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Advanced material
modeling in Simcenter 3D

Executive summary

In recent years, computer-aided design (CAD) tools have become the first choice for
machine designers to predict the performance of the proposed electrical machine.
Efficient design requires the use of computer simulation and an understanding of the
underlying physics and material properties. Modern electrical machines are subjected to
strict environmental and efficiency regulations. The design’s accuracy would be
questionable if it were analyzed using the material models developed during the last
century. These models rely on ideal operating conditions, such as sinusoidal excitation
sources, fixed temperature, etc. This white paper explores advanced material modeling
capabilities in Simcenter™ 3D software, including hysteresis modeling, accurate iron loss
predictions, incorporating iron losses in the field solutions and irreversible demagneti-
zation modeling of permanent magnets. These advanced features may be helpful to
engineers and scientists developing next-generation electrical machines.
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| Introduction

Modern society relies on electromechanical
systems to generate electrical energy from
mechanical energy. This is used for many essential
applications, such as automating mechanical
processes and replacing the power units in trans-
portation systems. Electric machine designers

are pushing the limits of conventional design and
simulation techniques to meet the stricter environ-
mental regulations for efficiency and noise.
Materials lie at the heart of the electric machine
design. Increasing the efficiency of an electrome-
chanical system is highly dependent on better

use of magnetic materials and a reduction of the
losses incurred in them. In recent years, CAD tools

| Electrical steels

Hysteresis modeling

Most commercial finite element (FE) based CAD
tools use the single-valued B-H curves to represent
the magnetic relationship of electrical steels. In the
postprocessing stage, the iron loss is calculated
using the Steinmetz equation-based empirical
formulae. The single-valued B-H curves are
extracted from the manufacturer’s provided material
data. Their mathematical representation in FE
solvers is computationally fast and cheap and
exhibits robust convergence. Still, they do not
represent the physical behavior of the ferromag-
netic material inside an electromagnetic device.
Such models can lead to different field solutions,
affecting global quantities such as the supply
current, especially in devices with no air gaps.'
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have become machine designers’ first choice

for predicting the performance of a proposed
machine. Efficient design requires the use of
computer simulation, which depends on an under-
standing of the underlying physics and the material
properties. This article explores the material
modeling capabilities that Simcenter 3D offers
machine designers for accurate machine design and
analysis. Simcenter 3D is part of the Xcelerator
portfolio, the comprehensive and integrated port-
folio of software and services from Siemens Digital
Industries Software.

Hysteresis modeling is essential for accurately
representing the physics of magnetic materials.
The Jiles-Atherton (JA) model is one of the most
popular physics-based hysteresis models.? It
explains the hysteresis loss mechanism with the
theory of domain wall motion. The two modes of
domain wall transitions (bending and translational
movements) in a magnetic material result in revers-
ible and irreversible magnetization. The total
magnetization in a material is computed using the

following equation.

Equation 1
aM
dH
(1 - C)dMiTT(C'k) dMan(Ms,a,a)
dHerr dHrf
1-—a (1_C)dMirr(Crk) — dMan(Ms,a,@)\
dHef dHopp



White Paper — Advanced material modeling in Simcenter 3D

Where M_ (M, a,a) is the anhysteretic magnetization, M_ is the saturation magnetiza-
tion, ais the inter-domain coupling coefficient, @ is a parameter that determines the
shape of the anhysteretic curve, k is the pinning coefficient and c is the domain wall
flexibility coefficient.

Simcenter 3D software features the vector Jiles-Atherton model for incorporating
hysteresis loss in the field solutions.? The details of the model and its significance in
solving real-world machines are discussed here.*

Identification methods

When using Simcenter 3D, it is recommended to use the Jiles-Atherton model for
non-oriented steels only, which typically have coercivities under 200 amperes per
meter (A/m). Allowing broader ranges of the Jiles parameters would significantly
increase the computational time for identifying the parameters and encourage users
to use the Jiles-Atherton model for permanent magnets (PMs), which will not work
well. Therefore, the ranges for the Jiles parameters are limited to model the B-H loops
experienced by most non-oriented steels (table 1).

