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Observation on the Microstructure and Strengthening Mechanism of Ba-added

EFHEMTEz AV AHEHEEREICLS
IE#E4&F F Ba &0 Pb-Ca-Sn & & DL B D%

Pb-Ca-Sn Alloy (C21) for Positive Grids by Electron Microscope

s ET RE Ae

Jun Furukawa Takuya Yasuno

Abstract

In the previous papers, reported were the development and application of new lead alloy
named as C21 consisting of Pb-Ca-Sn base composition and Ba, which was so much superior
to conventional alloys in both mechanical strength and corrosion resistance that the corrosion
and growth (or creep) of positive grids were suppressed resulting in battery durability doubled
or longer. In this report, by using the latest version of scanning TEM equipped with high-angle
annular dark-field (HAADF) detector, the comparative observation on the microstructure of
C21 and the base composition were performed to elucidate the mechanism of the enhanced
mechanical property. In case of C21, there was a large population of precipitated sub-micron
particles which were dispersed uniformly in the grain. The precipitate consisted of Pb, Ca, Sn and
Ba by EDS analysis. The observation of tensile-fractured portion showed the precipitates tangled
by dislocations which prevented dislocation movement effectively. These results strongly support
that new alloy composition so enhances precipitation reactions that the mechanical strength,
in particular, creep or growth at high temperature is so much improved along with corrosion

resistance.
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the grain interior by thin film method

3  AN—-ZXEL2ONFMHED STEM & (FiR)
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Fig.5 STEM image and EDS analysis of C21 alloy by
extraction replica technique




#HX

TTEEE & A B EIER T & 3 EARMT A Ba A7 Pb-Ca-Sn &4 DBILEEORE

4.3 BI-oRURERICL ZHEBOBRE

BB URAL7ZHEICHET 5, 510k YIS
DEBERNL720. 5108 ABRBMEIC BT 5
N—AG& & C2l A ORIl LT BRI
L0FTo700 N=2E&ER6. 712, C2l &%
ZE 8. M9ITRT,

200 am

6 N—ZXEL£05|oKY RBREEI STEM & (&%)
Fig.6 =~ STEM with HAADF image of tensile-fractured
Pb-Ca-Sn base alloy by thin film method

7 N—ZXE&&D5| o5k ) HERBERTERR FATIL D STEM
Fig.7 1SgQTE(ﬁﬂv%l)th HAADF image of the grain boundary
of tensile-fractured Pb-Ca-Sn base alloy by thin
film method
N=—ZAEGETIEY M) 7 ZAFICEESITE A LR
SN I L 2B DT ThH o7z (6), X 72,
B 7128V CHADEIEAS > TRALDIX, $E
DAL A TN TRFDHAENILR L 72720
EEZ NS, COBEBRITERMAFRFICR AT
LBREEBRELIZODTH L, ZDXHIT, N—A
AEIBMIBEH LSV -OBRY ) — TREICS

HEEZLNA, B, X—Z265&FEEOEMBIC
Bw-5aik. EMESCKRFEROBEROFREE
LI X BIEHTHFO IO ADET L. REITEE
LRFEHOBEBZHIET 57:0. BB TOMR
RERES LEBBEPETLIZDDLEEZ b,

F7o. INEEFNCHE SRR O RIE & 72
STRER. KA DOFMEEML TRERIAT 4
v MEL, MADOHEELETLTWEEEZD
NED, TOZEIBELZERIEL—~REED
nb,

—F. C21 & TIIHREMLOBEIHH AL L 72
MHEHTONTY Y IV ERRL TWAE I LS
BEiNn: (M8, T/ M) 7 AIILRAE
ML —IZa B L8R Ronh/: (k9. 2h
= MU 7 RSB L AT I X AL
EVIEOMENERIEEL TnELDEEZLN
5o LED X912, C21 A& I HBAHL K ChiE 7
MEPEMOTR) EE2IHIT LI L0, v
b :oEHELEEGETHILEEZ NS,

C DX ) \CERAL DR D DR FENDOREY AT
HYRFIFoh b -0, EEOBRICH NS
AIHTFOrarrREIZ L, BRTFERDBAR
PREZRBICHEF SN TBEEDOETZIFE., 5
7O AHHEIEND LT ) B GERSEZ 5T
WHLDEEZLND,

INEITFNCERA ORBENI ST b Nz R, RE
RRFIZBT B BEFOEINCENIFELIZCL, &
DZEDMEBICEVWEELEZ TWEEEZ LN
2 10)o

B8  C21&&05| -3k AEREKIEE STEM & (FIE)
Fig.8  STEM with HAADF image of tensile-fractured
C21 alloy by thin film method



FBT7ZAHI=2—X No0.60E (2004. 12)

M9  C21 &&0D5| -5k REREMEE STEM & (CEE)
Fig.9 STEM with HAADF image of tensile-fractured
C21 alloy by thin film method
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Optimization of Grid Design for Lead-Acid Batteries by CAE

BE

Hiroyuki lizuka

Abstract

Performance and reliability are ranked as ever ongoing priority for the automotive battery along
with reduced mass for higher fuel economy, in which one of key issues is due to the design
of electrode grids. In order to optimize it, considerations must be taken into not only electrical
resistance but also matters on reliability like corrosion and productivity like casting process, for
which CAE (computer-aided-engineering) is a powerful method to forecast and compromise
effects of relevant design factors. In this report the relationship between electrical performance
and mass of grids were simulated to find out design optimization through the analyses of casting
and solidification, mechanical strength and corrosion growth as well.

1. IUBHIC

SEBMICBITABONR—R L2 5HBFIE, &
BHEBITEDEOREFRLLTHE., oK

DEVHPEMREEEZKRECEATA7D, DETLDY
CAEEZHWT, RBLKTFREREERT 2H A
PiebhT& 72V,

WFoEEFRIIE, ENSHFESN (BM #HiE).
EFESEE TR, TF 28 FER, fTbix e
BH ALV, FICEERE - BIAMESERSNENA
FV— ¥4 7OEMIIE. EBETE L CEER
% EEEICENRS BM AROEFIMEbLNRL 2
EN% N,

—J5. EETIIBRERENS, QE$®£E%”
DOEDTH AHEBMICOBEELOERDE
TETEY., BTFIE=S m#&z%w%oto%%
rBELT 21213, B - WAE~NOEZELE
BTA2D1EdHbAHADZ &, BHIOFERRE IR
D9 AMELFEL, MREZEBLLLEND 5,

AIETIE, HEERBICBITABELSEE BROE
o) RFMEE (Fu—R) OFELZITTR L,
BERMEICBIT A5ENE (G, &E) MR
TEEONY F) v 7% (EF) % CAE*HWTS
AT L, RBELREFRERERD L2003

