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[ 5 3E) FHF 204 Ansoft Maxwell T FE 45 2L 245

1. i e S AR L A s AT S R

SR LA SR AR A A

RO SF: 25mm X 25mm X 2mm, #1kL: pec (FEAHSAA)
AR 25mm X 25mm X 1mm, A4k} mica (= BFHR)D
Wb YR, DARMCE R BV, TFHARFHE: OV.

TR TR X A 2R 1) A

1. %28 (Model)

Project > Insert Maxwell 3D Design

File>Save as>Planar Cap ( LfEfn 4 K “Planar Cap” )
WK AR Maxwell > Solution Type> Electric> Electrostatic 5% H1[1))
BN ARAR N A

Draw > Box (fill#d FARAR S THAA)D

TIHAGE S (X,Y,Z) > (0,0,0)

AsbrfmE:  (dX,dY,dZ) > (25, 25,0)

AsbrfmE:  (dX,dY,dZ) > (0,0,2)

¥4 75 T 4 dy 44 b DownPlate

Assign Material > pec (& F KLy HAR 44 perfect conductor)
B F AR T A

Draw > Box (fillfd FARAR 7S THAA)D

GRS (X,Y,Z) > (0,0,3)

AsbrfmE:  (dX,dY,dZ) > (25, 25,0)

AsbrfmE:  (dX,dY,dZ) > (0,0,2)

W75 A iy 44 i UpPlate

Assign Material > pec (B¢EF Ly HAR 44 perfect conductor)
(ke B CI TP WANTAREN

Draw > Box (fill#d FARAR 7S THAAD

AFHGEA:  (X,Y,Z) > (0,0,2)

AsbrimE:  (dX,dY,dZ) > (25, 25,0)

AsbrfmE:  (dX,dY,dz) > (0,0,1)

7S AR FE iy 44 iy medium

Assign Material > mica( % &4k k) 2 BEmica, 7] LLARSE S2 5 L ¥ B HbED
B H X (Region)

Padding Percentage: 0%

W TSN, (fringing effect)

LA L A I S0
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2.V Bl (Assign Excitation)

i B UpPlate,

Maxwell 3D> Excitations > Assign (11, 43fic) >Voltage>5V
1% T B DownPlate,

Maxwell 3D> Excitations > Assign >Voltage > OV

3. E I 2% (Assign Executive Parameter)

Maxwell 3D > Parameters > Assign > Matrix  (5EF%) > Voltagel, Voltage2
4 VE HIE N TR 240 (Create Analysis Setup)

Maxwell 3D > Analysis Setup > Add Solution Setup

B KIEARIH - Maximum number of passes > 10
IRZEEK Percent Error > 1%
FEREAINE T o octbfl:  Refinement per Pass > 50%

5. Check & Run

6. A4
Maxwell 3D > Reselts > Solution data > Matrix
HL 7% : 31.543pF
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2. fEE HL 7y ) S AR b ) FRLRAT

THE 17
SR, DUE e LIS 3 1 H s = AR A RO B e Y, BUE R H
(DC conduction (f5) )
(ENEERT P
(1) Voltage Excitation, AN A L&
(2) Current Excitations, i Il7E 54 3& 1H 1¥) HL I
(3) Sink (J10) , — R R RE, MR PR R B E TR
M. R LEAME I Voltage Excitation), 4 JSink. f#iFNxJ =0
DC conductionK fi# 25 :
AT FARIMO Y, VB, A BRI B S

. 2 n T B Bros AR gk Hh i) R R )

1. 42E6L (Model)

Project > Insert Maxwell 3D Design

File>Save as>Planar Cap ( T.f£fir %4 “DC Conduction” )
PRk #2574 . Maxwell > Solution Type> Electric> DC Conduction
815 344 Conductor

Draw > Box

i (XY,2) > (1,-06,0)

AbRRE:  (dX,dY,dZ) > (1,0.2,0.2)

47 Tl 44 iy 44 24 Conductor

Assign Material > Copper (% & # K4

B 73 34 FE A1 I T4k

Select Conductor

Edit > Duplicate (%) > Along Line (#52E 424
EINIneREINH LN A (0, 0, 0
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Nline X &®&INH2N A (0, 04, O
BN HEE: 4 (BRSO

£1J% 3 4AConductor_4

Draw > Box

AT (XY,2) > (08,-1,0)
AFRfmE:  (dX,dY,dz) > (0.2,2.2,0.2)
¥4 75 1144 5 iy 44 5 Conductor_4

Assign Material > Copper (% & #E )
£ S 44 Conductor_5

Draw > Box

AT (XY,2) > (0.8,-04,0)
AFRfmE:  (dX,dY,dz) > (-1.2,0.2,0.2)
47 H A 5 1y 44 4 Conductor_5

Assign Material > Copper (% '& FE 4D
£ S A Conductor_6

Select Conductor 5

Edit > Duplicate > Mirror C(Ei{% 55D

B RREEAGT THVE AR I P S Lk s (0, 0, 0)
B BREEAR T THIVE I AR IR AN 6 20085 (0, 1, O)
i BN CP T X OZ P i

7 H A 5 iy 44 4 Conductor_6

1% 44 Conductor_7

Draw > Box

A (X\Y,2) > (-04, 06, O
AFRfmE:  (dX,dY,dZ) > (-0.4,-1.2,0.2)
57N THI AR FE 4y 44 4y Conductor_sink

Assign Material > Copper (% & # K4
G HIX 3 (Region)

Padding Percentage: 10%

2.V B (Assign Excitation)

P, R AR R ON TRIIE B

2.1 WE FRE AN

wrp B PR 6A
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Maxwell 3D> Excitations > Assign >Current > 1A
Maxwell 7t FIR64N I F A 644 A\ HL I s
22 E HIL (Current Sink)

1% Current_sink A4 1) %1 2400 1

Maxwell 3D> Excitations > Assign > Sink

3.V E I AE (Assign Mesh Operations)

T, Ctrl+A

Maxwell 3D> Mesh operations> Assign> Inside Selection> Length Based
ANikERestrict length of elements

1% "' Restrict the number of elements

iy Amaximum number of elements: 10000 (% ‘& ¥ 73 B G i e KB
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Element Length Based Refinement

Mame: Lengthl

i~ Length of Elements
Restrict Length of Elements 7]

M aximum Length of Elements:

o

 Mumber of Elements-
Restrict the Mumber of Elements v

b aximum MNurmber of Elements:

{10000

cocn |

4 VE HIE N TR 240 (Create Analysis Setup)
Maxwell 3D > Analysis Setup > Add Solution Setup
Default

5. Check & Run

6. b

2ox th AR R 1R FL R 1) ]

by AT SRS XN

Maxwell 3D > Fields > Fields >J > J Vector
[EREE NN T AN

[BC-popductian] Haxwell IDDesipgel —

Coltr map Soile | muserfiovee | Koty Ealer mup | Geids  Barkrihess |Flats |
Sawa an defasli
Hurkse wphicas
| =]
I hta = Usa Limit Sim
e =
LT F'
W% opliang
g [0 Trp [Cylisdar |

. _

B sizel drrom tall
i Liwiar F Log e

Bato Scdle dptd o
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3. EE M NS . ARE REA RS
VLI P T 7K Bl VA 22 P i 1 T2 S

Cail

1. 4455 (Model)
Project > Insert Maxwell 3D Design
File>Save as>Magnetostatic (/fif7) (TFEf4 K “Magnetostatic” )

TEPER 5T, Maxwell > Solution Type> Electric> Magnetostatic
Bl
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Draw > Regular Polygon (1|4 £; Bl sk i)
D KA PR : (X,Y,2) > (0,50
WEMRE % (dX,dY,dZ) > (05,00
B2 LKL Number of Segments: 12
W2 E A4 b Coil (ZEJED

% Coil

Draw > Sweep > Around Axis (% &1 F)

Sweep Around Axis E

Swesg anie & ™~y o
Ayl L soes Hill |:J$§ -
=l ane gl 5 |:-|¢E

Dil ke T

I vberafregrers: e —

Assign Material > copper (% EFE 4D

B K AR TR

Draw > Box (Gl ZE N AAR /S 44

A (XY,2) > (-3,-05,-0.5)

bR E:  (dX,dY,dZ) > (6,1,1)

