User Guide and Terms of Use
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Creation of material data for FEM simulation
of electrical machines from thyssenkrupp
specific material grades of non-grained
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1 Objective and Purpose

thyssenkrupp provides the PowerCore® Explorer software with which by thyssenkrupp
published digitized material data J(H), B(H), specific Losses P.(B,f) and more different
electrical steel grades can be viewed and prepeared for FEM calculation of electrical
machines.

The material data are based on measurements in the thyssenkrupp laboratory accordingly to
related standards (i.e. EN 10106 for cold milled electrical steel). The displayed mass densities
are not the real ones but rather for magnetic measurements standardized densities.

PowerCore Explorer = B8] %
Fie PiotHelp
Material Folder:  C:\Users\PowerCore Explorer 22.9\Meterils Select ] (0] Update
Filter: Filename: TK_250-35_Amfs
T s
ﬁ?’zﬂ’_ Material Name: TKM25035A
T e
K00 Ams Conment FomeCors® W 25035 Aby Tryssenkirn
Expive Dot Gk
Moss Densiy (Gin3y 7600
Tenperare G} 2
Ramte rn- ;gnaxu e is valid.
It contains ta from ThyssenKrupp.
B-H Curve = 8 =
s-Hom\u er Data| Loss Data] Extra ||| File  Options
|11z i /m]
font | Hive) TK_250-35_A.mfs
=506 7 0 — — 1 Hz
et
12100Hz 2 581 —— 50 Hz
| =200z 3 40,024
| f=400H2 60 Hz
o s S S S —
o |[5 50539 / —100Hz || -
f=1000Hz |5 579 | @ vr-8cune = 8] %
20000z |
T e | [Ficoptions
To define new material, select File->New Material |

TK_250-35_A.mfs A

— 50 Hz
60 Hz
— 100 Hz

-Loss Curves = | © e
B-Loss C .

0 5000 10000 154 7000

File Options

= 623394299, y=1,9578 J| Soo0

e ] TK_250-35_A.mfs
————| 40 X _

P[Wikg]

x= 2,5796, y= -2041,1686

00 02 04 06 08 10 12 14 16 18 20 B[T]
—1Hz —50Hz 60Hz ——100Hz ——200Hz ——400Hz —— 500 Hz 700 Hz

1000 Hz —— 2000 Hz

= 2,2090E-01, y= 1235516 X-Ais Units in T = Y-Axis Units in W/kg +

The material data and further non-public and not visible data are provided by thyssenkrupp in
mfs files. The material data can be changed and amended by using PowerCore® Explorer
and can be provided for different software tools in their related file formats for simulation of
electrical machines.

-  FEMAG, smartFEM *.mc, *.mca
- JMAG Material files *.jme

- MAXWELL Material files *.tab

- SPEED Steel file *.sl

- Textfile *ixt

elmoCAD Engineering GmbH delivers the PowerCore® Explorer software named as “Material
Explorer” as a part of the smartFEM software to clients of elmoCAD Engineering GmbH.
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2 Installation
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PowerCore® Explorer needs not to be installed on a computer but rather can be opened by
starting the file “PowerCore Explorer.exe” from any folder. This folder must contain following

shown files:

Desktop » Computer » Daten (D:) » elmoCAD » PowerCore Explorer 211 »

B Desktop
» | Bibliotheken

& gh

4 M| Computer
: ‘c_{, System ()
4 —; Daten (D)

> -HE- Heimnetzgruppe

4| | PowerCore Explorer_21.1
. Materials

s

r

Mame Dateiversion
| Materials
PowerZore Explorer.exe 2011

¥ PowerCore Explorer.exe.config
T User Guide 2.0.4 de.pdf
L User Guide 2.0.4 en.pdf

Typ

Dateiordner

Dateiordner

Anwendung
COMNFIG-Datei

Adobe Acrobat Document
Adobe Acrobat Document

As far as it contains also a folder ,Materials” all material files *.mfs and *.mc will be listed
directly after the start of PowerCore® Explorer.
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3 Functional Description

3.1 PowerCore® Explorer - Explorer

PowerCore® Explorer will be opened in ,Explorer” mode.
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User can then select that folder, which contains his material data files. All material data files
*.mfs (thyssenkrupp) and *.mc (FEMAG, smartFEM) will be listed which fulfill the conditions of
the text filter. All file types of the other software tools mentioned in §1 are not displayed
because they don’t contain all information.

After selection of one file all saved public data will be shown in tables which can be selected
by tabs “B-H-Curve”, “User Data” and “Loss Data” “Extra”. B(H,f) values are recalculated from
J(H,f) values which were measured by thyssenkrupp. The loss data are also based on by
thyssenkrupp measured values.

[Seea ) ()

" Y
(% PowerCaore Explorer = ﬂ
File  Plot Help
Material Folder: C:\Users\PowerCore Explorer 2.2 5\Materials Update

Filter: -mfs

TK_235-35 A.lis
TK_400-50_A.mfs
TK_800-50_A.mfs

Filename:
Material Name:
Comment:

Expire Date:

Tﬁ_m_ﬁ_ﬁ Select Folder With Materials |

TKM 250-35 A

PowerCore® M 250-35 A by ThyssenKrupp

01.01.17

Mass Density [Ko/m3l: 7600

Temperature ['C]:

Remarks

20

It contains original data from ThyssenKrupp.

| User Datz | Loss Datal Extra I

The signature is valid.

et | »

f=1Hz Paint H [A/m] B[T] J[T] nr
f=50Hz
e 1 0 0 0
£=100Hz 2 34,981 0.25309 029905 530393
f=200Hz 3 40,024 0,39027 0,39022 7759,52
e 4 45,309 0,48694 048638 8552 265
£=500Hz - - : :
f=700Hz 5 50,539 053575 058569 5223076
f=1000Hz 5 57.98 069393 069386 952418
f=2000Hz

