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C-rate based electrical characteristics and equivalent circuit
modeling of 18650 cylindrical Li—-1on battery
for nuclear power plant application
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Abstract

The recent incidents of Nuclear Power Plant(NPP) gave rise to a total power outage caused by the loss of the
functions of the off-site and the emergency power supply. Currently, emergency power supply of NPP have been taken
into account by Li-ion batteries instead of existing lead-acid batteries. In order to judge the applicability of the
cylindrical Li-ion battery, it is necessary to analysis the results of various electrical tests. This paper investigates the
basic electrical characteristics test of three types of cylindrical batteries in order to select the most suitable battery and
estimate state of battery through equivalent circuit model and propose method to solve the problem.
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Fig. 1. Experimental setup for data extraction.
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Table 1. Cell Specification.
E 1. HiE2(9] AP
. . Standard Discharge
Type IC\I;TC?;I/ I;I](())rlrt];nz;l Charge Cut-off
D = Current Voltage
NCA 25 [Ah] | 364 [V] 1.25 [Ah] 25 [V]
NMC | 285 [Ah] | 365 [V] 1.375 [Ah] 2.5 [V]
LFP 1.1 [Ah] 33 [V] 0.55 [Ah] 2 [V]
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Table 2. Charge Capacity of three cells considering various

C-rates.

¥ 2. CreFst Crate 13 Al HiE{2|e] M ST H|W

Cell Type NCA NMC LFP
CN;’;“CT; 250000 [Ah] | 2.85000 [Ah] | 1.10000 [Ahl]
1/2C 248842 [Ah] | 276658 [Ah] | 0.93674 [Ah]
1/4C 248897 [Ah] | 279003 [Ah] | 0.93643 [Ah]
1/8C 253618 [Ah] | 2.85709 [Ah] | 0.94393 [Ah]
172 254657 [Ah] | 2.87875 [Ah] | 094411 [Ah]

Table 3. Discharge Capacity of three cells considering
various C-rates.
¥ 3. CIFS Grate 2] Al HiE{2|2] &

YHBY 8|1

Cell Type NCA NMC LFP

CN;’;“CT; 250000 [Ah] | 2.85000 [Ah] | 1.10000 [Ah]
12C 248683 [Ah] | 276716 [Ah] | 093334 [Ah]
V4C 249591 [Ah] | 279167 [Ah] | 0.94117 [Ah]
1/8C 254533 [Ah] | 2.8619 [Ah] | 0.95334 [Ah]
/720 252459 [Ah] | 283913 [Ah] | 0.92214 [Ah]

Table 4. Discharge time of three cells considering various

C-rates.
F 4 bt Crate 22 Al BiE2|of EHEAIZE B[
Cell Type NCA NMC LFP
1/2C 1.99 [h] 1.94 [h] 1.7 [h]
1/4C 3.99 [h] 392 [h] 342 [h]
1/8C 8.14 [h] 8.04 [h] 6.94 [h]
1/72C 72.77 [h] 71.88 [h] 60.7 [h]

Table 5. Charging efficiency of three cells considering
various C-rates.

E 5 ClSt Crate 12 Al HiE{2|S] &

Cell Type

NCA

NMC

1/2C

99.93 [%]

100.02 [9¢]

99.63 [%]

1/4C

100.27 [%]

100.05 [9¢]

100.50 [9¢]

1/8C

100.36 [%]

100.17 [94]

100.99 [9¢]

1/72C

99.13 [%]

98.62 [%]

97.67 [%]
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Table 6. Internal parameters of equivalent electrical circuit
model.

= . S7tE|2 3o L& njzto|g

C-rate 1/8C

SOC ocvV R; Rpig Coir
100% 4.18644

95% 4.10227 0.01679 0.00806 570.729
90% 4.07663 0.01746 0.00739 582.259
85% 4.04822 0.01745 0.00805 558.804
80% 3.99033 0.01813 0.00873 435.392
5% 3.93585 0.01745 0.00940 457.687
70% 3.89697 0.01747 0.00874 515.151
65% 3.85724 0.01680 0.00941 520.875
60% 3.80340 0.01746 0.01007 476.434
55% 3.73932 0.01814 0.00940 563.639
50% 3.69574 0.01748 0.00739 703.216
45% 3.66369 0.01814 0.00537 837.482
40% 3.63870 0.01612 0.00873 595.543
35% 3.61477 0.01814 0.00538 818.518
30% 3.57845 0.01813 0.00739 649.964
25% 3.52847 0.01812 0.00872 561.669
20% 3.47762 0.01879 0.00805 558.804
15% 3.44173 0.01812 0.01007 437.109
10% 3.31527 0.01949 0.01411 375.597
5% 3.13262 0.02148 0.02417 231.700
C-rate 1/72C

SOC ocv R Ropir Coir
100% 4.18579

95% 4.10163 0.01795 0.01197 376.071
90% 4.07556 0.00615 0.01845 243.964
85% 4.04801 0.03062 0.01225 367.393
80% 3.98947 0.01837 0.01225 367.393
75% 3.93542 0.02450 0.00612 734.786
70% 3.89633 0.03062 0.01225 367.393
65% 3.85596 0.00610 0.02440 184.420
60% 3.79956 0.01211 0.02421 185.866
55% 3.73483 0.01837 0.01225 367.393
50% 3.69381 0.01837 0.01837 244.929
45% 3.66156 0.01852 0.01235 364.500
40% 3.63613 0.01220 0.00610 737679
35% 3.60879 0.01230 0.01845 243.964
30% 3.57247 0.02450 0.01837 244.929
25% 3.52270 0.01852 0.01852 243.000
20% 3.47442 0.02450 0.01225 367.393
15% 3.43426 0.01830 0.01830 245.893
10% 3.30138 0.02479 0.01859 242.036
5% 3.11296 0.01830 0.03050 147.536
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