PSS HARE M 4 IMagnet (i

Assign Material > NdFe35 (% & #4 %} A NdFe35 kil A4 1)

AN View / Edit Naterial

Material Name M aterial Coordinate Sustern Tupe:
|NdF935 Cartesian ﬂ
Properties of the Material 1 Wiew/E dit M aterial for

% Active Design
1.0937785406
E25000
tagnetic Coercivity  Vector Al Products
- Magritude “ector Mag -830000 A_per_meter

- # Component Unit Wectar 1

Bulk Conductivity

" This Product

Simple ziemenz/m

Wiew/Edit Modifier for
- Component Unit Yector 0 - I
- £ Component Unit ector 0 e oair

Compaozsition Solid

Yalidate M aterial

|Calculate Froperties for: LJ

| I—l LCancel |
WEREARIIRAL T (X,Y,2) > (1,000 CREMRIFAIE )7 R g k)
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Bl H R Nk - ( Create Section)

Select Coil

Modeler > Surface > Section

Modeler > Boolean > Separate Bodies (43 Section|fij )
TR LA~ 2k D

Select 1/ i, Del

P T ISR E Ay 444 “ Sectionl”

Jilg e 2k Pl Al FEL L on 2K T
i Coil FSectionl
Rotate g|

Aoin: ¥ v @f
Arg = 45 - ]j:\-q - |

BT X 4 (Region)
Draw > Region
Padding Percentage: 100%

2.V B (Assign Excitation)

16 T 4 PE| A TRT . Sectionl

Maxwell 3D> Excitations > Assign > Current
Name: Currentl

Value: 100

Type: Stranded (#%)

3. W E I 2% (Assign Executive Parameter)
% Magnet

Maxwell 3D > Parameters > Assign > Torque
Name: Torquel

Type: Virtual

AXxis: Global::Z, Positive

4.V HIEN T 250 (Create Analysis Setup)

Maxwell 3D > Analysis Setup > Add Solution Setup

B KIEARIH - Maximum number of passes : 15
RS EEK Percent Error: 1%

FEREAIN T o octbfl:  Refinement per Pass:  30%

5. Check & Run

6. AAELN
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Maxwell 3D > Reselts > Solution data > Torque
Ji%E: -2.9288E-005 (N * m)

X O ~F [H1 #4375 56 L W i 73 A1 16

LT

[ERTETS

-
/.—-"

A RIS TE M TR
VBT B s Bk P 52 2k Pl i 3 R A
SR E I (1 FL AR Y m BEA S B, TE AN R BRI
TEFI RN o

1.8 (Mode)
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Project > Insert Maxwell 3D Design

File>Save as> Parametric ( TFEfr 444 “Parametric” )
PSR R a2 Maxwell > Solution Type> Magnetostatic
1)l £ ]

Draw > Regular Polyhedron (filj % £ i JEAE1AL)

Center Position (HPDy fiARKR) - (X,Y,Z) > (0,0,0) mm
Start Position G2 piAAFR) = (X,Y,Z2) > (1.25,0,0) mm
Axis CHFRED = Z

Height CFEAASRE) © 0.8mm

2 i i%: Number of Segments: 36

¥ 2 1T & iy 44 A Polyhedronl

1% +h Polyhedronl (61 Z 10 TEHA4E2)

CTRL_C, CTRL_V

& MU S A,

Center Position (H0s S ARKR) - (X,Y,Z2> > (0,0,00 mm
Start Position G2 i AkFR) @ (X,Y,Z) > (1,0,0)0 mm

Axis ChFRHlD : Z

Height (AE4A%S ) © 0.8mm

2 i i1%: Number of Segments: 36

¥ 2 118 5 fim 44 4 Polyhedron?2

Bl 4

1%+ Polyhedronl, Polyhedron2

Modeler (#:f%) > Boolean> Subtract ()i 2<)
Blank Park: Polyhedronl

Tool Park: Polyhedron2

% Polyhedron1 # fiy 4 >4 Coil

Assign Materia > copper (% & #1 K A4

A Bk PR
Draw > Box
R eI A
NG -(q RN
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. ZSizes 8 . “SugHeight”

Mope=riea: TromngExcercioe MNommetric  MoovellDemgnl 30 Modeles ]

|
| rommand [reateRioe
[
|

Coondingle Jyslemn Globasl
Posifon 0.5 350 mm  A5Smm, -2 5rm, Omm
1 mm_Tmm
1 mm  Torm
SlugHeight ‘mrm

oS THAAE v 44 A Slug
Assign Materia > iron (BB K Airon)

BT X 38 (Region)
Draw > Region
Padding Percentage: 200%

QR LI N2k (Create Section)

Select Coil

Modeler > Surface > Section

Section Plane; Y Z V-1

Modeler > Boolean > Separate Bodies (4} P Section|fi] )
i) o 11 A T

Select 1M i, Del
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e R 1T B A 44 04 “ Sectionl”

2.5 B (Assign Excitation)
P 2B THT . Sectionl

Maxwell 3D> Excitations > Assign > Current

Current Excitation E

General ]Defaults l

Hame: 1Eurrent1
Farameters
Value: IhmpTUrnS ] J
Type: 7 Zolid 0 Strandei

Swap Direction

Uze Dafanlts

e

Bl

Value: AmpTurns
Type: Stranded (£ FE3 il FLD

Name IAmpTurns

“alue 100

Define variable walue with units: "1 mm"

& LocalYariahle

3. W E 147240 (Assign Executive Parameter)
e Slug Gt

Maxwell 3D > Parameters > Assign > Force
Name: Force 1

Type: Virtua

4.0 T IE N U 5T 220 (Create Analysis Setup)
Maxwell 3D > Anaysis Setup > Add Solution Setup

X
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I RIEARIREL - Maximum number of passes : 5
RAEEK Percent Error: 1%

RFOGEAIN T e k). Refinement per Pass:  30%

5. QIS s

Maxwell 3D > Optimetrics Analysis > Add Parametric
mdiAdd, SRS

variableit $¢:  SlugHeight

linear step

Start =1, Stop =2, Step = 0.5

s Add >>f5

¥ SlugHei ght 1434l e B N 21 4 1045 J A

variableii#t: AmpTurns  (¥ECE 2 [ B4
linear step

Start =100, Stop =200, Step =50

st Add >>f5

FAmMpTurnsFIF 4 B I 247147

M OK,

Add/Edit Sweep

“ariable m Variable Descript

ShugHeight | Linear Step from Tmm to
" Single value AmpTurns Linear Step from 100 to

' Linear step

7 Linear count i

" Decade count

7 Octave count f

7 Exponential count

| e

Start: |1 0o |

Stop: |200 |

Lol Led e

ok | Cancel

Step: |5IJ |

i Calculations T3 5
il Setup Calculations
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Add/Edit Calculation

[ ontext | Trace !Calr_'ulation Range I
Report ; 5
Type: jMagnetnstatlc “"1 Calculation Expression @ ]FUFCE_ITIEQ FLI%?EEI:..
Solution: !Setupl i LastAdaptive _vj
Cakegary: Quankity: [t bet Funckion:
Parameter: |FC'VC31 __'_'.1 Yariables Force mar | <rone> [Py
Qukput Yariables Farce_x abs B
Force_vw acos
Design Force_z acosh 3
ang_deg
ang_rad g
asin
asinh
atan
atanh
cos
cosh
dB -
[ [ TR E -

Qukpuk Yariables, .. add Calculation Done

At Add Caculations

Sweep Definitions ] Table ] General Caleulations ]Uptions

Solution Calculation

Setupl : Laszthdaptive|Force_mag

AddfEdit Calculation

- Context | Trace |Calculation Range |

Report Magnstastatic -
Twpe: ; o '—! Calculation Expression : !Force_mag

Solution: !Setupl:Lastndaptive _vJ

Categary: Quantil:y:i'.E

Parameter: Variables

Oukput Yarisbles

£

tup Caleulations. Delete

Setupl ! L7 Setup Sweep Analysisiz B 1
miiiDone

7EOptions 1~z H.r

TR E
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Sweep Definiions | Tsble | Ganaral | Caleulations  Options |

