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Implementation of a Power Simulator for Energy Balance Analysis
of a LEO Satellite

Moon-Jin Jeon*, Na-Young Lee*, Day-Young Kim**, Gyu-Sun Kim***

Abstract

The power simulator for a LEO satellite is a useful tool to analyze mission validity and
energy balance for various mission scenarios by estimating power generation, power
consumption, depth of discharge, bus voltage, charging/discharging current, etc. In this paper, it
is described the calculation algorithm of the solar array (SA) power, the satellite load power and
the battery modeling method to develop a satellite power simulation. To simulate the SA power
generation, three different operation modes (DET, MPPT, CV) of SAR (Solar Array Regulator) are
considered with a SA model. The satellite load power is estimated using the satellite unit power
database, the unit on/off configuration at some satellite operation modes. The bus voltage and
battery charging/discharging current at the specific DoD (Depth of Discharge) are calculated b
ased on the battery characteristics. By this satellite power simulator, it can be conveniently
analyzed the energy balance and the validity of a planned mission of a LEO satellite.
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&l 4. Battery Model
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bar  : Battery Voltage (V),
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3.1.1 Database gl

Database 32 9149 Z+ AX9o Ay EA
2 94 +8& 2= W on/off configuration®] 7|
<3 gddo|th. ¥ 18 Database Y9 dHE
Yetdity, A8 AlE# o= Database I3¥-&
ol = 74 AA on/off FHE 1HI
Orbit average power, Peak power, Standby
power 5= A4bgtt.

3.1.2 Mission profile

Mission profile2 ZTHE HAAH AgF 3¢

o .
P ¢ A4 8 2=, 7%, Sun/Eclipse FH
__cC - .. . =
s ” £ Yehdt. E 2= Mission profile®] 324&
bus / ( ) 1,]—]5]—1,]-]:]_7_ %’D]-
1, - Bus Current # 2. Mission profile
Ibaz‘t = ISO — Ibus (19) Time(sec) Operation Wheel Sun/Eclipse
Duration 1 Operation 1 Wheel operation 1 Sun
SH 3,’]_@% % -H HH Ei a ;ﬂ‘r‘jﬁ‘% _—]1@_ ‘_ar: /_\J' Duration 2 Operation 2 Wheel operation 2 Sun
(e} =] 37) o]
(15), (16)& o83 Y AAH 48 A4S +
= Duration N Operation N Wheel operation N Eclipse
gtk O F MPPT =9 (7)~(12)¢ 22 Wy
E 1. Database file
EM/BE . Conversion Peak Standby Duty Contin
Quantity ActiveOn X Launch | TSH | WSH | TOC
TR Efficiency Power Power Cycle | gency
PLM-A 2 1 0.95 170 0 0.1 0.02 0 0 0 0
PLM-B 2 1 1 320 37.33 0.1 0.02 0 0 0 1
BUS-A 2 1 1 34.16 3 0.1 0.02 0 0 0 0
BUS-B
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I 3. result file

Power Battery SAR SA
AOCS | Sun Charge Battery Battery Bus Bus Surplus SA

Time| Mod¢g Consump | Remained DoD Output Output
status | Status Mode Voltage Current Voltage Current Power Angle

tion Energy Current Power
0 7 0 0 0 546.02 4353.59 9.993 47.824 21.863 48.043 0 21.784 1596.41 1045.61 0.001
1 7 0 0 0 546.02 4353.72 9.991 47.569 10.478 47.674 11.365 21.787 1045.57 498.45 0.001
2 7 0 0 0 546.02 4353.86 9.988 47.566 10.338 47.669 11.453 21.791 1038.87 491.78 0.001
3 7 0 0 0 546.02 4354.00 9.985 47.566 10.340 47.670 11.454 21.794 1038.96 491.87 0.001
5911 7 1 1 1 1656.5 4325.28 10.57 46.464 -35.65 46.107 35.928 0 0 -1669.29 115.72

Operation &%= Database fileol] X% &
LR E 7193, Wheel 29 39 Accelera
tion/Standby 2 & H T},

32 &8 oy

SEREE BB B

profilee]] djgh A&
321 MY 4 21 o

% 32 19= mission profileo] tist Zz 1}
4de yehdith o] FYdes 1% 7HFe2 F2
A9 shetolEst A3,

3.2.2 DoD Summary

3 4+ One day mission 53 A Z A=A
9] Eclipse XY} ¥ ©&F Al, imaging mission
5 AHol A9 DoDE UEHTE o] Z¥E o]&
§ oA FEE BLE + Ak

E 4. DoD Summary

Orbit Mission Profile Checked point DoD

1 orbit mission_winter_10min DoD_Start_time 9.993995
1 orbit mission_winter_10min DoD_before_imaging 1.460372
1 orbit mission_winter_10min DoD_after_imaging 5.246307
1 orbit mission_winter_10min DoD_end_of_suntime 3.864378
1 orbit mission_winter_10min DoD_end_of_eclipse 10.5695
2 orbit mission_winter_10min DoD_before_imaging 4.272379
14 orbit mission_winter_5minwoTX DoD_end_of_eclipse 8.115848
15 orbit mission_winter_nomission DoD_end_of_suntime 0.342044
15 orbit mission_winter_nomission DoD_end_of_eclipse 6.912632
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¥ Misson Smution| ¥ Power Calculton
40CS Submade AEISS Operaton ~AOCS Operation  Cell Fadure 5 Power Consumption| 504,60887
Otaunch O standby @ Nominal Ofemal o, 7 100 SupksPower  [95.191127]w
Otsd OwsH Opomink | Opecsleration | Q18P gy 5 4, Battery Voltage | 46,4352911 v
2:)( gxx g:zi:‘g :\m ;:dw S/AOutputPower 700 W Bus Voltage. 4645579 |V
S S e Bme ‘Battery Current 2.0499737 |A
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a2l 9. Power Simulator Ul = Mission Simulation
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2l 10. Charging Simulation - Battery Current
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a2 11. Charging Simulation — Battery Voltage
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12l 12. One day mission simulation results
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