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Chapter 1
Introduction
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[image: image27.png]P1.2. Control systems have, in the past, used a human operator as part of a closed-loop
control system. Draw the block diagram of the valve control system shown in Fig. P1.2.




[image: image28.png]Consider the hydraulic servo system shown in Figure . Assuming that the load reaction forces
are not negligible, derive a mathematical model of the system. Assume also that the mass of the
power piston is included in the load mass m.




[image: image29.png]P1.4. The accurate control of a nuclear reactor is important for power system generators.
Assuming the number of neutrons present is proportional to the power level, an ionization
chamber is used to measure the power level. The current, i, is proportional to the power
level. The position of the graphite control rods moderates the power level. Complete the
control system of the nuclear reactor shown in Fig. P1.4 and draw the block diagram
describing the operation of the control loop.
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Figure P1.4. Nuclear reactor control.




[image: image30.png]P1.5. A light-seeking control system, used to track the sun, is shown in Fig. P1.5. The
output shaft, driven by the motor through a worm reduction gear, has a bracket attached
on which are mounted two photocells. Complete the closed-loop system in order that the
system follows the light source.
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[image: image31.png]Draw a schematic block diagram of a home heating system. Identify the function of
each element of the thermostatically controlled heating system.




[image: image32.png]P2.2. A dynamic vibration absorber is shown in Fig. P2.2. This system is representative
of many situations involving the vibration of machines containing unbalanced compo-
nents. The parameters M, and k,, may be chosen so that the main mass M, does not
vibrate when F(f) = a sin wt. (a) Obtain the differential equations describing the system.
(b) Draw the analogous electrical circuit based on the force-current analogy.
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Figure P2.2. Vibration absorber.
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Figure P2.7.
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[image: image34.png]spring-mass system is shown in Fig. P2.3. The masses and springs are
equal. () Obtain the differential equations describing the system. (b) Draw
trical circuit based on the force-current analogy.

Frictionless

Figure P2.3. Two mass system.




[image: image35.png]electromechanical open-loop control system is shown in Fig. P2.12. The gen-
‘at a constant speed, provides the field voltage for the motor. The motor has
and bearing friction f,. Obtain the transfer function 6,(s)/V;(s) and draw a
of the system. The generator voltage can be assumed to be proportional to
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Figure P2.12. Motor and generator.




[image: image36.png]Explain the operation of the speed control system shown in Figure.
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[image: image37.png]2-26. Find the inverse Laplace transforms of the following functions. First, perform partial-fraction
expansion on G then, use the Laplace transform table.
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[image: image38.png]Consider a system
Y(s) = G(s)U(s)
ntrolled using a PID-controller

U(s) = (Kp + Kt 1 Kps)(R(s) — Y (5))
s

In the figures below, the closed-loop responses are shown when the following
four values are used on the parameters Kp, K7 and Kp
(i) Kp=5 Ki—4 Kp—0 (i) Kp—5 K —2 Kp—0
(iii) Kp—5 K;—0 Kp (i) Kp—5 K;—0 Kp—0
Match the step-responses and the parameter values. Motivate!
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P.2.5
P2.6.
[image: image40.png]44, Weite the force equations of the linear ransltional systems shown in Fig, 4P-4.

Figure 494



[image: image41.png]he thicknessis measured s  f. The: rotary displacement of the motor, (1), is convered to the
lincar displacement (0 by th gear box and inea-actusor combination (1) = (1), where s a
posiive constant n fad. The equivalent ineta of theload that s reflected o the motorshlt i,
{a) Draw a functions! block disgram for the sysiem.

6) Derive the forward-path ransfer function ¥()/E(s) and the closed-loop transer functon
Y)/Rs).





[image: image42.png]Draw a block diagram of the preumatic controller shown in Figure + 2 Then derive the trans-
fer function of this coniroller. Assume that Ry < R,

If the resistance R, i removed (replaced by the linesized tubing), what control action do we
get?If the resstance K, is emoved (replaced by the linesized tubing), what control action do we

ger?




