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Powder Core DC Bias Characteristics

1. DC Bias Fit Formula
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Better DC-Bias

• Higher Inductance at Large Current

• Low Core Loss

• Minimized Audible Noise

• Free from Leakage Flux

àLess Heat Generation, EMI Noise
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(1) DC Bias Fit Formula Example1 : Sendust 26μ

1. DC Bias Fit Formula
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• 0~200 Oe : DCB Fit Formula Graph is

similar to Real test result.

• 200 Oe ~ : There are big difference

between Real and Fit Formula Graph.
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(2) DC Bias Fit Formula Example2 : High Flux 60μ 

1. DC Bias Fit Formula
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• 0~150 Oe : DCB Fit Formula Graph is  similar to Real test result.

• 150 ~410 Oe ~ : There are some difference between Real and Fit Formula Graph.

• 410 ~ : With the above Fit formula, it is not possible to predict permeability. 

à For the punctual prediction of permeability at high current , new Fit formula is required. 
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(3)New DC Bias Fit Formula (%Perm.)

H : DC Magnetizing Force [Oe]

a, b, c : coefficients

1. DC Bias Fit Formula
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• 0~400 Oe : Real test result and new DC Bias Fit Formula match up very well.

• 400 Oe ~ : New DC Bias Fit Formula coefficients are determined based on real test result from

0 to 400 Oe, it is possible to predict permeability using that formula.

àNew DC Bias Fit Formula coefficients   a, b and c as a function of                                 

are used in CSC catalog 2012 version
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(4)New DC Bias Fit Formula Coefficients (Effective Perm.)

H : DC Magnetizing Force [Oe]

a, b, c : coefficients

Material ui a b c

MPP

026 0.0385 4.04E-07 2.081 

060 0.0167 1.70E-07 2.454 

125 0.0080 1.71E-07 2.663 

147 0.0068 2.76E-07 2.612 

160 0.0062 2.67E-07 2.645 

173 0.0058 3.09E-07 2.667 

200 0.0050 1.73E-07 2.820 

High Flux

026 0.0385 6.84E-08 2.196 

060 0.0167 5.39E-08 2.419 

125 0.0080 8.30E-08 2.523 

147 0.0068 3.12E-08 2.808 

1. DC Bias Fit Formula
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H : DC Magnetizing Force [Oe]

a, b, c : coefficients 147 0.0068 3.12E-08 2.808 

160 0.0062 6.92E-08 2.641 

Sendust

026 0.0385 4.16E-06 1.709 
060 0.0167 4.70E-06 1.797 
075 0.0133 6.19E-06 1.758 
090 0.0111 9.07E-06 1.739 
125 0.0080 1.60E-05 1.681 

Mega Flux®

019 0.0527 6.37E-09 2.424
026 0.0385 2.66E-07 1.944 
050 0.0195 1.01E-06 1.859
060 0.0167 6.43E-07 1.955 
075 0.0133 1.82E-06 1.804 
090 0.0111 2.47E-06 1.809 

HS

019 0.0523 2.10E-07 2.090
026 0.0396 8.91E-09 2.668 
060 0.0170 3.28E-07 2.145
075 0.0138 5.06E-07 2.083 
090 0.0114 2.05E-06 1.853 
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Core Loss

•Core loss (or iron loss) is a form of energy loss that occurs in electrical transformers

and other inductors. The loss is due to a variety of mechanisms related to the fluctuating 

magnetic field, such as eddy currents and hysteresis.

1)Hysteresis loss : 

Equal to area of Hysteresis   

curve

fBHkP mc
h µ=

p

2. Core Loss Fit Formula
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1)Hysteresis loss : 

Equal to area of Hysteresis   

curve

2)Eddy current loss :

Induced eddy current in material

(Joule’ heat)

rr
p 22222 f

c
fBdfWP ee µ==
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(1) Steinmetz Equation

IEEE TRANSACTIONS ON POWER ELECTRONICS, 

VOL. 27, NO. 2, FEBRUARY 2012

Core Losses Under the DC Bias Condition Based 
on Steinmetz Parameters

Jonas Muhlethaler, Student Member, IEEE, Jurgen Biela, 
Member, IEEE, Johann Walter Kolar, Fellow, IEEE,
and Andreas Ecklebe, Member, IEEE

2. Core Loss Fit Formula
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(2) Steinmetz Equation vs Real Core Loss Test Result (Sendust 60μ)

• f = 50kHz ~ 300kHz

: Real test results are similar to

Core Loss Fit Formula lines. 

