. 3 . N .
N .

: B, . 3 3 '+ . Airbus Amber

5 L . b
. . .

> Space Power Workshop )
= Rapid and agile power systems: Developing new norms

“ s for an evolving and contested space environment s
b

April 23-25, 2024
Torrance Marriott Redondo Beach, Torrance, CA

CRISA

Emilio Lapefia® (emilio.lapena@airbus-com) Peter Sveum @ (peter.sveum@ngc.com);

Joel Jermakian @ (joel.jermakian@ngc.com); Victor Romero @ (victor.romero-largacha@airbus.com);

Pablo Ortiz @ (pablo.ortiz@airbus.com); Jorge Cortés @ (jorge.cortes-gonzalez@airbus.com); AI R B s
Antonio Pefia @ (antonio.pena-godino@airbus.com); U

MAirbus Crisa - @Northrop Grumman



CRISA

Humans in space

A new era of human space exploration is emerging, led by institutional and private actors.

GHPS (Generic High Power System) is the Airbus Crisa product developed in collaboration
with Northrop Grumman to provide high power conditioning and distribution capabilities for
crewed and exploration missions.

GHPS has been conceived as a standard product for the new generation of crewed missions to:

« Moon Gateway space station (and eventually lunar surface permanent base).
« Mars human exploration.

« Earth Orbit space stations.
« Space planes.
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A new mission scenario demands new solutions

Power for crew use
and on board
equipment

High power
Capability @ 120V

Scalability and G H PS

Flexibility

Generic High Power
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Natural
environmentin a
habitable element

In-flight
maintainability
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Isolated,
bidirectional
power conversion

Complex

grounding schemes

Failure tolerance
required for crewed
missions
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CRISA

Generic High Power System (GHPS) key features

U Designed for crewed exploration compliant with NASA standards
4 In-flight maintainability and reparability
O Scalable up to 32kW regulated platforms up to 130V
U Isolated and bidirectional 120V and 28V Buses
O Smart and autonomous voltage regulation
L 120V and 28V power distribution:

s Heaters

 Latching Current Limiters (LCL)

¢ High Current active LCL

+» Return switches
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Airbus Crisa GHPS product in Gateway Space Station

Image credit: NASA
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The GHPS bricks to build flexible box architectures

ISODCDC

SUPPLY NOMINAL

Multipurpose isolation ISOlation DCDC converter

Power Conversion

» 3 kW per card

» Voltage range: 98-136 V

> Bidirectional and isolated

» Digital control and configuration

SUPPLY REDUNDANT
| Conv?rter#P ISO side P |
. CONTROL pUTY 4P | |
i side ISO DCDC

Discrete

Protections
Overcurrent

BCDR Battery Charge and

Protection

Discharge Regulator

SPC Secondary Power

1
i Isolated i IN/ OUT
H: Overcurrent Low Pass Power Cell i CURRENT P
! Protection Filter 1
IN / OUT E % g e
CURRENT| £ Z —
' 5 5 |
2 a ' $
Low Pass Overcurrent =} H
RELIABLE ERROR Filter Protection E
CONTROL SIGNAL Isolated L Njour
FPGA Power Cell

HOUSEKEEPING i CURRENT

i
DUTY#Q |

Converter

STATUS

Convelrter#Q ISO side Q

Docking Power

DPC

COMMS NOMINAL
COMMS REDUNDANT

PDC Power Down Converter from 120 to 28V

6 | 24 APRIL 2024

© Copyright Computadoras, Redes e Ingenieria, SAU (CRISA) 2024 / SPW-2024 - GHPS for manned missions to the Moon and beyond

C

»> 2 x 560W independent cells per card
» Unidirectional and isolated

Converter
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The GHPS bricks to build flexible box architectures

