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Introduction — Rise of Cubesats

* Traditionally used in the past by universities for educational purposes
 Exponential grow during the last years of Cubesats (“New Space”)

* Cost effective solution (Reduced Complexity - COTS components)
 Rapid development timelines

Total nanosatellites and CubeSats launched

2600
=== Nanosats launched incl. launch failures
2400 === CubeSats launched incl. launch failures
CubeSats deployed after reaching orbit
2200 Nanosats with propulsion modules
° === CubeSats launched to beyond LEO
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Introduction — Cubesats in Deep Space Missions
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Introduction — Cubesats in Artemis | (Deep Space)
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Project Goals

 Deep Space Exploration Microsatellite PCDU system development
* Very low temperature
* High radiation dose

e Use of commercial components (COTS)
e |dentify electronic components and battery cells
e ”“Careful COTS approach”

* High reliability
* Protections and Redundancy for critical functions

* Validation System development

2
GENERALITAT
T\ &\SVALENCIANA GVANBET
ccccccccccccccccccc N VAencians. GYANEXT

Transformacion y Resiliencia ~ Unive sidades y Empleo

The ASFAE’s research projects acknowledge the financial support from
the MCIU with funding from the European Union NextGenerationEU and
Genera litat Va lenciana.




PCDU Proposed Architecture - 6U

 Block diagram

Solar Array Regulation Subsystem (SPGS)

Solar Array
Section (SAS1)

Solar Array
Section (SAS2)

Solar Array
Section (SAS3)

Solar Array
Section (SAS4)

2 x Solar Array Regulator

Analog Maximum Power
Point Tracker (MPPT)
Battery EOC Control

Batttery OV Protection

MSP430 Microcontroller

Hybrid Energy Storage Subystem (HESS)

Supercapacitor

Power Distribution Unit (PDU)

\ / LCL BAT Voltage 1 \

LCL BAT Voltage 2

> LCL [—>| DC/DC5V (—> 5V_1

2 x Solar Array Regulator

Analog Maximum Power
Point Tracker (MPPT)
Battery EOC Control

Batttery OV Protection

MSP430 Microcontroller

Converter (SCC) Supercapacitors SC Managment
Buck-Boost (SC) System (SMS)
Converter
BATTERY BUS

N

L

Battery (BAT) =—>
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PCDU Architecture — Solar Array Regulator (SAR)

Solar Array Regulator 5V Power @
| - Supply 1
Solar [1_ Phase 1 -
Array | | L : [ 5V Power
OVP Switch Buck Converter —N—N N Supply 2 )@ BaBtltjesry
.. A ™~
Majority Voter 5V Linear |pH 5V Over
Regulator|  [Phaseiy Voltage 1«
OV1){0V2)»{0V3 Monitor 1
{1!)6} Over i
L > mPPT »| Ermor e Voltage €| _=p=
= Amplifiers Monitor 2 ——
T Over |
L'—% L : ov3 Voltage | =
I Monitor 3 ‘

C. Torres, J. M. Blanes, A. Garrigds, D. Marroqui and J. A. Carrasco,
"High-Reliability Solar Array Regulator for Deep Space Exploration
Micro-Satellites" in IEEE Access, vol. 11, pp. 94138-94147, 2023

One SAR failure without propagation can be assumed (25% power lost)

The ASFAE’s research projects acknowledge the financial support from
the MCIU with funding from the European Union NextGenerationEU and
Generalitat Valenciana.

