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« RMxprtS O| 2%t BLDCO| A7 U S7t3|=2 sljA ABAOI= 95mm
+  Maxwell 2D 0| &%t FEM S| A %o =3 900W
XCHE= 20Nm
n %E—:! Ny 1,900rpm
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= RMxprt project B+=7]
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Electronics Desktop A3
Project X% : BLDC.aedt
Insert RMxprt Design

Aall 8! Machine Type 41E4

Brushless Permanent-Magnet DC Motor 41 Ef

] Update
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J ggRemnue
Max:nrell Simplorer EHEdltDef
B Mawell 3D

I Maawell 2D

a  Maxwell Circuit
& RMxprt

Machine Type

Desgign Flaw

" Maxwell Model Wizard (& Generate Rhxpn Saolutions

hachine Type

(" General (@ Standard

i® Three-Fhase Induction botor
jSmgIe Phase Induction kotar

o~ T T =
ax Farmanent-hagnet DC kMotor

i Switched Reluctance Motar

i Line-Start Permanent-hagnet Synchronous hMotar
I Universal Motor

2 DC dachine

# Claw-Pole Alternatar

¥} Three-Phase Mon-Salient Synchronous Maching




Machine &2 3 (RMxprt)

= Machine Specification

«  Number of Poles (& &) : 6
» 6= ZHZk= A2 N-S-N-S-N-S&
%, pole pair = 3
« Rotor Position (2| X} 2/ X]) : Inner Rotor

> WA LR A= 2H
 Friction Loss (Ot& &=4) : 0 Watt

> HEZ
« Windage Loss (&) : 0 Watt
: 1,000 rpm
> Z™ Al rpm 2 Y=ESI= AO[X| T,

o A o p=)
O] d2= 84 £t 22 s

o X7 *E=IO| 2~3 9%

° M7 EEESS

=

* Reference Speed

=
«  Control Type (K0 g4l : DC

> DC H|of
«  Circuit Type (HM &4l : delta3

> 3% delta M 0|8
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E| Sﬁ RMxprtDesignl (Brushless Permanent-Magnet DC Motor)

JER Y viachine

Mame Value | Unit |
Machine Type Brushless Permanent-M, .,
Murnber of Poles (6B
Rotar Position Inner Rotor
Frictional Loss 0 Wy
Windage Loss 1] Wy
Reference Speed 1000 Fprm

Contral Type DC

Circuit Type L3 |

Circuit Type

Loop-Type 3-Phase

o]

Cancel




Stator HHE U™ (RMxprt)

= Stator 2| 37|, slot &, slot 2, A&, skew S L=
« Quter Diameter (Stator 2| 2|/4) : 95 mm

E“,ﬂ Machine
. . o| L§A) - (D Circuit
Inner Diameter (Stator_h | LH&) : 60 mm copm
« Length (Stator 2| 22k 40[): 30 mm T
) _~ = F @ Winding
« Stacking Factor (5 &) : 0.95
> QAMF =HEZ EX|SHT| /50 E& ZH2| Stator 2 Rotor & A2 HE50] ALE.
ZEE ZE ALO[Of| S7H0| FEE|=0 TN e 40| oA ZEO| XHX|5t=
Hl%% ?zlgl' 0.95 E 95% % 9||:|| Properties a
. I =y .
Steel Type (ZH X&) : JFE_Steel_50JN470 fame | VAT Ok [Evelusted V..
° Number Of S|OtS (S|Ot _JIK_) ) Oter Diarmeter |95 mm [95mm
. Inner Diameter B0 mm | BOmm
* Slot Type (S'Ot E%t) 3 Length 30 mm 30mm
o - atacking Factor (0,95
> At slot 25 UESI0 A5 HE g1y JFE _Steel 5LINATD |
Slot %EH% Af%fo X 7822- _Jr_ (R}I\% Murnber of Slots 9
slot Type 3 |

« Skew Width (Skew =) : 0 Skew Width [ 0
> N SIZo Zutnt MY ofeiZel ZEo| HotEtE | slot = AtO|F |
> 0 2 skew 7} QiCH= 2|0
> 0.5 &= Bt slot P2 skew 7t RULCH= 2|0O]
> 1 0| ot slot P2 skew 7 QUCH= 2|0O]
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Slot @& &= (RMxprt)

= Slot o X[5= & F
- Auto Design 2 check SHX| & A
> (Auto Design = MEHSEH RMxprt 7} #HA 0| stator 2] 370 XF0{M slot
gdod= 28

« Parallel Tooth € check StX| & A

Properties
Mame Value LInit

Auta Design [

Farallel Tooth [

Hsl 1 mm
Hs1 0.5 m
Hs? 9 m
Esl c mm
Bzl 14,405 mm
Bs? 200,956 m
Fs 0.5 mm
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Stator Winding 2’8 (RMxprt)

= Winding (#M &%)

