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ABSTRACT

Analysis of Electric Power Generated from a 3U Cubesatellite with
Different Altitude Control Methods

Kim, Jin

Advisor : Prof. Park, Seul-Hyun, Ph.D.

Dept. of Mechanical System & Automotive Engineering,
Graduate School of Chosun University

In this thesis, as a preliminary design stage of a KMSL(Korea Microgravity Science
Laboratory) cubesatellite, we tried to verify whether it is possible to stably produce the
required power to perform microgravity science mission in space environment. To this end,
the structural, electrical components and element parts of the scientific payloads consisting
of the KMSL cubesatellite were first placed and configured in order to obtain the mass
properties such as the center of gravity and the moment of inertia and etc. The electrical
power system was the designed to stably generate sufficient power while operating the
KMSL cubesatellite in the space environment and supply it to each of subsystems and
payloads. The attitude control system was also designed and implemented to satisfy the
KMSL cubesatellite's mission requirements for rotational angular velocity (2°/sec) (that is
mandatory to perform scientific missions) and constructed a B-dot control algorithm for
rotational angle control of he KMSL cubesatellite.

It was found that the KMSL cubesatellite injected at an initial angular velocity [45°/sec,
35°sec, 25°sec] can produce an average of 4 W in the detumbling control period (separate
mode) where rotational angular velocity attenuation is large. During the omnidirectional
control period (including the normal mode, mission mode, and communication mode), where
the angularity is controlled at w <2°%sec, an average of 5 W was found to stably generate.
Based on the results obtained from calculating the power production during the attitude
control period, it is judged that it is possible to set the limit of the required power

demand for each mission scenario and to design a specific mission.

_|\/_
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Figure 1.1 CubeSat dimension from 1U to 12U
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A 2 A KMSL FEA9 71244

2.1 KMSL #2949 +4

KMSL FHE AL Aol ¢F 3.6kgelal, 10 x 10 x 34cme] 3UF HAAHo=E AF F
He ok g/|YR st Yo, Fa %é% Table 2.1° 7|&=5o] Aot 9148 Hxt
Aol N2"e 71E83lE =408 T3 94 837 T 71R 78 AFRA QFE=

Table 2.1 System Overview of the KMSL cubesatellite

Contents Specifications

Mission Life Time 6 Month

Combustion Experiment Module (CEM)

Payload Biological Experiment Module (BEM)
Volume 100 x 100 x 340.5mm
Mass 3.595kg
Altitude / Orbit 450km / Sun Synchronous

Attitude Control < 2° (Omnidirection)

Power Generation 4.14W

USB, UART, I2C, Serial

Interface
Link Margin 7.55dB
Deployment UHF / VHF Antenna

AL AA FA TS skl iR AAE 3 AY S )
1& Tl AAASE AFSHHAT. KMSL FEAP 742

THlol Aaddw

A8 = AA 23
A5 stRoeH Fx3)H
Figure 2.1914 & 4 Sl uke} Zo] staio Al z=®" W2 94
A Al (Combustion Experiment Module, CEM), &l AME SAEEYE A A (Biological

Experiment Module, BEM)7} Z+Z} A X =lo] Qa1 714 2ol UHF/VHF <tElUrl H-2

_6_
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o] Stk KMSL 2&¥ 94 Al=d Wz AHgd AFF 552 Table 22001 A
g =0 Utk

Antenna \

Payload2
UHF/VHF Antenna
Biological Module
ISIS
& In-House
Solar panel
Triple Junction GaAs Payloadl
Solar Cell

7Cell x 4Ea (+/- X, Y)
2Cellx 2Ea (+/-Z)
DSW

Comm board

Combustion Module
In-House

Structure
3U - Structure
OBC
Endurosat
Interface board

30Wh EPS & BAT
MTQR

(a) Structural configuration

Comm
UHF/VHF Transceiver 30Wh EPS
ISIS Clyde

(0):]6)

Onboard Computer
Soletop

MTQR

3-axis MTQR

Interface board

30Wh Battery
Clyde

Soletop DSW

(b) Avionics configuration

Figure 2.1 Systematic configuration of the KMSL cubesatellite!"
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Table 2.2 “g2l= o] Q& Hpel o] FEHAH =AM 7|& 7erd S A8l &3
He 2EE FFE(OBC), YA, My, SAZA ZE ol9jdx Hsude s3st
7] A 278 9] SRt AZE 'R E o Ut

