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MOBILITY TRENDS AND CHALLENGES

Richard Y. a
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Today‘s Products are Complex

Transportation OEM need sustainable
technologies to meet customer demands:

Safer, Lighter, Greener,
Smarter Vehicles
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“GM'’s vision is a world with zero
crashes, zero emissions and zero Electrification

— P, Connectivity
congestion.” = andloT

“GM believes the future of personal
mobility will be driven by the
convergence of electrification,
autonomous vehicles, connectivity
and shared mobility services.”

Autonomous Diverse mobility
driving
--Mary Barra, CEO of General Motors

"
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INDUSTRY TRENDS ON ELECTRIFICATION (1)
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Mote: BEY = battery electric vehicle; PHEV = plug-in hybrid electric vehicle. Stock shares are calculated based on country submissions

and estimates of the rolling vehicle stocks developed for the IEA Maobility Model. The vehicle stocks are estimated based on new

vehicle registration data, lifetime range of 12-18 years, and vehicle scrappage using a survival curve that declines linearly in the last

five years of the active wvehicle life. Lifetimes at the low end of the range are used for countries with higher income levels (and ,
vice versa).

Source: IEA analysis based on country submissions, complemented ACEA (2018), EAFO (2018a). \
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INDUSTRY TRENDS ON ELECTRIFICATION (2)

250
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Million electric LDVs
A

50

0 =m===
2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 @ 2027 2028 2029 2030

N OEMs announcements (estimate) — — — New Policies Scenario EV30@30

Notes: The 2020 and 2025 projections from original equipment manufacturers are based on their announcements as outlined in Table
2.5. The production capacity of OEMs in China has been capped at 5.2 million vehicles both in 2020 and 2025. This cap is calculated
considering the 7.7 million vehicle capacity announced for 2020 (Liu, 2018) and a 66% capacity utilisation factor, aligned with the ratio
of vehicle production in China and capacity available in recent years (IHS Markit, 2015). The lower bound of vehicle production in
China for 2020 was assumed to be 2 million, well below the capacity assessed to become available in the same year. For companies
that announced the deployment of a number of models, the assumptions made in this analysis consider a sales-to-model ratio range
of 10 000-30 000 in the 2020 timeframe and 30 000-50 000 in 2025.

Source: IEA analysis developed with the IEA Mobility Model (IEA, 2018a).

Comparison of scenario projections and manufacturers’ targets for electric LDVs, 2017-30 \



AUTOMOTIVE —ALTAIR’'S STRATEGIC SOLUTIONS
e-Mobility
Connected and Automated Mobility

Design for Efficiency

Safety, Comfort and Perceived Quality

JO00O0CO

Solution Oriented Innovation

Industry domain knowledge + Integrated design process + Optimization

Design the Difference
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DESIGN THE FUTURE OF E-MOBILITY

New Key Elements
* Electric Motor

- Battery
Connectivity & NVH & Durability  Crashworthiness * Power Electronics -
Communication & Safety _ Inverter
Lightweighting ’ g}é?]tter(r)r; Modeling and
*|+ ey
= | Ry Challenges:
=R N |
& lka « Packaging and Weight
System & Distribution
Control

* New Requirements and
Physics

e—PoVVérfrain .-
. . Energy Efficiency .
Drivetrain Ride & Handling Complex System
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CHALLENGES FOR E-PROPULSION DESIGN

« Stringent performance requirements —

Advanced OEMs are trying to set them apart | Cost |
from competition @ ﬁ
« Stricter regulations (WLTP) — Maximize
Balanced
Design

efficiency throughout the e-propulsion system

* Multiphysics design to balance cost, time,
size, weight and performance

* Integrated solution across departments with
different disciplinary requirements
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ALTAIR’S VISION AND WORKFLOW

Richard Y. a
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SIMULATION-DRIVEN DESIGN — AN OVERVIEW

Physical Testing

Computer
Simulation

Simulation-driven
Design
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ALTAIR FOCUS TECHNOLOGY

Product Design

2D CAD &
Manual Design
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SIMULATION-DRIVEN INNOVATION