7 66,442 072697 072639 9425 527

Select different matenal folder

01.12.2017/V2.4.0
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sUser Data“ can be edited by user. They are saved in the public area of the thyssenkrupp
specific material files (*.mfs):

BE-H Curve- Loss Datal Extra I

Export to text file  Edit User Data

Loss Data Baze - fo [Hz]:
- Bol[T]:
Hysteresis - ch [eilg]:
- freq.-coef
Eddy Current - cw [wikag]:
- freq.-coef
Induction - coeflicient:

50
15

(=1 I — N B — N A — |

,Loss Data“contains loss data P = f(B,f):

B-H Curvel User Data- Extra I

Type: |Loss Data Table

f=1Hz Pairt E[T] Jm PIW/ka] H[A/m] Il
f=50Hz
ey 1 0,23909 0,29505 0,00198 34,981 i
£=100Hz 2 0,39027 0,39022 0.00305 40,024 E
f=200Hz 3 0,48694 0.48688 0,00432 45309
f=400H: 4 0,58575 0,53569 0,00576 50,539
f=500Hz : : - -
f=700Hz 5 0,69393 0,69386 0.00725 57.93
F=1000H: 3 078637 078689 0.00911 66,442
f=2000Hz
7 0} 8945 0 88935 001108 77275 2

Extra“contains electrical und thermal coefficients:

B-H Curl.rel User Datal Loss Data -

Thermal Conductivity

01.12.2017/V2.4.0

Specific Electrical Resistance - p [uQm] (20°C): 0.552

-a[1VK]: 0.001
-k [wi(m k)] (20°C): 22
-a[1VK]E: 0,0015
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By selection in the menu ,Plot“the related table data B(H,f) respectively J(H,f) and loss
values are displayed in a graphic window:

p
({2 PowerCore Explarer

Mate:

Filter:
TK

TK

TK_

File | Plot | Help

Bi(H) Ir-erCore Explorer 2.2 5'\Materi:
J(H)

p_r (B) Filename:
p_r () P Material Nam
Losses (B) Comment:
Losses (1] Expire Date:

Mass Densit

[ @ B-HCurve =] ]
File Options
TK_250-35_A.mfs —1Hz
B[T]
—— 50 Hz

22

20 ] 60 Hz

i — 100 Hz

18 L — 200 Hz

14

12 — 400 Hz

10 —— 500 Hz

08 —— 700 Hz

06

04 —— 1000 Hz

02 — 2000 Hz

0.0

0 5000 10000 15000 20000 25000 30000 35000 40000 45000 H[A/m]
— TK_250-35_Amfs
e
o= 7024,4446, y= 17004 D - ois Units in Afim + ¥-Aods Units in T -_J
——— 2 o ™ Am
. Afem 1 Afem
I e I Qe

Ampere-turns/inch Ampere-turns/inch

B(H) curve

Physical units of x and y axis can be selected by menus in the right part of the status bar. The
left side of the status bar shows the physical values of the xy position of the mouse pointer.

01.12.2017/V2.4.0
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Single graphs can be foregrounded by click with right mouse button on the related graph or
legend:

-
&t B-H Curve =L [C)

File Options

TK_250-35_A.mfs
B[]

22
2.0

18 S — 100 Hz
16 L
14

12
10
08
06
04
0,2

0.0
1] 5000 10000 15000 20000 25000 30000 35000 40000 45000 H[A/m]

— TK_250-35_A mfs selection of single graphs

x= -3542 3715, y= 2 2888 X-Azis Units in A'm ~ Y-AasUnitsinT - .:

Additionally can the graphics be formatted in a popup window after click with right mouse
button into the graphic window, i.e.:

- text

- scalining of axis

- selection and presentation of the graphs
- display of the sampling points

[ @) 11.r-B Curve [E=TIEN )
File  Options
TK_250-35_A.mfs —1Hz
p_r Genera | ke | T || Pim — 50Hz
THr
10000 %G:: Hlarma cfPloe 800 Hr TI_IS0-35_4 80 Hz
9000 thd u B
Shes B —— 100 Hz
8000 - Line Color [N
7000 il S —— 200 Hz
TK_250-35_ A=y
6000 7] Mark Psints — 400 Hz
5000
B Show Fack —— 500 Hz
4000
3000 — 700 Hz
2000 —— 1000 Hz
1000
! = —— 2000 Hz format of graphs
0,0 02 04 0.6 0.8 1.0 12 14 1.6 1.8 20 Bm
—— TK_250-35_A mfs
x= 2,0576, y= -2119,6973 X-fodis Unitsin T =

The data of permeability and losses can displayed as function of magnetic flux density B(H,f)
or polarization J(H,f)

01.12.2017/V2.4.0 Seite 8/26



Remarks

@) PowerCore Explorer EEI=)
File [ Plot | Help

JB((H? erCore Explorer 22 9\Materials O3] Update:

(@) Filename: TK_250-35_Afs

() | Material Name: TKM 25035 A

30 Losses (B) Comment: PowerCore® M 250-35 A by ThyssenKnupp

Losses (I Exga ot 010117
Mass Density [Kgm3]: 7600
Temperature [Cl: 20

The signature is valid.
It contains original data from ThyssenKrupp.

