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Lithium-lon Secondary Cells for the HAYABUSA Mission
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Yoshitsugu Sone

Abstract

In spacecraft, batteries are used for the electrical power subsystem. In the case of a satellite,
solar cells generate energy during the sun-shine period and can charge the batteries to supply
electricity during the eclipse time. Ni-Cd batteries were most often used for space applications.
In order to enhance the energy density, Ni-MH and Ni-Hz batteries have been developed, and
have applied these to satellites and interplanetary spacecratft.

Recently, lithium-ion secondary cells/batteries are receiving significant attention because of
their higher energy densities compared to Ni-Cd, Ni-MH and Ni-Hz batteries. The interplanetary
spacecraft “HAYABUSA” is one of the first spacecraft which used the lithium-ion secondary battery
for the energy storage device. After the seven years operation in space, the spacecraft came
back in June, 2010. During the operation in space, the battery was over-discharged due to the
malfunction of the attitude control. The recovery mission of the battery clarified the operability of
the lithium-ion secondary cells under the micro gravitational conditions. HAYABUSA successfully
brought the asteroid sample back to the Earth.
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Interplanetary spacecraft HAYABUSA

The spacecraft under development (a), and artist’ s
image of the spacecraft touching down to the
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Table 1 Cell condition after the malfunction of the
spacecraft HAYABUSA

Cell No. 1 2 3 4 5 6 7 8 9 |10 | 11

Voltage/V |0.58|1.74|3.69(1.28 4.11|4.05(4.09|4.09|4.09 |4.09 | 4.06
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Development of the UltraBattery for Micro-HEV application
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Abstract

The flooded-type UltraBattery, which combine an asymmetric capacitor and a lead-acid battery
in one unit cell, showed 2.8 times longer cycle life than conventional lead-acid battery and 1.8
times longer than improved flooded battery in DCA (Dynamic Charge Acceptance) test. The result
indicates the flooded-type UltraBattery have a good charge acceptance and durability under the
HR-PSOC duty. The flooded-type UltraBatteries showed good performance in field trial on the
idling start/stop taxi. The flooded-type UltraBattery is expected to be the most suitable electrical
power source for the micro-HEVs because of excellent dynamic charge acceptability compared

with the improved lead acid counterpart.
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Table1 Result of initial performance test of Conventional
SLI, IFB and UltraBattery

Test Items D23-UB | D23-IFB | D23-Std.
Weight/kg 15.8kg | 16.0kg | 15.5kg
5HR Capacity/Ah | 50.2Ah | 48.4Ah | 51.4Ah
20HR Capacity/Ah | 62.7Ah | 60.0Ah | 63.9Ah
RC 103 min 96 min 110min

CCA 490 A 495 A 515A

Charge/discharge amounts during one microcycle.

* 3600 As discharge = constant
* charge amount is adjusted on the basis of UP1.

+100A - ——ooe :
Charge
amount
adusted on the
.hasis of UP1
A I

namically Adjusted
-48A harging:
Charge step =
o As+40AsxN
N, =0,1,,.= 1004,
CF,;=1,000)

Counter increment:
for every cycle

fUP1> SP(UP1) > N=N-1
fUP1 < SP(UP1) > N=N+1

-300A

0 605 61s 71s xs x+60s x+70s

M3 DCA#ERZOZ771)L®
Fig.3 DCA test profile
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Ba added Pb-Ca-Sn alloy (C21 alloy) for positive grids have excellent mechanical properties
and superior durability for corrosion and growth. In our previous studies, it was clarified that C21
alloy had excellent mechanical properties by two-step aging treatment. However, age hardening
behavior when aging treatment was performed on this alloy has not become clear sufficiently. In
this paper, age hardening behavior by various aging treatment such as natural aging and two-
step aging was investigated. As the result of the investigations, the maximum hardness of the
sample increased with holding time in natural aging treatment. Further more, formation of fine
precipitates was confirmed by TEM observation of natural aging treated sample, and particle size

of precipitate was about 6 nm.
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Development of Silicide-Nano-Hybrid (SNH) as Anode Material
for High Energy Li-ion Batteries —2 —

APRH BHT P SR AT

Masaaki Kubota Hidetoshi Abe Takeshi Nishimura
2 > 2 3 > —_— 2 N ~ 2
[N w rER e BF =7 Al Rk
Hideo Nishikubo Toshio Tani Koji Hataya Toshiya Hikami

