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Objective of the Activity

Task 1

▪ Literature study and Identification of missions and their specific scenarios that would benefit 
from active battery management functionality

1

2

3

4

5

Agenda
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Task 2

▪ Definition of functions and requirements of a space battery management system

Task 3

▪ Detailed design of the battery management system

Task 4

▪ Development and Production of a BMS subsystem breadboard at TRL3

Task 5

▪ Breadboard characterization and test

Task 6

▪ System study, further development needs, costs, risks and trade-off



Active Management System
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Overview

Objective:

➢

➢

➢

➢

➢

➢

➢

1

TRR
15/07/2021

2

Battery
integration
Completed
30/06/2022

3

Life Test 
completed
13/12/2022

4

KOM
29/01/2020

Schedule:

5

Final 
Presentation

29/06/2023



Task 12
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State of the Art and 
advantages of BMS in 
different space 
missions



State of the Art and advantages of BMS in different space missions
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Task 1

Battery Management System Functionalities

Objective:

➢

▪

▪

➢

➢

➢

➢

➢

➢

Battery Management System Benefits
➢

➢

➢

➢



Terrestrial BMS Architecture
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Task 1

❑

❑

❑

BMS Architecture Components

Centralized BMS Distributed BMSModular and Master-Slave BMS

❑

❑

❑

❑

❑

❑

❑

❑

❑

❑

❑

❑



Terrestrial BMS Technologies
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Task 1

SoC Estimation Method Speed Size/ weight Cost Control 
complexity

Efficienc
y

Passive
Charge limiting Very slow Very small

Very 
cheap

Very simple Poor

Shunt resistors fixed Very slow Very small
Very 

cheap
Very Simple

Very 
Poor

Shunt resistors switched Slow Small Cheap Simple Poor
Active

Switched capacitor Slow Small Cheap Medium
Very 
good

Fly-back converters Medium Very large
Very 

expensive
Complex Good

Buck-boost converters Fast Small Medium Complex
Very 
good

Full-bridge converters Very fast Large
Very 

expensive
Large

Very 
good 

Lossless balancing Very fast
Medium to 

large

Expensiv

e to very 

expensiv

e

Medium, 

Large

Very 

good 

excellen

t

Technique Field of application Advantages Drawbacks
Discharge test Used for capacity

determination at the

beginning of life

Easy and accurate;
independent of SOH

Offline, time intensive,
modifies the battery

state, loss of energy
Coulomb counting All battery systems,

most applications
Accurate if enough re-
calibration points are

available and with
good current

measurements

Sensitive to parasite
reactions; needs

regular recalibration
points. A Coulomb

counter cannot
measure internal

discharging as no net
current flows through

the battery terminals.
OCV Lead, Lithium, Zn/Br Online, cheap, OCV

prediction

Needs long rest time

(current = 0)

Linear model Lead Photovoltaic Online, easy Needs reference data

for fitting parameters

Impedance

spectroscopy

All systems Gives information on

SOH and quality

Temperature sensitive,

cost intensive

D.C. Internal

resistance

Lead, NiCd Gives information on

SOH; possibility of

online measurements

Good accuracy, but

only for a short time

interval

Artificial Neural

Networks

All battery systems Online Needs training data of

a similar battery,

expensive to implement

Fuzzy logic All battery systems Online Ask a lot of memory in

real-word application

Kalman filters All battery systems,

PV, dynamic

application

Online Dynamic Difficult to implement

the filtering algorithm

that considers all

features as e.g.

nonnormalities and

nonlinearities

Cell Balancing Methods

Cell Balancing Algorithms

❑

❑
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Task 1
Space BMS Technologies

Efforts & Heritage

Description Mission Reference Estimated improvements Validated model against S/C data
Switched capacitor (flying capacitor
switching) – uses only 1 capacitor to

remove & reuse the charges

continuously, non-dissipative

threshold-based

Cell dispersion < 10 mV

GEO Prakash et al 2016

[29]

low hardware (1 one switching

capacitor) – less mass & volume

low power dissipation → thermal

dissipation simplified

fast model convergence

unknown

Electrochemical Impedance
Spectroscopy with square wave

excitation

Non-specific Carbonnier et al

2019 [24]

Increase on-board diagnostic capabilities Practical measurements provided but not

mission model

SOC estimation LEO Baccari et al 2019

[25]

Avoid estimation techniques

Reduces computational burden

Battery model validated with HW

experiments

Constant current/constant voltage
(CC/CV) algorithm

LEO Mostacciuolo et al

2019 [26]

Reduces system losses by increasing

calculations burden.