) B-Loss Curves =8| %
B-H Curve] User Dats [lassiDatal| Extrs | SERROpon
Type: |Loss Data Table TK 250-35 A.mfs
f=1Hz Point BT Jm P[W/ke] - -
£-50Hz T T PWika]
et 1 0039% |09 10548
f=100Hz 2 020007 02 388438 320
f=200Hz 3 0.29977 0.29968 7.9745 280
£-400Hz
fpri 4 029991 0,232 12,28551 240
£-700Hz 5 050009 |0483%6 18.76832 200
G 059398 059962 2746577
1-2000+z - 160
7 070011 |0.63993 25,68586
8 0.79891 0.7987 4754135 120
9 0.30003 0.89979 6043514 80
10 039397 0,3997 7552742 a0 /
11 1.10025 1.09984 53.28141 . y
12 1.19991 1.19956 114,1649 0.0 0.2 04 0.6 0.8 1.0 1.2 14 16 1.8 20 B[
_ —— 1Hz ——50Hz 60Hz ——100Hz ——200Hz 400Hz ——500 Hz 700 Hz
1000 Hz 2000 Hz
To define new material, select File-> New Material
¥= -235106-01, y= 3786082 X-os Units in T ~ V-Auds Units in W/kg = .:

All diagrams can be copied by menu ,Options*

as jpg-pictures to clipboard or saved to file .

Specific losses P(B,f): selcted table cells are marked as
dots on the related graph

.

(& p_r-B Curve

Options
| Copy Picture To ClipBoard ~ Strg+C |
Save Picture Te File Strg+5S

File

(_250

User defined settings of the diagrams are saved in config-files per user:

working directory

position and size of the main window
position and size of the plot windows
scaling of the plots

agreement to EULA

3.2 PowerCore® Explorer - Editor

For creation of material data files which can be used in other software systems (i.e. SPEED,
MAXWELL, JMAG, etc.) are different functions available. When in menu ,File* one of the

01.12.2017/V2.4.0
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functions ,New Material ...” or “Edit User Data ...” is selected, then will the material editor be
opened.

|

PowerCore Explorer

File | Plot Help

jh S s e ha*.enals [ Select [ o J
Mew Matenal From TE_250-35_A.mfs
Edit User Data Inside TK_250-35_A.mfs e TK_250-35_Aris
Export Material Data Strg+5 i Mame TKM 250-35 A
Update Material mfs Files knt: PowerCore® M 250-35
Exit PowerCore Explorer Date: 01.01.17
Mass Density [Kg'm3]: S0

.New Material”

Empty tables are displayed which can be filled with material data for B(H) curves and
specific losses. The new material data can be saved as *.mc (binary) file or *.mca
(ASCII) file.

“New Material From selected material“

The material editor opens with tables in which all public values of the selected
material file are filled in. The values can be changed respectively new can be added.
The new material data can be saved as *.mc (binary) file or *.mca (ASCII) file.

“Edit User Data Inside selected material”

The material editor opens with tables in which all public values of the selected
material file are filled in. Only the values in tab “User Data” can be changed or
additional parameter can be defined. The material data can be saved in *.mfs, *.mc or
*.mca files.

“Export Material Data”

The data of the selected material can be exported for use by the in §1 mentioned
software tools in its related files format.

01.12.2017/V2.4.0 Seite 10/26



woCg N

’ > K
R o

\ )
e

The material files of thyssenkrupp (*.mfs) are encrypted with a private thyssenkrupp key and
signed. By the menu ,Help - About - Verify Signature” can user check, whether the selected
mfs file is an origin file provided by thyssenkrupp or an unchanged copy. Additionally is the

signature of a selected mfs file checked and a related information displayed:

-
({2 PowerCare Explorer

[E=EE )

@) =

S

|| File Verified - Qriginal

vesen Krupp

File  Plot | Help
Material Fold iz D\Matenials
i Verify Signature | s
ilter: Werificati
Filter: foadikey Strg+K erification
TK_235-35_Am
TK 250-35 A r
TK 400-50 Al User Guide 2.3.0 de P
TK_800-50_Am Uszer Guide 2.3.0 en |
About..
Mass Deng
Temperatyl
S
Remarks
The signature is valid.
TK 23535 Amfs |
TK_250-35 A[1].mfs Material Name:
TK_250-35_A mfs
TK_400-50_A.mfs Comment:
TK_800-50_Amfs
Expire Date:

Mass Density [Kg/m3]:

Temperature [*C]:

Remarks

The signature is not valid, data are changed.

| T& _23535_Ants
TK 250-35_A [1] mfs.

TK_250-35_A.mfs
TK_400-50_A.mfs
TK_800-50_A.mfs

Name:

Description:

Mass Density [Kg/ma3]:
Sat. Magnetization [T]:

Material Type:

Remarks

The signature is valid.

It contains original data from ThyssenKrupp.

TK M 250-35 A

PowerCore® M 250-35 A by ThyssenKupp
0.7

7600

il

The signature is not valid.
The original data from ThyssenKrupp have
been changed.

TH M 250-35 A

PowerCore® M 250-35 A by ThyssenKmupp
7600

0

Soft Iron

This material file is generated by user and
contains
user defined data.

This material file was created by a user and contains no signature.

01.12.2017/V2.4.0
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3.2.1 Creation of new material data

User can define and edit his own material data by the menu ,File - New Material“and save it
as *.mc or *.mca files.

-
PowerCore Explorer
P

File | Plot Help
'] New Material Strg+N |E
| Mew Ma*ial From TK_250-35_4&.mfs

Edit User Data Inside TK_250-35_4&.mfs
Export Material Data Strg+5

Update Material mfs Files

Exit PowerCore Explorer

All data can be entered manually or copied from other applications (i.e. Microsoft® Excel) by
clipboard into the tables of PowerCore® Explorer.

manual input input by Copy/Paste
- PR
@ PowerCore Explorer - Mew Matenal l - -Lnss Coefl == Datal
File Plot Help CloseEditor Options  Edit
Wame: Paint H [A/m] B[T] JIT
1 0 o i
Descriptian: 2 100 Copy | Il
Mass Density [Kg/m3):
Sat. Magnetization [T]: o @ Do You Want to Copy All Data
Material Type: lSoﬁ Iron
’ Ja ] ’ Mein
JESHIGGRE] Loss Coef. | Loss Data| { )
Options  Edit
Point H [A/m] B J1M

Check Data

Add Row Before
Add Row After

Delete Row
Delete All

01.12.2017/V2.4.0 Seite 12/26



3.2.2 Creation of new material data of existing

Material data of existing material files *.mfs and
*.mc can be copied by the menu ,File - New
Material From selected material“into the tables of
the editor. All data can be changed, additional
data added and saved as *.mc or *.mca files.

