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TESTING VON BATTERY PACKS

Warum testen?

Vorgehen zur Abbildung einer Vibrationsumgebung im Labor:
Festlegung des Ziels der Analyse (Black-Box-Nachweis oder
Systemanalyse/Parameterbestimmung?)
Analyse der abzubildenden Umgebung aus Prufspezifikation oder realen Messdaten
Festlegung von:

1. Malnahmen

2.  Annahmen

3. Vereinfachungen

4. Prdfmaschinen

5. Messbedingungen
Zusammenfuhrung in Prufplan
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VERSAGEN VON BATTERY PACKS ALLGEMEIN

Versagensarten

Einteilung moglich

« in Funktion und Sicherheit

* nach Auftretensort: Entwicklung (Vorentwicklung, Erprobung, Zulassung...), Fertigung,
Betrieb, Entsorgung

« Nach Disziplin: Elektrisch, Mechanisch, Thermisch, Chemisch

« Nach Ablauf: Initialfehler, Folgefehler, reprasentatives Schadensbild

Was sind Versagensbilder und deren Wirkkette, die haufig im Labor auftauchen?

» Elektrischer Funktionsfehler

« Thermisch relevanter Kurzschluss (Leitungen etc.)
* Fehler aus thermischem Kurzschluss

* Fehler aus chemischem Kurzschluss

* Dichtheitsfehler
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VERSAGEN VON BATTERY PACKS ALLGEMEIN
Versagensarten im Labor GUS AK Battery Testing 15.10.2025 DMT
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VERSAGEN VON BATTERY PACKS ALLGEMEIN

Fehler und Ursachen

Thermische
Uberbelastung
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VERSAGEN VON BATTERY PACKS ALLGEMEIN

Fehler und Ursachen

» Dendrite formation due to chemical reaction over age and cycles

1
[+

<Lt

Lithium anode

Increasing temperature Babu: Good riddance, dendrites
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VERSAGEN VON BATTERY PACKS ALLGEMEIN
Versagensarten - Literatur

Wesentliche Komponenten von Battery Packs

— Battery Pack 1
- Data flow |
Cooling/ o .
Heating 212 |5 i Energy flow 5
=11 1t
T = £ | g
— = [g"]
| \ 4 G 4 A 4 Load
Temperature = Energy
management < Sensors management :
| Charging
v equipment
State
estimation Y
Safety Data — Vehicle
+ > management > communication control unit
Fault
dlagnDSlS Xiong - Research progress, challenges and prospects of fault diagnosis on battery system of electric vehicles
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VERSAGEN VON BATTERY PACKS ALLGEMEIN

Versagensarten - Literatur

Ubersicht von Fehlern im Betrieb
ISC (40% of EV fires)

internal: short circuit from
manufacturing, lithium dendrite
formation ageing

External: penetration of
separator from external forces

ESC (20% of EV fires)

battery system short cirsuit
from collision deformation,
water immersion, failure of
connection

Fault type

Description

BMS hardware fault 18

Contactor fault [19

ISC fault [20,21]

ESC fault [21,22]

Overcharge fault [23

Over-discharge fault
[24,25]

Connection fault [26

Inconsistency [27]

Insulation fault [ 28

Thermal management
system fault [29]
Sensor fault [30

Affected by hardware fault such as CAN
communication fault, relay fault, and the failure of
connection wires, etc., the BMS cannot work
normally.

Affected by high temperature arc during working
process, the erodes of contactor cannot connect or
disconnect the high voltage circuit of the vehicle
normally.

The discharge caused by potential difference and
accompanied by heat generation when positive and
negative electrode materials inside the battery are
connected each other.

The abnormal discharge caused by the direct
connection of positive and negative electrode of
battery.

The behavior of continuing to charge the bartery after
the battery is fully charged

The behavior of continuing to discharge the battery
after the battery reached the discharge cut-off voltage.
Abnormal connection between adjacent cells in the
battery system.

Differences in battery parameters caused by the
manufacturing process or the use process.

The phenomenon that due to electrolyte leakage,
external liquid enters battery pack, and the insulation
layer is destroyed, the battery module and the cell
have a conductive loop and the insulation
performance of the external high-voltage loop is
reduced.

The cooling/heating system cannot operate normally
due to the hardware fault.

The measurement value bias, drift, precision decline
and measurement value freezing caused by aging and
worse working environment.