Y BARRES whERELY s —

2= a YV AT ADBERITR o /-HBFIZDOW
THRET 5,

1 BEERNESH E’F
Fig.1 Lead-Acid Battery for automobile and grid

2. BFORRIERT

2.1 BHOEN
Bz ® L ST BT eBEEMNMT ST



FBTV=hJ=a2—2Z No.60% (2004.12)

T ERE O E REEBTE LSS5 209,
oo (BRME) % FRRICERT S LENDH
Do FOBEEHAE I 2 b—arickhke,
T 794 » Ol b 2Tk o7

2.2 MRBITHER
—EOREEOBRFIZOVT, BFFHA v O
WIS X B BEIET (L) O ROAHR
FE21257T. COTF ANy FHERMETFTIE. A
BB @ BM i A L < FHNTOBME
ARE L, BRIEHAARKEVETFTHLIEZRL
TWwh,

Potential
. Max,

A

2  EERAS TR
Fig.2  Calculation results of electro potential distribution
on positive grids

IREDBFICDWT, M T Ao B R, #
MBI E 7Oy FTA LRI ERT LI &
G LY, MOETIEWEF. BR»2ER
EANDINE %, R RETFTHA v ThHEI L%
Yo FAHEPEIE, 717 AEBICEFD
FERESAGPRTE D, 3 iz—EORRY
HHEZENRTHNE, 20T 4 ¥ AAL—}
M & FRiEi 5 b 0T, i EOFIEENn T
Wb o E L SN TERLT VA,

5 A
ﬁ m =
BN | [}
& ‘m U m
I ¥ -
i L N &
.

ﬂ ERETeY
1

MNIRFERC_D>X

3 EFEEEBRFIERO/NL— iR
Fig.3 Relationship between erectro resistance and
mass of grids (Pareto cueve)

Nl— bR Lo b &, L — R ElEE D
LA Rzl S TW RV FOR S K&

ol E, BT EESAORNTH L, HBTIE. &
WoEDE (BEEHED) THRELLEAE. H
EMEEN S RWERE TANATHEE TS
h, BEOHNA I (BHREE) &bETHFD
Ka, BFUEBEEM»CBRET AT &8, BFTHW
4 ORMLICITLEL 25, BREBEIEMET
KELED, BEhLHERALIZENS { R EHEM %R
L, TORIMATHITHIIb 250855, =
OEREBEESHIEbETHEFOBRELREL
ElTk, T OmRED R 12 %  TEWHAAY 5 5
R BT A5 SRR AR S A L7z 0 . 24RO REASR
AR L MR ER AR SR L) Lol
AREFETHIENDH D, BRNIIHTEHEORE
DRI RELHELERI D I b,
FIVoMEIRILZVES, ZhETIIRE
FEEORITEBEL, FIciRT—F 2L ICHE
Ly TOMEANTORMETF T A » Ol b % 17%
oT&7%, L2L, L)—EoBTFEREEZLLS
ELZHAEIIE, BRHEHBEDNT A—FTh i/
L— b ARIOETIZV 7 PS4 0LEED B,
FIT, RELTFT T, WSR2 5 CAE ZHW
THT DM, SR E2T2v, BT EOREE
HEEDM L% Bigd &2 A7,

3. BTORE (&) MR

3.1 BMiTOB®

PR o TE SN AT EER/EL LY T
A RELMEELL0H0, BTE2MTAZE
2k A, ORIV HL, BT RLE.
WRHLOT<TIFTEEL 2V BICEFELTL
9 [BYN) #&EE LT, o, BETHE
BT DIEE R, BETHTRE o HER D A&
LaZ bbb, ChoD3ELRIIZ 2720 CAE
FRWT, $BERMOE LIPHE T4 5 7

3.2 BN

M2 —3 37 b Conifer CAST % H
v SRR ERSR S S (B) MEAShTRLO,
WO &ALl (RERE) OB EITE 272,
BRI HAEA SR TS, BRICTEM AN A T
TOWOFILR L REZELEE 4 1277, dhid,



#X

CAE (C & % in& it T D iRolaZat

S ER W A S EANZ Lo THEA S, B
MASEE T2 T2, EAEORVHAET»6EIZT
Wah, MBIIHETOTEITEM S 02 BT
Zbo THHORERIL, FHEOHECHEA R
ZhIAEHEEBLTBY, ¥YIab—=avd
ZUYEDFE D bR,

[ 4 s h R AT s SR
Fig.4  Calculation result of lead-melt flow

RN AEE S L The, BEZTETO. ¥
DIFEFTHOEALEB 5 IZAR T BEEE, H&T
PHIEE D, BRET0 5 RBICH &30 LS5 E
Ho CNHOFERMSLTFHENL, SEEAEIZEES
REGOFELE AT &, HBEOF T ROEHTASEE LT
B, ZZTbv3ial—ar0RY4lsmrd
=% (A

INLEDYIalb—YariEREAVEI LT,
AU 2o U, SR & e L 7o SRR AT AT
WReE 2o 72,

Sulidification

'Slllhl
i I
Liguid

1
i
i
4

[ 5
Fig.5

% RE B AR A8 SR
Calculation result of lead-melt solidification

3.3 SHAOMED IR

HROIRESTAIRIT 2T o 1o REZE 6 10K
To $OBERIZ, e—FICLA2MEk, HHrbo
BFEHD, EIAC~ ORI, SFISEE A S DA
HD, ERFMTIE, B6AITRT LI ICERICK
SRIREFHVHIANELTLE-TEY, R
— IR TH oz TOME. HLHHEOHER G
oTHhET L E Vo -l - 72,

FIT. MBI, Mo+ Al - & T,
FeBIZRT L) R, BH—RREFHETLI LT
T&7z, TORE. Pl RFEE KIFIZHWS 32 &t
HRss,

BOptimizedy  ©

M6  SHEROMEATTESE
Fig.6  Calculation result on temperature distribution of

casting molds

4, BTOEE (I FYT) MBIF

4.1 IROE®
WFEBERILLLIELAEEIZ, BihoRkT
BICTHEE 220, Ny K1) ¥ ZHESTRE L.
BTEREORRGEETLIHVEHL L TH A,
FI T, BT OMER 270, BRAL L RE % W
LTELBTFRIROMN TR o7z,

4.2 FRIFHER
BFETVEZRTICTETMEL, MEE X
L&D, BEhicka-baitRkdi,
WF 2 RFHICER LA L XOMITRHELE 7



FBFY=Al=2—2Z No.60E (2004.12)

. BT EEBEAEICRE LA L & ORATRREE
8IZRT o BFOMWMMROEEIZL Y, F—Hik
ICTHI 15% DIEET v 72 EX L 720

Displace-
ment
Max.

