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(E4.3) A robotic arm and camera could be used to pick fruit, as shown in Figure E4.3(a). The camera is used to close the feedback loop to a microcomputer, which controls the arm [8,9]. The transfer function for the process is

(a) Calculate the expected steady-state error of the gripper for a step command A as a function of K. 
(b) Name a possible disturbance signal for this system.
Ans.
(a) The tracking error, E(s) = R(s) − Y (s), is given by 


The steady-state error (computed using the ﬁnal value theorem) is

(b) A disturbance would be the wind shaking the robot arm.

(E4.9) Submersibles with clear plastic hulls have the potential to revolutionize underwater leisure. One small submersible vehicle has a depth-control system as illustrated in Figure E4.9.
(a) Determine the closed-loop transfer function T(s) = Y(s)/R(s).
(b) Determine the sensitivity and .
(c) Determine the steady-state error due to a disturbance .
(d) Calculate the response y(t) for a step input R(s) = 1/s when K = K2 = l and l < K1 < 10. Select K1 for the fastest response.
[image: ]
Ans.
(a) 
(b) 
 
 
(c) 
 
 
 
(d) 
 
where u(t) is the unit step function. Therefore, select K1 = 10 for the fastest response.

(P4.4) A control system has two forward paths, as shown in Figure P4.4. 
(a) Determine the overall transfer function T(s) = Y(s)/R(s). 
(b) Calculate the sensitivity, , using Equation (4.16). 
(c) Does the sensitivity depend on U(s) or M(s)?

[image: ]
Ans.
(a) 
(b) 
(c) The sensitivity does not depend upon U(s) or M(s).

(P4.6) An automatic speed control system will be necessary for passenger cars traveling on the automatic highways of the future. A model of a feedback speed 
control system for a standard vehicle is shown in Figure P4.6. The load disturbance due to a percent gradeis also shown. The engine gain Kt. varies within the range of 10 to 1000 for various models of automobiles. The engine time constant  is 20 seconds
(a) Determine the sensitivity of the system to changes in the engine gain Ke. 
(b) Determine the effect of the load torque on the speed.
(c) Determine the constant percent gradefor which the vehicle stalls (velocity V(s) = 0) in terms of the gain factors. Note that since the grade is constant, the steady-state solution is sufficient. Assume that R(s) = 30/s km/hr and that» 1. When= 2, what percent grade would cause the automobile to stall?
[image: ]
Ans.
(a) 
 
(b) 
(c) . When the car stalls,
 
· Using value theorem
 
 
· When

(P4.13) One form of a closed-loop transfer function is

(a) Use Equation (4.16) to show that 
(b) Determine the sensitivity of the system shown in Figure P4.13, using the equation verified in part (a).
[image: ]
Ans.
(a) 
(b) 
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traveling on the automatic highways of the future. A model of a feedback speed <
control system for a standard vehicle is shown in Figure P4.6. The load disturbance
due to a percent grade AT, (s) is also shown. The engine gain Kt. varies within the
range of 10 to 1000 for various models of automobiles. The engine time constant T,
is 20 seconds<’
(a) Determine the sensitivity of the system to changes in the engine gain Kc. ¢
(b) Determine the effect of the load torque on the speed<
(c) Determine the constant percent gradeATy(s) = Ad/s for which the vehicle
stalls (velocity V(s) = 0) in terms of the gain factors. Note that since the
grade is constant, the steady-state solution is Assume that R(s) =
30/s km/hr and that K.K; » 1. When KgK; =2, what percent grade Ad

would cause the automobile to stall?<
Ans.<!
p
(P4.13) One form of a closed-loop transfer function is¢'
() = Gy(s) + kGZ(S)e
G3(s) + kGy(s)

k(G2G3—G1Gs)

N T _
(a) Use Equation (4.16) to show that S; = ERTTRYCRTTRS

(b) Determine the sensitivity of the system shown in Figure P4.13, using the

equation verified in part (a).<'

Ans.<!
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FIGURE P4.13
Closed-loop
system.

10 + 4)
S+ a)s + 1)

FIGURE P4.14
Hypersonic airplane
speed control.

