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In satellite architecture, mission hardware is 
divided into two fundamental elements: the payload, which performs the 
mission function, and the spacecraft bus, the supporting platform that 
provides power, command and data handling, thermal control, propulsion, 
communications, and structural support. The interface between these 
two domains is enabled by a complex network of electrical and fiber optic 
interconnects that distribute power, route high-speed data, and carry 
command and telemetry signals. Designing these interconnect interfaces 
to meet the stringent requirements of the space environment—while 
maintaining reliability and signal integrity—constitutes a central challenge 
in modern spacecraft engineering.

Individual satellites and satellite constellations must perform flawlessly 
in an environment that is simultaneously mechanically violent, electri-
cally complex, and thermally extreme. Once deployed in orbit, repair is 
effectively impossible. Reliability must therefore be engineered into every 
connector, cable assembly, and harness interface from the start.

To meet these challenges, Glenair has adopted an ecosystem approach 
to the design of space-grade interconnects and wire harnessing—an inte-
grated architecture of cables, connectors, assemblies, and mechanisms 
engineered in concert for reliable life-of-system performance. Rather than 
viewing connectors, contacts, and harnesses as individual components, 
the ecosystem model considers how every electrical pathway interacts 
with spacecraft subsystems, mission payloads, and the unique environ-
mental zones of the satellite itself.

Before exploring these technologies in detail, it is useful to examine the 
application environment and the fundamental architecture that defines 
modern satellite systems.
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This communications satellite diagram  
identi�es the principal satellite bus 
subsystems that support the mission 
payload. Source: The E�cient Engineer
www.youtube.com/@TheE�cientEngineer

The Satellite Bus and 
the Mission Payload
At the most basic level, the architecture of any satellite consists of two 
integrated elements: The spacecraft bus and the mission payload.

The spacecraft bus provides the foundational infrastructure that allows 
the satellite to operate in orbit. It includes the vehicle’s structural frame-
work and all supporting subsystems required for sustained operation: 
Structural elements and mounting interfaces; thermal control systems; 
electrical power generation and distribution; onboard flight computers 
and command/data handling electronics; propulsion and orbital maneu-
vering systems; attitude determination and control systems; and 
communications and telemetry equipment. In essence, the bus is the 
satellite’s life-support system, providing power, stability, environmental 
control, and command capability for every onboard function.

The payload, by contrast, is the mission-specific equipment responsible 
for accomplishing the satellite’s purpose. Payload configurations vary 
depending on mission objectives. An Earth observation satellite may carry 
high-resolution cameras, multispectral imaging systems, or synthetic 
aperture radar instruments. A communications satellite typically houses 
transponders, amplifiers, and high-gain antennas for broadband signal 
relay. Scientific missions may incorporate magnetometers, particle detec-
tors, spectrometers, or atmospheric probes.

Although the bus and payload are conceptually distinct, their operational 
effectiveness depends in large part on the electrical and mechanical inter-
connect architecture that links them together. This is the subject of this 
special issue of QwikConnect.
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Four Primary Wiring Types in Satellite 
Interconnect Systems
Electrical integration between the spacecraft bus and the payload is typi-

cally achieved through four fundamental classes of wiring: high-speed 

digital data, low-speed digital and discrete signaling, electrical power 

distribution, and RF/microwave transmission. Each category supports 

a distinct class of spacecraft function and requires specialized cable 

construction, shielding, and connector technologies.

HIGH-SPEED DIGITAL DATA
High-speed digital cabling carries mission data and high-bandwidth 

communications between payload electronics, processors, and onboard 

data-handling systems. These interconnects utilize controlled-imped-

ance shielded differential pairs designed to meet modern communication 

standards. Glenair SpeedLine™ assemblies employ precise impedance 

control, advanced shielding architectures, and low-loss insulation mate-

rials to support 10 Gigabit Ethernet and other high-speed data buses 

used in modern spacecraft avionics. Maintaining signal integrity in these 

networks requires careful attention to cable geometry, shielding effective-

ness, connector termination, and electromagnetic compatibility.

