





Problem 3 (10%) Consider a unity feedback system with
3 5
(s+1)(s+0.1)

(a) What is the steady-state error to a unit-step input for the closed-loop system?
(b) What is the damping ratio and settling time for the closed-loop system?
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Problem 9 (10%) (a) Determine the gain margin and phase margin for the system whose Bode
plots are shown below. Is the closed-loop system stable?
b) How much should the gain X (of a proportional controller) change such that the closed-loop

system becomes marginally stable?

Bode Diagram
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Problem 10 (10%) Consider a unity feedback system with open-loop transfer function

G(s) = K(s+4)
(s+1D(s+2)
Sketch the root locus for the system as K varies from 0 to +oe You MUST draw on the graph

provided below. Show ALL important calculations. Is there any fange of K such that the closed
loop system 1s unstable?
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Problem I (10%) Consider the series connected DC motor shown below.

(a) Write a set of differential equations for this system in terms of the variables i,, © and v.
Assume the back emf’is given by v, = K(iyo and the developed torque by 7' = K iri,.

~ (b) Assume all the parameters, i.e., L, R,, J, K|, etc. are equal to one. Compute the steady-state
angular speed w(o9 when the input voltage is a step v(¢) = 10u(£)V.
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Problem 3 (10%) Consider a unity feedback system with

I S
(s+1)(s+0.1)

{a) What is the steady-state error to a unit-step input for the closed-loop system?
(b) What is the damping ratio and settling time for the closed-loop system?
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Problem 9 (10%) (a) Determine the gain margin and phase margin for the system whose Bode
plots are shown below. Is the closed-loop system stable?

b) How much should the gain X (of a proportional controller) change such that the closed-loop
system becomes marginally stable?

Bode Diagram
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Problem 10 (10%) Consider a unity feedback system with open-loop transfer function

G(s) = _K(s+4)
(s+1){s+2)
Sketch the root locus for the system as X varies from 0 to +o0 You MUST draw on the graph

provided below. Show ALL important calculations. Is there any range of X such that the closed
loop system is unstable?
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Problem 1 (10%) Consider the series connected DC motor shown below.

(a) Write a set of differential equations for this system in terms of the variables #,, @ and v.
Assume the back emfis given by v, = Kjiro and the developed torque by T = K izi,.

(b) Assume all the parameters, i.e., L, R,, J, K|, etc. are equal to one. Compute the steady-state
angular speed ®(od when the input voltage is a step v(¢) = 10u(£)V.
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Probiem 3 (10%) Consider a unity feedback system with
PN B
(s+D(s+0.1)

(a) What is the steady-state error to a unit-step input for the closed-loop system?
{b) What is the damping ratio and settling time for the closed-loop system?
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Problem 9 (10%) (a) Determine the gain margin and phase margin for the system whose Bode

plots are shown below. Is the closed-loop system stable?
b) How much should the gain X (of a proportional controller) change such that the closed-loop

system becomes marginally stable?

Bode Diagram

Magnitude (dB)

Phase (deg)
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Problem 10 (10%) Consider a unity feedback system with open-loop transfer function

G(s) =M
(s+1Xs+2)

Sketch the root locus for the system as K varies from 0 to oo You MUST draw on the graph
provided below. Show ALL important calculations. Is there any range of X such that the closed

loop system is unstable?
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Problem 1 (10%) Consider the series connected DC motor shown below.

(a) Write a set of differential equations for this system in terms of the variables #,, ® and v.
Assume the back emfis given by v, = Kjiro and the developed torque by T = K; isi,.

(b) Assume all the parameters, i.e., L, R,, J, K, etc. are equal to one. Compute the steady-state
angular speed (o9 when the input voltage is a step v(t)"= 10u(H)V.
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Problem 3 (10%) Consider a unity feedback system with
3 5
(s+1){s+0.1)

(a) What is the steady-state error to a unit-step input for the closed-loop system?
(b) What 1s the damping ratio and settling time for the closed-loop system?
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Problem 9 (10%) (a) Determine the gain margin and phase margin for the system whose Bode

plots are shown below. Is the closed-loop system stable?
b) How much should the gain K (of a proportional controller) change such that the closed-loop

system becomes marginally stable?