Xiong - Research progress, challenges and prospects of fault diagnosis on battery system of electric vehicles
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VERSAGEN VON BATTERY PACKS ALLGEMEIN

Versagensarten - Literatur

Fehlerablauf

_————— Inducement of fault — ———— A — Faulttype -—7  r~r———-——. Harm of fault ——————

— Endanger the safety of
passengers

Insulation layer broken, high voltage wiring
adhesion

Insulation fault

|

! - Eleciric quantity
| |_decreased abnormally
|

|

¢ »
| - -
| BMS issues a incorrect
instruction

Y

BMS hardware
fault

Electromagnetic interference, line
connection failure caused by vibration

Inherent inconsistencies, different working
condition

Connection
fault

Bolt looseness, soldered joint poor contact
caused by vibration

\ 4

P System power decrease

Charger fault, large rate charging at the end
of charging

Lithium plating

Sensor fault, inconsistency of battery pack

Difficult to cut off the
high-voltage circuit

Contact erosion caused by high temperature

arc, impact between contacts Contactor fault |

Extrusion caused by collision, separator
penetration caused by lithium dendrites

High battery
temperature

Battery box deformation caused by collision Accelerating battery

, water immersion, connection failure ] aging
Thermal  |gedee---! !
Cooling fan/coolant failure, relay failure management . : — Overhea;i(}(bauery
L | system fault | P

Xiong - Research progress, challenges and prospects of fault diagnosis on battery system of electric vehicles
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VERSAGEN VON BATTERY PACKS ALLGEMEIN

Versagensarten - Literatur

Possible vibration impact (not weighted!)

_————— Inducement of fault ————— A ~— Faulttype -—7 = r~r———-——. Harm of fault — ——--——-—

— Endanger the safety of
passengers

Insulation fault

|

! - Eleciric quantity
| |_decreased abnormally
|

|

T >

BMS issues a incorrect

BMS hardware
fault

instruction

H
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Y

Connection

System power decrease i
fault ystem po >

Lithium plating

Difficult to cut off the
high-voltage circuit

Contactor fault

High battery
temperature

Accelerating battery

aging
Thermal | Overheated battery
management '
| pack
system fault X L
O Components fault O Actuator fault

Xiong - Research progress, challenges and prospects of fault diagnosis on battery system of electric vehicles
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VERSAGEN VON BATTERY PACKS

Elastomechanik und Versagen der Dichtung

Haufige Versagensfall bei

Komponentenerprobung von Battery Packs:

* Thermische Tauchprifung am Ende alle
mechanischen, thermischen und elektrischen

Tests

 Schadensverlauf:

« Dabei sind Torsion und Biegung, insbesondere
mit Resonanztberhohung bislang nicht Teil
der Vorbehandlung

* Nicht konservativ!?

Faculty of Engineering and Computer Science
Department Automotive and Aeronautical Engineering
Prof. Dr.-Ing. Benedikt Plaumann

Dichtigkeit ist durch diesen oder
vorhergehende Tests nicht mehr
gewabhrleistet,

Thermischer Eintauchschock fuhrt zu
Unterdruck in Batterie,

Wasser wird eingesaugt

Isolationsverlust fuhrt zu thermischer
Erwarmung

chemische/thermische Reaktion

HAW
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AUFBAU BATTERY PACKS
Hyundai loniqg 5

Hyundai Motor Group's E-GMP battery (SK
Innovation) in brief:

*800 V system (indicatory value)

*12 lithium-ion pouch cells per module

*2.42 kWh per module and over 200 Wh per cell
we assume that at least initially, all the
cells/modules are the same in all versions

*up to 32 modules per pack (Hyundai lonig 5 / Kia
EV6 / Genesis GV60)

*Battery options:

58 kWh: 24 modules (288 cells)

72.6 kWh: 30 modules (360 cells)

77.4 kWh: 32 modules (384 cells)

*80% recharge should be possible in 18 minutes at
ultra-fast chargers (800 V

1 o108 balon ez

Battery module

Lower cover

Cooling channel

Protection cover

https://insideevs-com.cdn.ampproject.org/c/s/insideevs.com/news/539940/hyundai-ionig5-

battery-pack-opened/amp/
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https://insideevs-com.cdn.ampproject.org/c/s/insideevs.com/news/539940/hyundai-ioniq5-battery-pack-opened/amp/
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AUFBAU BATTERY PACKS
KIA Niro 2019

. Usable energy = 64.8 kWh (total = 68 kWh)
* Usable Window = 95.3%

. Nominal Voltage = 356 V

. Nominal Capacity = 180.9 Ah

. Configuration = 98s3p

. Peak Power = 150 kW,

s 7

https://www.batterydesign.net/2019-kia-niro/

Fakultit Technik und Informatik — HAW
Department Fahrzeugtechnik und Flugzeugbau — HAMBURG
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AUFBAU BATTERY PACKS
VW ID MEB

https://www.volkswagen-newsroom.com/en/press-releases/powerful-battery-systems-from-braunschweig-volkswagen-group-components-fires-up-the-next-production-stage-7004
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AUFBAU BATTERY PACKS
Tesla Model Y

