Status of Power System of AKATSUKI to be Inserted into Orbit around Venus
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Abstract

This paper describes the development and the operation of the power system of the Venus climate
orbiter “AKATSUKI”, which is Japan’s first inner planet explorer.

The spacecraft is irradiated by intense sunlight of 2 Suns on the orbit around Venus. For example,
solar panels for ESA’s Venus Express, which was operated eight years to 2014 on the orbit around
Venus, were equipped with optical solar reflectors between the solar cell strings to lower the
temperature. However, the size of the solar panels for the AKATSUKI was strictly limited by the size
of the nose fairing of the originally planned launch vehicle, M-V rocket, therefore the front side of the
panels had to be all covered by solar cells to meet the requirement for the electric power. As a result,
we were obliged to increase the maximum design temperature of the solar to as high as +185°C. After
the AKATSUKI failed in orbit insertion in December, 2010, the spacecraft has been orbiting the Sun
at the distance of 0.67-0.7 AU, and the temperature of the panels has been changing in the range
between +100°C and +140°C. We assume the thermal control materials of the panels have not
degraded, because the temperature trend has not changed. We expect the solar panels are able to
supply required power more than two years after the upcoming Venus orbit insertion in December,
2015, considering the radiation damage.

The AKATSUKI equips 23.5-Ah Li-ion batteries for the use of the power supply during the safe hold
mode over the mission period and eclipses only on the orbit around Venus. In order to keep the
capacity retention as high as possible, the batteries has been operated at 0.5°C and 30% state-of-
charge (SOC), which corresponds to the required power to restore from the safe hold mode, after the
unsuccessful Venus orbit insertion in 2010. On the orbit around Venus, the SOC will be varied keeping
the minimum SOC that meets the power requirement in accordance with the eclipse duration. The
status of the batteries have been evaluated by the telemetry data of the reset operations, in which all
battery cells are charged to 4.1 V (108% SOC) then discharged to the former SOC (currently 30%) to
mitigate the variation of the battery cell voltages. The capacity of the batteries as of the last reset
operation in May, 2014 was 23.6 Ah, which is almost equal to the specification. If the eclipse pattern
on the orbit around Venus is same as the original plan, the batteries are expected to meet the
requirement more than two years after the planned orbit insertion in December, 2015. We are seeking
the trajectory which minimize the eclipses and maximize the science value.

Presented at the 34th ISAS Space Energy Symposium, 6th March, 2015

This document is provided by JAXA.



B2 A R EE BN 2 128 2 TR A & 72> & ORI R E AR T

BHHBZ. AHEH. FAIEA (ISAS/JAXA)
KB, AN GEITE kRS )
FIFEE, FHFHB (NEC B EZAX—X T X7 A&

1 IC®IC

HoxF, A—N—p—F—3 3 TR
HERBEHEOKRGEHNZ LI LD ETIHLEEDOKRK
B 2B L, A H =X O %2 B+ EERK
THhH0D, 201045 H 21 HICH2A v 4 v k17
FHRICEIVEb EFoh, FFE 12 A 7 HIZE&E
WA L2 ERuE S AR L, 2015 4 12
H7HOEHANZ B LIZEH 2k L Tn506),

biroxX, KEHEEKOZ S, IR EEAK

IS SR EAE 3 FHDORELFAKTHY |

MO TONKEREM TH D, KEFEM SR
DWTIIE B - SRREmEN, Ny T Uico
W IR HE AR T o = B LA BR S RE
Eleodz, JARELUERARBIC LY . BH) 4.5 4
LEHHENTWE S v g VHIA 7.5 £ (&8
JERHIEIZ BV T 2 AFER OB Z1T 5 EARE) 12
MR EN72D, TORMEIET—ERLL o7,
AFETIx, EIRRH RO B & i - iE
RPN DN THERE L, A28 RIE & A m
7-RELELRRS,

