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Abstract

The newly simulated test patterns for the evaluation of lead acid battery of idling stop vehicle, have been
established in order to accelerate the development for battery to meet the required durability performance for
the practical application. The simulated test patterns were obtained by the statistical analysis on the data of
the practical driving test using an idling stop vehicle in the various type of roads in Kyoto prefecture. The test
results on life performance cycle with the new simulated patterns in the bench test were turned out to be fitted
to those of the battery used in the practical field test of vehicle. This test results on both the existing hybrid
type and maintenance type batteries have been successfully demonstrating up to 3.8 year-driving period with
the appearance of the performance of no voltage decrease at high rate discharge and 30 to 40 percent capacity

loss at 0.5 C rate discharge .
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Table1l Test conditions for the investigation of charge/discharge characteristics of lead-acid battery during

commuting drive with idling stop.

Items Contents

Test car 1300 cc CVT car (1990 model)

Battery 55B24L type MF battery* (Rated capacity: 36 Ah)
Route Kyoto city — Uji city with 15 km/one way

Measuring equipments HIOKI 8420 MEMORY HILOGGER

Digital clamp meter

Sampling interval 0.5 sec.

* Positive and negative grids: Expanded Pb Ca alloy

T2 TERBEN 27 Ah D 34B19L i MF SABEEMD 40 CAEICHIIB L I 2L -3 Na—F-RIZED
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Table2 Test conditions for the measurement of charge/discharge balance of 34B19L type MF lead - acid
battery with rated capacity of 27 Ah by simulated pattern mode at O °C in water bath.

Cases Discharge current (Electrical load assumed) Maximum charge voltage
Case 1 . 12 A (Blower fan) 144V (2.40 V/cell)
Case 2 22 A (Blower fan + Head light) 144V (2.40 V/cell)
Case 3 12 A (Blower fan) 134V (2.23 V/cell)
Case 4 22 A (Blower fan + Head light) 134V (2.23 V/cell)
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Table 3 Life test conditions by the simulated pattern with case 1 for lead-acid batteries

Items Contents

Test battery

34B19L type MF battery* (Rated capacity: 27 Ah)

34B19L type HB battery** (Rated capacity: 27 Ah)

Test condition
Discharge current®** 12 A

Life

40 °C (Water bath)

Below 9 V at 100 A X 1sec discharge

+  Positive and negative grids: Pb —Ca expanded alloy

s Positive grid: Pb—Sb cast alloy , negative grid: Pb —Ca expanded alloy

0k Assumed electrical load during idling stop
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Table 4 Frequency and duration time of idling stop and its average discharge current

of lead-acid battery during the full driving course.

Items From office To office Total
Average discharge current /A 29 16 45
Number of idling stop /times 22 16 38
Accumulated duration time  / min. 13.7 215 452
Distance and duration time / km 1.5 1.0 2.5
for idling stop / min. 0.33 0.2 0.55
/% 20.5 2.95 50.0
3 @ELEx R F 77— NOMERICRE LK EY
BRI 2 ~R 4 127 F. ETMode 1 (B2) 13,
3.1 EHEETHORMEEE H O\ VE T —EDEE TETTE HKED L D

EATHOBMOTHNEER, BEBLOTA N~
TALY TROWFBO—FZR1IRT. T4 F) 7
A by TEREL, ET5 IO 2RO ET
Y, ETIRREHDFLDY 2155720000 TH
B, SOFRERTIE, &K60% L& %2 XAz H
7z,

EITERDOT A R) Y7 ANy 7OHEEB I ZFD
P EBRE BN LG REYRA4IIRYT. TAF
VYT ANy THOEBRIDIFERA 29 A L, 1
FEFE DL 13 A B REDNS UL, REERCIE
WO 707 77 XM~y 74 e LT
EAT L7220 TH L. TOHEEIR, HEFE X RS
R 1 ~ 15 km EITH D 1 HTH Y, Eizkefi2
T AHEEIE, 20 ~30% Th - 7.

DX, BEETTOXMET 505, TOF
NG — 2R IHEOE— FIZHHELT, TAF) ¥ 7
A by TORMEBLOERKEREREE LHIZFLHTES

T, ZOHBEOBMIIHLEMCTHER T 25, MIARE
MOFTHEI YR ENL Z EAbhr b, #FT Mode
2 (3) &, ZCHEDRRL WEIEE R T VK
2B 2 HERERE TETT 5 KED L 0T, FHH
BIIV R WIREOLDOTHL. ZogE, I JERH
DTA )Y TAMy IRBIabhlzbEid, LIE
LT ESINGIRELZ MR T 577, HHERE &b
IZ Mode 1 D54 & AARIZ /N 2 B O FE B AR Y
WENDZ EDDND. EFT Mode 3 (B4) 1%, &
FEASIEH (ki L 72 B B, KIB NG o J&1
ICBT 5, REEH OFHE L TR OEST 28 0 &3 IR
EBOLOTHL., Zogh, RIFHOEERE LM
R OEBLEFLEIMRY BEINLZ E0brb. 20
E— NT, HEOPHHRBERIPKEL, TA R 7R
by TEESELS 2B L, BMOFTEIREIET T
LH0EEZBEND.

