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SUMMARY

The evaluation method using Hardware in the Loop (HIL) simulator of power control system for micro and nano
satellites is suggested. The results for two satellite projects, which are RISING-2 and RAIKO, are described.
The generation power by solar panels and the consuming power by electrical units are supplied or consumed by
external instruments. The power-related status data of real satellite are measured via the downlink. As a
dummy satellite, satellite simulation software is simultaneously executed, and the status data are compared to
ones of real satellite for updating the math models. Through this method, the power environment on orbit can
be simulated in a long-term span, and the healthiness of electrical system can be sufficiently evaluated in a
ground test.
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Z D%, BAERFE T D 3 HO#E (RISING-2[2], RAIKO, RISESAT)(1X 1) TlE, EIF-AMAEIZE L TH
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DX D I FRRITIS 7=,

FRAE EOAREIEL, Ny 7 ViREZZ(L SV FRilE ft%ﬁ%:Jr WZHE LT, Ny T VEEER
BORBREZHE L COUR, SRIOREAEIIHE CX 7z, REEIEEEZ D 590 ULRWEICERE L
TWHIE, BEBOMGHRMEEZNIEL SO, HEITEFE! @M’Ea‘é &ﬁxﬁj}ﬁtT EMEND 5, %vm
HERMN AR+ 70REE T, A—DIKTFOBIGEG &, A — D HIMCTOEEMZET, BT TH HKFE
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RIZETH D, FEOEMABBZIT, B EINEEFZETVICESS Y7 =T v Ialb—

T, EFRBREORE O &R TR FTHRIC 7 D,

¥
L

1 Tohoku Univ. Satellite Series

Copyright © 2012 UNISEC UNISEC Space Takumi Conference Paper



UNISEC Space Takumi Conference i~ 4 —~ > h 3
2. RV AT LOME

RISING-2 -+ RISING-2 I A4 10em, AN Im Ot 7 L U A Eimsi o a8 L, &
# 628km O KF5FEIIHLED D, fFE Sm CHIERZ 8RR 95 (2013 FEFTD LS FiE), sk T
KEFRAEEN 2y, MBARTSZ LT, A v 7 78R T S, T 2—F TNV T V2 %
LT BB FTRE T H Y, AIBLE RSN CORELEBI A I v a &35, £7- SPRITE-SAT
LRIy arThd, mEERERLBEG(AT 74 MOBLREZ LT 5.

K 43kg, ~FE 500 x 500 x 500 mm A, sEHEMIT 1ELUETH D,

RAIKO -+ RAIKO (38 & 2.66kg, 11410 x 10 x 20 cm @ 2U %1 X cubesat TH 5, 20124F 7 A
21 BICEBEFEH AT — a v (ISS) 72 E LTS EiF Biv, 2012 4 9 A LIBRICHLE~D L
HIRTEEZI T D (EE 350~400km), AR TFIEKLRS:, BAEKSE, R KRFOH,FE v =7
FTH B,

AT S0kg MM EICIEH C& A HANOFRIFEAEEZ H L 95, 77 —CMOS I A 712 L HHE K
HRFD ISS Rff. 77 7 —CCD 1 A I K 2 HuEkERtg, A ¥ —t & L CEHTRER mEEE /) 7 1
CCD t ook 2 BHRfp, O3 FOEGRAHEET 5, F 7oA X 2 55 300km 2> H O EH
FLIERE NEBR, Ku e — 2 IS K D fuBEREFER, &K 500kbps @ Ku #77 — & (5 FEhr & Eli
T 5,

BIRS AT LD -+ RISING-2 (XFE S ZHNH 27.1%( A — 71 3 ERfE) O KB ERE v 28 H 5
5o BT 4~ FIFAT, K85/ 8 H 4 16(18.64V, 452mA)F 7= 13 8 [H 2 f7(18.64V, 226mA) T,
AR SHICHEET D, AV VIRRBIZBIT28ENT4.1IW TH D, N7 VIFTEHO NiIMH %87
% 9 H 1 () 10.8V, & 3700mAh) THERL T 5.,