Power Conversion

BRM Bus Regulation Module » Bus control & quality performances
» Battery management
SUPS Standard User Power Service > 4 x HV outlets (120V / 10A) For crew usage
> 4 x LV outlets (programmable 3 — 28V)
APR Solar Array Power Regulator > DET based on S3R under development
» MPPT option in roadmap
Control & Auxiliary Supply
CTRL CARD )
TTE I/ F
CTRL-APS | Control and Auxiliary Power Suppl | to Spacecrat A s MASTER 5 el e
y pp y M Controller M FPGA X ( )=
» Communications control based on Time-Triggered
Ethernet (TTE) I/F at 100 Mbps
» Management of internal TM/TC bus. Flash ™ TC
» Centralized, isolated AC bus for internal supply b S
7 | 24 APRIL 2024 © Copyright Computadoras, Redes e Ingenieria, SAU (CRISA) 2024 / SPW-2024 - GHPS for manned missions to the Moon and beyond

AIRBUS




CRISA

The GHPS bricks to build flexible box architectures

Power Distribution

BES28 & 120 | Bus Enable Switch @ 120V & 28V

HCM Heater Control Module

\J

/
HC-LCL High Capacity Latching Current Limiter > Bidirectional LCL based on solid-state devices
rsuppromwAL » Programmable current limtation 20 to 165A
& PBS Primary Bus Switch
m / ~
; —>» | X-TIE (+)
5 201658 Tatus + > Primary Bus cross-
H_ (—) X-TIE (-) strapping

IN/ouT| EIN/OUT /
Bt HC-LCL

PDS28 & 120 | Power Distribution Switches @ 120V & 28V 2 28 (et CUiEii Hlnliss (HEl) [per el

» 5 A per outlet, can be paralled

» Cross-strapping link for secondary buses

» 36 x heater drivers per card with 1 A capability

~
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What do we build with these bricks?

2 x Power Domains
2 X Primary Buses

TTE I/F

!

conmol &

1

Power Management

BATTERY
:f J
X-TIE 28V ) 28V USERS
z PMAC 7/;— s & 4_7;\_ |
<:> = < =
E PMAC &l' S
»® ;3; gmmm
Lees :§8 kwa FPower Management
LPes K 8 kW
BATTERY
(11T conol Sk
TTE I/F

X : TTE IJF per Power
e I L. Domain
DOCKING DOCKING 3{ DOCKING E ________ .:
PORT STARBOARD FORWARD i :
\ 1 {8 8 KW _ [ #ss k- :
Power Dfsmbutmn : ;
! 8 kW ! :
12w ] :
2 % Gaany
~< |
© |
120V i
BUS BES{20 120V USERS i
1 l 28 kwg{ pBs | | |
Pr:rwer Dfsmbunr:rn :
1 | pes |-
DOCKING DOCKING DOCKING !
PORT jlfi ﬂARBﬂMD}E FORWARD 2F | ‘I
| STARBOARD TTE I/F

Gateway’s Habitation and Logistics Outpost (HALO) internal architecture
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What do we build with these bricks?

Images credit:
Northrop Grumman

PMAD boxes location on HALO cylinder

.- Space Power Workshop
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What do we build with these bricks?

FORWARD - iHAB

d Crewed stations demand multiple primary & secondary buses O
 Functions need to be versatile T o PORT__ T
and compatible with complex L — s -
grounding schemes (I —@y—{como. X NES S IS T
PES I : T I I PaS I .
B Power Management | | Power | Distribution B :
|m - T T T T o T T T : L S R | 1 LN
1 © Primary sources ! wne | fmvae] Qoeas | [vosess]| 20/ 3¢] Loestao | [ovuses )
I - PMAC B ) ! = ) !
1 © 28V Secondary Users LI : ~ T 3
: ® 120 V Secondary Users : = O FMAC wTIE ﬂ}{ BES 28 28V USERS i f.;" ( BES 120 120V USERS E O
: . ISOlated Battery Management . O I l ‘ l l Power Management E [ lF}Dwer. Distribution ! E .
' @ Visiting Vehicles e g fj [ SR S O
I_ ___________________ | ' . CONTROL }E E PORT }E STARBOARD }{ FORWARD }E """ :
TTE I/F ;STARBDARD: TTE IfF
> |solation converters O

