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E-mobility:
Electrifying transportation



e-Mobility?
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Altair's Simulation Solution for e-Mobility

Electromagnetics
ety sensors nd  FEKO, Flux
- Safety, Durability,
NVH & Lightweight Therm al
 AcuSolve
Structural

* OptiStruct & RADIOSS

Multibody Systems
* MotionSolve

Energy
Management

Systems & Math
« Compose, Activate, Embed



Altair Electro-Magnetic Solvers

FEKO for EM simulation of applications
related to antenna design, antenna
placement, EMC, radiation hazard,
bio-electromagnetics, radomes, etc.

Low Frequency High Frequency



Efficient Design Workflow
for an Electric Motor for EV/HEV Application



e-Mobility Powertrain Metrics

» Objective and gquantitative

Fuel economy

Powertrain Performance
Drivability

Emissions

Safety

Traction/Handling Performance

» e-Mobility technologies/topologies are
allowing system performance to be
improved over traditional designs

Acceleration
‘ Q\,.\,_

Fuel
Economy
' tAcceIeration

1

Fuel
Economy

Typical
powertrain

e-Mobility



Hybrid System
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Drive Power Electric Power
Battery
1
1
Generator v
-

Inverter

Reduction Gear

Series/Parallel Hybrid System

Power-split device! (planetary gear)

Planetary gear set acts like CVT —
connects engine, motor, and generator to
differential

2 Electric Machines (EM'’s)

Pro: Engine operates at optimal load and
gets good performance, drivability,
efficiency

Con: Complexity, cost



Hybrid System

Prius HEV Powertrain
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Hybrid System

I: Prius HEV Powertrain
« Component abstraction: = '

» Look-up tables (engine & motor torque, efficien
» Physics based (vehicle, planetary gear set)

» Used to explore:
» Supervisory controller design
* Minimize fuel consumption, battery usage
« Performance (straight-line acceleration, braking, etc.)
+ Component selection: engine, battery, motor, etc.
* Power needs

+ Efficiencies of system - effects on fuel consumption



Hybrid System

Cycle Speed vs. Time

Inputs:
Input

1) Drive Cycles :
* EPA Urban Drive cycle

* > 1200 seconds runs in < 10 simulation seconds —————

2) Initial Battery State-of-Charge (SOC)

Output
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Model-Based Development Workflows

Activate + Flux support of Model-Based Development

Motor Design/Control
Supervisory HEV Control

speed (rad./s)

-

» Work with different levels of fidelity depending on your analysis needs

discharging
power
I
then y=u1
i 'f fuzs=a o{2>
else y=u3 net Power
>0 discharge
] Power out
r g <0 charge
I is>00r<0?
charging
Efficiency power

Table (2-D)

>

motor torque
output (Nm)

Motor
demand
Torque (Nm)

Motor Torque Qutput Scope

ﬁ
0.05s+1

First-order lag




Model-Based Development Workflows

PMSM Modeling Methods

* Full co-simulation Flux + Activate for Best Accuracy

Link to FE Motor model

n

Output:
& S HIE Current
: = FE SO Speed
= = L Torque...
e 25 N = = am
LITTILY ‘

Voltage to fed the motor




Refined Electromagnetic design and
Optimization of the motor



For more than 35 years, Flux
simulation software has been
used worldwide in leading
industries and university labs
for electromagnetic and

thermal analyses. It has
become a reference for the
high accuracy it delivers.

Whatever the electric device
or equipment you are
designing, it captures the
complexity of
electromagnetic and thermal
phenomena to predict the
behaviour of your products
with precision.




Design & Optimization

* The HyperStudy-Flux coupling allows applying the HyperStudy approaches
(DOE, Fit, Optimization and Stochastic) for Flux models design exploration
and optimization

» The general workflow is:
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Coupled Simulations for Motor’s Noise Analysis

» From electric excitation ... to noise
» electric energy creates the electromagnetic field that generates the torque
* |t also generates parasitic forces at the iron/air interface

« Parasitic forces generating noise depend on:
» the type and topology of the machine
* the electric excitation frequencies

Magnetic torque




Coupled Simulations for Motor’s Noise Analysis

Chaining 3 types of analysis

Magnetic forces Disnlacements Noise

Frequency

Magnetic Vibration Acoustic

Flux OptiStruct



Coupled Thermal + Electromagnetic analysis

* Coupling with AcuSolve for CFD simulation

Joule/Iron
Losses

Temperature (C)

180.0
1655
151.0
136.5
1220
107.5
83.0
785
64.0
495
35.0

Temperature (C)
180.0
165.5
151.0
136.5
122.0
107.5

93.0
78.5
64.0
495
35.0



Connected Vehicles



V2X Communications

« Two main technologies and solutions:
1. short-range communications (DSRC based on IEEE 802.11p standard)
2. wide-areainfrastructure-based communications (including LTE-V2X and 5G)




V2V Case — Technology and Antenna Requirements

« Case of study focused on V2V communication « Car manufacturer requirement for the

based on IEEE 802.11p standard

antenna: omnidirectional coverage
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G5-5CH4 | G5-5CH3 | G5-5CHT G5-CCH_| G5-SCH5 | G5
5.845 5.865 5.875 5.905 5.915
Frequency (GHz)
Parameters 20 MHz 5 MHz
Bandwidth Bandwidth
Bit rate (Mbit's) 15,2.25,3,45,8,9,

