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Agenda

« Overview of EV battery modelling
« Modelling battery cells using the Battery Setup Tool in Oasys PRIMER

« Application of the Oasys LS-DYNA Environment in the Design of EV Battery Systems



EV Battery Modelling

@@  Efficient vehicle integration

Dedicated design and development

@

A Safety regulations



EV Battery Pack Anatomy
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Randles Capabilities - Cell Level Analysis

« The LS-DYNA EM solver offers the option to simulate the internal electrochemical reactions

of a battery cell via equivalent distributed electrical circuit models called Randles circuit.
Current Collectors

TOCV
---------- electrons RO
R10 —1-C10
== jons
Rn0 —-Cn0

Cathode | Anode

Separator



Randles Capabilities

« LS-DYNA offers 4 different solutions to model Randles circuits within a battery cell on

different scales and level of detail.

Highest level of detail Micro scale -
& *EM_RANDLES_SOLID
Simulation time ,
Meso scale - Physical cell

*EM_RANDLES_TSHELL — structure required

Macro scale -
_ *EM_RANDLES BATMAC
Lowest level of detail
& Meshless scale -
Simulation time v *EM_RANDLES MESHLESS

| Physical cell
structure not required

Oasys



Battery Cell Modelling Challenges

« Comprehensive understanding of the different LS-DYNA Randles circuit modelling

options and requirements
» Multi-step process

« Demands careful attention and effort
o Meshing the layers cell structure
o Meshing the tabs structure
o Connecting the tabs to the layers cell structurally and electrically
o Defining the electromagnetic properties of the different components
o Defining the Randles parameters

o Selecting and defining Analysis keywords



Qasys/p] \

— Battery Setup

1. Geometry & Scale 2. Layers Structure 3. Tabs Structure 4. Randles Parameters 5. Analysis

B a tt e ry S e t u p 3 Select model and battery modelling scale
I PS Geometry type: Pouch Model id: |1 — m
P R I M E R P Micro Scale (*EM_RANDLES_SOLID) Meso Scale (*EM_RANDLES_TSHELL)

Layers defined in
*PART_COMPOSITE

Macro Scale (*EM_RANDLES_BATMAC) Meshless Scale (*“EM_RANDLES_MESHLESS)

Connect to macro scale structure ?

Read CSV




Battery Setup Tool in Oasys PRIMER

» Expedites the creation of battery cell models of pouch geometry
 Provides guidance through the different stages of model creation

« Automates creation of electrical and structural connections
- Battery Setup. B=EX

» Supports all 4 LS-DYNA Randles modelling scales | e i i s

Select model and battery modelling scale

Geometry type: Pouch Model id: :} .
Micro Scale (*EM_RANDLES_SOLID) Meso Scale (*EM_RANDLES_TSHELL)
Layers defined in
*PART_COMPOSITE

Macro Scale (*EM_RANDLES_BATMAC) Meshless Scale (“EM_RANDLES_MESHLESS)

K

Connect to macro scale structure ? J -

Read CSV



Battery Setup Tool in Oasys PRIMER

 Creates the cell layers structure

Negative CC

————— -
- —————

Structural material - *MAT

Thermal material - *MAT_THERMAL

Electromagnetic properties - *EM_MAT

Set by user

Material ID

Automatically
created by the tool

- Battery Setup

2=0OX

1. Geometry & Scale 2. Layers Structure 3. Tabs Structure 4 Randles Parameters 5. Analysis

’ Setup layers structure

| r's ‘ Layers dimensions and origin

X length: 0.173

Create

Unit cell

Origin: Node Coord 0.0 0.0 0.0

| -~ ‘ Layers meshing .

Type: Number of elements Element Size NCC

No. of elements (X): Anode
Separator

No. of elements (Y): Cathode
PCC

No. of elements (Z): 1

| A ‘ Layers repetition [121] Y

Number of layers per unit cell: J—'x

Z

Multiple repetitions of unit cell ?

-
[]
—

Number of repetitions:

Separation between repetitions:

Use common *SECTIONs ?

| A ‘ Layers material and thickness [MICRO and MESO scales]  [[21

PCC Cathode  Separator Anode NCC
Structural Material id: 1
Thermal Material id:

Thickness: 4.0E-3

Initial conductivity:

| v ‘ Unit cell material and thickness [MACRO and MESHLESS scales] -




Battery Setup Tool in Oasys PRIMER

- Battery Setup 2 =0X

° C reate S t h e ta bS St ru Ct u re 1. Geometry & Scale 2. Layers Structure 3. Tabs Structure 4. Randles Parameters 5. Analysis

Layers structure created ‘

Negatlve_-r_aP_ o ‘ A | Tabs dimension and position .

