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Introduction – Project Team

More than 20 years working together in Power Electronics for Space Applications

IPs: José Manuel Blanes Martínez jmblanes@umh.es
Ausiàs Garrigós Sirvent augarsir@umh.es

SPES
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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.

• Reduced complexity at the 
expense of Higher Risks

1U 12U
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Introduction – Cubesats in Deep Space Missions
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Introduction – Cubesats in Artemis I (Deep Space)

6U Cubesats

BioSentinel
EQUULEUS

Argomoon

LunaHMap
Lunar IceCube
CuSP
LunIR
Omotenashi
Team Miles
NEA Scout
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Introduction – Cubesats Failures

EPS + Unknown Failures > 50 %
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Introduction – “Old Space”

USE OF RAD HARD COMPONENTS

v Large Size
v Expensive
v Long Delivery Times
v ITAR Restrictions
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Project Goals
• Deep Space Exploration Microsatellite PCDU system development
• Very low temperature 
• Harsh Radiation Environment

• Use of commercial components (COTS)
• Identify electronic components, battery cells and solar cells
• ”Careful COTS approach” 

• High reliability
• Protections and Redundancy for critical functions
• Optional Rad-Hard version of critical components in the same PCB

• Validation System development
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PCDU Proposed Architecture - 6U

• Block diagram
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PCDU Architecture – Solar Array Regulator (SAR)

C. Torres, J. M. Blanes, A. Garrigós, D. Marroquí and J. A. Carrasco, 
"High-Reliability Solar Array Regulator for Deep Space Exploration 

Micro-Satellites" in IEEE Access, vol. 11, pp. 94138-94147, 2023

• COTS: Extended temperature range 
automotive qualified components

• Analog MPPT
• LT3845 (RH3845)
• Double control loop
• µController only for Telemetry 
• Redundancy and Protections

One SAR failure without propagation can be assumed (25% power lost)
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PCDU Architecture – Battery Management System (BMS) 

• Battery and Cells OVP / UVP
• Cell voltage equalizar
• Thermal control (Heaters)
• µController only for Telemetry 
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PCDU Architecture - Heaters • Critical element
• Redundancy
• 4 Temperature Sensors
• Over Temperature Protection
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PCDU Architecture – Power Distribution Unit (PDU)
• Vbat, 5V, 3.3V
• Redundancy in all the distributed voltages
• OC and UV protections (LCL)
• OBC dedicated redundant supply lines
• DC/DC LT3845 Controller
• µController only for Telemetry 
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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. 

Figure 3.
Summary of ground performance testing at JPL. A) Discharge capacity performance of 26650 LFP Li-ion cell at 20 and –40 !C. B) Perfor-
mance comparison of COTS supercapacitor cells rated at 100, 150, and 310 F at –40 !C. C) Pulse discharge comparison of a mockup hybrid
battery versus Li-ion cell at 15 Amp discharge rate at –40 !C. D) Percent of discharge capacity distribution between Li-ion versus supercapa-
citors of the hybrid battery over various temperatures. This data was determined experimentally by separate measurements on current in the
supercapacitor bank and the Li-ion cell during discharge at approximately 2 Hz sampling rate using an external data acquisition (DAQ) cou-
pled with a known constant load source at set temperatures.

Figure 2.
JPL/CSUNSat1 development. A) CAD rendering of JPL/CSUNSat1. B) CAD rendering of JPL/CSUNSat1 avionics PCBs. C) Final fit check
prior to integration. D) Stack assembly. E) Integrated spacecraft with labeled location of the Li-ion and supercapacitor cells in the 3U CubeSat.

Chin et al.
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ion cell at –40 !C. This is largely due to the lower imped-

ance leading to a faster response time of the SC cells under

pulse operating conditions [22]. Such power enhance-

ments at lower temperatures and higher power capability

can potentially enable future deep space flight applications

with high burst power demands, such as communication

events [24], [25]. Another significant benefit of the hybrid

ESS is its excellent load sharing capabilities. As

highlighted in Figure 3D, the SC bank takes a higher per-

centage of the discharge capacity with decreasing temper-

atures (up to 80% at lowest temperatures of –40 !C).

Consequently, this could also have significant improve-

ment on cycle life of the Li-ion cell over long cycling peri-

ods, due to lower effective depth of discharge and

mitigation of known degradation mechanisms [7], [26].