[image: image43.png]Figure 4P-18



[image: image44.png]. Consider the liquid-level control system shown in
Figure 1. The inlet valve is controlled by a hydraulic
integral controller. Assume that the steady-state nflow rate
isQ and seady-state outflow rate is also 0, the steady-state
head is 1, steady-state pilot valve displacement is X = 0,
and steady-state valve position is . We assume that the set
point R corresponds to the steady-state head /7. The set
point s fixed. Assume also that the disturbence inflow rote
(14, which is a smal quantiy, is appled to the water tank at
2 0.This disturbance causesthe head to change from 7/ to
17 + h. This change resuls in a change in the outflow rate
by g,- Through the hydraulic ontroller, the change in head
causes achange n the inflow rate from 0 10,0 + g, (The

integral controler tends o keep the head constant 3 much
a5 possible in the presence o disturbances) We assume that
al changes are of small quaniitcs.

‘We assume that the velocity of the power piston (vlve)
s proportional to pilot valve displacement x, or

“where K, is a positive constant. We also assume that the

change in the inflow rate g, is negatively proportional to the
change in the valve opening y, or

a =Ky

where K, is a positive constant.
‘Assuming the following numerical values for the system,

R=05sec/nt, K, =lmsec
a=025m,  b=075m, K
obtain the transfer function H(s)/Q,().

c=2am

4sec”





P3.3. A complete spring mass system is shown in Fig.. The masses and springs re assumed to be equal 
a- Obtain the differential equations describing the system

b- Draw the corresponding block diagram

c- Draw an analogous electrical circuit based on the force current analogy

[image: image45.png]“The temperature emoe 7, is sen o the controlle, which hs the transfer function G, (). The output of
the controler, (0. which is anelecric signal, s comvered 1.3 peumalic signal by a transducer The
ontput of the ctuator controls he water-flow rate theough the three-vay valve. Fig. 4P-43(b) shows
the block diagram of the system.

“The folowing parameters and varibles are defined: dM, is the flow rte of the heating fuid =
Kup: Kig = 0.054XgIV: T, the water temperatare = KydM,:. K = 65°Ccgls: and Toon the
output ui temperature. Heatransfer equation between water and ai

o
@

o~ Tao e = 10seconds

Temperatre snsor euaton:
ar,
K
@) Draw a funeronal block diagran tht includes al the (ranser uncions ofthe syster.
(b Derive the transfer function Tao(s)/Ts{s) when Gi(s)

2seconds

Two-T,





 P3.4. A complete spring mass system is shown in Fig.. The masses and springs re assumed to be equal 

a- Obtain the differential equations describing the system

b- Draw the corresponding block diagram
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P3.5. An electrical  system is shown in Fig..  
c- Obtain the differential equations describing the system

d- Draw the corresponding block diagram

[image: image47.png]Consider the block diageam shown in Fig.
Find:

a7l

Ko

(@) The loop transfer funciion.
(b) The forward path transfer function
(©) The eror tansfer funcion.

(@) The feedback. tanster function.

©) The closed loop tranfer function




P3.6. An electro-mechanical   system is shown in Fig..  
a- Obtain the equations describing the system

b- [image: image48.png](€) Deive the forward-path transfer function G(s) = ©,()/6) s) when the outr fesdback path
from 6, opened. Find the poles of Gls).

(@) Derive the closed-loop transter function M(s) = O (s)/Oc (). Find the poles of is) when
K = 1,2738, and 476, Locate these poes i the »-plane, and comment on the significance of these
values of &y,

@



Draw the corresponding block diagram to find the transfer  function Ө(S)/Vf(S)
P3.7. Consider the electrical circuits shown in figure.

a- Find the equation describing  the system

b- Put the system in state space form 
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P 3.8.