Table 1. Jiles-Atherton parameters and their ranges.

Parameters M,

Units Alm Alm Alm

Range (0.5-2)x10¢ 10° - 1072 5-2000 0.02 -1 10 — 2000

Simcenter 3D software provides three methods to specify parameters for the Jiles-
Atherton model. The users can choose the appropriate method in the material editor
to calculate the parameters. However, these parameters are only used in the transient
2D solver. Hysteresis model in 3D uses a different set of parameters. Therefore, the
transient 3D solver computes the model parameters on the fly and chooses the appro-
priate method based on the available data.?

a. Method 1: Enter Jiles-Atherton parameters.
This method is mainly suited for researchers and expert users who want to use
their Jiles-Atherton parameters from published research papers or other sources.
The material editor verifies that the specified parameters result in a valid hysteresis
loop. The solver ignores the single-valued B-H curve and uses the hysteresis model
to represent the complete magnetic behavior of the material.

b. Method 2: Generate Jiles-Atherton parameters from permeability and iron loss
data. This method uses the single-valued B-H curve and iron loss data to compute
the Jiles-Atherton model. The algorithm tries to match the tips (provided by the
single-valued B-H curve) and areas (provided by the iron loss data) of the B-H loops
at different induction levels. It returns one of many solutions that equally respect
the permeability and iron loss data. Those solutions would be adequate in

Siemens Digital Industries Software



White Paper — Advanced material modeling in Simcenter 3D

sinusoidal problems where average losses are of
interest. However, there could be other B-H loops
satisfying these criteria. Therefore, the availability
of additional information, such as coercivity and
remanence, improves the accuracy of the predic-
tions. For example, four B-H loops computed
using the coefficients calculated from the perme-
ability and iron loss data are compared against the
measured B-H loop for 35WW300 NO electrical
steel in figure 1. The default parameters available

in the material library were derived using a tech-
nique that requires more data and more
computing time. However, they were computed
using the permeability and iron loss data only;
coercivity and remanence information was not
available. The parameters for a small subset of
Simcenter 3D library materials are provided in the
material database section.
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Figure 1. Measured and computed hysteresis loops using method 2 for 35WW300 non-oriented
electrical steel at B equals 1.5 Tesla (T).

Table 2. The computed Jiles-Atherton parameters using method 2 for 35WW300 NO
electrical steel.

M o a C k

s

Computed (with Br) 1217466.6250 6.0419e-05  32.4402 0.2633 69.3180

Computed (with Hc) 1197253.3915 4.2619e-05  5.0003 0.0741 63.9081

Computed 1202413.4278 4.3558e-05 12.0228 0.1365 64.1063

(without Hc and Br)

1320008.1930 4.0459e-04 171.1129 0.6315 137.9166

Computed
(with Hc and Br)

Siemens Digital Industries Software 5



White Paper — Advanced material modeling in Simcenter 3D

c. Method 3: Generate Jiles-Atherton parameters
from the increasing or decreasing branch of the
saturated B-H loop.

This method is suited for users that have access to
the material measurements and can provide the
decreasing and increasing branch of the saturated
B-H loop. The software is used to compute the
parameters and display the computed B-H loop

on the user-specified data, as shown below.

