EE3510 Chapter 5	105060012 Yu-Sung Chang
(E5.4) A feedback system with negative unity feedback has a loop transfer function 

(a) Determine the closed-loop transfer function T(s) = Y(s)/R(s).
(b) Find the time response, y(t), for a step input r(t) = A for t > 0.
(c) Using Figure 5.13(a), determine the overshoot of the response.
(d) Using the final-value theorem, determine the steady-state value of y(t).
[image: ]
Ans.
(a) .
(b) 
Step input , 
 
 
(c)    and .
 
(d) This is a type 1 system, thus the steady-state error is zero and y(t) →A as t →∞. 
 
(E5.6) Consider the block diagram shown in Figure E5.6.
(a) Calculate the steady-state error for a ramp input.
(b) Select a value of K that will result in zero overshoot to a step input. Provide the most rapid response that is attainable.
Plot the poles and zeros of this system and discuss the dominance of the complex poles. What overshoot for a step input do you expect?
[image: ]
Ans.
(a) Ramp input , , where  and 
· The steady-state error is 
 
(b) Natural frequency , damping ratio 
ps. Overdamped , Underdamped , critically damping 
critically damping 
 
 

(E5.17)(a) A closed-loop control system transfer function T(s) has two dominant complex conjugate poles. Sketch the region in the left-hand 5-plane where the complex poles should be located to meet the given specifications. 
.
Ans. 
[image: ]
(E5.17)(d) A closed-loop control system transfer function T(s) has two dominant complex conjugate poles. Sketch the region in the left-hand 5-plane where the complex poles should be located to meet the given specifications. 
.
Ans. 
[image: ]

(E5.20) Consider the closed-loop system in Figure E5.19, where , and .
(a) Determine the closed-loop transfer function T(s) = Y(s)/R(s). 
(b) Determine the steady-state error of the closed-loop system response to a unit ramp input, . 
(c) Select a value for Ka so that the steady-state error of the system response to a unit step input, R(s) = 1/s, is zero.
Ans.
(a) 
(b) 
(c)  
 
 



(P5.20) A system is shown in Figure P5.20.
(a) Determine the steady-state error for a unit step input in terms of K and K1, where E(s) = R(s) - Y(s). 
(b) Select K1 so that the steady-state error is zero.
[image: ]
Ans.
(a) 
 
(b) To achieve zero steady-state error, 


***** Important Equation in Chapter 5 *****
1. Second Order System
I. 
II. Overshoot
III. Peak time 
IV. Settling time 
V. Poles 
2. Standard Test Input Signals
I. Step Signals: 
II. Ramp Signals: 
III. Parabolic Signals: 
2
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(E5.17)(d) A closed-loop control system transfer function T(s) has two dominant

complex conjugate poles. Sketch the region in the left-hand 5-plane where the

complex poles should be located to meet the given specifications. <
7<0707,5 < 0, < 10.¢

Ans. 5,5 = —{w, +jwn/1—32¢
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(E5.20) Consider the closed-loop system in Figure E5.19, where Gg(5)G(s) =
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(E5.20) Consider the closed-loop system in Figure E5.19, where Ge()G(s) = i,

and H(s) = K.«
(a) Determine the closed-loop transfer function T(s) = Y(s)/R(s). <
(b) Determine the steady-state error of the closed-loop system response to a
unit ramp input, R(s) = 1/s%. ¢
(c) (c) Select a value for Ka so that the steady-state error of the system response
to a unit step input, R(s) = 1/s, is zero.«'
Ans.@
(a) ©
o
(P5.20) A system is shown in Figure P5.20.¢/
(a) Determine the steady-state error for a unit step input in terms of K and K1,
where E(s) = R(s) - Y(s). <

(b) Select K1 so that the steady-state error is zero.<’
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P5.18 Consider the original third-order system given in
Example 5.9. Determine a first-order model with one
pole unspecified and no zeros that will represent the
third-order system.

P5.19 A closed-loop control system with negative unity
feedback has a loop transfer function

8

L(s) = Gs)G(s) = Ty

(a) Determine the closed-loop transfer function 7(s).
(b) Determine a second-order approximation for
7(s). (c) Plot the response of T(s) and the second-
order approximation to a unit step input and compare
the results.

P520 A system is shown in Figure P5.20.
(a) Determine the steady-state error for a unit step
input in terms of K and K. where E(s) =

R S—
G+

Rioy—> Ky Y

FIGURE P5.20 System with pregain, K.

P521  Consider the closed-loop system in Figure P5.21.
Determine values of the parameters k and a so that
the following specifications are satisfied:

(a) The steady-state error to a unit step input is zero.

(b) The closed-loop system has a percent overshoot
of less than 5%.

+
Risy 5 ¥is)

FIGURE P5.21 Closed-loop system with
parameters k and a.

P5.22 Consider the closed-loop system in Figure P5.22,
where

2 2
GA9GE) = ;o @d HO) =55+

(a) I 7 = 2.43, determine the value of K such that
the steady-state error of the closed-loop system
response to a unit step input, R(s) = 1/, is zero.