[v Save Fields Anc Mech

“SaveFieldand Mesh 7 fEft— U HHARTHH )G, RAFAH N BT
HsEMmg o E R, —% RENTANLA, BRAAARLT

“Copy geometrically equivalent meshes” & RN kiH&H, w BRI
IR SIS R AR T AL 5 oy Bl . —FBOR UG, Ay, ANHE
AT HIZIE T, PR A Ansoft (135 43 532 2 5 MR AH JG I

5. Check

6.1 5

fEProject Manager i
Optimetrics

A5k i ParametricSetupl
EFE Anayze

7. BE4S

A5k i ParametricSetupl
YEFEView Anaysis Result

[Paramunri efunugl = '

[E==mli]] Feefids
Wiewr & Table [ Show complets culped nass

P
Yariation: | AmpTaans | ShugHeight Fasca_mag Fareel sl
i T T 00T 319111 30 Eraion
2 150 Tamm (1 D345 S4EES 1025 5newdan
3 2 Tam (L0061 F6 79004550 rmpvbon
i L[] 1 Sawrr, LW 1 R 02 S st
5 11 ] 1 S LN LMT1S2IAE0T Sremsdan A
£ i 16mm | OPEMERSESIT Arevdon
7 [11] Dawiri LD B F1 457 4 S msdbon —_—
& 15 Jarr, S M2 32 TS rasten
] 20 Do 1 D398 IREREE T EEE rian

Clamn

TEProject Manager 7 I
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44 4 /5 5 Create Report

E!FE 1 &
= Q % Paste .Ln :‘

| Create Maznetostatic Report | Rectangular Flot
e E Create Fieldz Report b Data Table
| Delete A1l Reports 30 Rectangular Flot
£ | poa|
i Report Templates L4 |
rojee =

Output Yariables. .. —

:|-|_:-|érti_é:: lUpdate All Reports po __
Open 811 Reports —

Create Quick Beport. ..

Solution Data .. —

Browse Solutions. .. —

Clean Up Solutions. . . 0o
Apply Solwed Wariation. .. 1.00

BEEZHUTT:

¥E Report: Projectl — Naxwell3DDesignl — Hew Report — New Trace(s)
~Cankext Trane lFamilies
Solution: ; -
EL_EICE iSetupl.LastF\daptwe Lj = oHeiht _]

Parameter: |Force1 LJ s |Force mriag F Eap_ge
: B unction. ..

Categary: Quantity:] Sr-iex Function:
variables | <none> Y

~
Cukput variables Force_x abs =
Farce_v acos

Force_z acosh ==
ang_deg
ang_rad
asin
asinh
akan
atanh
s

Qutpuk Yariables. . ] Ogtiuns...‘ Mew Repork | anply Trace I | Trace ] Close

IUpdate Repart

¥ Realtime

HiiNew Report
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LA R XY Fati WrraTHvega ]
e T PR T
—_— ey
i Sdqrl kb pdea
pLEE JewTure, 0T
- —_— s
Sdwl. Lokladr:
Sl R
L%

i — ey
SHUpA : L F-diplan
Aol

e ek 1 R

e

Sde SR ol
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5. {HEMLI L) = AHAR He s HL BB,

LN N B R AR IR AR SR AL R LR . o ) PR PR AR R A
half-symmetry )

1.1 (Model)

Project > Insert Maxwell 3D Design

File>Save as> Inductance  ( T-F&fir 44 A “Inductance” )

B PR iR a2l Maxwell > Solution Type> Magnetostatic
DA A I A7 Modeler > Units > Select Units: in (inches)

B AR s A Bk HE Y

Draw > Box

Position: (-1,-6,0)

BoxJU~]: (XSize, YSize, ZSize) > (2,12,10)
Draw > Box

Position: (-1,1,2)

BoxU~]: (XSize, YSize, ZSize) > (2,3,6)
L Box2

Edit > Duplicate > Around Axis

Axis. Z

Angle: 180 deg

Total number: 2

EHBoxl , Box2, Box2 1

Modeler > Boolean > Subtract
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Blank Parts:. Box1
Tool Parts: Box2, Box2 1

ANEiiE:  “Clonetool objectsbefore subtracting”
Draw > Box (fll#Gap (Ht[1) )

Hame Value Tnit Evaluated Value Description

Coordinate Sy. .. Global

Fasition -1 ,-6 .2 in -lin , —Bin, Zin
¥Size 2 in Z2in

ISize 12 in 12in

ISize gap 0.0%in

HBoxl , Box3

Modeler > Boolean > Subtract
Blank Parts. Box1

Tool Parts. Box3

ANHL%E:  “Clonetool objectsbefore subtracting”

1%+ Box1

Modeler > Boolean > Separate Bodies

BB JE ALy R 4o “Core E” (J5iBox1) Al “Core |”

B WERIR R R R “stedl 1008”7 sted (M)
) e 2 el
Modeler > Grid Plane>YZ

Draw > Rectangle

WEUW
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Command l

Hame | Value | Tnit | Evaluated Value Deseription

Command CreateBectangle

Coordinate Sy. .. Global

_Position 0,-3.6,3.5 in Oin , -3.8in, 3.5in
| [axis X

- |13ize 0.3 in 0. 3in

 |Z5ize 0.8 in -0.8in

Modeler > Grid Plane > XY
Draw > Rectangle

BEEU

Hame | Value | Unit | Evaluated Value Dlescription

Command CreateRectangle

Coordinate Sy. .. Global

_Position 1.5,-65,3 in 1.5in, —6.5in, 3in
| Ais z

| |¥size -3 in “3in

| |vsize 3 in 3in

1% 7 Rectangle2
Modeler > Delete Last Operation (F i
Rectanglel [ ZE (11 L8 )
1%EH Rectanglel, Rectangle?
Draw > Sweep > Along Path (1] UL iR JE 25 B
Angle of twist: Odeg
Draft Angle: Odeg
Draft type: Round
1% 7 Rectanglel
Edit > Duplicate > Along Line
(X,Y,2) > (0,00

(dX,dY,dz) > (0,0, 1.925)
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Total Number: 3
1% H Rectanglel, Rectanglel 1, Rectanglel 2
Edit > Duplicate > Along Line
(X,Y,2) > ( 0,0,0
(dX,dY,dz> > (0, 5,0)
Total Number: 3
¥ Rectanglel, Rectanglel 151 Rectanglel 244 4: Coil_left,
Coil_left_1, Coil_left 2
B R FF FZk P By 4% 4. Coil_mid, Coil_mid _1, Coil_mid 2
WA FEPE B Ay 4 k. Coil_right, Coil _right 1, Coil_right 2
¥ B Coil B)44 EH4 A Copper
G L N2k (Create Section)
e T A £k
Modeler > Surface > Section
HHY Z 1
Modeler > Boolean > Separate Bodies
Edit > Delete (IHIFR 2 AX ¥ 1HD
WAt BRI E Ay 44 Sectionl,  Section2, Section3
P A A A 44k Sectiond,  Section5, Section6

A DA E AR Ay 44 b Section7,  Section8 , Section9

G X 38 (Region)
Draw > Region
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g X
Padding Datat " Pad Al Directions
f+ Pad Individual Cirections
Padding Percentage:
Direckion | + | = |

A 400 400

¥ 100 100

z 1500 150
I save as default

OK | Cancel |

2.1 B (Assign Excitation)

e A0 iR 2R BT . Sectionl, Section2, Section3
Maxwell 3D> Excitations > Assign > Current

Name: PhaseA

Vaue: -0.5*Mag

Type: Stranded

ik, #HAdd Variablef I

Variable: Mag > Vaue: 30A

e b ) A 2R . Sectiond,  Section5 , Section6
Maxwell 3D> Excitations > Assign > Current

Name: PhaseB

Vaue Mag

Type: Stranded

e AT IR 2R PEI AR . Section7, Section8, Section9
Maxwell 3D> Excitations > Assign > Current

Name: PhaseC

Vaue: -0.5*Mag

Type: Stranded

3 TGN T 57124 (Create Analysis Setup)

Maxwell 3D > Analysis Setup > Add Solution Setup

I RIEARIREL - Maximum number of passes : 10
REEEK Percent Error: 1%
FROOEA N 4 ek fl: - Refinement per Pass:  30%
WE AR ME L 25: nonlinear residual: 0.001
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4.0 5125 (Assign Executive Parameter)

