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Multi-Level Physics in Battery simulation

Á1D System Level: Battery pack and power train
Á Analyze individual systems and integrated performance

Á Tool used: ANSYS Simplorer & MOR

Á3D Component level: Battery pack
Á Charge/discharge cycle design, life, safety, cost, thermal 

management

Á Tool used: ANSYS Mechanical & CFD

Á1D Component level: Battery Cell 
Á I-V characteristics, Electro-chemistry analysis

Á Tool used: ANSYS Simplorer

Model 

Extraction

Physic solvers

M
e

c
h

a
n

ic
a

l

Component level

System level 

Coupled physics  
+                  

Control system

- 2-



gefördert vom: funded by

Content

ÁVehicle Dynamic Simulation

ÁElectrochemical Modeling of Li-

ion Battery

ÁThermal Model of Battery (1D 

CFD)

ÁCompact Thermal Models via 

Model Order Reduction

ÁBattery Pack Electrothermal 

Simulation at System Level
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Complex interdependency of subsystems in HEV
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Drive cycle

ÁBackward quasistatic simulation
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Hybrid Electric Vehicle Simulation @ CADFEM

ÁSeries HEV model

ÁModel to check the integrity of our semi-physical battery model

ÁModel useful for component sizing

ÁModel useful to test energy management startegies
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Vehicle Dynamics and Wheel
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Software for System Level Simulation: Simplorer

8

+

-

B11A11 C11

A12 A2

B12 B2

C12 C2

ROT 2ROT 1

ASMS

3~
M

J

STF

M(t)

G
N

D

m

STF

F(t)

G
N

D

Magnetics

JA

MMF

Mechanics

L

HQ

Simplorer Simulation Data Bus / Simulator Coupling Technology

Block DiagramsState-space

Models

Digital/

VHDL
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ffjkcpal1.clk:TR

ffjkcpal1.j:TR
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PROCESS (CLK,PST,CLR)

BEGIN

IF (PST = '0') THEN

state <= '1';

ELSIF (CLR = '0') THEN

state <= '0';

ENDIF;

state
transition

AUS

SET: TSV1:=0
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Battery Model 

ÁThree possibilities in Simplorer

Block Diagrams Equivalent circuit

Analog modeling (Physics based)
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Content

ÁVehicle Dynamic Simulation

ÁElectrochemical Modeling of Li-

ion Battery

ÁThermal Model of Battery (1D 

CFD)

ÁCompact Thermal Models via 

Model Order Reduction

ÁBattery Pack Electrothermal 

Simulation at System Level
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HEV / EV

ÁBattery requirements

Safety

Performance

AvailabilityLife

Costs

Source: li-Tec

No Overheating

internal shortcut, overcharge 

or abuse

Long life time, 10 

years

High energy 

density

Fast charging

Low self discharge

Functionality over 

wide temperature

range
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THERMAL

THERMAL
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Thermal model of a cell

ÁThermal simulation coupling:

ÁHeat generation phenomena:

ÁReaction heat

ÁOhmic heat from contact resistance

ÁOhmic heat from solid phase

ÁOhmic heat from electrolyte phase

ÁReversible heat (usually ignored)

Cell model Battery pack

Heat

Temperature

elejsjcrTotal qqqqq ,, +++=

K. Smith, C. Wang, J. Power Sources 160 (2006) 662 ï673
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Battery principle

(Rosario, 2007)
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Ideal vs. Real Battery

Voltage

SOC

Capacity

Current

ÁConstant voltage during 

discharge/charge

ÁConstant capacity for all 

discharge/charge 

currents
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ÁVoltage drops during 

discharge

ÁThe higher the 

current lower the 

ÁCapacity decreases for 

higher currents
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Impedance model:         
This model comes from those 

who measure the impedance 

spectrum (Z=V/I) of a battery. 

The model allows to describe 

high frequency effects well

Reference: Jochen Bernhard Gerschler, Julia 

Kowal, Magnus Sander, Dirk Uwe Sauer ,High-

spatial impedance-based modeling of electrical and 

thermal behavior of lithium-ion batteries

In Simplorer, Resistor, capacitor 

etc. can be combined to create 

Impedance model 

1-D semi-physical 

model: The model is based on 

electrochemistry equations. 

ïThe Nernst equation,

ïThe Buttler-Volmer equation,

ïThe 1D diffusion,

ïThe 1D migration of ions.

ïSome parameters are 

necessary to be adjusted 

through testing

CADFEM has implemented Semi-

physical model in Simplorer

1-D physical model:         
The model is based on 

electrochemistry equations. The 

best well known model is the 

Newman model (Software Dualfoil)

ANSYS has implemented 

Newman model in Simplorer

Newman Research Group 

CADFEM uses Newman model as 

reference model(dualfoil) 

Different cell physics Simulation models 

- 15-



gefördert vom: funded by

Physical based models

ÁDUAL FOIL, Fuller and Newman 

(1993)

ÁOpen source Fortran code

ÁLi-ion battery

ÁDetailed model

Á6 non linear, coupled PDEôs

ÁOver than 50 parameters

ÁVery high accuracy

ÁModel used to evaluate other battery 

models

ÁImplemented in Simplorer

K. Smith, C. Wang, J. Power Sources 160 (2006) 662 ï673
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Newman Model vs. Semi-Physical model

Newman model 

Semi-physical model 

Note:

The Semi-physical model uses an 

equivalent method to treat the 

porous media 
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Material parameters by optimization with optiSLang

Optimization: 11 parameters to fit the SOC Curve

Reference signal

Signal of best design after 

40 generations
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Content

ÁVehicle Dynamic Simulation

ÁElectrochemical Modeling of Li-

ion Battery

ÁThermal Model of Battery (1D 

CFD)

ÁCompact Thermal Models via 

Model Order Reduction

ÁBattery Pack Electrothermal 

Simulation at System Level
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