RAIKO (X7 /R0 34E 29.5%(F1 & v 7)) D K EME VAT 5, /S0 1 HEIZ 2 80322 B 1
7, 4.82V, 438mA)ALE Y 1), /X RVEBIRNIAFT 6 HTH Y, 2KONFALERET D L, AFF10HE
272 %, AE ARBBICI T D FEFEST/ S FVIGIARE T 3.19W, REEIRF T 4.70W TH 5, 2N 7 ULk
O NiMH /B4 8 (5 1 W7 (-4 9.6V, & & 750mAh) THERL T 5,

NiMH FBEMITEFEEIC L DBEBEDO U AT N7 BRmTAMTH S, BELREDE=4#IC
LV REXZEBELTHEHET, av 2 FTREMELELAGETH 5,

3. FHEEREE DR AL

VR 2 L—ABREAZ M2 ITRT, HEOBBET LA)BLUH EZEKE T L 2 R REHOER
V7 =T (@) (M) EMET D, ¥ =2 L—FREEIIHEBHOEBRGE~= v MPCUIIHHET D,
BEVI2L—2 Y7 NB)EHEL, A Y7 hv =T (b)Ta~r R L, #8580 ON/OFF ik %
Ezxb, BRYIaL—FTHE - BBEZFHE L, KGEMBAEEN EWEENZRHET 5, Zhic
HANWT, EBIRAKGEE (Solar Panel Dummy) & £& LA 2E & (Load Dummy) % YV & — Ml#Id 5,

Bl2 D AIZHEWT, #EH, 7—2illEl>=y b, EFREE=2=y NN H | EEOBIRIMERS
LEAHIEEIR CENEZHEET L LR TH L, ZOHRIXHEY I 2 L—2 Y 7 BBV T,
EOMERMNT I 2l —a T, EOBRPERTHLINERETNITEIY, YIa2b—2 a3 TH
BT D8 L CiX, 205 FHEEE 13 E A (Load) THE S 115,

ARFETIL, Z OMGEAEE EBLCE D R/NROMA L LT, B REGIEER T~ T
Ralb—va U THBILTWS, Zhid, FElao=y 22 THIAZ2< Th, BEHIERTE 52 &
ET =L LIWETh D,

Copyright © 2011 UNISEC UNISEC Space Takumi Conference Paper



4 AR i

A. Satellite (REAL)

RF Data Handling Power Control
Transmitter Unit Unit

RF Q- % —-_— 3&- ----- b

H 1

1

Telemetry : SolarPanel Load 1
Receiver H (Dummy) (Dummy) :
telemetry : !

i i

1 1

N ! B. Satellite 1
a. Operation ! (Simulator) !
Software 1 !
(forREAL) 1 :

: 1

1

desktop PC #1 : 1
1 b. Operation :

1 Software 1

— > SIGNAL D R : (for Simulator) :
= POWER SW 1 1
O HiLs ! 1

) 1 1

~ 4

2 HIL Simulator for Power System

3 Operation Software

3 Y7 b U =THE

TJL—LU—) - HF—RRAEZF 4L LT, CHa— RTCRBLIAFHEY I 2L —2Fa s 4
SatSimulator Z#RI35, AV 7 MMI GUI Z#Ff7= 7, Windows DA AE Y ZEHL T, th7ra s 7 A
LW AT D,

VR a b X IIHEFERLEFERIC, av 2 RRE - T LA NIEGERAETH L, HEATY
(IF_TLM_CMD)%ZffH L C, #MH Y 7 b &5 G AEE7e Socket v — A EEN T 5, I 2 b—&F & EHE
H, MCERY 7 N =T 2T ENEETHDH, MEEBORENMHEY I 2L —F LiE
MY 7 b&IATLUTEY 2T 2 & C, fERZTEMUILT 2 Z L3 ATRBIC 2 5, Ry Y —XTav
YRITVA N T =~y Mek—T 52 LT, FHEEMO FPGA/CPU 22— R, BIOHEM Y 7 b
OB ATREIZ 72 D,