Table 2.2 List of components consisting of KMSL cubesatellite

Component Count
3U Structure 1
30Wh EPS & BAT 1
BAT 1
TRX Board 1
Antenna 1
OBC 1
Interface Board 1
CEM 1
BEM 1

dutHow FHA O] WA ZRE HeE u WA= I AEEE A4S
7] falM e FEAAEY F&F FA(Center of mass)> A F2A Q] FHAA Z F2o
2 20mm ool EAJsof FT}. ofge] AE oA &4 F 949 W EAHS
83 d=3l7] s A FA ol I EWE(Moment of inertia)2} -2
& A B (Mass properties)E FH3ldof g} o]H g JHE E53517] fafiA E A
oAE ZtE oS o] &3t KMSL FELAES 2dY 3t AIFHEE 53
Figure 2.2% KMSL FE9A S Rdy ZAiel HFAE RoFE oy 538 2
FH R = Table 2300 FE]= o] Qlrh
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Figure 2.2 Coordinate of the KMSL cubesatellite

Table 2.3 Mass properties obtained from the KMSL cubesatellite model

Value
Mass 3595.1g
Volume 100 x 100 x 340.5mm
X -52.10
Center of
-50.78
Mass(@®)
Z 171.77
Lxx Lxy Lxz
33851461.78 -107043.53 -74379.24
Moment of Inertia
5 Lyx Lyy Lyz
(g - mm’)
-107043.53 34551579.11 -30990.14
Lzx Lzy Lzz
-74379.24 -30990.14 6893302.43

Collection @ chosun



2.2 KMSL FE9]A4 9 AYA A xH

18

KMSL FEAde dEA Alx~®lS =2 A (Electrical Power Subsystem, EPS) E.=, El
& Z A FH(Solar Panel), HIE El(Battery)Z TFAdE o] 93 Figure 2.3 o] Yephd &
Aot AEA A"l FERAALY] M &8 Hsl 7 ABRA=H FFHO=E
A S8 A89E FFIEST FH FAd & FBoA ALE HES FESA
el gl ol Asteiof gt EPS = ZbZF 33V, 5V, 12VE BAe} AAE] i
Solar Panelol| 4] AJ4tE =2 EPS HE=9 MY

PCM)e] AWHEHE T3l Z+7Z 3.3V, 5V, 12VE WHEEo] Z} A HA|2~H FgHT) 3
o] Solar Paneld 77H¢] Solar Cello] &< Jqow sjd syl =7l= <F 300cm’

(10cm x 30cm)©]al, 30Whe] &S Zta &= wEHEE AHESIA T

=

%7 EE(Power Conditioning Module,

T EPS

Solar
Panel

—  Battery 30 Wh
Figure 2.3 Schematic diagram of EPS system in KMSL cubesatellite

AYA BHEs AYA A" AAE FTEshs T8 FFOFE, Figure 24904 B
+ vk} o] wiE Y FHol| FRF Aojd S AFste v dE 247
(Battery Charge Regulator, BCR), A4t g€ -& AHEE o] &3l S = Adst

H
-3 AYoz W= AY =ZH ZE(Power Conditioning Module, PCM)¥} H3H

o

£

s 7o) MEA2"go® FHjsas 8 Eu] ZE(Power Distribution Module,

PDM)E T4 =00 AT

_10_
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(a) Structural configuration

CTB:"[E:]

oC
Pl |
-CTZ_

o | |
E | BCR
EPS

v
OCP v
[{PCM| 3
UVP BAT V
GND

Subsystem

INHIBIT 1

N
INHIBIT }I\

5 | ARRAY SUN TELFM | Sex Detecter Telemetry I -
GXD Growed Line

ARRAY_TEMP_TELE
M

INHIBIT 3 INHIBIT 4
| RBF

Trmprracars Telemetry

GND Groend Lise
ARRAY Power Lise [ovP]

PTC
FUSE

INHIBIT

ll-'—{—«/—H

Battery

(b) Electric network diagram configuration

Figure 2.4 Structural & electric diagram of EPS system
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Time 1
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Timel>21.4s

YES \L’

BCR Converter off

No If
Timel >0.2.5

ves |
Solar Panel Average
OCV Sensing Timel=10

|

H 2

BCRAY A=
Average
OCY *0E(TED)
=i B 5] MPF
AE AgAY

[

Figure 2.5 Schematic diagram of MPPT in EPS

=3, Solar Cellol 8] HY Aare Fugie] 4 FHgolA 149 A=, 2= 5
of wet WEe] WS WME] 94 A A W 27 AN Figure 259 2ol

