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Parameter: | Matrix1 +| Type:

Time: 15us | Capacitance

|Capac'rtance

Units: |pF -

(Ve |[Fomst | Expo |

I Cument I Cument2 Cument3 Current4 Curents

* WENHYEREAEERE) , ATRTSYIES D
» SIFIFRTEKEEE, XIS, EEEN, FHSIRE

Voltage [V]
5.3260E-03 Loss-Density
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Cument1  0.7231 00011318 54672E-05 3.8858ED5  9.7629ED5
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HRimROBE. B |
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* Tau MeshA%l:'Cylindrical gapPIfizE, LARR
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OpenMP5MPI

 OpenMP
- HEWEF, BFARFH TS
- MPI
- 9HINARE, BTFZEICERNEE
- BERREEXRNARE, B2 BITERIR
« Maxwelli§JHPCiTE&

- BHEHIHPCEREE T OpenMPHIEHZIZFH1TITE

- Maxwell 20212 /5, BHIFHASSIETMPINSHSHGHTITE
« 3B Maxwell 2019 R1+

- E8WI3%: Maxwell 2020 R2+

o B#S37: Maxwell 2022 R1+
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Mesh (volume, seed) 00.04:48
Start Simulation 00:00:53
Solser DRS19. Hp Assignment  00:00:00
|Sohver Frogress
000051
Solver DRS19, & ferations 00:00:59
Sohve TO19 o041
|Sohver Pro Qress
Sohver DRS19. 6 teratons o0-mn
Solve TO19 00:0z:00

fEFRE SR 19 CPUILTE,

HNER 2022R1

00:05:03 802 M
Lengthl
000053 358G 616214 tetrahedra
00:00:00 213 M 113 matrix. OKB disk
Reqguested fromt=0tot= 002
00:0051 378G 616214 tetrahadra
00:14:12 B4SG 1227054 mainx. OKB disk
D0:2é45 134G 616274 tetrahadra

Completed time point 0s
12270654 mainx. 0KB disk
616214 tetrahadra

oo17:08 BSG
00:27:05 137G

Sake TO19 00:02:11 003046 138G E16214 tetrahedra
{Sohver Progress Lompleted time pomt U.U19s
|Sohver DRS1Y, 6 iterations 000111 01742 B57G 227054 matrix, KB disk
Soke TD19 00-03:24 003417 138G E16214 tetrahedra

Sohver Frogress

Total

10

144125
REEFENERSIE] 1/N\EF 1293

Completed through t = 0.02
Time: 01/29f2022

18:53.03, Status: Normal Completion

&L= 61.65 i

[I:Iap*-:erj tme : 01:42:02 .]ILD'nEﬂg-nE Memarny : B1.2 M I

, BHORERATIE 1/N\E429>

Mesh (volume, seed)

TOM
Start Preprocessing for TOM General Transient Model
Finish Preprocessing for TDM General Transient Model
Sohver Progress
Stant TOM Simulation

TDOM General Transient Model Subdivision 1
| Solser Progressa
TOM General Transient Model Subdrasion 2
Solver Frogressa
TOM General Transient Model Subdivision 3

no:04.28

00-00:00
00:00:01
00:00:01

00:00:51
0o:0702
00:00:00
000217
00:00:00
00:02:19

000441

O0-00:00
00:00:00
00-00:0

00:00:51
00:07.02
00:00:00
000216
00:00:00
00:02:17

BT M

25 M
25 M
25 M

188G
138G
103G
138G
103G
138G

B16274 tetrahedra
Lengthl

¢ tasks 38 total cores ]

1 Time Domains

1 Time Domains

Requestec fromt=0tot=002
E16274 tetrahedra

7 Honlinear terations 1 Time steps
Completed time point Ds

2 Monlmear terations 1 Time staps

Completed time point 0.001s

2 Monlinear tarations 1 Time staps

{EFADDMINEE, MEERKIL381ZCPUITHE

TOM General Transient Model| Subdrasion 18
Sobwer Frogressa
TOM General Transient Model Subdivision 19
Solver Progressa
TOM General Transient Model Subdiasion 20

Solver Progressa

Total

000212 000211 148G
00:00:00  O0:0000 103G
00:0212 000211 146G
000000 000000 103G
00:0374 000313 146G
00:00000  OOOOOD 103G

00:57:25

2 Monlinear tarations 1 Time steps
Completed ime point 0.017s
2 Nonlinear tarations 1 Time steps
Completed tme point 0.018s
2 Monlinear terations 1 Time steps
Completed ime point 0.019s