* hoch integriertes Battery Pack

»  Gussstrukturen fur vordere und hintere Aufhangung
»  Crashstrukturen teilweise in Pack integriert

* Konsolen von Vordersitze in Battery Pack integriert

Ideenexpo Hannover

HAW
HAMBURG
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AUFBAU BATTERY PACKS
Eigenentwicklung LFP Blade Cell Pack fiir Hamburg Concept Car
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Elastomechanik und Versagen

Versagensarten, die einen Nachweis
erfordern und das typische Verfahren

Faculty of Engineering and Computer Science

Die Uberwiegende Anregung der Batterie
kommt aus der Fahrzeug-Boden-
Interaktion

ErmUdungsversagen unter stationaren
dynamischen Lasten

Gewaltbruch unter transienten
pl6tzlichen Schocks

Ermidungsversagen tritt primar bei
Resonanzfrequenzen mit starken
Uberh6éhungen auf.

Globale Biegung

Globale Torsion und
lokale Eckverformung

HAW

Department Automotive and Aeronautical Engineering — HAMBURG
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BEV STRUCTURAL DYNAMICS

measurement campaigns

BEV Structural dynamics
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ANFORDERUNGEN RESS VIBRATIONSPRUFUNGEN

Fatigue Damage Spectrum — fatigue analysis in vibration testing

» real excitations characterized not only by level but also by distribution /

« fatigue analysis used accumulated stress damages with load cycles ( \

. transient shock tests
. maximum

stress strength

»

stationary vibration tests
especially for resonances

considered damage incidents

b =5 for welded aluminum
(BXXX, 6XXX)

* b =5 for copper leads

amplitude stress level S (log)

Miner
S — * b =2 for solder (lowest)
~ —
e Haibach™ -
~
\\ 2b-1
low worst case™s, e _
cycle Extrapolation \\ unneccessary testing?
fatigue finite life fatigue high cycle fatigue s,

n

damage incidents not considere here
« sealing
* heat transfer materials
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number of load cycles N (I(Bg)
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BEV STRUCTURAL DYNAMICS - FDS
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LARGE RESS VIBRATION TESTING REQUIREMENTS
VW ID3 Fatigue Damage Spectrum

» FDS of the right front (RF) corner of the battery pack with
» Wohler-curve exponent of 5 and 5% damping

Jeta = 0.05 —— USB-1608G (Gerét 1) - Analog - 16.06.2021 13-26-16,11968 empty +80kg gully 20kph/FDSI_RF_Z AC 1h
b=35 ——  USB-1608G (Gerét 1) - Analog - 16.06.2021 13-21-10,12304 empty +80kg cobble stone 30kph/FDSI_RF_Z AC 1h
based on m/s? ACC
—— USB-1608G (Geréat 1) - Analog - 16.06.2021 14-01-26,78212 empty +80kg rough cobble stone 30kph shortened/FDSI_RF_Z AC 1h
< o  1E+06
L 0 —
2 & 5 1E+05
c§sa
5 o .E’ 10000
B
§ S § 1000
» e o 100
o > = _
gg2 10 J ~ - :
£ ° 3 1 cobble stone rough cobble stone
O 7 =
o9 £ 01
3 2 .
= 9 0.01
Lf Q.
15 0.001 ' \ /
0.0001 \

1E-05

1E-06

1E-07

1E-08

1E-09

'l L IIIIIl' L L IIIIIIi L L IIIIIII L L IIIIIII 'l L Ll L L L |
1E-1D I L) T IIIIII| T T IIlIIII T T IIIIIII L] L IIIIIII L] L LI B B B B
0.1 1 10 100 1000 10000

f_n_C_ZAC [Hz]
« Fatigue damage calculated to 1h of exposure is highest from rough cobble stone track
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LARGE RESS VIBRATION TESTING REQUIREMENTS

VW ID3 Fatigue Damage Spectrum

* FDS of the right front (RF) corner of the battery pack with
« Wohler-curve exponent of 2 and 5% damping

Jota = 0.05 USB-1608G (Gerat 1) - Analog - 16.06.2021 13-26-16,11968 empty +80kg gully 20kph/FDSI_RF_Z AC 1h

b=2
based on m/s* ACC

USB-1608G (Gerat 1) - Analog - 16.06.2021 13-21-10,12304 empty +80kg cobble stone 30kph/FDSI_RF_Z AC 1h

USB-1608G (Gerat 1) - Analog - 16.06.2021 14-01-26,78212 empty +80kg rough cobble stone 30kph shortened/FDSI_RF_Z AC 1h
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« Solder with (low cycle fatigue) suffers more from high frequency input

10000
f n_C_ZAC [Hz]
f_n_C_ZAC [Hz]

