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Course Logistics

• Labs:
• Please be on time and come prepared

• Each person needs to complete prelab and submit as a part of the final lab report

• You need to submit all five (5) lab reports in order to write the final exam

• Quiz 2 will take place on Feb. 13

• Midterm will take place on Feb. 26
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Two-Quadrant DC-DC Converter

Pulse Width Modulation (PWM)

Assume complementary switching

Generating

Duty cycle
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Two-Quadrant DC-DC Converter

Pulse Width Modulation (PWM)
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State Equations for DC Motor with Field Winding

State Equations -> ODEs
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Coupling Terms

How do we solve these equations ?

Are these equations linear or non-linear ?

Are these equations coupled or decoupled ?
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5-HP DC Motor (With Field Winding) Simulink Model

Try to do it yourself
• Both models are absolutely equivalent
• Models behave like “virtual” DC machine
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Dynamic Response of a 5-HP DC Motor

In this computer study:

Zero initial conditions assumed

Step-1: field winding is energized

Step-2: armature is energized

Step-3: load torque is applied

Example: Motor parameters:

Va = Vf = 240 V, Rf = 240 W, Lf = 120 H, Ra = 0.6 W, La = 0.012 H, Laf = 1.8 H, J = 1 kg*m^2,  Dm = 1e-4 N*m*s, 

Tm = 29.2 N*m
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Dynamic Modeling of PM DC Machine
State Equations
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Coupling Terms

How do we solve these equations ?

Are these equations linear or non-linear ?

Are these equations coupled or decoupled ?

Standard State-Space Form
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Implementation of the state equations
State Equations
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Implementation of the State Equations
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Re-write the equations in s-domain

( ) aaaaa eisrv ++= 1

Define time constant

a

a
a

r

L
=



11

Simulink Model of a PM DC Motor
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State equation:

Output equation:
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Dynamic Response of a 6V PM DC Motor

In this computer study:

Zero initial conditions assumed

Step-1: voltage is applied

Step-2: load torque is applied

Example: Motor parameters:

Va = 6 V, Ra = 7 W, La = 120 mH, Kv = 0.0141 N*A/m, J = 1.06e-6 kg*m^2,  Dm = 6.01e-6 N*m*s, Tm = 3.53e-3 N*m



Example 1
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Example 2
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Example 3
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Example 4
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Example 5
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Example 5
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Looking ahead…

• Start Module 5
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