[image: image50.png]Reduce the block diagram shown in Fig.  and find the Y/X.
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[image: image51.png](Resistance)

a9
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[image: image52.png]P1.3. In a chemical process control system, it is valuable to control the chemical compo-
sition of the product. In order to control the composition, a measurement of the compo-
sition may be obtained by using an infrared stream analyzer as shown in Fig. P1.3. The
valve on the additive stream may be controlled. Complete the control feedback loop and
draw a block diagram describing the operation of the control loop.




P4.1. A hydraulic servomechanism with mechanical feedback is shown in fig. 
a-   Obtain the equations describing the system

b- Draw the corresponding block diagram to find the transfer  function Y(S)/X(S)
[image: image53.png]Measurement of
composition
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Figure P1.3.




P.4.2. A paper tension control system  is shown in fig. 

c-   Obtain the equations describing the system

d- Draw the corresponding block diagram to find the transfer  function  
[image: image54.png]A cutaway view of a commonly used pressure regulator is shown in Fig. The
desired pressure is set by turning a calibrated screw. This compresses the spring and sets
up a force that opposes the upward motion of the diaphragm. The bottom side of the dia-
phragm is exposed to the water pressure that is to be controlled. Thus the motion of the
diaphragm is an indication of the pressure difference between the desired and the actual
pressures. It acts like a comparator. The valve is connected to the diaphragm and moves
according to the pressure difference until it reaches a position in which the difference is
zero. Sketch a block diagram showing the control system with the output pressure as the
regulated variable.
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[image: image55.png]=2

2:20. Find the Laplace transform of the periodic functon in Fig. 2P-20.
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Figure 2P-20



P4.3. 

P 4.4.

[image: image56.png]- The block diagram of the position-control sysicm of an electronic word processor is shown in
Fis

(8 Find the loop transte function ©,(s)/6,(s) (he ovter Feedback pa is open)

() Find the closed-loop trnsfer functon ©,(s)/, ().





P 4.5.

[image: image57.png]2-1. Find the poles and zeros of the following functions (including the ones at infinity, if any). Mark
e it poles with x and the fnte zeros with o n the -planc.
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P 4.6.

[image: image58.png]23 Use MATLAB o find the poles and zeros of the functons in Problem 2-1.




[image: image59.png]P2.1. An electric circuit is shown in Fig. P2.1. Obtain a set of simultaneous integrodi ffer-
ential equations representing the network.

Figure P2.1. Electric circuit.




P 4.7.

[image: image60.png]Power
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[image: image61.png]vo(t)
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Figure P3.10. Paper tension control.




[image: image62.png]When the system shown in Figure () is subjected to a unit-step input, the system. output
responds as shown in Figure (b). Determine the values of K and T from the response curve.




P 4.8.

[image: image63.png]4-25. Consider the electrical circuits shown in Figs. 4P-25(a) and (b).
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Figure 4P-25

For cach crcuit:
(@) Find the dynanic equations and state vaiables.
(b) Determine the transfer function.




P 4.9.
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[image: image65.png]Hot ol forging in quenching vat with its cross-scctional view is shown

e T

oi H

“The radi shown in Fig. 4P-33 ae ry -, and 1 from inside 1o outside. The heat i transferred 10 he
atmosphere from the sides and bottom of the vat nd also the surface of the.oil with n convective
heat cosficien of K, Assuming:

&y =The thermal conductivity of the vat

= The thermal conductivity of the insulator
The specific heat of the oil
“The densiy of the il
e speciic hea of the forging
m=Mass of the forging
A =The surface area of the forging
“The dhickness of the hottom of the vat
7,=The ambient temperature
Determine the system model when the temperature of the ol s desired.

d





P 4.10.

[image: image66.png]A power supply within an enclosure is shown in Fig. Because the power supply
pencraes ot o heat, et sink.is ususlly tached o disipate the geeraid beat, Assuming the e
of heat gencrtion within the power supply i known and constant, 0, the hect transfersfromthe power
supply 10 the cnclosure by radiation and conduction, he frame i an deal insultor, and the heatsink
temperature is constant and equal {0 the atmospheri femperatur, determine the model of e system
tha cangivethe emperature ofthe power supply during s operation. Assgn any necded parsmeters.
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[image: image67.png]Fig.  shows a heat exchanger system.

