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e Answer all the following questions eNo. of questions : 5
o lllustrate your answers with sketches when necessary e Total Mark: 80 Marks

Question (1) (20 Marks) ( Achieved ILOs; a.1,a.2, b.2, b.3, b.4)
a) A controlled system described by the differential equation: y”(t) —3y'(t) +2y(t) =8¢e*
i. Find the solution of that system if y(t) and x(t) are the output and input of the system respectively
and the initial condition are: y(0) = y'(0) = 3.
Ii. Find the final value of y(t).

b) For the electrical circuit shown in Fig. (1): R, Re
- , : o—"WW——FWW—F—0
I.  Write the loop equations. + +
ii.  Draw the block control diagram using these loop 7N © TN
equations in (i). e ") == ") Lg €
iii.  Find the transfer function Eo(S)/Ei(s) as function of the « *
electrical elements in the circuit. 5 5

Fig. (1)
Question (2) (20 Marks) (Achieved ILOs: a.1,a.2, b.2, b.4)

a) For the control system shown in Fig. (2); reduce that system to a single transfer function C/R.
b) For the signal flow graph shown in Fig. (3); find the transfer function C(s)/R(s) using Mason’s rule.

C
R—»@— G, _(%) > G, >t a, ]_‘
H, H;
Hl
Fig. (2) Fig. (3)

Question (3) (15 Marks) (Achieved ILOs; a.1, a.2, a4, b.5, b.16)
a) For the position-control system shown in Fig. (3), determine the following.

+ s+ 1 5
X pore S B . >y
s+3 s(s+2)

Fig. (3)
I.  Find the position, velocity, and acceleration error constants.
ii.  Find the steady-state error for a unit-step input, a unit-ramp input, and a unit-parabolic input.
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b) Consider a second-order unity feedback system with {= 0.6 and on = 5 rad/sec.
I.  Calculate the rise time, peak time, maximum overshoot, and settling time when a unit-step input

is applied to the system.

ii.  Draw the response curve and show the damping type of the system

Question (4) (15 Marks) (Achieved ILOs: a.1,a.2, a.4, b.3, b.11)

a) Check the stability of the closed-loop system shown in Fig.(4).

R(s) . T .

CE)

3
- S+5

S+1

b) Consider the closed-loop system shown in Fig.(5). Determine the range of K for stability. Assume

that K > 0.

Fig.(4)

R(s)
—1—@—»— o

52

Cis)

(5+ 1)(s2 + 65 +25)

Fig.(5)
Question (5) (10 Marks) (Achieved ILOs: a.1, a.2, b.2, b.16)

For the digital control system shown in Fig.(6), i) Find the discrete-time output Y(z) of the closed-loop
control system. ii) Obtain the continues-time output Y(s).

u E o E*

G@) Y f;.‘ Y':
H(s)
Fig.(6)
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Model Answer

Question (1)
a) A controlled system described by the differential equation: y”(t) —3y'(t) + 2y(t) =8e*

i.  Find the solution of that system if y(t) and x(t) are the output and input of the system respectively
and the initial condition are: y(0) = y'(0) =3.
ii.  Find the final value of y(t).
Answer

i y'(t)=3y'(t)+2y(t) =8e*
8

[S?Y (s)—Sy(0)—y'(0)]-3[SY (s)-Yy(0)]+2Y (s) = g e if y'(0)=y(0)=3

[S?Y (s) —35—3]-3[SY (5)-3] +2Y (s) = %

S2Y (s) —35—3—3SY (s)+ 9+ 2Y (s) =<

SZY(S)—BSY(S)+2Y(S)—38+6:%
Y (5)(S?-35+ 2)=%+3S—6

YOS -nE-2 B2
_35-2°+8 _ 35-2° | 8 3 8

Y(s)= 2 - 2 2 - + 2
(S-D(S-2)° (S-1D(S-2)° (S-1)(S-2° (S-1) (S-1H(S-2

. 35-2°+8 3+A B  C

C(S-D(S-2° (S-D) (S-2° (S-2)
First :mutiply both sides by (S—1) and letsS goto +1 — ..A=8
Second :mutiply both sides by (S —2)* and lets S goto +2— ..B=8
Third :Put S=0& A=8&B=8 — ..C=-8

