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The development of the first phase of the Space Threat Assessment Testbed (STAT) facility,
known as Spiral 1, will provide a capability to test space hardware without the expense of space
flight. Key features of STAT include the capability to replicate effects of complex natural space
environments occurring at low earth and geosynchronous orbits. In addition, STAT will
simulate key artificial threats and provide a near-real-time connection capability that enables
the involvement of ground station hardware, software, and operators in the control, test, and
evaluation process. STAT will also lay the foundation for near-real-time connectivity to a
satellite operations center, enabling the U.S. Air Force to perform integrated system testing and
training while also assisting in the development of tactics, techniques, and procedures for future
space operations.
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human controllers; integrated testing; natural space environment; realistic orbital
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he Arnold Engineering Development
Center (AEDC) mission is to provide
high-quality, economical, and timely
state-of-the-art test and evaluation
(T&E) services in support of the U.S.
Department of Defense, NASA, commercial, and
international aerospace programs. In support of this
T&E mission, technology research and development
programs are conducted to further advance testing
techniques and equipment, new facilities are designed
and constructed, and the existing facilities are kept
current through maintenance and modernization
programs. The Space Threat Assessment Testbed
(STAT) facility is supported by a substantial infrastructure, which includes liquid nitrogen, handling
systems, computers, communication networks, and
diagnostics. In addition, capabilities include laboratory

T

support equipment, modeling and simulation tools,
and applied technologies research.

Overview and purpose of STAT
Air Force Doctrine Document (AFDD)-2-2.1 (AFDC
2004) lists three primary missions for counterspace
operations: space situational awareness (SSA), defensive
counterspace (DCS), and offensive counterspace. STAT
Spiral 1 supports the acquisition and utilization of systems
to support the SSA and DCS missions. Spacecraft
systems, in some cases subsystems and ground systems,
work together to provide the capabilities to perform these
functions. Ground testing these systems in the appropriate
natural environments against various threats will provide
the data necessary to understand how systems perform and
to identify indicators of an attack. As systems and
subsystems are designed to provide defensive counterspace
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capabilities, their performance must be characterized in a
controlled manner and evaluated as an integrated system.
This includes integrated T&E, ground support and crew
involvement, understanding the effects on satellite
operations, and participating in mitigation activities. This
will enable evaluation of the ability of a subsystem or
system to detect, discriminate, and attribute attacks and of
the vulnerability of a subsystem or system to the natural
environment and to enemy action.

SSA testing
SSA is the result of sufficient knowledge about
space-related conditions, constraints, capabilities, and
activities—both current and planned—in, from, toward, or through space. Achieving SSA supports all
levels of planners, decision makers, and operators
across the spectrum of terrestrial and space operations.
SSA involves characterizing, as completely as possible,
the space capabilities operating within the terrestrial
and space environments. SSA information enables
defensive and offensive counterspace operations and
forms the foundation for all space activities. The
primary mission of STAT Spiral 1 is to provide a
capability that does not currently exist to enable
characterizing our own space capabilities that are or
will be in the operational space environment. That
characterization includes the operation of subsystems
and/or systems in the natural space environment and
under the influence of certain enemy actions.

DCS testing
DCS operations preserve U.S.-friendly abilities to
exploit space to its advantage via active and passive
actions to protect friendly space-related capabilities from
enemy attack or interference. Friendly space-related
capabilities include space systems such as satellites,
terrestrial systems such as ground stations, and communication links. DCS operations are key to enabling
continued exploitation of space by the U.S. and its allies
by protecting, preserving, recovering, and reconstituting
friendly space-related capabilities before, during, and
after an adversary attack. As DCS capabilities are
developed, their ability to detect, discriminate, find, fix,
track, target, and locate threats in a challenging
environment must be independently evaluated under
representative operational controlled conditions. Testing
in an integrated environment including space segment
hardware, ground control hardware, software, and
human controllers provides the greatest level of understanding of the integrated system capabilities.

Natural space environment
There have been many descriptions of the natural
space environment over the years, and with each new
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version comes new information. One of the latest space
environment books released at the time of this writing
is by Vincent Pisacane and describes each component
of the space environment in detail (Pisacane 2008).
The worldwide importance of operating in this
environment is also highlighted by the November
2008 release of a new space environment standard by
the European Cooperation for Space Standardization
(ESA-ESTEC 2008). Laboratory investigations of
effects of such environments on space materials abound
(Barrie et al. 2002). If one considers replicating all
aspects of the space environment in a ground-test
facility, it becomes apparent that such a difficult
undertaking is ultimately cost prohibitive, if not
impossible because of chamber effects and limitations.
The following space environment subset was chosen
for STAT after considering tradeoffs of complexity,
orbits of interest, and fidelity:
1.
2.
3.
4.
5.
6.
7.

protons,
electrons,
atomic oxygen (AO),
solar radiation,
electric thruster ions,
surface and optical contamination, and
spacecraft charging and charge migration.

