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Abstract

Lithium-ion batteries are the most widely used secondary batteries, but the low-temperature charging
and discharging performance of lithium batteries cannot meet the market application requirements.
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In this paper, a lithium-ion battery low-temperature heating management system with an active clos-
ing and opening function is designed using shape memory alloy temperature control switches. Based
on this, a multi-functional portable charger that can both charge and heat the mobile phone battery is
built. The multi-functional portable charger designed and built in this paper mainly consists of a shell,
a battery component, a shape memory alloy upper contact, a shape memory alloy lower contact, a base,
a low-temperature heating interface, a USB output interface, a charging interface, a switch button, a
heating sheet, etc. It can complete the charging function by connecting the mobile phone data line to
the USB output interface of the portable charger through the switch button in the low-temperature en-
vironment. The low-temperature charging and discharging performance test shows that the lithium
battery cycle life is 1000 hours in the low-temperature heating environment, which is 10 times that of
the lithium battery in the unheated condition. The multi-functional portable charger designed and built
in this paper will provide a good reference for the commercialization application of lithium batteries
in deep sea, polar regions and high-latitude extremely cold areas.
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Figure 1. Circuit diagram of multi-functional portable charger
based on shape memory switch
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Figure 2. Diagram of shape memory switch opening and closing
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Figure 3. Schematic diagram of multifunctional portable charger
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Figure 4. Physical picture of multifunctional portable charger
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Figure 5. LANDIAN charge and discharge cycle system
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Figure 6. Low temperature battery charging and discharging, low-temperature
heating battery charging and discharging LANDIAN cycle testing device
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Figure 7. Temperature and humidity recorder testing
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Figure 8. (a) Low temperature battery charging and discharging cycle voltage time curve; (b) Low-temperature heating battery
charging and discharging cycle voltage time curve; (c) Partial voltage time curve of low-temperature battery charging and
discharging cycles; (d) Partial voltage time curve of low-temperature heating battery charging and discharging cycles
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Figure 9. SEM microstructure observation of graphite negative electrode under low temperature and low temperature heating
conditions. (a), (b) untreated graphite negative electrode; (c), (d) graphite negative electrode under low temperature condi-
tions;(e), (f) graphite negative electrode under low temperature heating conditions
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Figure 10. Simulation diagram of electrolyte flow viscosity under low temperature and low temperature heating conditions (a)
Simulation of electrolyte flow under low temperature conditions, (b) Simulation of electrolyte flow under low temperature
heating conditions
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