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Abstract: The lithium-ion battery pack of an electric vehicle (EV) deserves to be considered for an alternative use within

smart-grid infrastructure. Despite the long automotive service life, EV batteries retain over 70~80% of their initial

capacity. These battery packs must be managed for their reliability and safety. Therefore, a battery management system

(BMS) should use specific algorithms to measure and estimate the status of the battery. Most importantly, the BMS of

a grid-connected energy storage system (ESS) must ensure that the lithium-ion battery does not catch fire or explode due

to an internal short from uncontrolled dendrite growth. In other words, the BMS of a lithium-ion battery pack should

be capable of detecting the battery’s status based on the electrochemical reaction continuously until the end of the

battery’s lifespan. In this paper, we propose a new protection algorithm for a dendritic lithium battery. The proposed

algorithm has applied a parameter from battery pack aging results and has control power managing.
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Fig. 1. Battery module design. (a) Module modeling and (b) spot
welding point.
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Table 1. Specification of the battery module.

Classification Unit Value
Cell Type Cylindrical, 18650
Array Series and parallel 3P13S
Nominal voltage v 46.8
Pack capacity Wh 351
5 0 to 50 (charge)
Operating temperature C -
-20 to 75 (discharge)
Voltage sensing ch 13
Current sensing ch 1
Temperature sensing ch 2

Fig. 2. Battery module and GUI (graphical user interface).
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Fig. 3. Block diagram of BMS (battery management system).
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Dendrite detection
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&&

Time > OCV time
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ax AV/At>VY_Dendrite threshold
&

Time > T_Dendrite sensing

Max AV/At> Dendrite_constant * Min AV/At

Power managing by switch off
&& Dlagnosls

END

Fig. 4. Flow chart for dendrite detection algorithm.

Table 2. Parameter for dendrite detection.

Parameter Unit Value
OCV current mA 1
OCV time min 30
T_dendrite sensing hr 5
V_max_dendrite mV 3,900
V_min_dendrite mV 1,000
V_dendrite threshold mv 500
Dendrite constant - 5
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Fig. 5. Accelerated deterioration charge and discharge pattern. (a)
Constant current & constant voltage charge, pulse discharge & rest
time (charge and discharge test profile) and (b) degradation condition
by temperature difference (temperature difference in battery module).

ke
o
olr
o
N
4

sto] 15 A (6 C-rate)r}x] HAR
A molZnto 2w vig]

o
o qlo
2]
tjo

_O'l
4%
lo
i
@
of
~

ro
I'ﬂ
N
~
Q
)
o)
I'ﬂ
gt
el
o
4%
L1 ok

N
o F_lg
Hop
>,
ook o1

nz ok By More M
g 09

r
Dall
o)
ju

0%
ox
il
rlo

N

é_
=
i)

Mo
=2
P
‘©
P

Sul

£
o

Rood ad 3Q >~
>
olr
o
)
o

ol

o
2

o

= -

0

g =

mlo N ok iy Jr 62
L 18 o mn

™ o

o

3.2 2|F HHE{2] HI=2I0|E ZAL ™

2

1003] /%94 #olZ ol
2F ofglolold S4 MY Az
UoiA) A8 Agnuc e

99 A U A
L RISHQ 5/
ALY AW W=
Lolo} oleigt ¥l

o
o> O Oou4ls
ddE FEY

7

djm

A
S|

A}
A
EaS

A =
88 5 425
(@) S 110
(a) voltage differnce sample
Aging cell
4 |F—r—’—’\'*—————__ - ~ 08
{ Mormal cell 2
= @
> 3 - 06 2
g 5
o Voltage difference 2
= =
> 2t : Joa
Max delta V=430mV g’
_________________________________________ 5
>
1+ 402
o T T T T T T 00
1] 1000 2000 3000 4000 5000
Time(sec)
5 - P 1.0
(b) (b) capacity difference sample R
Aging cell
Normal cell
: s
= 3 406 :_:;
2 5
1] 2
=°‘ Vaoltage difference 5
= & q04
o
5]
77777777777777777777 Max delta V=410mV = = =
>
1 {02
0F T T T T T 0.0
] 1000 2000 3000 4000 5000
Time(sec)

Fig. 6. Differences voltage and capacity in charge mode after
aging process. (a) Voltage difference sample in module and (b)

capacity difference sample in module.
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Fig. 7. Experiment of implemented algorithm operating.
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