Time: 01/28/2022 16:56:11, Status: Normal Completion

[Elspged tirme : 01:03;36 Cc]*-'.Er-q-ne Memony : 79.2 M
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BHCurve

D, Core-loss: with core-loss effect VS. without core-loss effect

TS RIS B - XFFBmHPCIRE

Hx Bx curve in hysteresis material

- > EE 1T E (object-based)

B Analysis Configuration

Configuration name: |MPISkew

Imported
Load by
Maxwell

[¥ Use Automatic Settings
Murmn variations to distribute: | 1 3:

I~ Use Automatic Settings

e lODﬁons l Machines Job Distribution lOptions{

Machines for Distributed Analysis
Total Enabled Cores: 16

Enable Distribution Types:

Enabled | Distribution Type
Name | Cores | RAMLmit(%) | Enabled | : T
’7 Optimetrics Variations
Sliced localhost 16 90 [w -
Stator X i : [w Frequencies
Vsh
QBT » [ Transient Solver
[ Solution Matrix
¥ [w Skew Model

. SIS EE-ERIE
—@//
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Expression Cache{fTEE B ERE
° iljlsuiit;{yu Resut Profile '|

- 2 D 3 ES ke W*E;__:FIEJ H| 4|1 ¥ H| tawwel 20 verzsion 2021.2.0 started on COCYDT4EXTGO24 at 08-30-20
W ariation | Lel | R1 | caonds | delta | fractionsl Start | Stop | Elapzed Analysiz Maching
1 oo, 1. 26 Odeg 4 18:29.. 1842 00:1311:519 localhost
- Xj-tt 2021R2 5 2022R2 2 00..1... 26 10d.. 4 18:25... 1343 001328147 |locahost
é-%* {/\ /\ & 3 00.1.. 26 204.. 4 18:2%.. 18:4% .. 001353985 |locahost
- z 9&1 D *)rr I 10 I 1£jj 4 00. 1. 26 30d.. 4 18:25:... 1843 001358233 |locahost
/\ . ] oo.1.. 26 40d.. 4 1829 1843 00:14:000472  localhost
- 14 | eXpr'ESSIOn CaChe B 00.1.. 26 G0d. 4 18:30... |18:44.. 001405312 |locahost
— 7 00..1... 26 BOd... 4 1842 1852, 00:10:09132  |localhost
- 1 21:Zitf¥%§ , 6/I\#1T1£& , i 8 00..1... 26 7od... 4 18:43:... 1853 001004516 |localhost
9 no.1... 26 and.. 4 1843 1853 000943167  localhost
10 00.1.. 26 aod.. 4 18:43.. 1853, 000932743 locahost
Resut  Profile |
14 | 4 |3 5|l | Mawwel 20 version 2022.1.0 started on COCYDTAEXTG024 at 08-30-202
W ariation | Lel | A1 | condz | delta | fractinnsl Start | Stop | Elapzed | Analysiz Machine
1 0o. 1. 26 Odeg 4 1729, 1732 000228163 |localbogt
2 00.1.. 26 10d.. 4 1725 1732 (000226117 localhost
3 00. 1. 26 204... |4 1729 1732 00:02:25:671 |localhost
& 4 0o.1.. 26 and.. 14 1729:. 1732 00:02:23:815 |localhost
—_— . — e B 5 00.1.. 26  40d. 4 17:28... 17.32.. 00:0225652 locahost
g 00. 1. 26 50d... 4 1729 1732 |00:02:23:542  localhost
7 00.1.. 26 60d.. 4 1732, 1734 |00:01:55:833 localhost
8 00 1. 26 70d.. 4 1732 1734 00:01:56:787 | localhost
9 00.1... 26 a0d... 4 1732 1734 | 00:01:57:407  localhost
10 0. 1. 26 90d... 4 1732, 1734 | 00:01:57:124  localhost
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Harmonic Forceit&I1geiid

« Harmonic Force 1THEINgeR0H

- DFTRINJIFEERT B REYEHITEN, LIRS

e U |*u Hﬁlb\t E'II:I:II E&L
FE R IR B ke s IER S E— 1N R E

TR SHRE,

- RIFSRIRAE

FhAY ATk

FAF 2 EWorkbenchBINVHIB S DT LAN E=

4733 (it

BARE

FTKfE

Enable Harmonic Force Dialog

General I Advanced ]

