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13-3(a)

For each F(z), find f(kT) using partial-fraction expansion.

o z(z +3)(z +5)
a. F(z)= (z—04)(z—06)(z — 0.8)

A(z+3)z+5)
(z—04)z-0.6)(z-0.8)

F(z)=

F(z) 2295 504 L2755
- -—04 --06 --08

2295z 504: +275.5:
-—04 --06 :--0%8

F(z)=
F(kT)=229.5(0.4)" —504(0.6)" +275.5(0.8)". k=0. 1, 2. 3.. ..
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13-9(a)

Find T(z)=C(z2)/R(z) for each of the systems shown in Figure P13.2.

a. Add phantom samplers at the input, output, and feedback path after H(s). Push G2 (s) and 1its mput

sampler to the right past the pickoff point. Add a phantom sampler after Gy(s). Hence,

R(s) +
— =X/ = G,(s) g

H(s) G(s) [=a— -
2

G1(z)G2(z)
1 +G1(z)HGH(z) -

From this block diagram, T(z) =
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13-14

Find the range of gain, K, to make the system shown in Figure P13.7 stable.

Ris) + 3 Cis)
_..®_Q/ (= Hold - 3K -
_I =02 s(is +4)
FIGURE P13.7
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G(z)

Since H(s)=1.the z-transform of the closed-loop system. T(z) =

1+G(z)
To find G(z).first find the partial-fraction expansion of G(s).
3 (A B C

"V G(s)=K(1-eF)5——=K(1-&" 3{—+ +—J

s (s+4) s s+4 s
Co As* +4A4s+ Bs* +Cs +4C =(A+B)s” +(44+C)s+4C =3

A+B=0 A=-0.1875
Se1d4+C=0=+ B=0.1875
4C =3 C=0.75

~ 0.1875 0.1875 0.75

SeGis) = K(l—e_ﬂ)(—ﬂ 18 +D 1875 + 0 5
5 s+4 5
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Taking the z-transtorm.T=0.2.we obtain

K(z-1 z Z Tz
.'.G[:}=¥{—{}.13T5—+{}.18?5 +0.75 }

z—1 z—e (z-1)°

o
i

z—1 0.2
=K{—D.1ET5+D.18?5 5 +0.75 J

=K{—D.18?5 +0.1875

z—e z—1

(0.04672+0.0359) _ _ 0.0467(z+0.7687)
(z—0.4493)(z —1) (z—0.4493)(z —1)

~G(z)=K

G(s) _ K0.0467(z+0.7687)

~TI(z)= =
) 1+ G(s) K0.0467(z+0.7687)+(z—-0.4493)(z-1)

The closed-loop characteristic equation
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2% +(0.0467K —1.4493)z + (0.0359K +0.4493) =0

. s+1
. L =
5—1
1Y 1
+ +
(Ll] +(0.0467K -1 .4493)(3—1) +(0.0359K +0.4493) = 0
5 — & —

s*+25+1+(0.046TK —1.4493)(s* —1)+(0.0359K + 0.4493)(s* =25 +1) =0

s +25+1+0.0467Ks” —0.0467K —1.44935" +1.4493+0.0359K5” —0.0718Ks + 0.0359K + 0.44935"
—0.89865+0.4493 =0

(0.0826K)s” +(—0.0718K +1.1014)s +(—0.0108K + 2.8986) =0
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The Routh table 1s shown below.

. 0.0826K -0.0108K+21.8986
52

. -0.0718K+1.1014 0
)

0 -0.0108K+2.8986
5

e

0.0826K =0 K=0
—0.0718K+1.1014>0=4 K <15.34
—0.0108K +2.8986>0 |K < 268.39

o

.. The range of gain K 150 < K < 15,34 .when the system 1s stable.
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13-15(System 3)

Find the static error constants and the steady-state error for each of the digital systems
shown in Figure P13.8 if the inputs are

a. u(t)
b. tu(t)
c. 0.5t2u(t)

R(z) +® | _1.28 C'{}:J'.-
h =05 z—037
System 3
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1.28

Ez =
z- 0,37
First, test stabilityv
Tz = G2
1+Gz
Ty = 128 1
=+ 0.91

The awatemn 13 atable. The closed-loop pole is inside the
urdt circle. HMow find the static exror constants and the
stead v-state errors.

KP:%_H_H(_T(:):Z.DE e (c:ﬂ)zl_i_K = (.33
L =—lmG-DG()=0 € (@) =o-=
K*_}"_EH' - € YUK

1

1 ..
K =—lm(z—- YG()=0 e (::-")—
T ==l

ﬂ
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