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Agenda

Frequency-Response Analysis Review

• Definition of System Frequency-Response

• Bode Diagrams

Control Systems Design by Frequency Response

• Lead Compensators

• Lag Compensators

• Lead-Lag Compensators
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ACLab Kit

AD2 Lab Panel
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Lab Kit Block Diagram Overview

CB1: Inverted Adder

CB2: Inverted Amplifier #1

CB3: Inverted 1st-Order Delay #1

CB4: Inverted 1st-Order Delay #2

CB5: Compensator

CB6: Inverted Amplifier #2

CB7: User-Defined Network

CB8: Inverted Integrator

CB9: Inverter (Always Active)

SW9: OFF: Vfdbk = TP8

ON: Vfdbk = TP9 = -TP8

CB10: Feedback Path On/Off Switch
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Vref Signal Source Scheme

AD2-SCOPE CH1+ is fixedly connected to Vref

Output Signal Observation Scheme

AD2-SCOPE CH2+ can be selectively switched
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How to Draw the Bode Diagram
for a Relatively Complex System

Draw the Bode diagram for the following TF:
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Bode Diagram Features

Relationship between system type and log-

magnitude curve

• Type 0, Type 1, Type 2

• Kp, Kv, Ka

Experimental Determination of Transfer Function
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Basic characteristics of different compensation

• Lead compensation （b）

• Lag compensation （c）

• Lag-lead compensation （d）

Control Systems Design
by Frequency Response
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Lead Compensation

Characteristics of lead compensators
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Lag Compensation

Characteristics of lag compensators
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Lead-Lag Compensation

Characteristics of lead-lag compensators
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CB5 (SW5)：
Compensation Network

Key Points

• Transfer function
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Matlab Sample Codes: ACLab3.m

Circuit Blocks Models and Plots

Refer to the circuit schematics and transfer functions for each CB
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Bode Diagram

Frequency  (rad/s)

System: sys1

Frequency (rad/s): 1e+03

Magnitude (dB): 28.4

NOTE: the gain at high frequency!

Lead compensator (ACLab3.m, Krp3=10)

28.4dB => Gain=26.3!
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Lead compensator (CB5+CB9, Krp3=10)

Make sure to record correct result!
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DON’T run into saturation!

Lead compensator (CB5+CB9, Krp3=10)
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Un-compensated (Krp1=10, Krp4=8)

Un-compensated Dynamic Response
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Un-compensated (ACLab3.m, Krp1=10, Krp4=8)

Un-compensated Response by Matlab
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System: sys2_OL

Phase Margin (deg): 20
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Open-Loop Bode plots by Matlab
Un-compensated

Un-compensated (ACLab3.m, Krp1=10, Krp4=8)
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Compensated Dynamic Response

Lead compensated (Krp3=10, Krp4=8)
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Compensated Response by Matlab

Lead compensated (ACLab3.m, Krp3=10, Krp4=8)
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Open-Loop Bode plots by Matlab
compensated

Compensated (ACLab3.m, Krp3=10, Krp4=8)
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Bode Diagram
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Bode Diagram

Frequency  (rad/s)

System: sys1

Frequency (rad/s): 2e+03

Magnitude (dB): 15.4

15.4dB => Gain=5.89!

Alternative Krp3 Values

Lead compensator (ACLab3.m, Krp3=2)
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Lead Compensated (ACLab3.m, Krp3=2, Krp4=8)

Compensated Response by Matlab
with Krp3=2
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Lead Compensated (Krp3=2, Krp4=8)

Compensated Response with Krp3=2
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Q&A