2 BIFERERR O L BRRTE

2.1 BREBROYE
EEEERS D OXONEIXZK 1IZRT, B
FRDORERERAR O T 1.04 mX1.45 m X
1.40 m, 'E &13#) 520 kg (9 HHEMESFK) 197 kg)
Thd, BRRIFET 28 E LTE | RS
R 5B AL T 28 & 7= KB S %L (Solar
Array Panel, SAP) MBI TH 5, 42 HE#EL
HEARZRIT | 5 BOBMT AT 2&RIZWIT DD
KIGEM SFVTCKRGEZBRET A2 /XKL D
FHT AR [BlREERE  (Solar Array Drive Assembly,
SADA) #fHz %,
BRSO T 0y 7 A 212077, RS
12 SAP THAE LB L . SADA I X OWiiRs
1 # A 4 — K (SAP Blocking Diode, SBD) % i#%
BLTYY XA, vF L Xal—X
(Series Switching Regulator, SSR) (Z AV | 50
V ICREELEL SN2 %IZE ) H#EEE (Power
Control Unit, PCU) (IZ#E X . /3w 7 U (Battery,
BAT) kL OARTEERIC OB SN S, KBEEDY
EoRVWHRERTB IOt — 78— FESKD %
EHEFF O 72D OBEIRRE~ D HHEMBITRRIL,
BAT % i L CRAfHRR IS E ) 2 46 5,

KiGEM SV EBIEOLEIZ SSR %
VW, HiEkAERfgEE TEIHWLENDS Yy P LF
2 b= EZHNRODIE, Hox LK EDE
#E25 0.7 AU~1.03 AU (Astronomical Unit) & K
ELE#HT L0, HEEFO SAP IR 30C
Mo 170CES ETRESEH L, HAOEENK
EL BT B0 TH D, SSR OFZFHI/NRIERE
E%ﬂi’@xg‘; é fl%%inmu %@éﬁ% L?L:o
2.2 KB/ SR

LRIIKE S 0.7 AU OFFEECH Y . KB
SREZITHIERA R OK) 2 (5L 0D, @RA Y O42R
FRELE TR IR @ISR0 | EFIRIET+1447C,
T A G IE RF I VX 72 28 H+167TCIC T 5,
TAVCEBGE I OIRFE F 5 & fRATRR A 2 N 2|
+185°C & KIGE M SV OFRFHEE & L=,

ESA 04 B2 Venus Express (X 3) I3,
K& A N U 27 & Optical Solar Reflector

(OSR) L MEEN B 4 T AITERIRFE & litn L 7= S5
WA RFVFREICAAHICEE L0, Zhicky
BT 2RI UARLEE 52 i C & B 23, [RIRFIC
HAEBNOIKTEHL,

—HTHP O ALY M-V ey MK
26 EFAELTEY, ZAIIHITE 55F
EO KB SRV TUEIRE ) 2155 7290121,

Solar array
paddle  ~__

Rotation
Thruster
~

Observation cameras Slot-array
i high gain
H\F/g imager an engna
-IR1
-1R2
-LAC

1 REEEb)OZ
SBD

- - -

PCU to LOAD

I
BAT

I IO

2 EFCREEGKRET v

SAP | [SADA SSR

Presented at the 34th ISAS Space Energy Symposium, 6th March, 2015

This document is provided by JAXA.



2R TKEEME L THE I LEND -T2,

KEGEM AL, TAIANZ AT OMEIC
CFRP M %k fHiF ek OEE % & 5, =t
(2 OSR ZHBH TE R WHOE D/ VL, #H
LV ES HEERES 10 mm D 1/8 4 »F T Iv
IN=hLaTEHANDZ LT, BRI,
RKamdlz, 62, Bia4im OSR THE-H Z &
TEET NV RKOASHZMmif LT,