C3(5-2)%+8 11 8 -8

. = + +

(S-1)(S-2)* (S-1) (S-2° (5-2

Soy(t) =11 —8e™ +8te™

- . o it 3(5-2°+8 _
1. !Lrgy(t)_Isl_rBSY(S)_Islg(}s—(s_l)(s_z)z_

Ans. (1/9)




Question (1)

R
b) For the electrical circuit shown in Fig. (a): 2
i.  Write the loop equations. i MWW 2
ii.  Draw the block control diagram using these loop f’/_.\\, C TN
equations in (i). e J = ")L €
iii.  Find the transfer function Eo(s)/Ei(s) as function of *
the electrical elements in the circuit. - -
O O
Fig. (a) t-domain circuit
Answer
i. From Fig. (b) R; Ex R:
1 o—AWWW MW O
Ei(s)=1L(S)R +—1-1 (S)— + -
CS f-._x\;] i_l N Is
1 1 Ei(s) h )CS== 1t g E.(s)
O == I R - LS - I - -’ s
()R, oS 1-1,(s) s -
E,(s) = 1,(S)LS o ')
Fig. (b) S-domain circuit
ii. The control diagram is shown in Fig. (c)
G
| €S |
]If’ﬂ 1 I _
—_— -_—
Efs) @ R +ok RCS+LCS +1 | LS E(5)
Fig. (c)
iii.  From Fig. (b)
EG)__ LS then ... E.(S)=— > E(s) ... )
E.(s) R,+LS R, +LS
_(&)(R.+Ls) R, +LS
(R, +LS)(&) RCS+LCS*+1
2
E®)__ 2 then ...... E,(s) = E,(s). Rt Re FESFRLCSTHRRES | -y
E(s) Z+R R, +LS
From Equations (1) & (2):
E,(s) LS

E(s) R +R,+LS+RLCS?+RR,CS

Ans. (2/9)




Question (2)

a) For the control system shown in Fig. (2); reduce that system to a single transfer function C/R.

¥y | Gyl
‘_;_.é_ 14 Gyy :IMD

_ &

N Gyottyo)) @%\

Vils) 1 G Q)
GG W ( - IV y) \ 3
Gats)
Hyi
29 )
Gyv)

1 \/ Gyly)
(a.m AL+ Gyt ()

G|(!)G:(!)

1+ Gy(s)Hs(s) * Gi(s)Gols)H (s)

G(5)Gy(3)[1 * Gyls))
[+ Ga()Hy(s) + Gy(s)Go(s)H\())[1 * Gy(s)H;(s))

Gyls) mﬁ Gs(s) C(S)'
Vils) Hi(s)
Hy(s)
2’®”)'®.i°”0.” I(:::—:;:lll-)|&-
’ L[,
Go
| Gys)
— -
(G,qs) Xl 'G_\(sill_\(sb)
2
Cls)
f——
Ans. (3/9)




Question (2)
b) For the signal flow graph shown in Fig. (3); find the transfer function C(s)/R(s) using Mason’s rule.

Solution

We have three forward path We have three loops

P, = G,G,G,G,G, S PRl
L, =-G,G,H,

P, =G,G,G,G
P, =G,G,G, L,=-G,G,G,G;H,

A=1-UL,+L,+L;+L,)+L,L,

A=1+G,H, +G,G,H, +G,G,G,H, + G,G,G,G,H, + G,G,G,H,H,
All loops touching the forward paths P, ﬂﬂl:> A =1
All loops touching the forward paths P, ﬂl]l:> A=