56



GS News Technical Report 2003F 128 5624 HF2%5 \

3.2 YIalb—2a>nNa—COFERKR DI, B A BENHH L7z & & 0z & BEE R
3. 1IHTHAR7: 3D E— FEEH L -Bitho 7 Bl % 7o k6, ol 1 h (M) — BB 10 h
WE Ny — 2 ER5 K6 B LURT7IC, ENEIURT. —#iE 1 h UF8) > HEEEI12h Th o7z,

F7-, GBI, TO3O0NRY — 2 ERTIED T, COWERREEZIIZLT, 0TCTTBI R )NV TR
FMEY Iab—a vy — Y &2ERL. O BB ARIEEMEOE0 L) ICE LA 9
R EETICBUAHEDOLDFRBIIRT. DXL, BER A O BRI L, EBRIIEFEH PRI L -
NYFHBRIHET T 2 1 HG0/88 — 2 2Bl 5 72 ThkA TH 575, IgEr o b COFEREE 10

x£5 ETRABICHELAET—NEZOHE
Table 5 Modes and their features classified by driving

conditions.
Type Feature Frequency of idling stop Example
/ km /min. /% *

Mode 1 No traffic congestion X X X Country road, traffic artery
with constant speed
drive

Mode 2  Light traffic congestion x~0QO x A Residential street, downtown,
with few times and short traffic artery with congestion, alley
stop

Mode 3 Traffic congestion with O @) @) Downtown, tourist spot
frequent time and long
stop

O: High, A: Middle, X : None~low
¥ Frequency of idling stop (%) = ( Accumulated idling stop time / Driving time ) x 100
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Fig. 1 Change in current and voltage of lead-acid battery and frequency rate of idling stop to past 5 minutes
duration time during the commuter driving.
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Fig. 2 Typical charge-discharge current pattern for Mode 1 by constant speed drive with no traffic congestion.
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Fig. 3 Typical charge-discharge current pattern for Mode 2 by few times of short stop with light traffic

congestion.

58



GS News Technical Report 2003 128 H62% F25 \

40 - Driving
5 20 - /
o
< 0 M‘T
~
- 20
§ Idling stop /
3 gg, 40
2 60 - AN
a
Engine re-start
80 r
100
1600 1660 1720 1780

Time / sec.

4 XBERICLIREFEFEEDH 32ETT Mode 3 DK AFTEHMEER/NZ— >
Fig. 4 Typical charge-discharge current pattern for Mode 3 by frequent times of long stop with traffic ongestion.
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Fig. 5 Typical charge-discharge current pattern simulated for Mode 1 by constant speed drive with no traffic
congestion.
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(1) Discharge : 12 or 22 A X 15 sec. + 100 A X1 sec.
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(3) Repetition of Mode 1 : 25 times

100 ! ! !
60 120 180

Time / sec.

Discharge

60 -

6 EELXBEFICLDEREEEDH BEIT Mode 2 £ L KWL RHEER/ N2 — >
Fig. 6 Typical charge-discharge current pattern simulated for Mode 2 by few times of short stop with light
traffic congestion.
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Fig. 7 Typical charge-discharge current pattern simulated for Mode 3 by frequent times of long stop with traffic
congestion.
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Fig. 8 Simulated battery charge-discharge pattern of the commuter driving for one way.
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Fig. 9 Typical charge-discharge pattern of lead acid battery simulated for the commuter driving for one day
at40 C.
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Fig. 10 Balance of of charge input and discharge capacity of lead acid battery with the condition of different

currents at idling stop and maximum charging voltage by charge-discharge pattern simulated for the commuter
driving for one way.
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Fig. 11 Balance of of charge input and discharge capacity of lead acid battery with the condition of different

currents at idling stop and maximum charging voltage during 40 cycles by charge-discharge pattern simulated
for the commuter driving for one way.
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Fig. 12 Change in 100 A -discharge voltage , 5 hour rate capacity and water loss during simulated pattern cycle
life performance test for 34B19L type lead acid batteries.
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Fig.13 Radar chart for failure mode analysis after 900 cycles with simulated cycle life performance test for

34B19L type lead-acid batteries.
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Fig. 14 The mileage, 5 hour rated capacity and water loss weight for lead-acid battery during a field test .
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