2o LTEES T, B o O KBGEM K
Lo AR 4 xR T ., vy — 78l
InGaP/GaAs/Ge 3 #6 KGdEit /L (ZBHzhE
28.3%) % 36 [H4 X 10 W4 X 2 BAERL THE#H L.
KIGIEE b < 725 1.0781 AU T 480 W LL
b, &RJEEEE ET660W DL EDOFRER I EZA
T 5,

2.3 NvTFY

HinOx DM T = — Rk, Ay T Y EHOB
D, HLHRE . &RICANI IN—20 T F
L CE&ERBENZGT NS, HhoX L) F U A
A A EMEBBET DN, VT U LA A4 BT
FEEEIRARE (State Of Charge, SOC) 3@V MF L,
ZLTRENEWIEE REASEN R EITT 5,
FITHRLIECFRTEINC T 2 — R L IEASLM:
EREL, REHLEMHIT 558 E Lz6),

BRI, Ny T U AR R TR
Bt %, ZOW O SOC I IMEL oD NE *
LW, BEEZRET A7 10% & LT-, 7 U —
VL= LNEEDOT-D, IBEIX 25CTH D,

(b) %
"4 Db ERABED SV

(a) #&

HERMN B ERIZmNHY 7 —V v 7L, £H
AR CH B, AWM A w7 UIIHER L2023,
=T AR —L RBEERIZITINNy T U nbEH 2t
WT D, ZNICHERE ) EE SOC41% & HER L
7o BT MRS & OERAFERBITR BV, 10C
& L7,

4 2 JEEHER ARIT, HEEREREZY 0~90 43O
AT L, Ny T VIiTY K LB IND,
FZTCTHERMIZS U CHERBNREOLRZ KE
THZEL L., SOC % 41~85%D#iH TE(L X
HHZEE L, BEFZIN=VTHERT
10CTh 5,

DL EOERSFENLRDTZ NNy T ) OLERE
L. RITIC X W RDT-REHBZK 5127, 7
N—20 NI Er—AD 25 £ L=, &8
[EgLE B AL L., B EREEIZ)G T SOC 28k &
LD, LEEENPHBICELT S, Ivia
VRN E R ENOWE L, FTH R RIS
TNy T UL EEIZ23.5Ah ERD ST,

A 23.5 Ah kU F U LA A B 11
BB EINIEE L, RERIEE LI T 7N
v Va=y NOABER 61273 T, HDOXI,
ZONy TV a=y e 2EEBHT D,

3 BREZRMEEOHE FERRR

3.1 =

HIPOETOEFRRICETLEEAANR I EE 1
AT, BT, KBS AR L E Ry T JIZo0N

35
— ERE
—— BATRE DI

2 EFEEE

30 |
HE~T5 VS

25 F

5 EF~&2FE

20 F

A& /Ah
&

[
1
1
1
1
1
1
1
1
1
|
1
1
1
|
1
1
1
1
1
1

FBEER] / F
BAT OV HX R & RERBEHE

6 HLroXHEHANAYyTF Y=y K

Presented at the 34th ISAS Space Energy Symposium, 6th March, 2015

This document is provided by JAXA.



T, TV A NI T =X &R 2 THEHRREZRNT
D,
3.2 KB\ RV

KB AR NAVEET LA MY EK 7 IT5RT,
HH ETFHBOLNDEIT VS TZAKENBEIND
1 HERRET1.07 AU S TEL, Z0ORICER
IZmodz, Z0OM, KEGER SF L OREILR
BEERELC IS U CAE L, & H AR T 30°C & TIX
T. ZOHKBIES TN T ER L, VOI K
\ZIEK 110°C LT L 7=, SAP ) {E 5 7EJF (SCP-V)
IEFIICIBREL, BXZ 85 V~75 V O#iH TE
L7z, Z 5 L7z SAP /&L D KIE 2288 5t
WA D=0, SSRICL W EBELEILEIT->TND