First of all a window for selection of the frequency
is opened and afterwards the window of the
Material Editor.

material files

”
{{2h PowerCore Explorer

File | Plot Help
1 MWew Material Strg+M -
i New Material From TK_250-35_A.mfs ]

i Edit User*ita Inside TE_250-35_A.mfs
Export Material Data Strg+5

Update Material mfs Files

To define new material, select File-> New Material

.
Importing Lis Files MW Exit PowerCore Explorer
Select BH Curve for Edit and Export ' Maz=s DEITSI["_." [H:
f=THz TH_400-50_A mfs
£=50Hz TK_800-50_A mfs Temperature [C
f=60Hz - -
f=200Hz
f=400Hz
ot PowerCore Explorer — Editior
= z
f=1000Hz
_ K
f=2000H: (& PowerCore Explorer - New Material lilﬂlg
File | Plot | Help  Close Editor
Name: TKM 250354
Description: F‘owerCare@ 1 250-35 A by ThyssenKmpp
Mass Density [kgim3: 7600
Sat. Magnetization [T]: 1]
B Material Type: [Soﬂ Iran v]
-LDSS Coefl Loss Da'tal Extra |
Options  Edit
Poinit H [A/m] B[T] JIM pr [
1 1] i} 1]
2 217 0.10002 0.09999 3598742
3 31,395 0.15998 0,159 5068525
4 38461 0,30004 0,29995 6207,958 =
5 44 652 039978 0,39972 7124761
3 50,738 0.49985 045379 7835647
i 57,066 0,59986 0,59979 8364,936
8 6379 0.7001 0,70003 8733.812 li|
9 71787 0.79982 0.79973 8866181
10 81,858 0.50014 0.50004 8750625
1 95,745 0.599575 0.95363 8308573
12 116,967 110017 1,10002 748491

01.12.2017/V2.4.0
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3.2.3 Modification of user defined material data

By the menu ,File - Edit User Data Inside selected_material. mfs” can all material data which
are displayed in tab “User Data” be changed or new data added.

Remarks

K = B
(& PowerCore Explorer E@g
File | Plot  Help
J Mew Material Strg+M ;Iaterials @
| | Mew Material From TK_250-35_A.mfs
{ Edit User Data Inside TK_250-35_A.mfs IS i i
Export *aterial Data Strg+5 TKM250-35 A
Update Material mfs Files PowerCore® M 250-35 A by ThyssenKupp
Exit PowerCore Explorer 010117
TK_250-35 A.mfs :
TK_400-50_Amfs Mass Density [Kg/m3]: 7600
TK_800-50_A.mfs
Temperature [*C]: 20

BE-H Curue_ Loss Datal Extra I

Export to text file  Edit User Data

The signature is valid.
It contains original data from
ThyssenKrupp.

- Bo[Tl:

Loss Diata Base - fo [Hz]: R 50

1.5

BE-H Curve- Loss Da'tal Extra |
Export to text file | Add Data Field | Remove Data Field

Loss Data Base -fo[Hz: Wb

- Bo[T]:
Hysteresis - ch [Wikal:

- freq.-coef
Eddy Current - cw [Wikg]:

- freq.-coef.;
Induction - coefficient:

50
15
0

0

0

0

0

< Teer Data data |

"ln.._--___ data 2

1N

0458 "

Saving can be as mfs-, mc- or mca-files.

01.12.2017/V2.4.0
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3.2.4 Amending updated material data with user defined material data

If thyssenkrupp delivers new mfs-files with updated material data then can these amended by
user defined material from older mfs-files. To this user has to select in the main menu ,,Update
Material mfs Files®.

[=f=r=]
@\/‘" . v Computer » Temp (Dt} » thyssenkrupp » PowerCore Explorer » Materials » - ‘#,‘ | Materials durchsuchen Pl
Datei Bearbeiten Ansicht Extras 7
Organisieren In Bibliothek aufnehmen Freigeben fir » Brennen MNeuer Ordner =+ @
/% Computer Name Anderungsdatum Typ GroBe
&, system () new 01122017 11:42 Dateiordner
(—a Temp (D3 | TK_470-50_A.mfs o
L oD B s ' PowerCore Explorer
¢ thyssenkrupp [ TK_800-100_A.mfs File, [REREREL kT
PowerCore Explorer [ O New Materil StgeN L S
Materials New Material From TK_470-50_A.mfs
e Edit User Data Inside TK_470-50_A.mfs e BRSOt
Export Material Data Strg+5 | Name: TKM 470-50 A
Update Material mfs F\Ies‘ | nt: PowerCore® M 470-50 A by ThyssenKrupp
Eiit PowerCore Bxplarer & Date: 01.08.2017, Please contact ThyssenKrupp for new data
Mass Density [Ka/im2]. 7700

In a popup windows can then the folder be selected in which the by thyssenkrupp updated
material data are saved.

