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. _‘%;;«,;” = High attention on weight
o management (light material) to
er balance battery

=
Nt
= Dual tension cable \ g
technology in vehicle o

(high voltage & 12V)

RER(Y

= 800 kg batteries = 92 kWh energy }EEJJIL () f‘.'E.
(vs 75 liters of gasoline= 750 kWh of = Simplified dynamics with very low
energy)

center of gravity
= High modularization capabilities
(packaging simplified)

= Filling time is several hours
(vs 3 minutes for traditional tank)

®Iean cooling (no contact
with engine emission, oil,

gas)
= No front grid required

11 Lh!

» 89 to 95% of efficiency (vs 25% for
ICE)

* |mmediate torque (no transmission
required)
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Permanent Magnet Synchronous Motor Optimization 4-Pole, 400Hz Induction Motor
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Material Advanced

& PMSM Efficiency Map Simulation
& DQ Model State Space Export
& ROM Model

Models | Options

Drive Scenario
PMSM Efficiency Map Simulation

Machine data

Number of pole pairs: |4

Maximum speed (rpm): |5000

Maximum torque (Nm): 400

Maximum peak current: |260

Madmum power (W) |5‘th3

Phase resstance: |0.069

Stator iron loss model: | Tron Loss Model

975 DASSAULT

SYSTEMES

Computation
Preset: Fast v
Time samples: 3
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Torgue / N.m

Torque of 'Rotationi:gapl’ versus Time

Voltage / V
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v BRI
o IR 5 FLIT
o TR -5 18 28
o AR

260
208
156

104

Peak current / A

52

2
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Torque Ripple Amplitude / N.m

Average torgue /N.m

Torque vs Beta at 0.0 A

—— Torque vs Beta at 26.0 A
Torque vs Beta at 52.0 A
—— Torque vs Beta at 78.0 A
—— Torgque vs Beta at 104.0 A
_| —— Torque vs Beta at 130.0 A
—— Torque vs Beta at 156.0 A
5 Torque vs Beta at 182.0 A
l"-_ —— Torque vs Beta at 208.0 A
— Torque vs Beta at 2324.0 A
—— Torgue vs Beta at 260.0 A

0 27 54

Load angle / deg

67.95

Average torque / N.m

Load angle / deg
Average torque versus Speed

3000 4000 5000
Speed / 1/min

1000 2000
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@ Material Models Help

Iron losses
Defined models: |Iron Loss Model . |
[ New || Delete |
Name: |Iron Loss Model ]
Model type: Bertotti .
) Steinmetz
Precalculation type: |Generalized Steinmetz
Improved Ge.. d Steinmetz
Freguency:
Improved
LossCurve
Copy
Loss density unit: W /ka
Parameters:
Value Eall
Alpha 2.39715247966913 r
Khys 0.0131430874471318 v

Torque / N.m

Mecharical power / W

55000

50000 1----

45000 1----

40000 1---

35000

30000 1----

25000 1----

20000 1----

15000 1----

10000 -

5000 1-f--

Effidency

0.9819

1200 2400 3600 4800 6000
Rotational Speed / 1/min

Mechanical power versus Speed

-0.008631

1000 2000 3000 4000

Speed / 1/min

55
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o BRI
o B/ MCHFE BN
o K=K
o o TEMIEAE T, REWAPMATIE
= @)@51&%«%‘%‘: i
v N AIKPI(3DX/Abaqus | ]
Physics Simulation ™ 2% )

o 45 EBE T BB 0041447 (20000 rpm)
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K> Z 8k

Ll)— Knowledge Engineering Specification A1
Parameters

@- Relations

= & Rotor Core A1 Rotor Core)
LJJ—% Rotor Core &1

= ' = plane

— ' vz plane

= ' T plane

EJ— Externial Parameters
EJ— Parameters

G PartBody

&) Pad.1

2 s

j& tdirrar,1
MagnetHaole

©-65 Measurelnertia

EJ—E Materials

EJ‘% tMagnet 2.1 [Magnet)

EJ‘% Rotor Shaft &1 [Rotor Shaft)
EJ—G Resin A1 [Resin]

EJ‘% Stator Core 8.1 [Stator Core)
EJ—e Coils &1 [Coils)

EJ—% Engineering Connedtions

2
2S simuLIA

Rotor Care &1 [Rotor Core)
% Rotor Core &1
—' xy plane
—' vz plane
-" = plane

[I-E! External Parameters
L Irﬁ Parameters

=G PartBody

“PH F=5.4mm
Pt T =0mm
“PE2 ¥ =51.914mm

PE2T=11.%43mm

PEEEE

“Pt2 Z'=0mm

E—)—% MMeasurelnertia
LJT} Measurelnertia. 1
Area=2322.667Tmm2

li5] Gx=52.697mm

—E Gy=1412mm

'"E Gz=1mm

—lE loxG=1.09de-008k gxm 2
—IE loyG=1.617e-006k gxm 2
—E lozG=2,702e-D08k gxm2
—E lxyiz=-1,51e-007k gxm2
—E IxzG=0kgxm2

