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The Importance Of Knowing Magnetic Core Saturation Field Strength For Accurate 
Hysteresis Loss Calculation 

by Gregory Mirsky, Design Engineer, Deer Park, Ill. 

Those who are involved in magnetic component design know that it is desirable to have a hysteresis curve 
available for accurate calculations and for understanding what a magnetic core is capable of. Unfortunately, 
magnetic core manufacturers very seldom provide full hysteresis loops for their products, limiting the 

parameters to the saturation flux density, remanence, and permeability. 

Despite that limitation, as has been demonstrated in previous work, it is possible to build a hysteresis curve 
based on these few parameters. Moreover, it is possible to predict the magnetic parameters’ behavior at 
different magnetizing currents. This is very helpful in designing transformers, inductors and electric magnets 

(including solenoids). 

An expression for the hysteresis loop (see reference 1) allows for easy calculation of the hysteresis loop power 
loss—a crucial characteristic that is necessary to calculate the magnetic core power loss and converter 
efficiency. Knowledge of the expression for the hysteresis loop shows the core magnetic permeability change 

with the magnetization field change. The limits of the magnetization field Hsat and -Hsat directly define the core 

power loss. 

Although the previous work has shown how to calculate core power loss using an expression for the hysteresis 

loop derived from a core’s data sheet specifications, it assumed values of Hsat and -Hsat based on Bsat/µ, without 

clearly defining how to determine the acceptable value of permeability. In this article, a method is proposed for 

defining Hsat based on an analytic expression for the core permeability dependence on the magnetizing field 

induced in the core. It assumes dependence of permeability on the applied magnetic field and a value of an 
admissible permeability loss due to the magnetization strength H rise. The µ(H) function is a hyperbolic one, 
whose graphical interpretation is not very obvious and thus not easy to perceive. 

Using the new expression for Hsat derived here, we’ll see how it can be applied to the previously derived 

expression for hysteresis loss in a design example. For the reader’s convenience, any formulas from reference 1 
required for our calculations are repeated here.  

Building A Hysteresis Loop 

The referenced article[1] has this set of expressions describing the hysteresis loop:    

𝐵1(𝐻𝑥) = 𝐵𝑠𝑎𝑡 [
2

1+𝑒
−(𝐻𝑥−𝐻𝑐)

𝐻0

− 1]       (1)   

  

B2(Hx) = Bsat [
2

1+𝑒
−(Hx+Hc)

H0

− 1]        (2) 

Here Bsat is the core saturation flux density and HC is the core coercive force. H0 is a virtual magnetic field 

strength whose value should be determined by deriving an expression for H0. HX is the present magnetic field 

strength. B1(HX) and B2(HX) are values for present flux densities for both branches of the hysteresis loop.  

The core dynamic permeability μ for each branch is described by derivatives of the above expressions. Please 

keep in mind that this permeability is a full permeability that can be expressed as µ = µ0 x µ1 where µ1 is a 

relative permeability of the core material in the loop point of interest. When the hysteresis loop branch flattens 

out, the µ1 value goes down. Therefore, µ1 is a function of HX

 
and µ = µ(HX).  

Taking a derivative of each branch (1) and (2) to obtain the instantaneous value of permeability and simplifying 
results, we get 
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µ1(Hx) =
Bsat

2∙H0∙cosh(
Hc+Hx

2∙H0
)

2        (3) 

and  

µ2(Hx) =
Bsat

2∙H0∙cosh(
Hc−Hx

2∙H0
)

2        (4) 

We see that both expressions have a term H0 that must be found. We can also see that each branch has an 

offset HC with respect to the B coordinate. Hence, it is reasonable to find a median graph for µ(HX) and use it 

for finding H0.    

µmean(Hx) =

Bsat

2 ∙ H0 ∙ cosh (
Hc + Hx

2 ∙ H0
)

2 +
Bsat

2 ∙ H0 ∙ cosh (
Hc − Hx

2 ∙ H0
)

2

2
 

Simplifying the above expression, we get 

µmean(Hx) =
Bsat∙(2∙cosh(

Hc+Hx
2∙H0

)
2

+2∙cosh(
Hc−Hx

2∙H0
)

2
)

8∙H0∙cosh(
Hc+Hx

2∙H0
)

2
∙cosh(

Hc−Hx
2∙H0

)
2     (5) 

At the beginning of the coordinates where HX

 
= 0 and HC = 0, the initial value of the magnetic core permeability 

µini, which is a datasheet parameter, will be 

µini(Hx) =

Bsat ∙ (2 ∙ cosh (
0 + 0
2 ∙ H0

)
2

+ 2 ∙ cosh (
0 − 0
2 ∙ H0

)
2

)

8 ∙ H0 ∙ cosh (
0 + 0
2 ∙ H0

)
2

∙ cosh (
0 − 0
2 ∙ H0

)
2  

Simplifying, we get 

µini =
Bsat

2∙H0
          (6) 

Therefore 

𝐻0 =
𝐵𝑠𝑎𝑡

2∙𝜇𝑖𝑛𝑖
          (7) 

Now, knowing the expression for H0, we can plug it in into equations (1) and (2) and obtain expressions for 

both branches’ flux densities as follows: 

B1(Hx) = Bsat [
2

1+e

−(Hx−Hc)
Bsat

2∙μini

− 1]=−Bsat ∙ tanh [
µini∙(Hc−Hx)