COMMAND, CONTROL, AND DISCRETE I/O SIGNALING
Low-speed digital and discrete wiring supports spacecraft command, 

control, and housekeeping functions—monitoring voltages, temperatures, 

currents, and subsystem health. Glenair MIL-STAR™ wiring supports stan-

dard spacecraft interfaces including RS-422 and similar serial control 

buses. These cables are available in conventional and cross-linked insu-

lation constructions and may incorporate specialized plating systems 

to address long-term corrosion risks. For example, thick 2-micron silver 

plating mitigates red plague, while low-fluoride insulation systems reduce 

susceptibility to white plague in harsh environments.

ELECTRICAL POWER DISTRIBUTION
Electrical power cabling distributes energy from solar arrays and onboard 

batteries to propulsion systems, avionics boxes, sensors, communications 

equipment, and payload instruments throughout the satellite. Glenair 

TurboFlex™ power cables and assemblies are designed to carry high 

current loads while remaining lightweight, flexible, and resistant to envi-

ronmental damage. 

RF AND MICROWAVE TRANSMISSION
High-frequency RF and microwave cabling supports command uplinks, 

telemetry downlinks, and mission data transmission between the satellite 

and ground stations, as well as internal payload functions such as radar 

and receiver chains. Glenair BluMark™ RF coax cables are engineered for 

minimal signal loss, stable impedance, and resistance to radiation and 

thermal extremes within payload electronic systems.

Four branded wire families 

form the basis for the Glenair 

ecosystem approach to the 

interconnection of satellite bus / 

payloads, as well as—in the case 

of RF—operations internal to the 

payload such as radar and RF 

receiver chains.
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Glenair operates space harness 
assembly facilities worldwide, 
including ISO 8 and ISO 6 clean rooms, 
a certi�ed ISO 5 �ow chamber, and 
ample accommodation for any size 
mockup and integration for satellite 
harnesses. Glenair cable assemblies 
have space �ight heritage in active 
satellite and satellite constellations.  
Image: Turnkey crimp-contact Micro-D 
cryogenic cable harness for a low 
thermal conductivity infrared camera 
payload application.

Turnkey Space-Grade Harness Assembly
All of these wire types—along with compatible connectors and termina-
tion technologies—are available as fully integrated harness assemblies 
manufactured in conventional and controlled cleanroom environments.

Glenair’s Space Systems facility in Salem, Germany, specializes in the 
fabrication of space-grade harness assemblies including Micro-D, nano-
miniature, and other small form-factor connector systems used in modern 
spacecraft. The capability includes highly-engineered cryogenic harnesses 
fabricated from ultra small-gauge Niobium-Titanium and other low 
thermal-conductivity wire and connector materials.

These assemblies support applications ranging from serial data bus inte-
gration and avionics connectivity to high-speed digital networks and RF 
payload interconnection. Cryogenic cables support such applications as 
infrared sensors and cameras and thermal imaging devices. 

Cleanroom and tightly-controlled conventional fabrication ensures 
contamination control and process traceability—critical factors in space-
flight hardware qualification.
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Red plague corrosion (top) and White 
plague can cause degradation and 
electrical failure in electrical wire 
interconnect systems. 
Glenair MIL-STAR wire customers may 
specify Mod Code 1304B for thicker 
80 microinch silver plating on wire 
conductors to mitigate red plague risks, 
and low-�uoride XL-ETFE wire insulation 
to reduce the potential for �uoride-
related white plague corrosion.
Photos: NASA

Wire Corrosion Resistance in Satellite 
Applications

RED PLAGUE AND WHITE PLAGUE IN AEROSPACE WIRING
High-reliability aerospace wiring systems must contend with two well-

known corrosion phenomena: red plague and white plague.

Red plague is a copper oxide corrosion process that occurs in pre-launch 

environments when moisture penetrates silver-plated copper conduc-

tors through cracks or damage in the plating layer. The resulting cuprous 

oxide corrosion product has a characteristic reddish color and can propa-

gate along the conductor strands, eventually degrading conductivity and 

causing electrical failure.

White plague is a different corrosion mechanism associated with certain 

fluoropolymer wire insulation systems. In the presence of moisture and 

elevated temperatures, fluorine compounds can contribute to reactions 

with silver-plated conductors resulting in white, powdery silver fluoride 

residue.

Mitigation strategies include optimized plating thickness, improved insu-

lation chemistry, and controlled manufacturing processes. For example, 

Glenair customers may specify thicker 2-micron silver plating and low-

fluoride XL-ETFE MIL-STAR wiring—both of which are widely used in 

space-grade wiring to reduce these corrosion mechanisms.

