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High Voltage Battery System based on Stack Structure ELECTRONICS WORLDWIDE

Challenges
Functions of a battery management system

- Battery models and simulation of battery packs

‘/\ _
=  Battery state estimation {E \
" Battery health estimation = = =

: Cell balancing

meas. voltage estimate balance compute
current state of power
temperature gfcharge (SOC) cells limits
—

loop once each measurement interval while pack is active

azi[eniul :uo Aoy

=  Voltage-based power limit estimation
=  Aging mechanisms and degradation models

- Optimized controls for power estimation

ftFonicsf

Source Figure UCCS University of Colorada Colorado Springs
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Battery System Audi e-tron 2018 ELECTRONICS WORLDWIDE

Integrated Crash Structure of the Li-lon
Battery

Battery System Structure

Audi e-tron Prototyp
Audi e-tron Prototype m
Integrierte Crashstruktur der Lithium-Ionen-Batterie i -
Integrated crash structure of the lithium-ion battery Audi e-tron P rOtOtyp
04/18 5
Audl e-tron Prototype Gehausedeckel (Aluminium)

Lithium-Ionen-Batterie
Lithium-ion battery
04/18

Housing cover (aluminium sheet)

B]B
(Battery Junction Box)

KihlmittelanschluB,
Coolant connection

Lastpfadverteilung in der Fachwerkstruktur aus Strangpressprofilen
Load path distribution in the structure made of extruded profiles

Modulverbinder
Module connector

Gehausewanne mit Crashstrukturen Zellmodule mit zwdlf 60 Ah Zellen
(Strangpressprofile) Cell modules with twelve 60 Ah cells E?&F&
Housing tray with crash protection structure ONICS

(extruded sections)

Source: Audi Media Center, Automobil Produktion 19 juni 2019 « nu:snsch
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Thermal Runaway ELECTRONICS WORLDWIDE

The three-level strategy of reducing the hazard caused by
thermal runaway.

Passive Defense
Early Warning

Intrinsic Extend Time

Safety for Escaping

$ 3

Thermal
Runaway

Propagation

Y R T O T
Source: [1] Thermal runaway mechanism of lithium ion battery for electric vehicles: A review; Xuning Fenga,b, Minggao Ouyanga, ], Xiang Liua, Languang Lua, Yong Xiaa, Xiangming Hea,b a State Key Laboratory of Automotive Safety and Energy,
Tsinghua University, Beijing 100084, China b Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing, 100084, China; http://dx.doi.org/10.1016/j.ensm.2017.05.013

Overheat

Overdisch.
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Contour of temperature distribution
ELECTRONICS WORLDWIDE

In a pouch cell @ 3C:

Infrared thermal images of cell at the end of a 3C discharge with a cooled
cathode (left) and with no cooling on the cathode (right).

188 388

371 HBN

%9 | 49
Cathode

27 27

305 § 305

Anode 24 I Anode
HZGZ
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Source: [1] Journal of The Electrochemical Society, 161 (14) A2168-A2174 (2014); Thermal Effect of Cooling the Cathode Grid Tabs of a Lithium-lon Pouch Cell; Stephen J. Bazinski and E?&FkONICSE
XiaWang; Department of Mechanical Engineering, Oakland University, Rochester, Michigan 48309, USA - =

| N m—
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How to Improve Functional Safety ? @ ELECTRONICS WORLDWIDE

Advanced Battery Monitoring, Analysis and Diagnostics

= State of Charge - SoC Analysis

= State-of Health - SoH Analysis

= Remaining Useful Life - RuL

= Non-invasive Temperature Measurement

Battery
Vehicle

Why Electro Impedance Spectroscopy (EIS) is so important ?

