Benha University

A\
e

L3 P
M NER

Elaborated by: Dr. Mohamed Elsharnoby

EAY o SV (Sl 1 B3l Byl gdsel

Mechanical Eng. Dept.
Subject : Automatic Control

4" Year Mechanics
Date »1/1¥/2014

Model Answer of The Final Corrective Exam
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Loops
L; = -G;G;H, L, = - G1G,G3H; Ls =- GyH3
Paths
Ml = GleGg M2 = G4Gng
A=1+ GleHl + GleGgHz + GzHg
Al =1
Az =1

TF = (Ml A1+ M2 Ag )/ A= (GleG3+ 646263)/( 1+ GleHl + GleG3H2 + GzH3)

1-b)

FOR P=0, the characteristic equation is given by:
S?(S*+25+8) + K(S+2) =0
S*+25°+8S°+KS+KZ=0

Construct the Huwarth array
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For stable systen
16 >K>0,2>0
(16k-K-2k2)2)
18-k >0
16-K-2z>0
16 >k+2z
ii For marginally stable system
Put S = jo
o -2jo’-80* ko +kz=0
2 0% ko =0
0" -8w’+kz=0
o' +(2z-8)o*+ =0

o’ +(2z-8)0*+ =0 ®=0.
4>7>0,16>k>0
2-a)

k=2 ®°

o=t (8-22)"?

, K=16-4z



Consider the block diagram below.

(a) With G.(s) =1, r(t)=0, and d(t)=unit step, find the range of gain K such that the steady state output
due to the disturbance d(t) is 0.05d(t).

(b) Let &(t)=0. With KG_(s) 18' find the steady state step error. Also find the steady state ramp error.

(c) ‘What effect would Gc(s) 1 have on the steady state errors? Note: check the root locus first.
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2-b)
s° 1 2 1
s 1 2 1
s 0 0
4 4
g? 1 1
0 0
S 2 0
s° 1

Stable, Number of poles on the Imaginary line = 4



st 1 a5 50
s? 9 87 0
s? 35.33 50

S 74.26 0

s° 50

The system is stable with all four poles on the left half plane

iii)
s® 1 14 64 96
s® 5 40 80 0
s* 6 48 9
s? (] (]
24 9
s? a4 16
S (] (]
8 0
0
S 16

The system is stable with 2 pole in the LHP and 4 on the imaginary ax

3)
a) Hand sketch the root locus of 1 + KG(s) = 0 as K varies from 0 to +oo, where

G(S) — L
(s +1)(s +3)?
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The root locus
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For the system given below in figure 5, estimate the values of K and K, so that a maximum percentage overshoot
of 9.6% and a settling time of 0.05 sec for a tolerance band of 1% are achieved.

R(s) E(s) : 100 1 Y(s)
—: K —: (JI,(A\) =02 > m 1 d

A

The system is reduced to

B =
]

218




; ico ‘\{"ISJ
RAS) \ - ,
(O \ ke T\ 2 ot l

__.___,___ﬁ-———-——‘-'——__‘"_“__'__‘__

e
- i (s)
E \S) 'Z(/(.‘ K
0 % i oo it )87 e
5,28 i
-

c) Consider the standard feedback system shown below in figure 6.
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Es ' -
—( N (E.cs) ENEy ‘\
i |

"ﬂiﬂ ¢ l’)('{fc?(;/—(‘?r’r_\, ‘ILIC E}?ﬂ . [ 7"\(‘914 h’j :

Y s

I T (ﬁ_'c <) (‘_;_)(S,j :{ ¢

| F kp s K¢ =0
Ry (57 #+5.5)
3 -+ k—t_‘ -
33 -+ B & —f J{‘(’prs

J o i ccp )~
N = — :;aﬁslﬂes The (

/67 -‘d” }(f) +kL = D
KL- = Z‘r }(P - \é

5 B
N 5,05 o+ p~ + Mrp"’é =0

ke > 4 |

(. )_(/3_’_1_1_}9-2_) +()S¢2:“,6)++VP (gﬂl,t'JA___ o

,ﬂz’ ( i) LS’-rH)(S'—La) L eplstu)y =0
(ep | 9%+ ;{ii*j] _.

N

"2, 3= o



77;(, r/Zf/75 3[6’2/ é{/?( /}C‘/]

1
X

f

B ]

(8,75 + 1)

o
S.
o
T«— 5 1o feer
|
()
—-(?O A:\\

—lHe—

The required BOde diagram
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