Bode Diagram

0
o
A
L -50
=
c
[@)]
®
45 -
> 00
Reh
o -13D
m i
205
270 e L MEFRLER (P EIRTPPPRES EEERS ISP P =5 PEFPEEIE PSP SN S 1 34 08 KRS SO S 0 MO N e oMo ke e e o
107 10" 10° 3 10" 1(}2 103

Frequency (md/sec)

4> G = 2058, fm =z 96-125 = 55°

the  Cened lcop  dgtem wil Yo stable F Ao FreQuency res pdnsd hag

O ?\,a\\f\ lebb Haan Ya+Y Weep e FM% r{-, 'g0”

10




Problem 10 (10%) Consider a unity feedback system with open-loop transfer function

Gisy - K+
(s+1)(5+2)

Sketch the root locus for the system as K varies from 0 to +oo You MUST draw on the graph
provided below. Show ALL mmportant calculations. Is there any range of K such that the closed
loop system is unstable?
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Problem 1 (10%) Consider the series connected DC motor shown below.

(a) Write a set of differential equations for this system.in terms of the variables i,, @ and v.
Assume the back emfis given by v, = Kiirw and the developed torque by T = K ifi,.

(b) Assume all the parameters, 1.€., L, Ry, J, K|, etc. are equal to one. Compute the steady-state
angular speed {09 when the input voltage is a step v(£) = 10u(H)V.

N (D= ¥ oW
Tis) = Ka \_F(-:;) (D

- I .z.l::'c_. _@:

-— '-"—?‘-" _ EQ\
- /"a. &) \'G(‘g\ B ke \al
'U(:t“) " K.ul‘emts) |
— | 7,0 & =N = Ko T ‘
‘ \&Q lacfh\
NDT e Le T e 2a YN (D
_ Tobs | TORa | Tovw
K2 Lal® Kala(<) K2 lal)
N _1@_@“ Ras 3% ond T = (3,24 D Yo
Ko lald
Nga) = WES *Qa“’“\‘}
¥a Lol
or Ny = WE\_ “Ra m\-ﬂ
' ¥ 2 ,\,A(:D o
5;(24:% L=¥ =¥z~
..@ A S LAVIAY A bwflt'\\“"ﬂ
0w (ON = £ J;ea (;HL;J - co\ie\im« j 7
N
N A= {;z *“:l Aek gz )
S 19(%\' Student 14
o —wtes )O3 [;u m}'
T La( o) />
Co- _3-9@5-%)»2.95%\ ( _1] S,
; R LL Tl G Tt e o N VAN S SR /



Problem 3 (10%) Consider a unity feedback system with 5 |

. ,
5 — =T ‘
e ey TOT (e(eedrS s s

(a) What is the steady-state error to a unit-step input for the closed-loop system? |
(b) What is the damping ratio and settling time for the closed—loop system‘? 1
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Problem 9 (10%) (a) Determine the gain margin and phase margin for the system whose Bode
plots are shown below. Is the closed-loop : systcmmble‘?
b) How much should the gain X (of a proportional controller) change such that the closed-loop

system becomes marginally stable?

Bode Diagram
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Problem 10 (10%) Consider a unity feedback system with open-loop transfer function

G(s) =

K(s+4)
(s+1)(s+2)

Sketch the root locus for the system as K varies from 0 to +oo You MUST draw on the graph
provided below. Show ALL 1mportant calculations. Is there any range of K such that the closed

loop system i$ unstable'? >
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Problem 1 (10%) Consider the series connected DC motor shown below.

(a) Write a set of differential equations for this system in terms of the variables i,, ® and v.

Assume the back emf is given by v, = Kyir@ and the developed torque by T = K ifi,.

