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P4.5 The closed-loop transfer function is
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AP5.9 The closed-loop characteristic equation is
' 440 + 3752 + Kps + K, = 0.
The desired characteristic equation is
(s+a)(s+b)(s? + V2uwns + w2) = 0.

Expanding the desired characteristic equation and equating terms to the
actual characteristic equation yields

abw? = Ky, wi(a+b)+V2abw, = Kp

V2(a + b)wn +ab =375, V2w, +a+b=40

This represents 4 equations with 5 unknowns (a, b, Kp, K7, and wy).
We can choose one variable as part of the controller design. Let K; =
0.1Kp. Then, solving the 4 equations for the remaining 4 variables yields
a=29.15,b=0.1, Kp = 1720, Ky = 172, and w, = 7.6. The resulting
T, = 1.1s and P.O. = 6.4%, as shown in Figure AP5.9.

Step Response

14 T r T T T T

System: sysa

12} Peak amplitude: 1.06
: Overshoot (%) 6.39
At time (sec): 0.618

S RO OO s b
- | Settling Time (sec). 1.09

Amplitude

2 3 4 5 6 T 8 ]
Time (sec)

FIGURE AP5.9
Step response for Kp = 1720 and Ky = 172.
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P5.21 The closed-loop transfer function is

s+a
2+ (2k+a)s+2ak+1"

T(s) =

(a) If R(s) = 1/s, we have the tracking error
E(s)=R(s) —Y(s) =[1 =T(s)]R(s)
or

E(s) = S+ 2k+a—-1)s+2ak+1—a 1
= 52+ (2k +a)s + 2ak + 1 s

From the final value theorem we obtain

L 20k +1—a
= M OB )~ t3

Selecting k£ = (a — 1)/(2a) leads to a zero steady-state error due to a
unit step input.

(b) To meet the percent overshoot specification we desire ¢ > 0.69. From
T(s) we find w? = 2ak + 1 and 2(w, = 2k + a. Therefore, solving for
a and k yields

a=15978 “and k= 0.1871

when we select ¢ = 0.78. We select { > 0.69 to account for the zero
in the closed-loop transfer function which will impact the percent
overshoot. With a and k, as chosen, we have

s+ 1.508
Bs) i T2
(8) = F7Tom0s + 1508

and the step response yields P.O. =~ 4%.
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PR F7 3 R 473k B F 20 2s* + 5052 + 48
q(s) = (s°+ 2553 + 24s) + (2s* + 5052 + 48) = (s + 2)(s? + 24)(s? + 1)
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G(5)G(s) =

Hr, K fl e AP FRES R

(a) WESE K Mo BRMAKEL, DMEGRIERSRE, 20 K- afaEsl,

(b) WHE K (U, (fRGERBE RN TR E /N T RETMAGSRREN 25% .
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DP6.3 (a) The closed-loop characteristic equation is
275’ + (1 +2)s* + (K +1)s +2K =0,
The Routh array is
53 27 K +1
2 r+2 2K
st b
s? 2K
where

(T+2)(K+1)—-4KT
(T+2)

b=

Examining the first column of the Routh array, we determine that for
stability 7 > 0, K > 0 and setting b > 0 yields the relationships:

2
(1)K<,;r+2 when'r>§ (2) K>0 \vhen0<'r§§.

The plot of 7 versus K is shown in Figure DP6.3a.

tau

25t
2t
15k
T STABLE REGION
05 i i
o 1 2 3 4 5 3 7
K
FIGURE DP6.3

(a) The plot of 7 versus K.

(b) The steady-state error is
A ’ .
€55 = E , where K,=2K.
So,

ess 1
A T 2K°
We require that egs < 0.25A, therefore
K>2:

One solution is to select 7 = 0.5, then we remain within the stable
region.