Exhaustive Design Optimization & Powerful Modeling & Cloud Collaboration & Data
Exploration Multiphysics Visualization Analytics

rrrrrrrr

nnnnnnnn

Multi-Physics ~ \EEA vibratons
Design Loop

High Performance Computing

Global Expertise

[ r
Value-based Business Model
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THE E-MOTOR DESIGN PROCESS
6oncept Design\ (Detailed Desigm 4 System N 7 System I

T e
=

Multi-Physics Modeling Optimization
Optimization : .
EM, Structural, Thermal Add Inverter SIIT_lulatlon of
Battery Models . Drl\(ﬂﬁy&ypleg

Responses mE ‘ 1 7
Power, Torque, > B e
Torque Ripples, =
Max Speed, Losses,
Temperatures,
Demagnetization,
Stress

3

Scenario
Individual Working
Points

r

Reduced-Ordé
Models

v

Rapid Design
Exploration and
Ranking

Magnet
Shape More realistic

DVs Torques and

K / K / \ Efficiencies /
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ALTAIR'S COMPLETE PLATFORM FOR E-MOTOR INNOVATION

An integrated workflow for
model based multi-physics
o2

optimization design
J 1 o® Sy, <
e @ T

--."-.‘ ERUN : - r A . =iy 7
: : L . O L B s
Disruptive to traditional design = g3 . ¥ o

Early technical choices

proceSS th rough maChine s Architecture  Topology
i a=-
learning

©

Speed to market with balanced _zernsecresesar | | @

(o

System coupling
Drive & Control

’

4
-

design and confidence

Losses reduction & thermal validation

Electromagnetic design Thermal analysis
Accurate behaviour prediction Looses reduction & th | validati

Flexible process for
customization and ease of use 4 \



ALTAIR SOLVER TECHNOLOGY

Crash Durability
Safety - Vibrations
RADIOSS OptiStruct :
Blast Acoustics
Gravity Structural Explicit Structural Implicit | Ft—-
Springback Heat Transfer

Forming AcuSol Opt|Struct
Extrusion - cuoolve - Design Optimization
Additive CIICkzx e FluidX - P

G|l  Manufacturing Systems CFD and Thermal HyperStudy

Molding Design Exploration

FEKO - FLUX MotionSolve
Multi-body
Dynamics

Electromagnetism
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E-MOTOR DESIGN PROCESS

Philippe W. a



DESIGN SPECIFICATIONS

Specifications
» Stator diameter :
* Active length :
* Iron fill factor :
» Magnet :
» Tmax winding
» Tmax rotor :
* Maximum speed :
* Minimum power :

« Max phase voltage :
* Max phase current :

» DC-link voltage :

DIAM
LENGTH
0.92
Br1.15T
200°C
180°C
MAXS rpm
170kW
241V
300A
650V, 800V

© 2019 Altair Engineering, Inc. Proprietary and Confidential. All rights rese

Objectives

* Maximum power (base point)

* Minimize torque ripple
Constraints

» Demagnetization at base point

» Mechanical strength

» Temperature of winding lower than 200°C
The stator topology is set.

The rotor topology is open

rved.
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MULTI-DISCIPLINARY/PHYSICS OPTIMIZATION — GENERIC
OVERVIEW

Optimization Process - Time Line

Baseline Design 4 . A 4 Meta Model ) (Targets /| DV Bounds)
Thermal : < M g:'rfé?q‘;?ﬁ Generation ‘
: N \ = : 4 Opt. Problem )
EM \\ - . (E_xample)
Demagnetization N ’ ., B Objective:
4 9 — RS Maximize Torque
Y N ==
) N DO E Y Acoustics ‘ & L
A= Constraints:
Efficiency, Stress,
o | Temperature, etc.
. S

Study Preparation » \ e
% 7

EM Performance

. Ny

)L Power, Torque <—» EMEfficiency )L ) ( P )
b
XN number of samples [Study Result’ ﬁ::)trec:v(::jI';Ztsi\i,genRBeasI:Ir:ie] \/
(N J J . )
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Preprocessing Execute DOE Postprocessing Ve
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FLUXMOTOR PROJECT
BASE DESIGN



MOTOR BASELINE

Winding
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Winding
B

Winding
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Baseline
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|