Y 90%LL EAEHEFFL T D,

20104 12 H 6 HO VOLIZRL CTL V. &
MOEIXB L Z0.61AU~0.7T AU O KB IEEET K
B fE D &AL T\ 5, SAP JEFEIL 100°C~
140°CCTHER L TRV GEAOREH LIV EES
N5 RHEMELOLHIL D IREIL 20,

SCP-VIHIEEICIBHEL TETLTWSAR, &K
ELTIRAICIR T T 2SS D, Z AU
BALDOEETH D, BAMAHILITRIZHAEEIE %
KREIRTFTEREDLN, HoX 3 ## 425 SSR 1
K 5 2B 0D BB o B e M 0D T R BRI A 9 B
7o, TOMFENRELBND, UM, KB
TVTORBLEZ ONDIEMRETLIKR TN, 2
NETIC4mEFRERELEZ (K 7H%H) 6,

DiE, RO LBY THDH, SSR OFRIL, &
90 T T T T ‘ — .
s 0 \f [Sdsen voliage rops] ; :[ﬂ]

: % ‘ \#i,m\ f_\ Vo i

"8 | NN

55

LOAD-I, SCP-I [A]

SAP
Temperature [°C]

2011/01/01 (~
2012/01/01

2013/01/01

Date

2014/01/01 (—
2015/01/01

4 7 SAPRJET LA NYF—X
#z 1 OrOTERAROEEA N |

FAEH

A~k

20105 H 20 H

15 B, SAP JEBH

201045 4 21 A~31 A

BAT SOC Z8%E 100% — 60%

20108 A6 A

BAT SOC % 60% — 40%

2010412 A 4 A

VOL IZf 2 BAT Uk~ FREFE (4.1 V/&L)

2010412 H 6 H

VOI

201012 A 14 H~17 H

BAT SOC Z# 100% — 30%

2010 /=12 A 23 H

BAT #ilfHIEEZ R 10°C — 0.5°C

201146 A5 H

SAP EBJEIRT (K7 v T o ?)

20118 H 11 H~15 H

OME 3% L"& X |Z{ff 2 BAT SOC Z°F 30% — 70%

2011F8 H 15 H~9 H 14 H

OME & LMt &

201241 A 23 H

SAP BIEIE T (KB~ L7 DB ?)

20122 H 19 H~3 H 12 H

BATU®y hAL—3 3 (1HEHE)

201247 H 23 H

SAP BIEIE T (A7 L7 DRE?)

201343 H4 A~22 A

BATU®y hA_L—3 3 (2EH)

2014 4E5 4 5 H~26 A

BATU®y hA_L—2 5 (3MEHE)

20144 12 A 12 H

SAP BIEIE T (A7 L7 DRE?)

VOI:

Venus Orbital Insertion, OME: Orbital Maneuver Engine

Presented at the 34th ISAS Space

Energy Symposium, 6th March, 2015

This document is provided by JAXA.



BIICHR bEEL VO, fTH EF®%IFERL
B L7z 1.07TAU O H ST, 2R REE ET
IZKBI W= DB IIRB R D 5, SH% KBS
B SRR R EELRWERY | &8 H R
A 2EMOEMIEER LB L TH D,

3.3 Nvy7FY

HroEX, 23.5 Ah DV F 7 LA A E
%, 11 E5 2 R4 (AR, BR) R CHE#T 5,

16 BRI ANy 7 U 2 eEike L L, #
TR Ty S D BE. KBS SRV IEE
B E MR- 2 L 2R LRI, Ny T
UV ORELLEKET 5728 SOC % 40%F TIX
T&EEE, L, 1 REOEE Ty T U
DORFEEZFE/ L T\ 5, 20124 12 H 4 B2
2TONRNyT Y E/NLE 41V (108% SOC) £ THF
wL., 2 H&D VOI I2fifi 2. 7=,