(b) Assume all the parameters, i.e., L, R,, J, K1, etc. are equal to one. Compute the steady-state

angular speed (e when the input voltage is a step W) = 10u()V.
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Problem 3 (10%) Consider a unity feedback system with

I S
(s+1)(s+0.1)

(2) What 1s the steady-state error to a unit-step input for the closed-loop system?
(b) What is the damping ratio and settling time for the closed-loop system?
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Problem 9 (10%) (a) Determine the gain margin and phase margin for the system whose Bode
plots are shown below. Is the closed-loop system stable?
b) How much should the gain K (of a proportional controller) change such that the closed-loop

system becomes marginally stable?

Bode Diagram
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Problem 10 (10%) Consider a unity feedback system with open-loop transfer function

G(s) = K(s+4)
(s+D(s+2)
Sketch the root locus for the system as K varies from 0 to +oo You MUST draw on the graph

provided below. Show ALL important calculations. Is there any range of K such that the closed
loop system 1s unstable?
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Problem 1 (10%) Consider the series connected DC motor shown below,

(a) Write a set of differential equations for this system in terms of the variables i,, ® and v.

Assume the back emfis given by v, = Kjiyo and the developed torque by T = K, i7i,,.
(b) Assume all the parameters, i.e., L, R,, J, K, etc. are equal to one. Compute the steady-state
angular speed w(o9 when the input voltage is a step v(¢) = 10u(f)V.
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Problem 3 (10%) Consider a unity feedback system with
Gye— 3
(s+1){s+0.1)

(a) What is the steady-state error to a unit-step input for the closed-loop system?
(b) What is the damping ratio and settling time for the closed-loop system?
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Problem 9 (10%) (a) Determine the gain margin and phase margin for the system whose Bode
plots are shown below. Is the closed-loop system stable?

b) How much should the gain X (of a proportional controller) change such that the closed-loop
system becomes marginally stable?
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Problem 10 {10%) Consider a unity feedback system with open-loop transfer function

G(s) = _K(s+4)
(s+1)(s+2)
Sketch the root locus for the system as X varies from 0 to +eo You MUST draw on the graph

provided below. Show ALL important calculations. Is there any range of K such that the closed
loop system is unstable?

+5
+jé
3
+2
+Hl
o T R
4
_jz
iy
4
33
- -2 Zelns ~
= - =3
Z -t ?@Lﬁﬁ:""‘j"z
. {;_Z!Lf‘ifﬁé'
n
@m“ (E‘T [l ~‘§i’l
A
5 s

11




Problem 1 (10%) Consider the series connected DC motor shown below.

(a) Write a set of differential equations for this system in terms of the variables i, ® and v.
Assume the back emf is given by v, = Kyiro and the developed torque by T = K3 ifi,.

(b) Assume all the parameters, i.e., L, R,, J, K, etc. are equal to one. Compute the steady-state
angular speed (o9 when the input voltage is a step v(£) = 10u(f)V.
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Problem 3 (10%) Consider a unity feedback system with

s
(s+1)}s+0.1)

(2) What is the steady-state error to a unit-step input for the closed-loop system?
(b) What 1s the damping ratio and settling time for the closed-loop system?

G(s) =

5
O\) T(S]'p *D}.J.—i.‘:s—\- o\ 5
A -
Ve sm.\w‘s.‘)
g}w;ﬁ%&’%\ .

el i wm{(-“‘r(a)}

- )’"M‘ /{"—' l:\-" 1
swel S 'swiw&\

[/3‘1’]/‘(’/54—"; %\} m,bﬁg

5»0 /y_;,/’(s&-{i)z'
) ¢
T e
(S) = (—Q’\}{.Q-}-Q-Q - S N
b oA m,_wﬁ.ﬂm (S+\j[§éo.\) + 5 i s + 5
Cse vy St g
»\)h;?/ 5.
w%z m
Qﬂdh'z- b
la.;fz\ \ I
T};; ey md\w‘?’m; G ‘“\\

et

s v A AT

fu/?ﬂ LA . U\')%QS\
foa ((25)(ar1s8) \EM

M

S,




Problem 9 (10%) (a) Determine the gain margin and phase margin for the system whose Bode
plots are shown below. Is the closed-loop system stable?
b} How much should the gain X (of a proportional controller) change such that the closed-loop

system becomes marginally stable?