• f = 5 ~ 20kHz

: Core Loss Fit Formula lines 

are much lower than Real test

results lines.

àFor calculating Core Losses at

lower Frequency, new Fit 

formula is required. 

2. Core Loss Fit Formula
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• f = 50kHz ~ 300kHz

: Real test results are similar to

Core Loss Fit Formula lines. 

• f = 5 ~ 20kHz

: Core Loss Fit Formula lines 

are much lower than Real test

results lines.

àFor calculating Core Losses at

lower Frequency, new Fit 

formula is required. 

※Core Loss Test Equipment : SY-8217 B-H Analyzer

Steinmetz Equation is based on real test result. 
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(3) New Core Loss Fit Formula

P : Core Loss [mW/cc]

B : Flux Density [kGauss]

f : Frequency [kHz]

a, b, c, d : coefficients

(Sendust 60μ)

2. Core Loss Fit Formula
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※Core Loss Test Equipment : SY-8217 B-H Analyzer

• f = 5~300 kHz 

: Real Core Loss test results at all frequencys and new Core Loss Fit Formula

prediction match up very well.

P : Core Loss [mW/cc]

B : Flux Density [kGauss]

f : Frequency [kHz]

a, b, c, d : coefficients
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(4) New Core Loss Fit Formula coefficients

Material ui a b c d

MPP

026 2.285 3.379 0.0032 2.390 
060 2.183 2.485 0.0125 2.099 
125 2.028 1.197 0.1865 1.750 
147 2.026 0.865 0.2634 1.712 
160 2.026 0.865 0.2634 1.712 
173 2.026 0.865 0.2634 1.712 
200 2.045 0.848 0.3513 1.716 

High Flux

026 2.252 4.081 0.0006 2.736 
060 2.284 3.050 0.0023 2.397 
125 2.165 1.736 0.1793 1.780 
147 2.104 2.117 0.1131 1.899 
160 2.104 2.117 0.1131 1.899 

2. Core Loss Fit Formula
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147 2.104 2.117 0.1131 1.899 
160 2.104 2.117 0.1131 1.899 

Sendust

026 2.048 4.245 0.0215 1.990 
060 2.183 4.185 0.0182 2.024 
075 2.207 4.518 0.0244 1.967 
090 2.207 4.518 0.0244 1.967 
125 2.207 4.518 0.0244 1.967 

Mega Flux®

019 2.166 9.918 0.0519 2.061 
026 2.166 9.918 0.0519 2.061 
050 2.145 8.874 0.0632 1.980 
060 2.145 8.874 0.0632 1.980 
075 2.145 8.874 0.0632 1.980 
090 2.145 8.874 0.0632 1.980 

HS

019 1.878 2.277 0.0053 2.135 
026 1.878 2.277 0.0053 2.135 
060 2.275 2.830 0.0312 1.953 
075 2.269 3.677 0.0411 1.930 
090 2.269 3.677 0.0411 1.930 
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• Energy Storage Capacity : LI2 [L=Inductance(mH), I=Current(A)]

3. Core Selection Chart 

(1) Core Selection Chart(Toroidal) 
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Core outer Diameter



4. Core Design Tool 

(1) Core Design Tool(Toroidal) 
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* Information

• Application : 9kW Solar Inverter AC Filter Inductor

• Switching Frequency : 17kHz

• I rms : 13A

• I peak : 21A

• ΔI : 6.3A

• Inductance : 700μH @21A

Toroidal Core Design 

5. Core Design Example 
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• Application : 9kW Solar Inverter AC Filter Inductor

• Switching Frequency : 17kHz

• I rms : 13A

• I peak : 21A

• ΔI : 6.3A

• Inductance : 700μH @21A



L(21A)=700μH 

• Energy Storage Capacity : LI2 [L=Inductance(mH), I=Current(A)]=0.7 x 212=308

5. Core Design Example Core Selection
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à Material = Mega Flux, Size = OD61.0mm Size
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1. Material & Size Input : Material = Mega Flux, OD = 610

