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- B—-2-4. In the following -diagrams, {(a) denotes the xmit—sl;eg response and (b)
- corresponds to the unit-ramp response.
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B-2-5. When D(s) is zero, the closed-loop transfer function Cr(s)/R(s) is
Cels) _ 1 Ge€) GoE)
RE) T I1Gl) Gp6)
When R(s) = 0, the closed—loop transfer function Cp(s)/D(s) is
C6) _ /
P2d%)), ]+ 6.6 (?'/6)

When both the reference input and disturbance input are present, theontpul:C(s)
is the sum of Cg(s) andcn(s). Hence _
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B2-6, When only the reference input R(s) is present, the output Cg(s) is gﬁen
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For the reference input R(s), the desired output is R(s) forthemty—feedback
system such as thé present system. Thus, the error Ep(s) is the difference

i'bet"ween R(s) and the actual output Cp(s). The error Ep(s) is given by
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When only the disturbance input D(s) is present, the output Cp(s) is given by
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Since the desired output to the disturbance input D(s) is zero, the error Ep(s) -
can be given by

_‘ Ep6)=0—Cpp) =— G 6)
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For the stable system, the steady-state .error eggp(t) is given by
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B—2-7 .. When D(s) = 0, the block diagram of the system can be .gimplified as

follows:
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When R(s) = 0, the block diagram of the system shown in Figure 2-34 can be

modified as follow§: ‘ - l P6) | | :
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B-2-8. There are infinitely many state-space representations for this system.
We shall give two of the possible state-space representations.

State-space representation 1: From Figure 2-35, we obtdin.

Stz { =
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which is equivalent to . .
Frpyryty=dtzu
Comparing this equation with the standard equation .
. i.'i"qli‘i‘aa?. ‘f'qgg":&.;z'-l- b{g"‘ég‘z "'b"“
we obtain - 7
¢f=l’) ‘i=/, Az=Z, be =0, b=0, b=, =2
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Then, state-space equa'tims»cm be given by
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From this block disgram we get the following equations:
VaU—-Xt X
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from which we obtain
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The transfer function G{s) of the system is given by
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The transfer function G(s) of the system is given by
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A MATIAB solution to this problem is given below.

B=[2;5]
C={1 2%

D=0;
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A MATIAB solution to this problem is given below. -
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nm =

0 00000 00000 1.0000
0 00000 1.0000 0.0000
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1.0000 6.0000 4.0000
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0 o.booo 1.0000 6.0000
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2=zt Pxg +35 = F(x:9)

22X 4, pLYyslz

let us choose X = 3 and ¥ = 11. Then

F=T "+ 8357 +37> = 94 26%+ 33 =636

We shall obtain a linearized equation for the nonlinear equation near the point
X =3, ¥=11. Expanding the nonlinear equation into a Taylor series about
point x = X, ¥ = ¥ and neglecting the higher-order terms, we obtain

- where ¢ ) :
£ = o =25 -—l =4+ 88 =7
4 X xgz, ,g? +8‘7 ir}, g»:[/ %
Kz:':-éﬁ ,_—_92‘-{-5’_ - = 2%+ 8 = ?é’
Hx=Z., 9=F 0T |zes e

Hence the linearized equation is
Z—436 = FF(x—3)+ Fo (zr /)

or

R=P¢X +705 — 634

B-2-14 . Define _
. Y=o2= (), X=2
Then .

¥= S0 =)+ x-2)+ -

Sincethehi.gher—ordertermsmthisequationaresuan. neglectingthosetemsf
we obtain.

1- F& 0~{ x‘(x-—x)

¥-o02x2%= 0.6 X2* (X-2)

Thus, linear approximation of the given nonlinear equation near the operating
point is
o ==2.$&x-—43.2
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