(b) Determine the percent overshoot PO. and the
time to peak T, of the unit step response when K
is as in part (a).

i)

FIGURE P5.22 Nonunity closed-loop feedback control
system.
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(E5.4) A feedback system with negative unity feedback has a loop transfer function <
2(s +8)

sGs+4)

(a) Determine the closed-loop transfer function T(s) = Y(s)/R(s).<

L(s) = Ge(s)G(s) =

(b) Find the time response, y(t), for a step input r(t) = Afor t > 0.<
(c) Using Figure 5.13(a), determine the overshoot of the response.<'

(d) Using the final-value theorem, determine the steady-state value of y(t).<'

k

Ans.¢
(a) .«
o
(ES.6)¢
Time (1)
(a) .«
®
Ans.¢
FIGURE 5.13 (a) Percent overshoot as a function of { and w, when a second-order transfer
(a) ¢ function contains a zero. Redrawn with permission from R. N. Clark, Introduction to Automatic
. Control Systems (New York: Wiley, 1962). (b) The response for the second-order transfer function

with a zero for four values of the ratio a/{w,: A = 5,8 = 2,C = 1,and D = 0.5 when { = 0.45.
(E5.17)(a)
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FIGURE 5.13 (a) Percent overshoot as a function of { and w, when a second-order transfer
function contains a zero. Redrawn with permission from R. N. Clark, Introduction to Automatic
Control Systems (New York: Wiley, 1962). (b) The response for the second-order transfer function
‘with a zero for four values of the ratio a/{w,: A = 5,8 = 2,C = 1, and .5 when { = 045.
Ans.¢
(@)
“
(E5.6) Consider the block diagram shown in Figure ES.6.}*
(a) .
Ans.¢
(a) ¢
“
(E5.17)(a) ¢
Ans.¢
(@)
“
(E5.17)(d) <
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(a) Calculate the steady-state error for a ramp input.
(b) Select a value of K that will result in zero over-
shoot to a step input. Provide the most rapid response
that is attainable.

Plot the poles and zeros of this system and dis-
cuss the dominance of the complex poles. What over-
shoot for a step input do you expect?

M)
Position

Position feedback

FIGURE E5.6 Block diagram with position and velocity
feedback.

EST

Effective control of insulin injections can result in
better lives for diabetic persons. Automatically con-
trolled insulin injection by means of a pump and a
sensor that measures blood sugar can be very effec-
tive. A pump and injection system has a feedback con-
trol as shown in Figure ES.7. Calculate the suitable
gain K so that the overshoot of the step response due
to the drug injection is approximately 7%. R(s) is the
desired blood-sugar level and ¥(s) i the actual blood-

TR IVt W COSE OO A e 1UEATon
1L1(s + 18)

TO) = T 20 + 45 + 10

Plot the poles and zeros of this system and discuss the
dominance of the complex poles. What overshoot for a
step input do you expect?

ES9 A unity negative feedback control system has the

loop transfer function

K

L(s) = Gs)G(s) = ——— 7=

s(s + V2K)

(a) Determine the percent overshoot and settling
time (using a 2% settling criterion) due to a unit
step input.

(b) For what range of K is the settling time less than
1 second?

E5.10 A second-order control system has the closed-loop

transfer function T'(s) = ¥ (s)/R(s). The system spec-
ifications for a step input follow:

(1) Percent overshoot P.0. < 5%.

(2) Settling time T, < 4s.

(3) Peak time 7, < Is.

Show the permissible area for the poles of 7(s) in
order to achieve the desired response. Use a 2% set-
tling criterion to determine settling time.

ES11 A system with unity feedback is shown in Figure

ES.11. Determine the steady-state error for a step and
aramp input when

sugar level. (Hint: Use Figure 5.13a.) G = 5(s + 8) )
Answer: K = 1.67 (s + 1)(s + 4)(s + 10)
Pump ‘Human body
+ i Yis)
o « Insulin s+2 Bloosomsr
G0
= level
Sensor
FIGURE E5.7
Blood-sugar level 1
control.
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(a) Ramp input R(s) = !Z, T(8) = 33 = Tracemics = Frioerion Where
6(s) =22 and H(s) = 1+sKe

CHAPTER 5 The Performance of Feedback Control Systems
®  The steady-state erroris <

s?+100Ks
ess = mgeIRE) — ) = g [ 769 2] = g [ ke

(b) Natural frequency ®,, = 10, damping ratio {=5K<
ps. Overdamped > 1, Underdamped ¢ < 1, critically damping § = 1¢
critically damping { =1 = 5K —» K = 0.2¢
= P.0.=100e *K"/V1=CR for 0 <K < 02 ¢
P.0.=0forK>02 ¢

@

(E5.17)(a) A closed-loop control system transfer function T(s) has two dominant
complex conjugate poles. Sketch the region in the left-hand 5-plane where the
complex poles should be located to meet the given specifications. <
0.6 <7< 08w, <10«

Ans.¢

“

@

(E5.17)(d) A closed-loop control system transfer function T(s) has two dominant
complex conjugate poles. Sketch the region in the left-hand 5-plane where the
complex poles should be located to meet the given specifications. <
7<0707,5 < 0, < 10.¢

Ans.¢
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