—E Iyz5=0kgxm2

E)‘[a Materials
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EM Analysis : H.f

CST PowerBy Execution Editor

E EM Analysis

Pre-Execute Pre CST Param Execute

& EV Motor CST A1 ~ [=] O\

Mapping direction: | ¥ g% FROM 3DX Parameters TO activity

Content:

Post CST Param

E] 3DX parameters

Yy

Post-Execute

Publications

Name: Type: | All o

‘ Select ” Marre

‘\Type

” Walue ” Activity Parameter

EW Mator A 1% Knowledg...ation A 1\Motor_WVelume Real
EW Mator A 1% Knowledge ..ication A 1\Max_Current Real
EW Mator A 1\ Knowledge ..ification A 14Gap_Radius Real
EY Motor A 1'Knowledge ...ion A 14 Coil_Resistance Real
EY Motor A 1" Knowledge.. fication A 1%\ Wotor_Mass Real
EY Motor A 1 Knowled.. A 1WWotor_Magnet Mass  Real

-
=@ EVMotor CSTA.1 * Filters
_1_,_ :g EV Motor A1 (EV Motor.CATProduct.Instance)
Jlr @ Rotor Core A.1 (Rotor Core)
T@, Magnet A.1 (Magnet)
1} Rotor Shaft A.1 (Rotor Shaft)
T,,@, Resin A.1 (Resin)
T,_ @ Stator Core A.1 (Stator Core)
a @ Coils A.1 (Coils)
< Knowledge Engineering Specification A.1
+ @ Finite Element Model A.1
|y EV Motor CST [file tree] A.1

P,
2S simuLiA

EY Motor A 1" Knowledge...A 10 Stator_CQuter_Radius Real

5127.06mm3 Motor YWolume
152.8034 M AX_COIL_CLURRENT
GAP_RADIUS
0.005..5430hr COIL_RESISTANCE

T275mm

33.8257kg Motor_kass
1.35909kg Motor_hass_hagnets
101mm STATOR_CUTER_RADIUS

975 DASSAULT
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Stress Anal

enario

= To  Initial Conditions (1)

lﬁ Initial Temperature. 1

=& |nteractions (3)

'_ Contact Property-CoreShaft
—&  Surface-based Caontact.1
—d0  contact Interference.1
|_—J—Ej Restraints (3)

—Q) Clarmp.1

—% Planar Symmetry,1

—% Planar Syrmmetry.2

=D Loads (1)

Centrifugal Force,1

ijr 3 Predefined Fields (1)
| ,z Output Requests (2)
| i;.. Interference Fit

e Load

2
2S simuLIA

|
[ ]
Feature Manager

@)%

P

IRRNRARRERE

CRCRCRCHE

®

C]

Name

Clamp.1

Contact Interference. 1
Output.1

Output.2

Planar Symmetry. 1
Planar Symmetry.2
Surface-based Contact.1
Centrifugal Force.1

Prescribed Temperature. 1

Contact Property-CoreShaft

Global Element Types

Initial Temperature.1

Type

Clamp

Contact Interference
Field

History

Planar Symmetry
Planar Symmetry
surface-based Contact
Centrifugal Force
Prescribed Temperature
Contact Property
Global Element Map
Initial Temperature

Category

Restraints
Interactions
Output Requests
Qutput Requests
Restraints
Restraints
Interactions
Loads
Predefined Fields
Interactions
Element Type Assignments

Initial Conditions

Definition

-0.03 mm
Field
History

293 Kdeg

Interference Fit || Load

Von Mises Stress.1 (N_m2)

|

2.02e+8
1.82e+8
1.62e+8
1.42e+8
1.21e+8
1.01e+8
B.le+7
6.08e+7
4.07e+7
2.058+7

3.5e+5

SYSTEMES
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Process Composer : DOE / ftfk

DOE Editor

tH DOE

General Factors Design Matrix Responses

DOE Technique: | Latin Hypercube

bt

DOE Technigu Fractional Factorial
Froctional Factoriol
Shisnbies of ractional toriol

— . Full Factorial
| Use a fixe

Full Factoral
Latin Hypercube
Latin Hypercube
Optimal Latin Hypercube
Optimal Latin Hypercube
Orthogonal Array
Orthogonal Array

DOE Technigque Description

MNumber of levels for each factor equal to number of points with random combinations.
Advantages:
« + Allows many more points and more combinations can be studied for each factor.
«+ Engineer has total freedom in selecting the number of designs to run as long as it is greater than the number of factors.
Disadvantages:
» - They are not reproducible unless the same random seed is used consecutively.
* - As the number of points decreases, the chance of missing some regions of the design space increases.

