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Preface

MODULE | INTRODUCTION TO FEEDBACK CONTROL
MODULE 2 TRANSFER FUNCTIONS AND BLOCK DIAGRAM ALGEBRA
Transfer Functions

Block Diagram Algebra

MODULE 3 FIRST-ORDER SYSTEMS

Impulse Response

Step Response

Ramp Response

Harmonic Response

First-Order Feedback Systems

Complex-Plane Representation] Poles and Zeros

Poles and Zeros of First-Order Systems

Dominant Poles

MODULE 4 SECOND-ORDER SYSTEM$

Second-Order Electrical System

Step Response

MODULE 5 SECOND-ORDER SYSTEM TIME-DOMAIN RESPONSE
Ramp Response

Harmonic Response

Relationship between System Poles and Transient Response
Time-Domain Performance Specifications

MODULE 6 SECOND-ORDER SYSTEMS[] DISTURBANCE REJECTION AND RATE
FEEDBACK

Open- and Closed-Loop Disturbance Rejection

Effect of Velocity Feedback

MODULE 7 HIGHER-ORDER SYSTEMS

Reduction to Lower-Order Systems

Third-Order Systems

Effect of a Closed-Loop Zero

Occurrence of Closed-Loop Zeros

MODULE 8 SYSTEM TYPE[D STEADY-STATE ERRORS
Impulse Input

Step Input

Ramp Input

Acceleration Input

Non-Unity-Feedback Control Systems

MODULE 9 ROUTH'S METHOD[ ROOT LOCUSD MAGNITUDE AND PHASE
EQUATIONS

Routh's Stability Criterion

Root Locus Method[d Magnitude and Phase Equations
MODULE 10 RULES FOR PLOTTING THE ROOT LOCUS
MODULE 11 SYSTEM DESIGN USING THE ROOT -LOCUS
MultiLoop System

System Design in the Complex Plane
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Performance Requirements as Complex-Plane Constraints

Steady-State Error

Desirable Areas of Complex Plane for“ Good” Response

MODULE 12 FREQUENCY RESPONSE AND NYQUIST DIAGRAMS

MODULE 13 NYQUIST STABILITY CRITERION

MODULE 14 NYQUIST ANALYSIS AND RELATIVE STABILITY

MODULE 15 BODE DIAGRAMS

MODULE 16 BODE ANALYSISMODULESTABILITYMODULEAND GAIN AND PHASE
MARGINS

MODULE 17 TIME RESPONSE FROM FREQUENCY RESPONSE

MODULE 18 FREQUENCY-DOMAIN SPECIFICATIONS AND CLOSED-LOOP FREQUENCY
RESPONSE

MODULE 19 PHASE LEAD COMPENSATION

MODULE 20 PHASE LAG AND LEAD-LAG COMPENSATION

MODULE 21 MULTIMODE CONTROLLERS

MODULE 22 STATE-SPACE SYSTEM DESCRIPTIONS

MODULE 23 STATE-SPACE SYSTEM RESPONSEMODULECONTROLLABILITYMODULEAND
OBSERVABILITY

MODULE 24 STATE-SPACE CONTROLLER DESIGN

MODULE 25 STATE-SPACE OBSERVER DESIGN

MODULE 26 WAVE ENERGY ABSORBTION DEVICE

MODULE 27 MISSILE ATTITUDE CONTROLLER

MODULE 28 ROBOTIC HAND DESIGN

MODULE 29 PUMPED STORAGE FLOW CONTROL SYSTEM

MODULE 30 SHIP STEERING CONTROL SYSTEM

MODULE 31 CRUISE MISSILE ALTITUDE CONTROL SYSTEM

MODULE 32 MACHINE TOOL POWER DRIVE SYSTEM WITH FLEXIBILITY
APPENDIX 1 REVIEW OF LAPLACE TRANSFORMS AND THEIR USE IN SOLVING
DIFFERENTIAL EQUATIONS
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0000 OO0 Module24demonstrated how the dynamics of a system may be altered by feeding back the
state variables through a suitable gain vector g and subtracting it from the input r to form the control signal u.A
question arises regarding situations where not all of the state variables are available from which the feedback control
signal may be derived.This may happen because some of the state variables do not correspond to physical variables
and therefore cannot be measured or because of the prohibitive cost in providing a sensor for each state variable in
the system.Whatever the reason,the unavailability of all state variables prevents controller design as previously
outlined,and alternative methods are needed. OBSERVER SYNTHESIS The approach taken to solve this problem
is to construct a model of the system under study,obtain all the state variables from the model,and then assume
(subject to certain restrictions) that the computed state variables are good approximations to the true state
variables.From these computed state variables,a suitable controller for the actual system may be constructed using
the techniques described in Module 24.
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