2l
Hd A8 F27](Maximum Power Point Tracker, MPPT) & 18]&& T3l Converter
E E3} AojE A A3 Solar Panele] 8L =A== 1yt

Solar Panel FH A9 12 AdEUoZ g} vld 37|37 St ZF A BA|2-H)
of ¥ FFste 9d& Ik B AFoA AL Solar Paneld FF2 = il
SkechUp®-< &3l AABFA L Figure 2.6°1 WEFHSATE Figure 2.6°1 WERA 7709 Solar
Cell2 /% Solar Panel Figure 2.201 4 AAIS +X=F -XF, +YFH -Y=o 22 1
ME F 47F FEAZ A== o] QAL Solar Panel®] T8 5432 Table 2.4° &

A

47
o) gt
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Figure 2.6 Schematic configuration of solar panel

Table 2.4 The properties of solar panel

List Spec.
Cell No. Tcell/String
Vi 16.1V
I < 500mA
Power Max 8.5W
Mass 150g(TBD)
Dimension 325mmx82.6mmx1.6mm

FEAA A" 1702] Solar Cell2 Figure 2.7° e nle} 7+o] AZURSPACE
it ] Triple Junction GaAs Solar Cell 3G30-Advanced A|#& AFE3I9 A, He Fd #A
3t A8 9F 29.5%0°]™, Solar Cell®] AL Table 2.5 A g3tth.

Figure 2.7 Schematic configuration of solar cell

_13_
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Table 2.5 The properties of solar cell

List Spec.
Area 30.18cm’
Triple Junction
GaAs Solar Cell Power 1.15W
(AZURSPACEJit)
Average Efficiency 29.5%

FBEAA & FHAHoA Solar Celle] &=7} YA OVJ SZ7HA E¥ Carrier?]
FEE gojmgy] & T AFI i z‘s}E EAS zky 9lo, H FA W3}
ol vl vz e g8o] TAYEA Haul o]z ol F2 AF FAE A =

& A3t st Ak gl #3 34 oA Solar Celld] E&2 25%=E A&,
=}

FHAHLS Solar Panelol ] AAHE A F 9140 8o Wad AL AqF
WA e wEelel Agsn, WEeE B AHe AasA Tl 712k Skl
nEg A9 9ol FFAT Figwe 280 UERd FH9A0] B WEE o

¥ = 7(Li-Po) HHEME AHgatar, e el F8 542 Table 2.691 AelatTh

Figure 2.8 Schematic configuration of battery

_14_
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Table 2.6 The properties of battery

List Spec.
Input BCR(EPS)
Output 8.4V
Clyde Space
yee °p Function Heater(<0C)
30Wh Battery
Interface 12C
Mass 281g

TFEHge] AdF 3 AAAM ME s Y5 SOC(State of Charge)7t
40%°17¢ frAIsoloF 8kaL, 107 TorrelWe] fHANE 25 7Hssior ohat FAl
EPS WiElE] &0l 30Whold Hojof sl 270l glo] o]& FHIIES Tk =T
e s 252 Wt wet wE A5 vAs Gl 7] Qe wiE =
G 0T oo FAAAL stv] SALORRE WEHE Rosta A& &8
H=5 8t7] fls) Figure 2,99 Uehe uhoh 2Zo] wiEg] sEE AA|sin

Temperature < 1°C AND Heater
Enabled(0x91)

Heater

ol

Temperature > 5°C OR Heater
Disabled(0x91)

Figure 2.9 Schematic diagram of heater control state
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(b) Inertial measurement unit (MPU 6050)
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(c) Magnetometer (HMC1002)

Figure 2.10 Photos of ADCS Hardware
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Table 2.7 The properties of magnetorquer (MTQR)

List Spec.

Magnetic Diplod Moment > 0.2Am’

. < 0.4W @nominal
Power Consumption

Magnetorquer < 1.32W @max
MTQR
(MTQR) Mass 154¢g
Interface Communication 12C(H1-41,43)

BHAe AA AAAE Hs] AFES AAZE Figure 2.10 (b)oll UERA nle} o)

5’;_]'/‘6‘ S AAe] WA A #A = A (Inertial Measurement Unit, IMU)E AF-&-3}

,FusAe] Bet oA sae sl aFHE ARE D B4, ZE, 39

A A5 AAZ 3% Aol AES STk B@, A Aol A

3l Figure 2.10 (c)oll UEbd HEe} 2ol 29 A|(Magnetometer, MMT)E 2] 831

AAA O] Al 2Es TSRS, KMSL FE914 2] AAAS] Al 2812 Figure 2.11°]
GER vhel g 8oz AEE Y