Bode Diagram
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Problem 10 (10%) Consider a unity feedback system with open-loop transfer function

Sketch the root locus for the system as X varies from 0 to +co You MUST draw on the graph
provided below. Show ALL important calculations. Is there any range of K such that the closed

loop system is unstable?
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Problem 1 (10%) Consider the series connected DC motor shown below.
(a) Write a set of differential equations for this system in terms of the variables i,, @ and v.
Assume the back emfis given by|v; = K iojand the developed torque by|T = K, i, '

(b) Assume all the parameters, i.e., L, R,, J, K, etc. are equal to one. Compute the steady-state
angular speed (D( 00) when the mput voltage 1s a step v() = 10u(f)V. \) i, . ; S
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Problem 3 (10%) Consider a unity feedback system with L /
: 7
Gls)=— > 7

(s +1)(s+0.1)

(a) What is the steady-state error to a unit-step input for the closed-loop system? /g )
(b) What is the damping ratio and settling time for the closed-loop system?

J‘N .
e

. -
J— y . o - e g‘
W ey . e e # oy
h T g2y Lls Yl 45 S®hnig4 5.8

o)z b E&) L Fle). ik)Th)
Shy |

v / ‘/"' g .‘ g = ) - ‘u
R YA - i I I DL RER )
0] Ty S SMlisdss ) 7 s TUIT T - 4
? - T T
bk o)z Do 20
ceo  ieET T
) T~ = 55 )
QI s b
!
£/ :z: j-—-dm f__,.j.- - 'gL](,
8 ied -f’fﬁn"




Problem 9 (10%) (a) Determine the gain margin and phase margin for the system whose Bode
plots are shown below. Is the closed-loop system stable?

b) How much should the gain K (of a proportional controller) change such that the closed-loop
system becomes marginally stable?

Bode Diagram
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Problem 10 (10%) Consider a unity feedback system with open-loop transfer function

Pess Y
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G(s):M j (-
(s+1(s+2) Ao O e { -

Sketch the root locus for the system as K varies from 0 to +oa You MUST draw on the graph
provided below. Show ALL important calculations. Is there any range of K such that the closed

loop system 1s unstable? 5
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Problem 1 (10%) Consider the series connected DC motor shown below.

(a) Write a set of differential equations for this system in terms of the variables i, @ and v.
Assume the back emf’is given by v, = Kiir@ and the developed torque by T = K ifi,.

(b) Assume all the parameters, i.e., L, R,, J, K1, etc. are equal to one. Compute the steady-state
angular speed (o9 when the input voltage is a step v(z) = 10u(f)V.
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Problem 3 (10%) Consider a unity feedback system with @{ | / i
G(s) = - i .
(s+1)}s+0.1) T

(a) What is the steady—state error to a unit-step input for the closed-loop system?
(b) What is the damping ratio and settling time for the closed-loop system?

;\Mn 0. %%S"?é?




Problem 9 (10%) (a) Determine the gain margin and phase margin for the system whose Bode
plots are shown below. Is the closed-loop system stable?

b) How much should the gain X (of a proportional controller) change such that the closed-loop
system becomes marginally stable?

Bode Diagram
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Problem 10 (10%}) Consider a unity feedback system with open-loop transfer function

K(s+4)

B )

Sketch the root locus for the system as K varies from 0 to +oa You MUST draw on the graph
provided below. Show ALL important calculations. Is there any range of X such that the closed
loop system 1s unstable?
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Problem 1 (10%) Consider the series connected DC motor shown below.

(a) Write a set of d@%‘@ﬁor this system in terms of the variables i,, ® and v,
Assume the back emfis given by v, = K;iro and the developed torque by T = K5 iri,.