= Range Forecast and Prediction
= Maintenance Alert |
= Power Control Limitation —

, =
= Increased System Integrity =
=  Thermal Management

= |Increase Functional Safety _ Bosch: EBS

ftFonicsf

Source: TU-Chemnitz — Professorship Sensor and Measurement Technology — Olfa Kanoun 1'! Juni z';',: n;;n-luﬁ
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Why Electro Impedance Spectroscopy (EIS) ?@ ELECTRONICS WORLDWIDE

Advanced Battery Monitoring, Analysis and Diagnostics

Battery = Vehicle to grid, Smart Grid
vehicle = Pay-by-Use or Leasing Business Model
= Second (extended) life
= Qualification of the battery
= Battery Life Prediction without Big Data
= 80% Capacity Analysis
= Analysis Counterfeit Cells
= Use of new or different Cell Chemistry
= Various Cell Manufacturers
(Korea, China, Europe, America)

E?@@f&omcsa

Source: TU-Chemnitz — Professorship Sensor and Measurement Technology — Olfa Kanoun
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Electrical board net : 48V modular building ELECTRONICS WORLDWIDE

High Peak Current at 48V Loads

DC/DC converter

_ "‘~}Stabilized 12V Network

‘l 12Vloads

Regen/Boost 48V Network

Reversible
StarterGenerator
10-12kW

Electric
supercharger A~ 12V Lead acid battery
PTC Heated Electric AC
Wind Screen compressor

48V battery pack (Li-ion)

12V to + 48V Extended Board net

Eﬂ?@f&omcsa

Source: Dr. Ing O. COPPIN - Valeo Powertrain Systems — France, From 12+12V to 48V:a new road map for hybridization, Engine Expo 2016 — Stuttgart June 2016 — -
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Introduction — Simplified XEV Powertrain

ELECTRONICS WORLDWIDE

Vehicle Domain

DCfast T
charger .’I
| — = \ HV Bus : .
= [
Motor
@-»14 OBC ) ) \ Inverter
-
CAN =
ﬁ Lé
CAN Switch
VU O B BN B
— 12V L=
= =—. () ’ T Battey
+ -
L4 GND ‘E 1l Modules
< T
12V Battery
q—) Coolant )
[ il ey £ coolng
Pump
Battery System

E?@@f&omcsa
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The Approach ELECTRONICS WORLDWIDE

Measure, analyze and characterize a
battery without knowing anything about
the life of the battery before !!!!
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High Voltage Battery System based on Stack Structure ELECTRONICS WORLDWIDE

Challenges
= Monitoring and analyzing on cell level and / or stack level SoC Ana!y3|§ Tempera.ture. Analysis
and Monitoring and Monitoring
= High voltage power net up to 800V
= Fast charging mode based on higher voltages o
= Temperature Measurement and Analysis I P ool € it A

= Thermal management during charge and discharge cycles ,
Pressure Measurement

= Load current limitations without limiting the driving performance SoH Analysis

= Real time battery analyzing procedure during traffic light stop and Monitoring

= Battery analyzing based on functional safety without big data or Why Electro Impedance

loud tivit _
= Connec T . a Spectroscopy (EIS) is
| O so important in BMS?

i =
03 04 05 06 07 08 0.9 1.0 1.1 1.2 1.3
Zui — g T Eoe¢FRonics

Source : Photo Porsche AG 19 juni 2019 « Den Bosch
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Battery Diagnostics via Impedance Measurement LECTRONICS WORLOWIDE

0.030

= Electrochemical dynamic G T — = i
response : :

= Response is related to ion-
current/diffusion rate in the cell 7

=> Slower response for weaker batteries y

-0.005

0.025

0.020

0.015

4m (2)/ Ohm

0.010

= Characterization |

Figure 3: The Nyquist plot is divided into high, mid and low frequency sections.
. . The mid-frequency semi-circle represents battery characteristics best. Larger batteries require lower
= LF dUbbed dlﬁUSIOﬂ frequenC|§5
0.026 |
0.024 |

= MF charge transfer

= HF migration W nal

-Er 0.014 |
0.012

=> Batteries with faded capacity suffer .