35WW300 Properties
General Option Mass Density  Magnetic Permeability Iron Loss  Hysteresis  Electric Permittivity
Temperature: ~||degrees celsus | | Delete Temperature
Input Method:  Enter descending or ascending branch of hysteresis loop _ ‘
Update | [ Ms (Alm) [ a [ a (AIm) c [ K (AIm) I
| 1.28445€+06 0.000369592 148.956 0627899 158252 |
Click the Update button to generate or verify the Jiles-Atherton parameters before saving them.
ImportData ... | | |Coeravity: 0 ajm
H B [a
amps/m tesla |
1 1633.02 15
2 163269 149998
3 163139 149891
4 162977 1.49979
5 162747 149963 T
6 16236 149943 151 |
7 16197 149916 13| ‘
8 1614.83 149885 11] I/
9 1609.32 1.49851
10 1603.47 149811 09
" 1596.98 1.49768 07}
12 1589.19 1.4972 05l
13 158139 1.49887
[ 157263 1.4861 03f
15 1563.54 149548 01}
16 1553.8 1.49481 % PO T ST WU SO AU TOE! L 5 SO SO A SN SO SO A
17 1543.41 1.4941
18 1533.02 149334 03
19 1521.33 1.49255 05/
2 1509.97 149172 07|
2 149698 1.49084
2 1484.65 1.4899 09
2 147134 148892 A1) |
2 145738 148791 13 |
3 1443.09 1.48685 |
2 1428.48 1.48574 A5
27 141322 148458 s S05 005" 10570 s Y0 e s 7a; %0y S0y 70 g 76,750,750,
2 139764 148337
2 138238 1.48212
30 1365.82 1.48082
3 1349.92 147946
32 1333.03 1.47808 *  bputdata
3 131583 1.47682 Semele B loop
34 12983 147513 v
ok | [ concel Apply

Figure 2. Measured and computed hysteresis loops using method 3 for 35WW300 non-oriented electri-
cal steel at Bequals 1.5T.
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Material database

There are 130 suitable soft magnetic materials in
the Simcenter 3D material database. The Jiles-
Atherton parameters were carefully computed from
the available single-valued B-H curve and iron loss
data (method 2). The Jiles-Atherton parameters for
a subset of library materials are provided in table 3.

Table 3. Materials with the Jiles-Atherton parameters in the database.

Material M, a

Losil 340/50 1320000  0.000470
Newcor 1000/65 1333734  7.078e-07
Hiperco 50A 0.006 1640000  0.000028
M-15 26 Ga 1380000  0.000553
M-19 26 Ga 1400000 0.000647
M-27 26 Ga 1450000 0.000709
M-36 26 Ga 1470000  0.000731
M-43 26 Ga 1460000  0.000668

M-47 26 Ga 1470000 0.000727

36F145 1330000 0.000571
64F190 1400000 0.000737
M1000-65A 1310000 0.000184
M235-35A 1330000 0.000664
M1000-65D 1320000 0.000145
35PN210 1350000 0.000690
Arnon 7 1340000 0.000614
NO20 1380000 0.000719
Vacodur 50 Mechanical 1670000 0.0000001
Vacoflux 50 1764117 0.000062
23PM85 1330000 0.000732

M22: USS Dynamo -- 26 Gage 1350000 0.000580

M4: Unisil/alphasil 28 M4 1610000 0.000267

Siemens Digital Industries Software
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(@)

(o)

Application example

The simulation model of the voltage-driven
unskewed induction motor is shown in figure 3.
The quarter model was solved for 25 supply cycles
— frequency equals 50 hertz (Hz). This uses the 2D
transient solver with motion for simulation
purposes. Shaded plots for computed B fields at t
equals 500 milliseconds (ms) are also shown for
both the single-valued and hysteresis models. The
difference in rotor position at 500 ms for both
models can be noticed. The torque characteristic of

(b)

(d)

the induction machine is shown in figure 3 (d). The
hysteresis model predicts higher overshoots in the
torque waveform. Still, the transients die out faster
than the single-valued model because of the energy
dissipation in the ferromagnetic material changing
the time constant of the system. This also implies
that a steady-state is achieved earlier and hysteresis
simulations can be run for a lower number of time
steps. There is no significant difference in values at
the steady-state. More details can be found here.*

1000 |-
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Q
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[

-500
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Figure 3. Simulation model of an induction motor (a). B field shaded plot at t equals 500 ms computed using the single-valued
(b) and hysteresis models (c). Torque calculated using the single-valued and the hysteresis models (d).
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Iron loss calculation

Simcenter 3D software uses the Steinmetz equation
to calculate the iron loss in postprocessing for
static and transient solvers. The loss calculation

in time-harmonic solvers is discussed in the

iron loss calculation method for complex
permeability section.

Equation 2
P =K,f*BF + K.f*B?

