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- “Electronic Transformer Kit” HfRETK , BEff{T4?

> ETKXE Apython AR 77 BN 4E BCEE#% M TR RAR I K iR A, REIX A
M. MTHSE, SteinmetziiFER IR AIETIRR. B9, ETKHH
Network Data Explorer4: 5% o] I ZESimplorerflPspice F {5 FA AU TR AS == [E] 4 BY

( state-space model )
- ETKEZEIRWR=2MTAL?

> ETKATES TEMEAEIOOKHASEE AN SR AR ST S B (EXEE
50-50HZSE BRI N AR ERY) .

- ETK{EF3fafE03 ?

—> The Python script consists of (3) input panels which can be setup in 10-15 minutes
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—> Philips and Ferroxcube with (15) core shapes are included in the initial release. In

(S FERROXCUBE

addition, users can modify an Excel spreadsheet to add more core shapes and

materials.

S FT A BOETKERAS, B2 PhilipsflFerroxcube& 15 kKR ETR. BINHFAT
A FB1E L — D HEE Excel XA I E Z By # MR IR A0 AL,

. ETK5ANSYS PEXprifyE£s ?

= The “Electronic Transformer Kit" is a free script using Maxwell 3D (not Maxwell 2D).
- It provides an FEA based solution (not analytical).
- Litz and twisted wire cannot be considered.

—> Capacitance is not considered unless a separate electrostatic design is created

manually.
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£ https://support.ansys.com/portal/site/AnsysCustomerPortal/searchnav?keyword=ETK
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Solutions (1)

Solution Attachments (1)

ID#: 2039676

Product Family Maxwell R16.1/v2015.1 Electronic Transformer Kit - ETK
Product Family: Electronics

Structural Mechanics (5)

Electronics (2)

Product

ANSYS Mechanical APDL (5)

ANSYS Maxwell (2)

Version

16.x (2)

145 (1)

ZX

... R16.1/v2015.1. Please refer to the ReadMe.txt file for installation and further
details. This Toolkit works with the following version: Maxwell R16.1/v2015. 1.
Keywords: Transformers, Electronic Transformer, Inductor, Ferrite, ETK

Type: Knowledge Resources > Solutions
Last Updated: Jul 13 2015

Maxwell R16.1/v2015.1 Electronic Transformer Kit - ETK

... Introduction to the Maxwell 3D Electronic Transformer Kit (ETK) July 9,
2015 ANSYS, Inc ... July 9, 2015 15 For ANSYS Customers Only - Accessed
with “Help€? button on any ETK panel - Installed at: C:\Program
Files\AnsysEM\ AnsysEM16.1\Win64\Maxwell\syslib\UserDefined ...

Type: Knowledge Resources > Solutions
Last Updated: Jul 13 2015
File: ETK_R16.1.zip, ETK_R16.1_intro.pdf

Product: ANSYS Maxwell
Version: 16.x

Status: Final

Publish External: Yes

ID#: 2039676

Product Family: Electronics
Product: ANSYS Maxwell
Version: 16.x

Status: Final

Publish External: Yes
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Home > Knowledge Resources: Solutions

Knowledge Resources: Solutions

#2039676
Maxwell R16.1/v2015.1 Electronic Transformer Kit - ETK

Product Family: Electronics
Product: ANSYS Maxwell
Version: 16.x

Area: General (Maxwell)
SubArea: Transformers
Last Updated: Jul 13 2015

Answer:

This toolkit consists of a script for Electronic Transformer design in Maxwell R16.1/v2015.1. Please refer to the ReadMe.ixt file
for installation and further details. This Toolkit works with the following version: Maxwell R16.1/v2015.1.