(b) Assume all the parameters, 1.e., L, R,, J, K1, etc. are equal to one. Compute the steady-state
angular speed (o9 when the input voltage is a step v(£) = 10u(f)V.
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Problem 3 (10%) Consider a unity feedback system with
B 5
(s+1)(s+0.1)

(2) What is the steady-state error to a unit-step input for the closed-loop system?
(b) What is the damping ratio and settling time for the closed-loop system?

G(s)
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Problem 9 (10%) (a) Determine the gain margin and phase margin for the system whose Bode

plots are shown below. Is the closed-loop system stable?
b) How much should the gain K (of a proportional controlier) change such that the closed-loop

system becomes marginally stable?

Bode Diagram

k.

2

Magnitude (dB)

Phase (deg)

10 107 10
Frequercy {rad/sec)
0 G =13,89 48 Gu+ 0.5cn, 5090 = 3,55
. . L. -3 T
. ) l‘\%Cr"‘
= éso e
Om | | 5048
Grds 70 Ey5T s odable C Ot A
Q. 72° O %cm & 0%
e [R—
| 43°

b\ 1fr7f N\"ij“‘ﬁ 7 5119 Gn =0
b want (G te be IEWL &= Q o
{.{ ﬂ‘\‘“ FYNPy ey in 'S“iv’aa{f: Sa ,,—MM- T
/%u %Qf JB = 20 lc’j X (kws;,qﬂ .f'ﬁ‘;u{(afﬂ - zfc!h‘(_(or-‘j-‘oq,.}: Z

XZZ'C\ 10




Problem 10 (10%) Consider a unity feedback system with open-loop transfer function

G(s) = K(s+4)
' (s+D(s+2)
Sketch the root locus for the system as K varies from 0 to +oo You MUST draw on the graph

provided below. Show ALL important calculations. Is there any range of X such that the closed
loop system 1s unstable?
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Problem 1 (10%) Consider the series connected DC motor shown below.

(a) Write a set of differential equations for this system in terms of the variables i,, ® and v.
Assume the back emf'is given by v, = Kiir@ and the developed torque by T = K isi,.

(b) Assume all the parameters, i.e., L, R,, J, K, etc. are equal to one. Compute the steady-state
angular speed (09 when the input voltage is a step v(£) = 10u()V.
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Problem 3 (10%) Consider a unity feedback system with

S
(s +1)(s+0.1) o \NS Yo A

(a) What 1s the steady-state error to a unit-step input for the closed-loop system?
(b) What is the damping ratio and settling time for the closed-loop system?
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Problem 9 (10%) (a) Determine the gain margin and phase margin for the system whose Bode

plots are shown below. Is the closed-loop system stable? _
b) How much should the gain X (of a proportional controller) change such that the closed-loop

system becomes marginally stable?

Bode Diagram
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Problem 10 (10%) Consider a unity feedback system with open-loop transfer function

K(s+4)

A= s 12)

Sketch the root locus for the system as K varies from 0 to +o2 You MUST draw on the graph
provided below. Show ALL important calculations. [s there any range of K such that the closed
loop system 18 unstable?
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Problem 1 (10%) Consider the series connected DC motor shown below.

(a) Write a set of differential equations for this system in terms of the variables 7,, ® and v.
Assume the back emfis given by v, = Kjiro and the developed torque by T = K isi,.

{b) Assume all the parameters, i.e., L, R, J, K1, etc. are equal to one. Compute the steady-state
angular speed (o9 when the input voltage is a step v(£) = 10u(f)V.

T :CJsz.{. b:)ﬁ:

i

e

I R [t R

= (\us): - o

. (s""* 54 sq’-»st)utﬂ y seafsy = 3

" Vo
o) [s2e2s®es) = 75 Student 22

\ O

A ———et e

a[ss - swf255*15;_ | |
2 %) LM) = U / (Q




Problem 3 (10%) Consider a unity feedback system with
_ 5
(s+D(s+0.1)

(a) What is the steady-state error to a unit-step input for the closed-loop system?
(b) What is the damping ratio and settling time for the closed-loop system?