Abstract

Silicon and Si compounds are expected to become as anode materials for the next generation
lithium ion batteries because of the large lithium storage capacity of silicon. However, Si
anode shows very poor charge-discharge cycle performance due to its large volume change
during the lithium insertion / extraction reactions. We have developed the silicide-nano-hybrid
(SNH) compounds and the SNH electrodes produced by the slurry coating method. The cycle
performance of the SNH electrode has been largely improved by the suitable electrode binder
and by the electrolyte additive. The capacity of the SNH electrode retains more than 1000 mAhg*
even after 300 cycles.
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Development and Operation of Battery for the Venus Climate Orbiter "AKATSUKI"
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Abstract
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Masahiro Yamamoto
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Hiroyuki Inahuku

We developed 23.5-Ah Li-ion batteries for the Venus probe "PLANET-C", energy density and
life performance of which were improved according to the mission requirement. The spacecraft
was successfully launched in May, 2010 and named "AKATSUKI". The battery has functioned
as expected in the launch operation, eclipse periods, and the Venus orbit insertion operation so
far. The degradation trend of the onboard battery agreed well with that of the monitor battery on
the ground and the prediction by a test using prototype model batteries. After the Venus orbit
insertion failed last year, the spacecraft entered a new trajectory to reach at Venus six years later.
Because the operational period will be much longer than originally planned, we are considering a
new operational plan for the batteries to sustain as much capacity as possible.
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(SBA G 0808)

Valve Regulated Lead Acid Batteries for Small Traction—
Technical Guidance for Maintenance and Handling

KB FEE

Takashi Mizuno

2010411 A 16 HAF1F TSBA G 0808:2010 (/ME
BEYHE A HIEH TSR E Bt — IR5F - Bk OBl ig
) BWIESN/2DT, ZOWEDORE & HEEIZD
WTLIT I T %o

1. SERENEE

Z OFEEHE, 2005 fFIZHYOE S T A5 5 AED KRB
L. RELDPLEIIR 572, AEogETIE, FX
% JIS 7 8301:2008 (HAEZFE DR OER T ) 12
BEd HHAICHEV, REL 217- 72

2. WIEME

21 &X
FUL JIS Z 8301:2008 (Wt ZE Ok ONER
) ITHET 2RI A DE T,

2.2 4Bl
FEXONEIZEDLE, ¥4 MU AR - Bk
Bl 72,

23 MERUEE
9 2 HFEORLE L 247w, SBA S 0405:2007
(ZWREMBHRR) 12abHE 72,

2.4 20hR M:&10

SBA G 0804:2009 (/IMEEBhH H Hl1H 77 EhEE
) 12D, 20hROFEILE 4.1, 4.2, 4.3HIZ
ZNEFIEML 720

* HBEE RIS B
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2.5 HREISHEA

2005 AEIZ I, 4 & L CHCER o H 220550 8%
SNTWD, BEZIHECBENDNH L7720, HIkE
L7

26 NEXRHR
WHOEEBLZ SBA G 0806:2009 124 S €72,

3. BEPICHICHEEL>/-FIA

WHEBREIZOWT, FEHOEEDG 2D 12L
<. SBA S 0405:2007 (Z kM HEE) 12 bER S
T/, 312 NEOEHRZBINT 52 &
AT L7,

4. BEFH

41 MYBEBHERFHANMEE N

ERRTH D N UNEOBBIHEICHETOR
W e o “EENHHO/NEOEBEEM” O 050
DIZL L, AMEEETRE TR WA LG 217
2720 L2l B TH S SBA S 0804:2009 Ak 1k
o2 T, FOTITOHBTH D20,
SBA S 0804:2009 ™K RICLIERF 2 &b, TR
BEATH kb rodz,

4.2 HBEERE

il L B OEMIZOWT, EE o7 15
I EEAENTWS ZE R, iEE R
MWMENTWHRW ZE2RLTWEDTIE WL
dkam ST R K03 WL D &
FRHHTAIEE T,
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5. TOfthAFERER

TEEREEDY30 % LLF O\ E O % #: 1 &
FTe, A I NVEGHRELRT T L2605 5,
UL, IEBIEWE & BT & OBICAEREDSTE
WENEIZOTH 5,

AEREDTEHIL, HEGRE, FHEMIRE, TEE
REREICECEEL, YA 7 VHFMmEIINSOH
WL TEDLZEDNDH D, HVINERELEED K
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AEZEA- vy IV DNIYLESH (A5 LEH) OREH

Approach of Sealed Nickel-Cadmium Cylindrical Rechargeable Battery
(COLUMN BATTERY)

B OSBRI = Y 7 V- A K37 2RI (FL8R]

