Toward self-monitoring cable systems in the field based
on digital twins backed by COMSOL® simulations

LEONI




,, Qur Vision:

Passion for

intelligent
energy and
data solutions.
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Wiring Systems Division
Service and product portfolio

Low voltage

. . Data solutions
wiring systems

Cable systems and solutions
Wiring systems for data management
and their specific in vehicles
components such as
harnesses including
electromechanical
and electronic 4 ~ Services
components ‘ : Use of comprehensive
system expertise in
design, optimisation
and validation of

modern vehicle
architectures

Harnesses and
modules for power
and data distribution
in various types of
vehicles as well as
individual subsystems

High voltage solutions

High voltage harnesses
and power distribution
units for electromobility
as well as solutions for
the distribution of data
and power in high voltage
battery system
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Energy solutions

Electromechanical and
electronic systems for
vehicle power distribution




Wire & Cable Solutions Division
Portfolio and markets

> Wire & Cable Solutions Markets of the Wire & Cable Solutions Division

The WIRE & CABLE SOLUTIONS
DIVISION (WCS) is a leading manufacturer
of wire and cable systems, which is
undergoing a digital transformation to
successively become a solutions provider
for safe and intelligent power transmission
and data management systems.

L o . Automotive Data communications Healthcare Process industry
The division’s portfolio includes wires, & networks

strands and optical fibers, standardised
cables, special cables and fully assembled
systems as well as related services.

Transportation Energy & Factory automation Machinery Marine
infrastructure & sensors

4 Digital Solutions Group L E o N I

[Public]



CoE - Digital Functional Simulations
Base technology for digital solutions and data-driven business models

resistance [m]

@\ 50k operations left

Maintenance needed!

-
—
e

digital twins ‘

condition monitoring
predictive maintenance
reduction of time-to-market
model-based engineering

YV VY
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Our digital competencies for intelligent solutions
Technology approach, scope, tools and partners

FEM e Energy & Data related e Functional a Digital Twin for
Models (sub-)system components system models System Monitoring

Electromagn.
Properties Energy
Mechanical . Powertrain Monitoring system
: . System in the field
Properties =2 AT TON o Models {/.,-’ {
Thermal : @ 7
. = \
Properties Digital Evaluation
: Da’Fa . & Optimization
Material transmission
Properties
—
—
WMCOMSOL RSN  Zfraunhofer RS /A Azure A python’,
I |
Digital Functional Simulations Data Analytics & Services
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Medium voltage cable simulation
Electro magnetic simulation of 2 parallel cables in 2D

> Electric field norm for a 13.2kV configuration

Line Graph: Electric field norm (Wfm) Line Graph: Electric field norm (v/m)
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> Dielectric strength in air: 3:106 V/m
> Dielectric strength in silicone: 25-106 V/m
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—— 13.2 kV cut middle-right (with air bubble)
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Medium voltage cable simulation
Various configurations and comparisons, AC and DC Configurations

Surface: Electric field norm (V/m)
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Electric field norm (V/m)
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Field strength is not enough, need stringent failure criteria

Assess and predict failures

Emax der Feldlinie

Streamline: Feldlinien AC

[kV/cm]
8

s Critical? - Guideline in air: 25 kV/cm

ast

20}

> Streamer criterion: ~4.6 kV (AC) and ~2.3 kV (DC)
> Townsend mechanism: ~3.5 kV (AC) and ~1.7 kV (DC)
> Parameters? Validation? Need Datal
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40 %107 [ ' ! ! ! !
Integrate along field lines: assess partial discharge
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Spatial Distibution of Magnetic Flux Density
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Magnetic fields around high current twisted cables
A simple case to solve? In the near field, convergence in the far field is not trivial.
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Magnetic fields around high current twisted cables

A simple case to solve? Only if you manually integrate Biot—Savart

Comparison between measurements (done at NTB by Prof. A Weitnauer) and simulation using
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Magnetic Flux Density [T]
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Magnetic Flux Density [T]

Magnetic fields around high current twisted cables
Scaling and parameter sensitivity

Cable length dependence of magnetic field Simulation of TRAFO-FLEX line of LEONI Studer AG
£T T T T T T T T T = 10"; T T T E
10'45 — cable length: 3.6 m (5 x lay length) € 3 = E
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Magnetic fields around high current twisted cables
Design settings

Geometry: Twisted conductors, no airbox Define a parameter sweep and a set of integrals
Pararneter value list Jau Integration 1 (intop 1)
i [du Integration 2 (intop2)
range(0, 00511 [du Integration 3 (intop3)
[dv Integration 4 {intop4)
Solve just for the electric field Direct solution in one step on tiny mesh
4 > Electric Currents (ec) EE% F;arametric Sweep
i@ Current Conservation 1 m Step 1: Frequency Domain
S Electric Insulation 1 [Pe. Sohver Configurations
P= |nitial Values 1 4 [F Solution 1 (sol1)

= Terminal 1 S Compile Equations: Frequency Domain

[ uew Dependent Variables 1

Biot—Savart as explicit variable Bl i S

= \Variables

Postprocess, plot and export the results

3 X
MName Expression

r ((x_P-x)*2+(y_P-y)*2+(z_P-2)*2)*0.5 -

b mul_const*1/ (4 pif*(intopl((ec)y*(z_P-z)-ec)z*( A T H-EE U It5

by rnul_const*1/ (4 piy*(intop1{{ec)z*(x_P-x)-ec)x*(; E-

bz rmul_const™1/ (4 piy*(intop1{{ec)x*(y_P-y)-ecy*( E _narm
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Magnetic fields around high current twisted cables