PAYLOAD ELECTRONICS

The interfacing payload electronics were also designed at

JPL as part of the hybrid ESS payload development. The

payload was designed to be a fully integrated system contain-

ing the battery cell, SCs, and a payload electronics board. It

was constrained to fit within a 1/2U volume including all the

electronics necessary to control the experiment. This

approach was chosen since it allowed the payload to be

completely tested at JPL prior to integration into the CubeSat.

The payload electronics as illustrated in Figure 4 con-

tained the battery charger, a bank of discharge resistors,

fault protection (FP) circuitry, switching circuitry, com-

mandable switches, and telemetry collection circuitry.

Interfaces between the payload and spacecraft were mini-

mized in order to facilitate a more independent develop-

ment of the payload and the CubeSat at JPL and CSUN,

respectively. The only interface connections required

from the payload to the CubeSat were the spacecraft

power bus and the connection to the spacecraft’s I2C com-

munication bus.

Command and control of the payload was executed

entirely through the I2C bus. Several I2C port expanders

were used to control the various power paths, and to

Figure 4.
A) Functional block diagram of payload electronics board. B) Prototype engineering model of JPL’s payload electronics board. C) Integrated
hybrid ESS, following thermal vacuum testing.

Flight Demonstration of a Hybrid Battery/Supercapacitor Energy Storage System in an Earth Orbiting CubeSat
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Solar Panels + Structure (6u + 4x8S1P)

6U Cubesat Structure - EMXYS 8S1P – EMXYS
Cesi CTJ30-SCA 

 
EMX-ODA-TN-2148 

USER MANUAL FOR AN 8s1p SCA 
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Technical Note: EMX-ODA-TN-2148 for ODALISS project. © emxys 2024 

Avda. Universidad S/N · Ed. Quorum IV, Parque Científico UMH, 03202 Elche Spain. 
 

 DESCRIPTION 
EMXYS's 8s1p Solar Cell Array (SCA) are equipped with 8 CESI TJ Solar cells of type CTJ30-SCA in series 
configuration with up to a 29.0 % efficiency. One 8s1p SCA unit is half the size of the side of a 6U CubeSat 
structure. So the effective area of two 8s1p units is the largest available for these satellite structures, 
providing up to 19.2W in a LEO orbit.  

A temperature sensor and a coarse Sun sensor are available on the PCB. The Sun sensor is located on the 
upper face of the solar panel, along with the solar cells, while the temperature sensor is on the lower face 
of the panel.  

Solar panel configurations on the outside of the satellite can be simple or complex. Therefore, using our 
connector system on the PCB, multiple solar panels can be easily connected in an electrical series or 
parallel configuration. 

 
Fig. 1. 8s1p SCA. 

Zoho Sign Document ID: 2D3A8350-MD_N-BBX9G4H7K8B30XZGSHMRJ2HSWD2-JPU5CCGYGE

CubeSat Design Specification Rev. 14.1 
Structure + 2x8S1P
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Facilities – Battery Characterization System

12 different battery cells characterized 

Hioki BT4560
Battery Impedance Meter
June 2024
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Facilities – Sun Simulator
G2V SUNBRICK 
 LED LARGE AREA SOLAR SIMULATOR 25x50 cm2
 32 Channels

SMU KEITHLEY 2461

WHO WE ARE

www.g2voptics.com G2V Optics Inc.V2R5E17
All rights reserved. Specifications subject to change

15

G2V Optics (G2V) was founded to apply innovative technology and data-
driven, collaborative design toward solutions for this generation’s global
issues. Starting with the highest precision spectral replication ever produced,
G2V now provides a suite of advanced lighting products to push the
boundaries of research in renewable energy, aerospace, material science, and
aerospace.

Our software-controlled, adjustable-spectra LED solar simulators enable
researchers to unlock the potential of tomorrow’s solar-powered devices. Our
highly-configurable lights accommodate a wide variety of test applications and
setups by replicating geographic conditions of sunlight anywhere on Earth or
beyond. 

When spectral precision matters for your research, let G2V Engineer
the Sun™.
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Tasks Ongoing – Functionality Tests
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Tasks Ongoing - Component TID Radiation Tests
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Summary
ü SAR Implementation – Completed
ü Battery Charge/Discharge Tests – Completed

Ø BMS Implementation  – Heaters – Ongoing
Ø PDU Implementation – Ongoing
Ø SuperCapacitors Tests – Ongoing
Ø Radiation Tests – Ongoing
Ø PCDU Full Integration and Tests- Ongoing

v HESS Implementation - Remaining
v Battery Spectroscopy Impedance Tests – Remaining
v Technology Transfer to Companies & Collaborations – Remaining
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