Algorithm validated against tasks &

environmental conditions for a LEO mission

Deep belief network (DBN), a type of
neural network

Non-specific Li et al 2019 [27] Improves resolution in SOC calculation

by increasing calculations burden

Not simulated against mission

Buck& boost converters LEO Ibrahim et al 2019

[28]

Non dissipative method for balancing Simulation Tested with mission data

Kalman filter LEO Aissa et al 2019 [19] Improves resolution in SOC calculation

by increasing calculations burden

Simulation Tested with mission data

Kalman filter & Neural networks LEO Ananda et al 2018

[17]

Improves resolution in SOC calculation

by increasing calculations burden

Simulation Tested with mission data

Resonant forward converters Not specified Rishivathsala et al

2018

[18]

Non dissipative method for balancing Not tested with mission data

Machine learning Scientific

(XMM-

Newton)

De Canto et al 2018

[21]

Could be integrated into mission

planning tool making the BMS fully

autonomous during eclipses, useful for

missions requiring heaters permanently

on during eclipses

Used mission data for 100 eclipses: 80% to

train the algorithm and 20% to predict

❑

❑

❑

❑

❑

Space heritage

Space BMS Technologies



Orbit Analysis (I)
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Task 1

❑

❑

❑

LEO Orbit Analysis

❑

❑

❑

❑

❑

GEO Orbit Analysis

❑

❑

❑

❑

❑

❑

❑

❑
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Task 1

✓

Trade Off and selection of a mission scenario
Mission Technical Benefits Challenges to reach a space product

GEO

BMS improves battery lifetime and reliability by adding enhanced cell monitoring, battery

isolation & passivation resources.

Cell balancing can be managed by simpler passive (resistor based) or slow active

(switched capacitor) techniques. Low imbalance effect is expected after EOR and cyclic

periods.

Cell monitoring shall be designed as proximity electronics to be hosted in a reduced volume

using available space qualified parts.

HW for isolation / passivation of the string shall be included as string/battery level

Balancing HW shall be included in the proximity of other electronic components, based on

available space qualified parts

LEO

BMS improves battery lifetime and reliability by adding enhanced cell monitoring,

Coulomb counting for better SoC calculation, improved mission control to better

estimate charge current and battery isolation & passivation resources.

Cell balancing will be managed by complex fast active (converter based) techniques.

Relevant imbalance effects are expected and shall be mitigated on real time using both

sunlight and eclipse periods.

Cell monitoring shall be designed as proximity electronics to be hosted in a reduced volume

using available space qualified parts.

Computing and memory capabilities shall be enhanced to allow Coulomb counting algorithms.

HW for isolation / passivation of the string shall be included as string/battery level

Balancing HW will require dedicated development to migrate fast active techniques meeting

efficiency, mass and size requirements.

Orbit Analysis (II)



Task 1 Outcomes
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Task 1

❑

❑

❑

EOR Cycles Profile

Terrestrial BMS State 
of the Art Analysis

➢

❑

❑

❑

❑

❑

❑

❑

❑

❑

➢

❑

❑

❑

❑

❑

❑

❑

❑

❑

❑

➢

❑

❑

➢

❑

❑

❑

❑

❑

➢

❑

❑

❑

❑

❑

❑

❑

➢

❑

➢

➢

➢

BMS Selected Technologies

Task 2

Space BMS State of the Art 
and Missions Analysis



Task 23

12

Definition of functions 
and requirements of a 
space battery 
management system



Definition of functions and requirements of a 
space battery management system
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Task 2

Objective:

Requirements Specification

Requirement Specification

Requirement Classification

❑

❑

❑

❑

❑

❑

❑

❑



BMS Architectures Trade-off & Selection (I)
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Task 2

Potential Architectures Overview

BMS Function hosted in PCDU

BMS Function Distributed

BMS Function hosted in Battery

❑

❑

❑

❑

❑

❑

❑

PCDU SAR

BCRBDR

DIST
Main Bus

OBC

BAT PWR

BMS

CELLS

TM
/T

C

TM
/T

C

PCDU SAR DIST
Main Bus

OBC

BAT

TM
/T

C

TM
/T

C

BCRBDRBMS

TM
/T

C

PCDU SAR

BCRBDR

DIST
Main Bus

OBC

BAT PWR

BMS

TM
/T

C

TM
/T

C

Proximity
Electronics

❑



BMS Architectures Trade-off & Selection (II)
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Task 2

Architecture Impact on Battery Impact on PCDU Impact on EPS

BMS hosted 
in PCDU

High:

- Lot of Internal Harness
for hundreds of signals.