Ordner suchen LR - @

Select Folder with Mew Material Files:

1% Computer o

> f;. System (C:)

4 Temp (D)
» 0 elmoCAD

m

4 | thyssenkrupp —
4 | PowerCore Explorer
4 | Materials

. new

3

-

Ok ] [ Abbrechen

01.12.2017/V2.4.0 Seite 15/26



After “Ok” are backup copies *.bak of the user defined mfs-files created and origin mfs-files
are updated with the by thyssenkrupp updated material data.

thyssenkrupp » PowerCore Explorer » Materials » - | *
- Freigeben fir = Brennen Meuer Crdner
| - o
MNarme Anderungsdatum Typ Gral
L new 01122017 11:42 Dateiordner

|| TK 470-50_A.bak
|| TK 470-50_A.ms

-
({4 PowerCore Explorer

[ TK_530-65_Albak File  Plot Help
|| TE_530-65_A.mfs Material Folder: D thyssenkrupp'\PowerCore Explorer\Materials
|| TK_800-100_A.bak
| ] TK_800-100_A.mfs Filter: Eilereme
TK_470-50 Amfsz
TK_530-65_A.mfs Material Name:
TK_800-100_A mfs
Comment:
Expire Date:

Mass Density [Kg/m2]:

01.12.2017/V2.4.0 Seite 16/26



3.2.5 Interpolation of field strength values

Curve.

’s

Values of the induction B as well as values of the field strength H can be entered in table B-H-

B-HICURE | Loss Cosf. | Loss Data| Extra |

Options  Edit

Paint H [Asm] B[T] J[T] _r
1 0 0 0
2 21,844 009392 009989 3640.076
3 30,03 019993 019989 5298,01
4 36,282 0.29994 0.29989 6578597
s [

Based on the conditions shown in following table will the H values be recalculated by

interpolation of the already entered data:

State Action by user Reaction of
PowerCore®

Explorer

a) cell H is empty B value is entered > H value is

recalculated

exists

b) cell B is empty H value is entered > no action
C) B value exists H value is entered > no action
d) H value exists B value is entered > no action
e) H und B values H value is deleted > H value is

recalculated

01.12.2017/V2.4.0

Seite 17/26



3.2.6 Saving of material data files

New material data can be saved as FEMAG formatted *.mc (binary) or *.mca (ASCII) files
which can be used directly by FEMAG and smartFEM for simulation. These files contents are
conform to the public data which are saved in mfs-files by thyssenkrupp.

it PowerCore Explorer - New Material = |8 29
File Plot Help Close Editor
Name: TKM 250-35 A
Description PowerCore® M 250-35 A by ThyssenKrupp
Mass Density [Ka/m3l: 7600
Sat. Magnetization [T] il
Material Type: [Soﬂ Iron ']
B-H Curve ]Loss Coef.] Loss Data] Extra I k
Options  Edit
Point H[A/m] B[T] 4 wr s
1 0 0 0 |
2 21844 l9992. 10 09989 L3640 (176 | .
z 3003 | (& Save Data to File =
22 B C ) S o e e b e o e o
4 36.282 (&) P =
5 41,963
6 47511 B Dateiname:  TK_250-35_A -
7 53,649 Dateityp: | mc files (*.mc) A
8 60,474
R mca files (*.mca)
S 6871 | Al files (*%) ‘
10 79.279

The loss data which are saved in mc/mca files are used by the simulation software smartFEM
in loss calculation algorithms which were specially developed for the calculation with material
data of thyssenkrupp.

FEMAG uses loss coefficients which can be calculated by FEMAG from the thyssenkrupp loss
data. They can be entered manually in tab ,Loss Coef.”. With this can these mc/mca files used
by smartFEM and by FEMAG for loss calculation.

Menu ,Close Editor opens PowerCore® Explorer again and the saved material data can then
be exported in different formatted files for use in other simulation programs.
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3.3 Export of material data
Material data can be exported as:
- tabled text file *.txt for further use in other applications

- formatted files which can be used for import of the data in the FEM software
programs JMAG, MAXWELL and SPEED

{4 PowerCore Explorer = | B
File | Plot Help :
1 Mew Material Strg+=MN s [ Select ] m [ T ]
New Material From TK_250-35_A_S0Hz.mc
Export Material Data Strg+ S TK_250-35_A_S0tizme
| Update “Itﬁid mfs Files TKM25035A
: Exit PowerCore Explorer PowerCore’® M 250-35 A by ThyssenKrupp
| TR 25035 Arfs Mass Density [Kgim2}: 7600
TK_250-35 A 50Hz mc
TK_400-50_Arfs Sat. Magnetization [T]: 1]
TK_800-50_Amiz
Material Type: Soft ron
-
#f) Export Material Data —r—
QQ | | = PowerCore Explorer 23.0 » Materials - ;6,| | Materials durchsuchen )
Dateimame:  TK_250-35_A_S0Hz -
Dateityp: [Text file (*:oc) -]
Text file (".xt)

SPEED Steel file (*.stl

Maowell Material files (*.tab)
JMag Matenal files (*jem)

> Ordner durchsuchen [ Speichem ] | Mbbrechen |

\

After selection of the file format a window for selection of the related frequencies is displayed:

- FEMAG one file ,MaterialName_Frequenz.mc"or ,.mca“per [ g, qq )
selected frequency will be saved.
- JMAG one file ,MaterialName.jcm* will be saved which BH Curves Export
contains all data of all selected frequencies
W |f=50Hz

- MAXWELL one file ,MaterialName_Frequenz_BH.tab“ per [F]f=6DHz
selected frequency which contains B(H) data and | |[f-100Hz

one file ,MaterialName_Frequenz.tab“per selected :ﬁﬂ:

frequency which contains loss data will be saved. [V]f=500Hz

. . [Ff=7T00Hz

- SPEE: one file ,MaterialName_Frequenz.stl“ per selected [Z]f=1000Hz

frequency which contains B(H) data and one file | |[/f=2000Hz
~MaterialName.dat“ which contains loss data of all
selected frequency will be saved.