G(s)
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Problem 9 (10%) (a) Determine the gain margin and phase margin for the system whose Bode
plots are shown below. Is the closed-loop system stable?
b) How much should the gain X (of a proportional controller) change such that the closed-loop
system becomes marginally stable?
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Problem 10 (10%) Consider a unity feedback system with open-loop transfer function

K(s+4)

CO e D)

Sketch the root locus for the system as K varies from 0 to +oa You MUST draw on the graph
provided below. Show ALL important calculations. Is there any range of X such that the closed
loop system 18 unstable?
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Problem 1 (10%) Consider the series connected DC motor shown below.

(a) Write a set of differential equations for this system in terms of the variables i,, ® and v.
Assume the back emf'is given by v, = Kji;yo and the developed torque by T = K iri,.

(b} Assume all the parameters, 1.e., L, R4, J, K3, etc. are equal to one. Compute the steady-state
angular speed m(ed when the input voltage is a step v(f) = 10u()V.
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Problem 3 (10%) Consider a unity feedback system with
o
{(s+1)(s+0.1)

{a) What is the steady-state error to a unit-step input for the closed-loop system?
(b) What is the damping ratio and settling time for the closed-loop system?
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Problem 9 (10%) (a) Determine the gain margin and phase margin for the system whose Bode

plots are shown below. Is the closed-loop system stable?
b) How much should the gain X (of a proportional controller) change such that the closed-loop

system becomes marginally stable?

Bode Diagram
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Problem 10 (10%) Consider a unity feedback system with open-loop transfer function

K(s+4)

)= e 12)

Sketch the root locus for the system as X varies from 0 to +oo You MUST draw on the graph
provided below. Show ALL important calculations. Is there any range of X such that the closed
loop system 1s unstable?
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Problem 1 (10%) Consider the series connected DC motor shown below.
(a) Write a set of differential equations for this system in terms of the variables i,, @ and V.

Assume the back emf'is given by v, = Kjir» and the developed torque by T = K; iri,.

(b) Assume all the parameters, i.e., L, R,, J, K1, etc. are equal to one. Compute the steady-state
angular speed {09 when the input voltage is a step v(¢) = 10u()V.
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Problem 3 (10%) Consider a unity feedback system with
B 5
(s+1){(s+0.1)
(a) What is the steady-state error to a unit-step input for the closed-loop system?

G(s)
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Problem 9 (10%) (a) Determine the gain margin and phase margin for the system whose Bode
plots are shown below. Is the closed-loop system stable?

b) How much should the gain X (of a proportional controller) change such that the closed-loop
system becomes marginally stable?

Bode Diagram
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Problem 19 (10%) Consider a unity feedback system with open-loop transfer function

Gis) = K(s+4)
(s+1)s+2)
Sketch the root locus for the system as & varies from 0 to +oo You MUST draw on the graph

provided below. Show ALL important calculations. Is there any range of K such that the closed
loop system 1s unstable?
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Problem 1 (10%) Consider the series connected DC motor shown below.

(a) Write a set of differential equations for this system in terms of the variables i,, ® and v.
Assume the back emfis given by v, = K1iy@ and the developed torque by T = K i,

(b) Assume all the parameters, i.e., L, R,, J, K, etc. are equal to one. Compute the steady-state
angular speed (o9 when the input voltage is a step v(z) = 10u(£)V.
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Problem 3 (10%) Consider a unity feedback system with

-

5 o}

G(s)

{a) What is the steady-state error to a unit-step input for the closed-loop system?
(b} What 1s the damping ratio and settling time for the closed-loop system?
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Problem 9 (10%) (a) Determine the gain margin and phase margin for the system whose Bode

plots are shown below. Is the closed-loop system stable?
b} How much should the gain K (of a proportional controller) change such that the closed- loc)p

system becomes marginally stable?

Bode Daagram
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Problem 10 (10%) Consider a unity feedback system with open-loop transfer function

G(s) = K(s+4)
(s+1)(s+2)
Sketch the root locus for the system as K varies from 0 to +co You MUST draw on the graph

provided below. Show ALL important calculations. Is there any range of K such that the closed
loop system is unstable?
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Problem 1 (10%) Consider the series connected DC motor shown below.