Ki, and K, are the hysteresis and eddy current loss
coefficients. The first term in equation 2 represents
hysteresis and anomalous loss, while the second
term only represents the eddy current loss.

Equation 2 was initially proposed to calculate the
iron loss in laminated materials only. However, in
Simcenter 3D, the equation is used to calculate iron
loss for other materials — for example, powdered
core materials.®

Steinmetz coefficients identification methods
Simcenter 3D provides three methods to define the
Steinmetz coefficients:

wty | dkcrcressuty Nogrecremebity ¥onlos seess | Secrcremesity | Tl Cordioy | Speoces sty

ontom . P = KB+ (1B
o] 8[imm ] ko[smmEm |

1.Direct entry — The user has to specify the
coefficients directly.

2.Absolute error fit — The algorithm identifies
Steinmetz coefficients by minimizing the absolute
error between the user-specified iron loss data and
computed data. As a result, iron loss values at
higher induction levels and frequencies are
weighted more when using this method.

3.Relative error fit — The algorithm identifies
Steinmetz coefficients by minimizing the relative
error between the computed loss and user-speci-
fied iron loss data. It distributes the relative error
uniformly over the range of induction levels across
different frequencies, which provides high accu-
racy at low induction levels and frequencies.

In figure 4, the absolute error fit method performs
better than the relative error fit method in
estimating losses at higher induction levels

and frequencies.
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Figure 4. Steinmetz coefficients identification using relative error fit method (a) and absolute error fit methods (b) for M36-26Ga

NO electrical steel.
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Computation of K_

Simcenter 3D software computes K_ analytically
from the lamination thickness (d), the electric
resistivity (p)/conductivity (o) and the mass density
using equation 3. Steinmetz fitting methods

do not compute K_ if it has already been

calculated analytically.

Equation 3

Simcenter 3D software follows specific
rules to calculate Steinmetz coefficients for a
material (table 4).

Table 4. Materials with the Steinmetz coefficients in the database.

Lamination Conductivity/
Thickness Resistivity

Computed Lamination eddy current loss is

using (3) removed from the total power
loss and the hysteresis loss coeffi-
cients are calculated using the
modified loss.

All four coefficients
are calculated.

The hysteresis loss coefficients
are calculated.

The material is a solid insulator.
Three hysteresis loss coefficients
are calculated.

Siemens Digital Industries Software
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There are 144 magnetic materials in the material
library with iron loss data. Below are the iron loss
coefficients computed for a subset of Simcenter 3D
library material using either the absolute or relative
error fit methods. Please note that if the iron loss
data is specified at one frequency only, ais set to 1.

Table 5. Materials with the Steinmetz coefficients in the database.

Material

Losil 340/50

Newcor 1000/65

Hiperco 50A 0.006

M-15 26 Ga
M-19 26 Ga

M-27 26 Ga
M-36 26 Ga
M-43 26 Ga
M-47 26 Ga
36F145
64F190
M1000-65A
M235-35A
M1000-65D
35PN210
Arnon 7
NO20

Vacodur 50 Mechanical
Vacoflux 50

23PM85

M22: USS Dynamo
-- 26 Gage

M4: Unisil/alphasil
28 M4

Siemens Digital Industries Software

K

h
0.01806915
0.02977212
0.00886648
0.01870407
0.01104342
0.02250816
0.0027664

0.00121545
0.00630255
0.01355511
0.01894579
0.04905064
0.00893187
0.02977212
0.00807037
0.01750447
0.0100626

0.01874177
0.01055222

0.02336332

0.03427562

0.00527393

.11736055

.10686867

46687853
.61512376
.12240926
.06614274

.1565734

.16330972
.11439897

.17057757

.0660086
.05763952

B
2.39487873
2.13403687
1.59679506
2.04860956
2.39234406
1.90710988
2.3715803
2.59517732
3.65152416
2.12737374
2.0129917
1.77344896
2.15599487
2.13403687
1.94855688
11.61551053

