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Secondary Cell —

A battery is not a simple
voltage source “““‘"9 |

SoC

Rechargeabl e cell
in aHybrid
Electric Vehicle
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i voc i
: 1 : __Slow _dynamic res ponse  Fast( dynamic res Spons Wiring resistance
: discharge : N :
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Energy Density chart
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Caspoc !

- A simulation Experience
Fractical Energy Density [Whylg]
We need energy density like Gasoline
but
We are not there yet....
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Cell Principle

Lithium lons are moving in a lithium polymer or liquid Electrolyte
Cathode Anode

Separator

Electrolyte SEI

A simulation Experience &HF
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Charge and Discharge

Fully Charged Soc=100% Fully Discharged Soc=0%
Cathode Anode Cathode Anode
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Cell Types

TRTF )t
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Caspoc "7

A simulation Experience

= Cylindrical

= Prismatic
= Pouch
6

Metal Case Lithium

Electrolyte Aluminum
Lithium

:>Sepa rator
Carbon
Copper
Carbon

Electrolyte Metal Case Lithium
Aluminum

/ > Lithium
o :>59Darator

"" Carbon
Copper
\ Carbon

Flexible Case Lithium
Polymer Electrolyte Aluminum
Lithium

: Separator

. Carbon
Copper
Carbon
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Cell voltage range

Voc[V] (SoC=50%)

5_
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Co/C
3.8V

NCA/C
3.6V

Mn/C
3.7V

FeP/C
3.2V

Co/Ti
2.5V

= Cobalt has high energy

density

= hut

= [ iIFePO is more safe

FeP/Ti

1.9V
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Cell Materials

A simulation Experience

= Safety first in
= electric vehicle's

Temperature Range [°C]

= Cycle life
= second important

Quick charge capability

Li-Ton Cathode material
— Lithium Iron Phosphate LiFePO4

NMC Nickel Manganese Cobalt
NCA Nickel Cobalt Aluminum
LMS Lithium Manganese Spinel

Spedific Energy [Wh/kg]

— 4 Specific Power [W/kag]

= The winner IS:
» LIFePO

Cost [€/kWh/#Cycles]

Safety
4
3
2
1
!
Cycle life

Calender life
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Open Circuit voltage —R

Operating between
Tvuclv] 80% and 30%
5 -
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ng%
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Voltage Characteristics

From Datasheet

Voo (No Load Current)

Voc (Load Current = 0.5C)

4 ‘u’uc (Load Current = 1)
& Woc (Load Current = 2C)
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Voo Approximation

‘ Voc ~ Woc_0.5C + (Voc_0.5C - Voc_1C)

Voo ~ Voc_1C + (Moc_1C - Voc_2C)
K Voc

10095 80 60 40 20 10 0

8]

[y

[a=]

Battery State of Charge SoC[%]

25°C

Temperature Fudge Factor 2

Temperature Fudge Ractor 1

4 M —

100 a0 G0 40 20

(=)

Battery State of Charge SoC[%]
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Modeling the Lithium-lon Cell

Modeling:

Physics inside
the Cell has a

large impact on .
the model

Diffusion
[Mass Transport]
(slow)

. —_ |
More details [TU Delft EPP]:

Lam, L, Bauer, P & Kelder, EM (2011). II

= A practical circuit-based model for Li-ion
battery cells in electric vehicle applications. In
s.n. (Ed.), Proceedings of the IEEE 33rd

International Telecommunications Energy Electri DSEIb| L
Conference, 2011 (pp. 1-9). Amsterdam, NL: [ ectric UouDbie ayer]
IEEE. (fast)
____________________ V(soCD) ...
E voe ! discharge E I,__tS_'__vs_sﬂy___m ______ ponse Fast dynamic re: spons Wiring resis tanc
pra N iiiclllile il sl

SoC[%]
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Battery Management System

= BMS is required in

SCOPES

SCOPEL

high power Li-lon
batteries

= Balancing cell voltages

= |dentifying broken cells

=
Cell with
limited
capacity
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