Only loop L, non touching the forward path P, ﬂl]l:> A;=1+G,H,

1 N
G=XZ P By ﬂﬂ:> G=C(S)=RA1 +PA, + p;A,
k=1 R(s) A

Cls) G,G,G,G,G, +G,G,G,G, +G,G,G, +G,G,G,G,H,
R(s) 1+G,H, +G,G,H, +G,G,G,H, +G,G,G,G,H, +G,G,G,H,H,

Ans. (4/9)




| S+D
s(s+2)(5+3)

S5(s + 1)

)= S GT DG+

B(s+1)}

Position error; Kp = ling_o G(5) = |1mg_.um =

Velocity emvor: K, = lim_5sG(s) = Iilrisqﬂ% = g
Bs(s+1) 0

: . T 2 T _
Acceleration ertor: Kg = liMeom 556G (5} Ill“g-rm_(s DD

Steady state ervor for unit step input:

1
€ss = 14K,

Referring to the result of problem 5-8. K, = c0 > e;; = 0

Steady state exror for ramp input:

Regarding the result of problem 5-8, K, = E =2 ¢(o0) = %

Steady state error for parabolic input:

Regarding the result of problem 5-8, K; = 0 = e(0) = o0

Ans. (5/9)




3)-b

0.8+25¢ _ 0.8+2.5+0.6

Rise time: t, = = (.56 sec
iy
. _ T 314
Peak time: ty = onfitr  svoer 0.785 sec
s
. 1—{2 0.61T
Maximum overshoot: M, =e =¢ o8 = (.095
) . 3.2
Settling time: ¢, = to 0 <& <0.69
mn

3.2

= ty =——=1.067 sec

e(i)

0.5

0.615

Allowable tolerance

ls

Ans. (6/9)




R() 4 - L C(s)
10 + 1 1
_ Q S+5 . S+1 1s

+ +
P ~
L L

The closed loop T.F. using Mason’s rule is given by:

C S .
_E — 5(5+:)(s+6)
e L _ e
S5 (5+J){51~5) 5(51‘1)(511)) S(S-H)J
. lo
R

S34165% 263475
The characteristic equation is:
$$+1653+26S+25=0

Using Routh criterion method:

S 1 26
S 16 25
gl 16x26-1x25 _,, 4 0
Qo 244x25-16x0 _ o0 0

24.4
The sign in the first column is not changed. Then, the system is stable

Ans. (7/9)




4)-b
Ris)

52

Cis)

(s + 1)(s2 + 65 + 29)

i

The closed-loop transfer fonction C(s)/R(s) is
c6) K(s-2)

R = (5H)(s™+ 43 +25) + K (s-=2)

Kfs=2)

'+ 25+ (3/+K) ST 25-2K

For stability, the denominator of this last equation must be a stahle polyncerial.

For. the characteristic eguation

S 75+ (/1 K) s+ 268-~2K =0

the Routh array becomes as follows:

s? s /K
= 7 2524
st LI2F 7L o

7
5° 28-2¢

Since K is asmumed to be positive, for stabdiiity, we require-

12.5>K>0

Ans. (8/9)




5)

Y-F

Edsy = lLLs) - Y, = UGs) - Hes) Y'es) e Y »

Y(s) = G} E7(s)

H(

taing e Pulse Frams®er Ror Yha above =g
gYs) = L) - [‘Hﬁs}f{s}j"
= WE(sY - WHS) Y1)
Y s . {émi—"@ﬂ“ - G7(s) BR)

A = G T W) - WER Y )]
= GUE)-UF Y . @RS) WY Y TG)

V) - GHSIURS) "
Ve GPYWRY(S)
Viow We Cawv dedut Z-transferm  vioted

e distYele _time alP -
Yiz) . | _S®UE) 4

T a &) HEE)
Y(7). BB
WGz W)
i) Contnous Time oudPul -
¥ () = @es) EXG)
= Gus) [ ures) W) YY)

L= GEYUT(B) - GEIHEGIYTS)

- GEYUHKS) - GIWES) . S8 )
G IHAGE)

G*(s) WY () }

Yis)e GsIur(s) [ \ -
! V- G ¢s)

= (i)

L

Ans. (9/9)