HHAEYJAF_SCP)ZMH L T, HROKEEMY I 2 L—XEJF(T ¥ L F il E4350B) % il
HY T hEFERT D, VI 2 L — X CHUEEE LI RAEE )T A —F (EKER. BREE. KKE
J1ER, KEIEIT) 2 EIIEK BB ET D,

PR OB NI E A BT 572012, A A E U (IF_LOAD) A fl LT, il D& T A& 4 H44
LY 7 hEFEAETD, VR 2 b— X CTHEIERAE LB B W) DA &2 5HllZR S 2R BB ET 5,
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Solar Power
Simulator

Elec. Load

I GPIB I RS232C

Elec. Load
Controller

SolarPower
SimulatorController

SatSimulator

IF_TLM_CMD

Telemetry/Command I:I Hardware
SocketServer
O Software

TCP/IP O Shared Memory

Ground Operation
Software

4 Satellite simulator and related software

desktop PC

7 J AR - a2 T A SatSimulator 1347 V7 MEHEFE TR T D, AT — X AER AR
FF9 2 State 7 7 ARE, ST T V% FEEET 5 Integration 7 7 ARE, HEEROENMEL EFT D Thread
77 ARHTHFTE D,

7 AREE Table.1 12777, LICB L CIE, BE I L ICBEBOF SRR DARES 7 A TEE)M, 2
WL cHmn s 7 22 FHRETH D,

*1 Definition of classes in SatSimulator program

1. Classes of Instruments

StateBAT battery

StateGAS geomagnetic sensor

StatePCU power control unit

StateSAS sun sensor

StateSCP solar panels

StateSCU central data handling unit

StateMTQ magnetic coils

ThreadSCU behavior of SCU

ThreadPCU behavior of PCU

2. Classes of Orbit and Attitude

StateAttitude status of attitude

StateMass specification of mass

StateOrbit status of orbit

StateTime status of time

IntegrationAttitude | attitude dynamics model

IntegrationOrbit orbit dynamics model

Thread procedures of orbit and

AttitudeSimulator attitude propagations and
update of sensors

Software in the Loop(SILS) ' = 7'Z AFJlH -+ SatSimulator &3EH Y 7 b & flAGHOE T, RLUFHE
DEBAMERT D Z EWNAREIC 2 D, U T AVZ A A — F(125ms AN Z T, @EEHENTTHETH
D, BRI CRR & 2R B2 TR T E 5,
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1) ThreadAttitudSimulator.update BE%xD 51T --- #liE A Bk (IntegrationOrbit.propagate BE%R), KA
(IntegrationAttitude.propagate BE450) D 321714 (Z | #laE (StateOrbit), L2 (StateAttitude), KB5AEMLE /L
(StateSAS), Rk Y (StateGAS) DK AT — X A& TH T 5,

2) ThreadSCU.update B4 D FEAT -+ KEGEME L LR TV OEHFMICESN T, R ML bl
% 4T (StateMTQ D F ),

3) ThreadPCU.update PSR D FAT -+ NAVHEE ) & KGHRAEB N OGNy T ) RIREET—
REWRET D, WEICTHAT 2 FET A0 D, KGEM SRV &Ny T U OB - AR E
L. A7 —# A(StateSCP, StateBAT) % B H17" 5, BFET MIITE WA IR 2 HA T 5,

NZTEEET, FFBOYMBRE CIXFRMEZEH L, v A7 28 HETRICH0E > T, FEREICE X
Az TS BAEERIIEETH Y £TRGEMELONFZ 0 JETRENDHRKIEAETE ) (Prp)
D 90%% K5 TAR TE 5 & AidTe, KEGEMN O N RAE~OEHIBR(BEELEH /L) LT
20%% FLiATe, AEFT. Pup D T0%FRE DN AE ) THE FRECTH D LRGBS CER L, AT
LR Al U CEAEICE S #2 T <,