Faia B Fluid A

N

Fia Tuian,

Assuning the simple material transport mode represents the ate of heat energy gain for this
system, then
(N2 = T) = s

where i represents the mass flow, T and 75 are the catering and leaving Auid temperature, and ¢
shows the speific heat of fuid

I the lengthof the heat exchanger eylinde s £, derive & mode t give the temperature of Fuid
B leaving the heat exchanger. Asign any required parameters, such a radi,theemal conductvity
coefficients, and the thickness.





[image: image68.png](WINC e DR Squations OF (e IINNONAI sYsicns Shown §0 F1g. ¢ Wik (e sl
equations. Find the transfer function 6s)/7(s) fo the sysiem i (o). Find the transfer functions
1(5)/T(5) and @x(s)/T(s) for the sysems in parts (b, ), (@), 0d ©)




P 4.11.

[image: image69.png]‘Wiite the torque equations of the gear-train system shown in Fig. ¢ 4. The moments of
nerta of gearsarefumped a5 J, J. and . T,(1) is the applied torque: Ny, Ny, Ny and Ny are he
umber of gear teeth. Assume rigid shais

(8) Assume that /1 /-, and J ae negliible. Wit the torque equations of thesystem,. Find the total
et the motor sees.

(B) Repeat pat a) with the momonts of inertia .

. and Js
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[image: image71.png]‘The schemaic diagram of a sieel-rolling process is shown in Fig.« . The stecl plate is fed
hrough he rollrsa¢ a consant speed of V s The distance berween the rllersand the point where.



P 4.12.

P 4.13.

[image: image72.png]Fig. shows a two-tank liquid-level system. Assume that Q; and Q. ars the steady-siate
inflow rtes, and H, and H are steady-state heads. If the other quanites shown in Fig. £~ are
supposed to be small, derive the stae-space model of the system when h and i are outputs of the
system and g and g are the inputs.
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[image: image73.png]Consider the liquid-level system shown in
Figure Atsteady state the inflow rate is § and the out-
flow rate i also 0. Assume that at ¢ = 0 the inflow rate is
changed from § 10 0 + g, where s small quanticy The
disturbance input i g, which s also- smll quantiy. Draw
‘block disgram of the system and simplify t 0 obtan ()
a3 a function of Q,(s) and Q,(s), where H(s) = £[h(r)}.
/s) = #a(0)],and Qu(s) = Fq,lr)} The,capacitances
of tanks 1 and 2 are C, and G, respecivel:





P4.14.
[image: image74.png]Figure 449
Liquid-level system.




[image: image97.png]The forward-path transfer function of a unity-feedback control system is

K(14020(1 +015)
S50 +0015)

(@) Construct the Bode and Nyquist plots of G(j)/K and determine the range of K for system.
sabli

)





P4.15 Explain the operation of the speed control system shown in figure, hence obtain the physical equation of the system nd draw the corresponding block diagram 
[image: image75.png]Fig. 1 shows the setup of the temperature control of an air-flow system. The hot-water
reservoir supplicsthe watr th flows into the et exchanger For heating the 5. The temperature
Sensor senses th s emperature T and sends 10 be compared with he reference temperatuee 7,





P4.16
[image: image76.png]A de-moter posiion-conirolsystem s shown in Fig, The following parameters and
varables are deficd: e i the error voltage: €, the reference input; 6, the load position; Ky, the
amplifir gain ¢, the motor input voltage: g, the back emf: i the motor current; T, the motor
101que: J,, the motor nerta =0.03 0z 7 B, the motor viscous-rition coeficient = 10 0z-in.-+'
K the tarsional spring constant = 50,000 oz-in.rad: J, theoad ineria =005 -in,-+% K., the motor
torque constant = 21 as-inJA; Ky, the back-em constant = 15.5 V/1000 spm; K.y th error-dtector
/2 E, the cror-detcctor applied voltage = 27 V: R, the motor resisance = 11511, and
6.0,

(3) Wrie (he state equations of the sysiem using the following. siate variables: xy = fi,
oy fdo 65, andxy = dp/ds





[image: image2.png]




P4.17
[image: image77.png]A hydraulic servomotor usually is used for the speed control of crgines. As shown in Fig.