Advanced Temperature and Durability 
in Satellite Wire Systems

CROSSLINKED WIRE INSULATION FOR SPACE APPLICATIONS
Wire insulation used in spacecraft must maintain mechanical integrity and 

electrical performance across a wide range of environmental conditions.

Crosslinked insulation materials are widely used in aerospace wiring 

because they provide enhanced resistance to heat, radiation, and mechan-

ical stress.

Crosslinking is achieved through processes such as electron-beam irra-

diation, which creates chemical bonds between polymer chains in the 

insulation material. This transformation improves:

 ▷ Temperature resistance

 ▷ Chemical stability

 ▷ Abrasion resistance

 ▷ Resistance to radiation degradation

Crosslinked ETFE and other advanced fluoropolymer insulations are 

commonly used in space-grade wiring systems, particularly in harnesses 

exposed to the external spacecraft environment.
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Modular Satellite Bus and 
Payload Interfaces
Satellite design is moving rapidly toward spacecraft architectures that 
allow modular payloads, avionics, and subsystem components to be 
easily  and consistently integrated across multiple spacecraft platforms. 
A modular approach—with functionally consistent interconnect inter-
faces—shortens development timelines, reduces integration complexity, 
and enables spacecraft buses to support a wide range of missions with 
accelerated development cycles. 

Several industry initiatives have explored functionally standard payload 
interface concepts. One emerging example is the Handle 2.0 initiative, 
which proposes a modular spacecraft interface architecture intended 
to simplify payload integration through common electrical services and 
connector layouts. While still evolving, the concept reflects a broader 
industry trend toward payload interfaces built around Ethernet data 
networks, distributed power delivery, and standardized connector archi-
tectures. Numerous other data bus and network architectures exist such 
as MIL-STD-1553, SpaceWire, and SpaceFibre.

At a practical level, these satellite interconnect system architectures 
depend on a physical layer of connectors, contacts, and wire harness 
assemblies capable of carrying signals and power reliably throughout the 
spacecraft. Nearly all payload interfaces ultimately support three essen-
tial electrical services: high-speed digital data communication, electrical 
power distribution, and discrete command, control, avionics, and sensor 
signaling. Let's take a look at some specific Glenair interconnect technolo-
gies—with proven reliability and space heritage—that are currently being 
deployed in each of these critical satellite bus-to-payload interconnect 
system roles. 

An exploded view of the ESA Integral satellite, showing the 
components of the Service module, or Bus, and the Payload 
module.

Illustration credit: ESA

Satellite Payload 
Interfaces: Three Essential 
Services

 ▶ High-speed digital data 
communication

 ▶ Electrical power distribution

 ▶ Command, control, avionics, 
and sensor signaling
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Why Ethernet is Growing 
in Spacecra� Payload 
Interfaces
Ethernet is emerging as a 

viable architecture for space-

craft data networks because 

it combines high bandwidth 

with a mature ecosystem 

of switching hardware and 

communication protocols. 

Unlike legacy spacecraft 

buses designed for specific 

missions, Ethernet enables 

distributed avionics systems 

in which payload processors, 

sensors, and control elec-

tronics communicate across a 

common network. This flex-

ibility simplifies spacecraft 

integration and allows payload 

modules to be reused across 

multiple spacecraft platforms. 

High-density connectors such 

as GHSM High-Speed Micro-D 

provide the controlled-imped-

ance differential pair routing 

required to maintain signal 

integrity in these high-speed 

avionics networks.

Board-Level High-Speed Digital Data 
Communication

GHSM AND GMMD HIGH-SPEED MICRO-D CONNECTORS
Modern payload instruments generate enormous volumes of data that 
must be transmitted to onboard processors, avionics systems, and 
communication subsystems. Ethernet has therefore become one of 
the preferred architectures for spacecraft data networks. Its mature 
switching infrastructure, widely supported protocols, and scalability 
across distributed avionics systems make it well suited to modular satel-
lite platforms.

Ethernet signals are transmitted through controlled-impedance differen-
tial pairs (Glenair SpeedLine) that must maintain signal integrity to and 
from payload and satellite bus electronic equipment, as well as from 
I/O interfaces to the board. Inside spacecraft avionics enclosures, high-
density rectangular connectors such as Glenair GHSM High-Speed Micro-D 
and GMMD maintain signal integrity in board-to-board and I/O-to-board 
configurations.