Keywords: Transformers, Electronic Transformer, Inductor, Ferrite, ETK

Resolution Documents:

-rETK_R16.1.zip !
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«  Copy the folder CoreUDM in: Maxwell Installation directory
\AnsysEM16.0\Win64\Maxwell\syslib\UserDefinedModels\Lib
ZFE  \AnsysEM16.0\Win64\Maxwell\userlib\UserDefinedModels\Lib

2. EFIH ElectronicTransformerModel.py in: Maxwell Installation directory
\AnsysEM16.0\Win64\Maxwell\syslib\Toolkits\Maxwell3D

- —— - —- S —
Default Units I Remote Analysis Options } WeblUpdate Options }
Froject Options 1 Miscellaneous Options 1 Desktop Performance 1 BJ]{H)
Save Options
[¥ Do Autosave iui %ﬁﬁﬁ{q:;%
Autosave 10 edi
=FR a8 Z=A Fh
[¥ Sawe preview images in proje
Directories Bitmaps 2015/8/21 15:24 s
Proj C:\Users\bzhuangiDocumentsyAnsoft . g g . . -
rojec | b= Maxwell Circuit Elements 2015/11/3 10:23 hrg ot
- = o J o = -
Tenp: :\UsersibzhuangAppData‘lLecal Temp g g (= [ (=l | rdH =t
{Default installation setting) [~ Overrid I_ _TCiOEtS; —_—— e =t 2015/8/21 15:24 AR
SysLib ‘E:\Program Files\hnsysEM\insysENLE. 2\Win64d\Maxwe J UserDef‘ned Documents 2015;‘8;‘21 1524 —:_—J:Fj:
o= m e === —-
UserLit \E:\Program FileshAnsysEM\AnsysENL6. 24 Winsd \Maxwe J I UserDef‘nedModeh I 20 ]_5,,-"]_ ]__,-"3 10:325 fJ:F;.:
- — o — o — -
Personalli [C:\UseTs\bzhuang\Documents\Ansoft\Personallib ... UserDeﬁnedDutputs 2015/8/21 15:14 WAHSE
Bt Tlomery DimCe(on UserDefinedPrimitives 2015/8/21 15:24 SfEE

Tools\Options\General Options...
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It is not necessary to place the under

Toolkit. Users can place this file under any convenient location and run the
toolkit via

or option

Draw | Modeler Maxwell 3D Tools Window Help

I~ e L _1 - 3D Modeler - [Projectl3 - TransformerDesign_1 - Modeler]
v |Spline =k .. Maxwell 30 Window Help

Arc v ¢ . 3

B
Tools

& Equation Based Curve

u}

Rectangle

Ellipse

Circle

Regular Polygon
Equation Based Surface

@oCade OO0

Box

Cylinder

Regular Polyhedron
Cone

Sphere

Torus

Helix

Spiral

7

Bondwire
Sweep

User Defined Primitive
User Defined Model
3D Component Library

Plane
o Point

|

ms

A

B

3

OnDieSpiralinductor

3 =
Generate

T = TP AT MR AT We Mt '\
I Update Menu

Solution Type...
List...

Validation Check...
Analyze All

Edit Motes...
Toolkit

30 Medel Editor
Set Object Temperature...

3

- 13
|l _EE

-

. BZ B O

41

ore =

wolic

CableModeling »

b 3
1 2 ElectronicTransformerfdodel |

| =
Update Menu
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Core Definition

« Two options to set-up a transformer model:

1. Read input data from a previously recorded .tab text file
2. Create a totally new design

« Select Model Units, Supplier, Core Type, Core Model
« (15) available core shapes from Philips/Ferroxcube
« Choose default dimensions or manually modify

Read inputs fro

Maodel Units :
Supplier:
Core Type :

Core Model:

D_1 D_:

[~ Define Airga

100.3 ?3.1E

Segmentation Angle: 15

mm hd

Ferroxcube ~
-

=
EC

ETD
P
PH
PQ
PT
RM

U
Ul

D3

D1
b2
[
Toh—im=

=
[=] w2

L

U U=

[
3

w0
=]

D_4 D_5
59.4 45.85

D6 D_7 D_8
27.5 0.0 0.0

0.1

rmer Model @
-------
r Core Definition |Winding Deﬁnibi:n IAnaIysis Semp|
m Text File:

H 3 SR S M TR LA

9
oor
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Cone Defirvtion | Windng Definibon | Analyss Setup