WEZSHMatrix1 (AR TCE W] LLSEI S I 156 A 2k Rl I £ 1) 8 D
Maxwell > Parameters > Assign > Matrix

B I Matrix 7 1

7ESetup 7325 N, includef Hhifiid 144

7EPost Processing 732 . 1, Turnst=H 48k 430

% HF PhaseA 1, PhaseA 2, PhaseA 3

mdi . Group ->

#+Group#4 £ 4 PhaseA

% HFPhaseB_1, PhaseB_2, PhaseB 3

mdi k. Group ->

#+Group# 5 4 PhaseB

1% HF PhaseC_1, PhaseC 2, PhaseC 3

mdi . Group ->

#+Group#4 5 4 PhaseC

LIRSSV

Natrix

Setup Fost Frocessing }
Entry |Turn5| Group | Eranches | Entries
Phazeh 1 30 Phazeh 1 Phazeh 1, FPhas
| |Phasea 2 30 | [PhaseE |1 FPhazsE_3, Phas
| [Phazea 3 30 | [Phazec |1 |Phasel_3, Phas
| |Phas=eB 3 30 — -
| [Phazec 3 30 4]
| |PhaseB_Z 30 o ]
B
| |PhazeB 1 30
B
£ >
= HoiH
S 5 = Y N Y =] VLY D
BR300, FEF— M B3NS el & DGR
WE ZHMatrix2

Maxwell > Parameters > Assign > Matrix
i Matrix 7
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7ESetup 7325, includef Hhifiid 144
7EPost ProcessingF =2 I, Turnsf i 4535 415
1% PhaseA 1, PhaseA 2, PhaseA 3
mdi . Group ->

¥ Group# i A PhaseA

1% J'PhaseB_1, PhaseB 2, PhaseB_3
M. Group ->

#Group# £ 4 PhaseB

1% F'PhaseC_1, PhaseC_2, PhaseC_3

mdi . Group ->

¥ Group#4 i A PhaseC

Branches4= #2543

N E PR

Setup Fost Frocessing ]

Entry 1Turn5l Gr oup |Bra.nche5| Entries

Fhasef 1 15 Phaseh ] FPhasef_1, Phas
|| Phazen 2 15 [ | Phas=eB 3 Pha=zeB_3, Phas
| |Phazerz 15 | |Phazec |3 FhazeC_3, Fhas
B i
N Q
| IereE e s .
| |PhazeC 2 15
[ IEraseE . 05
| [PEe=et

£ >

wE_ | Wi
RN 15N, AEF]— L RI3NE E HRIE R

5. Check & Run

6. AE4SER
Parameters > Matrix>( st 47 88) 1k +:  View Solution
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| Phassd | PhaseB | PhaseC |
Phased 14658  -6.9595  -5.5504
PhaseB -5.9696 15942  -6.OEE7
PhaseC 55504 -B.9687 14654

AREA L CRRAEA IR (R By BT i)

1A RS Y
A5t 15 i Project Manager 7 11 1 i) Maxwel I Designl

Copy

A4 5 i Project Manager & I 77 fJinductance
Paste

P U T s TR

Ctrl+ALE F i ik

R ST LY Z5 1 A FRIBS O, O B Xl o Al ) 78
Modeler > Boolean > Split (43#1)

Split Plane: YZ

Keep Fragments: Positive side

Split Objects: Split entire selection

2B vt S IX 4
Draw > Region
+X: 800

-X: 0

3. BN

W A2 e e 1) Spl it 5 Ak

i “f7 B, DB A0 TdE
e T B A I 2 Pl

Maxwell > Excitations > Assign > Current

Z
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Base Name: PhaseA _in

Vaue: -0.5*Mag

Type: Stranded

e HH S5 A I 2 P ) T

X

Maxwell > Excitations > Assign > Current

Base Name: PhaseA out

Vaue: -0.5*Mag

Type: Stranded

Al Swap (A24H)  ( Direction , AR-3iF HL AT 1] & 7 H AR T

e Hh v ) ) 2 Pl 4k

0 0O I [
0 I O
I [ I O

Maxwell > Excitations > Assign > Current
Base Name: PhaseB _in

Vaue Mag

Type: Stranded

16 e ) e Bl 1Y) 55—k T -
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0 1 0 [T
I 0 [OIF
T 0 N O

Maxwell > Excitations > Assign > Current

Base Name: PhaseB_out

Vaue Mag

Type: Stranded

Rt Swap Direction, FRuE FE 7 Tr) A& U H AR

e HH g5 e 1) 2 Pl

Maxwell > Excitations > Assign > Current
Base Name: PhaseC in

Vaue: -0.5*Mag

Type: Stranded

e i fe i £ L ) 5 — A8 -

Maxwell > Excitations > Assign > Current
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Base Name: PhaseC_out

Vaue: -0.5*Mag

Type: Stranded

sty Swap Direction , PRIE FEEE 7 RS2 Ui H AT
B BeE e e

4.9 E I 280 (Assign Executive Parameter)
Maxwell > Parameters > Assign > Matrix

B Matrix & 1

7ESetup 7325, includef AT T 44
7EPost ProcessingF =2 I, Turnsf i 4535 430
1%+ PhaseA_in 1, PhaseA_in 2, PhaseA_in 3
it Group ->

¥ Group# i A PhaseA

%+ PhaseB_in 1, PhaseB_in_2, PhaseB_in 3
it Group ->

4 Group#4 ti 4 PhaseB

1+ PhaseC_in 1, PhaseC_in_2, PhaseC_in 3
it Group ->

¥ Group#4 4 A PhaseC

5. Check & Run

6. HE4S
Parameters > Matrix>( sl i 47 8#) ;. View Solution

| Phasss | PhaseB | PhaseC |
Phased 7.3294 34844  -2.7764
PhaseB -3.4844 79711  -3.483
PhaseC -27764  -3.483  7.3289

TS RN JEORIN 2, DU B JEOR K2
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6. AKHLAARMEALTT M B E : JRERAL RS R B AL H]
LA [FIRE TR PR AR, R B E AN R R T 1), BondE
AN TKHEARTEIA HIRES 7 73 A o

14545 (Model)

Project > Insert Maxwell 3D Design

File>Save as> Magnet ( TR 444 “Magnet” )

PR a2 AY . Maxwell > Solution Type> Magnetostatic

A7 s I H A P AR i Maxwel I Designd, i 44 Ring01

G 5 LA A A
Draw > Regular Polyhedron (filj % £ i JEAE1AL)
i\ center position:
(X,Y,2) : (0,0,-4)
B0 N SR AT AR ) AR A 1
(dX,dY,dz) : (40,0, 8
Number of segments : 36
¥ RegularPolyhedron1® @iy 4 A Ring01_1, Eitif kblue

Draw > Regular Polyhedron (fil| % £ i JEAE1A2)
i \.center position:
(X,Y,2) : (0,0,-4)
B0 N AT AR 1) AR A 1
(dX,dy,dz) : (30,0, 8)
Number of segments : 36
4 RegularPolyhedron1 iy 4 4 Hole

% FPRing01_1f1Hole (JHRing01 1ykZ:Hole, 5334
Modeler >Boolean > Subtract

Blank Parts: Ring01_1

Tool Parts: Hole

2. WA MIFARINGOL 1HIFTE
EHRing01 1
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Assign Material

Add Materia

Material Name Mag01

Material Coordinate System Cylindrical

Magnitude (_KX/)v) -837000

R Component 1

Ring01_1f%FA DL 4> JRj AL s 5 Global (I Z 4 ki B, FemEAk I ) LAZ %
R, AN AR T 10 K

O 55 2 h A
#HFRing01_1
414 Edit > Duplicate >Along Line
(X,Y,2> : (0,000
(dX,dy,dz) : (120,0,0)
Total Number: 2
¥Ring0Ll 1 1&Ey4 K: Ring0l 2

G R AL bR &R . RelativeCS Mag0l 2

Modeler > Coordinate (A4 5 ) ( System > Create > Relative CS > Offset
(X,Y,Z) : (120,-50,0) ¥ & JaFliAAHR 2 (1) AR AR i 5t

