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Use case automotive:
FIAT 500

Use case stationary:
VARTA.wall

> Battery development process >> Production >

Development time ~24 Months

Reduce development test time by:

=>» Substantially improved cell, battery sub-system and -system measuring
and modelling (Objective 1)

=>» Accelerated cross-sectorial battery system testing methodology (Objective 2)

=» Advanced data provisioning and automation within the battery verification and validation process
(Objective 3)

Time reduction

potential >30%
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Project acceleration strategy TU AccCellBaTREE

> A, B, C, (D) sample battery development process (cell to battery) > Production >
Time
Verification (via simulation and analysis) .
reduction

Production development

AccCellBaT
improved

Linked data and continuous V&V platform

f

Multidisciplinary requirement

AccCellBaT definition

* Improves the development process with cutting-
edge simulation models enriched with
parameters from advanced cell measurement

technologies.

Tailored model

SoTA battery development process develapment

struggles in terms of virtual verification

activities (weak simulation models, no Smart cell advanced measurement
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Selected AccCellBaT methods that improve
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Tallored model
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Tailored model development — cell
to Module and Battery
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Tailored model development —

Harness

Connector Properties

N,

!Cg Measurement

: Verification Trials - Vibration

Measurement straight

= harness parameters

/

Cable Properties

Main use case: Traction HV-
wiring BEV Fiat 500
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harness (reference)

Prediction

Measurement ‘W
harness routing ( " 3

Refinement

Damage Model

ag (1g)
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m
A n

— Scaling for different cables
and connector sizes

. J v —~ Adjustment depending

p=liyli, . 0 on harness routing

=) Digital product verification
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Smart cell advanced

semane: AccCellBaTRER
measurement method REE
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(1) Optical calorimetry: 3 FBGs sensors for temperature analysis. MOF as
pressure sensor.

(2) Heat released during SEI formation and significant pressure rise during the
first charge.
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Linked data management
method

AccCellBaTRER

CONWEAVER

Method: Hybrid
DVP execution

n models -
— Digital method
- Tool: Excel

Parameters Output: DVP
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Hybrid Design verification and
validation plan development

Focus: battery system testing methodology yielding up to 30% time reduction
hybrid Design verification & validation plan (merge digital and phyiscal testing)

I/ AccCellBaTREE
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Methodology
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Hybrid Design verification and

validation plan

Failure
mode

Subsystem / Loss of
Component function
Complete Energy storage s
Battery modules
Battery module
Cell stack

Battery Cell

Effect on system level (Failure
observation) (System level 2 - BT)
tem (ESS) - BT

060510
060511

Loss of Power HVBS is unable to deliver or receive

development

Failure location
{System level

Failure mode! § Classification

Failure

Cause of failure
(System level 4&5)

Function group
(System level

Ensure Energy
Storage and Power

Damaging operating
of Failure Effect| conditions (System level 1 -

ehicle operation; aggravating

Aggravating conditions
System related

AccCellBaTREE

Aggravating conditions
Environment related

ehicle operating in Environmental

1 Battery cell Degrpaudjil:n of pnwerrenergy,uiescerria;.sde in capacity is Cell Delivery, Ensure Thermal Load (Overheating) Aging (Thermal) Class |l conditions are dominant Cell Chemistry and Cell Properties conditions e.g. hot ambient conditions
Reliability
Loss of .
slectrical (Stcrz:lt:::il??he
3 Battery cel isula.tiun, L.DSS Leakage D.f electrur).fte, HVBS suhjec? to heat cell or Cel Ensure Safety Mechanical and thel.'mal Load Low .Cycle Class | Vehicle I?Peratinn; agg!'avating Cell Chemistry and CeII.Pruperties; Cell Veljli.cle operating in E.nvirunme.n.tal
n;:;;l:::t:;n reaction, possible fire or explosion Canister, burst (Thermal Cycling) Fatigue conditions are dominant Stack Design conditions e.g. hot ambient conditions
Yy Leakage dise)
Aging (chemical) 3 3 0 0 Aging (chemical) 6 6 0 0
Aging (thermal) 13 7 4 2 Aging (thermal) 17 11 3 3
Aging (electrochemical) 5 4 1 Q Aging (electrochemical) 5 5 0 0
Corrosion 12 0 8 4 Arc erosion 1 1 0 0
Fatigue 1 0 0 1 Corrosion 10 0 6 4
Functional performance 20 13 6 1 Functional performance 28 20 6 2
High cycle fatigue 16 13 2 1 High cycle fatigue 7 6 0 1
Low cycle fatigue 32 15 6 11 Low cycle fatigue 7 6 1 0
Relaxation 4 2 1 1 Relaxation 4 2 1 1
Wear 3 1 1 1 Wear 2 2 0 0
Sum 109 58 29 22 Sum 87 59 17 11

Failure mode summary

32; 29%

12;11%

20; 18%

16; 15%
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Measures of project success Z Fraunhofer AccCellBaTREEI

Key performance indicators

« Monitor progress towards specific goals

« Track and evaluate performances and improvements in WP2 to 7 that cumulated achieve time-to-
market reduction by 30%

Ksim, Ktest: Kauto  Simulation efficiency, Testing efficiency and Degree of automation

K =p; p,A

* p, is the component that evaluates the fulfillment of a product requirement

* p; = 1 when the requirement of the product, such as energy density, is reached

* p; = 0 when the requirement of the product is not reached
* p, Is the component that evaluates the maturity or certainty of a method or information

* p, = 0...1 according to the calculation of the confidence index of the method or information
« A evaluates the improvement, e.g., saving of time.
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Status and outlook AccCellBaTREEI

Requirements, system concept and state of the art assessment elaborated

Main damage drivers identified, models for key battery elements elaborated

v'  assigned to Objective 1, accomplished (M1 & M2)

=> cell development to be brought to final development stage; model scale up in progress

Battery system testing methodology set-up and tailored for AccCellBaT battery systems

v" assigned to Objective 2, methodology set up and available for use cases

=> application of methodology in the form of hybrid design verification and validation plan (DVP);
integration of models in the form of digital twins and confidence index methodology to be adapted in
the 2"d period of the project; validation of 30% test time reduction for battery development

Set up of linked data management platform done; crosslinking and integration of

data/models/documents in AccCellBaT launched; AccCellBaT process concept defined

v" assigned to Objective 3, method framework and battery development process available; linked data
management platform available; process acceleration strategy in M1 (accomplished)

=>» integration of data into linked data management platform to be intensified; making hybrid DVP
,executable’ via linked data management platform together with reliability assessment
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Visit us! AccCellBaTREEI

‘ ) \ https://www.acccellbat.eu

https://www.linkedin.com/company/acccellbat

Funded by the European Union within the AccCellBaT Horizon Europe project (Grant agreement ID: 101103628)

Views and opinions expressed are however those of the author(s) only do not necessarily reflect those of the
European Union or CINEA.

Neither the European Union nor the granting authority can be held responsible for them.
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