Select all Freguencies

[ ok || Cancel
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3.3.1 Export into tabled text file
The tabled text file (*.txt) contains all public material data of the related mfs or mc/mca file.

r e,
| TK_250-35_A_50Hz - Editor (= | B i

Dater Bearbeiten Format Ansicht 7

Material Name: TK M 250-35 A ;
Comment : PowerCore® M 250-35 A by ThyssenkKrupp =
Expire Date: 01.01.17

Mass Density: 7600 kg/m~3

Temperature: 20 22 2
specific Electrical Resistance: 0,552 om at 20°C

Sﬁecifﬁc Electrical Resistance Temp Coeff: 0,001 1/K
Thermal Conductivity: 0,552 W/ (m-K) at 20°C

Thermal Conductivity Temp Coeff: 0,0019 1/K

f=50,00 Hz

H[a/m] B[T] 1[T1]

0 0 0

21,844 0,09992 0,09989255
30,03 0,19993 0,1998923
36,282 0,29994 0,2998944
41,968 0,3997 0,3996472
47,511 0,50002 0,4999603
53,649 0,60006 0,5999926
60,474 0,69999 0,699914
68,71 0,80002 0,7999336
79,279 0,89995 0,B998504
94,189 1,00013 1,000012
115,914 1,10004 1,099894
155,115 1,19997 1,199775
247,956 1,30024 1,299928
570,539 1,40037 1,399653

1678, 561 1,50193 1,499821
3940,088 1,00467 1,599718
7381 ,408 1,70895 1,699674
12678,53 1,81548 1,799548
22830,72 1,92852 1,89983
f=1 H=z

BLT] P[w,/kg]
0,29%09 0,00198
0,39027 0,00305
0,48694 0,00432
0,58575 0,00576
0,69393 0,00725
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3.3.2 Export into JMAG formatted file
The material data are saved as text in jcm files and contain B(H) and loss data.

Bl Desktop
4 Bibliotheken
q& Heimnetzgruppe
A gh
4 (M Computer
4 5_’ System [C:)
4 |, Benutzer
4 | PowerCore Explorer 2,3.0
4 L Materials
. IMAG Material files
4 Maxwell Material files
. Maxwell TK_250-35_A
, SPEED Steel files

01.12.2017/V2.4.0

“ | Mame

| | TK_250-35_A.jem

& Soel.
(Iv
iR

Desktop » Computer » System (C:) » Benutzer » PowerCore Explorer 2.3.0 » Materials » JMAG Material files »

-

GroBe Geandert

01.06.2016 13:43
7682 01.06.2016 18:43

Typ

)
o‘
'I
’ A\

Dateiordner
JCM-Datei

.
| TK_250-35_A - Editor

Datei Bearbeiten Format Ansicht 7

Material Name: TK M 250-35 A -
Comment : PowerCore® M 250-35 A by Thyssenkrupp =
Expire Date: 01.01.17 =
Manufacturer: Thyssen-Krupp Steel Europe AG B
Category Steel

Mass Density: 7600 kg/mA3

Temperature: 20 i o

=1 Hz

H[A/m] B[T] 1[T]

0 0 0

34,981 0,29909 0,29905

40,024  0,39027 0,39022

45,300 0,48694 0,48688

50,539 0,58575 0,58569

57,98 0,69393 0,69386

66,442 0,78697 0,78689

77,273 0,88945 0,88935

92,22 1,00055 1,00043

112,931 1,09468 1,09454

152,666 1,20126 1,20107

245,75301 1,29715 1,29684

569,24298 1,39893 1,39821

1671,42395 1,50165 1,49955

3886,75488 1,60399 1,59911

4000,00098 1,60901 1,60398

5000 1,6434 1,63712

8000,00098 1,728 1,71795

10000 1,76937 1,7568

14999,99902 1,8523 1,B83345

19999,99609 1,90825 1,88312

25000,00391 1,94401 1,91259

30000,00391 1,96371 1,92601 =

e
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3.3.3 Export into MAXWELL formatted file

The exported files are saved in a directory named ,Maxwell materialname®. The files are
named as ,materialname_BH.tab“ for the B(H) data and ,materialname_nnnHz.tab“ for the loss
data per frequency. Only B(H) and loss data are exported.

Desktop » Computer ¥ System (C:) » Benutzer » PowerCore Explorer 2.3.0 » Materials » Maxwell Material files » Maxwell TE_250-35_A »
B Desktop “ | Name = GroBe Gedndert Tvp
- Bibliotheken :
‘G Heimnetzgruppe . 01.06.2016 15:45 Dateiordner
A gh || TE_250-35_A_1HZ tab 241 01.06.2016 15:45 TAB-Datei
/M Computer || TE_250-35_A_1HZ BH.tab 375 01.06.2016 18:45 TAB-Datei
L system (C) | 7] TK_250-35_A_S0HZtab 325 01.06.2016 1545 TAB-Datei
Benutzer || TE_250-35_A_50HZ_EH.tab 315 01.06.2016 13:45  TAB-Datei
PowerCore Explorer 2.3.0 || TE_250-35_A_a0HZ tab 322 01.06.2016 18:45 TAB-Datei
. | Materials || TE_250-35_A_60HZ_BH.tab 312 01.06.2016 15:45 TAB-Datei
| JMAG Material files | TE_250-35_A_100HZ tab 326 01.06.2016 1545  TAB-Datei
| Maxwell Material files || TK_250-35_A_100HZ_EH.tab 313 01.06.2016 13:45  TAB-Datei
. Maxwell TE_250-35_4 |4 TK_250-35_A_200HZ tab 315 01.06,2016 15:45 TAE-Datei
| SPEED Steel files | TE_250-35_A_200HZ_BH.tab 299 01.06.2016 15:45 TAB-Datei
TK 250-35 A 400HZ tab 277 01.06.2016 18:45 TAB-Datei
) Tk 250-35 A SOHZ BH - Editor | = | BV 5 I =)y 950.35 A 50HZ - Editor (el (=D e |
Datei Bearbeiten Format Ansicht 7 Datei Bearbeiten Format  Ansicht 7
0 0 - 0 0 -
21.844 0.09992 0.09992 0.01674
30.03 0.19993 0.19993 0.06311
36.282 0.29994 0.29994 (.12898
41,968 0.3997 0.3997 0.20994
47.511 0.50002 0.50002 0.30424
53.649 0.60006 0.60006 0.41065
60.474 0.69999 0.69999 (0.52852
;6:8.?1_; 0. 80002 0.80002 0.6591
79.279 0.B9995 0.89995 0.B0325
94.189 1.00013 1.00013 0.96406
115.914 1.10004 1.10004 1.14607
155.115 1.19997 1.19997 1. 35864
247.8956 1.30024 1.30024 1.62201
570.539 1.40037 1.40037 1.94728
1678.56 1.50193 1.50183 2.31181
3940.69 1.60467 1.60467 2.6178
7381.41 1.70895 1.70895 2.89937
12678.5 1.81548 1.81548 3.17885
22830.7 1.92852 1.92852 3.46537
|
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3.3.4 Export into SPEED formatted file

