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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
electric power to lead-acid battery for not only cranking including re-starting but also electric load during the
idling stop on the road. Therefore, lead-acid battery for ISS must have high durability performance and high
charge acceptance. We have improved the durability and higher charge acceptance of the lead-acid battery for ISS
and we have supplied lead-acid battery for ISS from 1st to 4th generation in the market until now. However, for
further improvement of the fuel efficiency, we need to develop the next generation lead-acid battery for ISS which
has higher durability and higher charge acceptance. We investigated the failure mode of 4th generation lead-acid
battery for ISS after the field driving test and confirmed the main failure mode was sulfation of the negative plates.
We succeeded in the development of the next 5th generation lead-acid battery for ISS to suppress sulfation by

new carbon technology and optimized additives in negative active material.
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Fig. 1 Annual changes of the ratio of the people who

use passenger automobiles for short time and short

distance driving as a main purpose for the main driv-

ers and the ratio of the light cars® among the types of

owned passenger automobiles.

% light car is defined as the displacement is below
660 cc.

16



GS Yuasa Technical Report

20165128 $£13% B2

IR EBEZ O/ N EZHONCE R LT E 5
Moo, 74 R T X by THOMHEDNGICDNT
b, AMETHEREDN DR OAHERETH 5 T & HMHESR
ENhb.

fyg, 74 RV YT X by THARZEEMICE 5T
&, ARETIEBED D RN T LIC K B BB DR,
FR AR EEIRAE C O H R AR O IN & W\ 5 T 020
EZ2bN%. TOXIRMAREICBWLTIE, KEE
BT H BN ER L9 <, HiffkIHAMICES
WIS OFEREDER, TV T 2 —> 3 > &M
ENBHENHETT S & FRENS. Fig 21
7 x—3 9 UHHET LI BRI O SEM 572 R d
10 pm 22 2 K E GBSO DL T E 5.
YIVT 2= 3 YINET LTS, REZAEMET
T 3728, HmlRE O NS B OEEFM kD
5.
FRFHOE L, EEICT A R VT A Sy TH
MHUHOE AT A RV VT A by THANS
T EIN L, AT X DHbE— RERE L.
FAEMIE, A RS ES (BRI 9.8 A,
EATHERE 2218 km (A REEITIEBEFAE T 226 km) ],
B i Bl S (A 9.3 A, ETTIEBE
2017 km (ARBETTHEME T 217 km)] THD,
ABETIHEN D5, SEFEOMRIRIUCHELIL T
BEEZONDEDZEE L.

fRAATAE RS R Fig. 31TRY. TOL—X—F v—
MG UHDRERD B VTV B it 95T H b IF A
W, 2L =2 BXUTEIVHBOZHLE—F%EO
~ 50D 6 BFFICHBIL THILHETIREZ g &I
ZLIZEDTH 0 wikOFHMED, W NoE

Fig. 2 SEM image of negative plate with progressive
sulfation.
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Fig. 3 Failure mode analysis of 4th generation M-42
type lead-acid batteries after field driving test. The
battery type is shown in standards of Battery Associa-
tion of Japan (SBA S 0101 : 2014). The state of various
failure modes is evaluated by six ranks with the extent
of their deterioration phenomena : Rank 0 and 5
stand for no sign and the severest condition, respec-
tively.
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The distance that New Carbon Optimizing additive in negative
lead sulfate can technology makes active material makes lead
react the distance larger sulfate size smaller

(0) before charging (i) before charging (ii) before charging

(0) Charging (i) Charging (ii) Charging

Fig.4 Proposed reaction model of Pb / PbSO4 electrode during charging.

(0) shows the model without any new items in negative active material.

(i) shows the model with new carbon technology in negative active material.
(ii) shows the model with optimizing additive in negative active material.
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Fig.5 Profile of accelerated sulfation test.
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Fig. 6 Sulfation accelerated test performance of 4th
generation and 5th generation M-42 type lead-acid
batteries. The battery type is shown in standards of
Battery Association of Japan (SBA S 0101 :2014).

e, H5IRTEALHEINETIVT 2 —
¥ HNCRIRD D B T L 2R T E .

5 SRETOMNRAER

TARVYTA Sy THASE 4 HRBIUTE S
RO M-42 fnFBEM 2R L AR A Y T
A by THICTHEEE THBRZ B Gole. BN
1310 7 A, EfTE#E 2200 km & IFIZHEEE OB R
EixAH Lo L. RINKEOBRPIFKEFIE, $4
MRT 1229V THoDIcH L, HFH5MHRTI
1240V & @WEREZHETFFLTEBD, B 5 HROAHN
XOEWRBEIREETH >z, Tz, WEHESUIEEER
BRENCIZZNZENDOIMRT 53 mQ THEULM T,
FEARE T, FA4HERT72mQ, FH5HMRT6.2
mQ &, %5 RTINS EIOE MM MHENT
W7z (Table 2). Fig. 8 ICHHEITIERED B A
o SEM 672/~ MBS ORI K E R 5> T

Table 2 Internal resistance (AC-IR) and open circuit
voltage (OCV) of 4 th and 5 th generation M-42 type
lead-acid batteries before and after field driving test.
The battery type is shown in standards of Battery
Association of Japan (SBA'S 0101:2014).

Before field After field
driving test driving test
AC-IR/  OCV/V AC-IR/ OCV/V
mQ mQ
4th 53 12.72 7.2 12.29
generation
5th 53 12.73 6.2 12.40
generation

Fig.7 SEM image of negative plate after 300 cycles of accelerated sulfation test, (a) 4 th generation, (b) 5 th gen-
eration lead-acid batteries M-42 type. The battery type is shown in standards of Battery Association of Japan (SBA

$0101:2014).
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Fig. 8 SEM image of negative plate after field driving test, (a) 4 th generation, (b) 5 th generation M-42 type
lead-acid batteries. The battery type is shown in standards of Battery Association of Japan (SBA S 0101 :2014).
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Table 3 Development items in each generation lead-acid battery for idling stop system.

Items Development history
1st Generation ~ 2nd Generation  3rd Generation ~ 4th Generation ~ 5th Generation
[1st G] [2nd G] [3rd G] [4th G] [5th G]
Launched 2009~ 2010~ 2011~ 2012~ 2017~
Cell design 4 v v vV vV
(Increased surface area)
Optimized grid design 4 Vv vV 2% 2%
New additive for v v v
electrolyte
Spgcial processing negative v/ v vV 4% Vv
gri
High density of positive v vV 24 vV vV
active material
New additive in positive v v v Vv vV
active material
Optimized additives in v v v v vy
negative active material
Carbon technology 4 v v v v
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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