32 BRZROEFEET NV

FHET NI XL o BHEHRRS X O KRR BN & A7 LT, RISING-2 OFEET LT
U XLz GINRT L5 DX SIT05, FF— FOETARITTROEY THDH, 2T Pgar 13
Ny T UFHEE T, Psep 1ZRBEFHAEET], Psepm 1THAEFBER IR KNIE, Pyys 1T/ XA HEEIITH 5,
F 7 Vats, Veprm!Z Ny 7 VELEB L O EKILELETH D,

KE5 Y37 1% MPPT 5 :(Max. Peak Power Tracking) & ¥ . 0~Pgepy P CTHIETH V. AWM
BT HEINCTHRET D,
 MODE-DISCHG (/N> 7 U &£ — F)

Pgar = Pscpm — Pgys (Where Pgayp < 0)

Pscp = Pscpm
+ MODE-TRIC (ffUNEEE— I)
Pgar = 0, Pscp = Pgys
* MODE-CHG (}E%%‘— ]\)
Pgar = Pscpm — Pgys (Where Pgap > 0)

Pscp = Pscpm

TRUE
Paus> Pscpm

FALSE

TRUE
Vear> Vierm

FALSE

MODE-DISCHG

MODE-TRIC

MODE-CHG

5 Algorithm of Battery Charge or Discharge

KEEMELOET ML - KBRS NASEEE - BENOFHET D & KRR ART 5
Oz G HE TE 5,1 1 4 WHOGA BRI X =4 £ 7220 Fl213 45 ASHEET n = 4cos45°
Tho, £l2, BHIEE m TERTH L, KEARESET

Pscpm = Vinp X Ipp X m X 1
2T Vi & Iy (TR KREIROEE L EIRTH Y RISING-2 D 1 175872 0 DRI AEE T 8.43W
(=0452 Ax 233 Vx 8EHS) THD, KGAFAIZ K DFABIMEOLEE L n THIEN SNDT20D, Ly
I$h X r JE0.452 A) CHEETH 5,
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FIHFET T Y XL THE LIzPsepZ a8 e LT, KEFHEM S FILDEFilscp, TBFEVscpZ FFiDE
FTNURANSEET D, I VI I—TDOF =4 — &, Pep-l I —71CE# L, TP g2 R
TAERTH D, T2 T Pepr, Iep (TEVHEALOE S, BHRTH D,
Pcprr = Psep / mn
Icprr = 0 Pégrr, + g Pogyy, + A

Iscp = IggrL X, Vscp = Pscp/Iscp
Z Z Ta, =0.0693, a; =0.337, a, =0.00229 TH 5,

NyTVDETIE - NyTUETIELT, NvT UENPpr. /Ny 7 VIRET, (degC). HEHl
B Lg(0O~1D) 5, Ny T UEEV E NNy T U BRI OHEEHZHET 2B FET NV EERT D, £E
(Pgar > 0) & R (Pgar < 0)TET VAN ERRD, TT /UL, $f4§ﬁ1V®?mE§iﬁ%(0°C, 25°C, 40°C)
TET— 2oL, EEBWO.5C, 1L.OCWZ XD FwE, KELE L, K - - B - BEOF
MG 2 EZBRIICEET 5, Z0FEREEL Y —A L L CES HRKOBEMECEIY, UTokoicE
TNROREERET D,

6
Vg = Z als + ap T2 +arn Ty +a; Iz + a,
i=1

Iy = Pgar/Vp
RISING-2 D9 . 137, ) 10.8V ik, 3.7Ah % &) Tl R Cay; = +12, -73, 4229, -384, +325, -107
(i=1~6), ap; = —=3.76 x 1072, ap, = +4.09 X 1074, a; = 0.352, a, = 12.03 TH D, WHERTay =
425, -65, +65, +22, -89, +46 (i = 1~6), ap; = +536 X 1072, a;, = —7.00 x 1074, a; =0.302, a, =6.99
Thd, 7277 L Tg DHEALIL K TIE72 < degC ThH 5,