R
loo

o
ol

=
o

ooy e
Ll
;\9

I Command IMU
A ; (MPU-6030) . (Desire Angular Velocit
Command Ingest e OBC B : MTQR

MMT (MTQR)
(HMC1002)

{Arm Cortex A53)

OBC

(Arm Cortex A53)

Send the Receive
Command to MCU

Figure 2.11 Schematic diagram of ADCS attitude control
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014
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Seperation
| [ 5 ADCS IO App OFf
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; I
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Yes \ (
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Figure 3.1 Attitude control algorithm of KMSL cubesatellite
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T=M x B® (3.1)
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= v} 2ol EA WEFo R AFHE FHs)

Figure 3.2 Schematic diagram of angular velocity reduction control*!
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MTQR-S AArE 2|2} 717% W 3lol] 2] (3.3)2 o] &3t A2 RHEES AXAZ
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X; Y,

Figure 3.3 Torque received by mass point away from the center of the cubesatellite
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Figure 3.4 Torque on cubesatellite by space environment disturbances
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Figure 3.5 Torque on cubesatellite by total disturbances
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Figure 3.6 Configuration of mission mode in KMSL
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Figure 3.7 Result of torque generated to satisfy the rotational angular velocity

(w < 2°sec) of KMSL cubesatellite
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3.3 AAAold] WE AHPAF 23

3.3.1 KMSL FE9A9 A4 A EAL 9% A= gy 23

KMSL FE949 &9 AEE HY 571 AIX(Sun Synchronous Orbit)]Th. EHY &
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Figure 3.9 Sun synchronous orbiting satellite

KMSL FEHAdS &9 AEE ZA3t7] 98l Spacecraft Control Toolboxoll <& g
sevlH = 2z AHE Zdol(Semi Major  Axis), ©]4) E(Eccentricity), A% 7 AMZF
(Inclination), <2l ©]ZH(RAAN, Right Ascension of the Ascending Node), H+ <4 ©]
ZF(Mean Anomaly)©]™, KMSL FEA4Y <+ A= 243 #AAE g devgHe}
& Table 3.2001 A@lste] YeER)SITH

Figure 3.102 Table 3.19] Agld #H= AHHRE o] &3}y Spacecraft Control ToolboxE
o] &3t A4 KMSL FEAA S A% Algdold AAE =A% Aolth. T13olA B
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5736242 AL AU

Table 3.2 List of Input parameters for determining the operating orbit

of KMSL cubesatellite

Parameter Value
RAAN 74.06deg
Eccentricity 0.0022
Semi Major Axis 6978km
Inclination 97.79deg

Mean Anomaly Odeg

Latitude [deg)

= ] -1 =50 ] B0 1I:I-U' 150
east Longiuas (egTbit Path

L0070

o 5000 ¥
Q:w_m Sl 3y ]

Figure 3.10 Operating orbit of KMSL cubesatellite
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3.3.2 KMSL FEA9 AHYL f44d5

8 4% 19x

oF Aol KMSL Fu949 AAAel Faz AAA el AEeol
Fueldel 44 A B4 91 A setee AL F) KMSL F894e)
go Wad AL 4 FAsAT

o
o R

KMSL FH94e 4e Aae 4 (.18 ol8akal AEH $149] Detumbling 2
AR} F7E3h Omnidirection A Aol TIholA] 22t Asbale] EEalgon, A A
A AR 8] A8 Qe el E Table 3390 A she] dehoiTh

pe X A, x N, X cos(ay,,) X BCR X S;., X MPPT

wrr

(3.18)
o17]4, p, = Cell Efficiency

A, = Cell Area
N, = Cell Number
BCR = Buck Efficiency

S, = Solar Irradiation

Table 3.3 List of input parameter of power generation

Parameter Value
Cell Number 32 EA
Cell Area 30.18 cm
Cell Efficiency 28 %
Solar Irradiation 1326 W/m®
Other Loss Efficiency 90%
MPPT + Buck Efficiency 60 ~ 80 %

53], 2] (3.18)°ll41 MPPT A4+ &

3t 212 Solar Celloll A1 =
Aol & FANA Al A

48 Ae Fu

Sol weh WEol wAsty] wEe] $14e)
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Figure 3.11 Variations of MPPT efficiency for power generation

Table 3.4 List of input condition for MPPT of power generation
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Figure 3.12 Simulation image of Detumbling & Omnidirection of the KMSL cubesatellite
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