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Abstract

With the rapid growth of the aviation mobility industry, the stability and reliability of battery systems applied to
aircraft and unmanned aerial vehicles have emerged as key factors. This study proposes an LSTM-based SOC and
SOH estimation algorithm for a temperature-compensated LFP battery system with a hybrid thermal management
structure based on heat sinks and heat conduction plates. The SOC estimation algorithm estimates the SOC value
based on voltage, current, temperature, and accumulated charge, and the SOH estimation algorithm has a structure in
which the SOC predicted in the SOC estimation stage is used as an input to the algorithm together with the existing
variables to estimate the battery degradation state. Simulation results confirm that the proposed LSTM-based
estimation algorithm shows stable SOC and SOH estimation performance across various degradation levels.
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Table 1. Performance comparison before and after thermal management structure application
Without thermal With hybrid thermal
Category management management Improvement
Cell-to—cell temperature variation +8C +2C Approximately 75% reduction
Battery lifetime Approximately 2000 cycle | Approximately 2800 cycle | Approximately 40% increase
Energy efficiency 2% 96.8% +4.8%p
Low-temperature efficiency at -10°C Approximately 75% Approximately 85% Performance maintained
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Table 2. Electrical property variations under charge-discharge cycling

, el Average End-of-discharge . Discharge Cgmulative
Cycle | SOH (%) | discharge Discharge current (A) . discharge
voltage (V) voltage (V) voltage (V) time (s) capacity (Af)
2 99.48 3.37 3.23 260 20 18850 377051
9 98.58 347 323 260 20 18630 372659
2 97.95 345 3.22 260 20 18510 370266
3 96.21 3.31 3.21 260 20 18180 363685
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Table 3. Comparison of SOC estimation performance across window sizes(MAE and RMSE)
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Window size 5 10 15
Val_cycle MAE(%) RMSE(%) MAE(%) RMSE(%) MAE(%) RMSE(%)
cycle 23 (99.7%) 0.16 0.21 0.14 0.18 0.14 0.18
cycle 24 (97.8%) 0.19 0.22 0.1 0.14 0.14 0.17
cycle 25 (97.4%) 0.15 0.18 0.13 0.17 0.15 0.18
cycle 27 (96.7%) 0.1 0.14 0.16 0.18 0.31 0.41
Average(%) 0.15 0.16 0.13 0.16 0.18 0.23
=M M=

Table 4. Comparison of SOH estimation performance across window sizes(MAE and RMSE)

Window size 5 10 15
Val_cycle MAE(%) RMSE(%) MAE(%) RMSE(%) MAE(%) RMSE(%)
cycle 23 (99.7%) 0.37 0.43 0.35 043 0.33 0.38
cycle 24 (97.8%) 0.42 0.51 0.31 043 0.40 0.44
cycle 25 (97.4%) 0.59 0.62 0.44 048 0.55 0.56
cycle 27 (96.7%) 0.12 0.14 0.17 0.17 0.05 0.17
Average(%) 0.37 053 0.31 0.37 0.33 0.38
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Average error (%)
Cycle 5 0.27
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Table 6. SOH estimation average error results

Average error (%)
Cycle 5 0.60
Cycle 9 0.32
Cycle 33 0.35
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