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Abstract :

Modern embedded systems are typically operated by the rechargeable batteries in our

daily life. Since charge of batteries is considered as an time consuming task, there have been

extensive efforts to manage the charge time from the perspective of materials, circuits, and

systems. Estimation of battery charge time is one of the essential information to design the

charge circuitry. A compact macro model for the constant—current and constant-voltage charge

protocol was recently introduced, which gives us a quick estimation of charge time with similar
shape to the famous Peukert's law for discharge time estimation. The CC-CV charging protocol

is widely used for Lithium-based batteries

and Lead-acid batteries. In this paper, we

characterize the lead—acid battery by measurement to extract the model coefficients, which was

not covered by the previous studies. By our proposed model, the key coefficient Kcc results in
1.18-1.31, which is little bit higher than that of Lithium batteries. The accuracy of our model is
within the range of £10% error, which is compatible with the other studies such as Peukert's

law.
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Fig. 5 Concept of the compact CC-CV charge

time estimation Model
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Table 1. Information of Target Battery
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Table 2. CC charge time and model coefficient

Charging Measurement i Average
v current (A) t, (s) e k.
0.50C |1.003 |2690 -
0.75C |1.499 |2177 1.229
Ly ES2-12 |1.00C |2.000 |1545 1.213 |1.236
cE ‘\40 60 “T;‘ii(;ff 1‘4-3 e _\1:0 . 1.25C |2.502 |1174 1.216
150C 125C 1.00C 0.75C @506 lA 1.50C [3.004 |872 1.284
o ,’ 0.50C |2.000 |3729 1.142
/ : f' 0.75C |3.004 |2232 1.186
ES4-12 |1.00C |4.000 |1477 1.239 |1.212
A ;" 1.25C [4.988 |1219 1.188
/ 1.50C |5.980 |794 1.307
Lo A . 0.50C |2.502 |4306 1.187
Y 0.75C [3.757 |2529 1.225
Time(m) ESH5-12|1.00C |4.988 |1878 1.194 [1.217
9 8. ES4-12 A% A3 1.25C 16.242 |1291 1.252
Fig. 8 ES4-12 Experiment result 1.50C |7.490 [1080 1.228
3. AAF-AAL FAAL oS L 24
Table 3. CC-CV charge time estimation result
current w/ Averagek,, current (A) teo () time (s) time (s) ()
0.50C | 1.003A | =1) 0.18 -1) -1) -1) -1
0.75C | 1.499A | 2172 0.18 1741 3787 3913 3
ES2-12 | 1.00C |2.000A | 1521 0.18 1602 2997 3123 4
1.25C | 2.502A | 1153 0.18 1659 2721 2812 3
1.50C | 3.004A | 920 0.18 2489 3091 3409 10
0.50C | 2.000A | 3550 0.33 1000 4952 4551 -8
0.75C | 3.004A | 2168 0.33 1468 3829 3636 -5
ES4-12 |1.00C |4.000A | 1532 0.33 2058 3487 3590 3
1.25C | 4.988A | 1172 0.33 1541 2768 2714 -2
1.50C | 5.980A | 941 0.33 2925 3830 3866 1
0.50C | 2.502A | 4189 0.44 1538 5731 5728 -
0.75C | 3.757A | 2554 0.44 2023 4502 4578 2
ESH5-12 | 1.00C | 4.988A | 1809 0.44 1734 3339 3543 6
1.25C | 6.242A | 1377 0.44 2416 3540 3793 7
1.50C | 7.490A | 1103 0.44 2147 3177 3250 2
1) ES3-12 A9 0.5C AAF WHdL Peukert's §F 4ol o] &5 & 1Ad sgst=], & =3d 4§
%= Peukert's W42 FHl9) Byl WAdF T 1AL wlo] Bt AME 5 glonz Ay
T o)

AZGE N A% el e RES REEA Y
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