Min.

7 Bilif-b &gt GEAE)

Fig.7  Calculation result of bending deformation by
gravity in the horizontal position of double-grid
cast

Stress
Max.
-1-|- |44
1
|.
Min.
M8 AHifbaiEy (EEARE)
Fig.8 Calculation result of bending deformation by

gravity in the vertical position of double-grid cast

5. J0— Af#iR

5.1 BOEN

W @R L eI, MFRERAIC L AW
UL, EhosGEElELTsZ LA ER
ENB, cHOEDMHUEYIalb—YaritdsT
FHIL, I WEFORRERD LA EITE
B o

5.2 MRITHER

AT Cld, BFERTFREOOEBER L =ZRITIZT
TFMEL, BEMNO» % —EOEETHREES
Bl E0ERM ROz (B9). HBTHELE
FOHEEEMBIFE LTHFZT R 2720
BT OBITEEELE 10 2R T, BToMer
TAkiE, RO TORMERFRE L {—HL
TEN.YIal—¥ayORUEIFHID SN,
BFOTHA» (BIR, B, K&) oME{LIC
L0, F—EiiCTH 10% D 7 17— Z Pl %
L7

Bulk grid Corrosion layer

AR
AN

5;
=
;?;
=
z
Zz
9  IEMETRURETET IV
Fig.9 Calculation model for corrosion growth of positive
grid
- Displacement
—— Max.
i |
=
— T —— Min.
1 I 4 I}
10 IEHE T URFATIER
Fig.10 Calculation result of grid growth
6. /XL — hEh#g

3~ 5 HOMMMR LIS, BT HEDAOKE

HHEOMLA TV, HTHE & BRIEH DL —
MR A RO AR AR 11 ISR, fERD L —
bR A VS, W T R AR G A A VT 7 Rl
EEFTH/ L — IR B 1E, ERTH 15%S
(TR ENTEN, T/, CDEED, P,
Ny B TEREE, iSO — APk kR E
ey

x

E 1‘5 ‘.. A (conventional)
W YO

1K

L El(optimlzad'i L‘;Z.' ..
ﬂ .-‘-'-n.-‘h---.'
R Y

N
N FRBC—) X

11 el T O L — RS
Fig.11 Pareto curve of conventional and optimized grids



#HX

CAE IZ & 2 InEE MRS T DE&REE

7. £

SREMA DT DFRFNC CAE Hifii 2 £ AR H
WhHZET, BEibEEE (REMRE. Falkie) 2%
LI e, FEERNY N VTHBEOKT &
Vo RELERTTORMERE LSRRI &R, BE
b ERT LI ENTE,

S KBRICH D L O % CAE T HVW-FE Y
O ZD0EE}LEHELED, B AHEENY — ¥
4 LDEMHEE > TV FETH B,

(ZEXH)

1) KFEA, FBFZ7=#V=2—Z, No59, 1 (2003)

2) HUEEZE. FB7F 27 =7 =2—2Z, M58, 19 (2002)

3) FOMEIE. FH AN, SHFE. WERESE. &7 FEi#.
FEE, REEZ. FB7T 7 =7V =a—A, No57,
13 (2001)

4) Milan Calabek, Karel Micka, Petr Baca, Petr Krivak
“Influence of grid design on current distribution over
the electrode surface in a lead-acid cell” Journal of
Power Sources 85, 145 (2000)

5) W. Tiedemann, J. Newman and F. DeSau, “Power
Sources 6" , D. H. Collians, Editor, P.15, Academic
Press, London (1977)

6) C. W. Tobas and R. Wijsman, j. Electrochem. Soc., 100,
459 (1953)

12



FBF7ZAhI=2—2Z No.60E (2004.12)
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Development of Compact VRLA “FT7C-HEV” for HEV-type Passenger Mini-car

g T

Shuuhei Takeshima

RTINS

Tomoki Kourakata

Abstract

A e

Takeyuki Matsumoto

R g — 2

Shuuichi Yabuki

K

Hirofumi Shimizu

Compact VRLA "FT7C-HEV" with rated capacity of 6.3Ah-12V was developed for parallel
HEV-type passenger mini-car, "Suzuki Twin" HEV, which was launched January 2003. Battery
pack of 16 batteries in series served as 192V power source, with which HEV functions of
start-assist, power-assist, regenerative braking and idle-stop/start were well performed under
control of battery management unit. This VRLA was featured as its compactness in dimension,
power performance and cycle-life longevity in PSOC operation which were realized through
optimizing the design and composition of both plates, separator and battery assembly
construction as well as manufacturing process and control.
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Fig.1 External view of “Suzuki Twin” HEV
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Table.1  Specification of “Suzuki Twin” HEV
2K (mm) 2735
218 (mm) 1475
2% (mm) 1450
HHEE (ke) 730
REEE (8) 2
BEpEESHT (kW) 5
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5o
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(2) AAtEEEN ZW
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(4) HEV BftE &GOS\ » Pl EE

-

2 FT7C-HEV 192V #AE thiZ & ikRE
Fig.2  192V-VRLA battery pack

3 FT7C-HEV D91 &R
Fig.3  External view of FT7C-HEV

x2 FT7C-HEV O&x
Table.2  Specification of FT7C-HEV
HEV B Z&RHA
FT7C-HEV | /2 VRLA
BE (V) 12 12
R (mm) 150 150
Stk B (mm) 87 87
s (mm) 83 93
=& (2) 1.08 1.21
=g (kg) 27 27
s s | seoxsmF
SHEERE (Ah) 6.3 5.4
H7 (DOD50%. 2s) (%) 100 100
A7# (DOD50%. 2s) (%) 220 Ik 100
PSOC #41 7 vER (%) 400 Bk 100
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Table.3 PSOC endurance cycle life
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In-Orbit Operations of Li-lon Battery aboard HAYABUSA Spacecraft

RE WA B HHEZ ARE BB LE =&
Hiroki Ooto Masahiro Yamamoto Hiroyuki Yoshida Masaaki Kubota Takashi Eguro
Abstract

World’s first spacecraft powered with Li-lon battery, that is HAYABUSA, was successfully
launched in May 2003 and since then operational events were conducted as scheduled, which
demonstrates the battery and its operation method work well with keeping sufficient capacity to
meet the mission. HAYABUSA or former Muses-C was designed and handled by JAXA and its
4-year scientific mission was to collect soils and rocks of an Asteroid, ITOKAWA.