from low charge transfer and slow o
active Li-ion diffusion. Froquency o

Figure 2: Frequency scan of good and weak mobile phone batteries.
Source : http://batteryuniversity.com/learn/article/testing_lithium_based_batteries ~ B E— —
frequency range 1o juni 2019+ Den Bosch

C Y |

Impedance variances are most visible below 10Hz. The horizontal scale is logarithmic to
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Impedance SpeCtrOSCOpy B MethOd ELECTRONICS WORLDWIDE

Current Excitation —— Output Voltage [ [] | 4
Signal | S|gna| V I|||||||"|||||1||r|f| ; :/_\:\_/:::}" " Working
Y e o (3 ! Point

Z(w) =Z(w)- e | —

= Experimental efficiency and non- m@)
invasiveness

= More information than only by resistive,
capacitive or inductive measurement

= Possibility to separate effects
dominating in different frequency ranges

;_! juni 2019 « Den Bosch
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EIS Data for Li-lon Battery Analysis CLECTRONICS WORLDWIDE

Typical Parameters for an EIS data analysis
= State-of-Charge SOC from 0% to 100% in 10% steps

= Temperature Range from -20°C to +60°C in 5 Kelvin steps

=  Frequency Range Analysis 10mHz to 1kHz on defined points of interest

v/\
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Application Example: Intelligent BMS CLECTRONICS WORLDWIDE

- Impedance Spectra @ different SOC (10-90%) of 4 equivalent cells
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Source: TU-Chemnitz — Professorship Sensor and Measurement Technology — Olfa Kanoun '{g juni 2018 « Den Bosch
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ELECTRONICS WORLDWIDE

Introduction — XEV Powertrain

Vehicle Domain

DCfast
charger
HV Bus
’z‘ " -
@ <] OBC o ~ Inverter
8 g
CAN =
I Ly o
CAN Switch
VCU » » I » | box
— 12V 1
P — B Battey
PTG L | Modles
12V Battery
mﬁq (Piloollng
Pump ate
Battery System
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> Only parts of the entire XEV Powertrain
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Battery SyStem ELECTRONICS WORLDWIDE
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Our BMS Chipset SO|Ution ELECTRONICS WORLDWIDE

Host Controller

TLF3 5 5 84 Battery eMobility |
Safety power ’ Q [TTT1, AUFixTM @
supply »

CSC Controller

BMS ASSP
12ch Sensing IC
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System Architecture

ELECTRONICS WORLDWIDE

OLD technology Optimized BMS proposal
HV+ ) HV+ |
<> P |
ic o =
L B E T g2
@] 10 2 o i BMS Host I n 8
—T— é 13 5 Controller S0
- O = 3 ontro T @ d
i d @ TLF355854 i 1 1 BMS Host Controller
| i TT TLF355854
i ! ! o Safety supply
L O im I [ x 9 Z'.:) = o 2
_IT 3 i3 " — 50O 1T 25, a 8 E3
- i~ S <F _'_ o ¥ = c & SN
: : 4 = 1L SRS | 2F
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1 ¢ i% 2 z — _T 0 % a CSC chip, is
| O E.E.’ ) | o0 eye and hand of
i | l the BMS host
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CO”C'USIOn ELECTRONICS WORLDWIDE

= Characterization, modeling and parameter extraction for different cell types, cell
chemistries and battery systems
= Intelligent battery management systems (BMS)
= Advanced signal processing for impedance measurement
= Implementation of laboratory stages or embedded puC based systems for
= Comprehensive laboratory investigations
= Online observations with less resources

Potentials: I 11
= Monitoring of formation process (cell production) SlgnlflCant
= Cell qualification for stack construction Im provement Of
= Accurate knowledge about SOC, SOF and SOH .
= Considerable reduction of cell weight Functional SafEty

= Higher efficiency
= Modeling for state estimation

= Measurement of inner cell temperature B yer ggeg;gomcsa
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