Rotor Selection
Rotor A Rotor C Rotor D

Current den

(Almm2) 31,1 31,1 31,1
Torque (Nm) 181 165 162
Power (kW) 195 186 185 180
Base speed (rpm) 10.290 10.830 10.670 10.610
Efficiency (%) 96,0 95,9 95,9 95,7
Magnet weight (Kg) 2,54 2,48 2,48 2,53
4

)
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FIRST OPTIMIZATION FLUXMOTOR: MINIMIZE CURRENT

Goal: ' .
« Maximize base torque — more than 150 N.m
* Minimize current at 100 kW (initial value 205 A)
210 ® rfocoron \

(D Evaluation Index: 50
50 runs  rr— ” X - Max_base_Torque: 157.85212
X - Max_base_Torque: 155.83783 ¥ - Min_Max_Speed_Current: 200.37866
30 m | N utes | ¥- Min_Max_Speed_Current: 186.93822
H 7\
@D, -
£, k)
=
® Evaluation Index 44
- X - Max_base_Torque: 15240220
* Y - Min_Max_Speed_Current: 17369291

™ -® B

135 141
Max_base_Torque

With 174 A, we obtain the target torque, helping the temperature constraints
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DOE WORKFLOW
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LOAD CASES

Efficiency in torque-speed area

Base point
* Identify base point
* Average torque and torque ripple
» Short-circuit test, risk for demagnetization

Max speed max torque
* Average torque and torque ripple, losses

Max speed 100 kW : check temperature after 2
hours

* Magnetic analysis: losses

» 2D Thermal analysis: temperature after 2 hours

Stress : check stress at MAXS rpm on rotor only

Mechanical torque (N.m)




© 2019 Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

WORFLOW TO COMPUTE ONE SINGLE SAMPLE

[T ————

Emag: Predesi'

Mecharical torque m)

"Max. Speed .~ Maximum
at 100kW & Speed

Emag: Design

Short .~ Transient

Circuit g Thermal [ESDesign

==

Temperature
(Magnet/
Winding)

Torque
Torque Ripple

Torque Torque

Demagnetisation Torque Ripple Torque Ripple

Responses



SETTING THE LOAD CASES



FLUX BASE POINT

Input
* Rotor geometric parameters
« Base speed,
» Base line current,

© 2019 Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Torque

» Base control angle

Output

o &

« Base torque,
« Base torque ripple,

* Generate *.STEP file (for OptiStruct
analysis)

YATSZ] L
=S
N/

S




FLUX SHORT-CIRCUIT AT BASE SPEED

Input
* Rotor geometric parameters
» Speed

© 2019 Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

» Base line current,
» Base control angle

Output

* Demagnetization

tomEs
oomEn
romEs

200

Reset |

1

BREMIN 55

IsovarL_1

l.081
1.0&3
1.048
l.03Z
1.01é
9599.50B8E-3
983.213E-3
966.91BE-3
950.623E-3
934.32BE-3
918.033E-3
S01.738E-3
BB5.444E-3
BE9.145E-3
852.804E-3
836.559E-3
B820.2&64E-3
B03.969E-3

|l | |

-1.000E2

-2000E3

initial

Steady state

Reset




FLUX MAX SPEED

Input
* Rotor geometric parameters
« Speed
* Max speed line current
* Max speed control angle

Output
* Max speed torque
* Max speed ripples

Magnetic f£lux density / Vector in T Ih

© 2019 Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Torque

L

Base speed Max. speed Speed
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FLUX 100KW AT MAX SPEED
@ =" s VY
Input
* Rotor geometric parameters ) = /0 :
« Speed, current, angle . . g — oo
Output

» Losses (core losses rotor and
stator, winding Joule losses, eddy
current magnet)

Iron losses \
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2D THERMAL ANALYSIS

Test after 2 hours
Input :

. %Ismimimmm
» Rotor geometric parameters L
. L -
0eses e crer
§ 135.558 ;iSRF;SNE
Output fre
117.181 NDING
L 111155

» Temperature in magnets (max) e
» Temperature in winding (T < s

180°C)

T
Reset | 1.000E3
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STRESS ANALYSIS MAXS