-

# QO O

Monte Optimization

Carlo Simul...

2
2S simuLIA
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Process Composer : DOE / 1At

DOE Editor

tH DOE

General Factors Design Matrix Responses

-

| Parameter ” H Lower H Upper H Relation ” Baseline ” Walues
COIL_N_TUIRME o g values g bbbbbb.,.080888
hMagnet_Angle 60 100 values 70 60 60,04 60,.,99 99,95 10(
Magnet_An.._Distance 1 4 values 2 1 1.003 1.0,.9399 3,997 4
Magnet_Rad..|_Distance 0.5 = walues 1 0.5 0.50250.,.99 29975 3
Magnet Width 2 5 values 25 22,003 20.93994997 5
MNUMBER_POLE_ FAIRS O
Rotor Outer Radius -10 10 % 725 65,25 65.26,.9.7355 79.7¢
SPEED O
STATOR_OL.ER RADIUE O
Zlot_Height 153 20 values 8 12 15,005 1..99 19995 2(
TORQUE_T..UATE_LOSS O

TORQUE_T.TE_RIFFLE O

Teeth_Width -10 10 % 3 27 27006 .8 3.2994 3.3
Yoke_Width -10 10 % 8 7272016 .8 87984 8.8

s
2S simuLiA

A
DS SisTdies
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Process Composer : DOE / 1At

P,
2S simuLiA

DOE Editor

fH poE

General Factors Design Matrix Responses
-
Parameter Ohbjective Weight Target
CopperLoss at given LossTorque_DQ PP minimize
Current at given LossTargue_DQ PP O
Demagnetization-Yoltage reduction rate_Demag PP minim ize
M ax Fower DQ PP I axirmize
Max Torgue_DQ PP fmaximize
M aximum _Yon Mises Stress 1 rrinimize
Maotor_Mass minimize
Motor_Mass_Magnets minitmize
Motor_Wolume O
Speed at Max Power DQ PP O
Torgue 12th Harmonic_ DQ PP minimize
Torgue &th Harmonic_ DQ PP minimize

55
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JResult Analytics:

3DEXPERIENCE | 3DDashboard My First Dashboard ~

Simulation Result Analytics

B Results Analytics
EV Motor DOE

Case Details Requirements

REE LR EA I B Run Analytics

Group:

Owner: Christian Kremers

EV Motor DOE

Project: Honda Originated: 3252019 91031 AM Due Date:

Last Modified: 3/26/2019 4 4923 PM

Revision Number Status: In Process
Background

Data Sources

AT

m® O + 2 KB O

EV Motor Oy 19

Methods -
Parameter Summary -

Parameter Name Unis Mode Alias Min Max Comments

COIL_N_TURNS INFUT . COIL_N_TURNS 6 8

Magnet_Angle INPUT . Magnet_Angle 60 100

Magnet_Angular_Distance INPUT v Magnet_Angular_Distance 1 4

Magnet_Radial_Distance INPUT . Magnet_Radial_Distance 05 3

Magne INPUT . Magnet_Width 2 5

Rotor_Outer_Radius INPUT . Rotor_Outer_Radius 7975

Slot_Haight INPUT " Slot_Height 15 F1]

Teeth_Width INPUT . Teath_Width 27 33

Yoke_Width INPUT v Yoke_Width 72 88

CopperLoss at given LossTorque_DQ PP OUTPUT v CopperLoss at given LossTorque_DQ PP 91.445 48537

Demagnetization-Voltage reduction rate_Demag PP OUTPUT v Demagnetization-Voltage reduction rate_Demag -48.55 -7 58082

Mav Pawer N0) PP OITRIT v May Power N PR £an1g 1 Q18Eag =

Previe: <5 Defing 3 Explors (4 Predict 5 Compara 5 Collaborsts 7" Recammend i

2
2S simuLIA
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Voltage / V

-0.003

000000

2
2S simuLIA

-0.025
0

P
DS SisTdies



It Systemes | Confidential Information | 11/21/2023 | ref.: 3DS_Document_2019

© Dassau

2
2S simuLIA

a1 H

FrHERH AT HE L

p75 DASSAULT

SYSTEMES



Document_2019

© Dassault Systemes | Confidential Information | 11/21/2023 | ref.: 3DS

ERINE

BH AR

“;'
Pt

A K

— Barrier

FLA T ok

2
2S simuLIA

55

DASSAULT
SYUSTEMES



Document_2019

© Dassault Systemes | Confidential Information | 11/21/2023 | ref.: 3DS

It EE AR P A

= ATy
=3 o]
A o ool
A :

e

P CTANZATE 4N
YaVAYLi7g
KR N

5

i,
]