6,9, 12, 18, 24, 36,
48, 54

12,135

5925

Modulation mode

BPSK, QPSK,

BPSK, QPSK,

16QAM, 64QAM 16QAM, B4QAM
Code rate 112, 2/3, 3/4 172, 2/3, 3/4
Number of subcarriers | 52 52
Symbol duration 4 pus 16 ps
Guard time 0.8ps 32us
FFT period . 3.2ps . 128 pus
Preamble duration 16 ps 64 s
Subcarrier spacing . 312.5 kHz .?8.125 kHz
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j» - 210
59 GHz antenna radiatio e,
ounted on roof of vehicle si ted
with FEKO

330

270

But car manufacturer wants the antenna to be less visible



Difficult to achieve the
desired omnidirectional
pattern with only one

antenna

270

Simulations of 5.9 GHz antenna in different locations of vehicle done with FEKO



V2V Case — Defined Configuration for Antennas

1 antenna mounted at

Solution — Use a system of 2 _ _
antennas and combine their System using 2 antennas to achieve an

patterns omnidirectional pattern

80

210

o v 210
T Simulations of antennas in vehicle at 5.9 GHz done
270 with FEKO using MLFMM solver with 10 processes.

Number of unknowns: 1.7 Million run time: 0.46h M ‘

emory: 46.4 GByte 270



WinProp Software Suite

Radio network planning tool
» Wave propagation models for various scenarios

» Radio network planning of various systems

Indoor/Tunnel
Urban
Rural/Suburban
Satellite

Cellular incl. LTE and beyond

WLAN, WiIMAX
TETRA, Broadcasting

* Applications

Radio channel analysis
Radio network planning




of-sight (LoS) conditions

(non-LoS) conditions
Liné-df@@ﬁt scenario
3 Car2with V2V module

continuously receiving and
moving along trajectory

".
_L[

Car 1 with V2V module
continuously transmitting.
In static position.

Car 1 with V2V module I

ATC 2018

V2V Case — Range Analysis and Simulation with WinProp

Range of communication between 2 vehicles should be 500m in line-

Analyze the impact on the communication range in non-line-of-sight

Car 2 with V2V module
continuously receiving
and moving along
trajectory

continuously transmitting.
In static position.

-

4 P V2V module with 20 dBm of
N maximum transmitted power and
sensitivity of -92dBm

3D antenna pattern effect (patterns
computed with FEKO) included in
the simulations, for both cars
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Powser
[dBm]

W 20
W< 920

Rx Power [dBm] versus distance [m] between Tx and Rx

0
Car 1 Tx: 2 combined antennas
-20
< > Car 2 Rx: 1 antenna at the front
40 \ 500 Car 2 Rx: 2 combined antennas
m Car2 Rx: 1 antenna oh roof (reference)

.6.3 \m\%\

- —————
80

-100 Sensitivity (minimum radio signal power allowed by V2V receiver)

-120
0.00 100.00 200,00 300.00 400.00 50000 60Q.0C 700.00 800.00 900,00 1000.00

« 500m desired range is achieved in line-of-sight
conditions with 1 or 2 antennas

* Computational requirements for the simulation with WinProp — Run time: 1min 53s and
memory: 1 GByte
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(C) Communication is possible because of:

- system using 2 antennas providing a
more omnidirectional pattern

- some visibility between cars and
multipath effect




Wireless Power Transfer



Inductive Charging Systems for EV
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Car module

Ferrite

Wire loop (coll
antenna)

Wire loop
(coil antenna)

Ground module

Metallic backplate

Ferrite



Some Key Topics on Inductive Charging with FEKO

Efficiency of inductive charging systems

Influence of offset between coils

Radio interference to other systems (e.g. PEPS/KeylessGo)

Thermal effects (with Flux)

Radiation hazard analysis

. - —




Coupling Between Coil Antennas with FEKO

Equivalent circuit and power budget

Pin= 3.5 kW Pou= 3.45 kW

Efficiency(Pou/Pin) = 98.5 %

Recevied Power (kW)

4.0

Grﬂi:und mod ule

transmitting coil

Freguency [kHz]

100
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80

70

60

50

40
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20
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Efficiency (%)



For WPT application both coils’
positions may not perfectly match

ATC 2018

Misalignment Tolerance Between Coil Antennas with FEKO

Offset in x-, y-, or z-direction

Influence on efficiency

Recevied Power (kW)

Misalignment Tolerance

20—
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Higher tolerance in x-direction
because of coil shape
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Importance of Ferrites in Design of WPT Systems

Function of ferrite plates on WPT systems:

Reduce coil antenna size and increase efficiency
Minimizing eddy currents on metallic scattering surfaces

Minimize magnetic field emissions
to secure compliance with EM field safety standards for human exposure
to avoid EMC interference with other electric devices

Modelling technique in FEKO for ferrite material

For low frequency simulation (e.g. 85 kHz) Volume Equivalence Principle
(VEP) is the appropriate method (mesh with tetrahedra)

Double precision is recommended and for lower frequencies LF
stabilization could be necessary



FEKO Simulation of Coils with Ferrites

Coil parameters: Power Transfer Efficiency [%]
K =0.81 " |

C,=5.38nF / R
C,=5.49 nF i / ——

70

R =125 Q ) /
IS

Ferrite with p,= 2400 0 /

PTE [%]

a0 a0 100 10
Frequency [kHz]




Summary & Conclusions

« System Modeling & Smart Control

« Validate Architectural Choices ‘0 %—aaue(v
I D . Eﬁ: . 0 ‘ q Engine />.——Invenef
° General tor
m p rove es I g n ICI e n Cy ' Reduction Gear g%m/&anerator

Drive Wheels

* Reduce Prototyping & Maintenance Cost

« Powertrain Electricfication & Hybridization
» Design Efficient Electric Motors -
* Optimize Charging Systems

« Meeting EMC & Connectivity
requirements
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