E| 5,_1 Machine
° W|nd|ng La ayers D2 P t:i':] Circuit
> 1= Hed, 2= 28 ¢ EI i Stator
«  Winding Type : Whole-Coiled 0 L Shot
> Half-Coiled, & AMEAZL RY X|Hete Edit = g () IS
« Parallel Branches ( E‘ia 22 T Mame | Velwe | Unit |
> Z!Eé' %I-A_!gl 751_?_': ‘]g OI:IEﬁ:i Winding Layers 2
 Conductors per Slot (Slot & =H[==) : 100 f;?ﬂhl?;é’iihes | e
> 2%-_,1'__] OlEE 1 |ayer EOI- 507H9| EX—” Conductors per Slat | 100
« Colil Pitch : 1 Ezgnigfllf Strands :
> 17l Tooth0| Z=Z= 2|0O| Wire Wrap o m
. Number Of Stranded 1 iire Size Diameter: 0. 9mm |
> Bt Conductor 7} & 7He| &AM = O|FOR=X|E 2|0
* Wire Wrap 10 mm /lnsulation
> EHE MDD s BAS FH,
> 02 YHSHH RMxprt Ol A wire library & At& &t -y

Wire Size : Diameter:0.9mm
> AWG Gauge H=2E ME 3 User/t 2| R Tt
> 02 YesR x50z MY

Wire Wrap = 2%y
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Stator Winding &% (RMxprt)

= dHH HE
- LIHX| BRE2 FI|H2=z di5d
« T = Rotor o 7}7t2 Layer
« B £ Rotor Ol & Layer
» Coil_1 2 A &0|11 50 turn 22 O|F 0|} 2
- 18 Slot 2tZF0|A 2 H Slot HIZAZC =

- GEL0 As= 2l

Phasze Turnz Ir Slat ot Slot

Col LT & all 1T 2B
Col 2 |B 50 2T 3B
Col 3 |C alll aT 4B
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Rotor B & A= (RMxprt)

« Rotor o 37| WA, AHM 52 52 o

. - o 74 E| 5,_1 Machine
Outer Diameter (Rotor 2| 2|4) : 59 m T ® cirat
* Inner Diameter (Rotor 2| L&) : 20 mm E' i Stator
 Length (Rotor 2| =2tgF 40][): 30 mm ----- () sh:.tc|
S R Winding
 Steel Type (ZE ZH &) : JFE_Steel_50JN470 EI 4_]J
» Stacking Factor (&15&) : 0.95 L iF) Pole

» Pole Type (AtA1Q| HEHQf AFAL Hhak MEH) : 1 (Radial 2K}

Marne Yalue nit ‘ ‘

Cuter Diameter B9 mm !
Inner Diameter 2l mm
Length Al M
oteel Type JFE_Steel _BOJNATO |

otacking Factor 0,95
Fole Type ] |

SNE 11



XM 8! Shaft 278 (RMxprt)

= XMool 37|, E &
e Embrace : 0.9
> AHAO| XpX[StH= H|=
o Offset: 0 mm
> Pole-arc 2| |1} Rotor O |I™7tO| AHE|

o
0
s

« Magnet Type : NdFe30 Properties
o I\/Iagnet Thickness : 5 mm (Xl'&li —'|:—77‘”) Name | Value | Unit |Evaluated V... |
Embrace |09 0.9
Offget 1] mm O
Magnet ..., NdFe30 |
= Shaft | J{EES 2% Masnel..| T

« Magnetic Shaft ; Uncheck
> Shaft X{Z 0| XHIHM|O|™ check, HIXHI A O] H uncheck

E| 5,_1 Machine
(D Circuit

E| ;,_1 Stator
: ..... (1 Slot
L) winding [arme Value
EI 1:-_]J Rotor Magnetic Shaft [

Properties
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Maxwell 2tE U Full Model2 A% (RMxprt)

= FAZ Full modelZ2 A7
- Otz H°82 SHA| %10, Create Maxwell Design= otH XAISC 2 2% HHZ iE

- s 2F A= 52 Full ModelOi| EiSt Force HIO|E{E E740F & (Fractions 1)

RMxprt | Tools Window Help RMxprt Design Settings X

Machine Type... .
= Material Threshold | Expert Options  User Defined Data

. List...
g Validation Check... W Enable
ﬁ Analyze All Fractions 1
Submit Job...

& Edit Motes...

Toolkit »
I Machine Editor

Design Settings...

Analysis Setup »

Optimetrics Analysis ]

Results »
Import File...

Design Properties...

Design Diatasets... =0l =&

SNE 13




Setup 8% % Analyze (RMxprt)

= Analysis Ol A{ RMB > Add Solution Setup £ &l

. - . A EH
Operation Type : Motor 154 :gm e —
« Load Type (8t =71) : Constant Speed . [ resu 57 Add Solution setup..