RISING-2 Tl TCBAT-V(Temperature Compensate BAT-V) &\ 5 $tfili &4 > AR— R CTRHE L T\ 5, &
T 0A, 25°CHE DB FEME TH Y . HEFET 0.37A(=0.1C), 25CHRFEDEFETH 5, :@fﬁ%%
Ml & P U CREK L EIMEELEHET 2 2 & T ANy 7 U EFAOREREC T B0 KM
FaInTIo, EAELY EMICERTH 2 B HEE 5,

4. RISING-2 DEIFE RGBS F

4.1 REBr&M

RISING-2 (2B L C, 2T 2 = L—# (Sat Simulator) & 7 7 A MRIOFEEM A A LT, BIIL
KIFENT 2 KT 5, HERFRARFIC, o & HIHEEIOLWELIE— R(MODE-A4, ik 30.51W % 5
P FEMEZIZ, MODE-S6, iz K 31.98W % 10 43 FEfif) 2 H MK & A 2RFCENEI 15 HFEMT 57—
%*ﬁma“é ZLALORE#IL MODE-A0, 11.87W Th b, 77 7131 [l 973 soJEETHY . H
F2354%r. HIR61.9 pDIETH 5,

Z ZC, MODE-AQ (375 A — /LR E8MIEF & OB R 4 7 O E #F5#% T — . MODE-A4 (%
BN DT O HERFS [ A R 5 72D DR A — )L R LEEIFE— K, MODE-S6 | ilﬁjtﬂam% ffefr L7
N, HEBHNKEVWRT A—=ZT LA Pk DKREKEH z;@k?‘éﬁﬁ*#ﬁ(ﬁ'%— R CTH D,

ORI 2 ORERL CHEIET 5, EHY 7 MIal bD 2 5% EN L, alIHEEEDT LA R
mwm%ﬂ% bITMHEY I 2 L—F ~DEF ONOFF 2~ FH, B OV 21 —%2D7 1L A M
TIERTH D, KT, a & b DBEJRNRT A—XDEREELET S, VI21—% BIZHREL
ToAIE, BRI R 12 B, WLEERME 97.9deg, B 628km, TR 25°CHEE. AKBHE 1367W/m’
[ E, HIERFRIMILE Th 5,

4.2 RBER
BEME NSy T VEBEEOBERE - F, v I=21— &@b\fﬂ?%ﬁﬁﬁ%?if’%}:ﬂ?FBBVa
élJ%Lm\é FETOE Fﬁiﬂinm-m 17V TH Y | {BEB L OEREIC X D EELEHOFE S

ZF Wiz, BHEEOHENES TH D, REMENR Wy T UF FfoE'/\ . 10.07 - 13.58V
OFIPITRE S LB 5,
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Ny T VERBOERE - EEONRy T VERITIF VAR — FCPUTEHAELIZHEEREEZT LA NIHALT
W5,V a2 b—Z L Ny T U EIRBAT-D 2 BRFE LTV D A & LT3 TIZEDOD 78 32.5%.
I ab—FTIL302% Th b, HMIFFIZ 100%E THEIFT 5 Z & &Gt LT,

NRES) - FEBNOBERE - I 2 b — X THRELLEEENEZEBETAMIRELTWLHD, A
AEINIEEARINCFEE L V2 b—F TR OFERIC 5, HRFFOFAE 713, 28 TIrIRK 50.02W
Rk L, V2 = L— & TlE 58.38W Zitdk L T\ 5, EMEIZE 45 Peak Power Tracking il fHI1H8 2
ET MR+ TR, FERLETH D,

VR abL—HOBFET NI, VAT AEKRRBREE LT, BHERSEOEL, SEBRONEEE
N EOFERMEEIEIE L/Z 9 2T, Wb L Cn5b, 20k )22 EA+5 2T, BEAMNE
BOREC, D EITFRIOBFET AR EZRDICT S, TV Ia L —FHEETH S IEAE
BREE A MR U CHEATRGET 5 2 LN ATREIC e 0, EABROREAEZK/IMET 5 2 LICEBKT 5.

