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Improved Low-temperature Performance of Lithium Secondary Battery

Using Energy Circulating Operation

Hyun-Ki YoonT, Sang-Hyeon Ha!, and Jaein Lee!

Abstract

Lithium-ion secondary batteries exhibit advantageous characteristics such as high voltage, high energy
density, and long life, allowing them to be widely used in both military and daily life. However, the lithium-ion
secondary battery does have its limitation, for example, the output power and capacity are readily decreased
due to the increased internal impedance during discharging at a lower temperature (-32°C, military requirement).
Also, during charging at a lower temperature, lithium dendrite growth is accelerated at the anode, thereby
decreasing the battery capacity and life as well. This paper describes a study that involves increasing the
internal temperature of lithium-ion secondary battery by energy circulation operation in a low-temperature

environment. The energy circulation operation allows the lithium-ion secondary battery to alternately charge
and discharge, while the internal resistance of lithium-ion battery acts as a heating element to raise its own
temperature. Therefore, the energy circulation operation method and device were newly designed based on the

electrochemical impedance spectroscopy of the lithium-ion secondary battery to mediate the battery performance
at a lower temperature. Through the energy circulation operation of lithium ion secondary battery, as a result
of the heat generated from internal resistance in an extremely low-temperature environment, the temperature of
the lithium-ion secondary battery increased by more than 20°C within 10 minutes and showed a 75%
discharging capacity compared with that at room temperature.
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Fig. 1. Energy circulation operational diagram.
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Fig. 2. Impedance of Li-ion battery by temperature.
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Ipg Rpr Coar TABLE 1
L o DESIGN REQUIREMENT
It Vaar
e I P " Parameters Value
Rser [C (b) Below 2kHz Input/output voltage 224 - 336 [Vpcl
Vi -" Var qur,_‘ for n Input/output current 0-10 [A]
+ + AV -+ .
. . . _— . Vour Gap distance 0-10 [mm]
(a) Conventional Equivalent Circuit ) - SWltchlng frequency 150 ~ 20 0 [kHZ]

(c) Above 2kHz

Fig. 3. Equivalent circuit of Li-ion battery by frequency.

1E-5

Cap. Ind.
+20°C —m— —e—

Capacitance(F, log10)
8
(2]
» |
;oo
|
L ]
|
ﬁ
-
T 1
A
i+
Inductance(H, log10)

T T T
100m 1 10 100 1k 10k 100k
Frequency (Hz, log10)

Fig. 4. Capacitance & Inductance of Li-ion battery.
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Fig. 5. Circuit diagram of wireless energy circulation.

Fig. 6. Implementation of wireless coil.
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