(¢) The step response is shown in Figure DP6.3b. The percent overshoot
is P.O. =57%.
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APT7.14 The root locus of the uncompensated transfer function is shown in Fig-
ure AP7.14a. It can be seen that the system is unstable for K, = 131.25
with a period of 7, = 0.72, as illustrated in FigureAP7.14b. Using the
Ziegler-Nichols design formulas yields Kp = 0.6 K, = 78.75, K; = 1.2K,,/T,, =
218.75, and Kp = 0.6K,T,, = 7.0875 where

(1) HEPEFIRE, LHXT Ko BIRHERE (B ESL AL Stz 6)0)
(2) HIE5EHARTS
10K
L® = 5 76 +10)

10
14K —0 3 417552 4+ 755 + 10K = 0
TR G 1756 1 10) = S est A Tos
TR
s3 1 75
2175 10K
sl bl 0
s0 | 10K
K>0
10K =  0<K<13125
by =757 >0

K=131.25 B, s3 +17.5s2 4+ 755 + 1312.5 = (s2 + 75)(s + 17.5)
LB, RGEAINEBREN:

210 3675 210
1312.5 B — 1St 6T %1

T (s2+75)(s+175) s2+75 s+17.5

T(s)

HAETABRSRE, £ cos MRS, BRAME o =V75rad/s

2

MKy = 13125 T, == =0.72 sec
(3) EAR

Kp = 0.6K, = 7875 K, =

3

1.2K 0.6K,T,
Y=21875 K, = # = 7.0875

U
(4) WIEpERmN BiEE. FHEEE.

50
10(7.0875s + 78.75s + 218.75) _ 70.875(s +5)*
s2(s+ 7.5)(s + 10) " s2(s+ 7.5)(s + 10)

L(s) =

70.875(s + %)2
T(s) =

s2(s+ 7.5)(s+ 10) + 70.875(s + %)2

70.875(s + 59#0)2
T (s+1.9-6.3)(s+ 1.9 +j6.3)(s + 6.85 — j1.8)(s + 6.85 + j1.8)

TR AL BHE




Step Response
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10dB  BP Kb=0.316

[2] 1rad/s &4, E#HRRFELE, HHAIEMETE lrad/s BFAEA-45° B—NES: -1
(3] EEM=BMEBEAEXRT, BULIEHEERNETR (HABE0°) , =MES
(tHAKER-90°) (HFA—MuTRS)

4. 1R#E Bode B E{%iE K i
P8.24 SALSIAIR ARG T(s) MATEP QI p8. 24 B 5% T(s) B M4 = FHLab s,
(a) B5E Z G000 fe fE B i L8
(b) W 5E RGEMH 96 5
(¢) ZREGOA B BRE A G 5 00 AR 8] 4 A1 Y5 R a] 42 2% e )
20 0
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10 B =
TN o

) 0
2 \ —60
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S N -120
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P P8. 24 ASE ek AT R R E 9 1 £
P8.24 (a) From the Bode plot we see that

or Mp, = 3.981. For a second-order system we know that

My, = (2¢y/1—¢2)7 1.
Solving for ¢ (with M, = 3.981) yields ¢ = 0.12. Also, from the Bode
plot.

wr = 0.9rad/sec .

. a— Y

Vi

Therefore, the second-order approximate transfer function is

T(s) w2 0.83
5) = = — :
52 4+ 2Cwns + w2 52 4+0.22s +0.83

(b) The predicted overshoot and settling time are P.O. = 68% and T, =
37 sec.
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P8.27 The frequency response is shown in Figure P8.27.

K 0.75 1 10
\L(ja))\]u=0, dB 3.52 12.04 26.02
wy, rad/s 8.3 14.0 33.4
we, rad/s 3.5 8.7 22.9
TABLE P8.27 System performance as K varies.
AR

K?(w? + 2500)
(25 — w?)2 + 100w?
AT (BLEIE) 0, =160, 02<{<08
K=0.75 B, w,=3.55rad/s w, = 5.68rad/s
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DP8.4 We have a second-order loop transfer function

K

G.(s)G(s) = 035+ D065 +1) °

With My, = 1.5, we determine that

M, = (20/1-¢2)7" or (=0.3568 .
Now the characteristic equation is
2+ 5s+5.56(1+K)=0.
So, solving 2(w, = 5 yields w,, = 7. Therefore,
K=01802 —1=782.
The closed-loop transfer function is

K 5.56(K + 1)

T(s) = .
) = F 15755 1 556(K 1 1)

So, the overall gain of the standard second-order system will be attenuated
by the factor K/(K +1). To compensate, we amplify the gain by a small
factor. Thus we choose K = 10. The bandwidth is w, = 11.25 rad/sec and
the peak magnitude is M =1.5.
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