X i Coordinate Systemst* T [fJRelativeCS1, W4 A -

RelativeCS_Mag01_2

-5 Selids
—|- 4P Maz1
- £ Ringll_1
a Createlegul arFolyhed
+- [ Subtract
@ Duplicated]l ongline
+ ¢ Ringll_Z
= ]2. Coordinate Systems
&8 clobal
W RelativeCS Maghl 2
+- 4% Flanes

+ @ Lists

% FRing01_2
BB A By 5, Edit > Properties
¥ RIngOL_ 27 I 1) TAEAAFR R 0UA J il AL A R RelativeCS_Mag01_2:
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Hame | Value |
Hame Ringll 2
Material Magz01 |

Solve Inside

Model
Dizplay Wiref. .. RelatiweCS Mag0l 2
Color Hot As=1gned

Transparent ] |

Ring0Ll 2 ¥k u)%‘_%ﬁﬁéﬁ% RelativeCS MagOl 271 Z4h k% F,

AT T Tl SN AR ) AT

B TAF AL bR 2 V)45 [0 Global A2 b -
Modeler > Coordinate System > Set Working > Global

B IR RN RE 4

£ Ring01_1f1Ring01 2

4% : Edit > Duplicate >Along Line
(X,Y,Z2) : (0,00
(dX,dY,dz> : (0,120,0)

Total Number: 2

FRing0Ll 1 194 ~: Ring02 1

FFRIing0L 2 1 iy44°4: Ring02_2

G RINg02_21 ¥ 1) Jri s AA s & . RelativeCS Mag02_2
Modeler > Coordinate System > Create > Relative CS > Both
(X,Y,Z) . (120,120,00 W& Jaj#lAARR &R B AR 5 s
BB AR FR &R BB -

(dX,dy,dz) : (1,000 , Enter

(dX,dy,dz)> : (0,0,-1) , Enter

Xt Coordinate Systemst™ T [fJRelativeCS1, 4 H g4 A4
RelativeCS Mag02 2

R AR Asbx 2R V)45 [0 Gl obal A4 F -
Modeler > Coordinate System > Set Working > Global

% FRing02_2

KA,
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BB A B i, Edit > Properties
¥ RIing02_2M I (1) TAE AR KR 2R BUA R il AL bk 52 RelativeCS_Mag02_2:

2. W B HEFRARING02_1MIRING02_ 21141k}

%" Ring02_1f1Ring02 2

bR AT 58 : Assign Material

Clone Material

Material Name: Mag02

Material Coordinate System: Cylindrical ([5]£1)
Magnitude: -837000

R Component: 0

Z Component: 1

Ring02_ 1754 Jai Ak b 22 Global [ Z41 77 1) #éAL. -
Ring02_ 2% Ja ik Ah s 2 RelativeCS_Mag02_ 21K Z#1 7 [ Gk

3. QI X 4 (Region)
R AR A-bx 2R V)45 [0 Gl obal A4 F -
Modeler > Coordinate System > Set Working > Global

Draw > Region

Padding Data:  Pad Al Directions
* Pad Individual Directions

Padding Percentage:

Directinn| + | = |

% 80 &0
¥ 80 &0
z 1000 |1000]

[” Save as default

kK | Cancel

AVEE FIEN T 240 (Create Andlysis Setup)

Maxwell 3D > Analysis Setup > Add Solution Setup

I RIEAIREL - Maximum number of passes : 10
REEEK Percent Error: 3%
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FEUGEAINZE 3 oG] Refinement per Pass:  30%
gk E% 2. Nonlinear Residual: 0.01

5. Check & Run

6. BELR

e VRN N
Fields> B > B_Vector
PR ik

Scale [

1 UseLimits

Min: O

Max: 1

Apply
Marker/Arrow1-3Z H
ZEMap Sizeik I

W1 SizelE br 2 H 1340
Apply

Plots 1~ .

A Uniform

¥+ Spacing size VbR % i/
Min 3

Maxs 10

Apply.
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BLT]

BEEE:+58E
2857e-0@1
S5714e-0E1
8571e-BE1
1429e-BE1
4YZGGe-0Ea1
F14Se-0E1
aEaEe-681
2857e-0E1
S5714e-0E1
8571e-BE1
1429s-BE1
4ZE6e-BEA1
1429:-BE2
BERGE:+BEE

L I T VI R 1 N 4 RN e R I

KLT]

L M R
2E5Ta-801
5714e-881
BT L 01
1429901
LFe T
7143801
BP0 801
2557 -0l
S¥1ue -0l
B571a =801
1475 =801
L2 e -0 L
142 S A2
LR e ]

M HH&FRESEN @
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7. Master/Slaveid ST e BRI AL iz T 55
VST P DUBSOCRR ELO FATL A (R R 50 A o T 0 LA AR
VAR EL, SR ITACIA FEMaster/Slavelt i

—. MR

148455 (Model)

Project > Insert Maxwell 3D Design

File>Save as> Master_Slave

W% 4 M axwelI3DDesignl1i 4 Full_Model 1

PSR a2 Maxwell > Solution Type> Magnetostatic
A L LR A

U AR 2R 76 v f AT A 2

Draw > User Defined Primitive > Syslib > Rmxprt > SRM Core
HIHLHIZ B0 an k-

Hame | Value | Tnit |Evaluated Value | Description

Command CreatelflserlefinedPart
_Coordinate Swetem Global
| [DLL Wame Etwpr t/SEMCor =
_DLL Location syslib
DL versien 12.0
_DiaGap g0 mm S0mm Core diameter on gap side, DiaGap<Diale...
_Dia‘foke 150 mm 150mm Core diameter on yoke side, Dia¥ork<dia ..
_Length 10 mm 10mm Core length
_Poles 4 4 Humber of poles
|| T oke 15 mm 15mm Toke thiclmeszs
_Embrace 0.5 0.5 Pole embrace (the ratio of pole arc to ...
_End.Ext 5 mm Smm Coil one—side end extended length
_Len.Regi on 200 mm Z00mm Region length
| |InfoCore 1 1 0! core; 1! core & coils; 2! coil; 30 ...

B8 42 1 SRM Corel i 4 Stator
BRSO 8 (nickel)
I3 B AR
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I T A B Crl+A
Modeler > Boolean > Separate Bodies
P 28 8] F Ay 44 N F B B U E20CA Coil 1, Coil2,  Coil3,  Coil4

Coil

G 5 2k Pl A HL U n 281
ANk, 19 21 2 Pl AT
Modeler > Surface > Section > XY Plane
s k]

Modeler > Boolean > Separate Bodies

T 22 2 B AT
Del

2. Bl FLA

e B A AT

Maxwell > Excitations > Assign > Current
Vaue : 100 Amps

Type: Stranded

B TR X 38 (Region)
Draw > Region

Padding Percentage: 10%

3. E HIE N 2% (Create Analysis Setup)
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Maxwell 3D > Anaysis Setup > Add Solution Setup

I RIEARIREL - Maximum number of passes : 15
R K Percent Error: 1%

FFGEA N #y c . Refinement per Pass:  30%
4. Check & Run

5. BG4S
Planes > Global: XY
Field Overlays > Fields> H > H_Vector >Done

1 ill |"l : i f".l e ]
:‘ {. J! lefn el
3

LRI 1} 1) 5
S iy o
R P l,r R

I R e R

L VUABRTE

7EProject managert= I, &+ Full_Model_1> Copy > Paste
33| R % v copy, FEfr 44 AFull_Model_2

Ctrl+A, & 1 T Y

Modeler > Boolean > Split

Split Plane>YZ

Keep Fragments > Positive Side

Split Objects > Split entire selection
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Modeler > Boolean > Split

Split Plane > XZ

Keep Fragments > Positive Side
Split Objects > Split entire selection

1& 4 Region[X

Hame Yalue | Tnit | Evaluated ¥Value
Command CreateRegion

il Cocrdinate System Global

_H{ Fadding Fercentage 10 10
_-}{ Fadding Percentage o o
_+Y Fadding Fercentage 10 10
——Y Padding Fercentage 1] 1]
_+Z Fadding Percentage 10 10
_-E Fadding Fercentagze 10 10

Jre iR, X Z T w14k
FLFRE, R FESON L +E
X Z

Assign Boundary > Master
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1EPENew Vector
Master Boundary E[