- Rated Output Power (‘84 =&) : 1000W
- Rated Voltage (84 ¢ : 42v

Solution Setup pad
- Rated Speed (B4 £X) : 1000rpm S
« Operating Temperature (S&f 2&) : 75 cel | =i B v etk
° ! %II- Ol_l ! Operation Type: Motor
2 Load Type: Const Speed -
- S etu p 1 O-” A-I R M B > A na |yze = _! Rated Output Power: | 1000 W E
Rated Voltage: | |‘~; j
E| ‘@ Analysis Rated Speed: |‘:CC |rpm j
""" ST, C Ctrl+C | 7S
_____ @ Optimetric Ee) oEy M+ Operating Temperature: | 5 |ce| j
...... . 5| Results Faste Ctrl+V
(23 Definitions e =) Use Defaults
X Delete Delete
ties :
PerEI‘tiES... HPC and Analysis Options... ‘
me |V bl Setu
g Setupl 2 P ol 54
iled Analyze

SNE



SNE

- 5 il

Save Output
(3 Paste = \ariables
Desktop View Simulation Results

Delete All Reports

Automation

Solution
Data

Browse Solutions

B Scluticns: BLDC - RMxpriDesign

Simulation: |58tup1

- |Performance

Dezign W ariation: |

Performance l Design Sheet] Cur\-'esl

Data: | FEA Input Data

=

Mare | Yalue | Jrits | Description
T |&mmature Parallel Branches 1
2 |Equivalent Model Depth 30 T

Equivalent Stator Stacking Factor | 0.55
Equivalent Rotor Stacking Factor 0,95

o

Equivalent Er 1.1 tesla

™

Equivalent He

43335 mm

Unit Fractions 3

Fiegion Depth

838000  A_per_meter




Z1} Data 22! (RMxprt)

= Performance tab > Data: Full-Load Operation

i1 Solutions: bldc - RMxprtDesign1 - O
Simulation: |58tup1 ﬂ |Pen‘0rmance ﬂ
Design Yariation: | J Q??
Design Sheet] Curves]
Data: |FuII—L0ad Operation ﬂ
=
DCHF
MNarne Walue Units | Description
= B> 1 | Average Input Current 3630587 iy DC current fram the source
AC T F (17l Phase) — [_|overags e b
o 2 |RMS Armature Current 19984.8 ma, AC current thraugh the winding
2 |Armature Thermal Load 2997 55 A% 2mm” 3
X|'Ac'>| X‘” jé'l —f_ﬁ iSpecific Electric Loading 95420.4 A_per_meter
5 | Armature Current Density N 00 A_per_m2
= = & |Frictional and “Windage Loss 0 iy’
|_-I 7| xl- [y P 7 |Iron-Care Loss 19886.6 iy’
P & |Armature Copper Loss B04634 i
2 | Transistor Loss 1] i
TIAXA =24 L
|7:" o E 10|Diode Loss 1] i
11| Total Loss B24520 iy
> P 12|
Xl_-l 7| &ll = E_=|I _l_ 12| Output Pawer 00321 m
—pp 12 |Input Fower 1524840 mw
g | Efficiency 530436 %
o o —
2= _I_ p 15| Fated Speed 1000 rpm
—- 19| Rated Torgue 059743 MNewtonhdeter
—/'55 iLDCkEd-RDtDrTquUE 20.5445 MNewtonhdeter
— 18| Locked-Raotar Current 124611 ma,
18| Maximurm Output Power 934100 i
E3
Close
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SNE

Curves tab

* Name : Input DC Current vs Speed

. £E0| I}2 DC ME

- 7| MF 2 125Adc / Z[CH == 1900rpm

n {rpm)

B Splutions: BLDC - 07 _Morminal — O
Simulatior: |Setup1 j |Performance ﬂ
Design\u"ariation:l J Qy
Per’c-rmance] Design Sheet | Curves |
I Mame: |InputDC Current vs Speed ﬂl
A
125.00 i Curve Info
Input DG Cument
100,00 —
75.00 —
z
50.00 —
25.00 —
000 T T T [ T T T T [ T T T T [ T T T T T T T T [ T T T T [ T T T T [ T T T
0.00 250.00 500.00 750.00 1000.00 1250.00 1500.00 1750.00 2000.00

Close
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SNE

Curves tab

« Name : Efficiency vs Speed

. 220 M2 B8

e
=L
« 1500rpm~1750rpm AFO[OfA 2E0| 7t &3
17 Solutions: BLDC - 01_Morminal — ] ke
Simulation: |58tup1 j |F‘erformance j
DesignVariation:| J Q/
Per’c-rmance] Design Sheet
I M ame: |Efficienc_l,l vz Speed ﬂl
F
87.50 Curve Info
. = [Efficiency
75.00 -
62.50
5000
£
3750 —
25.00
12.50
000 4T T ] — T
0.00 250.00 500.00 750,00 1000.00 1250.00 1500.00 1750.00 2000.00
n {rpm}
Close
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= Curves tab

