EFE 231 Exam#l Nov. 10, 1499
50 minutes

Copyright (& 1999 by Levent Acar. All rights reserved. No parts of this document may be reproduced, stored in a retrieval system, or
transmitted in any form or by any means without the written permission of the copyright holder(s).

1. 1n the following svstem, an armature controlled motor is used to control the location of a rotational object.
At the output a voltage that is proportional to the motor angle is generated by the variable resistor. snch
that @, = Kby, Obtain the detailed block diagram of the system, where v; is the juput and #,, is the
output. and show the variables v;, 4,, vo. iy, €, g, ¢, U, T, and @, on the block diagram. (25pts)

2. For the block diagram given below, determine the transfer function either by block-diagram reduction or
b Alason’s formula. Show your work clearly. {20pt=)
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3. The block diagram of a control system is given below.
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Obtain a state-space representation of the system without any block-diagram reduction. {20pt=)



4. Consider a control system described in state space, such that

x(t) = [ _f —[i] } x(t) + [ i ]-u(t),

y() =10 1 ]x(t)+ult).
(a) Determine the transfer function, Y (s)/U(s), of the system. (10pts)

(b} Determine y(t) for ¢ > 0, when x(0) = [O 1]T, and the input is the unit step, Le. a{t) = 1{1).
(15ptst

5. Obtain the necessary inequalities to deseribe the poles in the shaded region below in terms of only ¢ and

«n of a sccond-order system described by Y (8)/U(3) = w? /(5% + 2Cwns + w?). {10prs)
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1. In the following system, an armature controlled motor is used to control the location of a rotational object.
At the output a voltage that is proportional to the motor angle is generated by the variable resistor. such

that v, = K,0n. Obtain the detailed block diagram of the system, where v; 1s the input and #,, is the

output. and show the variables vy, 3;, vy, 14, 2. Vg, tq. Up. 7. and &y, on the block diagram.
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2. For the block diagram given below. determine the transfer function erther by block diagram reduction, or
by Mason's formula. Show your work clearly.
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Solution: If we choose to use the block diagram reduction. best approach is to reduce the block diagram
step by step. until we obtain the transfer function.
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Ty — RO = Gl - G
(14 ity ~ GypGaiil — Gab+ 10 — 11

If we choose ta use Masor’s formula, we need to draw the signal flow graph of the block diagram.

In drawing the signal flow graph, the unity gains are subscribed for easy tracking of the gain expres-
sions. The forward path gains are

F1 = 111,G113G3 1415 = GGy,

Fy = 111,16{—17)13G2141s = — G,
F;_J, = 1112611313631.-;15 = GlGrg,

and

Fy = 111216(—17)1318Gsl4ls = =G,

The loop gains are
L1 = 13G214Gs{—17) = —GGs,
Ly = 1313G314G5(—17) = — G305,
Ly = 1,G1131slgli0(—111) = =G,
Ly = lalg(—17)1alglelio{— 111} = 1,

and

L5 = G4llu = G4,

From the forward path and the loop gains. we determine the touching loops and the forward paths.

Touching Loops Loops on Forward Paths
Ly | Lo | L3 | La| Ls | Ly | Ly | Ly | Iy Ly
I | v ‘ v iviv|x: Rlv v v v X
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Therefore,
A= —[L1++L5)-‘-(L1L')+L2L5)
=1—({—G2Gs) + (—G3G5) ~ (=G1) + (1) + {Gq}} + ({=G2Gs)(Ga) + {=G3G5)(Gy))
= (oG = G3Gs + G, — Gy — GolG4Gs — G3G4Gs.

and
A=Al _pe0=1-Ls=1-Gy,
DAo=A} _ ., y=1-Ls=1-0CGy,
Ay=Alp _ _;,0=1-Ls=1-0Gy4,
Ag=Al, _ _,0=1-Ls=1-0Gy,
So,

Uis) A

Yis) 1 iF&' (GG = Gy) +(=G2)(1 = Gg) + (G1G3)(1 — Gy) ~ (=G3){] = Gy)
e Golag + Galds + G — Gy ~ GGGy — GG 4Gy

=1
or

Y{s) (G1Go — Gy + G1G3 — Ga){l - Gy)

U(b‘) N GgGs + G;g.Gs =+ Gl -Gy — GQG4G5 — G3G4G5.
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3. The block diagram of a control systein is given below.
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(Obtain a state-space representation of the system without any block-diagram reduction.
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1. Consider a control system described in state space. such that

x(t) = [ _f _? }x{t} + [ i }u(t‘)\

y(t) =10 1 ]x(t)+ult)

{a) Dectermine the transfer function, Y (s}/U(s}, of the system.

{b} Determinec y(¢) for t > (0, when x(0) = [ 01 j . and the input is the unit step. Le. () = 1(t).
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5. Obtain the necessary inequalities to deseribe the poles in the shaded region below in terms of only ¢ and
. . . PR T a.- .
i of a second-order system described by Y {s)/U{s) = w; /(5% — 20wns + wi).
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