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Impact of Non-Uniform Flux 

Density on Core Losses: 

A Case Study on Standard 

Core Geometries

CONCLUSIONS

Core loss estimation is a critical task for the design of inductors and transformers. Assumptions of

uniform flux distribution is used to estimate the core losses, which does not reflect the real flux

distribution on the core:

• Flux crowding in the core corners results in the flux density concentrating in the core edges.

• Unbalanced core legs results in higher average flux densities in different core sections.

• Differences between inner and outer radius of toroid cores results in higher flux in the inside.

The influence of non-uniform flux distribution in the core losses must be explored to understand

how much of an impact it has and how it affects different standard core geometries.

INTRODUCTION

RESULTS

Flux distribution is evaluated for standard core geometries found in the TDK

Electronics product catalogue for ferrites and accessories [1]. The following

core geometries are studied:

All cores are evaluated with 2-D FEM simulations to get an accurate

distribution of the flux density (limited to low frequency effects).

Resulting flux density per finite element is used to evaluate the losses:

Using the Steinmetz Equation, the loss increase due to non-uniform flux

density is a function of β, which is material/temperature/frequency dependent

[2]. Thus, the increase in losses FB,dist is evaluated in a wide range of β based

on experimental data from the MagNet opensource core loss database [3].

Results for all cores per value of β are shown, with indications of common

ranges of β. The loss increases curves for all the cores are fitted to third

degree polynomial functions, and all the coefficients are tabulated.

• 41 R cores.

• 34 E cores

• 16 ELP cores (8 ELP/ELP + 8 ELP/I)

• 13 U cores (11 U/U + 2U/I)
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This work demonstrates how a uniform flux density

distribution in the core is not an accurate

representation of the real distribution, and how it

underestimates the core losses. Most toroid cores

are unaffected for typical β values, but increments of

>10 % are common for E, ELP and U cores

In addition to the presented curves, all the

coefficients used for the fitted polynomials are

tabulated. A more accurate approximation of the real

losses for the different core geometries at any value

of β can be made in the initial design stages of any

magnetic device.

𝑃loss,uniform ∝ 𝐵uniform
𝛽 𝑃loss,non−uniform ∝
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𝛽

𝑉core

𝑃loss,non−uniform = 𝐹𝐵,dist · 𝑃loss,uniform


