Secon® Eoition

CONTROL
SYSTEMS

Reference detector Error Actuating
signal

Controller Plant
Feedback
signal Feedback path

elements

A. Anand Kumar



Control Systems






Control Systems

Second Edition

A. Anand Kumar

Principal
K.L. University College of Engineering
K.L. University
Green Fields, Vaddeswaram
Guntur District
Andhra Pradesh

PHI Learning [rivale [Wimied

Delhi-110092
2014



CONTROL SYSTEMS, Second Edition
A. Anand Kumar

© 2014 by PHI Learning Private Limited, Delhi. All rights reserved. No part of this book may be
reproduced in any form, by mimeograph or any other means, without permission in writing from the
publisher.

ISBN-978-81-203-4939-1

The export rights of this book are vested solely with the publisher.

Ninth Printing (Second Edition) March, 2014
Published by Asoke K. Ghosh, PHI Learning Private Limited, Rimjhim House, 111, Patparganj

Industrial Estate, Delhi-110092 by Rajkamal Electric Press, B-35/9, G.T. Karnal Road Industrial
Area, Delhi-110033.



To the memory of
my parents

Shri A. Nagabhushanam and Smt. A. Ushamani
(Freedom Fighters)






Contents

PPOIGCE ..o e xv
Symbols, Notations and ADBFeVIALIONS .....................cccooeiiiiiiiiiiieiiii e Xix
1. Introduction to Control Systems ...........cccccimmmmmremeensccnsnnnneeenennn. 1-20
LT INEOAUCTION vttt ettt sttt sttt sbe e e e sbe e nens 1

1.2 Classification of COntrol SYSEMS .....ccueerierierierienieeieeieeie et 2

1.2.1  Open-Loop Control SySteMS .......cc.coceeeveviiiieiieniniiieneeieree e 3

1.2.2  Closed-Loop Control SYSIEMS .....cc.eecvieruieriienienienieeieeteeieesieesieeneeeseeeneees 4

1.2.3  Closed-Loop System versus Open-Loop System ........ccccecevvevereervevrcnnenn 5

1.2.4  Linear versus Nonlinear Control Systems.........coccoeevevereneneneeneneneneenene. 7

1.2.5  Time-Invariant versus Time-Varying Control Systems ...........ccccceevueenuennne. 7

1.2.6  Continuous-Data versus Discrete-Data Control Systems .........c.cocceveenene. 7

1.3 What Feedback is and What Its Effects are........ccoceeceviniiienininiieneeeeee 8

1.3.1  Effect of Feedback on Overall Gain .......ccccecvevereevieneniniicnenenicneneeeens 9

1.3.2  Effect of Feedback on Stability ........ccccoceoerininenenninnincenncceeeen 9

1.3.3  Effect of Feedback on External Disturbance or Noise ........ccccccueruennnee. 10

1.3.4  Effect of Feedback on Sensitivity ........cccecceeveevieenienienieniereeneesee e 11

1.4 ServOmMECRANISII .....eoviiiieiieiieiieteeieete ettt e e et et st eaesbeeaeens 11

1.4.1  Automatic Tank Level Control System .........ccccceeeverirvieneneeiienieneeeenne. 11

1.4.2 A Position Control SYSteM .......cccecueeiiieiiiriiieieeieeieeieeie e 12

1.43  DC Closed-Loop Control SyStem .........cceueeveeeirinenenierieenenenieeeeeenes 13

1.4.4  AC Closed-Loop Control SyStem ........c.cceeeveceeerenenenieieeneneneeeeeeenes 13

Short QUeStioNnS ANA ANSWEFS ............ccc.ccueiiiiiiiiii ittt 14
REVIEW QUESTIONS ...t 19

Fill i1 1he BIANKS .........c.ooooiiiiiiii i 19

2. Mathematical Models of Physical Systems ...........cccccrveeeeeee. 21-100
2.1 Modelling of Mechanical System Elements .........cccccocveviirienienienierienieceeeeee 21
2.1.1  Translational SYSTEIMS .....ccuevueerueruirieieieeiteienieeteeieste ettt ees 24

