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Abstract:

The on-orbit demonstrator of next generation instruments for electric power system called NESSIE (NExt
Generation Small Satellite Instrument for Electric power system), is installed on SPRINT-A/Hisaki satellite, launched
in the September of 2013 by Epsilon launcher.

The mission is the on-orbit demonstration of the aluminum-laminated lithium-ion capacitor (LIC) and of the
lightweight solar panel called KKM-PNL which consist of space solar sheets using thin-film MJ solar cells called.

LIC has sufficient safety compared to lithium-ion secondary battery (LIB) and wide operating temperature range. In
addition, LIC can operate for a long term. Although the energy density of LIC is lower than that of LIB, the practical
energy density is equivalent to LIB due to LIC’s superior DOD allowance. Therefore, it is suitable for long-term
missions such as planetary explorations.

Thin-film MJ solar cells such as IMM InGaP/GaAs/InGaAs 3] cells have flexibility as well as high conversion
efficiencies relative to conventional rigid 3J solar cells. Using a combination of the thin-film M1J solar cells and light
flexible paddles, satellite mass can be greatly reduced.

In this paper, the details and the result of this 3 months operation of NESSIE are described.

Presented at the 32" ISAS Space Energy Symposium, 1st March, 2013

This document is provided by JAXA.



NESSIE (2 & 2 Rt EBEIR R ER BN O BLE L EGE
JAXA AKRHBEBHE, BBEAN. BIH—&, IHRBHE, BRFEFE.
EmpZ., B B, #EBRE. BHESE, BHERE, 48K
1 IXC&IZ

WA Ny B BRI R B R BT SERIEHE NESSIE  (NExt-generation Small Satellite Instrument for Electric Power
System(EPS) : NESSIE)/ L. [ KR # 2B ICB W TABRAAR TREEIND )V F U LAL A F XU H
(LIC) X°, B RLHERFEBRKIGEMT L4 2 — b (SSS : Space Solar Sheet) = H¥REREIERAL L 7= #iFE
SV IR RERE G /N %L (KKM-PNL) OFHEfiEZ HAY & § 5, KKM-PNL (&, WEENEE LT 24850
SSS.EHIi & LT IMM3] #EiE K EME L. 2 LT 77 LY AHO Si KB L 2#E#H L T 5,

UF LA F XX " HIE, B ERT- 20 G, BREEDE, 7204 7 0B R Die BFHFdm
ThHhbd, THRVX—FEEITY) F VLA 42 ZIREHIZED L0 RENEERECOFANAETH L5,
FHBICB W CERARRER= RNV X —EEITY T U LA A2 TREMICILET 5, 2, BHEIRE A
MRS . ™A L— MRKEDATREE WO R AL, ROl vy a vr~0@ARHfFIR 5,

K ERIT, BEHHS7 LXT 7L TH Y, NESSIE (ZEHEHE S5 IMM3J EiFE KR &t i
30% % B2 D BN ENHH KL O BEFHA SN TWD Y Uy R 5 KEEmE V2 V7= K
T SRV KB &b SRR 5,

FHEO/NIR B EMEN RO N D )7, B
FHIMIEN A LT 5E . fREOARICEET 2720, #ifk
WA SN TH T IR L L CTHEET 2 FITH kR
72N, D72, NESSIE O X 5 \ZHHffr 2 8E EFEFET 5
FIIEFICEETH S,

NESSIE (X, LIC O F®FEEE, Eit. KOt /ViREL G
ML, KKM-PNL ED 2 8A5EBT LA > — K LT IMM3]
HhiE L, KN 77 L AR Si KBV O EEE
Fit. BAFEIE, K OVSFIVIRE ORI 21TV, Bl ERRAEA
67— ZWMET 2 FICEL 0 FHESRE F COMEETE

W2 X D EIHERR (MR TE, PEREDSER G i@ D M) BTV, Fig. AnImage of SPRINT-A

W ERBEERTHET LV EHE E MLy R — 2 BRI X

DA RN &2 FE T %, Table 1. Specifications of SPRINT-A.
NESSIE (%, 201349 A/ Fvmruerr v FCTHH E A #9330 kg

F 57 2R 4 N BLIN T 2 /SPRINT-A IC#5# S v, BIfE gﬁ - #) 1 mx1 mx4 m
- - S - - JH 5 946.8 kmx1,156.8 km

BUBEAT TH D, ARETHE, ZONESSIEIZONT, R i 29.7 deg.