The exported material data are named ,materialname_nnnHz.stl“ for the B(H) curve and
“materialname.dat” for the loss data.

The exported data must be adapted accordingly to the specification in the user guide of
SPEED before these files are imported by SPEED.

Desktop » Computer » System (C:) » Benutzer » PowerCore Explorer 2.3.0 » Materials » SPEED Steel files »

B Desktop * | Name GroRe Gedndert Typ
> |l Bibliotheken ==
. . 06.201 Dateiordner
» o Heimnetzgruppe e - _01.06.201 Dateiordner
> (B on | 3| TK_250-35_A.dat 5.695 01.06.2016 45 DAT-Datei
4 M Computer | TK_250-35_A_1HZstl 1.499 01.06.2016 15:45 STL-Datei
A‘ x:-" System [C:) | TE_250-35_A_50HZ.stl 1.249 01.06.2016 15:45 STL-Datei
" Benutzer || TK_250-35_A_60HZ.stl 1.249 01.06.2016 18:45 STL-Datei
4 || PowerCore Explorer 23.0 || TE_250-35_A_100HZ stl 1.249 01.06.2016 15:45 STL-Datei
4 Materials | 2| TK_250-35_A_200HZ stl 1199 01.06.2016 18:45 5TL-Datei
TR e |7 TK_250-35_A_400HZ st 1039 0L06.2016 1845  STL-Datei
4 Maxwell Material files || TK_250-35_A_500HZ stl 1.049 01.06.2016 15:45 STL-Datei
| Maxwell TK_250-35_4 | 7] TK_250-35_4_700HZ sl 949 01.06.2016 18:45  STL-Datei
. SPEED Steel files | TE_250-35_A_1000HZ.stl 899 01.06.2016 13:45 STL-Datei
| TE_250-35_A_2000HLZ.stl 549 01.06.2016 13:45 STL-Datei
1] TK_250-35_A - Editor = B K ") TK_250-35_A _50HZ - Editor =|EB] %
Datei Bearbeiten Format Ansicht 7 Datei Bearbeiten Format Ansicht ?
TK M 250-35 A - 20 n
PowerCore® M 250-35 A by 0. 00000000000000E+0000 0. 00000000000000E+0000
Th{ssenKrupp 9.99199971556664E-0002 2.18439998626709E+0001
w/kg 0 = 1.99929997324944-0001 3. 003000068664 55E+0001
0.1 F 2.9993999004 364 0E-0001 3.62820014953613E+0001
50 0.0167399998754263 3.99699985980988E-0001 4.19679985046387E+0001
a0 0.0208999998867512 ™ 5.00020027160645-0001 4.75110015869141E+0001
100 0.0387500002980232 6.00059986114502-0001 5.36489982604980E+0001
200 0.0959300026297569 6. 999899744 98749E-0001 6.0473999023437 540001
400 0.259710013866425 8.00019979476929-0001 6. 870999908447 27E+0001
500 0.362760007381439 §.99950027465820E-0001 7.92789993286133E+0001
700 0.612460017204285 1.00013005733490E+0000 9, 41890029907 227E+0001
1000 1.05480003356934 1.10003995895386E+0000 1.15914001464844E40002
2000 3.22874999046326 1.19997000694275e+0000 1.55115005493164E+0002
0 0.2 1.30024003982544E+0000 2.47955993652344E+0002
50 0.0631100013852119 1.40037000179291E+0000 5.70539001464 84440002
a0 0.0784799978137016 1.50192999839783E+0000 1.67856103515625E+0003
100 0.146449998021126 1.60467004776001E+0000 3. 94068798828125E+0003
200 0.363640010356903 1.70895004272461E+0000 7.38140820312500E40003
400 0.971279978752136 1.81547999382019e+0000 1.26785302734375E+0004
500 1.34841001033783 1.92851996421814E+0000 2.28307187500000E+0004
700 2.24251008033752 0. 00000000000000E+0000 0. 00000000000000E+0000
1000 3.8B438010215759 0. 00000000000000E+0000 0. 00000000000000E+0000
2000 11. 3865604400635 0. 00000000000000E+0000
0 0.3 1.00000000000000E+0000 1. 00000000000000E+0000
1 0.00197999994270504 0. 00000000000000E+0000
50 0.128979995846748 2.73600000000000E-0001
a0 0.160669997 33448 T
100 0.302749991416931 A/m
200 0.758229970932007 TK M 250-35 A
400 2.02704000473022
500 2.8158700466156 -
700 4.64114999771118 >
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3.4 Comparison of different material data files

PowerCore® Explorer offers convenient possibilities to select different material data files and
display the graphs for comparison in the same plots.