2. Design Data Input : RMS Current=13A, Peak Current=21A, Frequency=17kHz

Ripple Current=6.3A, Required L=700μH

3. Wire : Wire Material à Current Density à Turns changing to meet the target L

(Winding Factor should be lower than 45%)

1

5. Core Design Example Core Design
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23
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1. Select Perm. & Read L– Red color means that perm. meet the target L

2. Read Core Loss: Wave shape is DC à Read DC Loss, ACà Read AC Loss

3. Read Total Loss & Delta T : Total Loss=Core Loss + Wire Loss 

5. Core Design Example Data Read
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1

2

3
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1) P=f(B, f) 

: P=Core Loss[mW/cc],  B=Flux Density[kGauss], f=Switching Frequency[kHz]

2) Core Loss Curve fit Equation (a, b, c, d = constants)

(1) Core Loss

1)B=f(L, I, N, Ae ) 

à B=(LDC x ΔI x 100) / (2 x N x Ae) 

: B=Flux Density[kGauss], LDC=Biased Inductance [μH],

ΔI=Ripple Current [A], N=No. of Turns, Ae=Core Cross Section Area [cm2]

(2) Flux Density

6. High Efficiency Core Design Core Loss

www.changsung.comwww.changsung.com

1)B=f(L, I, N, Ae ) 

à B=(LDC x ΔI x 100) / (2 x N x Ae) 

: B=Flux Density[kGauss], LDC=Biased Inductance [μH],

ΔI=Ripple Current [A], N=No. of Turns, Ae=Core Cross Section Area [cm2]

(3) Low Core Loss Design with same Material : Fixed Frequency, Inductance

Categories Method Remarks Disadvantage

Ripple Current ↓ Control Program

No. of Turns ↑ Low Perm. Core 
Wire Loss↑
Wire Cost↑

Cross Section Area ↑ Taller Height Core Cost ↑
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1) RMS Current = 8A

Peak Current = 12A

Frequency = 100kHz

Ripple Current = 5A

L(12A)=160μH

(4) Design Example

2) High Flux OD 33mm Design Result (Original Design=CH330125)

Materials Core Loss

MPP 60μ 170mW/cc

High Flux 60μ 180mW/cc

Sendust 60μ 260mW/c

Mega Flux 60μ 590mW/cc

※ Core Loss Comparison (@50kHz, 1,000G)

6. High Efficiency Core Design Core Loss
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Core

Wire Inductance [μH]
B

[Gauss]

Loss [W]

Size Turns Weight L(0A) L(12A)
Core 
Loss

Copper 
Loss

Total 
Loss

CH330125

Φ1.5

50 33g 317 162 1,190 6.6 1.3 7.9

CH330060 58 38g 205 161 1,026 2.6 1.5 4.1

CH330026 82 54g 188 161 726 1.6 2.1 3.7

CH330026E14 71 55g 181 163 639 1.6 2.2 3.7
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Core Shape

Block Cores Ellipse Cores Cylinder Cores

(1) Wire Loss

Wire Loss = I2•R(I : Rated Current [A], R : Resistance of Wire[Ω])

(2) Low Wire Loss Core Design

1) Wire Length / Turn should be Smaller 

6. High Efficiency Core Design Wire Loss
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Block Cores Ellipse Cores Cylinder Cores

Cross sectional
Area(cm2)

4.5 4.5 4.5

Size 30mm x 15mm
33mm x 15mm 
(Corner 7.5R)

φ24mm

Wire length
/ turn(cm)

9 8.31 7.53

2) No. of Turns should be Smaller

à High Perm. Core
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No. of turns

Wire LossWire Loss

Core Loss + Wire LossCore Loss + Wire Loss

Core Loss

Core Loss + Wire Loss

Wire Loss

Core Loss

Area 1 Area 2

(1) Total Loss vs Turns

6. High Efficiency Core Design Total Loss
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vTotal Loss = Core Loss + Wire Loss

vNo. of Turns↑ à Wire Loss↑, Core Loss↓

Design Area No. of Turns
Core Perm.

(Same Material)
DCB Characteristics
(Different Material)

Area 1 Increase Lower Lower

Area 2 Decrease Higher Higher

(2) Low Total Loss Core Design
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