2.1.2  Rotational SYSTEIMS .....ccvieviiriieiieiienieerite ettt ettt ettt 25



Viii contents
2.2 EleCtrical SYSIEIMS ...eeriieiieiieieeieeitetteitesitestesteste et e ebeebeebeebeesseesseesneesneesneeenee 26
2.3 ANAIOZOUS SYSLEIMS ..eeuvieurieiieiieieeitenttenitestestessteeteeteeaeebeebeeseenseenseesseesseesneesnes 28
2.3.1 Impulse Response and Transfer Functions of Linear Systems ............... 29
2.4  Transfer Function: Single-Input-Single-Output SyStems ..........cccceevveviieneeneeneens 29
2.4.1  Proper Transfer FUNCHION .....cccocoiriiniecirininiieteineseecieeseeseeeeeeeeie e 30
2.4.2  Characteristic EQUAtION .....cceeiiriiiiiiieiieeie et 30
2.5 Transfer Function (Multivariable SyStemS).........cceccererierierereriieneneeierie e 31
2.5.1  Sinusoidal Transfer FUNCION .......ccccoerieienininienininiecneceeeeeeene 32
2.6  Procedure for Deriving Transfer FUNCHIONS .......ccocevvevieinincnieiininieicieenceceeenne 32
2.7 SEIVOIMOTOTS ...uvtiutieiienieeniieniteete et et ettt ettt e s st e st e st e seneeareeabeebe e beenbeesneesaeesmnennne 64
2.7.1  DC SEIVOMOLOLS ...eerutiruierierieeieeieente et esieesreesieesitesitesatesatesaeesaeesaeeeeeanes 65
272 AC SErVOMOLOLS ....eeruririiiiiieieeteete et ettt e st s s eesaaesaeeneennes 73
2.8 SYNCHIOS ..ttt ettt ettt et s be et s beea et bt et eneen 77
2.8.1  Synchro TranSmMItter ........ccceeveerierieriienie ettt ettt 77
2.8.2  Synchro Control Transformer ..........cccoceveveriererininenenieincseneeeeeceaee 79
2.8.3  Synchro as an Error Detector ......ccierierierierieeieeieeie et 79
2.9 GEAT TTAINS ...eeuteiieiieieeteeiete ettt ettt ettt ettt e st ae et e st s bt et esbesbeentenbesaeeneens 80
Short QUeSHIONS ANA ANSWEFS ............ccocoiuiiiiiiiieiie et 83
REVIEW QUESTIONS ...t 90
Fill i 1he BIANKS ...........c.ccoiiiiiiiiiiie e 91
Objective Type QUESTIONS .........c..ccueiiiiiiie ettt 93
PPOBICTILS ... 94
IMATLAB PROGRAMS .. euuttiiiieiiteeeite ettt ettt ettt sttt et e e bt eate e st e st et esaseesneeenne 96
3. Block Diagram and Signal Flow Graphs ...........cccccmrrrneeenees 101-176
3.1 BIOCK DIAGIAMS ..eovuiiieiieiiieiieieetteitetet ettt ettt ettt et et e s e ssaesseesneeas 101
3.1.1  Block Diagram of a Closed-Loop System ........cccocevevecerincnveneencnne. 103
3.1.2  Block Diagrams and Transfer Functions of Multivariable Systems ..... 104
3.1.3  Procedure for Drawing a Block Diagram .........ccccooeveviecervnicnencnnennns 107
3.1.4  Block Diagram Reduction .........ccccoeceriiiiiiieiiiiniieniiesiecieee e 108
3.2 Signal FIOW Graphs .c..cccccoiierieiiininicieiinenccecee ettt 111
3.2.1  Construction of Signal Flow Graphs......c.ccceecveviriiirnienieniiiieieeeens 112
3.2.2  Basic Properties of Signal Flow Graph .......c.cccceeernininenninencnnennn. 116
3.2.3  Signal Flow Graph Algebra ........cccceceeviriieiiieiienienierieseeseesie e 116
3.2.4  Construction of Signal Flow Graph for Control Systems.......c..c.ccc..... 118
Short QUeStions ANA ANSWEFS ............cc.cccuiiiiiiiiiiieeie e 162
Fill i1 1he BIANKS ...........oociiiiiiiii e 166
Objective TYPe QUESIIONS .........c..ccueiiiiiieiiieeieeeee et 167
PFODICIIS ... 168
MATLAB PROGRAMS ...ttt ettt ettt ettt st sttt neen 171
4. Time Response Analysis ........cccoviiiiiissnmmmmmmnmmmmnnnnnnnssssss e 177-282