- Several new IF
Connectors

- Mass and Size relevant
increment

- Safety Constrains
(double isolation)

Medium

- New modules required
for computing and
memory capabilities

- New modules required
for Balancing Driving and
Signal monitoring

- Several new connectors
that impacts in ICDs,
Mass and Size

Medium

- New harness for
hundreds of signals
among PCDU and
Battery

BMS hosted 
in Battery

Very High

- New Technologies on
Battery (regulators,
computing, TMTC)

- Extra internal harness

- High impact in Mass,
Size and dissipation.

High

- BCR/BDR regulators in
Battery shall work
together with SAR and
Distribution Regulators.
This would require
intermediate power
buses definition.

Low

- New RT for 1553 bus for
the BMS

- Small size harness added
for 1553 and Discrete.

BMS 
Distributed 

Medium

- Inclusion of Auxiliary
Proximity Electronics

- Reduced amount of
internal harness

- New small connector
needed for BMS IF.

Very Low

- Some new TMTC
commands for 1553

Low

- New RT for 1553 bus for
the BMS

- Small size harness added
for 1553 and Discrete.

- New unit (BMS) close to
Battery

PCDU SAR

BCRBDR

DIST
Main Bus

OBC

BAT PWR

BMS

CELLS

TM
/T

C

TM
/T

C

PCDU SAR DIST
Main Bus

OBC

BAT

TM
/T

C

TM
/T

C

BCRBDRBMS

TM
/T

C

PCDU SAR

BCRBDR

DIST
Main Bus

OBC

BAT PWR

BMS

TM
/T

C

TM
/T

C

Proximity
Electronics



BMS Architectures Trade-off & Selection (III)
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Task 2

BMS Distributed Architecture Selected

✓

✓

✓



17

Task 2
BMS Arquitecture for

Space

➢

➢

➢

BMS Selected Technologies

Task 2 Outcomes

➢

➢

Task 3

PCDU SAR

BCRBDR

DIST
Main Bus

OBC

BAT PWR

BMS

CELLS

TM
/T

C

TM
/T

C

PCDU SAR DIST
Main Bus

OBC

BAT

TM
/T

C

TM
/T

C

BCRBDRBMS

TM
/T

C

PCDU SAR

BCRBDR

DIST
Main Bus

OBC

BAT PWR

BMS

TM
/T

C

TM
/T

C

Proximity
Electronics

BMS Requirements



Task 34

18

Detailed Design of a 
BMS Subsystem



BMS Capabilities

19

Task 3

➢

➢

➢

➢

➢



BMS HW Implementation

20

Task 3

❑

✓

✓

❑

✓

✓

✓

✓

✓



Cell Parameters

21

Task 3

➢

➢

➢

➢

➢

V0C R

C

R0

Icell

V
ce

ll



SoC, Q and SoH
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Task 3

➢

➢

𝑆𝑂𝐶𝑗,𝑖 = 𝜇න
𝑖𝑗 𝑡 𝑑𝑡

𝑄𝑗,𝑖
+𝑀𝑜𝑑𝑒𝑙 𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝐶𝑒𝑙𝑙𝑖,𝑗



SOA

23

Task 3

➢

➢

➢

❑

Cellj,i SOA cal

Tj,i

Vj,i

Ij

SOA 

Cellj,i SOC cal Zj,i

lim (i)j,i

lim (T)j,i

lim (V)j,i

lim (Z)j,i

Pack Calculation

SOC pack

SOH pack

SOC1,1,….SOCs,p

SOH1,1,...SOHs,p

Cell Calculation s,p

Cell Calculation 1,1

Alarm pack

Alarm1,1,...Alarms,p



Balancing

24

Task 3

❑

➢

➢

❑

➢

➢

❑

❑



PEU HW Design
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Task 3

✓

✓

✓

✓

✓

✓

❑

❑



BDU HW Design

26

Task 3

✓

✓

✓

✓

✓

✓

✓

❑



BDU Architecture Design
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Task 3

➢

➢

❑

✓

✓

Master
Microblaze
(Main Task)

