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Abstract

In recent years, required performances of lead-acid starter battery by automotive manufacturers around the world

has been further enhanced. In Europe, in particular, European Norm (EN) and Verband der Automobilindustrie

(VDA) norm are regarded as important. These standards have different requirements from Japanese Industrial

Standard (JIS) and SBA standard widely known in Japan. Therefore, starter batteries different from conventional

ones in Japanese market are demanded for European market. Newly developed starter battery adopted technolo-

gies which cultivated in the developments of batteries for Start-Stop system vehicle to achieve high performance

ranks in durability, water consumption, charge retention and vibration resistance which are listed in EN. In addi-

tion, new double lid was adopted, which design enabled batteries to pass “Handling test” and “Rollover test” speci-

fied in VDA norm and it achieved high safety performance.

Key words : Lead-acid starter battery; European Norm; VDA norm
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AERTIEORE P, ENERERABROENZE, £< EN 50342-6 7 2015 FFicH iz ichHlE s Nz, 2D
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To. TONBBXUCERHNCDONT, Table 2 BXT IV A 72 [FIRHICRTT S % 17.5% depth of discharge

Fig. 2 1CRd. DTV U 2B MICERT ST LT, (DoD) ek BE T Nz, B ERICHT 5%
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Fig. 1 Hierarchy of standards for automotive battery

application.
Fig.2 Example of performance marking in

EN50342-1.

Table 1 European norm for Lead-acid starter batteries.

Name Content

EN50342-1  General requirements and methods of test

EN50342-2  Dimensions of batteries and making of terminals

EN50342-4  Dimensions of batteries for heavy vehicles

EN50342-5  Properties of battery housing and handles

EN50342-6  Batteries for Micro-Cycle Applications

EN50342-7  General requirements and methods of test for motorcycle batteries

Table 2 Performance ranks defined in EN50342-1.

Items from EN50342-1 Ranks

Endurance in cycle: 50%DoD Requirement Level E1 E2 E3 -z- -
Number of cycle 80 150 230 360 -

Water consumption Requirement Level W1 W2 W3
Duration (days) 21 21 42 42 84
Weight Loss (g / Ah) <24 <16 <8 <4 <4

Vibration resistance Requirement Level V1 V2 V3 -
Max. acceleration (ms™) 30(2h) 60(2h) 60 (20h) Random -
Direction (horizontal: X, Y, vertical: Z) Z z Z XY, Z

Charge retention Requirement Level C1 -
Usos after self discharge period (V) > 8.0 > 8.5 -
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Table 3 Performance ranks defined in EN50342-6.
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XU E HIEMEEZR Table 4 1”9, BHFAI XL
LN2, LN3, LN5 O 3 #ff e L, SMaECH L TEE
I EIRZRE L.

20 RefiAm, a—IV RIS F T T XY (LA
T, CCA) PEREIC DWTIX, Wit COEREZT,
fERDOHARTG ALY “ ECO. R ENJ » X b Kig7zm k-
ZH- Tz ATEDIIETH % 50% DoD a1 7
JVEICDWTUE, IS [l TldmW aBI & EM ©
H%h, EFB O TH % EN50342-6 D M1 I
92 E2 (1501 27)b) & U, wilkktk, @
OWEME L TIdREERELNVEEZENDS W4
& L7, iRENME, 2015 FEOUIETHZICIRHAE
N, FHCE BRI A DR E RIS EICERE NS
V3 & L7z, IRERMERREMHRETH 2 C2 2 HARME

Items from EN50342-6 Ranks
M1 M2 M3
. <o -
Endurance in cycle: 50%DoD  Requirement Level 150 240 360
Number of cycle
. - 5 .
Endurance in cycle: 17.5%DoD Requirement Level 59 S 15 518

Number of unit

Micro-hybrid test (MHT) Requirement Level

Meet voltage and capacity requirements

Table 4 Target performance of developed batteries.

Target items Reference

Developed batteries Ref. ECO. RENJ

LN2 LN3 LN5  ENJ-380LN3 ENJ-400LN5
Capacity (€20, Ah) EN50342-1, JIS D 5301 65 80 100 70 85
CCA (A) oz 640 740 900 600 795
Endurance in cycle: 50%DoD EN50342-1:2015 E2
Water consumption EN50342-1:2015 W4
Vibration resistance EN50342-1:2015 V3
Charge retention EN50342-1:2015 2
Electrolyte retention EN50342-1:2015 No leakage for all direction
32‘Z’ngi?Cﬁg‘ﬂé‘éance cycle test after EN50342-6: 2015 > 10 cycle
Handling test VDA No leakage for all direction
Rollover test VDA No leakage for all direction
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Conventional plate size

Fig. 3 Appearance of newly developed plate
comparing with conventional one in size.
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Fig. 4 State of charge changes during endurance
cycle, (a) Light load test in JIS D 5301 and (b)
EN50342-1, 50%DoD endurance cycle test.
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Fig. 5 Comparison of density of positive active
material for conventional, Idling stop vehicle and for
EN specification.
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DUFIC el BRZEA 27”9, JIS D 5301 Dk atERIC
HERTHBEMEE—THZH, il S X URE
BENEZS. WKEX, REOHERBDEZER
20 R RA R THI - 72l (g/Ah) EULTHIETS
(1) FeEBEMF 1 1440V £ 005V (IS : [[A—)

(2) ARBRIIA © 42 days  (JIS : 500 h)
(3) FABAERYE © 60°C/KHE  (JIS : 40 “CoKki#)
332 BEEERTSHDOFE

WA HER S I D 7z sb —EE AR LI-E
7zt LT3 5. AAERNEHEICDWT Fig. 6
IRY. BFRROWBAE, BHIKIGIC K> TR T %K
DELMROMIC, FBHOFEEDHEHEREIC L UK
DIEFEIC K-> TRRT 5. ZHEHBIRFE LUK Z &
HNTT S Y TRINT 22 MM TERT M5
BORINENC IR A FIET 5. F iz, BAICRBE SN
KERHIEIC KD, TOMBRZEREILEZ T ENTE,

Filter installation and exhaust part

Wall to prevent leakage
Flow back part

Inside vent hole

Fig.6 Typical structure of double lid part.