Flamez: tA=zha |
Zooid - acs Sogbann

1 v Ll froal -

[ EREH e
o wiadne

o Care=l

WA ZEE T M 1 B U Vector [ i
E)ﬁ; (O’ O’ '20)
2 (0, 0, 20)

JE M aster Lifi i

§

Jie R R, Y ZIH w15k
Y ZIH

Assign Boundary > Slave
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Slave Boundary E

Genera[l[]gfgurgsl

MName; m

Master Boundary.  |Master] |

Coordinats Systam

U Vector ]Deﬁned ;I

W Vectar [¥ Reverse Direction

Relation: @ Hs=Hm " Ha=-Hm
Use Defaults

QK I Cancel

(EEINN

Check & Run

R 45 R
Planes > Global: XY

Field Overlays> Fields> H > H_Vector >Done
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LI 1O Y O ¢ R (R YR O L
g .I|. " i - ; =
= L)

i i"‘i?:}
fio )

L 5 ol
N o |
; b M |
. Y |
9
L [
|~
f 1 :
b
. 3
%
}
' ! A 3 P .
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8. Wiz o M S
LN~ B s R o B s A
F_—rCoit (Copper)

«— Stock (Aluminum)

14545 (Model)

Project > Insert Maxwell 3D Design

File>Save as> Eddycurrent ( Ty 444 “Eddycurrent” )
TEFE R 2257 Maxwell > Solution Type> eddy current
A A &) 47 Modeler > Units > Select Units: mm

BB (stock)

Draw > Box

Position: (0,0,0)

Box/U~f: (XSize, YSize, ZSize) > (294,294,19)
T4 N stock

Draw > Box

Position: (18,18 ,0)

Box/U~f: (XSize, YSize, ZSize) > (126,126,19)
HEr4 4 hole

CTRL +A, & PBoxti Y

Modeler > Boolean > Subtract

Blank Parts. stock

Tool Parts:  hole

(EETIERY R RICy I
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s

B E A Aluminum

B2 A (coil)

Draw > Box

Position: (119,25,49)

BoxJU~]: (XSize, YSize, ZSize) > (150,150,100)
4 4: coilhole

% E B, BRIEROh g F

1% coilhol et R (R4 B30, W R B s :

Z

e
; P
N -
S
wSelec:M Edges
W T ik 1 2 3 T AL
Modeler > Fillet

Fillet ZH0% 5 -
1. Fillet Radius: 25mm
2. Setback Distance: Omm
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Draw > Box

Position: (94,0,49)

Box/\~}: (XSize, YSize, ZSize) > (200,200,100)
Em4 M. coil

% E B, BRIEREOh g E

16 coi 5 244 Frj 44 2l

K ik i 2 1R 4

Modeler > Fillet

Fillet %015 :

1. Fillet Radius: 50mm

2. Setback Distance: Omm

1% 7 coil # coilhol ef 774
Modeler > Boolean > Subtract
Blank Parts. coil

Tool Parts. coilhole
?%‘iIJCO”*ﬁ@ﬁDF

W coil 14K}k copper

AT AR B &R

Modeler > Coordinate System > Create >Relative CS > Offset
FHXT AR bR E X: 200, Y: 100, Z: 0

TR R N2 i

% coil

Modeler > Surface > Section > XZ
Modeler > Boolean > Separate Bodies
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Del
2. BB

16 Hh £ el ) T
Maxwell 3D> Excitations > Assign > Current

Name: Currentl
Vaue: 2742 A

Type: Stranded

BB WA AE X 35
Maxwell 3D > Excitations > Set Eddy Effects

Set Eddy Effect M
Use checkboxes to turn ondoff eddy effect or Usze suggested values

displacement current settings:

Object ] Eddy Effect ] Dizplacerment Current ]
stock ]17
| T

B TR X 38 (Region)
Draw > Region

Region @

Padding Data: (* Pad Al Directions

" Pad Individual Directions
Padding Percentage:
300

[™ save as default

oK | Cancel

—
—

J
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15 W ¢ Dummy

Dummy 2 A I s

SO P R0 [ Sy DX 3t AT g 511 43 3wz X I SRS S, e
WPFEANDIEAT I, L TR R

KA bR 22 50 Global CS

Draw > Box

Position: (-3,68,30)

Box/\~}: (XSize YSize, ZSize) > (300,8,8)

HEATH N dummy

FHREA B

B Dummy 5] 7 S5

1% 5 Dummy

Maxwell > Mesh Operations > Assign > On Selection >Length Based.
ANi%Restrict Length of Elements

1% H Restrict the Number of Elements

Maximum Number of Elements: 1000

Select the menu item MaxwelI>Analysis Setup > Apply Mesh Operations

3 E TGN U524 (Create Analysis Setup)

Maxwell 3D > Analysis Setup > Add Solution Setup

I RIEARIREL - Maximum number of passes : 10
RAEELK Percent Error: 2%
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FFGEA N #y Bc . Refinement per Pass:  50%
Pa=np GRS Solver > Adaptive Frequency: 200 Hz

4. Check & Run

5.8 A 45 H

{ii F Calcul ator it 5 2%

LA (0, 72, 34) , B (288, 72, 34) LN TREBHIZ
] 43 S AH

% & Global CSA TAFAL R R

Draw > Line

Select the menu item Draw > Line
BN A X:0.0,Y:72.0,Z:34.0
Enter

NG X:288.0,Y:720,Z:34.0
Enter

BB E A4 4. FiddLine

THEEB Z ) 73 5 S

Maxwell 3D> Fields > Calculator
Quantity: B

Vector: Scal? > Scalar Z

General: Complex > Redl

Smooth

Number

Type: Scalar

Value: 10000

OK

Generadl: *

riirAdd

i ANamed Expression: Name: Bz_real
Done

Maxwell 3D > Results > Create Fields Report > Rectangular plot
wE N
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i @ Repl;t: eddycurrel'ﬂ:—M sellal

—Context

Trace |Fanilies |

Solution: ISEthl:LastAdapﬁ\re LI ¥ IDisEnoe

Geometry: |ﬁe|d|ine ;I

' IBz_reaI

Points: 1001

—Update Report ‘

¥ Real tme  Lpdate "l

Output Variables. .. | Options. .. | Mew Report Apply Trace | Add Trace | Close

RitiNew Report

B 112 WY Plat 2 TR T |

Cuezlnu

— e ocas

Szl Ladsdziee

Tran VD SR Teley!
&=

b omsl

2% i stock HH ) L e AE 0 A
1%+ stock

Maxwell 3D > Fields> Fields>J> Mag J
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25 i stock o R I L i )

Maxwell 3D> Fields > Fields > J> Vector_J
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9. Wiy IS s MEAR AR TR E T X 3 T B
TS BT 7R T 32 Wi AR B 2 Pl 1) 3 X 3 7E 0 5 E 3 BV EE R o=
@R RN
SR PR A A i L AT
HE: T Maxwe A UG TS &, I DAHER R 6
TR AH G my A7 1) R, AR5 L& Sk 1 W 2 4ol 6 S 3 ¢
(Radiation Boundary) -

14545 (Model)

Project > Insert Maxwell 3D Design

File>Save as> Dipole antenna  ( T f&#ii 444 “Dipole antenna” )
PR a2k Maxwell > Solution Type> Eddy current

A WIREPANGREE A

Modeler > Units > Select Units: m (meters)

B g 2 el

Draw>Torus

U A (0,00
NN (0.0095,0,0)
i N 2R B #M%: (0.001,0,0)
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¥R E 4 Copper
a4 N coil
B 145 X 5 Region
Draw>Sphere
o (0,00
W NBRIE AL 42 (0.06,0,0)
RN A vacuum

B Ul FL I N # AT (Create Section)

Select cail

Modeler > Surface > Section

Section Plane: Y Z°F+1f]

Modeler > Boolean > Separate Bodies (/) & P Section]ff )
Del A FR1AN I

KRN AR A 44 oA “current”

2.1 Bl (Assign Excitation)

%6 h 4z Bl : current

Maxwell 3D> Excitations > Assign > Current
Vaue: 1414

Type: soild

BB RN AT RS FRLATAE DX I

Maxwell > Excitations > Set Eddy Effects

wE N
Seteddyeffect

Use checkbaoxes to turm ondoff eddy effect or displacement current settings:

Object | Eddy Effect | Displacement Current |
| |Ring v Iv
_l Region [ 2

WE RS2 Radiation Boundary

KT HRI 1 S — LEFA AN

1. SRS FAEAT B AL s ) ST, A SR AT 58 i
A5 A L DX 3P ) /MR S T LR IR AN 2 ol LR B P SR
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2. M T AR R AR A AT A .