I~
Py
K

&
I

S
L
N

. “%
FA‘,‘

N
A VALY,
o AVAYATATR

VAYAYA

2 2
DS simuLIA DS SOSTENES



7t B P 4 X

o
o
- O
Hd..._
| 2
- QO
(]
B —
o .
T Rt
[ [0 . SR
o T O ©
— ﬁ—|n
5| -
p .
o |..|,“a
— m
o - 9 s
7] = g
) - _
(7] = (7]
& a1
5 C o B
a | Fo g
Z HlD.ln
= ~
e
; o RLLTRLI o
: i — 1+
o o o o o o o
m% o o O o o o o
— — (=)} M~ [T (5] — 1_,_
w wyo / @ouepadwy

1 MHz
BOU

1

Abs
sssection D

&

Cutplane atX 12

Mazimum

=1)[1]
Component
Frequency
Phase
Crer

e-fiald (f

610z uswnood SAg 4a1 | £202/12/L 1 | uonewsou] [euspyuo) | sswsysAg ynesseq ©

805.267 V/m

300 1000

10 20 40 100

4
Frequency [ MHz

2

1

0.1 0.3

P
DS SisTdies

P
2S simuLiA



Document_2019

© Dassault Systemes | Confidential Information | 11/21/2023 | ref.: 3DS

2
2S simuLIA

—DBC
Layers
7Diodes
High
Sid'
e — e i o — =
I e e 1AL
FaRaEaRs H ha ERR3EA] Low
T m\_@ Side
| n H I | m
HH f it B W ﬁ! T’r e + - IGBTs
Liv\j_n-ma —————— S TRl | i JLHPJ
:/) -
i \_

Wirebonds connecting
IGBTs, Diodes and DBC
Layers

Wirebonds connecting
IGBTs, Diodes and DBC
Layers
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Partial Inductance

ELLIK / N }_E 4.5¢-09

Inductance / H

B
]j ESW] A\ 4e-09

3.5e-09
3e-09
2.5e-09
2e-09
1.5e-09

_______________________________________________________________________________

____________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

1e-09

5e-10

0.0009

0 10000

30000 50000 70000 1le+05

Partial Resistance

0.0008 1
. - 0.0007 1

0.0006 -
0.0005 1
0.0004 1
0.0003 -
R 0.0002 -
0.0001 A

Resistance / Ohm

_______________________________________________________________

———————————————————————————————————————————————————————————————
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0 10000

50000 70000 1e+05

Frequency / Hz

30000
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Gate

— ZE A B

Collector

SIGCI00TG0R3 L2

Emitter

-
|
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=
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-

Load
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8000 -
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6000 -
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4000 -
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EMI Filter
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Probe point
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CISPR 25: <76 dBuV for frequency lower than 300 kHz

FD Voltages [Magnitude in dBu]

120

100 -

80 -

60

— Without Filter
— With Filter

40 -

20 A

Voltage / dBuV

=20

-40 +

-60

-80

0.1 0.2 04 07 1 2 34 6 10 20 30 50 100 200 400 1000 2000
Frequency / kHz
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surface current (f=1) [Tran1]
Frequency 1 kHz

Phaze 0

Maximum 29.1029 Afm

2
2S simuLIA

Current Flow @ 1 KHz

surface current (f=1000) [Tran1]
Frequency 1000 kHz

Phaze 0

Maximum 0.0960315 A/m

Noise @ 1MHz
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15732 A

1A

Connection variants

Capacitive
output coupling

1= < 1=

Inverter

CM current path
through car chassis

Capacitive output
coupling of

HV-DC cable

Integrated e-machine

2
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E-Field

Probe Value in V/m [Magnitude in dB]

40

----------------------

40 -

-60 -

90 doodbdeer T 45— F-Feld (1325 425 135)(Abs) [SP1_Open@1VAC] |:

Lol bii bbb —— E-Field (-132.5 425 135)(Abs) [SP1_Short@1VAC] |

-100 F—+———++H F————++H F—t+—+——+—+H +—t—t——++++ F—t+—+—+—+—+H

0.01 0.02 0.04 0.1 0.2 04 1 2 34 6 10 20 40 100 200 400 1000
Frequency / MHz
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139 57 AT

v 12 MHz
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“How serious is

the “How can we reduce vehicle

electromag weight and labor cost?”
emission?”

“Do we need
shielded cables?”
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« Electromagnetic fields affecting e.g.
pacemakers

« Interactions between electric energy and
other media
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