1.94685587

2.33464247
1.4776452

2.04680945

1.76358468

2.73604453

K

e

0.000127991
0.000632379
1.17626E-05
8.63615E-05
9.13439E-05
9.49976E-05
6.29231E-05
4.01754E-05
0.000130239
5.10008E-05
0.000161188
0.000495003
4.49385E-05
0.000632379
4.49385E-05
1.30722E-05
1.65403E-05

5.90853E-05
5.68427E-06

5.39432E-05

9.56226E-05

5.48759E-05
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Complex permeability

Simcenter 3D software incorporates iron losses in
the field solutions in the time-harmonic solver using
the complex permeability. The imaginary part of the
complex permeability represents a loss in magnetic
materials. The concept is similar to the dielectric
loss tangent, represented by the ratio of the
complex and real parts of the permittivity, €.

Equation 4
n

€
tanf 6 = —
€’

The magnetic loss tangent is given in equation 4.

Equation 5

n

tan™ s = &
‘U,!

Further, tan¢s and wnns5 represent dielectric and
magnetic loss.

Linear complex permeability

Simcenter 3D enables users to enter the real and
imaginary part of the complex permeability for
linear magnetic materials. The parameter solverin-
cludeslronlLoss can also be used with
SolverMaterialType to obtain the linearized complex
material from the nonlinear material with iron loss
data (table 4).

Siemens Digital Industries Software

Nonlinear complex permeability

It is tedious for users to provide complex permea-
bility data for nonlinear magnetic materials because
the manufacturer does not offer such data in the
material’'s datasheet. Therefore, Simcenter 3D
software does not ask users to provide this data and
instead computes it on the fly and uses it in the
simulation. The software is used to calculate the
real part of the complex permeability from the
single-valued B-H curve and the imaginary part from
the power loss curves, which contain the hysteresis
and the eddy current losses. These computations
are performed in real-time (without incurring an
extra computational cost). Thus, the iron loss is
incorporated in the field solutions during the simu-
lation, which increases the accuracy of the field
solutions and global quantities.

This feature is particularly useful for materials that
exhibit higher iron loss or in applications that
require high induction levels and high operating
frequencies where the iron loss can be
significantly higher.

12
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Shaded Plot
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Figure 5. B field shaded plot using the real permeability (a) and the complex permeability at 1000 Hz (b).

Application example — transformer

The test bench is a three-limbed ferromagnetic core.
The core is made of five M19-29 Ga, 0.48 millime-
ters (mm) thick steel laminations, with a conduc-
tivity of 1.78 millisiemens per meter (MS/m) and a
mass density of 7650 kilograms per cubic meters
(kg/m3). Two windings of 90 turns are placed on
the external limbs; the resistance (at 0 Hz) of each
winding is 0.32 ohms. These windings can be
connected in series or supplied by two inde-
pendently controlled voltage sources. Here we will
only consider the case where the two windings are

excited by two independent sinusoidal sources with
an amplitude of 14.5 volts (V), 1000 Hz frequency
and differing by 90 degrees in phase. The B field
distributions using both conventional simulation
(real permeability) and the complex permeability
are shown in figure 5 (a) and (b). The difference is
due to the increase in the iron loss that is incorpo-
rated in the field solutions.

Some of the global quantities are provided at 1000
Hz in table 6 to highlight the difference. Similar
differences can arise when the material has a
significant iron loss, even at low frequencies.

Table 6. Global quantities of the transformer using real and complex permeability.

Quantity Units

Stored Magnetic Energy |J 0.0105
Coil 1: Ohmic Loss W 0.55
Coil 2: Ohmic Loss 0.442

1.41

Hysteresis Loss

Eddy Current Loss 0.18

Siemens Digital Industries Software

Real Permeability Complex Permeability

0.00954

0.502

0.404

1.37

0.176

13
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Usage

The component-level parameters, MaterialForceLinear combined with
SolverIncludeslronLoss, govern nonlinear magnetic material modeling, while
SolverIncludeslronLoss is used alone for linear magnetic material instances.

