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Performance Estimation Based on 4D Lookup Table Interpolating and Unit Cell
Discharge Tests for Thermal Battery
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Absract: For comparison to the Li-ion battery, evaluating a thermal battery must consider additional variables. The first
one is the temperature difference between the battery and its unit cell. Thermal batteries and their unit cells have a
temperature difference that is caused by the thermal battery activation mechanism and its shape. The second variable is
the electrochemical reaction steps. Most Li-ion batteries have a constant electrochemical reaction at the electrode, and
battery voltage is affected when the concentration of Li ions is changed. However, a therma battery has severa steps
in its electrochemical reaction, and each step has a different potential. In this study, we used unit cell discharge tests
based on interpolating a 4D lookup table to estimate the performance of a thermal battery. From the test results, we
derived an estimation algorithm by interpolating the table, which is queried from specified profile groups. As a resullt,

we found less than a 5 percent difference between estimation and experiment at the 1.3 V cut-off time.
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Fig. 1. Structure of thermal battery unit cell.

Table 1. Materials of unit cell.

Material Mass (g) O.D (mm) I.D (mm) Thickness (mm)
Cathode
181 44.67 8.32 0.38
(FeSy)
Electrolyte
X 148 44,92 7.56 0.4
(All-Li)
Anode
L 114 44.74 8.47 0.67
(Li-Si aloy)

Table 2. Unit cell discharge test cases (51 cases).

Test conditions
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Fig. 2. Unit cell discharge test system.

2.2 BHA| MY

@ "RE olgsto o5d det Al = Hl

Wk Yafl, I ARS HSsto] Azt xR0l of
g AlgS Asgstltt. EAA] Axo) ARSEH &
AR 7+ M2 W gAi¥ B2 m 31 P}

Table 3. Materials of thermal battery components.

Material Mass (g) O.D (mm) I.D (mm) Thickness (mm)
Cathode
181 40.84 8.19 0.46
(Fes)
Electrolyte
: 13 40.97 6.9 0.42

(All-Li)

Anode

- 4 40.93 8.23 0.78
(Li-S dloy)
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Table 4. Materials properties for thermal battery components.

Material (Kg?ma) (J/ng) (W/|r<n-K) (JC/EI;)
Cathode 2783 992.3 1.02 -
Electrolyte 2210.47 870 1.02 -
Anode 1050.04 2072.5 5.44 -
Current collector  7937.08 690.8 21.65 -
Insulator (Mica) — 2263.54 850 0.4 -
Insulator (BF) 205.78 979.7 0.08 -
Heat pellet 3299.28 745.3 21.86 1243.90
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Fig. 3. Performance estimation flow chart.
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Fig. 4. Unit cell discharge results (0.5 A/cm?).
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Fig. 6. Unit cell discharge results (1.5 Alcm?).
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Experiments vs Estimated Performance (Temp. fix) &
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Experiments vs Estimated Performance (Temp. profile)
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Fig. 13. Performance estimation (temperature profile applied).
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