HMLEK, HFREFETMaxwelBUIANIRE v oosomis oo 0

.* LFt 1
\ “" EE I BN B BN IS BN S B S
i{tl: E i I o “;" Segmantabon Angle 15

Maoded Linits mm -

o BEITEFFE “core definitioq{’.ﬁfﬂ%ﬁt . e R
By “Read Data from Text File”}%4$H, T Cora Typs: € - It

N— /= > e
UEFIZTE H BY-tabig VA XfF T OrIo
(note Core Model box will remain blank)
D1 0_2 o_3 o_4 D_s ] o_7 o_s
100.3 73.15 s 534 %585 7.5 0.0 0.0
* tabigTUAY X H-th I I FEtext 4R iE 28 1
* I ™ Defing Airgap
HERSHRE, BAMES
FaEsG, o FH1Z{T
M Werking Directory
1 15 $Segmentation Angle: should be between 0 to 20
2 mm %Model Units: mm or inches Carcel Mgt 22
3 Phillips Supplier Name
4 ET $Core Type
5 64.0 53.8 10.2 10.2 5.1 50.8 0.64 5.08 %CoreDimensions: D1,D2,D3,D4,D5,D6,D7,D8
6 0 %$Include Airgap: 0 to exclude, 1 for Airgap on central leg, 2 for Side leg, 3 for both
7 1 $Winding Status: 1 for Create Winding, 0 for exclude winding
8 8 SNumber of Lavyers
9 0.2 0.1 0.2 O $Margin Dimensions (Top Margin, Side Margin, Layer Spacing, Bobbin Thickness)
10 0O %$Bobbin Status 0O:Exclude bobbin from Geometry 1l:Include Bobbin in Geometry
11 1 sWinding Type 1:TopDown 2:Concentric
12 1 %$Conductor Type 1l:Rectangular 2:Circular
13 21.2 0.25 1 0.05 sLaver 1 specifications :Conductor Width, Conductor Height, Number of Turn
14 21.2 0.25 1 0.05 $Layer 2 specifications :Conductor Width, Conductor Height, Number of Turn
15 7 0.25 3 0.05 $Layer 3 specifications :Conductor Width, Conductor Height, Number of Turns, I
16 7 0.25 3 0.05 %Layer 4 specifications :Conductor Width, Conductor Height, Number of Turns, I
17 7 0.25 3 0.05 %Layer 5 specifications :Conductor Width, Conductor Height, Number of Turns, I
18 7 0.25 3 0.05 $Layer 6 specifications :Conductor Width, Conductor Height, Number of Turns, I
19 21.2 0.25 1 0.05 $Layer 7 specifications :Conductor Width, Conductor Height, Number of Turn
20 21.2 0.25 1 0.05 %$Layer 8 specifications :Conductor Width, Conductor Height, Number of Turn
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MARM2/3 : Winding Definition

- A Electronic Transformer Model @
a wﬁ“ﬁg%%éﬁ Core DEﬁnIhlr-\"‘EnQ-DEﬂUn- ’mlysm Setup
v Draw Winding | Help |
« Number of Layers, Layer Spacing, e : TopMargn 02
. . . . . Layer Spacing: 02 Side Margin: 01
Bobbin Thickness, Top Margin size, Side ot e .
Margin Size Layer Type: Conductor Type:  |Rectangular +
e CD\Tr‘ij;énm Concent:—i|ceight ' Na. of Turns #ngcl;z:lar
+ Layer Type: Top Down or Concentric e 1 -
« Conductor Type: Rectangular or Circular s 0 em ;
« For each layer: Conductor Width, o] (wamer)
Conductor Height, Number of Turns, L ...

i
“““
Py

and Insulation Thickness .. —
------------ Lay:elrll g'
- Clickon “Draw Geometry” to preview - 5
E Layer 2 El
the Maxwell model before clicking on b =
S Layer 3
Next> > a AL Insulation Thickness
Side Margin
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e HEA.

- FEPHLENAEIMNEEHE.
i f - ZEEH R E EEHE (top to bottom).