CACHE MMU

Slave
Microblaze

(1553 IF)

FPU

CACHE MMU

Slave
Microblaze

(Monitoring & 
Balance)

FPU

CACHE MMU

Slave
Microblaze

(Cell & Bat Parm. 
Calculation)

FPU

CACHE MMU

AXI MASTER AXI SLAVE

Shared 
Memory

Mail BoxMail Box
Mail Box

Mutex

SPI I2C1 UART TIMER GPIO
I2C 2

GPIO

FPGA
(Cricital 
Tasks)

DMIPS/MHz CoreMark/MH

z

FPU MMU Cache (Kb)

LEON 4 1,7 2,1 P P 256 - 1024*

ARM Cortex M3 1,25 - 1,89* Up to 3,3 P O 0 - 1024*

MicroBlaze v11 1,1 1,4* 1,3 - 2,2* P P 0 - 128*

OpenRISC 1200 1 1,34 P P 0 - 128*
*Depending on Configuration 



Task 45

28

Production of a BMS 
subsystem Bread Board 
at TRL-3



Manufacturing of BDU
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Task 4

➢

➢

➢

➢

➢

➢

➢

➢

➢

➢

➢

➢

➢

➢

➢



Manufacturing of PEU
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Task 4

➢

➢

➢

➢

➢

➢

➢

➢

➢

➢

➢



Task 56

31

Bread Board 
Characterization & Test



Characterisation and Life Test Report of BMS subsystems

32

Task 5

❑

✓

❑

✓

✓

❑

✓

❑

✓



Characterisation and Life Test Report of BMS subsystems

33

✓

✓

✓

Task 5
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TN-05

➢

➢

➢

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

Test Set-ups for Characterization Tests
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Task 5

❑

➢

▪

▪

➢

➢

➢

➢

▪

▪

Functional Tests

BMS SoC Calibration Test

Long Duration Tests

BMS Charge/Discharge Cycles & SoC Estimation Performance 
Test

BMS SoH Estimation Performance Test

Test Set-ups Long Life Tests
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Task 5

❑

➢

➢

❑

Characterization Tests
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Task 5

❑

➢

➢

➢

Cycles Capacity (Ah) SOH C (%)

EM01 EM02 EM01 EM02

0 6.219 6.243 100 100

900 5.806 5.828 93.36 93.35

1800 5.553 5.491 89.29 87.95

Cycles SOH C (%)

EM01

0 100

900 95.53

1800 88.48

Long Duration Test Results
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Task 5

❑

➢

Cycles​ R Normaliced​

0​ 1​

900​ 0,111​

1800​ 0,118​

Long Duration Test Results
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Task 5

❑

❑

Long Duration Test Results



Task 67

40

System Study, further 
development needs and 
trade-off



Comparison of the performance to the system without BMS

41

Task 6

➢

✓

❑

➢

➢

Parameter EM01 (with BMS) EM02

Initial Capacity Fade (Ah) 6.219 6.243

Final Capacity Fade (Ah) 5.553 5.491

Initial Capacity Fade (SoH C%) 100 100

Final Capacity Fade (SoH C%) 89.29 87.95

Initial Resistance (Ω) 0.2241 0.2260

Final Resistance (Ω) 0.3216 0.3220

Initial Resistance (SoH R%) 100 100

Final Resistance (SoH R%) 89.12 89.39



Necessary Improvements

42

Task 6

➢

➢

➢

PEU
Solid State Relays



Trade-off with BMS architectures assessed in Task 2

43

Task 6

✓

❑

✓

❑

✓

❑



Assessment of the system reliability and possible approaches to 
increase it

44

Task 6

✓

❑

❑

✓

❑

✓

❑

❑

✓

❑

❑

BDU

Proximity Electronics

Battery Pack

Control & Monitoring 
Electronics

Power and Balancing

Shared Buses & 
Interconnection Harness

x N



BDU

Proximity Electronics

Battery Pack 1

Shared Buses & 
Interconnection Harness

x N

Proximity Electronics

Battery Pack 2

Possibility to scale up the system to the needed number of cells 
for a full-size power system

45

Task 6

➢

➢

➢

➢



End of TRL Assessment
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Task 6

Initial TRL Planned TRL as activity 

outcome

Actual TRL at end of activity

2 3 4

✓

✓

✓



Questions?8

47



Innovative Solutions
for a sustainable development

Thank you
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