GHSM connectors support tightly-controlled differential pair routing in 
compact packages, enabling reliable high-speed communication between 
flight computers, processing modules, and subsystem electronics. Their 
high contact density and excellent electrical performance make them 
particularly well suited to the high-speed data links that increasingly 
define board-level spacecraft avionics.

For applications requiring flexible internal wiring layouts, designers may 
also incorporate Glenair Modular Micro-D (GMMD) connectors. GMMD 
modules allow engineers to specify familiar Micro-D interconnect arrange-
ments while incorporating high-speed differential data pairs for 10Gb 
Ethernet and other controlled-impedance protocols. 

Together, these Micro-D solutions support the board and backplane 
interconnect requirements for countless spacecraft high-speed digital 
communication architectures.

High-Speed Digital Data Electrical Power Distribution Databus Signaling

High-Speed Micro-D · GMMD SuperNine PowerPlay · TurboFlex Series 806 Mil-Aero
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Why Crown-Ring 
Contacts Excel in 
Spacecra� Power 
Systems
Delivering electrical power 

through spacecraft connec-

tors requires low contact 

resistance, strong mechanical 

retention, and reliable perfor-

mance under vibration and 

thermal cycling. Crown-ring 

contacts achieve this by using 

multiple circumferential spring 

elements that create a large 

and stable electrical contact 

surface. The result is lower 

resistance, improved heat 

dissipation, and higher current 

capacity compared with tradi-

tional contact designs. These 

characteristics make crown-

ring contacts particularly well 

suited to demanding space-

craft subsystems such as 

electric propulsion and high-

power RF systems. Connectors 

such as Series 806B incorpo-

rate crown-ring contacts to 

provide compact, high-current 

power interfaces for modern 

spacecraft architectures.

System-to-System Level 
Electrical Power 
Distribution

TURBOFLEX 
AND SUPERNINE 
POWERPLAY HYBRID 
POWER AND DATA 
INTERCONNECTIONS
In addition to high-speed data 

communication, payload inter-

faces must deliver electrical power 

from the spacecraft bus to payload 

instruments and subsystem electronics.

Many payload interfaces deliver both low-

to-moderate power distribution as well as low-power digital signaling 

through contacts and wiring in the 22–28 AWG range. Spreading current 

across multiple contacts improves thermal performance, enhances redun-

dancy, and allows spacecraft integrators to scale power capacity across 

different payload configurations.

Certain spacecraft subsystems require significantly higher current 

capacity. Electric propulsion systems, high-power RF transmitters, optical 

payload instruments, and advanced onboard processors can all place 

substantial demands on spacecraft power distribution systems. For these 

applications, Glenair PowerPlay connectors provide a scalable solution 

with contact sizes ranging from #22D to 4/0. The series is supplied in four 

interconnect packaging options, SuperNine Series I and III D38999-type, 

Series 806 micro miniature circular, and Series 971 high-performance 

rectangular.  kVDC high-voltage kV Seal™ contacts for use in spacecraft 

propulsion systems are supported in all designs. 

I/O and Wire-Harness Level Command, 
Control, and Avionics Signaling

SERIES 806 AND 806B MIL-AERO CONNECTORS
In addition to high-speed data and high-current power delivery, the satel-

lite bus and payload interface must also support low-speed databus 

signals used for command, telemetry, and housekeeping functions.

These circuits include subsystem control lines, payload status indicators, 

and other operational signals exchanged between payload instruments 

and spacecraft avionics systems. Although these circuits typically carry 

relatively low current, they must be routed through connectors capable 

of maintaining electrical integrity under launch vibration, thermal cycling, 

and long-duration orbital operation.

GLENAIR
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Compact circular connectors such as Glenair Series 806 (triple-start stub 
ACME) and 806B (bayonet) connectors are widely used for these payload 
I/O interfaces. Both designs combine rugged circular shells with remov-
able crimp contacts and flexible hybrid insert arrangements, allowing 
designers to integrate discrete signal contacts alongside high-speed 
differential pair shielded contact and power contacts when required.

In many spacecraft architectures, Series 806 and 806B connectors serve  
as the primary payload interface, carrying command signals, telemetry, 
Ethernet differential pairs, as well as distributed power circuits through a 
single connector interface. 