FEFRIICIE, VOLIZRIEL X v v a o3 Y46t
BEVEIE LD, Ny T U ORES{LEE
HLL BN LS 2 DBMERE LT, £ 2T, VOI
KR OER FEE b — 7 R — L R OB %
LOFEMICAML 0. DOy 7 U OFRERE
Z 40%70° 5 30%IIE F&E72, HbET Ay T
DOFIEIRE A 10°CH2 5 0.5°C+0.5CITIRT &4,
REHILD X 55K E K- T,

Fo, INETIC3FE, M 1HEBZITBAT UV
v hARL—v g EERLCEZ, NyT Uk
NEOBEIXLS>ZOMElZBHE L, 2Tok
NE—H 41V ETHRELZZIZ, HOSOC 21K
TEELEHATHD, VEY XL —T 3/
1% 4.1 VLD 108% SOC 725 30%LL T SOC
FCHR LIZHELEZITOT2O, Ny T U oRES
R EERES L 725, 2014 4 5 HI2FE N L
FEEDOY Y FFXL— a3 Tk, NyT U
REITITITERD 23.6 Ah L T\ 5 LHEE
N7,

SR RIELE R ARZIT, SPIFHEOHLE THhi
X 2 M OBRNFRE2 Ny T U R EEHEFFCE
HERAENDN, BEIZITR R 0B ICEA S
NHZ Ll d, BEREZEREICHERLEN G,
BHFER R 2 B KRS 5 6D B A 2 38 I i) % e (i
LTWBEZATHD,

4 BT

AFETIX, 2015 4F 12 A 7 B4R [ml#E &
A& BIETHEERH O X0, BRSO B
FRAE Ll AR oW TS LT,

KB SR ONTIE, HIBRTEOR 2 fF
DORGHCE B I N D EBRE - EIREREE~DIHE
NE L oo, ZThE CEAMB ORI %
100°C~140°C &\ 9 B RE THERF L T & 7223,
BED L Z A TR I NI HRE L, EOMEREK
7, Iy varyEYtbickvBEINLE
MO LD IR R Dy, A% ekt
REIR TR ELZRWIRY . &2)EE#LE LT 2 4

MOEHZ XX LNDLAEBEBLTHS,

Ny T VIZHONWTIE, @2EHE E TORBKO
REEM L SRIEZOFREYT A 7 LV EHIC
BIFLERELICOMBINHE L IroTz, £DI®D
12, 2010 4 12 A ® VOI K% 1% 0.5°CIiZ T 30%
SOC IZHERF L TV 5, 2014 4 5 HIZEM L7 Y
Ty AR —Y g CORETIZIEIEER DR &
EHEFRFL TR, FESHLZ/NS <M TY
52 L aWR L, RRARERAROFRS
CITPLE DRI E DT OHEE TE TRV, Y
WIRTH O#LE T hivE 2 FRIOBRNIIAEETH 5,
BEE
(1) M. Nakamura et al, “Planet-C: Venus
Climate Orbiter mission of Japan”, Planetary
and Space Science, Vol. 55, pp. 1831-1842 (2007)
(2) M. Nakamura et al, “Overview of Venus
orbiter, Akatsuki”, Earth Planets Space, Vol. 63,
pp. 443-457 (2011)

(3) M. Nakamura et al, “Return to Venus of the
Japanese Venus Climate Orbiter AKATSUKI”,
Acta Astronautica, Vol. 93, pp. 384-389, (2014)
(4) H. Svedhem et al, “Venus Express mission”,
Journal of Geophysical Research, Vol. 114 (2009)
(5) REswfel fih, “GRIREHE TH1r>E ) HEHAN
v 7 VRV OB%LER”, # 30 BIFEHTRLF
—Y RV A (2011)

(6) EHMm fih, “GREEMKD DD EHEEKE
0L ORLE ERBURERACIRT, 5 32 5
TRAF =T RT T A (2013)

Presented at the 34th ISAS Space Energy Symposium, 6th March, 2015

This document is provided by JAXA.





