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Agenda

Lab#1 Review

• Lab kit operation

Frequency-Response Analysis

• Definition of System Frequency-Response

• Bode Diagrams

• 8 typical factors and their Bode Diagrams

Bode Diagrams by MATLAB

• How to build TF; nyquist(), bode(), margin()

System simulation by MATLAB/Simulink

• Validity of the measurement result

• Signal saturation, low SNR (Signal-to-Noise Ratio)
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ACLab Kit

AD2 Lab Panel
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VI Software: Waveforms App

VI

• Scope

• Wavegen

• Network

• Script
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电源管理

信号选择

信号源

电路切换

参数调节
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ACLab Kit Block Diagram

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 Build a 2nd-Order System

Typical 2nd-Order System in General Form

Building a 2nd-Order System with Lab Kit

+-
K1 Ts+1

K2Vref K3 s
K4 Vout

System Transfer Function Analysis
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Frequency-Response Analysis

Linear Time-Invariant (LTI) System G(s)
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Bode Diagrams

Bode Diagrams / Logarithmic Plots

• Magnitude in DB versus frequency

• Phase angle in degrees versus frequency
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Basic Factors

• Gain K

• Integral / Derivative factors (jω)±1

• 1st-order factors (1+jω)±1

• Quadratic factors [1+2ζ(jω/ωn)+(jω/ωn)
2]±1

Bode Diagrams for Basic Factors
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Frequency-Response by Matlab
ACLab2.m

Refer to the attached .pdf file and .m scripts

• Build Transfer Function sys = tf(num,den)

• bode(sys)

• nyquist(sys)

• [gm,pm,wcg,wcp] = margin(sys)

Digital simulation of the mathematical model 

• Close enough to the theoretical analysis result

• No problem with signal saturation or SNR
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Matlab Sample Codes: ACLab2.m

Circuit Blocks Models and Plots

** Change Krp1/Krp2/Krp4 values as required
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Network Analyzer

Frequency-Response by AD2

Instrument: Network Analyzer; may conflict with other instruments
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Frequency-Response by AD2

Single; Settings; View Options: Time; Nyquist; Nichols



Shanghai Jiao Tong University
Frequency-Response by Lab

two 1st-order factors in series(CB3+CB4, RP2=2)
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Frequency & Time Responses

1st-order factor(CB3+CB9, RP2=6)
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Frequency & Time Responses

1st-order factor(CB3+CB9, RP2=6)
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Frequency-Response by Lab

Integrator (CB8+CB9)
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“Problems” with Lab 
for Frequency Response

Signal saturation? Too low SNR? Too long time to get fine plots?
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A 2nd-Order System Bode Plots

Warning: it takes more than 20mins to get the above figure.

Warning:

Out of range…

CB1 + CB2(RP1=10) + CB4 + CB6(RP4=8) + CB8

• SW10 ON; Mr=9.02dB= → Mr=2.87
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CB1 + CB2(RP1=4) + CB3(RP2=8) + CB6(RP4=6) 

+ CB8; SW10 ON; Mr=9.02dB → G=2.82

Lab2-4 2nd-Order System Bode Plots

Warning: it takes about 13mins to get the above figure.
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Lab2-4 Frequency Response Mr vs ζ
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Time-domain Analysis

• Step response in Lab#1

Lab2-4 Step Response MP vs ζ
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Textbook formula (5-103)

Lab2-4 Closed-system Model Analysis
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CB2: Inverted Proportional Amplifier (KRP1=4)

CB6: Inverted Proportional Amplifier (KRP4=6)

Lab2-4 Closed-system Model Analysis
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CB3: Inverted Inertial Factor (KRP2=8)

CB8: Inverted Integrator
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Lab2-4 Closed-system Model Analysis
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System Simulation by MATLAB
ACLab2.m
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Frequency Response by MATLAB
ACLab2.m
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Model Construction

• How to build a simulation model based on TF

• How to manipulate variable parameters

Model Operation

System Simulation by Simulink
ACLab2_1.slx
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Time VS Frequency Response
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Model Construction

• How to build a simulation model based on TF

• How to manipulate initial value (affect output offset)

Model Operation

• How does the Trigger work?

System Simulation by Simulink
ACLab2_2.slx
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Model Construction

• How to build a simulation model based on TF

• How to control the signal phase

System Simulation by Simulink
ACLab2_3.slx
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Simulation Result Analysis 
ACLab2_3.slx
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Model Construction

• How to build a simulation model based on TF

• How to manipulate variable parameters

Model Operation

System Simulation by Simulink
ACLab2_4.slx
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Simulation Result Analysis 
ACLab2_4.slx
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Q&A