Hybrid Connectors: One Interface 
Package for High-Speed Data, Power, 
and Signal Interconnects
Hybrid connectors—both space-grade environmental and hermetic—
combine the three principal contact and wire types—differential pairs 
for high-speed data, signal contacts for command and telemetry circuits, 
and specialized power contacts for power distribution—within a single 
connector insert. This approach reduces connector count, simplifies 
harness routing, and improves overall system reliability. Compact circular 
connectors such as Glenair SuperNine and Series 806 Mil-Aero, and Series 
79 Micro-Crimp rectangular may be easily configured with hybrid inserts, 
allowing spacecraft designers to integrate Ethernet communication, 
discrete signals, and distributed power delivery through a single rugged 
payload interface. 

A broad range of circular and rectangular connectors from Glenair have 
also been optimized with hybrid contact layouts that combine standard 
signal contacts with 20HD Power contacts and El Ochito octaxial shielded 
contacts for 10Gb Ethernet applications, enabling high-speed data, power, 
and discrete signals to coexist within compact harness designs. This flex-
ibility helps spacecraft integrators further reduce connector count while 
streamlining payload-to-satellite bus harness architecture. Furthermore, 
as satellite programs increasingly adopt modular spacecraft architec-
tures, scalable hybrid interconnect systems such as those described here 
will become ever more essential to rapid payload integration across the 
next generation of spacecraft platforms.

Hybrid Payload-to-Bus Architectures 
Optimized for Size, Weight, and Power
Glenair fields a highly popular payload-to-satellite bus interconnect archi-
tecture: a Series 805 circular Mighty Mouse equipped with El Ochito 10Gb 
Ethernet shielded contacts, size #23 39029 crimp signal contacts, and 

special size #22 Crown Ring contacts for up to 10 Amps 
of power. This TRL9 solution is in active use in LEO 

satellite constellations, and is compatible with 
emerging standards such as Handle 2.0 for 
payload-to-bus interconnections. Glenair 
is able to supply a signature range of other 

form-factor interconnects as well, including 
higher-amperage power solutions, high-speed 

digital data up to 28Gbps, plus in-house controlled-
impedance cable with lightweight shielding. Here are 

two of these unique interface architectures:

Why Hermetic 
Connectors Matter in 
Spacecra�
Hermetic connectors are 

essential components in 

spacecraft systems where 

environmental isolation 

must be maintained between 

compartments.

These connectors utilize  

glass-to-metal or epoxy sealing 

technologies to create leak-

tight electrical feedthroughs 

for pressure boundaries or 

sealed avionics enclosures. 

The hermetic seal prevents 

gas leakage, moisture ingress, 

and contamination transfer 

between compartments.

Hermetic interconnects play 

several critical roles in space-

craft systems:

 ▶ Preserving dry nitrogen 
backfills inside avionics 
enclosures prior to launch

 ▶ Maintaining insulation 
resistance in sensitive elec-
tronics packages

 ▶ Supporting thermal vacuum 
testing during spacecraft 
qualification

 ▶ Managing long-term leak 
rates during multi-year 
missions in orbit

Hermetic connector pack-

aging commonly used in 

space systems include D-Sub, 

Micro-D, and D38999 circular 

connectors. Special cryogenic 

hermetics meet the need for 

extreme low-temperature 

tolerance in external-zone 

space applications. 
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GLENAIRHYBRID PAYLOAD-TO-BUS  
ARCHITECTURE OPTIMIZED FOR SWAP: 
SERIES 806 MIL-AERO AND GHSM OR 
GMMD HIGH-SPEED MICRO-D
In this architecture the modular payload connects 
to the spacecraft bus through a hybrid circular 
connector optimized for weight and size reduc-
tion. High-speed data and control / telemetry 
signals plus power are routed through the space-
craft harness and distributed internally to power 
supplies and avionics equipment through high-
density, high-signal-integrity circular or Micro-D 
rectangular connectors.

PAYLOAD-TO-BUS POWER ARCHITECTURES: 

SERIES 806B POWERPLAY, SERIES 971 

POWERPLAY, OR SUPERNINE POWERPLAY
This configuration enables significantly 

higher current delivery while 

maintaining rugged electrical 

contact  bet ween payload 

elements and the satellite bus. 