The battery consisted of 11 prismatic cells in series with a rated capacity of 13.2 Ah, SOC of
which was maintained in a certain controlled range according to battery’s calendar degradation of
capacity and each cell voltage of which was reset periodically with a cell-by-cell balancing circuit.
Through one and a half year operation on space, battery’s performances for events and capacity
change were measured and analyzed in comparison to the initial planned values.
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Table.1 Requirements of Li-lon cell for HAYABUSA
spacecraft.
{EFRFER BRAEBFHAE | RABHER
(%) (Ah) (A)
Launch 0 7.03 12.78
Swing By 1.06 476 14.27
Touch Down 2.37 2.51 16.70
Terminator 2.45 5.95 17.61
Safe Hold Mission £ EiR 3.43 15.23

REF LB, EREWEIC TNV NRY T
NE, BBRICAERS T, BEREICERAERER
W AVRRFEEICEN - REG L EMER L 2
> T\W5, EBRFTFOHDOICIE, FHATVAIVE
MCTEBDODHLLTIVIN—RAT 4 v 73—V
MEIGHAL. MEHRERAOBEZEY —VEELE
HL7

TR THRS L NIVOBMBENEREN S
M-Var vy O EITHEOIRE) - HEIZD 512
2 5N EEMFEEEZE L Tnb,

CoEMOHETLEER 21, AR 2 1TRT,

NESSEN-N I AR kv VAR 7 =21 K D B
VEFEES LNy 7)) — R L7,

%2 [EeRE] BUFILAF EHORET
Table.2  Specification of Li-lon cells for HAYABUSA
spacecraft.
Rated Capacity 13.2 Ah
Size WX TXH 69.3 X 24.4 X 132mm
Mass 570g
Specific Energy Density > 85 Wh/kg
Volumetric Energy Density > 220 Wh/ |
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[EXR&] BUFILA L L EHRDOHER
External View of a 13.2 Ah Li-lon Cell for
HAYABUSA spacecraft.

2
Fig. 2

2.2 EH#NyTU-0OERAE

(1) BENy TV -—DERNEZ—-V

) F 7 LA F BT SOC (FERE) "5 %
LIEEBEELIMRES NS Y, [T RS ] #FBEN
vF) —idIvya VEIREBICE L ARESLET
BT A0, BLEETRIILEREKED
SOC % HEFrd A 4EFk /85— TEAT 5 979,

Z @ SOC \3#LEETH D,

k=T R— IV NEE

- BHOBCHES=

CEZY -EBENORERE

SN IRNLERE L TOBOEBMEE TR
ETh.Z L TEAFORBBOAESLICAEDET,
B SOC &4 12 LIFTw <,

Bl 212, RALEREN SOAhY THHOBME
E132Ah THNIESOC % 60%IRREL. D
BEENHILL. B2 1E125Ah & %2 o 7B Tl
SOC % 64% BT HDTH 5,

ODEEHICOMHERITER NN Y 7)) —DE=HE
ENVETHLN, TRV —2 a3 VP TEE N Y
F) —RREWET LI LIEEEROER E0&HE
BREVD, BEIAT) ZEFELV, £IT,
HWEREBRIZLY, BENNy T ) —DOEHNNY -
LAREHSHLEYIaL—Tarl, FORKELRE
WZHEE NNy 71) —D SOC #RETAHZ L 2HAAT,

FLT, AL —2avyORiz L. RERES
ElLTYIal—a vREBEORLMEZER
5o



#X

NEepRe] #EBEHYFU LA EHOERRZE

(2) VEvy bAXRL= 3V

11 L VEF THER S N7z VD SOC NS~
AN A, LIVETHESILOETIINTS
VENEL, &DEESESET L VIINY T
) —ERKOBEENTE S NS, £ T, [T RE]
W EL VDX VEEZRIZ AFEE/ N 7S A RIS
RASNTBY., ZnICXYEHMIZ) £y M4
L—3a v i2EFT S,

X 3 IZAEETHE SN TWEER/ Y —V L FES
bty I 2L —arwRrdt,

100 = ) — | 160
80 e TR <] 140
T
= 60 A = .y 120
RS Launch e p —
~ 40 Tﬁmmﬁt&lﬂt%wgllpn' - 100 <o
> SwingBy _I_'_[ e o o
=
G 20 e Returr— 80 ()
g _r-"'ﬂ: Touciidown o)
o] — n
o O _I L] o B o) o a 60
-20 - - - Expected Capacity after High SOC Storage 40
—— Expected Capacity after Low SOC Storage
= Capacity Test
-40 = Reset Operation 20
+ Required Capacity
—Maximum SOC by Battery Management Plan
-60 T 0
0 1 2 3 4 5 6
Elapsed Time (year)
B3  [RXRE] EHNyTU-—DBRNZ-2ER
2 IR Rl B2
Fig.3 SOC and capacity requirements scheduled

through the mission and capacity changes
simulated for two cases of SOC.

FICHARERERTERT A7 — X (M3 H., 5#)
IZHA ERSOC IZHIE T 2 AERE (. E#)
FIvva v EHCE) BWEREEEZHR TS
bETFREND,

3. BENyT)—-DEREZEA

NI R& | WHE, A7 4 v 73S 2R 2T
HE [ITOKAWA | 1A TIEFCHLEEM %
T TWh, UTIZ, IhETonNy 7)) —oERIR
meEVty hARLV—Vay, YIalb—varil
LAREHLTH. FEHRERICLEYI 2L —
¥ a v ORBEBIERFRIIOVTHERS,

3.1 BHEHNYFTIV-—DEXRHOHE

X 4 \2EENy 7)) —OEE, BREOHER L H# k
BNy T ) —BEOHERERT,

20

——Launched Battery-Volt.

46 = = Monitor Battery-Volt.
—— Launched Battery-Temp.
44 20
: = A ) K LRy :' :6
st 15 <
o
()] 3
g 40 10 g
S 3
= £
©
I A N -
38 T 5
36 ul 1 1 1 O
0 100 200 300 400
Time (days)
X 4 [EPr&] BENY T -DEROHRE
Fig.4  Performance of Li-lon battery in HAYABUSA

spacecraft in operation.