The material must have both permeability and iron loss curves. The user must also
specify the mass density. SolverMaterialType is a top-level parameter and if set to
LinearMaterialType, it overrides the MaterialForceLinear equals no at the component
level. Therefore, a nonlinear material will be linearized if MaterialForceLinear equals
yes or if SolverMaterialType equals LinearMaterialType.

Table 7. Material modeling with complex permeability feature in Simcenter 3D time-harmonic solvers.

SolverincludeslronLoss Linear or linearized = Modeling method Material types
materials

No Yes If not linear, linearize the material LIR
Create a linear, isotropic and real
(LIR) material
Both hysteresis and lamination NIR
eddy current losses not part of the
energy balance

Use nonlinear model to represent LIC
a nonlinear magnetic material

Create a nonlinear, isotropic

and real (NIR) material

Both hysteresis and lamination

eddy current losses are not part

of the energy balance

If not linear, linearize the material

to compute the real part of the
complex permeability

Use the eddy current loss coefficient,
Ke, to calculate the imaginary part of
the complex permeability

Create a linear, isotropic and complex
(LIC) material

Only lamination eddy current

loss is part of the energy balance
Hysteresis loss is calculated in

the postprocessing

Use nonlinear B-H and iron loss
curves in the solver to compute
complex permeability.

Model as an nonlinear, isotropic and
complex (NIC) material in the solver
Both hysteresis and lamination
eddy current losses are part of the
energy balance

Siemens Digital Industries Software
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If iron loss data is not provided, the

SolverIncludeslronLoss parameter is irrelevant.

Iron loss calculation method

Simcenter 3D software calculates the time-averaged
power loss in a magnetic material using the
following equation.

Equation 6

P.og =

1 2
vg = vaimagB .

| Permanent magnets

Simcenter 3D software offers a rich collection of
linear and nonlinear permanent magnet (PM)
materials with temperature-dependent magnetic
properties in its database. The software differenti-
ates nonlinear materials into two categories, Strong
and Weak. Temperature-dependent nonlinear B-H
curves are shown in figure 6 for a nonlinear

Strong PM material.

I T T

_— x-576582

05 %
| x 681301
| Yo29e4214

X 1331080

Y -0.399438 [
0.5 ‘

\
At

Magnetic Flux Density, B(T)

2l I I I !

-8 -6
Magnetic Field Intensity, H (A/m)

_— — xaum
— | x 480425 | Y 0.580059 Y 0766143
= Yoaosezs

Y 0.400626 |

x-ot6265
Y 0.0483455 |
0 7 |

Where w is the angular frequency, v, _ is the imagi-
nary component of the reluctivity and B is magnetic
flux density. Equation 6 calculates hysteresis

and eddy current losses independently using

Vimag thatis obtained from the hysteresis or the

eddy current loss computed using Equation 2
in the preprocessing.

This method is more accurate, faster and replaces
the legacy iron loss calculation method for materials
with isotropic permeability and iron loss in time-har-
monic solvers.

Modeling

Commercial FE solvers treat most PMs as linear
materials for various reasons, including the ease of
numerical implementation and the lack of measured
data. Simcenter 3D software can be used to repre-
sent both linear and nonlinear PMs. It employs
different modeling methods in the solver based

on PM type.

—
== Vososos
. x 277288 Al
/ / X -82609.8

— Yosssros
p! Xx-181053 | | Yosaer2

——180°C
—200°C
220 °C

© Knee Points

x10°

Figure 6. Temperature-dependent B-H properties and the corresponding knee points of a strong PM.
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The component-level parameter,

MaterialForceLinear, when combined with the
Permanent magnet type — Strong/Weak setting,

governs the nonlinear permanent magnet modeling

in Simcenter 3D.

Table 8. PM modeling in Simcenter 3D.