Design settings
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magnetic flux (T)

Symmetric 3 phase current L1=L2=L3= 97 A, LN=0 A, cross-section= 95 mm2, lay length= 10?
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Simulating the impact of the environment on cable systems
Setting up a drummed cable (HPC DC)
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TEMPERATURE [°C]

Simulating the impact of the environment on cable systems
Validating a drummed cable

¢ Simulation = Measurement
120

: IR

1 2 3 4 5 6 7
SENSOR POSITION
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Simulating the impact of the environment on cable systems
Reduce complex multiphysics simulations to simple app

C ® localhost:2046/webbridge/comsol o 9 W N @ =
) ExeCUtable Without |icenses and ~ Geometric Input Geometry Mesh Temperature
Iimitations Single wire Radius: - —— 03 mm

aaq@| L [Hla

Surface; Temperature (degC)
T T T

¥ Operating Conditions

> Easy to share across units e A e woral
Coolant temperature: 20 *C 0.0121
0.01F
: 0.008
> Show case for sales i - = i
* Results 0.004
Number of wires 170 — 0.00i :
Max surface temperature 26 °C i L
> Support for product development Mmmm" o Compute s
Computation time -0.006
-0.008
-0.01F
-0.012
LEONI
-0.016 n 1 1 n n n 1 1
-0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 m
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Sub-System Simulations — Thermal Network Modelling
Description of thermal properties of a cable using the thermal network approach

shielding outer insulation convection & radiation

»
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Sub-System Simulations — Thermal Network Modelling
Validation — Electric thermal cable model
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What happens for more complex systems?
A water-cooled high performance DC Automotive charging cable

Drawing Model
| Gaps Isolation

(Air) (PE/PP/TPE)
Coolant
(Water)

I’! NOVOpIaSt L Fl”lng

| (PUR) (PP)
Conductor
(Copper)

Shielding

Vlies (Alu)

20 Digital Solutions Group L E 0 N I

[Public]



Simulation validation

Comparison with experimental data at 500A

> FEM Simulation compared to measurements

> Adapt copper material properties to correct filling factor using measured electrical resistance per meter
> Important uncertainties in thermal conductivity and c, of polymers - fit inside bounds

Sensor 5

120° 240°

Sensor 9

180°
Sensor 7
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Thermal network

D — - —
e

Thermal network
Increasing complexity

FEM simulation

Tubes f = Tl =

‘ |
Wi e I
Power-Wires ] *"“:_@J— my—— —=i !
Coax Sensors ER T
ToR ﬂ—jﬂ
Outer jacket =

Controller/Optimizer
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Simulation capabilities
Electro-thermal systems: an example

b — 0

Charging station Charging cable Plug Socket Charging harness Battery

> Modeling of charge cycle components and interaction within system
> Coupling of electrical power flow and resulting thermal heating of components and cables

> Optimize system design and enable condition monitoring and predictive maintenance
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Digital functional system simulation

Example: Intelligent charging column

500A Time =0 min Core/Conductor
140 140
4 OOV ——Core/Conductor Charging cable
Surface/Insulation 120 [ |=———Socket pin
) Charging harness
200kW 120 =i
Cooling: ON 2
. ©® B0
Cooling 2
60 [
100kWh e ©
40
i &)
30 min E = 5 | . . .
o 5 15 20 25
T:ﬁ Time [min]
g
Surface/lnsulati
uE) 60 } 150/ sulation
= = Charging cable
100 | |=—Socket housing
40 E Charging harness
© B8O
£
— N 5
4 ~ o - 2] g2 60 I
20 = =~ 1 g
F_
- > 40
Charging cable Plug/Socket Charging harness
0 i o i ! I :
0 6 62 8 0 5 15 20 25
Length along charging channel [m] Time [min]
I —ecQ—
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LEONIQ TechCar: Digital twin for charging cable set

Simulating sub system of charging cable set towards temperature development

Simulation of charging channel

Temperature cable measured ~ 180 > Simulation results show matching transient
8B ig?;?:ggg:“f*z 2K behaviour during charging and following
Jol 1160 cool down period: @ RMSE 1.4 K

1140 Model computes transient “3D”
T L 120 temperature distribution of charging cable
S50 E Real-time capable simulation model
= 4100 ‘= :
- - 2 Transfer of LEONI electric thermal cable
E 180 model from laboratory setup into
= y
- 30 - i application
60
20 - g 40
101 120
0 I 1 1 1 O
0 50 100 150 200 250 400

Time [min]
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|deal areas for application

Use cases for intelligent cables and functional simulations

Integration of intelligent cables into:

w Systems with high safety demands

s\ Complex systems with high maintenance
demands (high downtime costs)

@ Systems transparency in high
performance applications
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Application of functional simulations in:

| / Complex development projects

m Lifetime prediction with LEONIQ
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Your contact
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Dr. Romeo Bianchetti

> Team Lead Digital Twins

> Address Hohlstrasse 190
8004 Zurich
> Phone +41 79 626 38 00
> E-mail romeo.bianchetti@leoni.com

www.leoni.com
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