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Topic Outline

▪ Stability Definitions

▪ Block Diagram Algebra

▪ Proportional Control and Root Locus

▪ PI Control

▪ Bandwidth, Gain Margin, Phase Margin
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Review the Components of Feedback Control Systems
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Types of Dynamic Models
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Motivation for Stability Analysis
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Stability Definitions
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Bounded Input Bounded Output – Time Domain
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Bounded Input Bounded Output – Derivation
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Bounded Input Bounded Output
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Bounded Input Bounded Output
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Asymptotic Stability -> Bounded Input Bounded Output
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Examples



‘-

13
Luis Herrera, University at Buffalo, 2021

General Impulse Response and Stability Conditions
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General Impulse Response and Stability Conditions
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General Impulse Response and Stability Conditions
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Control Motivation
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Topic Outline

▪ Stability Definitions

▪ Block Diagram Algebra

▪ Proportional Control and Root Locus

▪ PI Control

▪ Bandwidth, Gain Margin, Phase Margin
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Motivation – Closed Loop System
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Block Diagram Algebra
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Block Diagram Algebra (cont’d)
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Transfer Function for a Simple Feedback Loop
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Example: DC Motor
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Example: DC Motor (cont’d)
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Topic Outline

▪ Stability Definitions

▪ Block Diagram Algebra

▪ Proportional Control and Root Locus

▪ PI Control

▪ Bandwidth, Gain Margin, Phase Margin
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Proportional Control
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Closed Loop System Derivation
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Closed Loop System Derivation (cont’d)
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Analyzing the Feedback Gain K
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Analyzing the Feedback Gain K (cont’d)
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Root Locus Definition
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Root Locus Matlab
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Root Locus Examples
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Root Locus Examples
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Root Locus Examples (Impact of Zeros)
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Topic Outline

▪ Stability Definitions

▪ Block Diagram Algebra

▪ Proportional Control and Root Locus

▪ PI Control

▪ Bandwidth, Gain Margin, Phase Margin
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Reference Tracking
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Error Modeling
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Error Modeling Derivation
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Error Transfer Function and Laplace Final Value Theorem
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Constant/Step Reference Tracking
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Constant/Step Reference Tracking
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Constant/Step Reference Tracking – Proportional Control
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Constant/Step Reference Tracking – Integral Control
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Constant/Step Reference Tracking – Integral Control



‘-

45
Luis Herrera, University at Buffalo, 2021

Constant/Step Reference Tracking – PI Control
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Constant/Step Reference Tracking – PI Control
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Matlab PI Tuner!
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Example: DC Motor Speed Control

https://ctms.engin.umich.edu/CTMS/index.php?example=MotorSpeed&section=SystemModeling

https://ctms.engin.umich.edu/CTMS/index.php?example=MotorSpeed&section=SystemModeling
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Example: DC Motor Speed Control (cont’d)

https://ctms.engin.umich.edu/CTMS/index.php?example=MotorSpeed&section=SystemModeling

https://ctms.engin.umich.edu/CTMS/index.php?example=MotorSpeed&section=SystemModeling
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Example: DC Motor Speed Control (cont’d)

https://ctms.engin.umich.edu/CTMS/index.php?example=MotorSpeed&section=SystemModeling

https://ctms.engin.umich.edu/CTMS/index.php?example=MotorSpeed&section=SystemModeling
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Final Thoughts
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Topic Outline

▪ Stability Definitions

▪ Block Diagram Algebra

▪ Proportional Control and Root Locus

▪ PI Control

▪ Bandwidth, Gain Margin, Phase Margin
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Transfer Functions and Complex Numbers
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Decibels
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Zero, Pole, Gain Form and Amplitude
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Zero, Pole, Gain Form and Phase
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Summary
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Impact of Zeros and Poles to D(w)
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Impact of Zeros and Poles to Phase



‘-

60
Luis Herrera, University at Buffalo, 2021

Bode Plot Example
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Bode Plot Example
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Bode Plot Example (Matlab Code)



‘-

63
Luis Herrera, University at Buffalo, 2021

Stability Review and Robustness 
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Closed Loop Frequency Domain Analysis
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Closed Loop Frequency Domain Analysis
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Gain Margin
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Phase Margin
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Gain and Phase Margins – Matlab Code
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Types of Response: Overshoot, Rise Time
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Rise Time and Bandwidth