4.1 Time Response of Control SYSEMS ......cccceerierierierierieeieeieeie et 177



Contents X

4.2 Standard Test SIZNALS ..c..ccecviririiiiriiiinieteee ettt 178
421 SEP SIZNAL.ciuiiiiiiiieiieieeeee et s 178
422 RaAMP SIZNAL ceeiiiiiiieiieeieeeeeet ettt ettt as 179
423 Parabolic SiZNal .......ccccoeviiiirininiicinnneee et 179
4.2.4  IMPulSe Si@NAL ....ooiiiiiiiiiieiieieeee e 180
4.3 Time Response of First-Order SyStems .......ccccceeveerierienierienieeieeieeeeseesee e 181
4.3.1  Unit-Step Response of First-Order SyStems .........cccccevererereneecnncnennes 181
4.3.2  Unit-Ramp Response of First-Order Systems ........cceeceevevercierieeeeeneennne. 183
4.3.3  Unit-Impulse Response of First-Order Systems.........cceccveveerveeeeeeenne. 184
4.3.4  An Important Property of Linear Time-Invariant Systems.................... 184
4.4 SecoNd-Order SYSIEIMS ...cc.eerierierierieeieeieeteeie et et eesteesttesseesseesseesstesnseenseenseennes 185
4.4.1 Response of Second-Order System to the Unit-Step Input .................. 185
442 Time Response Specifications ........cc.cocveveeveriinenieniiinienieneeineneneenenens 189

4.4.3  Derivation of Expression for Rise Time, Peak Time, Peak
Overshoot, Settling Time and Steady-State Error

4.5  Steady-State Errors and Error Constants ...........cccceceveveeeereneneneneereneneneeneeennes
4.5.1  Static Position Error Constant Kj, ...
452  Static Velocity Error Constant K.,
4.5.3  Static Acceleration Error Constant K ...
4.6 Types of Control SYSTEIMS ....cccuieriieiiienieiienieeteee ettt et
4.6.1  Steady-State Error: Type-0 SyStem ......cccevcvevierienierieeiieieeieeieeieeeen
4.6.2  Steady-State Error: Type-1 System .......ccccceceviriiiviniiniiiiiniiiiicieecens
4.6.3  Steady-State Error: Type-2 SyStem ......ccceveerierienieeieeieeieeieeieeieeeees
4.7  Effect of Adding Poles and Zeros to Transfer Functions...........ccceccveveeneennennee.
4.7.1  Addition of a Pole to the Forward Path Transfer Function ................. 200
4.7.2  Addition of a Pole to the Closed-Loop Transfer Function................... 200
473  Addition of a Zero to the Closed-Loop Transfer Function .................. 200
4.7.4  Addition of a Zero to the Forward Path Transfer Function ................. 200
4.8  Dominant Poles of Transfer FUNCHIONS .......ccccovveviiriniiiicninicicicneceeienieeeeenee 200
4.8.1 The Relative Damping Ratio .......cccceevuerierierienienieeieeiceeeeieeieeieeeen 201
4.8.2 The Proper Way of Neglecting Insignificant Poles with
Consideration of Steady-State ReSpONSe .......ccceevuveviieviiesieeviieieeieeene 201
4.9 Response with P, PI, PD and PID Controllers .........cccceveevieneenienieniesieee 238
4.9.1  Proportional Control..........cccceverininienienininineneieeeeseeeeeteeseeseeeenees 238
4.9.2  Derivative CONtrol.......ccevieririerieninieicneeceeeesieeeetesee et 239
4.9.3  Derivative Feedback Control .......c..ceceevveviererieieninienicneneneeicnenceene 241
4.9.4  Integral Control ......c.cccoiveriiiirininencietenercete ettt 248
4.9.5  Proportional-plus-Integral Plus Derivative Control (PID Control) ....... 250
Short QUeStions ANA ANSWEFS ............cc.cccueiiiiiiiiiieeie e 255
ReVIEW QUESTIONS .......c.ooouiiiiiiiii et 263
FIll 1 11 BIARKS ...ttt 263
Objective TYDe QUESIIOMNS .........c..cceiiiiiiieeiieeeeeee e 267
PFOBICTIS ... 273

MATLAB PROGRAMS ..o eeeeeee ettt e e e et et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ee e e e e e e eeeeeeeeneeees 276



Control Systems

CONTROL
SYSTEMS

30%
OFF

A Anand ki

Publisher : PHI Learning ISBN:9788120349391 Author : KUMAR, A. ANAND

Type the URL: http://www.kopykitab.com/product/7623

W Get this eBook


http://www.kopykitab.com/Control-Systems-by-Kumar-A-Anand

	Control Systems