NINETRELET —HXIZoWTHEET 5, 58 R e i

HE A 3 #)106.2 4y
2 NESSIE #i&

F 9", NESSIE MW f8# X4 TV 5 SPRINT-A DOHEHE %
s~k9, Fig.1 |2, SPRINT-A O4M %A, % L C Table 1 (2.
TR A "7, SPRINT-A 1%, &2, kK&, KE%
REEANEBIA T A Z T, ARDA A F—TF ADTZ RV
XN R ORI, HIERAEE 0 KB R & DA A AE
HIC X KRRV H#EEOMZ BfETHETH 5, IIT
|2 NESSIE #1224 LL FIZRT,

2.1 Bk : }7
NESSIE DA MELX % Fig. 2 (2. FEAMERK S B %2 3% Table 2 2
W29, F72. Fig3 ICWNHEBLE X %, Table 3 (& = ZAE A

Fig.2 Appearance of NESSIE

2

This document is provided by JAXA.



TR, REFEDO N ZEEIL SV LEARAATHY , DC-DC
R —F 3, KKM-PNL O /% 5 VICKHIERE S|,
WS IC LB B 2 595, KKM-PNL 1%, @I
VBERBNERAEISEDLEOBLIEIT TR, EIFEDAED
AL S BEd 5,

PCU /%, WO FeHCEHIEIEREZ X D LIC o Fe e il
179, ARHIIEEBELITV., KEEMOEKER. Bk
BEORER, EL, NHBEIROEBHEMHS, £, K
B FE o 0D BR B FE RSO EAS R . . LIC O FE L EE .
WIEEOT T a s 7 —2 %% L HK 7 —4# & L TRS-422
% FiV» SPRINT-A AAKIZEET D,

2.2 1B&

Fig. 2 (278978 Y NESSIE K[# 2%, KKM-PNL TH %,
NESSIE W IEH BRI & DA DN = LS L
1T Fig3 1R X D IS NI A AL E S5, DA 4 T T

INEH LRFVTHEN, Ry 7 AEETH D, NESSIE
I%. SPRINT-A A7+ 3 »FEEr L LT, SPRINT-A D >
va BRI TETH DD, B, BEPILO,

A U —T 2 — A2 R BTFET 5, 20D
SPRINT-A & WiEEEIZT 20BN H D, fERE L THEL

HEAME L 720 [ Fig2 l2H D X O IHBE 27T TV D,

3. FEHIR
3.1 LIC

NESSIE (%, FEiF5TH D LIC 23y 7 U & L TH#H
T %, LIC B0 FEEMREAR Table 4 (27, UF LA A
¥ CIREM(LIBY X EAR IS FR bW & (95 7= 6D PR
LOREANEE L TEMBEN LR35 & IEmMENORE
b3 53 fiR U CREMER & BSOS L, SR 72 BB X 5 fi
ety d B A3, LIC DA, IEMAEHR THY . LIC N
HICBIL -G, REGPREAE L CTHEBRNRAE
L2y, Zivke, B2 BBLUSICIEE L W), &7
EMEIIRRD TE,

Fig.4 |2 LIC OEZEFHEOKRKF TCOFRMEY A 7 LRk
B ORBEMERFEEZ T LBV LIC X, =RV X—EE
TIXLIBIZHEAE L0, mWEERMERRLRD, £/, 7

Table 2. Specifications of NESSIE.