Permanent
magnet type

Weak

Siemens Digital Industries Software

MaterialForceLinear

Yes

Modeling method

Linearizes the nonlinear B-H curve by
computing the linear permeability at
H equals O

Models an LIR material with the same
permeability in all directions

Simulates reversible demagnetization
Uses nonlinear B-H curve data in the
second quadrant (including points at
B equals 0 and H equals 0) to model
the nonlinear permanent magnet
Points on the B-H curve with negative
B values are ignored

Models an NIR material with the
same permeability in all directions

Linearizes the nonlinear B-H curve
using a portion of the curve above
the knee point to compute the
linear permeability

Models a linear, anisotropic and real
(LAR) Material with permeabilities
in cross magnetization directions
setto 1,

Simulates irreversible
demagnetization

Uses the whole nonlinear B-H curve
to model the nonlinear permanent
magnet and computes recoil curves
Models a nonlinear, anisotropic and
real (NAR) material with
permeabilities in cross magnetization
directions set to 1

Material types

LIR

16
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Reversible demagnetization model

Weak PMs, such as Alnico magnets exhibit a
smoothly varying behavior in the second quadrant.
Simcenter 3D software treats them as nonlinear
electrical steels and is used to model the whole B-H
curve. Nevertheless, the magnetization in all cases
is reversible. For example, the magnet will regain
its strength once it goes past the knee point

and returns.

Irreversible demagnetization model

The irreversible demagnetization model in
Simcenter 3D software is a dynamic model with
history. It tracks the movement of the operating
point in real time and maintains the history of knee
point. and is important in the fault analysis of an
electric machine. It can be used to predict the

B-H behavior of PM in the second quadrant

with reasonable accuracy and does not require
additional material information or incur additional

computation costs.

The B-H curves of PMs such as NdFeB exhibit two
almost linear sections joined by a sharp curve
known as a knee point in the second quadrant of
the B-H plane.” Once the operating point moves
past the knee point, the magnet is no longer consid-
ered good because it has lost its magnetization.
There is no point in using a faulty material in
designing an electrical machine if this behavior is
not desired. In this method, the demagnetization
curve of the PM is divided into two parts — before
and after the knee point. First, the knee point is
identified according to the method given in the
Magnetic Materials Producers Association (MMPA)
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standard 0100-00.8 The slope of the first segment
g, (before knee point) is then identified by linearly
fitting the first segment between 0.2H_to 0.7H..
The slope of the second segment u,, (after the knee
point) is the slope of the straight line joining the
knee point and the H_. Once the applied field is
lower than the knee fields (for example, crosses the
knee point), the change in magnetization is irrevers-
ible and the slope of the B-H line changes. If a
reversal of input is encountered, the new path to
follow is the line with slope pu,, starting from the
updated knee point. A reasonable assumption is
that the slope of the recoil curves is the same as ;.
If nonlinear B-H data is not available, the user can
still model irreversible demagnetization by
providing three data points — remanence, knee
point and coercivity. The algorithm will approximate
the nonlinear curve using the provided information
and the irreversible demagnetization model will use
itin the solver.

The application of the irreversible demagnetization
model on a three-phase interior PM motor used

for automotive applications is shown in figure 7.
The motor is subjected to current loading at 120
degrees Celsius (C). The variation of the three-phase
supply current can be divided into five stages, as
shown in figure 7 (b). The current increases from
low current (90 A) to high current (180 A) region
and then reduces back to low current (90 A) region.
The corresponding output torque of the machine
using both the linear and the irreversible demagne-
tization model is presented in figure 7 (c).

The torque at low current (90 A) is the same for
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stages three to five is less than that from the linear model due to a loss in PM’s
strength. More details of the problem with different cases can be found here.?
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both models. However, as the current increases, the PM goes into partial demagneti-
zation and torque is computed using the irreversible demagnetization model during
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Figure 7. Simulation model of the IPM motor (a), supply current (b), and torque using the linear and the irreversible
demagnetization models (c). Demagnetization proximity plots for the linear model at 10 ms (d), the irreversible
demagnetization model at 20 ms (e) and B-H plot for at the sample field point in the magnetization direction (f).
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Material database
The list of PM libraries available to Simcenter 3D
users for their designs:

1.Alnico Permanent Magnet Materials — nonlinear,
Weak

2.Arnold Magnetic Technologies Ferrite Materials
— nonlinear, Strong

3.Arnold Magnetic Technologies NdFeB Materials
— nonlinear, Strong

4.Arnold Magnetic Technologies Samarium Cobalt
Materials — nonlinear, Strong

5.Ceramic Permanent Magnet Materials — linear,
except:

» Ceramic ferrite — nonlinear, Strong

References

6.Magnequench NdFeB Materials — linear
7.Neodymium Permanent Magnet Materials — linear

8.Samarium Cobalt Permanent Magnet
Materials — linear

9.Vacuumschmelze Magnet Materials —
linear, except:

¢ Vacomax 145S — nonlinear, Strong
e Vacomax 170 — nonlinear, Strong

¢ Vacomax 200 — nonlinear, Strong

e Vacomax 225 — nonlinear, Strong

e Vacomax 225HR — nonlinear, Strong
e Vacomax 240 — nonlinear, Strong

e Vacomax 240HR - nonlinear, Strong

1. S. Hussain, Development of advanced material models for the simulation of low-fre-
quency electromagnetic devices, Ph.D. Thesis, McGill University, Montreal, Canada,

February 2017.

2. D.C. Jilesand D. L. Atherton, “Theory of ferromagnetic hysteresis,” Journal of
Magnetism and Magnetic Materials, vol. 61, no. 12, pp. 48 — 60, September 1986.

3. J. V. Leite, N. Sadowski, P. Kuo-Peng, N. J. Batistela, J. P. A. Bastos, and A. A. de
Espindola, “Inverse Jiles-Atherton vector hysteresis model,” IEEE Transactions on

Magnetics, vol. 40, no. 4, pp. 1769-1775, July 2004.

4. S.Hussain and K. Chang, “Effects of Incorporating Hysteresis in the Simulation of
Electromagnetic Devices,” White paper TECH17500, Siemens PLM Software, 2018.

[online] [Accessed 26 December 2021].

5. https://support.sw.siemens.com/en-US/knowledge-base/MG618029

6. https://support.sw.siemens.com/en-US/knowledge-base/MG616688

7. S. Hamidizadeh, Study of Magnetic Properties and Demagnetization Models of
Permanent Magnets for Electric Vehicles Application, Master Thesis, McGill

University, Montreal, Canada, April 2016.

8. MMPA 0100-00, Standard Specifications for Permanent Magnet Materials. [Available

Online] http://lwww.allianceorg.com/pdfs/IMMPA_0100-00.pdf

9. S.Hussain and K. Chang, “Effects of Incorporating Permanent Magnet
Demagnetization in the Simulations of Modern Electric Machines for Electric
Vehicles,” White paper TECH17560, Siemens PLM Software, 2018. [online] [Accessed

26 December 2021].

Siemens Digital Industries Software

19



Siemens Digital Industries Software
Americas: 1800498 5351

EMEA: 00 800 70002222

Asia-Pacific: 001 800 03061910

For additional numbers, click here.

siemens.com/software

© 2022 Siemens. A list of relevant Siemens trademarks can
be found here. Other trademarks belong to their respective
owners.

84447-D5 05/22 K

About Siemens Digital Industries Software

Siemens Digital Industries Software is driving transformation to
enable a digital enterprise where engineering, manufacturing
and electronics design meet tomorrow. Xcelerator, the compre-
hensive and integrated portfolio of software and services from
Siemens Digital Industries Software, helps companies of all sizes
create and leverage a comprehensive digital twin that provides
organizations with new insights, opportunities and levels of
automation to drive innovation. For more information on
Siemens Digital Industries Software products and services, visit
siemens.com/software or follow us on LinkedIn, Twitter,

Facebook and Instagram. Siemens Digital Industries Software —
Where today meets tomorrow.


https://www.plm.automation.siemens.com/global/en/support/worldwide-sales-phone.html
http://www.siemens.com/software
https://www.linkedin.com/organization-guest/company/siemenssoftware
https://twitter.com/siemenssoftware
https://www.facebook.com/SiemensDISoftware
https://www.instagram.com/siemenssoftware/
https://www.plm.automation.siemens.com/global/en/legal/trademarks.html