. the refrence speed is controlled by the throtle lever, The flyweight is moved by engine, s0
then the differntia displacement of the spring determines the input o the hydraulic servomotor.
Detcrmine the stte space model of the sysen.

- Fut sy
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[image: image78.png]Figure s a schematic diagram of an aircraft
elevator control system. The input (o the system is the de-
flection angle 0 of the control lever, and the Gutput s the el-
evator angle 6. Assume that angles 6 and ¢ are relatively
small. Show that for each angle 6 of the control lever there
is a cortesponding (steady.-state) elevator angle 6.





Chapter 5
Block Diagrams and Signal Flow Graphs
P5.1
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P5.2.
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[image: image3.png]34, Reduce the block disgram shown in Fig. 3P~ o unity feedback form and find the Y/X.

Figure 3P4




P5.4.
[image: image81.png]‘Determine the type of the following unity-feedback systems for which the forward-path
transer functions ae given.
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[image: image82.png].+ Determine the siep, ramp, and parabolc crror consiants of the following uniy.fecdback
‘contol systems. The foruaré-path transte funciions aro given.
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P.5.5.
[image: image4.png]The block diagram of a feedback control system is shown in Fig
vanster functions:

1)
R
)
E()
0 Y6
© Follews
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P.5.6.
[image: image5.png]wal-flow graphs for the following sets of algebraic equations. These equations should
st b arranged inte form of cause-and-effect eltions before SFGs can be drawn. Show hat there
are many posible SFG for cach set o cguatons.
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P.5.7
[image: image6.png]- “The block disgranm of a control system is show in Fig.
(3 Draw an equivalent SFG for the system.
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[image: image7.png]322 Apply the gain formula o the SFGs shown in Fig. 3P-22 1o find the folowing transfer
fonctions: 12 Y4 12 23
ko 3 % W B




P.5.8.  Find the transfer function for the shown SFG
[image: image8.png]"
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P.5.9.
[image: image9.png]Show that the two systems shown in Figs.

' '

@) and (b) are not cquivalent.
'
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Chapter 6
Time Domain analysis
P6.1.
[image: image10.png]‘The unitstep response of a linear control system is shown in Fig.  Find the transfer
functon ofa second-order prototype system to model the system.
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P6.2. 
[image: image83.png]L. The following trnste unctions are givea f
Find the stady st mor due 1o 8 unistep
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[image: image84.png]Findthe seady-state erors of the fllowing single-loop control systems for  unit-step input, a
anitcaop input, and  parabolic ot (1/2)s(0).Fo systens it nclude  parumete K, i s
value 50 tha th answers are valid.
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P6.3.
[image: image11.png]Figures.  (a) shows a mechanical vibratory system. When 2 b of force (step input) is applied
tothe system, the mass oscillates, 2 shownin Figure.  (b). Determine m, b,and k of the system
from this response curve. The displacement x s measured from the equilibrium position.




[image: image85.png]“The block disgram ofalincar conrol systen i shown in Fig. . The fxed parametes of
e system e giver a5 7= 0.1, = 001, and K, = 10,

(8) When e = ns) and 7a(e) = 0, detcrmine how the valus of K and K, ffcthe scady-ste
vl of ). i th rsticions on K and K, s thatthe system i sl

) Let(5) = 0. Detemine how e values o Kand et e sieady-ste value of (1) when the
isurbance input 7o) = ()

(€) Let K, =001 and () = 0 Findthe minimum siady-sise vale of () tht sanbe buined by
varying . when 7,0 unitep funcion. Find e valu o s K. From the ransient standyin,
would you opera te system a his vale of K? Explain

(@) Assume thaitis desired 0 operae the sysem with the value of K as selected i pat (€. Find the
Value o K, 0 hat thecomplex roos of he characteiti equation will have & eal pur of ~2.5. Find
all three eoots of the characteristic equaton.