Different materials are displayed with different line patterns and different frequencies are
displayed with different colors. Colors and additional parameter can be selected after click with
right mouse button into the plot windows and adapted individually for all selected plots at the

same time.

@ PowerCore Explorer

=[@] = ]}

File Plot Help

@ B-Hcurve

Material Felder:  C:\Users\Materials

File  Options  RMS AVG Values

Filter:

TKES_110050_5Gmc
TKES_1100-50_SG mfs
TKES 23535 Amc
TKES 23535 _Armfs
TKES_280-30_AP.me
TKES_280-30_AP.mfs
TKES_400-50_Amc
TKES_400-50_Amfs
TKES_600-65_Amc
TKES_600-65_Amfs
TKES 80065 Amc
TKES_80065_Amis

TKES_80065_A_1mis
TKES_NO_20mc
TKES_NO_20mfs

01.12.2017/V2.4.0

BM TKES 28030 AP Va
TKES_80065_Amc | NameofPlot TKES_280-30_AP_V:
22
Line Width; 2[5
i 20
ig Line Color [N
[ 15 Show Smooth Curve
4 [ Mark Peints
12
Show Plot
1.0
0.8
0.6
0.4
0.2 [ b
0

B-H Curves General | XAwis | Y-Ads Plots

0
o 3000 6000

9000 12000 15000 18000 21000 24000 27000 30000 33000 36000 39000 42000 H[A/MmM]
— TKES_280-30_AP_Variante_1 mfs ... TKES_800-65_Amc

x= 16238,0016, y= 2,7305

X-Aods Units in A/m = V-Axis Unitsin T ~

v
@ B-Loss Curves

I ‘ = B

File  Options  RMS AVG Values

P[W/kg]
1600,0
1400.0
1200.0
1000.0

800.0
500,0
400,0
200.0

B-Loss Curves

et
Ferrie

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 B[]
——0Hz ——50Hz 100Hz —— 200Hz —— 400Hz ——500Hz —— 1000 Hz —— 2000 Hz

—— TKES_280-30_AP_Variante_1 mfs e TKES_B00-65_A mc

x= 6,6090E-01, y= -480,4273

X-Pods Units in T ~ Y-Axis Units in W/kg -
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4 User Guide

User can open the UserGuide by “Help” menu in case that Adobe Reader®is installed on the
computer. All pdf documents will be displayed which are saved in the same directory as
.PowerCore Explorer.exe“. User can therefore additionally save own documents and open
them by PowerCore® Explorer.

To definen

|

B

B2
/’-'\:“ w"
JAN i \S

i — Y
(& PowerCore Explorer E‘Eﬂ
File  Plot | Help
Material Fold EUtA 0\Materials ) Updale
Verify Signature
Filter: Load Key Strg+K name: TK_250-35_A.mfs
e TKM250-35 A
2 rial Name:
TK 25035 A, User Guide 2.3.0 de
TK_400-50_Am User Guide 2.3.0 en ment: PowerCore® M 250-35 A by ThyssenKupp
TK_800-50_Am
About... re Date: 01.01.17
Mass Density [Kg/m3]; 7600
.
I User Guide 2.3.0 de.pdf - Adobe Reader b

|Datei Bearbeiten Anzeige Fenster Hilfe

®

@RBEE| + ® ][5 ]+ wenamge

Kommentar

o

01.12.2017/V2.4.0

M, oe
Power =

I

Benutzeranleitung und Nutzungsbedingungen

+PowerCore® Explorer*

zur Erzeugung der fiir FEM Berechnungen von elektrischen Maschinen
bendtigten Materialdaten aus TKSE spezifischen Materialdateien fiir
Elektrobandsorten

thyssenkrupp Steel Europe AG

[

-

_ — _—_—
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5 Terms of use

5.1 Limitation of liability

The PowerCore® Explorer software was implemented by elmoCAD Engineering GmbH behalf
on thyssenkrupp Steel Europe with highest carefulness. All use of Material Explorer respectively
PowerCore® Explorer shall only be at user's own risk and responsibility. Using Material Explorer
respectively PowerCore® Explorer will effect no contractual relationship between user and
thyssenkrupp Steel Europe or elmoCAD Engineering GmbH. The displayed values are
conduced to information. They are measurement values of typically grade samples and
represent no guaranteed values. The use of the material data after the mentioned date of
expiry is only be at user's own risk. The use of data of the original material files (*.mfs) which can
be verified as unchanged origin and also all other files which can be created by user from the origin
data for use in other software programs will only be at user's own risk. Before ordering non grain
oriented electrical steel user has to verify respectively specify the material data together with sales
department of thyssenkrupp Steel Europe. thyssenkrupp Steel Europe and elmoCAD Engineering
GmbH give no guarantee in terms of faultless functionality of Material Explorer respectively
PowerCore® Explorer and no liability for damages caused by using the software.

5.2 Copyright

thyssenkrupp Steel Europe and elmoCAD Engineering GmbH are authors and owners of all
rights to utilize the Material Explorer respectively PowerCore® Explorer Software which is liable
to German copyright and ancillary copyrights. Material Explorer respectively PowerCore®
Explorer will be exclusively and without cost provided to clients of thyssenkrupp Steel Europe
on request. Any distribution of Material Explorer respectively PowerCore® Explorer by third
parties requires the written approval by the rightholder. This is essential particularly for
distribution, handling, translation, storage and reproduction of content in data bases or other
electronic media and systems including internet. Solely the creation of copies for own use is
allowed. Violation will be prosecuted.
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