INFTOHETOY £y FARL—2 3 VBX

TA Y ITNADNY 7)) —HERBAR, OF R

L—a vyaMfrbii-hs, BELHEE=5 — DM
BHMEEOHERBRIBBLRA—FKL TS, LTI,
INSDFRV—T 3 VIZBITAERIRTEZ BN
5o

3.2 fTEW

MR8 ] BHLTFoOB, BEBNOREL —
EEFICRO -0, b — 5 —EEIREOBEFEN IS
LNy 7)) —%2RETATFETH 272,

Lo L, EEICEEERAORESTEIVET
Laholzlzd, b—% =P E8EET. Ny 7
)= EFRELAEBEZEDODHLTH 10% 124724 08Ah
BEZRELLZTTHo72,

3.3 Uty bARL—=2a v

HET® H4rAZLoMBBT) Y ARV
—arvEk2[fTol. RSIZELIRY £y M A
L= a vEEONy 7)) —BE, EVEEOKEES
1] R S

Jty bFRL—Y 3 vid, I1EOEVERE
DEE (41 = 005V, * 005V D= = Fl#HEE
DFRFZEE 003V +7 L X M) DFEEE 002V) T
FE LB, BEEMENA/IAT AN AR
EE& % EE L TITo 72



FBTF7=AhJl=_a2—X No.60%E (2004. 12)

4.2 48 —CEL1-V
—CEL2:V

4.1 — 47 . |—CEL3v

>

. / < | —CELav
Z 40 46 & | —CELsV
» s | PN

o = £ CEL6V
8 39 = 45 < | —CEL7v
.~ / z | —cEsv
Z 3.8 44 £ — CEL9-V
o 0 | —CEL10V
3.7 43 ——CEL11-V
—BAT-V

3.6 42

0 2 4 6 8 10 12 14 16 18
Time (Hr)

M5 [Eexa] £8ANy 71—
Uty NEEROEEES
Fig.5 Changes of voltage of Li-lon battery in

HAYABUSA spacecraft during reset operation.

X 6 123 LT UBEOHEE NNy 71) —DZ L VOE
EOHREZRT, COEMBZ) £y hFXRLV—
a vORRET, TETFUEINLEOLVEED NS
VXIIEA A EENEFICHER L T 5,

4.1
—CELL-1

4.0 -~ CELL-2
— -+ CELL-3
= ~=CELL-4
o 3.9 - CELL-5
()]
8 -~ CELL-6
o ~- GELL-7
>
— 38 —CELL-8
jol
(&} —-CELL-9

3.7 —+CELL-10|

- CELL-11
3.6 1 1 1 1
0 100 200 300 400
Time (days)
X6 [ExrE] #ZHNNy T -
EIEEDHRE
Fig.6  Performance of voltages of Li-lon cells in

HAYABUSA spacecraft in operation.

3.4 R4 T4

AT A4 Y TNAIE, MEROEN 2 FE LIFRERIC
BT HAHEEFZFEHT L L% BEOHHR
REZRKEEETLIANRL -V a vy Thhb,
ZDFRL =23 BT [1IERAE] THEk
DA ZEBBET 5720830 7HOBBEFEL, &
FREAROER L L THWTW A KEEM/ SNV
PHEATERVOTERNNY 7)) — DA THREKE
EH L7z

TIWZAT 4 2 7NAOHBRIZBIT AEEN
v 7 ) —DREEB TR T 26 0H O HEBEISKH

21

3Ah DB TONTZ0 TDA XY N THEERIIH)
O TRy T) —DARDERZIT> 72,

SRl AT 4 Y TNABONY 7)) —EAM L
FHEFTIL 485W DFE2 - 728, EBIZ I 280W (FF
¥) Thotzo TNIHEKOL - —HEENE
ZEIR T A 720, AT 4 ¥ 7N BRNEERA %
20CTHET THEBEL TBWIZHETH 5,

BEBIIBES (B30 0BFELE) 75 lkm
REOBRELVIBVWEEOHEZBBEL, A T4
T NA I L7,

AT 4V TNRABL)F AL F VEBEELE
BB BIFICEELTBY ., BRIEE (14~
IUVV) EATA VY ITINA BHR LAY -
g Y ORI &) HRFOREANER S Nz,

45 60
—— Voltage O
——Current ~
44 ——Temperature 50 [
=]
©
N y
- £
2 41 VT 120 <
40 — 10 &
= N 5
39 ' ' 0o ©
0 1 2 3
Capacity (Ah)
M7 [@®xE] #HAyFY -
Ay 4 2T INA OB
Fig.7  Discharging characteristics of Li-lon battery in
HAYABUSA spacecraft at swingby.
3.5 Ny 7 -—BEEIHER

AT AV TNAB, [IFReRs] @314+ 0 Y
v O BREZITV. NERE [ITTOKAWA ]
WIS TEML A BTl T b,

NERBICBEREL 2B, Ny T —ORELF L
—Tar bt L TRRDEMPEREINSE Y —I A —
FEHIHEEZ TWb, TOFRL—YaryTtHak
BREVBEONLINE ) PEENNy T —DEER
WAL, 32— a Y iZLBH5LTFHUERIET
B2, 2004 F 7 RICERICL 2 FEHAAREY
EWL 7z, BREE8IIRT,



#HX

[EXeRE] EBHYFILAF L EMOERRE

4.5 80 | =cel
O | —cell-2
\q’) ——cell-3
2 | —cell4
S 40 K 180 2 | Zcars
@ g cell-6
g £ —-cell-7
% 35 {40 & ——cell-8
> ~ ~cell-9
o =z —-—cell-10
O ~ | —cel-11
3.0 {20 © | = Current
D
= ~—Temp
3
25 . L . A ) . 0
0 2 4 6 8 10 12 14
Capacity (Ah)
B8 [ xE] BENYTYU-—
BREERHR
Fig.8  Discharging characteristics of Li-lon battery

in HAYABUSA spacecraft during tentative
discharging.

HNECEVOBEERE L FEITIXIZEAEER
. Uy b AERV—Y 3 VOHEITHITES
NCTwbeEZ 5%,

INFEFTOEHNNy T —OREEME L FREHE
EOREEB9ITRT, HMiiiFERER (FlE
i) 25 FHl SN A FE AL (R EH) 2Ot L 72,

MA»HEHNY 7)) —OFEHLIETTI 2L -
g v FENCIZIRE. BT TR L) BFICTRRER
MERHERELTWAEZ LD o7,

COREMZHABRIZLY [R5 ] HHADOY
FI LA G VEMICHWIER Y -k, Bho
BESILOTENICENTH S 2 L 2 EREOTEERD
EBRTRIET A Z &N TE

A Discharge capacity

120 ——Expected capacity
- = State of charge
100 ey
. 80 Taunths
£ 60 | Fermirator Obervaol 100
> : -t
% 40 :. SwingBy|-* ~ o 80 8
g 20 A N Return 60
© ' Touchdown
© o : 40
; 20
- .- 1 O
0 1 2 3 4 5 6
Elapsed Time (year)
X9 [Eeyra] #EEHNy T U -
BEAE & T8
Fig.9 Capacity measured and forecast of Li-lon battery

in HAYABUSA spacecraft.