P6.4.

[image: image86.png]- The forward-path transfer function of & control system with unity feedback is

. X
) = Grae+0

where s K e el constons

(o) Fin the values o a and K 50 hs the relve daping i of th comples oo of the
Chaetecstie cquation s 0.5 and the s i o h uic Sep spons s spponimacly 1 sc. Use
Eu. 5.98) s pproximation fthe s e, Wihhe vales o  and K found,dtemine (e sctunl
it using computer simulation.

() Withth valus of . K found i prt 0. i he syt cror of e syt e the
fefsence 500t ia G) & vk aiep Aunclon aod (H) 3 nfzamp Snction,




P.6.5
[image: image87.png]. Consider a unity-feedback control system with the.
closed-loop transfer function
Cl)__Ks+b
Rs) Srastb
Determine the open-loop transfer function G(s).

Show that the steady-state crror in the unit-ramp
response is given by

K
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[image: image88.png]« Fig. - shows the block diagram of a servomotor. Assume / = 1kg-m’ and B = | Ne
radse. I the maximum overshoo of the unitsiep input and the peak time are 0.2 and 0.1 sec.
respectively,

(@) Find it dammping ratio and natura frequency.

(1) Find the gain K and velociy feedback K;. Also, calculae the rise time and seiling time.




P.6.6.

P.6.7.
[image: image89.png]Consider the following characteristic equation:
S0 (4K 925 =0

Using Routh stability criterion, determine the range of K
for stability.




P.6.8
[image: image12.png]Find the position, velocity, and acceleration error constants for the system given in Fig,

e





P.6.9.
[image: image13.png]The block diagram of a control system is shown in Fig. ! . Find the stcp-, ramp-, and
parbolic-eror contants. Th error signal s defined 0 b 1), Find e sieady-state crors in e of
K and K, when the following inputs ae applied. Assume that he sysem s siable

ulr)
)
@)

o

3 Gin= B

B





P6.10
[image: image90.png]Construct the root-locus diagram for each of the following control systems for which the poles
and 22105 of Gi(s)H(s) are given. The characterisic equation is obtained by equating the numeralor of
1+ Gls)H(s) 10 zero0.

(@) Polcs at 0, =5, =6; zer0 at =8

(b) Poles at 0, ~1, =3, ~4; no finite zeros

(@) Poles at 0,0, -2, -2 zero at 4





[image: image91.png]A unity-feedback control system has the forward-path transfer functions given in the
following. Construct the oot locus diagram for K 0. Find the values of K at all the breakaway
poins.
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P.6.11
[image: image92.png]+ The forward-path transfer function of a control system i

_Ks+04)
S P36

6ls)

(@) Construct the root loci for K 2 0.
() Use MATLAB 1o verify your answer o part (2).




P.6.12
[image: image93.png]‘The transfer functions of a single-feedback-loop control system are

X
60 = Ty M0 =!

(@) Construct the loci of the 26ros of 1+ G(s) for K >0.




P6.13.
[image: image94.png]‘The loop transfer functions of single-feedback-loop control systems are givenin the following
‘quations. Apply the Nyquist critrion and determine th values of K for the system (0 be stable.
‘Skeich the Nyquist plot o L) with K = 1 or & = 010 = oo, You may use a computer program
10 plo the Nyauist plots.

K Kis+1

® L) = G+ 10 ® L) - A6+ 671
© U =TT W=t

(0 1y = KEEDE1)

G+ +2)




Chapter 7
Stability Analysis
P7.1
[image: image95.png]‘The Bode diagram of the forward-path transfer function of & unity-feedback control
system is obtained experimentally (as hown in Flg.  when the forwasd gain Kis sat s
‘nominal value

(a) Find the gain and phase marginsof the systemfrom th diagram as bestyou can read then. Find.
the gain- and phase erossover froquencies.