* Name : Output Torque vs Speed
. 200 M2 EX (HMEQ 22 =N, T=KOI 2HA)
« X7 E3 2F 20.5Nm / E|CH &= 1900rpm

1" Solutions: BLDC - 01_Morminal - [} X
Simulation: |Setup1 ﬂ |Perf0rmance ﬂ
Design Variation: | J J
Per’c-rmance] Design Shee
I Marme: |DutputT0rque v Speed ﬂl
s
Curve Info
20,00 __ = Owutput Torque
15.00 —
E
=
= 10.00
5.00 —
000 T T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T tT
0.00 250.00 500.00 750.00 1000.00 1250.00 1500.00 1750.00 2000.00
n{rpm)
Close
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SNE

Curves tab

« Name : Cogging Torque in Two Teeth
« 27l TeethOf tE RHZEF ItY
« Max. = 0.17Nm, Peak-to-Peak = 0.34Nm

B 7 Solutions: BLDC - 01_Morminal — [} =
Simulation: |Setup1 ﬂ |F'erf ooooooo j
Design Y arniation: | J v
Performance ] Design Shee
I M ame: |Cogging Torque in Two Teeth ﬂl
A
020 Curve Info
= Cogging Torque
0.10 — \
€ _
E-’ 0.00
-0.10 —
020 T . T . | |
0.00 12500 250.00 375.00
Electric Degree
Close
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SNE

Curves tab

Name : Air-Gap Flux

Density

H71H 2l 360deg0ll Ciot =

X RS = = QF 0.76[Tesla]

AU

B Solutions: BLDC -

01_Morminal

Electric Degree

Simulation: |Setup1 ﬂ |F'erf ooooooo j
Design ¥ ariation: | J y
Per'c-rmance] Design Sheet
I Mame: |Air-Gap Flus D ensitp ﬂ I
0.80 Curve Info
Air-Gap Flux Density
0.50 —
=
& 000 —
=
-0.50 —
-0.80 T T
0.00 125.00 250.00

375.00

Close

21



21} Curve 22l (RMxprt)

= Curves tab
«  1000rpmOi|A Q| & A7
e max. = 2222V, rms = 2 17.1V

Name : Induced Winding Phase Voltage at Rated Speed

B Solutions: BLDC - 01_MNorminal

Sinnulation: | Setupl

ﬂ | Perfarmance j

Drezign VW ariation: |

Performance ] Design Shee

-

I Mame: |Induced ‘winding Phase Woltage at Rated Speed

25.00

0.00 —

(Volts)

-12.50 —

Curve Info

375.00

-26.00 T T T T
0.00 125.00

250.00

Electric Degree

Close

SNE
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ANSYS MaxwellS 0|23t FEM of A




Create Maxwell Design (RMxprt)

a o B O -dx
T M= S T T0© S
O35 sHAd e olgd O S| & O &| K& n3 7] n 7| Medr EME O
- FEo oA = 10|, 2RI 3[WA|FA "RHET" "HI|HE" EH = =0l
inal 2 o[ A ign 2=
= 01_Norminal2| Setup10%|A] RMB > Create Maxwell Design = =
Project Manager o
= Bupc*
=& 01_Norminal (Brushless Permanent-Magnet DC Motor)
=138 Machine
i@ ciruit
i _T-_| uStalor
QILJJRD:DI'
[ .23 shaft Create Maxwell Design »
=] ;? Analysis
L. 4@ Optimetric 48 COPY Cirl-C Type: |Ma:-:we|| 2D Design j
- [H Results Paste Ctrl+V _ =
- @ 02_Parametic e . Solution Setup; |EEE j
| Maxcirt ename -
-] Maxnelzopes X Delete Delete Wariation: |
: Froperties...
Pr rti Disa
[ Disable Setup k. Cancel |
Mame | Y Analyze
Name  |Sewpl Submit Job. .
Enabled
Operatio,,, Motar Create Quick Report...
Load Ty.,, Const S Py SRR
Fated O.., 1000 ~
Rated V... 42 Design Sheet...
Rated 5. 1000 = Curve.
QOperatin,,, 75 Export .
| cCreate Maxwell Design.. |

SNE



Maxwell Pre ¥ Post M|& XIS &2 (Maxwell)

= RMxprtE 0|83t Maxwell 2D Al& 4

= S0 223t Pre-processing At A —
" . i Jifa Maxcirt
= Motordli&l Al Post-processingR 2 = H&= & B] Maxwell2Dbesign1 (Transient, XY)

Results Ats & H

Pre-processing —

Post-processing _

0 25 50 (mm)

SNE

é 30 Components
[-]’fﬁ} Model
€3 MotionSetup1
E-E¥ Boundaries
ﬁ’ VectorPotential 1
£-2 Excitations