Glenair Series 971 PowerPlay rectan-

gular is offered in hybrid arrangements with both 

size #8 Crown Ring contacts and size #20 signal. 

Circular PowerPlay versions are high-power only.

Payload Module with Higher Power 

Requirements: Circular PowerPlay 

interconnect interface—either 

Series 806B (bayonet) or 

"Better-than-QPL" SuperNine

Payload-to-Spacecraft Wiring 

Harness: SpeedLine STP 

cabling plus MIL-STAR 

XL-ETFE hookup wire, with 

lightweight ArmorLite 

shielding

Alternative Rectangular Design: GMMD or 

GHSM I/O-to-PCB board-mount High-Speed 

Micro-D Connectors with 

controlled-impedance 

layouts, signal and 

power

Principal Payload Module-to-

Satellite Bus Cable Connector: 

Series 806 Mil-Aero with hybrid 

signal, VersaLink differential 

twinax, and 22HD power contacts

Payload Module with 

Ethernet, Power, and Signal 

Interconnect interface: 

Series 806 Mil-Aero with 

high-speed VersaLink and crimp-

contact power and signal lines

Flight Computer / Command, 

Control, and Telemetry:  

HD Stacker board-to-board 

or MIL-DTL-55302 type mother-

board / daughtercard configurations

High-Power Payload-

to-Spacecraft Cable 

Assembly: TurboFlex 

high-flex cable 

with ArmorLite 

shielding and 

Duralectric jacketing plus MIL-STAR 

XL-ETFE hookup wire 

Circular High-Power Payload 

Module-to-Satellite Bus Cable 

Connector: Hybrid Series 

806B (bayonet) or SuperNine 

PowerPlay triple-start 

connector (Crown Ring power 

contacts plus 39029 signal)

Satellite Bus Power Supply / 

Battery Modules /  

Power Regulation and 

Conversion Equipment: 

High-density, circular 

form-factor Series 806B or 

SuperNine with high current-carrying-

capacity Crown Ring contact architectures
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Interconnect Zones in Spacecra� Design
Much like in aircraft systems, electrical interconnect architectures in spacecraft are often defined by the environ-
mental zones in which they operate. Each region exposes connectors and harnesses to different stress factors, 
requiring specialized materials, sealing strategies, and mechanical designs. Typical spacecraft interconnect zones 
include the external environment, enclosure penetrations, internal avionics compartments, deployment and sepa-
ration interfaces, and ground test and integration systems. Understanding the environmental demands of each 
zone is essential for selecting appropriate connector technologies and harness materials.

TVAC testing in a USAF environmental 

test chamber. Glass-sealed hermetic 

feedthrus maintain enclosure integrity.

EXTERNAL ZONE
The external zone, where hard-

ware is directly exposed to 

the space environment, is the 

most hostile region for space-

craft interconnect systems. In 

orbit, connectors and harnesses 

operate in high vacuum while 

enduring ultraviolet radiation, 

atomic oxygen, and plasma inter-

actions. Temperatures swing 

dramatically between deep cold 

during eclipse and intense solar 

heating in sunlight. Interconnect 

systems in this zone are opti-

mized for survivability in 

both high heat and cryogenic 

extremes. Solutions include 

cross-linked wire insulation, 

robust EMI shielding, corrosion-

resistant bonding paths, and 

temperature/radiation-tolerant 

connectors, backshells, and 

dielectric materials such as 

Glenair ThermaRex Cryo. 

ENCLOSURE PENETRATION ZONES
When power and signal pathways pass from the spacecraft exterior 

into sealed avionics enclosures, pressure boundaries, or contamina-

tion-controlled volumes, design requirements change significantly. 

This transition region—the Enclosure Penetration Zone—relies on 

ruggedized interconnects that preserve the environmental integrity 

of the enclosure. Prior to launch, satellites must withstand humidity, 

coastal salt air, fueling operations, and repeated handling during inte-

gration and testing. Hermetic connectors maintain controlled internal 

atmospheres by preventing moisture ingress and preserving insulation 

resistance within sealed compartments. During launch, these inter-

connects must tolerate rapid depressurization, vibration, acoustic 

loading, and thermal gradients while preventing contamination migra-

tion once in orbit.

Lightweight composite 

thermoplastic strain-relief 

clamps and backshells with 

space �ight legacy are ideally 

suited for the broad temperature 

and radiation extremes of space.