Turn 1 Turn 2 Turn 3 Turn 4 Layer 1
Layering
Direction

l Layer Spacing

Turn 1 T Layer 2

puin]  fuinp  zuing  Tun]

I Layer Spacing

=
S
=
[
-
[=
=
=
]
=
5
=
w
=
s
=
s
g
=
3
(0]

Turnl Turn2 Turn3 Turnd4 Turn5 QEENCE]

Layering
Direction
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MARM3/3 : Analysis Setup

* Define Core Material and Coil Material

* Define Primary and Secondary Windings

 Define series or parallel connections for
primary and secondary windings

* Define adaptive frequency, frequency sweep,
% error and max number of passes

* Setup Analysis to create design OR Analyze to
setup and solve design

B3R, SRHBUR, RFRESE

A Electronic Transformer Model

Core Definition | Winding Def{:‘on Analysis Setup

Define Material

Core Material:  |3¢15

Define Windings

Define Primary and Secondary Windings:

Define Connections

Define Connections:

Define Frequency Sweep

Adaptive Frequency:

v Define Frequency Sweep

Analysis Setup

Percentage Error:

(B

- m—

J

\ Help

Coil Material: |copper7v|

h |

Set ‘

Set

100 [kHz =

Set

1 Maximum Mo. of Passes: [
- — o —n
Cancel | '|- Setup Analysis |J | Analyze
I T -

I\ Define Windings

o] ©

Defined Windings

Available Layers Defined Windings

Primary1
Layerl Primary2
Layer2 | Primary == | Primary3

Primary4
Lﬁyer?’ Secondary5
Layerd | Secondary >> | Secondary6
Layers ——— |Secondary7
Layers Secondaryd
Layer7 | << Remove |
Layerd

=l @ == AFrequencySweep EI [=] @
Start Frequency: 1 | kHz hd
Stop Frequency: 1 |MH2 -
Samples: 3
Scale: | Logarithmic A4 |
| oK | [ Cancel l
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If the requir_ed core model is not available readily in the core definition panel, users
can add their own core model

A file with the name “CoreData.tab” is available under the folder “CoreUDM”
This file can be opened in Excel or a text interface

Users can add Supplier name, Core Type, Model name and dimensions of the core
and overwrite the .tab file in tab delimited format

The added core model will be available for selection for the next script run

Note that even though core models can be added, Core types will still be limited to
15 types that are currently implemented

A B C D E F G H 1 J K
1 Supplier CoreTypeCore Mod D1 D2 D3 D4 D5 D6 D7 D3
2 |Phillips E E5.3/2.7/2 5.25 3.8 1.4 2.65 1.9 2 0 0
3 |Phillips E E6.3/2.9/2 6.3 3.6 1.4 2.9 1.85 2 0 0
4 Phillips E E8.8/4.1/2 9 5.2 1.9 4.1 2.03 2 0 0
5 Phillips E E13/6/3 12.7 9.5 3.2 5.7 4.1 3.18 0 0
& |Phillips E E13/6/6 12.7 8.5 3.2 5.7 4.1 6.4 0 0
7 |Phillips E E13/7/4 12.6 8.9 3.7 6.5 4.5 3.7 0 0
g |Phillips E E16/8/5 16 11.3 4.7 8.2 5.7 4.7 1 0
9 |Phillips E E16/12/5 16 12 4 12.25 10.25 4,85 0 0
10 |Phillips E E19/8/5 19.1 14.3 4.7 8.1 5.7 4.7 0 0
11 |Phillips E E19/8/9 19.05 14.33 4.75 8.05 5.69 B.71 0 0
12 |Phillips E E20/10/5 20.7 12.8 5.2 10 6.3 5.3 1 0.5
13 |Phillips E E20/10/6 20 14.1 5.9 10.2 7 5.9 1.5 0
14 |Phillips E E20/14/5 20 14.3 4.55 13.55 11.15 5 0 0
15 |Phillips E E22/16/10 22 13 8 15.75 9.75 10 0 0
16 Phillips E E25/9/6 25.4 19.3 6.35 9.45 6.5 6.3 0 0
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If the required Core material is not available in the analysis setup panel, it can be added by
the following steps:

1. Create a tab file for frequency versus permeability for the required core

2. Name the tab file same as the name of the material to be added

3. Place the tab file in the folder “CoreUDM /MaterialData”

4. Open “matdata.tab” file, which is in the folder “CoreUDM /MaterialData”,in Excel

5. Add arow for the material to be added and specify name and other material properties

6. Save the file with same name
1 "X" "y" 1 |Material M Conductiv Cm X i density
20 1800 2 3C15 1 0.535 1.615 2.766 A800
3 98459.,681589469503 1805 3 3C30 0.5 0.867 1.533 2.7 4800
4 128193.25309275401 1810 4 13C34 0.2 1.06 1.5 2.8 4800
5 164335.10138502999 1815 5 |3ca1 1 2.55 1485 2.51 4300
6 197983.598439825 1836 6 (3C91 0.2 1.9 1.5 2.875 4800
7 246043.12589684501 1880 7 3C30 0.2 0.823 1.54 2.69 4800
3 296421.78101870802 1923.2 8 3Cs4 02 218 144 2725 4800
9 346199.02680051897 2014.5999999999999 9 3096 0.2 024 16| 2576 4800

10 391975.05251181999 2086 10 |3F3 0.5 0.195 1.561 2.15 4750

11 450746.729490244 2160 11 [3F4 0.1 2.981 1.368 2.1 A700

12 502485.57112693402 2936.5 12 3F35 0.1 0.718 1.577 2.744 4750

13 596047.538592714 2426 13 4F1 0.000001 15.358 1.29 2.181 4600

frequency versus permeability matdata.tab


ETK WEBINAR/matdata.tab
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Frequency versus permeability and Coreloss Model

Edit Dataset [ =] 23

MName: |$Mu_3l315 Swap ¥ Data Impor Dataset.. Export Dataset... ‘
Coardinates "
® ke - 3500.00
1 [ ]
2 198459.6615894695 1805 1 3000.00 ]
2 1126193.253092754 1810 - ] . 5 . 52
2 |v64335.101 38503 1875 ] I\ View / Edit Material
= | 187583 595439825 1836 250000 —
o (2450431 25695545 1880 ] baterial Marne haterial Coordinate System Type:
1= : 1 ‘MateriaI_S C15 Cartesian ﬂ
7 |296421.701016708 1923.2 2000.00
5 | 345199.026800519 20146 ] i i i ) i
3 |391875 05251152 2086 > 1 FPropetties of the Material Wiew/Edit Material for
10| 4501745 729490244 2160 a 1500.00 - Mame Type Valus Units @ Active Design
Add Fiow Above | Actd Biow Bilow | 1000.00 —: | |Relaiive Permeahility  Simple  pwi(3Mu_3C15.Frec) ) TS (PieelyEd
] Bullk Conductivity Simple 1 siemens/m " All Products
e R | DEEB RaE | 500.00 - Dielectric Loss Tangent  Simple 0
i MagneticLoss Tangent  Simple 0
0.00 2 Core Loss Model Fower Ferrite wifm ™3 WiewEdit Modifier for
ok | Cancel | 1.00E+004 1.00E+005 . 100E+006 I Simple 0535 il 1=l Madifiar
- R Sirmple  1.615
- Simple  2.766
Mass Density Simple 4800 kg/m™3

_Composition Salid
— Validate Material

|Calcu|ate Properties far: ﬂ

| | Cancel |
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« Automatic setup includes:
-geometry, materials, sources, matrix, mesh operations, and analysis setup

« Region automatically sized, corner radius and fillets are automatically
chosen.