”_|_|_| Phases

L|_|_|_| PhaseB

”_L” PhaseC
- Parameters
F-B8 Mesh Operations
@ SurfApprox_Mag
@ Surfapprox_Main
[_]ﬁ Analysis

. §5P Setup1
- [f8 Optimetrics
B2 Results
@ Targue
Q Currents
Q Induced Voltages
@ Flux Linkages
@ L_dq
- Flux_da
Q I_dg
..... ﬁ Field Overlays




MotionSetup1 =l

Project Manager
=] BLDC*
-Jifa Maxcir1
[—]Iﬂ Maxwell2DDesignl (Transient, XY)
.E: 3D Components
[—]“ﬁﬁs Model
[2- < MotionSetup1
E-EF Boundaries
ﬁ VectorPotential1
o2 Excitations
L|_|_|_| PhaseA
L|_|_|_| Phaseb
U_|_|_| PhaseC
& Parameters
=-B8 Mesh Operations

------ BB surfApprox_Mag

...... BB surfapprox_Main
- JF Analysis
. ﬁ Setupl
{8 Optimetrics
=-FF] Results
E Torgue
E Currents
@ Induced Voltages
E Flux Linkages
m-EY L_dg
E Flux_dq
=B 1.dq
..... % Field Overlays

SNE

WEXAED

[~ Consider Mechanical Transient

Angular Velocity: | 1000 rpm j

Motion Setup X
Type IData ] Mechanical
Motion Type: " Translation r
O I~ Mon-Cylindrical
Maving Vector: Global:Z j
+ Paositive ~ Negative
Motion Setup *
Type Mechanical ]
Initial Position: | o |deg j
[ Rotate Limit:
Negative: o |::eg J
Fositive: | 360 | deg J
Motion Setup *

26



Initial Position 2|0] (Maxwell)

Initial Position A9

Motor +&A| A, B, C& 0| 34 ACEF7} 21717t &
A Al AMO| Odeg, B,CAO|AME 120deg, 240deg SIMXE 4= Sinkty ¢
[2tM, AY 7|E2 = XA 0| F=5HA HEO| E[0U00F L5 ETT L

A2 7] 0=0f SinIfH 2 X7 HO| gla, RO BCYd Lz FEO AV|H22
A0 S22z x40l 2Hg

Y
y S=0| A0 B i =0| A0 HZ

0>




219l (Maxwell)

Project Manager u FUH mOdel O|7| [[H_E_O“ 7|-XOI- I:||-7é|-_;—?lc_0-”
=] BLpC* )
| vaxcirs VectorPotential 8273

=13 Maxwell2DDesign1 (Transient, XY)
.E: 3D Components
H“@ Model
G]-€2 MotionSetup1
- Boundaries
[ VectorPotentiall
- B Excitations

L|_|_|_| PhaseA

L|_|_|_| Phaseb

U_|_|_| PhaseC
& Parameters
=-B8 Mesh Operations

------ BB surfApprox_Mag

LS

------ BB surfapprox_Main
- JF Analysis
. JF setupl
@ Optimetrics
=-FF] Results
m-E Torgue
- Currents
@ Induced Voltages
E Flux Linkages

E |__|jq
E Flux_daq
- 1dg
..... % Field Overlays 0 25 50 (mm)

SNE



| (Maxwell)

Project Manager " 3AO|- E_Ilz_ g|_I?I_§|E(E)(ternal CerU|t)9|- E7E:|

=] BLpC*

-Jifa Maxcir1

[—]Iﬂ Maxwell2DDesignl (Transient, XY)
.E: 3D Components

H“@ Model

€3 MotionSetup1

E-EF Boundaries

ﬁ VectorPotential1
E-#% Exdtations

-]l Phasea

[-]1]] PhaseE
+-{]]|| PhaseC
& Parameters
E-B8 Mesh Cperations
..... BR SurfApprox_Mag
..... BB surfapprox_Main
- JF Analysis
. ﬁ Setupl
{8 Optimetrics
=-FF] Results
E Torgue
E Currents
@ Induced Voltages
E Flux Linkages
m-EY L_dg
E Flux_dq
=B 1.dq
..... % Field Overlays

SNE

\ 4

Marne | Value | Unit |
Mame Phased
Type Winding Group
Winding Type External
lssalid stranded
Initial Current 0 &
Murmber of Parallel Branches| 1
Marme Value | Unit |
Marme PhaseB
Type Winding Group
Winding Type External
I=5olid Stranded
Initial Current 0 &
Murnber of Parallel Branches 1
Mame WYalue | Unit |
Mame PhaselC
Type Winding Group
Winding Type External
l=5alid atranded
Initial Current 0 &