Bsat
]   (8) 

B2(Hx) = Bsat [
2

1+e

−(Hx+Hc)
Bsat

2∙μini

− 1]=Bsat ∙ tanh [
µini∙(Hc+Hx)

Bsat
]   (9) 
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Accordingly (3) and (4) can then be expressed as  

µ1(Hx) =
Bsat

2∙
Bsat

2∙μini
∙cosh(

Hc+Hx

2∙
Bsat

2∙μini

)

2 =
μini

cosh[
μini∙(Hc+Hx)

Bsat
]

2    (10) 

µ2(Hx) =
Bsat

2∙
Bsat

2∙μini
∙cosh(

Hc−Hx

2∙
Bsat

2∙μini

)

2 =
μini

cosh[
μini∙(Hc−Hx)

Bsat
]

2    (11) 

And the mean value for the core permeability is 

µmean(Hx) =

μini

cosh[
μini∙(Hc+Hx)

Bsat
]

2+
μini

cosh[
μini∙(Hc−Hx)

Bsat
]

2

2
    (12) 

The plot for equations (10), (11) and (12) is shown in Fig. 1   

 
Fig. 1. The mean core permeability depends on the magnetizing field and shows how the core 

saturates while the magnetic field increases. All values are in SI, so magnetic field strength is in 
A/m, flux density in T, absolute permeability in H/m and so on. 

Now, using Fig. 1 we can assign the saturation value to the mean core permeability—µmeansat—and solve (13) 

with respect to HX that will be the magnetizing field value Hsat

 
causing the core saturation. Proper selection of 

the µmeansat level depends on the designer's skill, experience, and the set-up’s affordable power loss. (I 

elaborate on the selection of µmeansat for the Hsat calculation in the design example presented below.)  

µmeansat =

μini

cosh[
μini∙(Hc+Hx)

Bsat
]

2+
μini

cosh[
μini∙(Hc−Hx)

Bsat
]

2

2
     (13) 

 

Solution of equation (13) for HX gives eight values, and only two of them are real. For simplicity, we will leave 

in the real solutions only.  
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Design Example—Calculating Magnetic Field Saturation And Core Loss Values  

Having derived an expression for Hsat, we will now demonstrate the use of this expression in a design example 

where we first calculate magnetic field saturation value and then use it to calculate magnetic core hysteresis 
loss. 

In this example, we assume the use a Magnetics ferrite R-material 2915 core[2] for which the following 
parameters are specified. 

Bsat = 0.47 T 

µr = 2000 

µini = µr•µ0 where µ0 = 4π × 10−7 H·m−1
  

Br = 0.02 T 

Hc = 7.966 A/m 

µmeansat = 0.707•µini (see note below) 

lmag = 73.2 mm 

Smag = 74.9 mm2 

F = 50 kHz      

P1 = 600 W 

Volmag = Smag•lmag =5.483 x 10-3 L 

Note: From the graph of µmeansat above in Fig. 1 we see the permeability changing from its peak value 

corresponding to a µr maximum value of 2000 down to 1. The change is huge. We have to agree that saturation 

occurs when e.g. 30% of all domains have changed their spatial orientation and cannot further participate in the 

magnetization process. This is why I selected further the core permeability decrease down to 0.707 of the initial 
value. 
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Hence  

Hsat = Hsat0
= 113.285

A

m
 

where Hsat0
means the solution for the upper equation. 

There are two real solutions symmetrical with respect to the B coordinate. Using equations (8) and (9),  

B1(Hx) = −Bsat ∙ tanh [
µini∙(Hc−Hx)

Bsat
]    

B2(Hx) = Bsat ∙ tanh [
µini∙(Hc+Hx)

Bsat
]   

we can plot the hysteresis loop with the results shown in Fig. 2. 

  
Fig. 2. Hysteresis loop of the magnetic core in the example. 

Having expressions for B1(HX) and B2(HX), we can now use the following formula from reference 1 to determine 

hysteresis loss, which is loop power loss: 

Physt_loss = ∫ fSW ∙ Volmag

Hsat

−Hsat

∙ (B2(HX) − B1(HX))dHX 

From reference 1, we also know that the magnetic core volume necessary for transferring power P1 can be 

defined as  
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Volmag =
P1 ∙ μ0 ∙ μ𝑟

4 ∙ Bsat
2 ∙ fSW

 

From the conditions defined above, we have fSW = 50 kHz, P1 = 600 W and the other parameters for calculating 

Volmag. So in our particular example, the minimum magnetic core volume necessary for non-saturable operation 

is 

Volmag =
P1 ∙ μ0 ∙ μ𝑟

4 ∙ Bsat
2 ∙ fSW

= 0.034 L 

However, the actual magnetic core volume based on the core geometry is 

Volmag_actual = lmag•Smag =5.483 x 10-3 L = 0.005483 L 

So for the given power level, the volume of the selected core is too small and we will have to use a magnetic 

core having volume Volmag

 
to ensure its non-saturable operation. 

Assuming the Volmag value of 0.034 L, hysteresis loss can be defined this way: 

Physt_loss = ∫ fSW ∙ Volmag

Hsat

−Hsat

∙ (B2(HX) − B1(HX))dHX = 13.825 W 

Efficiency 

η =
P1

P1 + Physt_loss
= 0.977 

It is very important to know not only the magnetic core parameters, but also the magnetizing field strength to 
properly estimate the hysteresis loss. 
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