« User specifies Number of Segments for round conductors

Project1 - TransformerDesign_1 - 3D Modeler - [Project1 - TransformerDesign_1 - Modeler] =lalx|

Wit Edt Ven Progct Draw Modtkr Mumel® Toos Wndow bep T I\ Electronic Transformer Model @
IDEE| b BRR S| XD, i SRR e E®eR S B, NTTSQ R QA 0. iB BB EFET o

N _ Do Ood., i RBDA0C@E O D] e & :I'\BD =l
B ek I = O = I O > s e I

oo )

"I BT -5 N ing Definition | Analysis Setup

TR R el

. et Hel
Project Manager B % Eél;ore‘; 2 2 Dralendlng P
= Project1 = Z"" s

4 TransformerDesign_1 (EddyCurrent) 2 copper
- €7 Layeri_t
& 30 Companents & Layerzt
3 Model P Layer3_t
£ Boundaries &P Layer3 2 . z
=i s No. of Layers: 1 Top Margin 0
A Primary1_1_Section1 P Layerq_L
A Primary2_1_Sectiont €7 Layerd 2 N . -
A prary3_1_sectont & Layerd 3 Layer Spacing: 0 Side Margin: 0
#G Primary3_2_Section1 P Layer5_t
o V;;S il & Layers_2
rimary3_3_Section P iaees . . . .
A prmary4_1_secton G Bobbin Thickness: 01 [ Include Bobbin in Geometry
G Primary4_2_Section1 £ Layers 2 - O . ..
A Primary4_3_Sectont -7 Layers_3 ) — B perr—
3 Secondsrys_sectons - ayer7 L Layer Type: TopDown Conductor Type: | Circular
7 Layer8_t
#85 Secondary5_2_Sectionl & viateria_3015 S S E— 4
4 Secondary5_3_Section1 S .
G Secondarys_L_Sectionl &£ Core I I
o &2 1_Core i
B Secondary6 2 Secton @Psods Layer No. e No. of Turns _Irl?js_ulahnn Aoyl
4 secondarye_3 secton 7 & e Diameter ickness Segments
43 Secondary7_1_Section1 & Region I
#G Secondary8_1_Section1 [ Sheets Layer_1 0.2 2 0.05
— — —
% Parameters [ Layer1_t_Section1
[ Matril 3 Layer2_1_Sectionl
88 Mesh Operations g taver;,;,zec:nn:
ayers_2 Section
&8 Length_Col [ Layer3_3_Section1
& Length_Core 3 Layer4_i_Sectioni
- fF Analysis 3 Layer4_2_Section1
[ Layer4_3 Section1
3 Layers_1 Sectionl
3 Layer5_2 Section1
T Feld Overlays I Layers_3_Sectionl
22 Defritons 1 Layers_i_Section1
[ Layeré_? Sectioni
[ Layer6_3_Section1
Properties B ox [ Layer7_1_Section1
3 Layers_1 Sectionl
12, Coordinate Systems
4B Planes
& s Cancel ‘ I Draw Geometry

0 50 100 (mm)
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« All dimensions are saved as parameters on the

Properties tab for the component model

« These can be manually changed as desired

(instead of re-running Python script)

« Note that while dimensions can be modified,
the script needs to be re-run in order to change

the number of layers or number of turns.

& ANSYS Maxwell - Projectl - TransformerDesign_1 - 3D Modeler - [Projectl - TransformerDesign_1 -

# | File Edit View Project Draw Modeler Maxwell 30 Tools Window Help

DEH| L B@(&|X o oo

= Project1*
=il TransformerDesign_1 (EddyCurrent)
é 30 Components

- Boundaries
r-#%5 Excitations
-G Parameters
+.-B8 Mesh Operations
i JF Analysis

. {FE Optimetrics

..... Results

..... % Field Qverlays
[@-[Z3 Definitions

| Properties

firn B B B

=lE ==

o x BRGS0
: i

-4 copper
i -4 Material_3C15
&7 Solids
| -4 vacuum
1] Sheets
#-12, Coordinate Systems
--S Flanes
w8 Lists

o o=
Mame |\c’alue| Unit I Evaluated Val = |

D_1 64 mm 64mm
D_2 53.8 'mm 53.8mm
D_3 102 'mm 10.2mm
D_4 102 'mm 10.2mm
D 5 51 mim 5. 1mm
D6 50.8 'mm 50.8mm

