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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), will be installed on the Small Scientific Satellite
Platform for Rapid Investigation and Test—A (SPRINT-A) satellite, scheduled for launch in the summer 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 3J 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 development status of NESSIE are described.
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Table 3. Main components of NESSIE.

NESSIE i%. EiFA R THH LICZ Ny T U & LT

B 5, LIC B0 EHEMEAES Table 4 1283, U

T LA A TIREMLIB) X EMRIZ B b & 65

D2, WERERRS DR EANAE L TR/WRERN

oV AR—3 v MR I s
R L g RS x| KKM-PNL 1
PCU PCU 1
DC/DC =t /83— % DC/DC 1
YF AL F U F Y RUH LIC 1

LRI 5 L EEM B OB b SR U CERIR & X
B L, P R RENEE DERENH B, LIC

Table 4. LIC Specifications

DG IEMMNTEMER TH Y | LIC WEBIZRRL & Ff

el REEBRBEEL THUMENEEL RV

O, PR RBESISITITE S R W el

@&b‘(%b\o

Fig4 IZ LIC DRAEH RUKRS I COFHES 1 7

B 303 g(HAK) / 832 g(& HEE )
P R 125%165%15 mm (LIC & /L BL{K)
WXLXH 164x220%23 mm (& 71 #5)
xS TN TIx—h

KE 1,171 mAh

TR LX B | 11.7 Whikg

VB ORBHEFFREZRT B0 | LIC X, =%/L
X—FE TIL LIB IZHEAE L0, mWEERMERRL
o, £z, TAIT7Ix—beAE, BEEF T
EI DM, Figd OFERIVRTIEY . BEXESHE
BRICHEBIT L, Eivlk, oA %254 LT Figé
W9 KD 72l CRERBEGTIENATRETH D,
F72 FigsS RSN DHHEY | EEMBSIX, O HRE
DOFHZHT, ZOFRERNS, BELLBEERH D Z
EROND, WY I ZHERFT S0, T IRk —

09

08

07

06

05 foor

BREH (Wa

04 peer

Fig. 5. LIC Cell Capacitance Retention

Capaditance Retention [%]
"

0 1000 2000 3000 4000 5000
Number of Cyde

Fig. 4. LIC Cell Capacitance Retention

Bt - ARG 2 )

eRET Y

ARNLVRYY—7

Fig. 6. Appearance of LIC

This document is provided by JAXA



MEBEDOIE S 25K 15 mm (272 % & 5 IZIZRHIR 2 22 281 & LT 5,

3.2 KKM-PNL Table 5. Thin-film solar cell specifications

- : B ek | HIES S KRGS L
‘ F£9, KKM-PNL [ZH & 5 WK E 3 57 NG
fﬂ_j,t/l/@'fi%% Table 5 \—mjﬂo T/]é;'%“lf/l/ Z ’E/V%ﬂ%ﬁ%*ﬁ@]gﬁ Typ. 259% 30~32%
RN WL i A B S e - N I [ o AWM EE | 04W/g | Typ.45W/ig | 6.0~7.0 W/g

L T35, &IZKKM-PNL @ E 53 50 % Table

_ Table 6. KKM-PNL specifications.
6 127, %7- Fig.7 I KKM-PNL L0 Ak P

- o " N . X HH A B —T x— A5
LR L T, BE2 I AL T VAT SoEg 10 W DX L(EOL, KW JGIE I AJ SAP /15
HY ., FTEOBAEENGEHMAHO IMM3] &v BE 16 V=36 V)
. . TLAL—hF | TR T4 Fal—varT LA —
LYV 77 VARV THS, NESSIE AR — ¢ SHARP % 2 A KB Bz /L (2])
F Sk LiE, KKM-PNL (2534 &5 SSS SHARP % IMM3 # A # B K BT L (3])
= SHARP # Si & /v
R e Gl P e a7 s S BT o s S Vv PER2]
Bo A TEILSN :#ﬂ#ébﬁ RAEE K IMM3J ZEfli L 2 X1 B LN 'L

N i V77 LY AENL (Si) : 28
AES vy 2 AAWT, AEEERCOET S W :273.6 mm x L : 504 mm x H: 55 mm

WHEZ AT 5, SSSIX 10 WL R(EOL, KE;  RE ik /SR, U 7 % O 7o il i R i
KmEARNOE N EHETDH, £z, E
FEAE HRE LT, IMM3) KRR E L, KOV 77 LA O S KGEME LV 26T 5,

Fig. 8T, T LiF 1 F# I 1T 2 SRR A B NMITRE R %2 . Fig. 8)IZ. T LT 1 F&ICB 1T D KR
SAENIRNTRE R 2R T, EiERE, 128 W (17BN 16.8 V DEF), 1&«5{5%%1 H1L9W (HHAEN 171V O
FTHY ., ZHETHL EF 1 FERIZBNTIOWELE, 16 VELEE W) VAT AERZWE L TV 5,

__SAPHIN (PEOLRBMN) __SAPHI N (PEOLIEZMM) 20

< 2 < o

§ 1.0 1 10 5 § 1.0 [ 10 5

. 0s L 2 . 0s L 2

N T S ey 5 20 M T R ey 5 20
HHWRE. V HHWRE. V
. i .‘ , () LN
Fig. 7. Configuration of solar cells on Fig.8. Main array output power analysis for (a) high and (b)
KKM-PNL low temperature operation.