P4.13 One form of a closcd-loop transfer function is
Gis) + KGy(s)
Ga(s) + kGy(s)
(a) Use Equation (4.16) to show that [1]
r_ kGG - GiGy)
(Ga + kGy)(G, + kG)'

(b) Determine the sensitivity of the system shown
in Figure P4.13, using the equation verified in

() =

P4.14 A proposed hypersonic plane would climb to
100,000 feet. fly 3800 miles per hour. and cross the Pa-
cific in 2 hours. Control of the aircraft speed could be
represented by the model in Figure P4.14. Find the
sensitivity of the closed-loop transfer function 7(s) to
a small change in the parameter a.

&)
Flight
speed

P4.15 The steering control of a modern ship may be rep-
resented by the system shown in Figure P4.15 [16,20].
(a) Find the steady-state effect of a constant wind force
represented by 7,(s) = 1/s for K = 10 and K = 25.
Assume that the rudder input R(s) is zero, without any
disturbance. and has not been adjusted. (b) Show that
the rudder can then be used to bring the ship deviation
back to zero.

P4.16 Figure P4.16 shows the model of a two-tank sys-
tem containing a heated liquid, where Ty is the tem-
perature of the fluid flowing into the first tank and T,
is the temperature of the liquid flowing out of the sec-
ond tank. The system of two tanks has a heater in the
first tank with a controllable heat input Q. The time
constants are 7, = 10s and 7, = 50, (a) Determine
Ty(s) in terms of Ty(s) and Toy(s). (b) If Tag(s). the
desired output temperature, is changed instanta-
neously from Ta,(s) = A/s to Try(s) = 2A/s, where

Wind disturbance
Ts)
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(E4.9) Submersibles with clear plastic hulls have the potential to revolutionize
underwater leisure. One small submersible vehicle has a depth-control system as
illustrated in Figure E4.9.¢

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

(b) Determine the sensitivity S,‘;1 and Sg.¢

(c) Determine the steady-state error due to a disturbance Tq(s) = 1/s.¢'

(d) Calculate the response y(t) for a step input R(s) = 1/s when K=K2 =l and | <

K1 < 10. Select K1 for the fastest response.<’

Ans.
P
(P4.4)
P
Ans.
P
(P4.6)
P
Ans.
P
(P4.13)¢
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FIGURE E4.9
Depth control
system.
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FIGURE E4.11 Closed-loop system with nonunity
feedback.

() Compute the transfer function T'(s) = ¥ (s)/R(s).

(b) Define the tracking error to be E(s) =
R(s) = ¥(s). Compute E(s) and determine the
steady-state tracking error due to a unit step
input, that is,let R(s) = 1/s.

L) Commuto the transer_function VL\IT-Lo) and

Ns)

FIGURE E4.12 Closed-loop system with nonunity
feedback and measurement noise.

to a unit step response, that is.let R(s) = 1/5 and
assume that N (s) = 0.

(b) Compute the transfer function ¥(s)/N(s) and deter-
mine the steady-state tracking error due to a unit
step disturbance response. that i, let N(s) = 1/s

d assume that R(<) = () Remembher in this case
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(P4.4) A control system has two forward paths, as shown in Figure P4.4. <
(a) Determine the overall transfer function T(s) = Y(s)/R(s). <
(b) Calculate the sensitivity, S%, using Equation (4.16). <’
(c) Does the sensitivity depend on U(s) or M(s)?<
1{T
EE3510 Chapter 4 105060012 Yu-Sung Change!
Ans.<
o
(P4.6)¢
o
Ans.<
28 %28 235@F [} FX(&®) s B B -—F—+ 110%

| BE() S8WE BRV) XHO)

{8 Modern Control Systems, 12th Edition - PDF-XChange Editor
#(C) =ER MHE)

BE Be-

-J[spt

o O ¢ R &G B

-] [ g Btze)..

- u] x
IS EBEA) SharePoint REW) RFAH)
3 G -
REAS Add  Edit HE HE
" Text  Form ( ~ [ ~

Modern Control Systems, 12th Edition  *

FIGURE P4.3
Temperature control
system

actuator. Then the linearized open-loop response of
the system is

ey = KikaEp Ts)
() = E(s) + ey
where
= MC/(pA).
M = mass in tank,

surface area of tank,
heat transfer constant,

pecific heat constant,

a dimensionality constant. and
output voltage of thermocouple.

