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Abstract

Idling-stop (stop and go) system with lead-acid battery is a simple way to improve fuel economy of automobiles

and is expected to spread widely from an environmental perspective. Therefore, the performance in road tests

with an idling-stop vehicle has been investigated using advanced valve-regulated lead-acid (VRLA) battery com-

pared with the case of conventional one and flooded type batteries. The advanced battery was found out to be

suited to idling-stop applications because it showed a smaller capacity loss than the other type of batteries dur-

ing partial-state-of-charge (PSOC) operation. Furthermore, after the three-year road test, it appeared that the

positive grid was corroded with lamellar structure since the corrosion proceeds mainly under PSOC conditions

unlike the usually observed grain boundary corrosion of SLI battery grid. The corrosion rate was verified to be

suppressed by potential control of positive plates.
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Fig. 1 Examples of commuter driving data of a ve-
hicle with idling stop system.

Table 1
tery during a road test.

% MEFE L 7278, %%LLle‘ I SOC M F L7z, &
BT % 132 VIZEE L72HE121E, T SOC 1%

W%,WmAfim%f@ot.:ﬂuﬁL,%ﬁ
%WQATM%%t%wﬁ%f@ot.ﬁﬁ%Eé
AL HIZ & o TIRWFEBBLIZB VT SOC 775 <
RTHZ D broTz.
3.1.3 2 7 ABNEHEHRER

B & & fE VRLA Eithi2 2w T, SOC 28
WIREE COF MR T WK T 272012, RWEEX
FECTEBEREL 72, Fig 2 @ﬁi%ﬁ%%fa%ﬁﬁ%@ HiZ
SOCHELL %5 & 912, FABIEEIMTI34 V, &
PERE VRLA BT 132 VICRRE L7z, 2 » HFEHR
Erti O BB R & DUT IR T

9, BAEE TR 7012, Bibok
FHRELmARZROFEZME L. ZoE% Fig
VIR, EHEREBRZORREIIFBIE T D 43%,
wERE VRLA T67% Th o 72, AERIE, BOE
7% 85%, TElkERE VRLA 13 102% TdH - 7-.

ZDOWw

100 -
90 +

80

SOC / %

70

60 1 1 1 1
13.0 135 140 145 150

Alternator voltage / V

15.5

Fig. 2 Change in SOC for various lead—-acid batter-
ies after one-week road test with different alternator
voltages.

O Conventional-flooded type , & Conventional-VRLA,
[J Improved-VRLA

Frequency and duration time of idling stops and the average discharge current of the lead-acid bat-

ltems From office To office Full day in total
Driving time / min. 67 73 140

Driving distance / km 15 15 30

Average discharge current / A 29 16 22

Number of idling stop / times 22 16 38
Accumulated idling stop duration / min. 13.7 21.5 35.2

Idling stops per km / times 1.5 1.1 1.3

Idling stops per min. / times 0.33 0.22 0.27

Total idling stop rate™ / % 205 295 25.1

% : Accumulated idling stop duration time/driving time
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Fig. 3 Comparison of SOC of conventional flooded
type lead-acid battery and advanced VRLA battery
after two-month road test.
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Fig. 4 Accumulated PbSO, in plates of convention-
al flooded type lead—-acid battery after two-month
road test followed by full charge.
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Fig. 5 Accumulated PbSO, in plates of advanced
VRLA battery after two-month road test followed by
full charge.
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Fig. 6 Change in discharge capacity of advanced
VRLA battery during the three-year idling stop road
test.
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Fig. 7 Change in photograph of cross-sectional positive plate (cast grid) of advanced VRLA battery after the
three—-year road test.
(a) Initial, (b) After
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Fig. 8 Photographs of cross—sectional Pb-Ca-Sn alloy book-mold cast sheet after constant potential corro-
sion test at 2.02 (a), 2.12 (b), 2.22 (c), and 2.32 V (d) vs. Pb/PbS0O, (5.26 M H,S0,).

o o o -
B » © o
T T T

Mass loss / g

©
N
T

0.0 1 1 1 1
1.6 1.7 1.8 1.9 2.0

Cathodic potential / V vs. Pb/PbSO,

2.1

Fig. 9 Dependence of mass loss of Pb alloy cast
sheet after the potential step corrosion test on ca-
thodic potential during the cycles.
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