Murnber of Parallel Branches| 1

29



(=] Jo]

| -

WEXAED

XH| Diode HE
/ HH| switch &

A1

LabellID=V32

SNE

V4 QZ S ZF HMo| X
AT e Maxwell
Winding3} HZ
\V
/\ o /\ /\

/
6702 22X o 2|2
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Mesh 22l (Maxwell)

Project Manager
E|" BLDC*
-Jifa Maxcir1
28] Maxwell2DDesignl (Transient, XY)
.‘E; 30 Components
=g Model
C:' MotionSetupl
- ﬁ’ Boundaries
..... L. {9 VectorPotentiall
E-#%d Exdtations
L”_” PhaseA
L|_|_|_| PhaseB
”_|_|_| PhaseC
& Parameters
£-B8 Mesh Cperations
-B8 surfApprox_Mag
B8 surfApprox_Main
- JF Analysis
. ﬁ Setupl
@ Optimetrics
=-FF] . Results
- Torque
E Currents
@ Induced Voltages
E Flux Linkages
m-EY L_dg
E Flux_dq
=B 1.dq
..... ﬁ Field Overlays

SNE

Magnet0®l mesh H &
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Setup1 &2l (Maxwell)

. JAH &E

Project Manager

]--lm ipmsm_rmxprt*
EI@ Maxwell 3DDesign 1 (Transient) ™

= ]I
""" 2 30 Components I General [|Save Fields Ad\.-'anced] Solver ] Expression Cache] De‘aults]

Rps = 1000/60=16.667Hz ¢ 4 woae

C: MotionSetupl MNarmne: |Setup‘ W Enabled
T mech = 1/1 6.667=0.06s =P Boundaries .

B [ Master ransient Setup

ﬁ Slave [~ Adaptive Time Step

(-4 Excitations | —
LLL” Phazed Stop time: 0.04 < -
AL :

" Il—-I 7| &Il oI_I _:lE w-{]]]| PhaseB
&-{11l| PhaseC

T_ele = T_mech/3 =0.02s & Parameters

=-B8 Mesh Operations

Rpm = 1000rpm

Solve Setup

Time step: |0.0002 s =]

------ BH CylindricalGap1

Freq uency = 1 /T_ele = 50 HZ P s Length_Coil Solve Setup

o BH Length_Mag Generad\-‘anced] Solver ] Expression Cache] De‘aults]

------ B8 Length_Main

The stop time defined in the General Page will be included automatically.

...... B8 surfapprox_Coil

. A NA~ BH SurfPriority1 Additional field save times .
Stop time = 0.04s 549 hnayss =
GHEEEPES]) e (o T e

@ Optimetrics
— " Custom
=-F¥] Results

(7|7:”Iﬁ-|EE 1/3H|-$'|) },J Targue

---4'.‘_' Currents

. _ -4l Induced Voltages
Time step = 0.0002s 21 FioxLinkages
a4t Voltages

(IX_-I 7| xﬁ-l EE 1 OOStep -4 Powers

..... % Field Overlays
= 3.6deg® BljAd)

SNE




No-load ol A

= MaxwellDesign1 41E#SiA RMB ( @ ) — Copy

* BLDC ZE2MEO|A RMB ( @ ) - Paste

. 0|2 ¥
« MaxwellDesign1 — 03_load
« MaxwellDesign2 — 04_No-load

Project Manager

=[] BLDC*
- @ 01_Norminal (Brushless Permanent-Magnet DC Motor)
- @ 02_Parametic (Brushless Permanent-Magnet DC Motor)
[* !il 03 _load (Transient, X1*
* !il 04_HNo-load (Transient, X¥)*
fir= Maxcir1
¥

SNE
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No-load : Excitation &

= PhaseA M E4SIO] RMB (@ ) =25t Properties 41EH
- Type = Current £ BHZ5I11 4= 0" 2= YH
« Number of parallel branches & “1" & 7X| (RMxprt 0| Al 2783t 2f )
* PhaseB 2} PhaseC & Z2 (o2 H

|
a3
Project Manager T X Winding
[ ﬂ 02_Parametic (Brushless Permansnt-Magnet DC Motor)® M
w1 M 03_load (Transient, X¥)* General ] De‘aults]
= !i_l 04_MNo-load (Transient, XY)*
g 30 Components Mame: |Phaseﬁk
] ﬁyb Model
_| ¥ Boundaries Farameters
—l G Exuwtﬂtms Type: |Current j " Solid  Stranded
5 _I il Rename F2
: —.' ULl Phases Current |E- |A j
Ll Phaset 2 Delete Delete
g Parameter Resistance: |'3 |:|‘I1‘

b :
¥ 58 Mesh Operl roperties...

