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Core Loss Modeling – the Players

Charles Proteus Steinmetz – great GE 
engineer working from the late 1890s.

Dr. Vatché Vorpérian – one of the 
best minds in our industry taught me 
about fractal mathematics.

Dr. Qichen Yang – solved complex 
mathematical problems for me 
involving 6th order circuit 
optimization. 

Dr. Shilpa Marti – spent 3 weeks 
reading and transcribing core loss 
data for us so that you don’t have 
to do that anymore. 

Arthur Nace – retired aerospace 
engineer and programmer who 
automated LTspice models for us. 

John Beecroft – Primary tester 
and proponent of RidleyWorks for
over 20 years. 

http://www.ridleyengineering.com/


Semiconductor Devices and Models

These are impossibly complex structures to build and understand. 

Yet they usually come with a spice model 

that’s pretty useful. 

http://www.ridleyengineering.com/


Magnetics Devices and Models

Not so hard to build, although maybe hard to understand.

Doesn’t compare to Schroedinger’s equations….. 

Where is the spice model ?

http://www.ridleyengineering.com/


Magnetics Winding Loss Models

Complex proximity loss models covered in this webinar

https://ridleyengineering.com/videos-e/304-magnetics-
proximity-loss-webinar.html

http://www.ridleyengineering.com/
https://ridleyengineering.com/videos-e/304-magnetics-proximity-loss-webinar.html


Core Loss MPP 200u

300 kHz 0.1 T 5 W/cm3

5000 mW/cm3

http://www.ridleyengineering.com/


Core Loss PC95

300 kHz 0.1 T  0.350 W/cm3 > 10 times better than MPP

350 mW/cm3

http://www.ridleyengineering.com/


Steinmetz Equation

x

c

yP fk B= 

Equation assumes curves are 

1) Equally spaced with frequency

2) Equal slopes at different frequencies

Steinmetz Equation named for Charles 

Steinmetz, he introduced a form 

of this equation in 1892. Core loss was a 

problem even at 50/60 Hz

http://www.ridleyengineering.com/


Use Excel to Calculate Coefficients

Constant   k = 18.7795

Frequency Exponent  x = 1.4918

Flux Exponent y =2.45

Vendor Material Core Data 0.2 T 100 kHz Core Data 0.1 T 100 kHz Core Data 0.1 T 200 kHz Delta B Exponent f Exponent k

mW/cm3 mW/cm3 mW/cm3

TDK PC95 350 64 180 2.451211112 1.4918531 18.77954

2 1 3
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Early Transformer Core Loss Model

Rc

Simple resistor captured some of the loss characteristics

Frequency was fixed to line distribution frequency (change 

resistor value for different frequency)

Hysteresis losses captured for sinewave excitation – flux 

exponent assumed to be 2

http://www.ridleyengineering.com/


Parallel Ladder Network - Frequency Dependence

x

c

yP fk B= 

Parallel ladder driven by the inductor or transformer voltage

Frequency dependent dissipation matches frequency exponent

This will give a flux exponent of 2, like the early core loss models
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Parallel Ladder Network – Adding y Exponent

x

c

yP fk B= 

Parallel ladder driven by the inductor or transformer voltage

Magnetic winding voltage is raised to the y/2 power

Waveform sign must stay the same
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Data Entry and Model Generation

http://www.ridleyengineering.com/


Fully Automated PSIM and LTspice Models

http://www.ridleyengineering.com/


LTspice Simulation Results

Low Line Input

High Line Input

http://www.ridleyengineering.com/
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Hands-On Design Workshops

This is our brand-new workshop format where we ship you everything you need to design, test, and learn. 
Magnetics kits with cores, bobbins and wire, custom computer and software, oscilloscope, frequency response 
analyzer, power supplies, load banks, test boards and parts kits are included. It's a learning experience like no 
other where we teach real-time and monitor each of your individual test stations from our base in California. 

All attendees receive course notes and their personal copy of RidleyWorks to greatly accelerate your design 
process.

2021 Dates
January 25-28, February 22-25

http://www.ridleyengineering.com/
https://shop.ridleyengineering.com/collections/education
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Frequency Response Analyzers

Power Supply Design Center
Facebook Group

Free 
Book

Email info@ridleyengineering.com
For full demo

Webinar 
Series

Power Supply 
Design Center Articles

http://www.ridleyengineering.com/
http://ridleyengineering.com/software-ridley/ridleyworks/ridleyworks-software.html
http://ridleyengineering.com/design-center-ridley-engineering.html
http://ridleyengineering.com/hardware/ap-ridleybox.html
http://ridleyengineering.com/hardware/ap-ridleybox.html
https://www.facebook.com/groups/ridleyengineering/
https://www.facebook.com/groups/ridleyengineering/
http://ridleyengineering.com/images/current_mode_book/CurrentModeControl.pdf
http://ridleyengineering.com/hardware/ap-ridleybox.html
mailto:info@ridleyengineering.com
https://ridleyengineering.com/design-center-ridley-engineering.html
http://ridleyengineering.com/hardware/ap-ridleybox.html


18

http://www.ridleyengineering.com/

