YTU ELECTRICAL & ELECTRONICS FACULTY

DEPARTMENT OF CONTROL & AUTOMATION ENGINEERING

KOM3712 CONTROL SYSTEM DESIGN, Midterm Exam

Name and Surname: Grades:

Student number: Problem-1, 0

. : ' Problem-2. 30

Signature: Da}e: April 10, 2019 Problem-3. 30

Duration: 80 mins. Problem-4. 20
Problem-1. Considering the feedback system on the right,  R(s) 60(s + 3) C(S_)_

(a) Sketch the Bode magnitude and phase plots with 52+ 4s + 64

asymptotes on the logarithmic planes provided.

(b) Write the slopes of each asymptotes on the plots. 2

(¢) Calculate the correction value in dB and show it on 3

the magnitude plot for the underdamped components.

Bode Diagram
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Solution-1. ; ) :
- __ 120(s+3) A 120-3(s/3+1 ™
Open-loop transfer function: G(s)H(s) = St 446D 15yt ¥y 1) - ___.j 720

1203
The contribution of e

at w = 0.1, the magnitude will be 35.22dB

5.7656

s+ 4s + 64 > w, = 8rad/s,{ = 0.25 =» Correction = 20 -log 2{ = 6.02 dB
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; the magnitude atw = 1 =» 20 - log 5.7656 = 15.22 dB'and



Problem-2. For the Bode plots on the right
which were obtained experimentally from
subsystem G(s) for the gain K=600,

WI

(a) Determine the Gain Margin in dB,

(b) and Phase Margin in degrees when
it is connected to a feedback system.

(c) What is the value of gain. K. that e e
makes the system marginally stable?

(d) What would be the peried of
oscillation, 7. in sec at this gain?

(e) Write the range of gain K to keep
the system stable.

(f) Determine the system type then find
the appropnate static error constant 2nd the corresponding steady stzis mmoT.
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Nyquist Diagram

Problem-3. Suppose that the Nyquist B
diagram on the right is for an open-loop
transfer function of a feedback control asl

system when the gain is K=120.
(a) Find the range of gain K for \

stability using the Nyquist 5"
criterion. g £ *
(b) Find the Gain Margin in dB. E .01

(¢) What would be value of gain to 2z
get a gain margin of 20 dB?
(d) What would be the real-axis
crossings value at that gain?

Silifor- 3 il
(8) Lir=|Fms|t120 = 43956 D Lers //49

o n Ke 0L KL 490
SHbility foage o <~0 0<K =

(%) QU = 20 Log I__a'?;)_g\ > W(;,//.,??‘JB

= —
.«'D/eo

(c) Lofpr = Q04 2> x =L0 =L
The goan idue I Moo GU = 10 = 91

(cj) G—Z%f o5  CATIneS ]EQ,L 44 ’—Z Jo {52
fb/. K= l20 — Rel)=-0 233 (63—”

= 4’4 —7 A o &h?/t/ \\ 013

.
2 278 Loy = 0. ull
R e, f"‘,,z,—w/a/@»—x
44 3 tlo
5 #2-0395 1% ;_,0/,2%7 =t
\9/’—_ , ‘—“'\7

J—mag-ax,:r croshye) 749/)_ =99 2

(a

‘) _,__-—-"-_'—-,
Wish you all the success, 10" April 2019, Dr. §. N. Engin © (-,:% 5 page 3 of 4 .—7




Problem-4. Considering the unity feedback system on the

RHS, where the open-loop transfer function is,
200,
G(s) = 000
s(s +40)(s +100)

R(s) C(s)

G(s)

G (s) has the following Bode plots. As the phase margin indicates, the system produces a very
high percent overshoot (over 40%). Determine the value of gain, K| to increase the phase margin
to 50° so that the closed-loop step response can produce below 20% overshoot ({ = 0.48).

Bode Diaaram
. System: G
Gain Margin (dB): 8.94
At frequency (rad/s): 63.2
_ Closed loop stable? Yes

50 S —— =
\.
System: G

Frequency (rad/s): 21.2
Magnitude (dB): 6.17

Magnitude (dB)

-100

180 ' System: G

System: G
- Phase Margin (deg): 29.1
Delay Margin (sec): 0.0144
At frequency (rad/s): 35.3
Closed loop stable? Yes

Phase (deg)

-225 1

Frequency (rad/s): 21.2
Phase (deg): -130
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