Hai

7

Object Name

I Force Dependent |

Band_a

MN1_a

N1_b

Rectanglel
Rotor_steel

54 5

S4b

Stator_steel
Stator_steel_Split1
Stator_steel_Split2

1

33 ) e

LG (Fierment Based (Suface) [

" Hamonic Force

&+ Transient Force

Cancel

[F:] 1PM_harmonicl_1%

c2 Maxwel 2DDesign 1_Current_Gamma_Sweep1 (Transient, XY)
E Maxwel 2DDesign 1_Current_Gamma_SweepZ (Iransient, XY)

& D Components
-5 Model
¥ B Boundaries
-3 Exdlations

-G Parameters
G Mesh
- Analysis

57 setup1
+- {5l Optimetrics
Resulls
@ Ty Field Overlays

F-{_] Definitions

=a Copy
Rename
X Delete

Convert to Read Only
Solution Type...
B st
& Validation Check.
B] Analyze All
Submit Job.
1B Edit Notes...
Toolkit

3D Medel Editor
Set Object Temperature.

Enable Harmonic Force Calculation...

Design Settings...
Translate Material Database ...

Create 3D Design...

Expart Equivalent Circuit

Export Transient / Harmanic Force..

Ctri-C

F2

Delete

Export Transient / Harmonic Force > Export Transient / Harmenic Force X
General | Options | General Options
Time Steps
Expart Type: |Ansys Motion j
+ Al steps
Parametric Setup: X " Stepsfrom end
Solution Setup: |Setup1 ﬂ
" Range of steps
Path: [sPROJECTDIR 0
oK I Cancel | oK I Cancel
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BB EIERLHE T objectRIBIN BRI Z:

. THERAERE R Fobjecti ORI

* FiRE M HJobject-baseddiild /71T EXI S _EAIATEL /D |

EBRZ IRYRTIESERE: 0 ~ tend, FTERTIEIZS = C

SRS R, IBEST 5 R e ‘
3252D/3D BRSOKAERS s

552D skew tEEY S s 2

" Harmonic Force + Transient Force

=+
SZHFTDM HPC | o ] |

I Object Name |F0l:e Dependent Tl

- BISIRS

- BB = vs BYE)
;‘EH__I-EJIU\E?E e
AJEERE (ZUE) -
ﬁ}r 1H9¢IU\§Q¢E-¢HZ'| 7
O XS B TFFT

AElS \EXJ:EI’JLF.jl‘I_I EE,E?UJ
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Harmonic Force 118012 B0 H

P

FFT B RENSEEL:

Window function type:

P ST D RS
2GR,

Fl, EIEXINVH]L

fE{EMechanical(lAS K ATy
Range 1%IR: FRIRFILE RN
Number IR FCIRSNZRFIINER =

&

Rectangular

i

Enable Harmenic Force Dialeg

General | Advance d lExport I
Sample window

{* At Completion

Mumber of cycles from stop time: |1

" Time Range

Start At: [

Stop option:

Window function type:

Number of repeated sample windows:

COutput Frequency Range:

™ Output All Frequencies

Start Frequency: |E-

@ ze Range

End Frequency: |B55

- ]

MNumber of Frequencies: |
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ZiFZtHBERRE

- 75t (=4H) HBH
- U BUIREE, RSk, SRS
- MR RJoiRketl, BalSiE, YIEES|, MReHEE

« 7~fEEBHAYECEIREY
- B35E: ZERTT S EBECEERIE S, BT OliEetEE
- B BT ERSEREERIEAIMmAL, dooRihE+
- ITTERER: REIE—HdMER,; HEXI3HECHRER
- {F5E: BoiXEiEEE

B AR7TRIZHEAEHIROM




W’_?ﬁ M a p Iﬁ H\j.ﬂE-l"j_: %E}J *u E %*EEC * Project/Design Selection

Project | IM_PM_toalkit v

[ J I}J ﬁgiﬂ HB IDZIE:fenﬁil sl.:::ings using saved configuration file ’
- ACT FEEBHA BRI B PRI EOEE R AT, FHE oo oot St
Ej@ﬂ?%ﬁb*ﬂ?ﬁ%ﬁ%ﬂﬁ@hﬂap Number of Poles 4
_ 1jt 5 . Number of Stator Phases 3
VAN W Voltage Control Line-Line RMS Voltage
. EEA RSB NS LR Consorsiaegy e
4+ . . Line-Line RMS Voltage [V]  270.0
«  #FLS-DSO, periodic TDM, fast DOE