-
Inductance: |'Z |—| J
-

Veltage: | 0 | Y

Mumber of parallel branches: 1 I
Use Defaults

SNE



No-load : Setup1 &7

= Setup1 &2 &
* General tab
» Stop time : 0.02s
» Time step : 0.0001s
« Save Fields tab
» Custom M2

» Distribution : Linear Step

=- 3] 04_no-load (Transient, XY)*
i é 3D Components
] d‘s Model
+ g% Boundaries
%) AQ Excitations
e Parameters
] Mesh Operations
= JP Analysis

L

» Start : 0, End : 0.02s , Step size : 0.0001s

Solve Setup

\ Save Fields Au:lx-'anced] Solver ] Expression Cache] DE"aultsl

Name: |Setup? W Enabled

Transient Setup

[~ Adaptive Time Step

Stop time: |0.02 |s
Time step: ||3-.C-E-l3-‘ |5

SNE

Solve Setup

Generd Save Fields d\.-'ancedl Sclhver ] Expressicn Cache] De‘aults]

The stop time defined in the General Page will be included automatically.

Additional field save times ..

" MNone

£ Every Ii I:i |—4|

Preview ... | | | |

=)
351

Distribution ] Start ] End ] ]

Linear Step Ons 0.02s Step size 0.0001s
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No-load : Analyze & Results

SNE

Analysis OF2H Of

ol -
A —

Setup1 MEHS = RMB ( @ ) SH0 Analyze MEY :

Praject Manager
=-H] 04_No-load (Transient, X¥)*
-!: 30 Components
=18 Model
E Tl < MotionSetupl
E| ¥ Boundaries
5| B Excitatons
: 1| {LLl] Fhasea
1| {LLl] Phases
: il {11]] Phasec
.- Parameters
w]- Bl Mesh Operations

=3P Analysss

: aste
Properties Fename
Hame | 2 Delste
Marne Setup Properties...
Enableld Disable Setup
=top Time 0,00
Time Step 0, DD

Ctrl+C

F2
Crelets
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No-load : Analyze & Results

= Results > Torque & Double Click
= PlotO|A OFRA 28l > Trace Characteristics > Favorites > pk2pk

= 5223487 mNm =0l

Torque
300.00
200.00
Marker >
p Trace Characteristics b Recent H
. 100.00 — Add Mote... Favorites > avg Curve Info pkZ2pk
5 _ o
5 Add Limit Line » All.. max
= ) Movingi.Torque
= n m
g View > Clear all Setup1 : Transient 522 3487
1) pk2pk
] ] Accumulate
E T L3 1
< 0.00 - o
2 _ Edit »
5
= Modify Report...
=]
g | Update Report
= _100.00 | Report Templates »
§ Export...
Import...
E Copy Bitmap Image
-200.00 — Export Legend...
T St
-300.00 T T T T T T T T T T T T T T T
0.00 2.00 4.00 6.00

Time [ms]
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No-load : Analyze & Results

= PlotO|AM O A 222 > Export...

« JHQIEZH0| “Torque.csv'ZE XM Z

. Export Repert: BLDC - 04_Mo-load - Torque >
HE A | 09_20190814_bldc R Il = s g ==
S o2 B +He 25 2%
I F= SHE0| S|
HIZ 731 |gtH= 50| SisUCh
HIEr ZHH d A
300.00 =
] /\\ EERES e
200.00 — I“-]
i Marker > W PC
4 Trace Characteristics b ;
B Add Note...
7 Add Limit Line ¥ L1|L|;-i.| 3
. 100.00 - EH= a .
E i View »
[ —
z 1 PR o OIEM): Torgue,csy - HEHS)
§ Edit > e AT |Comma delimited data files(+ csv) | = &
E
= 0.00
2 i Modtly Report [~ Export Uniform Points
g Update Report
= 1 I
Ei 1 RE »
é Export ! ms 20 ms 2 ms
-100.00 —| MOt
E Copy Bitmap Image
1 Export Legend...
-200.00 —|
-300.00 . T T T T T T . T T T T . T T T . T T . T T T
0.00 2.00 400 6.00 8.00 10.00

Time [ms]

Sirc



No-load : Analyze & Results

= Results > Induced Voltages = Double Click

= PlotO| M O A 22 > Trace Characteristics > All..
= Max ME > Add Trace Characteristic

= rms 4184 > Add Trace Characteristic

Induced Voltages

25.00
Add Trace Characteristics x
_ Category: |AII ﬂ
b Favaorite | Functions | Category |Default | ~
w1 [ IsidelobeX Radiation
LT [ Isidelobey Radiation
i Tiese et Fecet __m_-
Add MNote.., Favorites > [ |mean
Add Limit Line » \ 7 Vv  |min Math
I
View 5 Clear All 2 [ lovershoot Overshoot/Undershoot .
- ] — Muwarchnntdhe Muarchnntll Indarchant
Accumulate - -
- | Maximum {of magnitudes).
Edit >
% 0.00 —
- Modify Report. MName Value Unit Description
Update Report _L|Range Ful
Report Templates >
] Export...
y Impert... T Curve Info mria rms
=12.50 — Copy Bitmap Image ¥ Current sticky range overrides saved default, InducedVVoltage(PhaseA)
Export Legend.. Setup1 : Transient 22,7641 16.7473
[ Add Trace Characteristic ll
InducedVoltage(PhaseB)
Setup1 : Transient 226328 16.7472
= InducedVoltage(PhaseC)
-25.00 T T T T T T T T T T T T T T T T T T T | T T Setup1 : Transient 22,8170 16.7468
0.00 250 5.00 750 10.00