Position: Same side A v

P oS ItIVG Ta b X length: 2.01E-2 %% X length
_____ Yy,

Positive tab

Y length: 2.0E-3

Y length

Separation: 8.2E-2

Negative

‘A Tabs meshing -
— tab

Type: Number of elements Element Size
No. of elements (X):
No. of elements (Y):

No. of elements (Z):

1]

Create "CONSTRAINED_NODAL_RIGID_BODY ?

Different configurations of tab positioning are available to select from A Tasmateras )

+ tab + tab + tab tab Positive tab  Negative tab

- -

tab tab
z
Structural Material id:
Thermal Material id:
Initial conductivity:
‘ A Isopotentials .
- tah e— +tab = Create isopotentials between tabs and current collectors?

Same side A Same side B Counter A Counter B Create isopotentials at free surfaces of tabs?




Battery Setup Tool in Oasys PRIMER

Type: Number of elements ‘ Element Size

Tabs meshing .
» Structural connections via *CONSTRAINED _NODAL_RIGID BODY <]

No. of elements (Y):

No. of elements (X):
1

No. of elements (Z):

Create “"CONSTRAINED_NODAL_RIGID_BODY ?

» Electrical connections via *EM _ISOPOTENTIAL and *EM_ISOPOTENTIAL CONNECT

B Isopotentials . B Isopotentials .

Create isopotentials between tabs and current collectors? Create isopotentials between tabs and current collectors?

Create isopotentials at free surfaces of tabs?

Create isopotentials at free surfaces of tabs? ‘/I




Battery Setup Tool in Oasys PRIMER

« Multiple repetitions of the unit cell can easily be created for any scale.

’ A ‘ Layers repetition | 2

Number of layers per unit cell: ’ ‘

Multiple repetitions of unit cell ?

Number of repetitions: 4

Separation between repetitions: 2.0

Use common *SECTIONs ?




Battery Setup Tool in Oasys PRIMER

= Battery Setup

1. Geometry & Scale 2. Layers Structure 3. Tabs Structure

‘ Define Randles parameters

‘ A Randles circuit core parameters .

Randles area (RDLAREA): For whole cell v

Cell capacity (Q): 26

Initial SOC (SOCINIT):

SOC conversion factor (CQ):

Curve

Constant

Equilibrium voltage (SOCTOU) type:
Equilibrium voltage (SOCTOU) value:

A Randles circuit charge/discharge properties .

Randles circuit type (RDLTYPE): 0-order v

Use same definition for all parameters? D Constant Curve

RO R10 Cc10
Charge: Constant Curve 5.0E-2
Discharge: Constant Curve 5.0E-2
‘ W Randles circuit temperature properties [Optional] .

W | Randles circuit SOC shift properties [Optional] (2]

Randles Parameters

4. Randles Parameters

2=0x
1. Geometry & Scale 2. Layers Structure
5. Analysis

Battery Setup

3. Tabs Structure 4. Randles Parameters 5. Analysis

2=0X

Define analysis parameters

A | Structural analysis
Create ]

*CONTROL_SOLUTION I:]
V+
L OCV

*CONTROL_TERMINATION

A | Thermal analysis

*CONTROL_THERMAL_TIMESTEP D

*CONTROL_THERMAL_SOLVER I:‘

A | EM analysis

1 c10

*EM_CONTROL I:]

“EM_CONTROL TIMESTEP | |

- Cn0 *EM_RANDLES_EXOTHERMIC_REACTION |:]

i “EM_RANDLES_SHORT | |

Micro scale ——— *EM_RANDLES SOLID
Meso scale ——— *EM_RANDLES_TSHELL
Macro scale =— *EM_RANDLES_BATMAC

Meshless scale —— *EM_RANDLES_MESHLESS

D Termination time:
“CONTROL_TIMESTEP | |  Inital time step: Edit

*EM_OUTPUT |:| Level of matrix assembly output:

Analysis type:  Structural ¥ =i Done

Edit

Time step: Edit

Analysis type: Steady state ¥  Problem type: Linear ¥ Edit

EM cycles for FEM: lII
Time step:

EM cycles for BEM: lIl

No output ¥  Level of solver output: No output ¥

Function: |:'|
[

Function:

