
P,Q,R : translational velocity in x, y and z direction
P,0,R : translational acceleration in x, y and z direction
Lexs Iy, Iy © Inertia and moment of moment inertia in x-direction
ILyy, Iy, Iy : Inertia and moment of moment inertia in y-direction
Iz, Iz, I, - Inertia and moment of moment inertia in  y-direction
Fux» Fae, Fy, : aerodynamic forces in X, y and z-direction
Tax, Tae, T4 - engine thrust in x, y and z direction

Ly, M4, Ny : aerodynamic moment of rolling, pitching and yawing

Ly, My, Ny : rolling, pitching and yawing moment due to engine thrust.

Based on general equation of motion listed above formulate the following cases:

i.  Aircraft flies in steady state

(7 marks)
ii.  Aircraft flies in steady state with rectilinear flight condition
(8 marks)
3
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(b) Design the system shown Figure Q3(b) so that it exhibits 4.33 % OS by using
the root locus method. Note that the breakaway/break-in points are equal to -4.36,

-2.77 and -0.62.
(10 marks)

SECTION B

Q4

Q5

Assume fuselage aerodynamics effects are neglected. At a = 2.6° the lift coefficient for
the wing is measured as 0.48. The lift is found to be zero at a geometric angle of attack a
= —1.1°. The moment coefficients about center of gravity for a = 1.3° and a = 4.8° are
—0.01 and 0.05, respectively. The location of the center of gravity is 0.3.

(a)  Calculate Cy qc,, and location of the aerodynamic center of the wing.
(8 marks)

(b) Now assume that a horizontal tail is added to model with the characteristic of tail
is shown in Table Q4(b). Compute the Cy. g ato= 4.8°. Analyze the stability of

the aircraft as a whole in term of longitudinal mode.
(10 marks)

(c)  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 Q4(c).

(7 marks)

Figure Q5 shows the pitch angle control system that control the dynamics of the aircraft
in lateral axis with the gain, K. The transfer functions for each of the components are
given by:

10
Bl =—v5
3
GZ(S):52+35+4

(a) Analyze the root locus plot of the open loop transfer function and identify if the
imaginary axis crossing exist or not. Find the damped frequency, w, and gain, K,
if imaginary axis crossing exist.

(10 marks)
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(b) By using Ziegler-Nichols method. Determine the suitable controller gain if the
gain, K is replaced with the following controller:

1. P Controller

(3 marks)
ii. PD Controller

(2 marks)
ii. PID Controller

(3 marks)

(c) Examine the accuracy of the system with P, PD, and PID controller calculated in

(b).
(7 marks)
- END OF QUESTIONS -
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Aileron AJIcraﬁ
Dynamic
Desired Roll K 10
= 2 1
Angle, $4(s) G+9 SG+D) M
Sensor
KG = 1 <
Figure Q2 Aircraft A
K(S+1.5) -

S+ 1S +10)

Figure Q3(b) System A
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Table Q4(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
delda 0.4
Cugy I O

: ¢
Slope = ——
U(l‘

a,
/ Tnmmed E
/

Figure Q4(c) Moment coefficient curves
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8, & 5. Controller 5. Alrcraft 0
K — Servo —»  Dynamics -
- Gafs) G(s)

Figure Q5 Pitch control system
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Key Equations
The relevant equations used in this examination are given as follows:

