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Course Logistics

e Labs:

* Please be on time and come prepared
e 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

* Detailed information already announced on Canvas

* Beginning of tutorial and you will be given 20 minutes
* Closed book and notes, calculators allowed
* Coverage: Modules 2 and 3 (Hint: review transformers and energy/co-energy/areas)

* Midterm will take place on Feb. 26 .~ = tudoel  duiy et ock
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DC-DC Converters Quadrants

Assume a DC v%tabge source wherein the averaged output voltage can be controlled
op-up e bor




DC-DC Converters Quadrants - Summary

T s ™ ot o

Name Forwarding motoring  Forward generating Reverse motoring Reverse generatmg
E, Va V,>E; >0 E,>V,>0 V, <E; <0 E, <V, <0
I, I, >0 I, <0 I, <0 Ipb, >0
T, Positive (CCW) Negative (CW) Negative (CW) Positive (CCW)
T, Negative (CW) Positive (CCW) Positive (CCW) Negative (CW)
W, Positive (CCW) Positive (CCW) Negative (CW) Negative (CW)

: : Car in forward : :
Car in forward (drive) Car in reverse mode Car in reverse mode

: : (drive) mode going : , : :
mode going uphill downhill going uphill going downhill

Example



One-Quadrant DC-DC Converter ( WVF’)\,Q
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One-Quadrant DC-DC Converter —

Pulse ngtmihﬁgdulatlo_n (PWM)
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Two-Quadrant DC-DC Converter

s Motoring VJs
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Pulse Width Modulation (PWM) t

Assume complementary switching
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Two-Quadrant DC-DC Converter

L Motoring
e
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Pulse Width Modulation (PWM)
Assume complementary switching

Duty cycle
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Two Quadrant DC-DC Converter

Generating
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Pulse Width Modulation (PWM)
Assume complementary switching

Duty cycle
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Two Quadrant DC-DC Converter

Generating

-~ Y

Pulse Width Modulation (PWM)
Assume complementary switching

Duty cycle

~.¥
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Four-Quadrant DC-DC Converter > U — Vg
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Four-Quadrant DC-DC Converter

s H-Bridge Converter
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Fouii-Quadrant DC-DC Converter / ey
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Differential PWM

(Non-complementary)
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Closed-Loop Electric Drive Systems O T atsboir

(Eour]cj% ) (> Cﬂwj (ouse. g~
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Electrical System Mechanical System

Systems are more complicated

 Models are needed for analysis, design, tuning of controllers,
and investigating interactions among components

« Simple steady siate models may not be sufficient anymore
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Dynamic Modeling of DC Machine with Field Winding

Circuit is valid for transient anaIyS|s Zf vy La V, l,

(> (ﬂwt N7 eqpTs ) VA
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Voltage Equations o - - — 5
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—  Cannot changemstantaneously

ﬁ m T osichles: el ij 5/




Re-Write the Equations to Express Derivatives

State Equations -> ODEs
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Are these equations coupled or decoupled ? @Wpl/ﬁxf

Are these equations linear or non-linear ? Ao — Uea e —= \JM“C’/QC‘% W‘“@f]’bmf W&/

How do we solve these equations ? Ahﬁﬁjﬂ@g - %@M}ﬂ 0€ foalen QQm»«Mh@
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Implementation of the State Equations—= > oo
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Is this a unique implementation ? ¢ -



Implementation of the State Equations

Re-write the equations in s-domain
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5-HP DC Motor (With Field Winding) Simulink Model

Lldc_motor_Shp

File Edit ‘View Simulation Format Tools Help
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Try to do it yourself

* Both models are absolutely equivalent

* Models behave like “virtua

III

DC machine
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Looking ahead...

* Finish Module 4