3. RS S R HR (Displacement current) ¥ R A .
4. FEHILF AR N EE (W] DO AR R ), FE T ih A 2%
SRR R B — MR T FR R B K R 14

FERER IR ) AL, — I STASPREIT 9 H s sl DX 18y S 3s O il
B (1, lambda) [IRREL.

Fregion 2K R A | I RRER

1% 1 Region T [ Create sphere
Fi-4eradiusti Ay lambdal4+0.01 (m)
Vs Az f:lambdart) & LA : cOffrequ
X HL 0K 7R HL 25 R G IE

s Az s frequity & XA 1.5GHz

oo f B, SOk THIER
& " Regionft) #h 1M

Maxwell > Boundaries > Assign > Radiation. ..

BB AR 73 3 AR5 )

e AN I

Maxwell > Mesh Operations > Assign > Surface Approximation...
Maximum surface deviation: ignore

Set maximum normal deviation (angle): 15 deg

Set aspect ratio: 10

Maximum surface deviation

R ZE e B LA o = A P10 S L SR T (A )R

A R B SRR P TRT,  USR TR 22 2 2 4 0,

Maximum normal deviation

BRI BRI = A T T B TSR T FRK k) 2 3 2 TR PR SR A

Aspect ratio

H14> = BT Aspect ratios& fi — AR AMER EeE —MIEN
TR #HiZSE0N1, Ron = MBI NFEL=MIB. X TP
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5y, Aspect ratiof\J BCE TR A4, % F-iliiri#l 43, Aspect ratioff] i

Ry 1.2.

G v ST A R T

1% T Region X 4k [ #h 2% [

Modeler > Surface > Create Object From Face
W 1 1t H iy 44 4 Outside

3. EITHZ % (Assign Executive Parameter)
Maxwell 3D > Parameters > Assign > Matrix

AV UGN 240 (Create Analysis Setup)
Maxwell 3D > Analysis Setup > Add Solution Setup

e KIEAIREL Maximum number of passes :

R K Percent Error:  10%
PR BE:  Solver > Adaptive Frequency: 1.5GHz

5. Check & Run

6.1 45
TH R S B
G112y Poynting % 1 () T SR ik 2

ézgRqé'ﬁ}

Maxwell 3D > Fields > Calculator...
Quantity > E

Quantity > H

Complex > Conj (H{HZ = FI L5
Cross ( St

Complex > Real (HUSEZH#E)

Number > 0.5

miAdd. ..

Named expressions > Poynting
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Done

_ R
AR AR R =

Horprp 2l 5 ERERS Th, HARGE A .

L 1 o r, r
av:(?P)dSz (?ERG{E H }>dS

Maxwell > Fields > Calculator
7t Named Expressionst 1% ' Poynting
Copy to stack C#Poyntingf) it 15 & copy 2l Cal cul ator it £ )
Geometry > Surface > Outside
Normal ({84 Poyntingfr) i ] 43 &)
LBy

Eva (&&45H)

A PPN FE

Maxwell > Results > Solution Data
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B Golutions

Ex_f_2 - MamvwellDesigni

Cesign vaiasa |
Simustion el ] [t

Salrtan | Commigarce | Profe | Mash Stistics |

Souton Type (NI - | F*3 (s Frog 50019

Pesilence Lhnis [hll.l.l _:_]

mdmtance Lnis |:|-|H -

B

L Cunenl |
Cuirenl (L0352 4 10WE-DDE

AW E ¥ PoyntingZk it €]
% HH Regionff) & T
Maxwell > Fields > Fields > Named Expression...

1% HH Poynting

HanedExpr

O, RN erEEE
LAZLY AR F
, BEHOEHANZ
. BZIRE+O0Z
M4FITEHAAF
rFIEe+O0Z
OF2%e+O02
. B2I0e400z
BZ1Ee+O0Z
421 ZE+ARZ
FFARE+ARZ
DZEYe+A0Z
ZPRS E+E0 ]
. LIESe+EE1
1926e+@0L | |
. LEgEe+0E1
. B47 Le+REE

e e i ol i
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10. WSS TEAM WORKSHOP PROBLEM 24
VR BT LS D T A A P ST P e

1445 (Model)

Project > Insert Maxwell 3D Design

File>Save as> rotational actuator ( T.FEfi44 4 “rotationa actuator” )
PR g 2. Maxwell > Solution Type> Transient

Ca IR G PN e

Modeler > Units > Select Units: mm

B E 1AM

Draw > Cylinder

IHRBGEA:  (X,Y,2) > (0,0,0)
AR E:  (dX,dY,dZ) > (104.5,0,25.4)
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A 44 HOuter_arm

EREA N red

& Outer_arm

CTRL+C

CTRL+V

1R RN 2 RAERLAY, K H iy 44 4 Cylindertool
¥4 Cylindertool (1) - 42 24 A 83.1mm,  HAth ZHAAR
1 H1Outer_armA#lICylindertool

Modeler > Boolean > Subtract

Blank Parts: Outer_arm

Tool Parts: Cylindertool

G E T LI PR

Draw > Box

(X,Y,Z) > (-13.9,0,0)

(dX,dY,dz> > (27.8, -40, 25.4)

% 1ZBox

Edit > Arrange > Move

BB REREA (XY,Z) > (0,0,0)
BN R =2 S mE (dX,dY,dZ) > (0,-45,0)
Edit>Duplicate>Mirror

(X,Y,Z2>) > (0,0,0)

(dX,dy,dz) > (0,1,0)

T e il

M odeler>Boolean>Unite

Draw > Cylinder
(X,Y,Z2) > (0,0,0)
(dX,dY,dz) > (53.75,0, 25.4)
1EH Outer_arm#ICylinderl
M odel er>Bool ean>Subtract
Blank Parts: Outer_arm
Tool Parts: Cylinderl
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( e
| |
K\ ﬁ)
."\ ._\\\““ m ,f/:_/ 4
\"“*—-._._ _Fr/'
Ot
Draw > Cylinder

(X,Y,Z) > (0,0,0)

(dX,dY,dz> > (25.4,0,25.4)

i fiy 44 24 Shaft

Draw > Cylinder

(X,Y,Z) > (0,0,0

(dX,dY,dz> > (38.1,0,25.4)

F A4 AInner_arm

1% H Shaftfllinner_arm

M odel er>Bool ean>Subtract

Blank Parts. Inner_arm

Tool Parts: Shaft

(ke e TS g

Draw > Box

(X,Y,2) > (-12.7,0,0)

(dX,dY,dz) > (25.4,-20, 25.4)
%1% Box

Edit>Arrange>Move
WIANNMBREREL (XY,2) > (0,0,0)
BNME R BN S mE (dX,dY,dZ) > (0, -35,0)
Edit>Duplicate>Mirror

(X,Y,Z) > (0,0,0

(dX,dY,dz> > (0,1,0)

& Inner_arm AT NI 2 il 1124 Box ik 74
Modeler>Boolean>Unite
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BB I iy 44 24 Innerarm
Draw > Cylinder

(X,Y,Z) > (0,0,0)

(dX,dY,dz) > (51.05,0,25.4)
1% 1 Innerarm A5 1 2 1) Cylinder2

Modeler > Boolean > Intersect

QU 1 B P2k

Se B R AR AR AR 2R
Modeler > Coordinate System > Create > Relative CS > Offset
BINMAEARE (X,Y,Z2) > (0,0,12.7)
K Sy AR AR R Bh TAEAR PR &R
W2 KB XZFT . Modeler > Grid plane > XZ
Draw > Rectangle
(X,Y,Z) > (-17,0,-15.5)
(dX,dY,dz) > (34,0,3D)
Edit > Select > Faces
i I 61 ) Rectangle