All cards feature isolated interfaces ¢ » APS based on AC-bus topology
» Internal comms. serial bus includes high speed isolation at every card

AIRBUS

11 | 24 APRIL 2024 © Copyright Computadoras, Redes e Ingenieria, SAU (CRISA) 2024 / SPW-2024 - GHPS for manned missions to the Moon and beyond




CRISA

Human environment “on top”

Pressurized/ Double

30% oxygen .
unpressurized o failure
, atmosphere
operation tolerance

70% Heat
relative evacuation vs.
humidity hot surfaces

MANTAINABILITY

 Easy manipulation through insertion / extraction levers

Spilled

liquids

O All cards are replaceable in orbit by the crew
O Asingle card type can be used in different slots and boxes

O Cards are initialized by Master Controller with specific
settings depending on the slot where they are inserted
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Can we build different systems with GHPS?

Yes, flexibility and scalability are key

CARD  QTY “Small unit” example CARD  QTY “Big unit” example
DET 1 DET 4
BCDR 2 i BCDR 4
= = » 3 kw PCDU / Single Bus | pEw— . > 13 KW PCDU / Dual Bus
CTRL-APS 2 > S’_A‘ a_nd l?attery PoWer conversion PBS 2 > SA and battery power conversion
HCM > » Distribution outlets @ 120V X-TIE(-) 1 > Primary bus cross-strapping
PDS 120V 2 I;EI\CA ;‘ > Distribution outlets @ 120V and 28V
BRM-PDC 1 » Docking Port I/F
— PDS 28V 3
ISODCDC 2
BRM — DPC 1
PDS 120V 2
TOTAL 10 cards TOTAL 28 cards
405 x 360 x 250 mm 1130 x 360 x 250 mm
DIMENSIONS (length x width x height) DIMENSIONS (length x width x height)

.- Space Power Workshop
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Timeline of GHPS

Industralization continuous |mprovement

A A A 1.1”

Start of HALO GHPS Qualification
Development of PMAD activities HALO Fis delivery
electrical functions
Orion ESM TCU Start of IHAB HALO

EPS activities PMAD CDR

JUICE: FM with
Digital Control

Participation in
IHAB & ESPRIT

Phase A/B1
HALO EM

| manufacturing and
| characterization

iHAB EPS PDR
HALO EMs delivery
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Conclusions and achievements

O After 5 years of intense and exciting work, Airbus Crisa has developed GHPS to provide a
reliable multi-scenario power product for crewed missions and new generation of space
stations.

O Some of the key features that set this product apart are high power capability, isolation, bi-
directionality, scalability and in-orbit replaceability.

O A huge engineering effort has been necessary to reach the point where we are today. In several
phases more than 140 people from Airbus CRISA have been working in this amazing program.

O We would like to acknowledge Northrop Grumman for their support in this development in the
frame of HALO PMAD.
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“If God wanted man to become a
spacetaring species, he would have
givem man a moon”

Krafft Arnold Ehricke

The journey starts here

Airbus Crisa

Credit: Lick Observatory/ESA/Hubble
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Thank You!!!
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the power for Space

b T _z/
MVPPU — Multi-t
PPU for medium and High The Power
Power Bectric Propulsion

GHPS - genenchlgwpowersystem
Standard for
Human Exploration

% _—~ Power Propulsion
[ EVO PCDU — Power for
i Eum(laeervabm&.Saenoe

MEGA — main electronics for’

global access. The Power .

.
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Solutions for energy conditioning,
: _distribution and electrical propulsion.

v A wide range of voltage and

power levels.

State of the art technologles
o Sllloon clle] GaN full dlgltal control

i 2000 years cumulated in orbit.

(i e MVPCU — Multivoltage PCDU.
kg X COTS & GaN Power revolution
L for New Generation GEO
[ RS PPUformeduna\dngh

L, Power Hectric Propulsion

GHPS — generic high power system.
The Power Standard for
Human Exploration

- Space Power Workshop
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