Hence find the sustained frequency

P7.2

[image: image14.png]Consider the closed-loop system shown in Figure
5-88. Determine the range of K for stability. Assume that
K >0,

)

I o
T 65





and obtain the sustained oscillation 

P7.3.

[image: image15.png]+ Determine the range of K for stability of a unity-
feedback control system whose open-loop transfer func
tionis

K

O = GG+ D




P7.4.
[image: image16.png]Consider the unity-feedback control system with
the following open-loop transfer function:

10

Gt = s(s —1)(2s +3)

Is this system stable?




Chapter 8
Root locus Techniques
P8.1

[image: image96.png]i
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P8.2.
[image: image17.png]“The forward:path transfer functions of a nity-feedback controlsystem are given inthe following:
K(s+3) ®) Gls) = K

0 = T e 6T TG AT
© Gls) = % @ 6(s) = %ﬁ
© 6 = ;(”—f;"(}‘T“’m ® Gl = W&Tn‘)
® 60—t o o =LA
 Gls) = m

‘Construct the root loci for K >0. Find the value of K that makes the relative damping ratio of the
closed-loop system (measured by the dominant complex characteristic equation roots) equal to
0.707, if such a solution exists.




P8.3.

P8.4.

P8.5.

Chapter 9
Frequency Domain Analysis
                    (Bode Plot and Nyquist crirerion )

P9.1.

P9.2.
[image: image18.png]Figare  shows the block diagram of a control system.

o)
Frag

(@) Drave the Nyquist plot and apply the Nyquist citrion o determine the range of K for stabilt

(b) Detertine the muunber of oot in the right-half s plane fo the values of K where the system is
unsabie

(©) Use Routh's riterion o determine the range of K for stbilty.




P9.3.
[image: image19.png]Use MATLAB to plot the Boe diagrams of thesystemshown inFig. |~ when K = L,and.
determine the sable range of K by using phase margin and gein margin.




P.9.4
[image: image20.png]- The forward-path transfer functions of unity-feedback control systems are given in the
following equations. lot the Bode diagram of G(jw)/K, and dothe followiag; (1) Find the value of K
50 that the gain macgin o te system is 20 . (2) Find te value of K 5o that the phase margin of the
system i 45°
x 6= K(s+1)
TR0 +059 STF01(1+025)(1+039)
£

LK
(r+3)

G+t




P9.5


P9.6.

P.9.7
[image: image21.png]- The forward-path transfer fonctions of unity-feedback control sysiems are given in the
following cquations. Plot G{ju)/K in the gain-phase coordinates of the Nichols chart, and do the
followings (1) Find the value of K so that the gain margin of the system i 10 dB. (2 Find the value of
K 50 ta the phase margin of the system is 45°. 3) Find the value of K o that M, = 1.2

10¢ SK(s+1)

0117039 60 = SO+ 02T 703
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Chapter 10
PID controllers
P10.1. Draw the hardwired diagram for series  P, PI, PD, and PID controller

P10.2 Draw the hardwired diagram for parallel  P, PI, PD, and PID controller

P10.3.  Sketch step response for P, PI, PD, and PID controller

P10.4 What are the effects of P, D, and I  terms on maximum overshoot, rise time and steady state errors

P10.5.Write a matlab code to draw the unit step response for the following system.


[image: image22.wmf]




P10.6. Consider the following system. Draw Bode diagram of the open loop transfer

       function G(S), hence determine phase margin and gain margin






[image: image23.wmf])
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c. Sketch the root locus plot, hence determine the value of PID tuning parameters based on Zeigler Nichol's method.

P10.7.  During a step function calibration, a first order instrument is exposed to a step change of 150 units. If after 1.8 s the instrument indicats 80 units, estimate the instrument time constant. Estimate the error in the indicated value after 1.5 s. Unity gain ).

P10.8
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Chapter 3


Mathematical Models of Physical Systems& State Space
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Chapter 4


Modeling of Fluid Power and Thermal Systems
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