B 10.03 kg

PA X 550 mm(W)x463 mm(L)*x205mm(H)
BRI | 5VRERLENR

BAES | 10 W LL_E(EOL, KB T B ST )
LIC &% | 1,171 mAh

Fig.3 Internal Layout of NESSIE
Table 3. Main Components of NESSIE.
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Fig. 4. Capacitance Retention of LICs and LIBs
in Atmosphere and vacuum
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Fig. 5. Opening Pressure of LIC Cell

Fig. 6. Mounting Method of LIC

This document is provided by JAXA.



NI T Ix— M, BERTIERT 223, Figd OFERVBTRTEY | WRITERBMERISEEITI LW,
T, Fig6 (T T K9 RO A ETR LIZR R RTIEN R TH 5,

F-FigS IR ENDEY | HRIIL, WOAEOHRZR LT, ZORKENL, RELLEBERHD Z &
BbhD, WERMS ZHER L, BOUICRIER AL, WELEFICESTZLLTH, HF AR T Y
7 IIRIBIZZR B 720 KDL 0.5~0IMPa TR 42 X912, 7 I 35— MEFFOIZE ) 15mm (2725 X 9 1S
ol iR 2 23 DHE & Uiz,

Table 5. Thin-film Solar Cell specifications
3.2 KKM-PNL ekt LS R EE v

37 2] IMM3]
= - e = S== IER=EQY
T KKM-PNL ISF S0 BRI Y = e 1 28.5% [25% 30~32%

IV DATARZ Table 5 (2R F, MERE/MICH A~ o 2K %E  [04W/e  |Typ.4.5W/g [6.0~7.0 W/g
TV TR VAT HE R 1A B LTV D,

2 KKM-PNL @ EZ2E 50 % Table 6 1254, =+ Table 6. KKM-PNL specifications.
/- Fig.7 |Z KKM-PNL o> KM 27+, 20 (57 = AR

N . . . JEEBT 10 W LL_E(EOL, KEtiE AL SAP H /i
EE 2 FINRAAL T LA THY, TEOEAR - EIE - 16\(/~36V) R "
DEHMEA O IMM3T ELE ) 77 LU ABLTH 7V4V—%ﬁﬁﬂ;jégzggﬁquV??—b

o o _ ' SHARP % 2 B2 4 WA B v (2]
%o NESSIE fIKE5#H <% V13, KKM-PNL (2 SHARP & IMM3 B2 A MIE A BB (3])
S D SSS 1F. ML EEA KB LA — hg@ﬁéﬁgyvnﬁﬂ E2]
== = N M N s v Ve : IEN X2
FIEDBIDFG DN HBBCELINTAA Dy, IMM3J 3t L+ 2 B X1 W FIB R B
B, RAEBNEI vy a VHIT, NEBEESSIC = V77 b Aev (Si) 12 &n
. R W :273.6 mm x L : 504 mm x H : 55 mm

H- A o4 e

BERG T DHRAEZ AT D, SSSIF 10 W BLE(EOL, it . U 7% v i i L

KB EREANKR)OE 23 ET D, o, 3
FEA HAYE LT, IMM3) @RISRV, KOV 77 LA O Si KiGEME V26T 5,
Fig.8(a)lZ. T LT 1 F% (BT D minREss A E D RATRE SR 4. Fig. 8(b)Z. #T LiJ 1 21T 1T HRIR K
AEBNIER 2T, EEFE, 128 W (158N 16.8 V O, (KB TH 119W (HAIEN 171V O
FHTHY ., ZHTHL EF 1 FRIZBNTIOWELE, 16 VELEE W) VAT AFRZWE L TV 5,

SAPHi 5 (@EOLE R EFI) SAPH: 5 (@EOLE R BF )

20 20

AR,V
. (2) (O

Fig. 8. Output Power Analysis in High (a) and Low (b)

KKM-PNL Temperature Conditions
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