Solutions of Midterm Exam

Subject : Control System Engineering 1, Lecturer : Prof. Youngjin Choi,
Date : May 26, 2020 (Contact e-mail : cyj@hanyang.ac.kr)

Problem 1 (20pt) Solve the following differential equation by means of the Laplace Transform:

2
dd‘zgt) + Sd%) +2y(t) = —e7 - 1(1)

with %(O) = 1 and y(0) = 0, where 1(¢) is a unit-step function.

Solution of Problem 1 (20pt)

1. Take the LT

[5°Y () = sy(0) = 5/ (0)] + 3[sY (s) — y(0)] + 2Y (5) = — Jlr 3
[5°Y (s) = 1] 4 3sY (5) + 2V (s) = — i 3
(s +35+2)Y(s) = —Si?) t1
(s+ 1) (s +2)Y(s) = z i §

Thus we have

2. Use partial fraction method

Take inverse LT, then we have

y(t) = 0.5e7t —0.5¢73 for t >0



Problem 2 (20pt) Find the range of the tachometer constant K, so that the system is stable ?
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Solution of Problem 2 (20pt)

1. The characteristic equation is

100 0
s(s+4)(s+6) +100K;s

s(s 4+ 4)(s + 6) 4+ 100K,s + 1000 = 0

1+10x

5% +10s% 4 (24 + 100K;)s + 1000 = 0

2. Routh-Hurwitz method is applied

s3:1 24 + 100K,
s2:10 1000
1000
1
224 + 100K, — ——
S + OO + 10
52 :1000
Thus we have
100K, —76>0 — .. K,>0.76
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Solution of Problem 3 (20pt)
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Problem 4 (20pt) For the given control system,

Y(s) 1
R(s) Ls2+ Rs+ &

we have obtained the unit-step response R(s) = é at the output terminal y(¢). What are the values of L, R and C?
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Solution of Problem 4 (20pt)

1. By applying final value theorem, we have

. . 1
2. The maximum overshoot is about 13%
—Lr In M, 2.04
My—e Vi@ —013 - c——0Ml = 0.544

VTP (InM,)2 /7% + (2.04)2

3. The settling time is about 0.9([s]

Therefore,

=w?=8836 — L=00113

M:US‘“

= 2(w, =10.23 — R =0.1156
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Solution of Problem 5 (20pt)

1 asEae 280 By

j_do_dodo _ ;do

=== Ba = @:—sme

J8B2=z
0df = — sin 0do

o) | o(t)
/ 0do = —/ sin 0d6
0(0) 0(0)

[0(t)% — 0] = cos O(t) — cos 60° = cosO(t) — 0.5

O(t) = \/2cos0(t) — 1
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