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. Motivation

NET--ELAN | <Grig Integration of Electrical Power Train Systems in
“*Co—oJ| Existing and Future Energy Supply Structures”

The project is funded by the German Federal Ministry of Economics and Technology (BMWi) within the
framework of the “national development plan for electric mobility”

Example: Battery electric vehicle (BEV) and grid services
¢ Investment costs of accumulator K=1000 €/kWh*35 kWh=35000 €

e High load | load:
00,8
= low
-> Early battery breakdown 30,6
> Constructive total loss =, ordinary
> Possible answer: 3., high
State of health evaluation
lifetime prediction % Y -

time / years
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Battery Model
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Herb, F., M. BeiBwenger und A. Jossen: LiFePO4 Alterungsmodellierung. In Proceedings des 16. Entwicklerforums Batterien, Ladekonzepte und
Stromversorgungsdesign, Miinchen, Deutschland, 2009, DESIGN&ELEKTRONIK
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Aging, End of Life and State of Health

Aging

Chemical and electrochemical reactions change characteristics of cells
» decreasing capacity C
* increasing internal resistance R,

End of Life (EOL): Ceor =ocCy  oOr RicoL = arRj

Age: A =f(oc, 05, C,R); 0<A<1

For example: A =max{ (1-C/C\)I1 - ac),
(1-Ri/Ro)(1- ag) }

State of health (SOH): SOH =1-A; 0<SOH<1
Example for begin of life (BOL):
CeoL = Cy» RigoL = Rips A=0und SOH =1
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Two Approaches for Lifetime Modeling

Data Battery aging
test series
|dentification of
Parameterization ESB-Model
parameters
Modeling Aging
and Operation Lifetime model and
simulation

costs”
*) “Costs for an operation are based on the effective aging per cycle“
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Assumptions

« A = f(T,SOC); ACycl = f(ASOC)
* Atot - Acal + A

« doubled aging speed:

voltage increase about 100 mV
temperature increase by 10 K- 15 K

cycl

Aging functions

“Literature Based” Aging Model (1)

literature based aging model
SOC ,
> A
Tbat ) =
asoc| | Aot
Acycl

f(A -T—
( tot) dRi/dt
f(A T—
( tot) dC/dt

« Calendar aging speed: a_, = a, ' exp(b:(SOC-SOC,)/c) - exp((T-T,)/d)
« Aging per cycle: A = a,-DOD?® + a,,DOD? + a,-DOD + a,

clemens.guenther@zsw-bw.de

& SW

- \



“Literature Based” Aging Model (2)

Parameterization

Specific parameters for different chemical systems

Calendar aging after 26 days at T = 60 °C
35

= NMC-Blend(measured)
-+ NCA (literature)
25

/
A/
N/
<CI?10 ////

’

20 40 60 80
SOC in %

100
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Qoc “Literature Based” Aging Model (3)

Input variables

v’ cell temperature T < battery model

v state of charge SOC < battery model

? depth of cycle @ ASOC - Problem: Cycle analysis

Example Approach: Algorithm

100 \ for identification of

22 \ / subcycles by

0 . / locating maxima and
2 60 ~N / minima in SOC = f(t)
g >0 \\/—’/
B 40 - Two subcycles:

30 ASOC= 7%

20 ASOC = 60 %

10

0 T T T T
0 20 40 60 80 100
normalized time / % :—SW
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Comparison of Simulation Results
and Reference Data (1)

Tin°C

20

Minimal Aa_,, in %/a *

Difference between reference and simulated values
[ }

Results for calendar aging speed (SOC = 50 %)

40

0,00003

Maximal Aa,, in %/a *

80

0,00006

0,02094

37,09553

- Good results

0,10704 | within relevant

39,92024

*) Simulations with variable step size h, and different upper limits h

temperature range!

e Results for Cycle life (SOC = 50 %)
ASOC in % | Maximum variable | ASOH,, in % ACgo in 1/C ™
step size h, ., ins
25 40 8.03914 0.01607
50 20 6.00804 0.01201 | - Small differences
100 5 2.68759
*) Precondition C.,, = 0,8-C,

0.00537 | in capacity loss!
-10 -

—_— N\



P _in kW
el

-100

NET

Simulation of Driving Cycles (1)

Driving cycle (TU Berlin, ILS — KFZ2)
Smart four four - v = f(t) = vehicle model simulation - P,
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NET--ELAN

Simulation of Driving Cycles (2) o Co—0
Aging per Cycle End of Life
100 | | | | Extrapolation from 90 Days to EOL
99,90l . | | Charge Daily 19 p.m., 3 a.m.
g Charge every other day 23 p.m.
T 99.98
'F: gl
E 99 97+
S 10+
% 99.96+
w g 9
99.95 %
£ 4
=
9994 5 10 15 20 25 5 4
Time in hours
6 : & 19 p.m. daily
& 03 a.m. daily
Lower SOC extends lifetime! <Gumn . - - © p-maz"e”"‘“”dayso

Starting time of recharge
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Structure of “test series

based” aging model

SOCTt K
A
TBat T - el
f(Ages) >
ADOD ‘ Ages L Pges) T
C-Rate 2 Az
'_i AKaI
(A o) >
: Ages ( ges/ AR
=2 Az
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“Test Series Based” Aging Model (1)

e Storage aging test series

e OCV measurements

e Thermal behavior

e Gravimetric analysis

Pack| Anz. Korr. |Temp. |delta DoD |max Amp. |mit. SoC
p1 4 T 40 °C 0% 0C 60%
p2 4 T.D,AS| 50 °C 0% 0C 60%
p3 4 T 70 °C 0% 0C 60%
p4 4 S 50 °C 0% 0C 30%
p5 4 S 50 °C 0% 0C 80%
pb 4 D 50 °C 5% 5C 60%
p7 4 T-D 50 °C 10% 5C 60%
p8 4 DA 50 °C 10% 20C 60%
po 4 T-D 40 °C 30% 20C 60%
p10 4 D 50 °C 30% 20C 60%
p11 4 D 50 °C 60% 20C 60%
p12 4 D 50 °C 30% 30C 60%
p13 4 D-A 50 °C 60% S 60%
p14 4 A 50 °C|var var var

Herb, F., M. BeiBwenger und A. Jossen: LiFePO4 Alterungsmodellierung. In
Proceedings des 16. Entwicklerforums Batterien, Ladekonzepte und Strom-
versorgungsdesign, Miinchen, Deutschland, 2009, DESIGN&ELEKEWK
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W “Test Series Based” Aging Model (2)

Relatlve capacnty Ioss with verlflcatlon cells

0,45
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WE_ Optimal Offline Design of Battery and
Battery Management System

Typical
of lo

urs

,| Battery and |
aging model

Degrees of freedom:
*size

A

schemistry
soperational strategy

Age of battery

tBOL

™ Expected aging

- End of life

(simulated with model)
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If degrees of freedom exist:

Optimization of Operation

e SOC in range of low aging
—> slower calendar aging

e Adapt cycling to battery reference lifetime

urs¢ of real |
loa / /

\ V

v

Reference ( _ ) Optimal
cou aging control

R BMS, battery
and monitoring

n
>

Age of battery

-



. Summary and Future Work

e Two different approaches for lifetime models are presented
e Fast parameterization with literature data
e More detailed parameterization with lifetime test series

e An algorithm for analyzing driving cycles is presented
e \We are able to estimate costs for simulated loads like grid services

= “Literature based” model
= Verification with own measurements
» More detailed assumptions
= Simulate aging for grid services
= Generate more sets of parameters

= Parameterization of “test series based” model for different cell types
= Optimal system design and optimized operation
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