RMS Line Current [A] 7.0
. . A P4 )
«  #FMachine Toolkit PR ZSEY Cremackige Wyo b
== X N\ [
- FERESHSHULSH e
Simulation Mode Motor and Generator w
° U I ﬁﬁ;ﬂga Motor-mode design IPM_PM_MotorMode_EfiMap1 v
z Generator-mode design  |IPM_PM_GeneratorMode_Efflap1 '

- “Simulation Mode” FIEINFMEIR“Motor and Generator”

- Zj“Motor and Generator” iEHHT, UIREE7R“Motor-mode design”
I

BB

T
nnnnnnnnnnnn 500000

F—HBORIR

20 ©2021 ANSYS, Inc.
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RN IS &AM IREE LA E

« ik
- AT E: BREUURR), BER, EFmoPEBEE

- (E55:
- ST ARBFIENETER,, mapBEE FRSHAPEN R
igﬁdﬁ IE@E - Euc:nlznj;ttunr:gs

ime steps per period 20

- BoRE-FEIRE S ImapEl B S R s

&N

j:E = |=|'\ EE/J _I_%*EE,—‘— Number of slip sweep points in 1stinterval | 10
I j I j -L Number of slip sweep points in 2nd interval 10

Number of speed sweep points 12

[ J tg’]u UI ‘Q%&I* Map Charactenstics

[ use speed steps

- WFRMNEE, AFRTES N EERTMER, ETFSEEX ekl
SRERXERER, IUBEREXAImapiBEEX e _[3

- BRI LA EmapElRRE N HAEIRS, HAEEIZBREIHIE G
HERRTEmap B2 4h, MTITE(EX AR T B iE- SR —

Maximum slip of 1stinterval 0.2

Maximum slip of 2nd interval 0.8
D Separate stator and rotor core losses
[] Define duty cycle from File

21 ©2021 ANSYS, Inc.
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LitzEeiRFERIN R IRE S

’ strandedéﬂzgﬂm Litz&iniE (EifiiRiEfaiiingd 000 ;| 000 B
FRAES 000 - 000
- wHEFEREmlossizE (stranded5ZBRYLitzERIRFE) 900 - 900
H&#:uxiﬁ*ﬁﬁgqjgﬁzhtzéﬁj: J\%% . . . EE . . .
3DI|%I)IL¢Z];_R%5FE§LH:Z]:J\$%?_ |ss SZ#I:EHJH:II ... | i“’:‘t ...
- 3¥52D/3D imiiia/ RS KRS =
- WB/AEDTHRINFBRES e | EMLoss - Wire.
- MRUEMF, LitzZmZ B SRTFRgEThermal rig m“‘:““ ' e |
- WB/AEDTHRE#EA IS RS Em =

Imported Heat Generation Distribution || Temperature Field Distribution

a\
©2021 ANSYS, Inc
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3DBFSIHEMBRRAEITNRBRGES

. Atz ErRtas Ea Az e
M§¢§hmhLﬁm# = &
- HENoHNERIREZRE o
- At ERAFiE e ElR B R R E e
- BIFEREUAR B B R i R =
- WB/AEDTHANREBHIIES

- IO A EEM R B R SR SRS
Thermal modifier, LAEESENEH

- A MWB/AEDTXX R FB S ImEEE
- A BNV EEE R EFIIREREZE

i 3

REEETREND ST SIREEE
BREHERIID S T
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Multiphysics on AEDT

Y MMaxwell 2DEAEM Loss
o W ERRIEUEF{TRI(E

YiFMMaxwell 2DENEM Loss
o T HERIEEETRI(#
RN DES R
o PEEFIPVRIT
« System Coupling
B h-SiiE e oth
- fHEEZEIMaxwell 3D ] HFSS
- ZIEBRMES

P
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B2zt th R, 5@ ol LAEMssLEE
- (EIERIHATEESZRIE S]] (non-periodic translation motion)R, 1EEN42 ] L AEALERLESD

(&

* Touching IR FIFANZTHENK
- Touching AR FZHEETE N EIEaIRAIZRE

- ;iﬁngouchmg BNARFEHNREEASF YIRS Sl
%z

- IR E Touching AR EHHIREABESRegionFZit

r:/ Band
WRSSEIZE, FRESED

Touching boundary

-
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