Discharge Charge

3.3 FERNEHEE B a0 € > > 3
PCU 1. LIC O F K4, NESSIE ® 2= > I, 3 Vie i

FLA N ORIELITH, = ZTlk, PCU ICH# §,A5 s 5
SATV 2 EMBHAEKIE OV CRET 2, | 220 ‘g
Fig.9 |2 1 %41 7 L OFIE 71:1774’11/%/1*@“ 5 o - Wl e
K A BRI A48 L, FEmMERIEA0 70 43, HcERg >0s tD o 1
M 35 RN LT, Tk HERILEIE O ST e e
3K 242V THY | BEEREITIKN 86 % TH D, #2854 00 (min)
FEREHIENE, MRAESCIRAY =2 oS — 2 & RIS e Fig. 9. Discharging and charging profiles of a cycle.

E— K, HOBETERLRCTEIMES D Z L TEE

FESIEZIT O, EENFEICEY . KKM-PNL 2354 2 E )X A BB T —E & 25720, KiGERD
LN A[RE & 725, BICHEERFLRTEMET A0, 7 40— Ry 7 RED v 2 7 )L 72 B BEAE A I RE
Thd, BEHRHEDRBRCHEXER 2 =22 HWD 8, 266X NEE ONRAEE :5V) O7 ¢
— KXy 7 HilfE 24T 5, Fig.9 @ 80 43 LAk D LIC 7 F%%mm@hi AA T VA OBIBEL, KO
EAREEMOHANC L A2E#HTH D, ZD L X LIC OMEIZL Y NHEISROBENZHI D THDH, ALV
T LA OBBEL., ROVEKEREIL, BEICHNELS  REFEOKRELRBHO 1 S>TH D,

This document is provided by JAXA



4.NESSIE D RAFAKR

PSSR BLR . KON NESSIE AT, MR R, B\ Z2ilBidse T LTk v, BEICE 31 FIFH =
FINNF—T VR T A THRERFLTH D,
4.1 ENC 5£88

SPRINT-A THUE 4T % MIL-STD-461C D ZAFIZHEVY EMC 3R A 550 L7-, 566 L 7= 3B H B 1
REO1, RE02, M TXRS03 T 5, NESSIE IZ SPRINT-A 7> 5 EIRHAS S 724, CE0l, CEO03 I3%l44t &
L7, REO2 BRI 354 C 20MHz 13 THe K 10dB F2E O il 23 Hi72 23, SPRINT-A I&-H 3R IZFHB W\ T
FESRENE IR S HAMR L, Z OB®BITFFA S/, £ 72 NESSIE (ISR TH D720 S N RHFD

TR L FEhi L, ﬁmmTAwfﬁ HFETHESND, 16dB LT AR T 52 & 2R L7z

4.2 ERGE
ERAR Table 7. Results of Charge / Discharge Cycles
B2e . =iiQ4 COFRMUETH A 7 VENERRE E T TR 66 7 /35 &

e Uiz, FEMEY A 7 V51T, SPRINT-A DS [F5E ) R IE BT 377V 242V
HFRRERD(70 43). ROV K HRERER (35 ) & LT, S FEE | REE S 282W/533 W
Table 8 [Z348R 5 — & % "9, % 7= Fig.10 |2 PCU N | PCU ‘P98 KR /Cycle | 383 ‘C(RIRE DA 153 C)
DAL v F L TEFIE L LIC OREE AR LIC ‘P& KIRFE/Cycle 28.4 C(FEil L DA44 C)
ﬁoA CENMEIREHIE COREBEN MR K-, F72 Figll ICRBE S0 7 7 A VERT, LIC & wm

RECEESEDZ ENAEFO B TYH H D4, Table 7 ORERFE R IR @ Y IEKIEEE 242V, &
KIGFERIE 86% COMEMA NS = L A S iz,

&

»

s
@ R = :
. - e S § s i
-l e ' ¢ . ; 3_,: - — £ v
g» ¥ d * PCU_TEMP = 2 i "
= a Mm“'\\,l S s * uc_Teme ¥ W S
S i ga : R____ R___ &_‘_ \L \ ) uc_p
0 0" °
00000 13000 30000 43000 $0000 73000 90000 00000 :1000 30000 43000 60000 73000 1)“)
Capsed Time [homm:ss) Elapsed Time [h:mm:ss]
Fig.10 PCU and LIC Temp. Profiles Fig.11 Discharging and charging profiles of 5 cycles

EERSRRE 8
T

(a) Open Circuit Voltages of (b) LIC Voltage'and Current (c) Resistances of Temp. Sensors
Evaluation Solar Cells )
Fig.12 Pre-Post Telemetry Data of Vacuum / High Temp. Test

F72, Fig 12 1Rl 0 Ml E 2R, KOZORIEBETT LA M) T =S 2R L, & TOT—4Ilk
WD R S FHIUR P ER RIS O 4 1 & RS S 7z,

5 F&o

3NEIOART R LATHRE L-BRERRICIZ EMC RER, BEXRBREZEMm L., MENEWZ L 2R
LtomBEfE@774b IZ[AF SPRINT-A ¥ A7 ARARBRICSINTTH B,

NESSIE |2 BIFRBERFNOFZZEFHEIL, Tk, ARSI E LT, 2o OERFIFNMD
hét&béi%\ é‘lf% WCHEERI v a L EEZTNWD,
S 3Rk

[1] A. Kukita, M. Takahashi, K. Shimazaki, H. Toyota, M. Imaizumi, Y. Kobayashi, T. Takamoto,
M. Uno, and T. Shimada, “on-orbit demonstration of thin-film multi-junction solar cells and

lithium-ion capacitors as bus components,” 9th European Space Power Conf. (ESPC), 2011.
5

This document is provided by JAXA