22

4. £&9

D2003 45 B HAMOEEEE ) F 7 54 F
CEMEEE L ARERERE T8 A
FETFON HE L TOERBERIEE G L7

@EENY T —0EATIE. BAESLE &R/
RRICEIHIT A 720 DRFEBR 2 ER/NY — VAW
SN, ZOERNY -V ORED-OH EE=
Y —=llXk BT Iab—arMrbhd, 72
ILNEFEVOEENTY X 2EFHIT5) £y
FENRL = 3 UMb,

QOERICL AHFEHEDRABRICB T, BENNY T
) —DEELITHEE=FY DT I 2L -
a vy OEBELIL-HLTWEZE, HEHL
HEOER NS - O REEHER TS/ L,
Vv ARV =23 VX ABENT Y X
BIOREIFEETE -2 L L, < OFED
Bohiz.

ORT 4 TN A T, WOTHELET)F7 A
A4 VEMDOATHEER L FEEA L. EXHE
¥ (AFrzrIy) ERAT 4 TN, BHEA
L7cA R =y a vk LTHAGORI &)
PREBEIZFEESTAHIENTE

5. S#0 [13XxsE] OERE

NI R E ] 1320054 11 AH 5 12 BI2Hhi) T,
NEREREDOY — I A= 5B &, T2 T VERRD
ODYYFTI U FNRL -3V ETIFETD
Bo BEHNY T —1ZZD200FRL—3 3T
RAROBMMEYERSINS,

IV aVART T 52007 4E6 Al2iE. FEE
HHERIZIFE LB, RBEOLEHEA <L —
TNy T) —IIERENATFETH 5,

6. HE¥

KIFERR S I B A AFEM M R ERETE
BFEFEATBE, NECEZAR—ZAY A7 2K
SHBOEEED T TEBL T\ b, T 212, #HiE
B BB EAREAMICEH R L LT E T,



FBF%7=-A)J=1—2Z No0.60% (2004.12)

2)

3)

4)

5)

6)

(BEX#)

A, K&, S B 5E. EilE. HS £ 18 [
FERIANF - R AEGE, 47 (1999)
K&, B, AR, B, 5B, EE. 08 S 190
FEHEIIVEF—UREI YA 1 (2000)

WA, Bh. K&, BEF FBFr7osv=a— A,
No56. 64 (2000)

g, BiIS, EH. RE. 5% £ 39 BEBHHRS.
209 (1998)

K&, WA, BHF. 5F. BEE. B F£20RFHT
INF—LRIY AERE, 11 (2001)

A, A&, TE, &6, El, HE £ 21 AFHT
AINF—TUREYY AERE, 1 (2002)

23



#X

Y4 7)1 —XH#HANXNBEE

Bith (FC38-12) DF%H

Development of VRLA Battery FC38-12 for Deep Cycle Use

EEIEL

Hideaki Yoshida

Abstract

& 5L

Kazuhiro Tochikubo

B R Bt

Tohru Mangahara

In addition to formerly reported cycle use VRLA for energy storage, new version of deep
cycle use VRLA with rated capacity of 38Ah in 12V was developed, which met varied mobile
applications of small vehicles and carts such as carts for elderly or handicapped people, golf cart,
sweeper (floor cleaning machine) and so on. Through introducing newly-developed materials and
their combination along with the improvement of assembly technology, cycle life was enhanced,
coping with various charge and discharge conditions.
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Construction and Operation of 10kW Electric Power Storage System
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Tsutomu Arai Toshiaki Yabumoto Yasuaki Hodotsuka
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Katsumi Inaniwa Shiori Kumagai Takayuki Itou

Abstract

10kW electric energy storage system was constructed, along with high efficiency bi-directional
inverter, incorporating 104 units of 50Ah-12V which were developed for and demonstrated as
long-life deep-cycle-use battery.

The system has been operated in a typical cycle mode of 3.5hr discharge and 8hr charge for
almost 3 years, keeping total energy efficiency of 74-75%. The batteries have kept voltage and
internal resistance changes in very limited range.
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- EtF : INOBAT
®EBROBELE s ZAH R, REBBEAEIEFICE |- 2TOBHICEECESVWTEE |- 134979
#h BeHrrd ZHKREH:
- Z# FEi#h - SKR300/kg - I\ Eith © SFR4.8/kg BAZESRET (EPA)
CSAEEM X4 —42FHSKR30/ 1 |- 2 h i3 EHMRICERE IS )L : DKR6/ )b
Zy b ZOSKR1.7/ 1= b /Xy 1 DKR3.4/ /%y 7
DBRFET % 7= DLEEIE cZH R, REHEOBAZIZEE |- INOBAT ICHIBERFEEEBICE LS |- AAEEERETIC=H FERO
RETADE FLE BEIWA B3 E /AN
CRARBICERBAR E XD
®7 0t - Z# FEHROERIREIT 2004 £ | - EPA —~EIXE % DKR150/ke
LR, RETIHOD Cd I 3t/ £
ey
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- B4R © 1995.1.31 1993.7.16 #IE - AMIEICEET A E% 1 2001.7.9
1996.1.1 &HE
@ EC #8503k |91/157/EEC |- EC#S LUK LVAR -ECHS LUK LLAR cECHSLUELVAR
93/86/EEC -EC#SLWELVAR -ECH5 &S (REOH  + -EC#SLUELVWAR
BEBAT &7R)
98/101/EEC — — -ECHESEEA
OM&RE
« R/R CETOE® cE2TOEMR +Hg. Pb, Cd #& T Eih
- B LARSAE cETDE® cE2TOEH - Hg. Pb. Cd #& 4 Eith
- B 2 TDEM® - E2TOE® -2 TOE
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JIS D 5302 (ZHEBERMEETM) OWIE

The Revision of JIS D 5302, Lead-Acid Batteries for Motorcycles

W oAZ

Yuji Ogata

16 4 3 A 20 HAF T JIS D 5302:1997 (Z#s
HEEMAMEEREM) ZYES N, JIS D 53022004
BEATSINE L7

ZTOREDBE LWEDOBEIZONWT, I I
HLET

1. HEDEE

1.1 EEREEDBESL

R 7 AR IR E S N HRBRAHEE ST RIS &
Y JIS Dfl5E / RIEIZB T, B (IECISO
FOEBERE) LOBGIIERINTE) L7,

SEOYIE SN JIS D 5302 (Z# BB E HH
LEM) BT 2EBRBREIHFEL AV
M HEVEM & L THAFT 5 JIS D 5301 (FGEIA
$h% EM) s Y A EREBME IEC 600951
2000, Lead-acid starter batteries Partl : General
requirements and methods of test] & ®EALIC
DWT, TRAZBRVERINICANET L >TBY F
T o