(a) Write a set of differential equations for this system in terms of the variables i,, @ and w.

Assume the back emfis given by v = Klrfm and the developed torque by 7' = K3 iri,.
(b) Assume all the parameters, i.e., L, R,, J, K1, etc. are equal to one. Compute the steady-state
angular speed w(o9 when the input voltage is a step v(f) = 10u()V.
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Problem 3 (10%) Consider a unity feedback system with

s —_—
Gls)m o P 2
) (s+1D(s+0.1) st/ dgs0- /

(a) What is the steady-state error to a unit-step input for the closed-loop system?
(b) What is the damping ratio and settling tume for the closed-loop system?
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Problem 9 (10%) (a) Determine the gain margin and phase margin for the system whose Bode

plots are shown below. Is the closed-loop system stable?
b) How much should the gain X (of a proportiona! controller) change such that the closed-loop

system becomes marginally stable?

Bode Diagram
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Problem 10 (10%) Consider a unity feedback system with open-loop transfer function

G(s)= _@_@_
(s+1)(s+2)

Sketch the root locus for the system as K varies from 0 to +oa You MUST draw on the graph
provided below. Show ALL important calculations. Is there any range of K such that the closed
loop system is unstable?
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Problent 1 7(10%) Consider the series connected DC motor shown below.

(a) Write a set of differential equations for this system in terms of the variables i,, ® and v.
Assume the back emfis given by v, = Ky and the developed torque by T = K5 iri,. ‘
{(b) Assume all the parameters, i.e., L, R,, J, K, etc. are equal to one. Compute the steady-state
angular speed (o9 when the input voltage is a step w(£) = 10u()V.
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Problem 3 (10%) Consider a unity feedback system with

5

A= Geron

(a) What is the steady-state error to a unit-step input for the closed-loop system?
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(b) What is the damping ratio and setiling time for the closed-loop syst system‘?
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Problem 9 (16%) (a) Determine the gain margin and phase margin for the system whose Bode
plots are shown below. Is the closed-loop system stable?
b} How much should the gain X (of a proportional controller) change such that the closed-loop

system becomes marginally stable?

Bode Diagram
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Problem 10 (10%) Consider a unity feedback system with open-loop transfer function

G(S) = __M e} \_S!LQ_A L[‘D\)k?.c‘i}l toa (4
(S + 1)(.5' + 2) e AD Com T ooy

Sketch the root locus for the systern as K varies from 0 to +oa You MUST draw on the graph
provided below. Show ALL important calculations. Is there any range of K such that the closed
loop system is unstable?
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Problem 1 {10%) Consider the series conrected DC meotor shown below.

(a) Write a set of differential equations for this system in terms of the variables i,, o and v.
Assume the back emfis given by v, = Kiiyo and the developed torque by T = K5 ifi,.

(b) Assume all the parameters, 1.e., L, R,, J, K1, etc. are equal to one. Compute the steady-state
angular speed w(od when the input voltage is a step v(¢) = 10u(f)V.
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Problem 3 (10%) Consider a unity feedback system with

5
(s+D(s+0.1)

(a) What is the steady-state error to a unit-step input for the closed-loop system?
(b) What is the damping ratio and settling time for the closed-loop system?
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Problem 9 (10%) (a) Determine the gain margin and phase margin for the system whose Bode
plots are shown below. Is the closed-loop system stable?
b) How much should the gain X (of a proportional controller) change such that the closed-loop

system becomes marginally stable?

Becde Diagram
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Problem 10 (10%) Consider a unity feedback system with open-loop transfer function

Gis) = K(s+4)
(s+1)}s+2)
Sketch the root locus for the system as K varies from 0 to +eo You MUST draw on the graph

provided below. Show ALL important calculations. Ts there any range of K such that the closed
loop system 1s unstable?
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Problem 1 (10%) Consider the series connected DC motor shown below.