Starting from geometry in step file

Input
« STEP file

Output
* Max value of stress (must be lower than 500 MPa

Contour Plat

Contour Pit Element Stresse: dvanbises, Mex)
2 bl

Element Stresses (2D & 3D)(SignedVonMises, Max) Analysis 5
Analysis system

625
563
500
450
300
250
200
150
100

Max = 625
20 381610
Min=-1544
2D 32809
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GLOBAL OPTIMIZATION

Goal:
« Maximize base torque
* Minimize torque ripple

Constraint:
» Stress lower than 500 MPa
» Winding temperature lower than 180°C
» Demagnetization lower than 5%
* Torque greater than 150 Nm
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DOE OUTLINE

Summary of Optimization Problem in Design Space
HyperStudy
Add Model Remove Model ‘nin Model Resources

Active Label Varname Madel Type Solvina time
1 FluxMuotor m_1 '@ FluxMotor 25 minutes
2 base_speed m_2 A Flux 4 minutes
3 MEX_SPEEd 5 ” . 4 mInUtes m
4 Short_circuit m_4 & Flux 8 minutes Value value value
5 100_kW_MAX_S... m_5 B Flux 4 minutes ™1 3 4,25 5
& Thermal m_6 B Flux 6 minutes WM1 29 31 31,2
7 HyperMesh m_7 B Operator 10 seconds H1 3 35 4
8 OptiStruct m_8 H Operator 2 minutes WA 02 06

29 minutes

V1 15 20 25
DOE Study ™2 35 4,75 4,75
. : WM2 16 23 23
» 18 Design Variables Ho ) ) )
« Approximately 400 runs 0 0 0
* 18h with 15 cores in parallel w2 0,5 0,6 0,7
T2 1,1 1,5 1,6
V2 106,7 107 107,1 V4
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GLOBAL OPTIMIZATION

2 Objectives 4 Constraints

« Min Torque Ripples « Demagnetization <5 % « Temperature winding <180°C
« Max Power - Base torque >= 150 Nm < Max stress <= 500 Mpa
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GLOBAL OPTIMIZATION : DESIGN OF EXPERIMENT

Trends from DOE

Maximum torque Minimum winding temperature Minimum stress

initial

Minimum torque ripple Minimum demagnetization Maximum power
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OPTIMIZATION
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USING FIT FOR DIFFERENT OPTIMIZATIONS

2 objectives
« Max power
* Min torque ripple

500 iterations 12 points per iteration

|DEMAG stress T_winding|Torque
5 500 180 145
5 500 180 150
5 550 180 150
5 600 180 150
5 650 180 150
6 500 180 150
7 500 180 150
7.5 500 180 150
7,2 500 180 150

* 4 constraints

Max stress <= 500 MPa
Demagnetization <=5 %
Temperature winding <180°C
Base torque => 150 Nm

Objective 1 |Objective 2 |STRESS DEMAG WINDING TORQUE

Note: with fit, one optimization takes less than 2 minutes with 500 runs )
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E-MOTOR OPTIMIZATION PROBLEM — FINAL RESULTS

» Optimization Objective:

I T oo oo output Pover

* Minimize base Torque Ripple

Base torque [Nm] 155
Base torque Ripple [Nm] 8,5
Stress [Mpa] 2.316 » Constraints:
Winding Temp. [°C] 171  Stress lower than 500 MPa
Demagnetization Factor 6.6  Winding Temperature lower than 180°C

» Demagnetization lower than 5%
» Base Torque greater than 150 Nm

Magnet Weight
Reduction of 40 %




TO GO FURTHER: INCLUDE DRIVE
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FIELD ORIENTED CONTROL STEPS: OVERVIEW

Speed
Input: desir:
Output: de
(d/g frame)

current (d/q)
current (d/q)
oltage (d/q)

Inverte
Input: désired voltage (d/q),
DC voltage source (battery, fetc.)
Output: |applied 3|phase volage (A/
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PROCESS: ACTIVATE INVERTER INPUTS TO FLUX

180 Six Step laverter 10 | : :
: —IPhaseA
_ | | + 5\ - 5 - 5{—PhaseBf % - - -
Motor : = . I —Phase C| |
ofF — — A — Al — L P
Parameters — : . |
;] EE L T [ — - — - = —
J _|l:|} _(I} A
! e A i 2l i e
1 |
_15l 1 1 1
0 5 10 15
time [msec]
150 -
£ Sinusoidal :
EPWM | _.—-B
| -...-‘
IO ---mm === - - = J;f'-a- ----------
g E-—-B-h..ﬂ_.—g: e ------- -O
"] o -
Current More Accurate Motor & o-—-0-0 |
Waveforms Results:. Losses, Torque S el [
Ripple, etc. = |
|
|
|
|
0 10 15
Current [A]