Table 5 Development items in each generation of lead-acid battery for idling stop system.

ltems Development history
1st Generation 2nd Generation 3rd Generation 4th Generation 5th Generation
[1stG] [2nd G] [3rd G] [4th G] [5th G]
Launched 2009~ 2010~ 2011 ~ 2012~ 2017~
Cell design (Increasd surface area) v v v v v v v
Optimized grid design v v v v v VAV, VAV,
New additive for electrolyte v v v
Special processing negative grid v v v v v Vavs Va4
High density of positive active material v v v v v v v vV
New additive in positive active material v v v v v vV
gng'g?r:};zled additives in negative active v v v v v
Carbon technology v v v v v v
v : Improvement as compared with conventional batteries.
v v . Additional improvement as compared with v.

v v ¥ : Additional improvement as compared with v v.
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Table 6 Handling test procedure quoted from VDA.
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VU7 AR EFREIC, Fig 7I1CRT 180 & LT Kix
ERE Uil T 5.
342 BEEENRT HHDFE

WHASKMICRHA I N TV —EEIL, ER, 6mE
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R E T 5. MOk O ZEERE T, 90 E
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Table 7 Rollover test procedure quoted from VDA.

STEP Handling test STEP Rollover test

1 Pre-aging, 50%DoD endurance cycle- 1 Pre-aging, 50%DoD endurance cycle-
48cycles 48cycles

2 Fully charged 2 Fully charged

3 Adjustment of acid level to 148mm (Max.) 3 Adjustment of acid level to 148mm (Max.)

4 Tilt position at 90°for each surface, 30min 4 Discharge: 4*1 (A) for 1h

5 Rest at thehoriginal position, 5min be- 5 Charge: 14.0V/ 50A, 5min
tween each position ) -, R .

6 Tilt position at 180° (upside down), 30min 6 Iggpgo;lgomr}r?t 90 for each surface with

7 Return test, 20A as constant current 7 Tilt position at 180° (upside down) with
charge, 10min at the original position charge, 2min

Requirement Acid must not leak

Requirement Acid must not leak

90°tilt position

Em Bl
0w

Up side down

Rest / Charge
position

Fig.7 Battery positions of Handling test and Rollover
test from VDA norm.

123} Developed
121} LN2 battery

Conventional
battery

0 50 100 150 200 250
Cycle number

Fig. 8 Changes in voltage at the end of discharge
during 50% DoD endurance cycle test.
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Fig. 9 Appearance of plates after 50% DoD endur-
ance cycle.

Table 8 Performance test results for developed batteries.

Ths.

BRREICDWWT, 42 G OEERDIE 2T
ORXTE 2 g/ AhLIFMEEEE N, BHES 7 W4
e d A5 e ko Tz IREIMAMES X URIF
REEICBNTE, TNhENT U V3, C2Zzmiid L,
HiEzEm L.

MR CH B> R VT 7 A MEDWNT,
HEEIRFIC R 5 N2 BNANOBMROF IS —ER %
IKIEX O, BERRED 30 7L B> TE ks A
SNEhoTe. i, EIDRRBICR U, HANOE
FRRIE RIS IVANRD, §i{ U Z—2T A b
THHWRNNEC 2 Lidaho7. o—bA—\—
T A BT, 180 E L MRz EL, HHRANDME
FCHERM D 2 27 B2 THRE L THIRNIEHE
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Grid corrosion

| defomation Cell insid
growth short circuit ell insiae
bending
o grid corrosion < ‘ -, sediment
o ‘ A\ \
o . / \ \ O\ )
shedding ¢ ) shrinkage g)
Shedding : " £
|| (surfacefupper/| 54
lower) \ X P X/ . z
pellet drop ~—_ ~— sulfation
misalignment color Véhﬁange Sulfation

‘ Carbobuzing / Color change ‘

Fig. 10  Failure mode analysis of 50%DoD endurance
test.

Target items Reference & Requirement LN2 LN3 LN5
Capacity (€20, Ah) EN50342-1, JIS D 5301 > 65 > 80 > 100
CCA (A) EN50342-1 > 640 > 740 > 900
JISD 5301 > 640 > 740 > 900
Endurance in cycle: 50%DoD EN50342-1, E2 Pass Pass Pass
E2 E2 E2
Water consumption EN50342-1, W4 Pass Pass Pass
W4 W4 W4
Vibration resistance EN50342-1,V3 Pass Pass Pass
V3 V3 V3
Charge retention EN50342-1,C2 Pass Pass Pass
2 2 2
50%DoD endurance test EN50342-6, > 10 cycle
after deep discharge Pass Pass Pass
Electrolyte retention EN50342-1, No leakage Pass Pass Pass
Handling test from VDA norm VDA, No leakage No leakage at every positions

Rollover test from VDA norm VDA, No leakage

No leakage with charging condition
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