7 0.64 mm 0.64mm
D_8 508 ‘mm 5. 08mm
Bobbin Thickness 0 mm Omm e
Layer Spacing 0.2 mm 0.2mm
Side Margin 01 mm 0.1mm
Top Margin 02 mm 0.2mm
Layer_1 Conductor Height 0.25 mm 0.25mm
Layer_1 Conductor Width 212 |mm 21.2mm
Layer_1 Insulation Thickness |0.05% mm 0.05mm
Layer_1 Mo. of Tums 1 1
Layer_2 Conductor Height 0.25 'mm 0.25mm
Layer_2 Conductor Width 212 |mm 21.2mm
Layer_2 Insulation Thickness 0.05 'mm 0.05mm
‘ il

"General Parameters §2ptions | Info |
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Maxwell KEEGZEER - Plots

.+ At this time, plots are not automatically created by the design kltl

& ANSYS Maxwell - demo - TransformerDesign - 3D Modeler - SOLVED
File Edit View Project Draw Modeler Maxwel 30 Tools Window Help

BH| BB & X0, o IB% e EAGR(L B .iNMS3SQ ke nx B XS S8R
iR . ic0co0cH.indpoaceser ig|ot|w Fk  Fimmmam ipmedh s @ i (% |aom  5)|fvome
RNME e AEAEAEED O,

Project Manager 2 X |EN demo - TransformerDesign - Modeler:1 =10] x|
= (B demo -1 ElCaret
- TransformerDesign (EddyCurrent) €7 Solids J [A/m~2]
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Script offers an intuitive Ul to display:
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Home Insert Page Layout Formulas Data Review View Get Started

1 oo Calbri RN S wrap Text General - | normat

52 Copy -
Pafte F Format painter B I U - E- 5 A B Merge & Center - | 8 ~ % 2 | G 5% Fcunrr'v“zﬁa‘u"rglv F?(;E\Z(fs Neutral

Clipboard Font Alignment Number

a3 - fe| 562546024472

A B c D E F G H ] J
1 Speed[rpm]Torque[N.m] Gamma[deg] PhaseCurrent[A PhaseVoltage[V OutputPower[W] Efficiency TotalLoss[W] WindingLoss[W CoreLoss[W]
2
3 [ 5.62546] 236.980832 46.92330497 353.9562566 4743789177  139.6046546 2777631 4886427761 4886.121336 030221743
4 437.9204 237.054926 46.92339497 353.9562566 19.48137793  10871.08325 68.80246 4929.346005 4886.121336 30.0541096:
5 8702154 237.102663 46.92330497 353.9562566 35.18737116  21606.86845 81.23686 4990501160 4886.121336 72.4674059!
6 130251 237.134352 46.92339497 353.9562566 50.96663246  32344.78679  86.4669 5062345998 4886.121336 127.450123:
7 1734.805 237.150518 46.92330497 353.9562566  66.76549537 43084.3802 89.33323 5144.408805 4886.121336 194.046023:
8 2167.1 237.180507 46.92339497 353.9562566  82.5725227  53825.32236 91.13279 5237.195748 4886.121336 274.943123:
9 2599.305 237.197733 46.92330497  353.9562566  98.38346284 64567.1312 92.35071 5341.105438 4886.121336 367.447149¢
10 3031.69 237.212634 46.92339497 353.9562566 114.1966409  75309.76182 93.24377 5456.769156 4886.121336 472.449292:
11 3463.985 237.226085 46.92239497 353.9562566  130.011255  86053.21565 93.90624 5584.163064 4886.121336 580.936365:

12 3896.28 237.2385 46.92339497  353.9562566  145.8269004 96797.46451 94.4172 5723.547376 4886.121336 719.895235:
13 4328.575 237.250144 46.92339497  353.9562566  161.6433503 107542.4877 94.81999 5875.035869 4886.121336 862.31423¢

14 4760.87 237.262472 46.92339497 353.9562566 177.4608383 118288.9065 95.1428 6038.84616 4886.121336 1017.31613
15 5193.165 237.271827 46.92339497  353.9562566  193.2781129 129034.8247 05.405 6214.717059 4886.121336 1184.57729:
16 5625.46 237.28274 46.92339497 353.9562566 209.0965806 139782.5072 95.61993 6403.029922 4886.121336 1364.43102:
17 5.62546 218.365141 44.70364365 323.9690934  4.354808724 128.6382101 3.046715 4093.555988 4093.256419 0.29590481:

18 437.9204 218.411429 44.70364365 323.9690934 18.99767562 10016.11261 70.78708 4133.521941 4093.256419 29.2304940
19 870.2154 218.445738 44.70364365 323.9690934  34.50789885 19906.68623 82.61285 4189.67028 4093.256419 70.2514788

20 1302.51 218.46883 44.70364365 323.9690934 50.08028722 29798.83628 87.50288 4255.855321 4093.256419 123.206704
21 1734.805 218.503589 44.70364365 323.9690934 65.67279286 30695.19655 90.16036 4332.132511 4093.256419 188.220392
22 2167.1 218.523371 44.70364365 323.9690934 81.27032963 49591.30497 91.81851 4418.835001 4093.256419 265.143115;
23 2599.395 218.536328 44.70364365 323.9690934 96.87057362 50487.3468 02.94361 4516.349328 4093.256419 353.933495:
24 3031.69 218.548197 44.70364365 323.9690934 112.4729429 69384.2163 93.75074 4625.03396 4093.256419 454.643779¢
25 3463.985 218.548306 44.70364365 323.9690934 128.0714799 79277.92696 94.353 4744.759957 4093.256419 566.947459:
26 3896.28 218.557094 44.70364365 323.9690934 143.6777468 89175.1234 94.81539 4876.197535 4093.256419 691.341008:

27 4328575 218.567572 44.70364365  323.9690934 159.283093 99073.91426 95.17809 5019.277147 4093.256419 827.661943
28 4760.87 218.577719 44.70364365 323.9690934 174.8892645 108973.4888 95.46723 5174.043327 4093.256419 975.884001:
29 5193.165 218.607339 44.70364365 323.9690934  190.5004199 118884.5721 95.69998 5341.754886 4093.256419 1137.18969¢

30 5625.46 218.616703 44.70364365 323.9690934  206.1116323 128786.4041 95.89002 5519.96111 4093.256419 1309.14034:
31 6057.755 217.331156 49.92914141 324.7419961 211.7067255 137867.6364 96.00518 5736.731623 4112.755969 1489.12948:

32 6490.05 216.964907 54.77587689 336.0148904  217.3962949 147457.2635 95.87714 ©340.886757 4403.39328  1776.22449:

33 5.62546  200.443062 44.69224152 296.0003519 3.991182968 118.0803701 3.339907 3417.35838 3417.069476 0.28525908!
34 437.9204 200.490738 44.69224152 296.0003519  18.27625659 9194.280061 72.68303 3455.553686 3417.069476 28.0841435:

35 870.2154 200.518313 44.69224152  296.0003519  33.29968104 18272.98253 83.89316 3508.271382 3417.069476 67.2826692.
36 1302.51 200.538595 44.69224152 296.0003519  48.37403657 27353.17781 88.45462 3570.224872 3417.069476 117.798629:
37 1734.805 200.557973 44.69224152  296.0003519 63.4626789 36435.04523 90.9135 3641.561007 3417.069476 179.619981:

M4 P
Ready |

SimResults1 ¥
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> Ry = 8 mohm @ 20 C (per-phase stator resistance)
» L, =30 uH (per-phase end-turn inductance)

> P=8

» Max. speed = 9000 rpm
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FEAresults of L; and L, of the original and modified designs.

100.00

Lq - original design

Lg - modified design

Ld - original design
- Ld - modified design 80.00 4
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Gamma [deg]

The increase In the saliency of the modified design is
illustrated by the slight increase of L;, and the decrease of
L; which is due to the magnet reduction.

3
Te = Ep[q’PMIq - (Lq - Ld)Iqu]



ANSYS

_Ansis |
& ) pasYs
NAVEDITCAICC
wihrvonuaoivueo
>ANSYS FRERARKS

KRS R RIS « B

» Percentage difference
of efficiency between
the original and
modified designs

« The positive scale
means that an increase
of the efficiency is
gained in the modified
design.
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