(a) Write a set of differential equations for this system in terms of the variables i,, @ and v.
Assume the back emfis given by v, = K1iro and the developed torque by 7" = K5 iri,.

(b) Assumne all the parameters, i.e., L, R, J, K1, elc. are equal to one. Corrﬁ'te—fﬁe_st/eady-state
angular speed w(od when the input voltage is a step v(¢) = 10uff)V.
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Problem 3 (10%) Consider a unity feedback system with
_ 5
(s+1){(s+0.1)

{a) What is the steady-state error to a unit-step input for the closed-loop system?
(b} What is the damping ratio and settling time for the closed-loop system?
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Problem 9 (10%) (a) Determine the gain margin and phase margin for the system whose Bode

plots are shown below. Is the closed-loop system stable?
b) How much should the gain X (of a proportional controller) change such that the closed-loop

system becomes marginally stable?

, Bode Diagram
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Problem 10 (10%) Consider a unity feedback system with open-loop transfer function

G(s) = K(s+4)
(s+D(s+2)

Sy Byt D

Sketch the root locus for the system as K varies from 0 to +ea You MUST draw on the graph
provided below. Show ALL important calculations. Is there any range of K such that the closed

loop system 1s unstable?
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% ) \‘-Problem 1 (10%) Consider the series connected DC motor shown below.

% _/(a) Write a set of differential equations for this system in terms of the variables i,, ® and v.
Assume the back emfis given by v, = K1iro and the developed torque by T = K irla.

(b} Assume all the parameters, i.e., L, R,, J, K;, etc. are equal to one. Compute the steady-state

angular speed (o9 when the input voltage is a step v(£) = 10u(f)V.
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Problem 3 (10%) Consider a unity feedback system with

_ 5
s+ D(s+0.1)

{a) What 15 the steady-state error to a unit-step input for the closed-loop system?
(b) What is the damping ratio and settling time for the closed-loop system?
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Problem 9 (10%) (a) Determine the gain margin and phase margin for the system whose Bode
plots are shown below. Is the closed-loop system stable?
b) How much should the gain X (of a proportional controller) change such that the closed-loop

system becomes marginally stable?

Bode Diagram
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Problem 10 (10%) Consider a unity feedback system with open-loop transfer function

G(s)

K(s+4)

T (s+1)(s+2)

Sketch the root locus for the system as X varies from 0 to +oo You MUST draw on the graph
provided below. Show ALL mmportant calculations. Is there any range of K such that the closed

loop system is unstable?

+5
+4
+3
+2
+H
B (T et - = S S o o u
41
2
43
-4
45
poles gz - | Zeroy 5= =
Sz -2
o3 = TGl goll = Z Pt zered ~ 22— (= )
B ke paes - # fotte =% a-v
Ou gﬁf;££t=-@n+ow K=o . Mo
A= 21
=t 7

Shible e il ke

i1




Problem 1 (10%) Consider the series connected DC motor shown below.

(a) Write a set of differential equations for this system in terms of the variables #,, » and v
Assume the back emf'is given by v, = K iro and the developed torque by T = K> isi,.

(b) Assume all the parameters, i.e., L, R,, .J, K1, etc. are equal to one. Compute the steady-state
angular speed m(ec) when the input voltage is a step v(¢) = 10u(£)V.
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Problem 3 (10%) Consider a unity feedback system with
B 5
(s+D(s+0.1)

(a) What is the steady-state error to a unit-step input for the closed-loop system?
(b) What is the damping ratio and settling time for the closed-loop system?...—
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Problem 9 (10%) (a) Determine the gain margin and phase margin for the system whose Bode

plots are shown below. Ts the closed-loop system stable?

b) How much should the gain X (of a proportional controller) change such that the closed-loop

system becomes marginally stable?

Bode Diagram
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Problem 10 (10%) Consider a unity feedback system with open-loop transfer function

)= e

K(s+4)

Sketch the root locus for the system as K varies from 0 to +o0. You MUST draw on the graph
provided below. Show ALL important calculations. Is there any range of X such that the closed

loop system 1s unstable?
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