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Development of High Performance Lead-acid Battery
“PRODA Series” for Commercial Vehicles
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Abstract

Recently, the usage environment of lead-acid battery for commercial vehicles changes more severe. One is
prolongation of maintenance interval by legal. The fewer of battery checking number requires less water
consumption property for battery performance. The other is increasing of electrical load by adoption of idling-
reduction system. The load increase requires higher durability performance. To meet these requirements, we
have put new "PRODA series" lead-acid batteries for commercial vehicles on the market since 2010. This series
consists of four lineups: (1) PRODA NEO for general-purpose use, (2) PRODA BUS specialized for bus use, (3)
PRODA TAXI specialized for taxi use, and (4) PRODA DELIVERY specialized for delivery use. This renewal
series adopts three technology items of envelope type separator with glass mat, optimized positive grid alloy,
and high density positive active material, thereby achieving both higher durability performance and less water

consumption property, resulting in acquirement of good reputation among the commercial market.
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Results of tear down analysis of 130F51 type lead-acid batteries installed in the truck for 24 months.

(a) Failure mode analysis, (b) Representative photos of positive and negative plates. Positive grid corrosion and

positive active materials softening were observed.
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Fig. 2 Degradation mechanism of a lead-acid bat-
tery for commercial vehicle.
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Fig. 3 Cycle service lead-acid battery catalog is-
sued around 1987 by Yuasa Battery Co.,Ltd. (Cur-
rently GS Yuasa Corporation).
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Fig. 4 Cross-sectional electrode assemblies for
newly developed and existing lead-acid batteries.
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Fig. 5 Water consumption performance for newly
developed lead-acid battery with new-optimized
alloy grid based on the case of existing battery with
normal alloy grid in accordance with JIS water con-
sumption test method.
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Fig. 6 Endurance performance of newly developed
lead-acid battery with high density positive active
material based on existing battery with normal ac-
tive material at 60 °C in accordance with JIS heavy
load endurance performance test.

Discharge: 0.4 CA for 1 h.

Charge : Constant voltage of 2.47 V for 2 h with

maximum-limited current of 2.5 CA.
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Fig. 7 Changes in terminal voltage at the end of
discharge with cycling for newly developed lead-
acid cell (O) and existing one (@) at 60 C.

Test condition

Discharge : Reach to DOD40% or to 1.0 V.

Charge : Constant voltage for 2 h.
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Fig. 8 Changes in 30 sec-discharge voltage at
660 A at 60 C with cycling for newly developed
lead-acid cell (O ) and existing one (@ ). This
test was conducted during cycle life test under the
condition : Discharge of DOD40% or to 1.0 V fol-
lowed by charge of constant voltage for 2 h.
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Fig. 9 Changes in maximum charging current under
constant voltage of 2.47 V with cycling for newly
developed lead-acid battery ( O ) and existing bat-
tery (@). This test was conducted during cycle life
test under the condition : Discharge of DOD40% or
to 1.0 V followed by charge of constant voltage for
2 h.




GS Yuasa Technical Report

Short circuit

Positive grid
corrosion /
Positive active

é%/( Sediment
l—llggﬁ;{\\ Negative active
=

material softenin
Negative active

Separator
permeation material hardening

Separator discoloration

(@)

20114568 #£8% H£1%5]

materia shrinkagel

Positive active
material softening

Short circuit

Negative active
material shrinkage

Negative active
material hardening

Separator
permeation

Separator discoloration

(b)

Fig. 10 Failure mode results by tears down analysis of newly developed lead—-acid cell after 540 cycles (a)
and existing one after 360 cycles (b). Softening of positive active material and corrosion of positive grid were
observed for both batteries, but short-circuit was only confirmed in existing battery.
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Fig. 11 Change in 30 sec-discharge voltage at
948 A at 40 C with cycling for newly developed
lead-acid cell. This test was conducted every week
during cycle life test under the condition: Discharge
of DOD40% or to 1.0 V followed by charge of con-
stant voltage for 2 h.
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Fig. 12 Change in water consumption at 40 C with
cycling for newly developed lead—-acid battery under
the condition: Discharge of DOD40% or to 1.0 V
followed by charge of constant voltage for 2 h.
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Fig. 13 Results of tear down analysis of newly developed lead—-acid battery after 1400 cycles under the con-
dition of DOD40% or to 1.0 V followed by charge of constant voltage for 2 h. (a) Failure mode analysis, (b)

Representative photos of positive and negative plates.
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Fig. 14 Test period and mileage in a field test for
newly developed battery and existing one installed
in bus. Actual vehicle tests were performed at three
sites based in the Tokyo area and Kansai district.
Test battery sizes : E41, G51, and H52 types.
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Fig. 15 Trend of water consumption in field test for
E41 type lead-acid batteries installed in bus under
different urban running conditions. Base B (O, [1)
covers area requiring a lot of idling frequency 1.6
times more than the case of Base A (@, H). Newly
developed batteries (O, @), Existing batteries ([,
m.
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Fig. 16 Delivered capacity at 0.2 C rate after re-
covery charge for collected lead-acid batteries used
in Base B. Newly developed battery : 16 months
past (61,019 km mileage) ; Existing battery: 15
months past (57,692 km mileage).
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Fig. 17 Failure mode results by tears down analysis of collected lead-acid batteries from transit bus used in
Base B in Fig. 16. Newly developed battery (a): 16 months past (61,019 km mileage) ; Existing battery (b): 15
months past (57,692 km mileage). Softening of positive active material and corrosion of positive grid were ob-
served for both batteries, but small short-circuit was only confirmed in existing battery.
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