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1. The angular position of the shaft of a motor is controlled by the system shown below.
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. The angular position of the motor shaft is detected by a variable resistor which provides a voltage v,
proportional to the angle, such that v, = —~k,8,. Draw the most detailed block diagram of the system.
where v; is the input, and 6, is the output. Show all the variables v;, i;, vg, %0, %, vy, 5, 7, Oy, and 6, on

the block diagram. (30pts)

For the block diagramn given below, determine the transfer function either by block diagram reduction, er
by Mason's formula. Show your work clearly. {25pts)
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3. Consider the following block diagram representation of a control system, determine the transfer matrix

4.

of the system.

uz

A conirol system is represented by

Determine y(t) for ¢ > 0; when x{(0) = [0 1 ]T, and u(t} =0 for ¢t > 0.

(25pts)
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1. The angular position of the shaft of a motor is controlled by the system shown below.
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The angular position of the motor shaft is detected by a variable resistor which provides a voltage
proportional to the angle, such that v, = Ky6,. Draw the most detailed block diagram of the system.

where v; is the input, and 8, is the output. Show all the variables v, 4, o, 16, 1, Uy, 15, 7, G, and G, on
the block diagram.

Solution: To determine the block diagram of the system, we first separate it into simpler components.

Because the input variable is v;, we

j> write i; in terms v;, such that
I_A{Ci}_z:_.

. 'dUg(t)
(1) = Ly :
! . 1‘lr( ) C , dt . .

v, O = Cor e T T
_ i I@(S) = C—gSI/g‘(S),

i since the operational amplifier is as-
= sumed to be ideal.
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For an ideal opcrational amplifier, i ™ ;

- -__+_,
.. o(t) = i5(t) + ioft).

C Again for an ideal operational am-
plifier,

or

The field current of the motor can be
obtained from the Kirchhoff's Volt-
age Law, where

Ly 44 () + Ryig(t) = vs(t), L
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- Iy = constant

From the field controlled motor,

Tt} = Kfif(t).

Winter 2001 3/9
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The torque equation is

i = or

d*0n(t) dae(t)
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The gear relates the two angle val-

ues, such that
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And, finally the given relationship

volt) = Kob,(t).
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‘ When we connect all the individual blocks together, we get the following block diagram.
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9. For the block diagram given below, determine the transfer function either 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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(1 — Gy — ((Gy + Ga)G2 + Galig ) H

If we choose to use Mason's formula, we need-to draw the signal flow graph of the block diagram.
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In drawing the signal flow graph, the unity gains are subscribed for casy tracking of the gain expres-
sions. The forward path gains are

Fi = 1112G113G31415 = G1Ga,
Fy = 111:G3leG214ls = G2Gh,

and

F; = 1112G3G41415 = G3G4‘
The loop gains are

L, = 12G1171g = Gy,

Lo = 126113G214H13 = GngH,

L3 - 12G316G214H13 = GQGaH,
and

Ly = 10G3GalyHlg = GaGy H.

From the forward path and the loop gains, we determine the touching loops and the forward paths.
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Touching Loops Loops on Forward Paths
Li| Ly | Ly | Lg Ly Y Le | Ly | Ly
LW\ Vviv Vv Vv Rl|v |V |V |V
Ly vV |V |V Blv | v | v | v
Ls v v BRlv iviviv %
Ly v
Therefore,
A=1-(Li+Ly+Ls+ Lq)
=1 - ((G1) + (G1G2H) + (G2G3H) + (G3G4H))
=1-G1 - G1G3H — GoG3H — G3G4H,
and
A1 = Alp crp=rs=L,=0 = 1)
Ay = A|L1:Lg:L3=L4=n =1
Ay = Alﬂlng:L3:L4:U = 1L
So, .
Yis) _ _gimi _ (6162)(1) + (G263 (1) + (GsCa)(1)
Uls} A& 1 -Gy — G1GH — GoG3H — G3G4H
o Y(s) G1Ga + G2Gs + G3C4

U(s) 1-G1— G1GoH — G2GsH — G3GaH

6/9

3. Consider the following block diagram representation of a control system, determine the transfer matrix
of the system.
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Solution: The block diagram is in a realization form, so we can assign state variables at the outputs of
‘ the integrators and obtain the state-space equations from the rcalization.

L3 3
£y = =211 + Uy,
.’4‘.',‘2 = 39’31 — T2 + usg,
and
‘ y1=—,‘3:1+43:g+u1,

Y2 = 222.

In vector form,

and

s AR Y | bt o R g e
ya(t) 0 2 z2(t) ¢ 0 ug(t) |
The transfer matrix of a system given in state-space representation is

F(s) = C(sl — A)"'B + D,

where
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and [ is the appropriately dimensioned identity matrix. So,

U I T A ~2 0N\ 'T1
Fls)= 0 2_(6[0 1]"{ 3 —1}) [0
tryop 1 0

[0 1]+[u o]

[ -1 4] /fTs+2 0
0 2 -3 s+1

_ 1 [—1
T s+ 2)(s+ 1) = (=3)(0) 0

_ 1 -5+ 11 4s +8
(s+1)(s+2) 6 25 +4
-5+ 11 4(s+2)

B (s+ 1) {s+2) (s + ){s+2)
B 6 2(s +2)

477s+1 0 1 0 N 1
211 3 s+2 0 1 0

I<[s o]

(s+1)(s+2)

Therefore, the transfer matrix is

{(s+1)(s+2) ]

F(s) =

4. A conirol system is rcpresented by

$2 425+ 13 4
(s+L){s+2) (s+1)
6 2
(s+D{(s+2) (s+1)
0 i ]u(t),
+ [1]u(t)

Determine y(t) for ¢ > 0; when x(0) = [0 1 ]T, and u(t) =0 for £ > 0.

Solution: The general solution to the state-space representation of a system described by

x(t) = A

x(t) + Bu(¢)

y(@) = Cx(¢) + Du(t)

1s obtained from

. ¢
x{t) = e’“x([])‘-i-/ eA(t_"'}Bu('r)d'n

where

eAt — E—l

D-.

[(slf— Ayt
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Here, I is the appropriately dimensioned identity matrix. In our case,

A:[_i _g} B:[_H, c=[1 0], D=][1],

and u(2) = 0 for ¢ > 0. As a result, the integral term in the solution of = and the second term in the
y equation are identically zero. So,

y(t) = Cettx(0)

-1 o1 e 4

o Lil] ! 0}

] ]|

y(t) =0 fort > 0.