Modeler>Surface>Uncover Faces
MR- 15 2 ] & R R IAHE S, i dw 44 4 path
¥z B oY Z -1 : Modeler > Grid plane> YZ
2 i) S e AT«
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Draw > Rectangle
(X,Y,Z2) > (0,0,155)
(dX,dY,dz) > (0, 17,24)
W39 61 2 ) Rectangl e E iy 44 4y coil 1

1% H pathfilcoil 1

Draw > Sweep>Along Path

OK

e £ Bl A ] e AL

R SR ER AR FR R BN TAF SR AR

W22 P TH Be  XZF-TH : Modeler > Grid plane > XZ
Draw > Cylinder

(X,Y,Z2> > (0,0,0)
(dX,dY,dz) > (43,17,0)

% Er 615 1 Cylinder Al coil 1

Modeler > Boolean > intersection

1w 44 K coil

% Hrcoil

Edit>Arrange>Move

AN RERELS (XY,2) > (0,0,0

BN RE R m 2 i E (dX,dY,dZ) > (0, 54.5,0)
Edit>Duplicate>Mirror

(X,Y,Z2) > (0,0,0)

(dX,dY,dz> > (0, 1,00

A0 e el R U N 2

S eSS
Modeler > Surface>Section > XY
Modeler > Boolean>Separate Bodies


http://www.ansys.com/
http://bbs.21dianyuan.com/

ANSYS http://www.ansys.com/

http://bbs.21dianyuan.com/ %

(22 e iR

21 diaryusn, com

Del

1) Region[X 1,
& h 250%

& Innerarm
Edit>Arrange>Rotate
AXis: Z

Angle: 29.5 deg

2. BLE MR

BEEE T AR R

& Fout_arm

Assign Material > Add Materia

Material Name: arm steel
7 Relative PermeabilityZ 51 (1) Typet: ~, F#isimplet & Nonlinear

miiBH Curve, #fHiBH Curvef I

LEHAIBA 23 il T 714 e

H [&_per_meter] | B [tesla]

1o 0
2 {4000 1.413
IERES 1.534
¢ [1B01D 1.751
5 | 24020 1.8
6 32030 1.8%
7 40030 1.9
5 | 48040 1.967
5 |B4050 2,008

10

20070

2042
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H [A_per_rmeter] | B [tezla]

1 | 3R030 2073
12112100 2101
13128110 2127
1144120 2,151

15 176150 2197

16 | 272230 2 325
11| 304260 237
18 | 335790 2 42
19| 395000 25

R OK
HiiVadidate, fidiOK
¥ 5 % Bulk Conductivity# 4 1000000S/m

W B Out_armffi A4 K arm steel

Rt Innerarm ) #4 kB ¥ A arm steel
P 2k B 1) 4 ) 152 Copper

3B BN

7t Sheetst™ 12 H 1A HL I N2 i
Assign Excitation > Coil Terminal >350
ZFNumber of Conductorst % A.350
frSheetst* |1 7 5 1A~ R DN &
Assign Excitation > Coil Terminal
ZFNumber of Conductorst % A.350

FERR B A B Pty

Assign Excitation > Add Winding

# H Winding Definition 1]

1ETypet it FExternal, Jfikrf Stranded, HoAh ¥ B AL

7rProject Managerk ik F1Windingl, 44 fds, EFAdd Terminals
FEFH B I, 28R 22 1 SO P A S Pl A T

BB, Pk Pt s - Winding

BCE AN L
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2.080hm
D=4

R
W

Wanding|

FTTFAIMET v 56 2 4 <

TFiE> BT 72 7>Ansoft>Maxwell 12>Maxwell Circuit Editor
midiProject Manager T [')Components -1+

TR 2

Maxwell Circuit Elements > Dedicated Elements > Winding
FFWinding s {46 21 2 1] X 15,

A58 > Finish

W& 8l F iy 44 g Windingd, 5 Maxwel | (1) 25 P[] 4

JRCE L BH

Maxwell Circuit Elements > Passive Elements > Res

Fs Resyu - £1) 2z X 1

A58k > Finish
R F FELEL 250 3.091K

JBCE L s Sk S 5 U

Maxwell Circuit Elements > Sources > VPulse
o Resyo #2122 e [X 1k

A8 > Finish

F5 N B ZH0RCE H s Wk i
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Properties: Projectl — HaxCirl - HaxCirl

Parameter Values ]General I Swmbol ] Froperty Displays ]
* ¥alue " Optimization " Sensitivity {7 Statistics
Hame | Yalue | Unit |Evaluated Ve Dleseription | Callback | Override |

Hame Element instance ... S |_
Cn 0 ¥ ov Initial veltage, ... o [
e 58T ¥ 5,97V Feak woltage, in ... e |7
e i) 0 Tnitial delat tim... [
Tr 0. 001 0.001 Rize time, in See... C |7
3 0. o0t 0,001 Fall time, in See... [
Pu 1 1 Pulze width, in 5... - |7
_Period 1 1 Pulze period, im ... e ]—
Type TINE s |—

| |status hetive o ]—
Infa VFulze o |—

7 Show Hidden

THE HiH

HERER e Draw > Wire
WU 2% 1. Draw > Ground
% ¥:Ground

S H R R I SRR

Maxwell Circuit > Browse Netlist
Netlist > Export

B %N “trans_circ” , {RAF
B LRARAE N “rot_ext_circuit”

1B tiMaxwell Circuit Editor

fEMaxwell 3D | & Al

Maxwell 3D>Excitations>External Circuit>Edit External Circuit.
A import Circuit

S “trans_circ.sph” CAF

AV E 7y R

1 Outer_armfllinnerarm

Assign Mesh Operation>Inside Selection>L ength Based.
Maximum Length of Elements: 10mm
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5. BCE IR NY,
Maxwell 3D>Excitations>Set Eddy Effects.

Set Eddy Effect

X
Uge checkboxes to tum on/off eddy effect settings: Use suggested values

Object | Eddy Effect |
Outer_arm [
| |inneram v
e I
: coil_1 ]
Select By Mame... | elect &
oK | Caricel J
6. 15 B SR AR
Analysis>Add Solution Setup
Generd : Stop time>0.06s

Time step>0.005s
SaveFied:  Type>Linear step

Start >0.001
Stop >0.056
Step> 0.005
Addtolist
OK

7. CHECK & RUN

8.Ja AL B

o AR AR v (A RR TR A R S i R O 1 1
1 H Innerarml1Outer_armik Y
Modeler>List>Create>Object List

View>Set Solutions Context
B o AP 4 BRI ] [R] 5


http://www.ansys.com/
http://bbs.21dianyuan.com/

ANSYS http://www.ansys.com/

http://bbs.21dianyuan.com/ %

(22 e iR

21 diaryusn, com

Time> 0.01
OK

¢ TAEAAFR A SRR AT AR AR
7£Planes % #' RelativeCS1: XY
Field Overlays>Fields>B>B_Vector

Quanticy> B_Vector

In Volume> Objectlistl

BLT]

2. 4639e-331
2. BaR4s-331
2. 1333e-2a1
2.3384e-331
1. 8200001
1. BWEHE=-231
1. SUBDR-G31
1.3985-331
1. 2u1@e=a31
1.909858-331
9. BBAZe-382

N 7.ERsEe-@32

6. 3185:-332
H. 7ASEe-232
3. ZE3As-332
1. 733902
2. 1ll13e-330

2 IR SR A P U
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RICTL s |

5. HET 2 o00M
5. 31361 20N
R -EELEL )
4, G T 1B
4, 2827 108
3. 2991 e +0E
LAELHLLE ]

F. 191 He 000

T AHEZE 00
PRS-
0 2. 1500 <08

L. ?773e 00N

L. 4286 DM
LN <D0
TLEATRDGE
F. B2 7Ne 00
3, 135 2e +00

P o B S ] DA LA AR PR R

2 0 Ul v I B ST 1) A A P 1
Results>Create Transient Report>Rectangular Plot

New Report

L Y Dt (Sl i
£
\‘-\ ot Ky
] \ AL EE
"
— -\.\‘
hy
- Y
= £
T ..
.
i Teal
= e
— S =
B — e T—
o H._IH: s am

2 e 5 R BRI TR) AR AL R fh £
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o Ltk
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