Heat source area type: Per unit area v

Resistance area type: Per unit area v

Analysis Keywords

Edit

Edit

Edit

Edit

Edit




Battery Setup Tool in Oasys PRIMER

 Saving data

1. Geometry & Scale 2.1 4 Analysis By R=0Ox
Select model and battery modelling scale & Scale 2. Layets Str 4, Randles Parameters 5. Analysis
Geomelry type: Pouch Model id: [:] Define analysis parameters
A Structural analysis Write CSV Apply
Micro Scale (*EM_RANDLES_SOLID) Meso Scale ("EM_RANDLES_TSHELL) :
*CONTROL_SOLUTION '+ Analysis type: | Stuciual v Edit
Layers defined in *CONTROL_TERMINATION Termination time: = 0.0 Edit
*PART_COMPOSITE = ;
*CONTROL_TIMESTEP Initial time step: .0 | | Edit
A Thermal analysis
“CONTROL_THERMAL_TIMESTEP Time step: 0 Edit
M Scale (“EM_RANDLES_ BATMAC) Meshless Scale (‘EM_RANDLES. MESHLESS) *CONTROL_THERMAL_SOLVER '+ Analysis type: Sleady stale ¥ Problem type: | Linear v Edit
A EM analysis
‘EM_CONTROL | EM cycles for FEM: | EM cycles for BEM: | ¢ | FEs
*EM_CONTROL_TIMESTEP | Time step: . 00 Edit

*EM_OUTPUT |+  Level of matrix assembly output: pUL Y| Level of solver output: | Mo cutput * | Edit

*EM_RANDLES_EXOTHERMAL Heat source area type: | Per unit.area Y Function: y Edit

Connect to macro scale structure ? B *EM_RANDLES_SHORT_CIRCUIT | Resistance area type: Per unit area ¥ Function: v [Edl

Read CSV




& \
‘ = Battery Setup
g 1. Geometry & Scale 2. Layers Structure 3. Tabs Structure 4 Randles Parameters
LS-DYNA ENVIRONMENT 4 <

Select model and battery modelling scale

Geometry type: Pouch Model id: ‘:}

Layers defined in
*PART_COMPOSITE

B a tt e ry S e t u p T : MicloScale 'EMRANEs_souD) Meso Scale (*EM_RANDLES_TSHELL)
Demo ‘

Macro Scale (*EM_RANDLES_BATMAC) Meshless Scale (*EM_RANDLES_MESHLESS)

Connect to macro scale structure ?

Read CSV




m PRIMER 21.0 - 64 bit (build 34950), Licensed to : Arup_UK

= =] X
—9P Fie Keywords Tools Display Images Viewing Options Help [Blank ¥/ [PART (any type) ¥|[Key in: P2 Ei Ql<Search> | Undo Undo Create THERMAL_MATER P PR post
H

T T (T
[ConJinonee Jorew  Duors ]
(= % || vowmesizn || Voumem ¥
feonsm_vleos — Juar — vlser v

Model Part tree Material FUNCTION
Therm Mat,

PRIMER: M1: = ‘

M1:Main fie

<]
Create  Copy Delete  List Modified?
Read Merge  Build Compare  Renumber
Write Submit Check Contents  Utiities

Model No: Title

cT Si

HManual
Tresep > ndvels (1)
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Analysis with LS-DYNA to Support Battery System Design

Battery systems for EV applications must comply with global regulations:
UN ECE R100 (Europe) GB 38031-2020 (China) FMVSS 305 (USA)

Many of these requirements can be analysed using LS-DYNA:

Mechanical Shock Mechanical Integrity Thermal Shock

Random Vibration Fixed Frequency Vibration

LS-DYNA can also be used to study other attributes of the battery system:

Internal Gas Pressure Cell Swelling Loads Thermal Management

Handling Loads Drop / Impact Internal Short Circuits




,

Explicit
Solver

Force - Deflection

=== Force - Deflection total
— Force acting on cells

140
120
100

Imil

Crushing / Mechanical Integrity E.g. GB 38031-2020

Quasi-static compression test to 100kN or deflection |

000000000

Crush (mm)




,

Explicit
Solver

E.g. GB 38031-2020

Acceleration applied at module mounting points in vertical direction

Mechanical Shock / Impact

0.004 0.005 0.006 0.007

0.003

0.002

0.000 0.001

9
8
7
6
54
4
3
2
1
0

Time (s)

000000000

Magnification: 10.00 x




Random vibration fatigue E.g. GB 38031-2020

*FREQUENCY DOMAIN RANDOM VIBRATION FATIGUE

Implicit
Solver

« Frequency response (stresses) by modal
superposition

« Amplitude at each frequency defined via PSD

« Fatigue computed from S-N curve

Acfeleration PSD (GB-T-3 1467.3-20? 5)
1

T T TTTTIT

—_
N

T

o

S_‘ 1

~ ;