Determine and compare the open-loop and closed-
loop systems for (a) sensitivity to changes in the con-
stant K = kik,Ey, (b) the ability to reduce the
effects of a step disturbance in the environmental
temperature AZ(s); and (c) the steady-state error of
the temperature controller for a step change in the

P44 A control system has two forward paths, as shown in

P45 Large microwave antennas have become increas-

ingly important for radio astronomy and satellite
tracking. A large antenna with a diameter of 60 ft, for
example. is subject to large wind gust torques. A pro-
posed antenna is required to have an error of less
than 0.10° in a 35 mph wind. Experiments show that
this wind force exerts a maximum disturbance at the
antenna of 200,000 ft Ib at 35 mph, or the equivalent
10 10 volts at the input T,(s) to the amplidyne. One
problem of driving large antennas is the form of the
system transfer function that possesses a structural
resonance. The antenna servosystem is shown in
Figure P4.5. The transfer function of the antenna,
drive motor. and amplidyne is approximated by
2

o
i G(s) = ———,
input. eyesurea: (s) N 2 v )
M5
R N Yis)
(5) 9
Input v @ = o9 Output
FIGURE P4.4 |
Two-path system.
)
Power v Antenna, drive motor, a9
Ris) amplifier atenna, i i Position
Gy(s) * and amplidyne G(s) (radians)

FIGURE P4.5
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(P4.6) An automatic speed control system will be necessary for passenger cars
traveling on the automatic highways of the future. A model of a feedback speed <
control system for a standard vehicle is shown in Figure P4.6. The load disturbance
due to a percent grade ATy4(s) is also shown. The engine gain Kt. varies within the
range of 10 to 1000 for various models of automobiles. The engine time constant T,
is 20 seconds<’

(a) Determine the sensitivity of the system to changes in the engine gain Kc. <

(b) Determine the effect of the load torque on the speed.<’

(c) Determine the constant percent gradeATy(s) = Ad/s for which the vehicle
stalls (velocity V(s) = 0) in terms of the gain factors. Note that since the
grade is constant, the steady-state solution is sufficient. Assume that R(s) =
30/s km/hr.and that KcK; » 1. When KgK; = 2, what percent grade Ad
would cause the automobile to stall?<

Ans.<

(a) ¢

(b)

(c) ¢

o
(P4.13) One form of a closed-loop transfer function is¢
() = Gy (s) +kGy(s)
Ga(s) + kGa(s)

k(G2G3~G1G4)

(a) Use Eauation (4.16) to show that ST = <
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"(s) = 10]5 when it is operafing as an open-loop sys-
tem (k, = 0) with R(s) = 0.

P46 An automatic speed control system will be neces-
sary for passenger cars traveling on the automatic
highways of the future. A model of a feedback speed
control system for a standard vehicle is shown in
Figure P4.6. The load disturbance due to a percent
grade AT(s) is also shown. The engine gain K,
varies within the range of 10 o 1000 for various mod-
els of automobiles. The engine time constant r, is 20
seconds. (a) Determine the sensitivity of the system
to changes in the engine gain .. (b) Determine the
effect of the load torque on the speed. (c) Determine
the constant percent grade AT,(s) = Ad]s for which
the vehicle stalls (velocity V (s) = 0) in terms of the
gain factors. Note that since the grade is constant, the
steady-state solution is sufficient. Assume that

Tals)

P48 Extreme temperature changes result in many fail-
ures of electronic circuits [1]. Temperature control
feedback systems reduce the change of temperature
by using a heater to overcome outdoor low tempera-
tures. A block diagram of one system is shown in
Figure P4.8. The effect of a drop in environmental
temperature is a step decrease in 7,(s). The actual
temperature of the electronic circuit is Y(s). The dy-
namics of the clectronic circuit temperature change
are represented by the transfer function.

180

52+ 205 + 1807

(a) Determine the sensitivity of the system to K. (b)

Obtain the effect of the disturbance Ty(s) on the out-

put ¥(s).
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FIGURE P4.7
Robot control
system.
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