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Abstract

The paradox of cubesat development process in the New Space paradigm is related to a complicated and
time—consuming system engineering procedure. Due to their low cost and quick production time, cubesats
are a highly accessible space asset in the startup—driven “New Space” industry. In reality, however, the
development process experienced by the student teams selected through the national cubesat
competition is quite different from what we expect. This is because cubesats are designed and
implemented using a lengthy and tedious procedure defined by the systems engineering perspective. The
purpose of this work is to explain to developers who are unfamiliar with systems engineering the role and

function of systems engineering in each step of the cubesat development process.
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Fig. 1. Development phases and key activities from a system engineering perspective.
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Table 1. Requirements verification method for systems engineering technical processes

Verification
Category Description Reference data
method
Inspection
Inspection of
- Drawings, design review
documents such
- Bill of materials
as design
- Technical
drawings or
Description/specification/publication
verification based
- Material and process
on similarity data
Inspection - Standards or maintenance manual

Qualification
Verification using
— Declaration of design and performance
various
- Software qualification

— Technical standard order (TSO)

certification

results at the
- Inspection on equipment
component level
— Test reports on equipment
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Table 1. (Continued)

Verification o
Category Description Reference data
method
- Calculations(loads, stress,
Verification of load,
performance, etc.)
stress,
- Theoretical checks
performance,
_ _ - Functional analysis
A Analysis electrical load, etc.
. - Electrical loads analysis
through theoretical
- Weight and center of gravity
or numerical
- Reliability/maintainability/safety
analysis
analysis
Verification of
operational
performance
through various
non—-measurement - Maintainability demonstration
tests performed - Demonstration on mock-up
during the - Inspection on spacecraft or
operation process system
D Demonstration
of the satellite - Demonstration on simulation
model (EM, QM, bench
etc.) or (dynamic demo)
demonstrationona - Flight test simulator
satellite or payload
mock-up or
verification through
simulation
Validate results
- Laboratory test reports
with testing at the
- Bench test reports
T Test part level, prototype

or development

model level.

- ETB test reports

- Ground test reports

EM, engineering model; QM, qualification model; ETB, electrical test bed.
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Table 2014 MR-012 9/39] WL Ao Aoz B /i "olA Folxl= dF
BFAREE] dlojH, MR-02+ A7H2] 95 /HE8A9 2z =Ed I a7AReIH.

MR-019] 945 SFARYO 2 RE off 7le] Al aARte] o8E 4= AR Table 3

o AAIEL 7 o] 7hg AR ARG WA WAt 740l TS 94 A2
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5 7 27] Alao] AAS 4T S Qs SYS-SS-073 2 AAH aPAge A4
Asglol GEE 4 k. 193 o]$A TP AAE AT AAY 274G HES

Table 2. Example of a cube satellite mission requirement

Level 1 Mission requirements

D Title Requirements

Intrinsic
Cube satellite must be designed and built to meet the
MR-01 mission
requirements of the launch vehicle.
requirements

Cube satellite's in—house LED payload must be capable of
Mission
maintaining an absolute brightness rating of 10 or less
MR-02 operating
when the LEDs are operational for the duration of the
requirements
mission.

LED, light emitting diode.

Table 3. Example of a cube satellite system requirement

Level 2 System requirements — space segment
Parents Verification
ID Title Requirements T —
ID A 1 T D

CubeSat must use only
SYS-SS-07 ITAR free MR-01 @)
ITAR free components.

The LED (power) output of
LED module
SYS-SS-65 the CubeSat should be at MR-02 (0]

output power
least 20 W.

ITAR, international traffic in arms tegulations; LED, light emitting diode.
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Fig. 2. Calculated distance between ground observation point and satellite as a function of

elevation change.
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Fig. 4. Example of configuration of an LED payload BM. LED, light emitting diode: BM,

breadboard model.

25 T T T T T T

LED 75 HHY 58 Zat

| |

w
S
T

=15 [ A
]
5
a Time [sec]
® 10
5| 1 A|HEHY (V)
F
o
E 5 -
Pulse (Duty 20%)|
Hoyetel 20%
o L . . . : L .
0 5 10 15 20 25 30 35 40
d 1s (1Hz) 1s (1Hz) 2 s (2Hz)
Time [sec] (LEDON)  (LEDOFF)  (LED ON)

Fig. 5. Measurement of the supply power of the LED payload. LED, light emitting diode.
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Table 4. Summarize development phase review meetings and production documents

Design
Phase Purpose and related documentation
review
(FX) ANAE QAR FO|, AAR AHE S8, MHIEA
AL HolM
System )
AAR QA HOIA
requirement ) .
QTR T3 Ji5Y 24 Y A2 Yot
review .
- YT QAR Y O
Pre-
- 7ISH/H7I5E QPAE £R
Phase
(FH) AA” 7 dA &=, 45 22 4
A
System  AIAR Y MEAAZ T Y Jls Ho)
design AAE S MEAAR F2AM
Phase B
review - A& QAR Bt OF
A
- AA F22| HEAAY XE o
Mission requirements New
Mission operation concept New
Technical
System architecture definition New
document _
System requirements New
Budget analysis New
(F5) oA 2=, HMMA 2, 25 22 EA 2 HIE
Preliminary &M ¥ AX2| OH[&H 2=
design OilH|EAIM
review - AABITZIA Bie) ofR
- ADEQ0] 3 SIEO E/AIARE QIETHO|A O
Project organization plan Updated
Phase Mission requirements Finalized
B Mission operation concept Updated
System architecture definition Updated
Technical
System requirements Finalized
document . o
Spacecraft technical specification New
Ground segment technical specification New
Budget analysis Updated
AIT plan New
(BX) AAY SN 22 S
Critical
Phase . SHEAM
design
C - OfH|EA ZE Z1F HtE of%
review _
- ATEQ0| I SH=gof F2 $AsYZt Il 7t ASEH S

https://doi.org/10.52912/jsta.2023.3.4.342



J. Space Technol. Appl. 3(4), 342-354 (2023)

Table 4. (Continued)

Design
Phase _ Purpose and related documentation
review
Project organization plan Finalized
Mission operation concept Updated
System architecture definition Finalized
. Spacecraft technical specification Finalized
Phase Technical _ o o
Ground segment technical specification Finalized
C document . o
Budget analysis Finalized
AT plan and procedures Finalized
Verification control New
Mission operation procedures New
(FH) MEAAR-HIH ST HAE I 223 2=
MARD S8 & AR BN
AAR Set H SHEAR” Z0M
Test
- MEAARIE 77 25 S0l e
Readiness
- NEAAER 27 7|5/45 DI Sol W
review
- MEAIAHE 7t HE AS =01 2
- SR AAE Vs H M5 U S0l /o B4 O TS =l Ui
Phase - ZA B RFEEAE T|E
D Test paln New/finalized
. Test reports New/finalized
Technical
Verification control Finalized
document o . o
Mission operation concept Finalized
Mission operation procedures Finalized
Pre- (BX) 243 & =0l A Zut 211 HIY 2F XF, Xlg= 2
shipment Al AHEN XX} S0l
review - H=d AR AR E ERL AR M 2 RS AR E EREE

AT, assembly, integration and test.
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