1. The determinant of a 3 X 3 matrix:

a b c
_le fl_.ld f | |d e
» ﬁf"“lh 1=y il+efg (1)
i
2. Partial fraction for F (s) with real and distinct roots in the denominator:
1 2 Km
F(s) = + + et
O =G+ err T Crrw @
3. Partial fraction for F(s) with complex or imaginary roots in the denominator:
F(s) = Ky " K,s + K 2
YT G+p) Ztas+h) ©)
4. General first order transfer function:
G() = @
5. General second order transfer function:
O —
S = ST ¥ 28wys + ©)
6. The closed loop transfer function:
G(s
Y e )
where G (s) is the transfer function of the open-loop system, and H(s) is the transfer
function in the feedback loop.
7. The final value theorem:
= ks 7
8. Time response:
2.2
s (8)
4
L ©)
(7
%05 =e Wi/ x 100% (10
0S
e T (%100)
0S5 \\* (11)
Jr +(in (%155))
J gow will S1d 1L EsmEE
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- T o
P o f1-8 © (12)
e 4 4
* o fwp M 13)
p= 2m
= (14)
_0.693
RCI T (15)
Ni, =0 110M
2T (16)
9. Estimation of parameter g (Paynter Numerical Method)
10. Estimation of the integer value of p (Paynter Numerical Method)
1
= (ng)Pe™ < 0.001 (18)
11. Numerical solution of state equation:
X1 = Mx, + Ny,
with matrix M and N are given by the following matrix expansion:
%
M = e =1+ Abt + - APAL ... (19)
1 1 2. 2
N = At([+§AAt+§,-A At +---)B
12. Characteristic equation of the closed loop system:
1+ KG(S)H(S) =0 (20)
13. Asymptotes: angle and real-axis intercept:
_ [XReal parts of the poles — ¥, Real parts of the zeros]
o= - (21)
180°[2q + 1]
— i 22
bu=—— @2)
14. The solution to determine real axis break-in and breakaway points:
dK (o)
= 23
10 gaR wib
" CONFIDENTIAL
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15. An alternative solution to find real axis break-in and breakaway points:
> . > : 24
o+ z; - o+ p; (A
16. The angle of departure of the root locus from a pole of G (s)H (s):
0 = 180° + Z(angles to zeros) — Z(angles to poles) (25)
17. The angle of arrival at a zero:
6 = 180° — Z(an_gles to zeros) + Z(angles to poles) (26)
18. The steady state error:
8ss = }HE, e(t) = }slj'lg sE(s) @27)
where the error signal is given as:
1
= X 28
EG) = 1ixmemnaem < U wh
19. Linear system (SISO) with state feedback:
x=(A—BK")x+Bu
or, & = Ay, % + Bu (29)
where A,,,, is the augmented matrix and u = KTx + Bref
20. The characteristic equation for the standard form of the second-order differential
equation:
A2+ 28w+ wh =
The roots of the characteristic equation are: (30)
Az =—§wptwy 1821
Al.z =0 i [OF ]
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, = o
PI 045K, 12K,/T, - (31)
PD 0.8K, - KpT,/8
Classic PID 0.6K, 2K/ KpT,/8
Pessen Integral Rule  0.7K,, 2.5K,/T, 3KpT,/20
Some Overshoot 033K, 2K,/T, KpT,/3
No Overshoot 0.2K, 2K,/T, K,T,/3
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22. The contribution of the wing-body to M_:
CM-CHWb = CM-anb + Cwa (h - hacwb)

(32)
CM,cgwb = C‘J‘rf,acw,J + QypAyp (h == hacwb)
23. The contribution of the wing-body-tail to M_,:
_ ag de . (33)
CM.ngb — CM.anb + aaa h. = hﬂf—'wb = VH E 1 = a_c; + VHat(lt + Eo)
24. The equation for longitudinal static stability:
Cmo = Cymac,, + Vua:(i: + &)
34
0Cycq [h . & a; (1 BE)] e8
da, = ook CH g da
25. The absolute angle of attack, a,:
g = a+ |ap-ol (35)
where a is the geometric angle of attack.
26. Neutral point:
_ a; de (36)
h'n. == hacwb + VHE(I _'(%)
27. Static margin:
SM=h,—h (37)
28. Elevator angle to trim:
_ Cyp + (0Cucq/dag)ay (38)
6rrim =
Vu(9C../06,)
29. Conversion from the state-space model to transfer function model: (39)
6(s) = cadj(si —A)
3= etsT - A)
12
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Table A Laplace transform theorems

Laplace transforms— Table
f(e)y= L™{F(s)} F(s) f(t) = L™*{F(s)} F(s)
a w
a t=0 - >0 sinwt = =
5 ST T
a s
at t=0 —_ coswt = =
s T
e 4 sin(wt — &) __—_dssmﬁi-wfusg
s+a s+
1 . —
e _ cos{wt— @) M
G=a)F St a?
: PR 1 . ¢ 2ws
gl g—ar _— t R
2.. {4 (Sfﬂ)s SIn w (5-—w-)-
R st o tcoswt ———S: =L
47 rT]
(n—1)1 (s+a)" (s° + w?)?
ess : s>a sinh wt e 5> |w|
s—a §° —w*
= 1 s
te< —_— cosh wt = - 5> |w|
(s—a) 5% —w?
& =ar bty 1 —-ar : o
E—a‘e —e7F) m e “sin wt —_—(s—a):—w:
1 [l -gs 1 ) 1 — STa
- e (1—at ] s(js—a)z e coswi [_S:CI)T—TQ_:
e n! i w
n =1 ar i _———————
S___’:‘l n 1.23. €~ sinwt (S = a): oo
gt n! - . 5—a
i ————— o= e e
(s —a) s>a e~ coswt (s —aP ¥ ot
#0 o —8T n! ~ 5o a
i (s+a)r=1 e s s(s=a)
o N % e 1
B L5 — 1L mmat e ey
\ St a:t_ar 1 e=8cy ye e
1 fr : s
5 5 s>0 Fle=<itg e "'F(s)
g(t)-p(2) G(s)- P(s) A ZL£(D F()zF(s)
= ' F(s =
l F(t)dr —-E -rf—-(—o) &(¢t) unit impulse 1 alls
. s s
daf d°f 5
== sF(s) - f(o — “F(s) — - F'(
= (s)-F(0) e s*F(s) ~ sf(0) - £'(0)
dﬂf neg n=1 n=2 g7 n=3 ot n=1rn"
a‘:" s"F(s)~5s fl0)—= F (0 -s F(O)— Hhf (0)
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