The first two environment components comprise the
natural charged particle environment. This typically
includes protons, electrons, and heavier ions trapped in
the earth’s magnetic field, streaming from the sun, or
originating in deep space. The plasma environment
consists of low-energy (few eV) electrons and ions that
are associated with spacecraft charging. The next
energy group of protons (less than 1,000 keV) and
electrons (few keV) have energies too low to penetrate
deep into the spacecraft and are primarily responsible
for surface damage. STAT simulation of surface
damage relies primarily on a low-energy proton source.
More energetic particles in the radiation environment
penetrate beyond a surface and generate secondary
radiation. In addition to the surface effects, they affect
solar cells, electronics, and electro-optics through total
ionizing dose. STAT simulates total ionizing dose
using a medium-energy electron source. The overlap of
these groups is ill-defined and can cause confusion
when discussing the damage potential to spacecraft
hardware, especially when considering qualification of
thin film coatings and micro electromechanical systems
components. STAT will include hardware that spans
much of the radiation environment and provides a
more realistic charged particle test environment for
many space assets. Displacement damage caused by
high-energy protons, neutrons, and ions is not
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simulated in STAT in order to control facility cost
associated with such sources.
AO found in low earth orbit is highly reactive with
many materials. It is formed when ultraviolet radiation
from the sun interacts with diatomic oxygen. The
mean free path of AO is large at low earth orbit, and
thus recombination is limited. This results in primarily
AO atmosphere above 120 km altitude. Surfaces of
orbiting spacecraft interact with these particles and
become degraded to varying degrees. The most
dramatic AO effects were seen on the Long Duration
Exposure Facility experiment of the 1980s (Levine
1991). Ever since the Long Duration Exposure Facility
experiment, material survivability to AO has been an
ongoing research effort, and since 2001, the Materials
International Space Station Experiment (MISSE)
experiments have been conducted at the International
Space Station (NASA 2008). New space-deployed
materials and hardware must be capable of surviving
the low earth orbit AO environment. For this reason,
AO environment simulation is a critical part of STAT.
The sun is the most important object in the solar
system, and solar radiation is continually emanating
toward the planets. Whereas there is variability in the
intensity, on average the exoatmospheric earth and nearearth spacecraft are illuminated with total solar irradiance
of approximately 1,366 W/m2 (ASTM 2000). Sunlight
is useful for spacecraft as solar cells can convert solar
photons into electrical power to operate the spacecraft.
Unfortunately, the solar spectrum also contains the same
ultraviolet light that is energetic enough to dissociate
oxygen and can damage spacecraft materials and
coatings. At longer wavelengths of the solar spectrum,
the incoming radiation causes the spacecraft to heat up,
requiring careful thermal management of any space
object. If the spacecraft thermal balance is disrupted by
emissivity changes of surface materials due to the effects
of space environments, the incoming solar flux can cause
excessive heating resulting in performance degradation
or loss. STAT will have a broad spectrum solar simulator
that spans the ultraviolet to infrared spectrum to properly
evaluate spacecraft and component thermomechanical
performance and survivability. Electric thrusters are
becoming more common on a variety of NASA and
commercial spacecraft (Pidgeon et al. 2006; Polk et al.
2001). Although there has been some testing and
modeling of these devices with respect to how they
interact with the spacecraft, there are still concerns
because of limited operational experience. Of primary
concern are how the charge exchange ions near the exit of
the spacecraft interact with nearby surfaces and components. A full thruster is not planned for inclusion in
STAT; instead, hardware will be added to simulate the
low-energy ions in the charge exchange cloud.

When a low-pressure, elevated temperature environment is encountered, most hardware will give off some
amount of material. Cold surfaces tend to condense
these materials, depending on the surface temperature
and outgassed material condensation temperature. This
is known as outgassing and redeposition of volatile
condensable materials and occurs in the space environment and in ground-test chambers (Prebola et al. 2009).
If the condensable material impacts performance of a
system it is known as contamination. Contamination
control of spacecraft and hardware operating in these
environments is essential because even small amounts of
contamination can significantly degrade performance.
STAT Spiral 1 will include hardware to reproduce the
outgassing products of large spacecraft surfaces that will
not fit within the test volume. This will allow the
determination of how outgassed species may impact test
article performance.
Some spacecraft in the orbital environment have
large surfaces capable of collecting charged particles.
Positive and negative particles may collect on different
surfaces in different areas of the spacecraft because of
potential buildup, material properties, or other factors.
Sufficient charge buildup can result in sudden
discharge, thereby damaging the spacecraft. A number
of relevant references can be found in the recent
spacecraft charging paper from the Air Force Research
Laboratory (Lai 2007). STAT Spiral 1 is a mediumscale test bed and is not sized to accommodate large
spacecraft. An induced charging system will be
employed to properly replicate the portion of the
spacecraft that is not in the chamber.

