Power tool battery packs: shortening intervals of operation and
charging by improved cooling strategy
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INTRODUCTION: After high duty use phases, battery packs reach temperatures up to 70°C. To prevent accelerated aging Power tool: Use — charge cycle q -

due to high temperatures in the cells in the following charging ste

in the battery pack do not exceed a certain maximum temperature. Reducing downtimes in between high duty use and

charging as well as improving charging strategies (fitting the used
charging cycle time and ageing risk.

COMPUTATIONAL METHODS: A Comsol model of an 18V power tool battery pack was developed. A special focus was on
the interaction of cell pack performance and cooling system. It comprises battery models of commercial available 21700

cells as well as heat transfer models.
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Figure 1. Use phase (6.25C=25A discharge) Figure 2. Charging (6A =1.5C) with different cooling systems. . Compared to the reference scenario,

and cool down phase with different cooling Charging starts as the battery pack has cooled down to 48 degC (start a shortening of up to 33% (30% for

systems. temperature) and is stopped if the temperature reaches 52 degC. the whole cycle) was achieved using
heat conductive polymer Il in the
RESULT IlI: Influence of ambient conditions - Surrounding temperature, ventilation and start temperature: shown use case.
. | 51&50 46 48 .
52 S 1 55)5: \FN NS 1 * Ambient temperature and
S0r 4= .10.9 ' ) " ventilation (convection
. 48 48 . .
Q el 108 5 Q 46 coefficient) highly
S 14 0.7 8 8 44 influence the performance
_ — 42
% 42! 0.6 S %’ 10! of the cell pack.
© 40} 105 8 © 34|  Other parameters, like e.g.
S 38 °c 8
3 ¢l 0.4 5 = 36 the ,start temperature”
2 24l 03 g 2 gg: can be modified to further
S 32; 02° S 30 / 1 "~ NI reduce charging time.
307 10.1 28/ - 2~ 10.1 * Using the simulation, the
28 0 260 ' =0 power tool battery pack
0 50 C 0 .50 C | . C .
time (min) ( ) time (min) ( ) time (min) ( ) design and management
: . . . , , , , , , , , can be optimized to fit use
Figure 3. Charging with heat conductive Figure 4. Charging with heat conductive Figure 5. Charging with heat conductive conditions and customer
polymer |: Variation of ambient polymer |: Variation of convection coefficient polymer I: Variation of start temperature needs
temperature (10, 20, 30, 40 degC). (1, 5, 10, 20 W/mZ2K). (51, 50, 48, 46 degC). |
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“=-. Aalen Universi ty CONCLUSIONS: Reviewing different cooling materials a significant reduction of the charging time

can be demonstrated. Parameter variation study highlighted the high influence of ambient

R I Fodoral Miisty temperature, ventilation and charging control parameters, which have to be taken into account

designing the battery pack. Simulation was successfully applied for cooling system optimization.
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