Mechanical and Aerospace System Analysis

Final Exam

1. Answer the following questions.

A.  Explain why the frequency response plot can be represented using G(s).(107)
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B. For a second order system with a transfer function,(107)

2
a,

G(s) = n

$*+2w, S5+ @]

i. Derive the magnitude of the frequency response as a function of the frequency w.
Sol)

wi
(jw)? + 2Tw,wj + v
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ii. Derive the phase of the frequency response as a function of the frequency w.
Sol)
w
20—
200, w
¢(jw) = _tan_lz—n = _tan_lA
w3 — w? 1- (22
w

C. If you are given a frequency response plot of a second order system,(57)
i. How would you find the natural frequency?
Sol)
In phase graph at phase -90°, the point of phase change is exists and then that's frequency is natural frequency
Or in magnitude graph at peak point, that's frequency is natural frequency
Or high frequency asymptote line and low frequency asymptote line across at the frequency, that frequency is

natural frequency

ii. How would you find the damping ratio of the system?
Sol)

In magnitude graph at peak point, we can find damping ratio from equation M, = -

i or Wy, = W,
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D. For a system described with a state space equation x =Ax+BuU,
i. Derive the State Transition Matrix by finding the solution of the equation.(107)
Sol)
Multiply both side by integrating factor e™4¢,

d
e Aty — Ae Aty = e~AtBy, pr [e~Atx] = e~ ABu(t)

= e Ak%(t) — Ix(0) = je'ATBu(‘t)dr

0
t

= x(t) = eA%%(0) + f eAt=DBy(t)dr

0
t

= ®(t)x(0) + j @ (t — t)Bu(t)dt

0
x = Ax+ Bu = sX = AX+ BU
X = (sl — A)"'BU

2 d=(sI—A)"t =eht
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ii. Write 5 properties of the state transition matrix.(5%)

Sol) 2t 1% (19 Z$ @B0| PO FHUS HO|H AY, 39| FL K47t ALE WSS 20| AF)

1. ®(t, —t)P(t; —ty) = D(t, — tg) forany tg, ty, t,

2. ®0)=1

3. (@) = @2(H) = ¢(20) (v (e*)? =) = d(21)  DE(Y) = D(g)
4. d7(t) = P(-t)

5.

@(t) is nonsingular for all finite values of t (inverse eixsts)
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Bode Diagram
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3. Following is the step response of a second order system.

Step Response
14
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From the graph, the peak time is 1.2 secs, the settling time is 2.66 secs.

i. Draw the pole zero map of the system (58)
Sol) J2ut Ztu 7t Zt 2H, MR US 42 71 1¥, § 53
T T

At peak time, T, = T == 1.2 s wgq = 2.617993878 = 2.6
nv i~ d

At settling time, T, = % =2 =266 0 =1503759398 ~ 1.5
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ii. Find the natural frequency and damping ratio of the system. Round off the values to the first digit
after decimal. (10%)
Sol) Z+ 5H
W, = ’wé + 0% =+/2.6%2+ 1.52 = 3.001666204 = 3.0
c 15
(=—

on 30 0.5
iii. Draw a bode plot of the system. Make sure to plot the following.(107H)
A. Magnitude of the frequency response at 0 Hz.
B. The frequency where the peak M, occurs, W,
C. The overshoot of the frequency response plot.
D. The frequency where the phase plot crosses 90 degrees.

Slope of the frequency response plot.

A. As lirrz)lG(ju))l =1, 20logM,,, = 0 (dB)
w—>



w? 9 1
G(s) T2+ 20wysFwd  S2+3s+9 (§)2+§+1
3 3
B. Wy, = w1 — 202 = 2121320344 ~ 2.1

1
My = ———
Yo 1

M,, = 1.1547, 20log(1.1547) = 1.249 (dB)

C. %0S = exp (—nz/,/1 — zZ) x 100 = 16.30335348 ~ 16.3 (%)
D. w, =3

E. —40dB/decade

= 1.154700538 =~ 1.2,  20logM,, = 1.583624921 =~ 1.6 (dB)
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iv. Write the transfer function of the system. (53)
Sol)
9
G(s) = ————
) s24+3s+9
V. If we want to reduce the peak time in half without changing the overshoot of the system, (107)

A.  Where should the poles move to?

B. How does the frequency response plot change?
Sol) A5H, B5H
A.

T
RN
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