% )

o '

£ PSD curve |

= i

[a) 1 T

w

L 10 Eo N =
=4 = i 1 -
S = E
Q

< _ C

m— (GB-T-31467.3-2015 Z-DIR RMS=14.13mis*2 |
1E-2 T T T T TIT] T T T T T T T T T T T 1T

EN 1999-1-3:2?0? Cat 71-7

S-Nicurve |T

Stress Range (MPa)
2
|

= Eurocode 9 Aluminium category 71-7 SN curve

i |
T T T T TTT] T T T TTTT] T T T T T
1E6 1ET7 1E8

Cycles

D3PLOT: Mode at 92 Hz

Magnification: 1.500 x

D3PLOT: Mode at 135 Hz

Modeshapes

ion: 1.500 x

N
91.993835 Hz (Phi: 0.0)

¥
X
135.165482 Hz (Phi: 0.0)




Random vibration fatigue

*FREQUENCY DOMAIN RANDOM VIBRATION FATIGUE

The stress response at any point in the structure is
a combination of the input PSD and the structural
frequency response.

Options for fatigue prediction include:
- Steinberg's 3-band method
« Narrow Band method

Expected Fatigue Life
(Min all pts)

2.9E+04
8.0E+05
2.3E+07
6.4E+08
1.8E+10
5.1E+11
1.4E+13
4.0E+14
1.1E+16
3.2E+17
9.0E+18

z

e Dirlik - used here

Example of Stress PSD
I | |

777777777777777777777777777777777777777777777777777777777777777777777777777777777777777

*****************************************************************************************

« Several others 1E11 2 ; g
1| PSD curve
All are based on the statistical 0 ‘ |
characteristics of the stress PSDs. ]
£
3.1 1E9 E
a ]
g _
Implicit ]
Solver =

Domina:nt Modesi

von Mises stress - Shell 3509497 (T)

I
20

I
40

Frequency (Hz)



Thermal Shock E.g. UN ECE R100 Implicit)

: : Solver
Battery is externally heated and cooled for five cycles
Temperature Temperature Histories
-40.0 : : : : '
275 I I : : :
80 Ur-~-~-- i (I I = N B
T -15.0 I I :
e e
40_-_____| _____ :_____ —— L __ g ___ 1
3 I
g :
S 201
E X
i F]
g 0
G
=20 i 3 I . — —————————————
—l -40 _ |
i| = Internal Jelly Roll Temperature
. i| == Surface T t
External temperature modelled with 3 50 | — Extemal Temperature
convection boundary condition. L A
Coupled thermo-mechanical solution. 000000000 Time (s) (<1E+3)




Swelling Explicit J

Prediction of mechanical response to jelly roll swelling due to ageing effects. Solver

Relative Volume | Von Mises Stress

(Max all pts)
0.95 0.00
0.98 0.40
1.00 0.80
1.02 1.20
1.05 1.60
1.08 2.00
1.10 240
1.12 2.80
~1.15 3.20
118 . 3.60
1.20 4.00
x 1.0E+08
Predict effect of swelling loads on
structure at life-cycle milestones. ‘
o
Magnification: 2.000 x .000000000



Drop / Impact EpricitA

Edge-down drop from 1m. E.g. accidental drop Solver

Plastic Strain
(Top intg pt)
0.000

0.005
0.010 |

Check for damage to structure,
electrical connections, adhesives, etc.

.000000000



,

Explicit
Solver

(s/63) IO s1eY MO|4 Ssey

Internal pressure due to gas generation, with simple venting model

Internal Gas Pressure
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Thermal Management ImpIicitA
Coupled electromagnetic / thermal analysis Solver

Simple BATMAC representation of VDA EV1 prismatic cell:

3.6V | 40Ah cells
Internal resistance 200 mQ
5C discharge through external resistance

Model of heat transfer from
the cells into the structure
during high current
discharge.

Losses to environment /

cooling plate etc can be
modelled

with boundary conditions
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Contact Information

ARUP

www.arup.com/dyna

For more information please contact us:

UK China India
T: +44 121 213 3399 T: +86 21 3118 8875 T: +91 40 69019723 / 98
dyna.support@arup.com china.support@arup.com india.support@arup.com

or your local Oasys distributor

USA West

T: +1 415 940 0959
us.support@arup.com
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