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Improvement of charging efficiency of AGM lead acid battery through
formation pattern research
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Abstract In order to improve fuel economy and reduce CO,, HEV adopts ISG system as a standard. This ISG system
increased the electric load that the battery had to bear, and the number of starting increased rapidly,. AGM Lead Acid
batteries have been developed and used, but the charging time is about three times longer as the electrolyte amount control
during formation must be maintained at a higher level compared to conventional lead-acid batteries. In this study, we tried
to shorten the charging time by increasing the charging efficiency through the optimization of the formation pattern. In
order to optimize the Formation Pattern, 10 charging steps and 6 discharging steps were applied to 16 multi steps, and the
charging current for each step was controlled, and the test was conducted under 4 conditions (21 hr, 24 hr, 27 hr, 30 hr). As
a result of simultaneous application of multi-step and discharge step, it was verified that minimizing the current loss and
eliminating the sudden polarization during charging contributes to the improvement of charging efficiency. As a result, it
showed excellent results in reducing the charging time by about 30 % with improved charging efficiency compared to the
previous one.
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Table 1
Formation condition (Pause vs Discharge)
Condition 1 Condition 2
Division Current [A] Time [hr] Division Current [A] Time [hr]
Charge 3 1 Charge 3 1
Charge 7 2 Charge 7 2
Charge 10 2 Charge 10 2
Charge 15 2 Charge 15 2
Pause 0 0.5 Discharge -5 0.5
Charge 17 2 Charge 17 2
Total 10 Total 10
Table 2
Formation condition according charging time
S Condition 1 Condition 2 Condition 3 Condition 4
te
P Current [A]  Time [hr]  Current[A]  Time [hr]  Current [A]  Time[hr] Current[A]  Time [hr]
Charge 1 3 1 3 1 4 1 4 1
Charge 2 10 3 13 3 15 2 19 2
Discharge 3 -5 0.5 =5 0.5 -5 0.5 -5 0.5
Charge 4 15 5 17 4 20 3 24 2
Discharge 5 -5 0.5 =5 0.5 -5 0.5 -5 0.5
Charge 6 17 3 19 3 20 3 24 2
Discharge 7 -5 0.5 =5 0.5 -5 0.5 -5 0.5
Charge 8 15 4 17 3 20 3 23 2
Discharge 9 -5 0.5 -5 0.5 -5 0.5 -5 0.5
Charge 10 15 3 17 25 20 2 23 2
Charge 117 3 19 3 22 2 24 2
Discharge 12 -5 0.5 =5 0.5 -5 0.5 -5 0.5
Charge 13 15 2 17 2 19 2 24 3
Discharge 14 -5 0.5 =5 0.5 -5 0.5 -5 0.5
Charge 15 13 2 13 1.5 17 2 19 1
Charge 16 4 1 4 1 5 1 6 1
Total 30 27 24 21
Table 3
Test sequence and method
No Test Items Test method
* Battery condition: Full charged battery
. * Test Temp.: 25°C
! 20 hr Capacity * Discharge current: 3.5 A (70 Ah, 20 hr-rate)
* Until voltage drops to 10.5 V
* Battery condition: Full charged battery
* Test Temp.: —18°C
* Discharge current: 760 A (70 Ah)
5 CCA * Until voltage dropsto 7.2 V
(Cold Cranking Amphere) * Battery condition: Full charged battery
* Test Temp.: —30°C
* Discharge current: 450 A (70 Ah)
* Until voltage drops to 7.2 V
CA * Battery condition: Discharge current 25 A until 80 % of capacity.
* - 0°
3 (Charging Acceptance) Test Temp.: 0°C
ging P * Charge voltage: 14.4 V
* Battery condition: Full charged battery
* Test Temp.: 25°C
* 1% step discharge: 45 A, 59 sec
ISG cycle test nd : . ’
4 (SBA'S0101) * 2 step discharge: 300 A, 1 sec

* Charge step: 100 A, 60 sec, 14.0 V
* Charge/discharge cycles 3600 (5 days) after 48 hr (2 days) pause.
* Cut-off voltage (Terminated): 7.2 V
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Fig. 3. Temperature & voltage behavior during formation of
batteries; (A) Pause step, (B) Discharge step.

Table 4
Components of positive A.M after formation
) PbO, (%) PbSO, (%)
PAUSE 78.36 13.63
Discharge 85.36 6.20
Table 5
Components of negative A.M after formation
) Pb (%) PbSO, (%)
PAUSE 70.02 29.01
Discharge 76.28 13.06
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Fig. 4. SEM images of positive & negative active material after formation; (A) Pause step, Positive A.M (B) Discharge step, Positive
AM, (C) Pause step, Negative A.M, and (D) Discharge step, Negative A.M.
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Fig. 5. Temperature behavior during formation of batteries; (A) 30 hr formation, (B) 27 hr formation, (C) 24 hr formation, (D) 21 hr
formation.

Fig. 6. SEM images of positive active material after formation; (A) 30 hr formation, (B) 27 hr formation, (C) 24 hr formation, (D)
21 hr formation.
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Fig. 7. SEM images of negative active material after formation; (A) 30 hr formation, (B) 27 hr formation, (C) 24 hr formation, (D)
21 hr formation.
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Fig. 8. Voltage behavior during 20 hr capacity test of batteries;
(A) 30 hr formation, (B) 27 hr formation, (C) 24 hr formation,
(D) 21 hr formation.
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Fig. 9. Voltage behavior during —18°C CCA test of batteries;
(A) 30 hr formation, (B) 27 hr formation, (C) 24 hr formation,
(D) 21 hr formation.
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Fig. 10. Voltage behavior during —30°C CCA test of batteries;
(A) 30 hr formation, (B) 27 hr formation, (C) 24 hr formation,
(D) 21 hr formation.
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Fig. 11. Charging current behavior during charge acceptance
test of batteries; (A) 30 hr formation, (B) 27 hr formation, (C)
24 hr formation, (D) 21 hr formation.
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