
Example Midterm Problem 
Magnetics Design and Loss Analysis 

ECE 482 
 

Fig. 1 shows the power stage of the drivetrain boost converter to be assembled in experiment 2.  
For all parts of this prelab, consider operation of the converter at an operating point around which: 

 Vbat = 20 V 

 Vbus = 50 V 

 Pout = VbusIbus = 100 W 

 Δil = 80% of IL 

 fs = 200 kHz 

 

Figure 1: Open Loop Boost Converter 

1. Assuming an ideal, lossless converter, find the following: 
a. Average inductor current IL 

b. Current ripple Δil 

c. Maximum inductor current Imax = IL + Δil 
d. Converter duty cycle D 
e. Inductance L 

 
 
 
 
 
 



2. The inductor is designed to have a maximum flux density Bpk = 300 mT when the inductor current 
is Imax.  The ETD29 core of 3C90 material is used (core and material information are attached).    
How many turns n must be wound on the inductor to achieve this Bpk at the specified operating 
point? 

 

 

 

 

 

 

 

 

 

 

 

3. What must the inductor equivalent air gap, lg, be in order to achieve the specified inductance with 
this amount of turns? 

 

 

 

 

 

 

 

 

 

 

 



4. What is ΔB at this operating point?  On the axes below, sketch the flux density in the core, B(t) 
over one switching period.  Label all salient features. 

 

 

 

 

 

 

5. Given the data in the attached core datasheet, give an estimate the core loss of the inductor at this 
operating point, assuming 100°C temperature.  Argue whether or not this is a good design, and 
what could be done differently to improve it. 

(Note: on the ferroxcube datasheets, ܤ෠  = “Bpeak” is defined as in the following figure:) 

 

 
 
 
 

6. Is the Kg or Kgfe method more appropriate for this design?  Just answer one or the other, no need 
to justify. 



7. Inductor Design: Simplified Equations: 

 
1. MMF and Field Strength 

 
2. Flux and Flux Density 

 
3. Faraday’s Law (integral and differential form) 

 
4. Ampere’s Law for an ungapped core 

 
5. Core Material Characteristics: 

 
 

Inductor Circuit Behavior: 
 

6. Inductor Behavior (integral and differential form) 

 
 

 

Magnetic Circuits: 
 

7. Reluctances: 
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8. Inductance of a gapped core: 
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