Temp. Comp. Battery Voltage (RISING-2)

14 TERM-V (13.13V) L
< t85.9min |
2 13 REAL —— =®m™ I
'EI 12 ,.-»--"‘wu"
o (‘ MAX =13.17 V
Q MIN=11.01V
= 1
time after start of eclipse (min)
10 I ! I !
0 10 20 30 40 50 60 70 80 90 100
Bus Power & Solar Power (RISING-2)
60 T T T T T T T
Bus P. Solar P.
50 I miNt2os, T waxsooow \ REAL |
MAX 34.55 W
40 f
— N v
3 ¥
= 30
o
S
a 20
10
time after start of eclipse (min)
0 L1 | ! ! I |
0 10 20 30 40 50 60 70 80 90 100
Battery State of Charge
100 T T
o | N e
5 \ o
7" “ ReaL
-
g 70
time after start of eclipse (min) ‘
60 L L . L L

0 10 20 30 40 50 60 70 80 90 100
sunshine (35.4 - 97.3 min) ]

4 lﬂ X I

MODE-A0  MODE-A4  MODE-S6 MODE-AO MODE-A4 MODE-S6 MODE-AO
(0-10min)  (10-15min) (15-25min) (25-60min)  (60-65min)  (65-75min) (75-min)

6 History of power status (RISING-2) from telemetry data of real
engineering-model satellite
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Temp. Comp. Battery Voltage (RISING-2)

= 14 T T
P TERM-V (13.13V)
|>; 13 | S I M | at77.5min T
3 el
,‘:’- 12 J MAX=1317V |
MIN =11.65 V
11 ]
time after start of eclipse (min)
10 ! | !
0 10 20 30 40 50 60 70 80 90 100
Bus Power & Solar Power (RISING-2)
60 T T T
Bus P. Solar P. /\
50 I~ \inizgo, | MAXss3sw X VAL SIM |
MAX34.24 W V
E 40 N 4
g 30
o
o
20
10
time after start of eclipse (min)
0 L1 | ! | | I
0 10 20 30 40 50 60 70 80 90 100
Battery State of Charge (RISING-2)
100 T T
S ~
[ N MIN =69.8 %
8 90 \ (DOD30.2 %)
(2] 80 N\ ., —]
g . SIM
LI ) ~
time after start of eclipse (min)
60 Il Il L 1 Il
0 10 20 30 40 50 60 70 80 90 100
sunshine (35.4 - 97.3 min)
p A
MODE-A0  MODE-A4  MODE-S6 MODE-A0 MODE-A4 MODE-S6 MODE-AO
(0-10min) (10-15min) (15-25min) (25-60min)  (60-65min) (65-75min)  (75-min)

7 History of power status (RISING-2) from satellite simulator

Copyright © 2011 UNISEC UNISEC Space Takumi Conference Paper



10 WK #—
5. RAIKO D33 = L—3 g VEliE &

VIal—ya VIl EETRT, THIEM 2DV I 2 L—F B LEMY 7 U =T b O T
FHARETH B,

/NAET)(Bus P), KBEFE JI(Solar P), /X7 VEkI)(SOC)D 1 JAENZ I 5 EEA XIZRT, H
PR b m ORI & LT, 300 km & CREG G O #E i | ﬁﬁ‘é?\%ﬁ 73 0deg #BET 5, HEIT
2.0 deg/s (Kl CA B L EEN TS, 1 /ER90.50C, 77 7IZHIE363 %, HR 542 5DIETH D,

AfTRIT, 5Z{EH%(U-band, s-band)&ﬂ%?ﬁﬂﬁeﬂlﬁlﬁﬁpcmwfﬂ%ma“é Standby “&— F(MODE-S/B,
0 NMW)EEARL L, AT —F 23k E # A ~a~y ROETHWO =D, sl @ MPU)R 5

AN —THRIZ 30 A N HEMEA MY RS, F2 1 EARO S S 1[E, 8 MDA MPUIZIIZ T
3@451%%(5-band)b)ﬂ‘/ 2720, 7 LA KU EEEFITT 5 (MODE-COMM, 4.56W),
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