Bz E, fERAVLER W "V VREEEW”
Ev) HREE. EBHREL L THFEELRZVW D, X4
HEMOEBEHETH S “VRLA (Valve regulated
lead-acid) HEEM D OLNF L7z, FITIE,
IEC 600951 : 2000 \Z#r7212B0 & 7z VRLA JB&
BHMORREE Th 5 "BEFE BLU “RERF
B BABEL LTEMSNTE L,

1.2 HXOEMHEIBR

BT, “EHBEOFEEH ML L TRAZINS
EEBMDIZLEAELVRLAY A T ThHYH., ZOE
HHKRIRBIHEMLTBY £, HWIHEOHER L
LTREDH 1RO+ A4 T, KiRICE
EEVPRBRILTETBY T, 29 LIEERZEIL

* HEEEMERL B
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ABEFERBIZN LR 0EM - Mo RE L2MTh
ﬂi LfCo

2. REOHE

21 HBEOKR

HFEZEDREIE, JIS Z 8301:2000 GREZEDRER)
ICESERESNTE L7

22 RE

BERCAWSN: “V—LVBEENR w5 H
FEiE. IEC 60095-1 ICEA{LEE 5728 “VRLA
EFEM CEFEINT L. £/ "Bk, B&”
IZDWTIZ.SBA S 0405 (FEMARE) IC# LT "
B, BIR ) F L, ERHEOBEEZRT I
B ZoWTIE, JISB 7525 EIC L ) “BE &
N FE L7

21 ESE

FEEIZOWT, R1BIUVR2IIRLT T,

BINB L OBEIEEROEEIZOWTIE, T,
o BREEKIBICHEL S vl v ) REOHR T,
ERLLTCOFEHAEEES 1000HE LE L.
OFER. BINL VRLA BEEBMO 13X EFE1Z&
B VEIRE Y NEEERO 2 B (6N4C,12N7C)
LD FE L7,

2.2 FIBEOIRE

HLCEBMEN VRLA BEBMOBREMEDR
BIZONWTIE, EEMA —H — L EHERTHRDY
DENTWIENARY 72 BZIC L TEDOONT
L7z 720 VRLAREBEMIISE L L THIZ
BME NI, BIEEE L REFEICOWTIE, IEC
60095-1 2255 H SN E L7z,

23 s

fiEsk JIS THIH LTz JIS C 2313 ($REZEMA
FREEM) . JIS C 2202 (SREBMHAT I A< v ).
JIS C 2335 (ShEEMAEE) 13 BEIEL o727,
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FIRBEPOHIBRENT L,

24 KT

VRLA EEEMOSA. EERTLEROTTERD
BEVPLTLO—EEZ RS 2VWEEEH L7120,
VRLA REEMOTE LI ESHF /21BN S, XY
MNEEBMOTEREEX S ENE L

B, Ny NEEEME VRLAEEEMO™ S
ICBWT, REBXREVH O LOTNoTWEE
ADOFEFEBMENT L7z,

25 HEAHE

VRLA EEEMICERATA2HABREL LT, HEE
BEORVARAETH bBEEMEMD., F2IISE
ELTCEBMmENE Lz, BEMFGORBRAIEICD
WU, JISD 5301 (ZRENASREEM) 2SFE L L.

BHEEICOWTEEEERA — 7 —DEBEIOE
HDOENFE Lz, T, BENFMZEMLZD,
WERORERENRVFaART. EEREFMLN
LENFE Lz,

EGREBRLAICH, VRLAREEBICERT S
RERE LT, BMEES E REFRENSZETEMNS
ng L, BRBRAESL L UREEICO W T, IEC
60095-1 ZZZIZ L TEDOLNE L7,

LS

NI

E Y]

VRLA BEEMOBEEmFMm. MEREE. REFER
HIZoWTiR, SRIERT - DPARELTWwWAI L
MHEBZELRYF LI, SBRERT -5 2EAE
R REIOYIERFIZRE L 21772 > T TFETT,.

3.

=1 VRLA A& EithDiESE
st =
p | wg  |EEmEmmEC00| (APTE —= z
iZee BE | (10BEX) [[ga | 2= [ smE | - N | Rt | Rt HAEERR
v Ah w | wm | mE | o0 | B\ RS BAT ggm gah | v
A min \Y
BT4 12 3 30| 10 | 92 | 85| 70 | 113 | 275 | 4000 | 0.9 T | 7.2 LIE | FT4L-BS
BTX4 18 | 100 FTH4L-BS
BTR4A 23 1.0 | 92 48 225 FTR4A-BS
BT4B 38 FT4B-5
BT5 4 40| 09 | 95 | 105 | 70 375 (FTX5L-BS, FTZ5L-BS)
BTX5 12 | 98 FTX5L-BS
BTZ5 % 45 50 10.0 FTZ5L-BS
BT6B % 6 40 | 27 | 1041 225
BTX7 50 | 1.7 | 97 | 130 FTX7L-BS
BTX7A 96 | 93| 87 | 150 FTX7A-BS
BT7B 6.5 65 FT7B-4
BTZ7S % 6 23 | 101 | 105 | 70 | 113
BTX9 8 70| 19 | 97 87 | 150 | 300 FTX9-BS
BTR9 %
BTOB % 69 FT9B-4
BTZ10S % 8.6 100 | 16 | 94 | 93| 87
BTX12 10 20 | 95 | 130 200 FTX12-BS
BT12A % 17 105 FT12A-BS
BT12B % 1.8 130 | 69 FT12B-4
BTZ12S % 11 17 | 93 | 110 | 87 225 FTZ12S
BTX14 12 22 | 96 | 145 250 FTX14-BS
BT14B % 22 | 96 69
BTZ14 % 14 28 | 103 87 300 FTZ14-BS
BTZ14S % 1.2 120 | 17 | 93 | 110 225
BTX16 14 100 | 33 | 9.7 | 161 300 FTH16-BS, FTH16-BS-1
BTZ16 % 18 150 | 214 | 10.0 350 FTZ16-BS
BTX20 20 | 95 | 155 175
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JIS D 5302 (Z®wEAZHEAMESEM) DBE