 For SDOF RMS < 1 (as for ground acceleration in [m/s]): higher frequencies rotated upwards
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VIBRATIONSBELASTUNGEN AUF BATTERY PACKS
preliminary results VW ID3, BMW i3 load profile

80% good road
« 20% bad road (10% cobble stone, 10% rough cobble stone)
« good road < infinite life

------- 19453-6Cat 1
10‘1—: - 19453-6 Cat 2
T T - 150 16750-3 Body
T TE LV 124 body
10-2 : m— [ ...... 1SO 6469-1
looooos=eas=zas. h, —-— Mean+Standard deviation
P ST :-‘3"‘::':"::’“:“-'"--._ PR SN —.—  Mean-Standard deviation
N AN —— Mean
. !
= 1 P S ) --- NTL
S T e I S—— - v --— NTL weighted
SR it B v %ﬁ _weig|
S 3 ‘\, i, Mean_weighted
B — vl
£ 107° 5 =
1076 5
1077 5
1 ’ .
100 o - W -
{log) [Hz]
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(log) [g~2/Hz]

95/50 NTL nach DIN EN 60721-2-9

« 1 ICP sensor on battery (right front)
2 BEV automotive vehicles, 1 off-road mini truck
« 3roadtypes (1:1:1)

Comparison
----- 19453-6 Cat 1
1 i 19453-6 Cat 2
N 1 e R I1SO 16750-3 Bod
10-! 4 T Il'r-'..,.’l}‘ i LV 124 body
,, \\ 7 I‘ - ‘/‘*"\ - 1SO 6469-1
’/ \ossnungiranssssasonnsens , \/l\,, / \“l R ’| "r ——- NTL BMWAW
’ P o o AL AR . —= NTLEVUM
10-2 - 4 S "\ /I UL —— Mean VW/BMW
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____________ / v -~ |
--------------- 75 d R .
L —— ’ Lo %
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1073 4 \\ .
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\\ I_/
1074 4
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16° 16' l('J’ 1<')3 1?)‘7
(log) [Hz]
Faculty of Engineering and Computer Science — HAW
Department Automotive and Aeronautical Engineering — HAMBURG

Prof. Dr.-Ing. Benedikt Plaumann

34



BEV STRUCTURAL DYNAMICS

pre studies forced local corner bending

floor segment

results in short

Eckpunkte zeigen stark unterschiedliche Koharenz
Vollig unkorrelierte Anregung nicht realistisch
Vollig steife, identische Anregung nicht realistisch

Lessons Learned for battery pack component testing:

Steife, gleiche Anregung untertestet moglicherweise
globale Biegung in grolRen, eigentlich frei schwingenden
und nun versteiften Flachen und Torsion, aber Ubertestet
lokale Resonanzen in Biegung durch hohen Gleichgang
Gleiche, biegeweiche 4-Punktanregung  Ubertestet
moglicherweise globale Biegung und untertestet Torsion
und Ecken.

Vollig  unkorrelierte
moglicherweise

4-Punkt-Anregung Ubertestet
Torsion, aber untertestet lokale

Resonanzen und Biegung in groRBen frei schwingenden
Flachen durch fehlenden Gleichgang

T

forced local corner bending

Faculty of Engineering and Computer Science
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cross coherence

cross coherence

cross coherence

051+
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| — Coherence RR - RF

Coherence RR - LF  — Coherence RR - LR
— Coherence RF - LF\— Coherence RF - LR Coherence LF - LR

Frequency Coherence [HZ]

Coherence RR - LF Coherence RR - LR
Coherence RF - LR Coherence LF - LR

Coherence RR - RF
Coherene RF - LF:

Frequency Coherence [Hz]

Coherence RR - RF
Col}irence RF - LF

Coherence RR - LF
Coherence RF - LR

Coherence RR - LR
Coherence LF - LR

Frequency Coherence [Hz]

HAW
HAMBURG

35



BEV STRUCTURAL DYNAMICS

Interaktion zwischen Komponente Battery Pack und Fahrzeug

« Ziel: Komponententest des Battery Packs unter
realitdtsnahen Vibrationsanregungen

« Komponente Battery Pack schwingt im Einbauzustand nicht
frei, sondern interagiert mit Fahrzeug

LOosung 1: LOosung 2:

* Lokale Krafteinleitung nicht punktférmig, sondern * Global versteifend

lokal verteilt und nur lokal versteifend + Konstruktive Anpassung an Fahrzeugsteifigkeit in
Globale Steifigkeit mit Fahr

ug aus Regelung? Test Rig

Faculty of Engineering and Computer Science
Department Automotive and Aeronautical Engineering
Prof. Dr.-Ing. Benedikt Plaumann
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