*Image Source: https://cdn.intechopen.com/pdfs-wm/39370.pdf
See notes, next slide for details

Faster process than direct co-sim:
Use simplified motor model in Activate to generate steady-state current

Trrana IMml


https://cdn.intechopen.com/pdfs-wm/39370.pdf
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E-MOTOR OPTIMIZATION PROBLEM — FINAL RESULTS WITH PWM

Current Optimum
With Sine Current

Base torque [Nm]

Base torque Ripple [Nm] 8,5 54
Stress [Mpa] 2.316 500
Winding Temp. [°C] 171 139
Demagnetization Factor 6,6 5,2

Magnet Weight
Reduction of 40 %
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(*) TEMPERATURES USING PWM CURRENT

Current Optimum Current Optimum with
With Sine Current PWM Current (620V — 800V)

Joule losses (W) 4.220 2.266 2.272-2.278
Magnet losses (W) 143,6 58 141 - 164
Iron losses stator (W) 1.157 1.096 1.173 - 1.206
Iron losses rotor (W) 230 159 196 - 208
Temp. Rotor [°C] Tmax 118 Tmax 87 Tmax 103 - 108
s uees| | High

5 42788 ——=
4 137,018
% 131471
f t2s.824
F o1zo.17e
o lLia.ses
§ 1oa.s82
¥ 103,235
3 97.s88
£ ooion
& se.nos
80.€97
75.000 LOW

Added losses leads to 20 % higher temperatures in magnets and rotor yoke

"
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S U M MI \I zY Add Model B Remove Model I;%z Model Resources

>

Label Varname Model Type

1 VE FluxMotor n_l @ FluxMotor
. . . . . . . 2 [ base_speed m_2 & Flux
Multi-physics optimization of E-motor including: : R
4 Short_circuit m.d B Flux
* Predesign of motor - FluxMotor : »

* Magnetic analysis - Flux ; - e

 Thermal analysis - Flux
 Structural analysis - OptiStruct

DOE and optimization driven by HyperStudy
Extension system - Activate

iiii

Pl EdEEd
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LOOKING FORWARD

Richard Y. a
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A COMPLETE MODEL BASED MULTIPHYSICS OPTIMIZATION WORKFLOW

e N 4 R
- Responses
4 ™
Optimization F—» o veretl_y, (IR
For
Geometry/FE-Model N
Design \_ Instance Generator 4 D o o

Exploration & |_+_| Heat Transfer ?

Machine Size/Shape Topology MTEETCS EM / Hﬁa;uTtr' /

Lea rning DV Engine DV Engine Input

i g

Design Variable (DV) Values

1) ! | Scenario / Working Point Data
:.‘.V_ s Scenario/

Drive Cycle
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EVALUATION OF WLTP — DRIVE CYCLE EFFICIENCY

Files Model  Diagram Simulate SuperBlock  Mask Orient  Align  Center
Home Block
Instantaneous Motor Efficiency ::::ii: S i
-y Instantaneous Motor Efrc'ency Battery Electric Vehicle (BEV) Powertrain
Drive Cycle Evaluation
0.9049
0.9048:
Batlery Pack Average State of Charge (SOC) ::iiiiii: e ==—
Battery Pack Average Siate of Charge (SOC)
07501 7
074299
0.749996-
b Ik Vehice speedkph :Iiiiiiiziiiic 0Ox Flgum‘mﬂﬂ e
074000, Vehicle Speed (kph) Deswed Drlve Cycle VS. Actual E-motor Torque (N rn) Vs, Speed (rpm) in Drlve Cycle
0.
0.74999! I Desuec Vehicle Speed (| lzh
0.74999: 0175 | Actual Vehicle Speed (kph P
Vehicle Range Scope  :iiiiiiiiiii Titey S e i
Vehicle Range (Miles)
1 0.1254 =
0.9 E
0100+ F4
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