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Abstract

Automotive manufactures have been trying the development of idling stop vehicles to improve fuel efficiency with
simple systems and low cost compared to EVs and HEVs. The idling stop system (ISS) requires more and more elec-
tric power to lead-acid battery for not only cranking including re-starting but also electric load during the idling
stop on the road. The lead-acid battery for ISS must have high durability performance, because the amount of
charge and discharge for ISS increases obviously as compared with that of conventional vehicles. It is also neces-
sary to decrease the electrical energy provided by the rotation of vehicle engine as much as possible to improve
fuel efficiency. Charging time of the lead-acid battery for ISS needs to be much shorter than that of conventional
batteries, and the regenerative charge must be accepted in seconds. Therefore, high charge acceptance is required
on the lead-acid battery for ISS. We have improved the durability and the charge acceptance of the lead-acid bat-
tery for ISS through optimizing active material compositions, grid design, and additive addition to electrolyte since
we started to supply in the market in 2009. As a result, the regenerative charge acceptance is about 3 times higher,
and the durability is about 4 times higher than that of conventional batteries. In this report we describe these tech-

nical transitions of the lead-acid battery for ISS.
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Fig. 1 Categories for hybrid vehicles and energy
storage devices.
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Table 1 Lead-acid batteries for idling stop system
produced by GS Yuasa.

Battery  Capacity External dimensions (Max.) / mm
types 7t5h raté |ength Width Container Overall

Ah height height
M-42R 32 197 128 202 227
M-42 30 197 128 202 227
N-55 36 238 128 202 227
Q-55 48 232 173 202 225
Q-85 48 232 173 202 225
S-85 55 260 173 202 225
T-110 64 305 173 202 225
35
OEV
30r O PEV
2 RHEV
5 251 m Micro-hybrid
T 20f
2 150
=]
2 10+
5L
0 2010 2011 2012 2013 2014 2015 2016
Year

EV : Electric vehicles

PEV : Plug-in hybrid electric vehicles

HEV : Hybrid electric vehicles

Micro-hybrid includes idling stop system (ISS) vehicles.

Fig. 2 Estimated market trend for Eco cars in the
world by GS Yuasa.
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Fig. 3 Development history of GS Yuasa lead-acid battery for idling stop system. The battery type is shown in

Table 1.

Table 2 Development items in each generation lead-acid battery for idling stop system.

Development history

[tems 1st Generation 2nd Generation 3rd Generation 4th Generation
[1st @] [2nd [3rd G] [4th G]

Launched 2009~ 2010~ 2011~ 2012~

Cell design v v v %

(Increased surface area)

Optimized grid design v (44 v vV

New additive for electrolyte v v

Carbon technology v v v v

Special processing v Vv vV vV

negative grid

High density of v vV vV %

positive active material

New additive in v v v vv

positive active material

Note:

v Improvement as compared with conventional batteries.

v'v' Additional improvement as compared with v
v'v'v Additional improvement as compared with v'v".
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Fig.4 Historical transition of regenerative charge ac-
ceptance performance of lead-acid batteries for idling
stop system. The battery type is shown in Table 1. The
abbreviation of G is the same terms expressed in Ta-
ble 2.
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Fig. 5 Life cycle test profile of the lead-acid battery
for idling stop system in conformity with standards of
Battery Association of Japan (SBAS 0101 : 2006).
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Fig.6 Regenerative charge acceptance performance
during life cycle test for 2nd ( A ) and 3rd ( M ) gener-
ation of lead-acid batteries Q-55 and Q-85 type for
idling stop system, respectively. The battery type is
shown in Table 1.
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Fig. 7 Historical transition of cycle life performance
of lead-acid batteries for idling stop system in confor-
mity with standards of Battery Association of Japan
(SBA'S 0101 : 2006). The battery type is shown in Ta-
ble 1. The abbreviation of G is the same terms ex-
pressed in Table 2.
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Fig. 8 PSOC life cycle test profile of the lead-acid
battery for idling stop system.
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Fig. 9 PSOC life cycle performance for 3rd (l) and
4th (@) generation of lead-acid batteries Q-85 type
for idling stop system. The battery type is shown in
Table 1.

Specific gravity

40,000
Cycles

0 20,000 60,000

Fig. 10 Specific gravity of upside electrolyte during
PSOC life cycle test for 3rd (Hl)and 4th (@) genera-
tion of lead-acid batteries Q-85 type for idling stop
system. The battery type is shown in Table 1.
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Fig. 11 Failure mode analysis for 3rd (black line) and
4th (red line) generation of lead-acid batteries Q-85
type for idling stop system after PSOC life cycle test.
The state of various failure modes is evaluated by six
ranks with the extent of their deterioration phenome-
na: Rank 0 and 5 stand for no sign and severest state,
respectively. The battery type is shown in Table 1.
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Fig. 12 Outer appearance of positive and negative
plates for 3rd (a) and 4th (b) generation of lead-acid
batteries Q-85 type for idling stop system after PSOC
life cycle test. The battery type is shown in Table 1.
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Fig. 13 Vehicle speed and engine rotation frequency
during field driving test using TOYOTA “Vitz (1.3L,
Smart stop package)” with the lead-acid battery S-85
type for idling stop system. The battery type is
shown in Table 1.
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Fig. 14 Battery voltage and current during field driv-
ing test using TOYOTA “Vitz (1.3L, Smart stop pack-
age)” with the lead-acid battery S-85 type for idling
stop system. The battery type is shown in Table 1.

Table 3 Mileage and test periods during field driving
test using TOYOTA “Vitz (1.3L, Smart stop package)”
with the lead-acid battery S-85 type for idling stop
system. The battery type is shown in Table 1.

Vehicle Vitz

Battery type S-85

Mileage 12,000 km

Test period 1.5 years
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Table 4 Performance of the lead-acid battery S-85
type for idling stop system after field driving test us-
ing TOYOTA “Vitz (1.3L, Smart stop package)”. The
battery type is shown in Table 1.

Performance items Ratio(%)
V.S.
initial performance
Capacity 5 h rate Before charge 95%
After charge 99%
High rate discharge  Voltage after 5 s 99%
at300Aat-15"C DPyration 91%
Regenerative charge acceptance 96%
Short-circuits
. ) 5 Sediment of
Positive grid 1 .
corrosion droppgd active
material

Negative active
material shrinkage

Positive active
material softening

Negative active

Dendrite formation material sulfation

Chaﬁge of
separator color

Fig. 15 Failure mode analysis of the lead-acid bat-
tery S-85 type for idling stop system after field driving
test using TOYOTA “Vitz (1.3L, Smart stop package)”.
The battery type is shown in Table 1.
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