Time [ms]



No-load : Results

= “04_No-load" G2 =&

Project Manager

=) sLoc*
-4 01_Norminal (Brushless Permanent-Magnet DC Motor)
0 Q 02_Parametic (Brushless Permanent-Magnet DC Motor)
w1 30] 03_load (Transient, XY)

2R §04._No-load (Transient, x¥)°|

= Menu Al View > Set Solution Context = “0s” MEH 3 »=}kO|”

Set Wiew Context >
Set View Context \ MotionSetupl View Fc-rmat]
Solution Name:  |EIS0TITEl T -

Time: | 0.00000s -

WView
Display label at screen corner:

" Upper left " Upper right

(* Lower left " Lower right

[v Display speed and position values

ot
re
=L
IS

SNE
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No-load : Flux Lines

= Modeler Window Ol A| CTRL+A & 2 &3}l0] 2= objects A1 Et

« RMB (@ ) > Fields > A > Flux_Lines &

Mext Behind B
Selection Mode »
Select Objects »
Extend Selection >
Measure >
Wiew >
Edit > )
Create Field Plot *
Group 3
Create 3D Cornpc-nent - -
: |FIu>:_L|nes'| Fields Calculatar ... |
& Assign Material
Assign Band... .
Ty, , [ Specify Falder |A J Category: |Standard
Assign Excitation » : }
Asslgn Parameters N Design: 04_Mo-load Quantity In Valume
i ’ i Context
Assign Mesh Operation > o . , Band .
Fields » A 3 Flux_Lines Context is tied to model window. Edit = Shaft
—— m y A Vettor by updating the model window's conbesd Mag H OuterFegion
0 N i H_Wector Stator
Copy Image Solution: |Setup1 : Transient J tag_B Coil_0
] > .
B_ector Cail 1
Energy » . Jz Coil_2
Cther S Field Type: | Fields ~| J_Vector Cail_3
Named Expressi energy Coil_4
Time = 0.00000s amediipressen. Intrinsic Variables coE nergy Coil &
Speed = 1000.000000rpm Marker 3 acppEnLerg_l,l En!:_g
Position = 10.000000deg Ti ore_Loss o
0 40 me |DS J Ohmic_Loszs Coil_8
Total_Lozs CoilRe_0 v
surfacanrceDemit}l CrilRe 1
Save As Default edgeForceDensity I Plot on edge anly
T emperature _
[ Strearline
@ Coe D _ oo
A
4]



No-load : Flux Lines

A [Whbim]

0.0120
I 0.0104
0.0088

0.0072
0.0056
0.0040
0.0024
0.0008
-0.0008
-0.0024
-0.0040

-0.0056

-0.0072
-0.0038
-0.0104
-0.0120

Time = 0.00000s
Speed =1000.000000rpm
Position = 10.000000deg

SNE

0 40 80 (mm)



No-load : Animation

= Field Overlays > A > Flux_Lines1 O A 222 > Animate 41 EH

= Time %] MEH = OK

Project Manager o X

i Create Animation Setup
- @ 02_Parametic (Brushless Permanent-Magret DC Motor) ~ 8 I

:| 03_load (Transient, X¥) Mame: [&nimation] Desciptior: |

=gl 04_No-load (Transient, XY)* i
O &= 3D Components =N | Swept Variable(s) ] Design pc.int]
El ‘ﬁ‘gﬁ. Madel I
3 B Excitations
i il {11]] Phasea i
- |I]l| Phases {
& {111] Phasec i
.G Parameters !
ml- 88 Mesh Operations |
=-JF Analysis .
; }3’ Setupl
i @ Opfimetrics =4
=% results |
3'& Field Overlays :
3! ':l_,
T Rename F2
< A Delete Delste

|Sing|e variable j

Select values:

Properties Modify Plot...

cob Crmbest To Arfive WA -
Set Context To Active Windov

[=]

Name | Value

Marne Flux_Lines1 Evport Blot

Context .., Modeler — I 0k “ Cancel

SNE



No-load : Animation

A Whim]

00147
I 0.0128
0.0108

0.0088
0.0069
0.0049
0.0029
000
-0.0010
-0 0030
-0.0048
-0.0069

-0.0088
-0.0108
-0.0128
-0.0147

Time = 0.00000s
Speed =1000.000000rpm
Position = 10.000000deg 0 15 70 (mm)

SNE
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