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1. Deternune the block diagram of the following system, such that the variables vy, iy, v, i, i3, v3, and 2y
(25pts)

are clearly shown.
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2. For the block diagram given below, determine the transfer function either by block diagram reduction. or
(26pts)

by Mason’s formula. Show your work clearly.
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3. The block diagram of a control system is given below.
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(25pts)

Obtain a state-space representation of the system without any block-diagram reduction



1. Consider the following control system.
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Design the controller gains K; and K, such that the approximate maximum percent overshoot is M, =~
9.5%. and the approximate rise time is ¢, ~ (.7 s. (25pts)
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1. Dectermine the block diagram of the following system. such that the variables v1, 11, vo, 12, 13, v3, and v4
are clearly shown.
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Solution: To determine the block diagram of the system, we first need to separate it into simpler com-

ponents.
R i = Since the input variable is vy, we
- find another variable in terms of vy,
: le.
. J_ 1 i 1 1)
o () - 1] = —U1. R
B 1= 7 1:
Jl_ for an ideal operational amplifier.
pal] R2 ?:'2 . ,
% Similarly,
> 1 i [ 1] v
g = R—2U2‘ D Rl A
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From the node equation. we get

i1+ 1y +23 =10,

— + or

i3 = (=1){i1 + i2).

Again for an ideal operational am-
plifier, o
i T
3 R 3
vg = Rjis. - !
u : 1 «w
——— D) o vg = D(s)va. —= by —
3 _ '
vy

Finally, for the non-inverting opera-

- tional amplifier,
R
R4 vy | v2
=14+ — —_— |
U2 + 1/(304) 14+ RsC,2 :
=1+ R4C.
Ca thb

=
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[ ]

When we connect all the individual blocks together, we get the following block diagram.

1 1
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For the block diagram given below, determine the transfer function either by block diagram reduction. or
by Mason's formula. Show your work clearly.

N
~

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

1

112

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

Fi = 1113G1131415G2 11718 = G1Go,
Fy = 1112151415G215171g = Ga,

and

Fy = 111,G11yol71s = Gy
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The loop gains are

and

L
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Ly = 1algl4l5115{—~1y4) = —1,
Ly = 12G1131415G21517113(—114) — _,,Gth?’
Ly = LalaLilsGalslrlus(~11a) = ~Ga

Ls = 13G111917113{—114) = =G,

Ls = 15G2111 = Gg,

12G131415112(—114) = =G,

Winter 1999
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From the forward path and loop gains, we determine the touching loops and the forward paths.

Touching Loops

Loops on Forward Paths

Ly | Lyt La| Ly | Ls | Lg Ly | Ly} Ly | La | Ls | Ls
Ll v v IivI iV vV Iv |V | VI IV IV vV Vv
L, vV |v |V (v |V Bl|lv | v VI VIV V
Lj vV v | v v R lv| v ViV v ]X
Ly v |V | v
Ls v | X
Lg v

Therefore,

and

So,

A=1—-{L1+... +Lg)+ LsLg
=1- ("Gl—l—G1G2—G2—61+GQ)+(—"G1)G2
= 2{1 + G1),

Ay = A|L1:...:f,6:0 =1,

&2 = &lle_—‘LG:O = ]'l

As=Alyocpymo=1-Le=1-GC1.

g

i=1

1 . G1Ga(1) + Go{1) + G1{1 - G3)
32 Fidi= 21+ Gy)

1
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or
Y(S) _ G+ Gs
U(s)  2(1+Gy)

3. The block diagram of a control system is given below.
2 A

i 0N .
\—i,[_/ 2 +s5+2 i

s+1

Obtain a state-space representation of the system without any block-diagram reduction.

Sclution: In order to obtain a statc-space representation without any block-diagram reduction or without
determining the closed-loop transfer function, we need to realize the individual blocks and use the

complete block diagram to generate the state-space equations.

2
2 +a+2

{a} The feedforward gain block.

s L I

541

(d) Controller realization form.

{¢) The feedback gain block.

The connected and “expanded” block diagram is shown below.
1 Tg 1 : T ! . ¥1 ¥
- i __._"_"'l: 2 | e

S 4 SO 4 S I
R G T

2
1
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After assigning the state variables as shown in the figure, we obtain

Iy = Tg,
Ty = =211 — 22 + (r — y2),
Tz = —T3+ Y1,
and
¥ =Y.
where
y1 = 2z,
Y2 = —Ig+yr.

After climinating the intermediate variables: y; and yz, we obtain the state-space representation

£1(t) 0 1 07z
Za(t) [ =] -4 -1 zoft) L+ 1 1 | r{t),
3 (t) 2 0 -1 | zs(®)
z1(t)
y(t)z[? 0 0] Zo(t)
T3(t)

If we use the observability realization form for each of the blocks, then we obtain a different state-
space representation.

1 . Pt
_ . T : T
- -2 : !
2 : :
a2 45+ 2 !

{a} The feedforward gain block. {b) Observer realization form.
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1.

a+1 !

(¢} The feedback gain block.
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{d) Observer realization form.

The connected and “expanded” block diagram for this case is shown below.

r

P

8/10

Similarly, we obtain

and

where

T =~y + T2,

Ty = ~2y1 + 2(r — y2),

i3 = —l2,
¥ =14,
1 =z,

Y2 = T3+ W
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And.
z1(t) -1 1 0 z1{t) 0
t2(t) | =1 -4 0 -2 xo(t) 2 | rd),

z3{t) -1 0 -1 z3(f) 0

, z1(t)

y(ty={1 0 0 ] za(t)

z3(t)

1. Consider the following contrel system.
r N 1 ¥
d{/ s+1

Koo | -
li K+ fHz [P
5

Design the controller gains K; and K5, such that the approximate maximum percent overshoot is M, =
9.5%. and the approximate rise time is t, =~ 0.7s.

Solution: The closed-loop transfer function of the system is

Yis) _

1/(s+ 1)

R(s)

S
N 82+(1+K1)S+Kg‘

1+ (l/(S -+ 1])(K1 + KQ/S)

From the general expression of the second-order system poles $2 + 2wns + w2, we get

and

1+ K = 20wy,

2
Ky =wp,

(1)

(2)

by comparison. We determine the system parameters: ¢ and w from the system requirements.

Given Requirements

General System Restrictions

Specific System Restrictions

Maximum percent

For a second-order system
with no zero.

input

overshoot for a unit step My =~ 0.093.
input eI 2 0.095. |
For a second-order system
Rise time for a unit step with no zero,
tr = 0.7s.

7 — cos ()

wd

=~ 0.7,
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From the maximum overshoot requirement. we obtain

In{M,
(=ML g
v (In{M,})? + =2
And, from the rise time requirement. we obtain
|
wp = T3 8) 3 1633,
tr
or
wn = ——d_ ~3.95.

Therefore, from Equations (1) and (2), we determine
Ky = 3.74,
Ky == 15.63.

Note here that these are first approximations, since the closed-loop system has also a zerc that alters
the expressions for the specifications.