 COTS: Extended temperature range
automotive qualified components

* Analog MPPT

e LT3845 (RH3845)

* Double control loop

* uController only for Telemetry

e Redundancy and Protections
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PCDU Architecture — Battery Management System (BMS)

Battery bus >
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PCDU Architecture - Heaters . Critical element

* Redundancy
* 4 Temperature Sensors

BAT BUS
TEMP SENSOR 1] {b * Over Temperature Protection
LCL & OVER TEMP PROTECTION

TEMP MAX
ONE HEATER FAILURE CAN BE ASSUMED
HEATER 1
( HEATER 1 ]
4 N
TEMP SENSOR 1
i)
TEMP SENSOR 2
TEMP SENSOR 3
TEMP SENSOR 4 ]
TEMP SENSOR 4 LCL & OVER TEMP PROTECTION
TEMP MAX
\ BATTERIES /
[ HEATER 2 ] HEATER 2

TEMP REF
TEMP SENSOR 3

<],_o
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PCDU Architecture — Power Distribution Unit (PDU)

* Vbat, 5V, 3.3V

e Redundancy in all the distributed voltages

 OC and UV protections (LCL)

* OBC dedicated redundant supply lines

 DC/DC LT3845 Controller
e uController only for Telemetry

Switch, driver and |
current sensor

Memory Cell !
¢ and Switch
Supply

i Undervoltage |
section :

Figure 5-1: LCL generic block diagram
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PCDU Architecture — Hybrid Energy Storage Subsystem (HESS)

K. B. Chin et al., "Flight Demonstration of a Hybrid Battery/Supercapacitor Energy Storage System in an Earth Orbiting CubeSat"

in IEEE Aerospace and Electronic Systems Magazine, vol. 36, no. 5, pp. 24-36, 1 May 2021

Hybrid ESS can offer additional benefits, particularly with respect to high current

capability at lower temperatures, along with greater cycle life.

Test Conditions
A Charge conditians: 0.44 A [C/5 rate) with Taper at
room
Discharge Rate = 2.2 A (C rate)
ho Temperature = 20°C & -40°C
3.0 4
@
=]
2
S 2.32 Ah
2.0 4
REEATEE 1 64 A (70.7%)
« Discharge at 20C
1.0
00 0.5 1.0 1.5 20 25
Discharge Capacity, Ah
o
o
B 4.0
3 ~Li-lon Cell Only
5 C
° —Hybrid Battery
3 30
B ot
0o
“)  Minimum Hybrid
Voltage=2.79V
o 20 - -
o Test Conditions
% Discharge Pulse Rate= 154
= Duty cycle = 1 Sec Pulse, 5 Sec Rest
10 Temperature = -40°C
Figure 4. :
A) Functional block diagram of payload electronics board. B) Prototype engineering model of JPL’s payload electronics board. C) Integrated " Minimum Cell Voltage = 0.859 V
hybrid ESS, following thermal vacuum testing. 00
0.0 50 100 15.0 20.0 250
Elapse Time, sec
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Solar Panels + Structure (6u + 4x8S1P)

6U Cubesat Structure - EMXYS 8S1P — EMXYS
CubeSat Design Specification Rev. 14.1 Cesi CTJ30-SCA

The ASFAE’s research projects acknowledge the financial support from
the MCIU with funding from the European Union NextGenerationEU and Financiado por

2%
—y GENERALITAT
2P ® GommNe ISTERIO T &S
Generalitat Valenciana. “ la Unién Europea ?ﬁ? SPEAR  BYCNCR mmowcion .  VALENCIAN GVANE)T

Conseleria de Educacion.
NextGenera tionEU u

leo




Facilities — Battery Characterization System

Climatic Chamber
CCI (Serial number: P12803)

BCM PCB
COOLuSAT_BCM-v1-PCP

5 x 4-wire
connection

5 x Vcell
5 x lcell

batter

12 different

|

Bidirectional Power Supply

Digital Multimeter DAQ 1 x ITECH M-3412 Wi - -

Agilent 34401A  Agilent34970A 4 ITECH M.3612 g $
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A oPIB USB — el
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BCM program (Python)
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Facilities — Sun Simulator

G2V SUNBRICK
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Tasks Ongoing
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Summary
v" SAR Implementation - Completed

s HESS Implementation - Remaining
v’ Battery Charge/Discharge Tests — Completed

** Battery Spectroscopy Impedance Tests - Remaining

** PCDU Full Integration and Tests- Remaning
** Functional Tests

s* Temperature

** Radiation
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