AN 40 R4 & FA KSR R H 7 i B ﬁ%& @/ SR ERE M @RI 8 IR P
Eml & LT, BEEREOIFFERICEN 2 MET 5 @R TR A @R IRFASH R
Ny 7Ty THEIZZHWL N, HEZORHT @ W EHENE @ 55y CREERN
EEWEBEEE Y 2 TR L TS, @)1 7 LA E

CORFENS, BNy 27y THEICHR D # L
TWD IREBO—2I12 > TWET,

EERODELETA LT v

B A iz R BEWV) A2 (Ah) E Al . R EEWV) wE(Ah)
20-AA100A 24 0.1 22-S104A 26.4 1.65
20-S201A 24 0.225 SEtA 10-S103A 12 3.5
20-S101A 24 0.45 10-AAGOOA 12 0.6
20-AAGOOA 24 0.6 20-S101AT 24 0.45
20-S113A 24 1.2 20-AAG00AT 24 0.6

_ 20-S104A 24 1.65 20-S113A 24 1.2

ZIEHA
20-C2.0A 24 2 20-S104A 24 1.65

ik 2R

20-S103A 24 3.5 20-S103A 24 3.5
20-D4.0A 24 4 20-S108A 24 6
20-S108A 24 6 20-S127A 24 10
20-S128A 24 8 10-S127A 12 10
20-S127A 24 10 FEMEER ZEH: 3C. hi#tEF: 2C

B, MEHAE=y 7V - 7 FI v 2EEBM%E
*”fﬁ?“% B A — T = DA L T B, BT
DEBMOFOHFR L TIZENL, 4% DK
Fﬁ%tﬁ ENy 7Ty THED = — X2 bE 7
RIS Z AT\, HO%H%L#*“”“@%’*‘%IV) Wa
7Y R ICHBNL . BEHROMEELZIZISR
f%biﬁo

(RESERE GRS ARER  PESERRER A IERCERER 7oV 7 1) i)
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Renewed Batteries for Aftermarket

C O, T EEIEH N Y 7)) —0F )
=Xy =TV ) Za—=TNVLE L,
28y = DIIERGENE - ==k LNy T Y
—DOWHEN—H THPb L. £ —ADH#%
TAAYTHPNRTEIRL, HELZ V=70
BREFMENGESNEBIINGE SN 4 A=Y
~—7 [eFriendly ¥ — 71 % RE{FERLE L7

F 720 AR O FEE I E L O BN RIS B
FB7000 21 — X\ 2 BHAE R & g L' Ak
% #15% UP & 272 E£J349 4 X O Fc 7 il 8 B xh s
[40B19R /Ll %&BML F L7

1. V-2 —-7IEGE
FB 9000 (5 #f% 10 ¥ 1 7)
FB7000 (7 #f& 14 ¥ 4 )
%40B19R /L %380
FB 5000 (6 #1412 & 1 ")
FBSP (15 #%# 20 ¥ 1 7)

2. ®5%H
201141 H

3. HE/PMFEMmE
*F — 7 Uitk

4. |RFEN— b
HIE)E, EEM, BHETY, SS%

5. 8T H

FB2¥>L

ECO!

eFriendly ¥ — 7
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BEENYT)-—RAF-—2TNVTRXE—
FBT-6000P V2 ®OiE%

Introduction of Portable Battery Tester
FBT-6000P V2 for Automotive Batteries

20114E6 HICHBIHF Ny 7 —HK—¥ 75 A [HEBRBE]
% —[FBT-6000P V21%35Es L FL72DT,
THNMELE T,
[ E]

WEELRES R, EH LR

@1y Uy AFAM THEHIRIE, BRIFTHMWIL £
ER

Q@ AL E D H EATHET T,

@ it EDTTRET Y,

Q7)) vy —NE TR RZAZTY) 77 T
xFET,

Q@ L MIEREIC L . IEMERZISTTEETT,

QLY — IR OF =YY AT LT A MERER

BHLTBY T, (EX )
st 18102 X£ & 230 X&& 65(mm)
= S =0 - BHe #0.77kg
-mme(r‘EyJEm/\ J T U ‘\-i‘jﬁf\ ﬁ)ﬂﬂ}%iﬁ 0°C~50°C
@ JIS LI/HZ DIN, DIC (SAE) S EbIZ b L JISHE 26A17 ~245H52
v SAE(BCI) : 100 ~ 2000 CCA
° BIE X RE IEC : 100 ~ 1200 A
@ AGM (VRLA) HHIETHEET T, DIN : 100 ~ 1200 A

EN:100 ~ 2000A

@ CCA AN TLHENWHE T

BEE 1vDC~ 30VDC

[Ny T )-RIFIIRIF+BRBITERBT AL

T
HE=n [N 7Bl FE+ BB

(HByHE SRR Ml ER)
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