Fz2 Ny MEEE (B8, SR nBE
N WE BERERE s B
| mE | GomE) = 1o0) GER o) | anse HABI
v | |BEER|AEEE|SHERE | B | B | &S |ToaT PR
A min \ mm mm mm
6N2 6 2 95 46 70 200 6N2-2A, 6N2-2A-4/7/8
6N2A 105
6N2B 56 60
6N4 4 95 70 70 375 6N4-2A, 6N4-2A-2/4/7
6N4A 130 56 60
6N4B - - - 95 47 101 6N4B-2A, 6N4B-2A-3
6N5.5 55 99 69 89 225
6N6 6 110 56 98 250 6N6-3B-1
6N11 11 99 69 149 225
6N11A 130 60 120
. 6N12A 12 115 56 155 250
:\é; 12N5 12 5 - - - 130 60 120 200 (FB5L-B)
# 12N5.5 5.5 40 1.5 8.4 135 225 12N5.5-3B
12N5.5A 114 90 103
12N7 7 50 1.4 8.5 133 75 135 300 (FB7-A, FB7L-B)
12N7D 149 75 135
12N9 9 60 1.5 8.6 139 350 (FB9-B, FBOL-B)
12N10 10 70 145 90 200 (FB10LA-B)
12N11 11 80 155 225
12N12A 12 90 8.5 160 80 134 250 (FB12A-A)
12N12C 175
12N14 14 100 166 89 300 (FB14L-A2)
12N18 18 130 1.6 162 90 205 350
6BX8 6 8 - - - 95 70 120 300 6FB8L-B
BX2.5 12 2.5 — - - 105 80 225 FB2.5L-C
BX3 3 15 1.5 9.4 110 56 98 275 FB3L-A, FB3L-B
BX4A 4 25 9.3 92 70 120 375 FB4L-A, FB4L-B
BX5 5 40 130 60 200 FB5L-B
BX6 6 50 129 59 134 275
BX7 8 60 9.5 133 75 135 300 FB7-A, FB7L-B
BX7C 7 9.4 114 90 130
BX9 9 70 9.3 139 75 135 350 FB9-B, FBOL-A2, FBOL-B/B2
BX9A 155
= [BX10 11 90 9.4 145 90 225 FB10L-A2, FB10L-B2
g%‘ BX10A 130 160
% | Bx12A 12 100 9.3 160 80 134 250 FB12A-A, FB12AL-A
BX12C 175
BX14 14 110 166 89 300 FB14-A2, FB14L-A2, FB14L-B2
BX14A 176
BX16 19 130 1.8 155 100 175 325
BX16A 16 120 1.5 162 70 205
BX16B 161 90 160
BX16C 19 130 1.8 175 100 175
BX18 20 150 162 90 205 375
BX18A 18 1.6 9.2 180 350
BX18B 20 1.8 9.3 176 205 375

g . 1. kHIE. SEDOJISHWETEME hAEFXERT,
2. HAEHERED () AOKERIE. SHEE2 1 TOR—THERER T,
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“BEZ TN - HRIILTNHEEH

X 1E

(JIS C 8706:2003)

Revision of JIS C 8706:2003,
“Stationary Nickel-Cadmium Rechargeable Single Cells”

A 1

1. IUBHIC

2003 4 10 A 20 HAFIF T JIS C 8706 [#EE = v
TV - HRITLATIVA)EER] PREENTD
T, TOYEDOBE R UPBEIZOWTLTFICHEHT
%o

2. SEHHRENEBE

CoBEE NI T 5 EEH % IEC60623
“Secondary cells and batteries containing
alkaline or other non-acid electrolyte — Vented
nickel-cadmium prismatic rechargeable single
cells” 232001 4F 9 HICXIE S N/z7-0., IEC HE
LOEEME S HLICED TYIE Lz, HEOBRIE
BHMEEEL T, BB I IEC HRICES ST
TEAE, BEIAMERD JISHE THIZES L. BAT
ZERSNTWBEEICE > T\ b, (EFH R
SOFFTERE L THES NI EEMIIEEI»
LT 5,

B, COEBREOYIEICEL TIE. BHAREL
TJIS HMBHNE DR ) AR ZEBIICE S 220). HH
LD ENT W5,

3. WENHE

3.1 HEREHE

SBA S 0405 (BEMARE) OIEICHEV, g
BY—NVEZy V- A RITATIVA) BEBD
[¥—E] ZHIBE L7z, fieXEEmII N b
EBEMICMERZ) FF7BETH), ¥ —
FEOMFUHFIZHIE L 2 & DIRFEICE 5,

* OEERREES TV ERE

2 T

Yukitsugu Ishikawa
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3.2 SIR#HKE

AT HHEREOBEL [ECEME LELSSE.
BEDERFLDOA L L2720, JIS B 7411 (—f&B Y
T ABUERIRERT) BXUJIS C 11022 (EEhRIE
TEAEE F2i BRETBIUEEFHIHNT 5
EOREH) ZHIBL7. 2o HHEEORTEE
BhL 720

33 E&

FBfEDERIT. IE 172 SBA S 0405 DA &
BEEELTEO. BIEL7,

34 AERE

IEC B THEEDHIBES BN S N7, £
DAR%Z [HEOFHH] & L GEML7,

35 {KERMERFE

[EC B CHEROERIEEL - 18COAMSL 5
CXE - 18CoOVTNAITTFICKIEEE N
NN, FCEE T ICSCOBREERZEML 720
IECHMREKXIEIZBIT 5 5CTHEDEINIHADESE
2L 5,

3.6 FERFHHK

HEI D AM. AMH. AHEORERORER
FeirH % IEC Btk LA S, 3B/ 30 5Ll B
L4 EE L7z, 72720, AHH X 1C1A &
BTL2H5UEELEDS TV,

37 EEREXREZAHH
IECHEICEEGTAEE I DADEETH 5 25,
IEC BB DUIEIZHE V. FTREFEH & BRI 2
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Introduction and Development of BCW (Battery Condition Watcher)
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Development of BCW6L (Battery Condition Watcher) for Medical Use UPS
to Best Solution, Inc.
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Delivery of Disaster Prevention Type Photovoltaic power Supply System

to Yamatake Corporation Isehara Factory
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New MT-battery Series for Train Application
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Investigation of Low Temperature Storage of Li lon Cells for Space Applications
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Delivery of EBE Batteries to the DE-501 Machine of AMANO
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Delivery of Battery Monitoring System for TOBU Electric Train
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The New Type Parallel Processing UPS Enabling Parallel Connection of Commercial
Power Supply “ALT-EM Series”
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High Rate Discharge Use Small-Sized Valve Regulated Lead-Acid Battery

“FPX series”
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FGUARD Series

The World’s First Release “FGUARD Series” Automotive Batteries
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