STAT mechanical and chamber systems
The STAT facility vacuum, mechanical and chamber systems are designed around support of the natural
and threat sources to provide mechanical mounting,
vibration isolation, a class 7.0 clean room, and a highvacuum/cryogenic test environment. The proposed
ATK STAT layout, shown in Figure 1, illustrates the
main chamber, the antechamber for the test article, and
all the sources that illuminate the test article through
ports in the main chamber. The design meets
requirements for 1 3 1025 Torr vacuum level, with
all sources operational and nominal 80 K Cryoliner
temperature based on delivery of similar designs to
multiple customers during the last 20 years. Modeling
based on data from similar chambers and the baseline
system design indicate the STAT system will reach
steady-state test conditions in 3 days or less from the
start of chamber evacuation, remain at test conditions
for at least 500 hours, and return to ambient
conditions in 2 days or less, thus meeting STAT
threshold requirements.
30(3) N September 2009
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Figure 1. STAT vacuum chamber and sources.

The chamber design consists of two vacuum shells in
a T-shaped configuration and includes isolation/gate
valves that will enable each chamber to be valved off
from each other and from the STAT test volume. The
standard cryogenic vacuum cryoliner that has been
employed for numerous applications is approximately
2 m internal diameter. At this diameter, it will give
AEDC about 10 percent growth potential over the 75cm, on-a-side cube test article expected for the initial
capability. The main chamber uses the same design and
enables source input on one side, expansion through
the width, expansion through the intermediate gate
valve, and then subsequent presentation at the test
article. Small changes (less than 5 percent) in the
diameter of the chamber and cryoliner do not
significantly affect the manufacturing cost of the
overall chamber and cryoliner. In addition, each
simulation/threat source is separated from the STAT
chamber by a valve and has independent controls,
vacuum, and power supply that can be operated
autonomously. This enables each source to be verified,
repaired, or replaced independent of chamber operations. The source-beam expansion volume is further
separated from the test article by a gate valve. This
arrangement, shown in Figure 2, enables test article
access, servicing, replacement, and diagnostics without
having to open the complete STAT system volume.
The antechamber test volume can be pumped and
cooled independently of the main chamber. With both
sides of the gate valve at cryovac conditions, either side
348
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can be warmed and recooled to cryovac without
disturbing the other side of the chamber.
Utilizing a novel, hydraulically formed, toroidal shell
tank, the shroud design maximizes the heat-transfer
area by placing the saturated liquid nitrogen across a
very thin metal boundary surrounding the entire inner
shroud surface. This design approach has proven to
keep cryoliner temperature to within a few degrees of
80 K even when it is coated with a highly emissive
surface and exposed to a 300 K radiation. The chamber
systems using liquid nitrogen cryogenics remain
consistently below 1 3 1026 Torr. The internal surface
of the liner is painted with Aeroglaze Z-306 paint as
the baseline on the cryogenic liner interior. ATK has
successfully used this paint scheme on many chambers
that have been in operation for more than 10 years and
undergone hundreds of cryocycles without any need to
rework the paint. Z-306 is known for its excellent
infrared absorption properties, but its reflectance
properties can vary dramatically across the solar
spectrum. The reflectivity versus wavelength of Z306 was measured on baffles to be in the four to 10
percent range over a measured solar spectrum from 250
to 2,500 nm. During the STAT design, work will
continue to investigate optical blacks for their cryogenic and optical properties in the solar region, as well
as resistance to AO erosion.
The Test Article Positioning System (TAPS)
consists of a 1-m travel test article deployment stage
that will run in the same direction as the cylindrical
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Figure 2. Typical antechamber design enables easy access to a test article.

axis of the antechamber. This will give AEDC the
ability to deploy and retract the test article along the
projection axis of each environmental source to vary
intensity. A 6 180-degree yaw cryogenic rotary stage
will also be provided that will be mounted on the
deployment stage to enable each side of the test article
to be presented to each of the sources. Cabling and
liquid nitrogen connections will run through the center
of the rotary stage mechanism to minimize cable drag
and wind up. The design will accommodate a 100-kg
cube test article measuring up to 82 cm on a side
without hitting the walls of the enclosure. The
cryogenic TAPS positioning stage is capable of
supporting 120 kg, a 20 percent margin above the
100 kg requirement. Umbilical connection providing
power, data, and cryogenics is provided through the
base of the motion table. This arrangement limits the
motion to 180 degrees in either direction to prevent
kinking of the connections. The TAPS baseline
mechanical interface to the chamber will be via a
rotary platen with a large cable pass-through in the
center of the cryogenic rotary stage. The platen will be
fabricated from 6061 series aluminum and have an
embedded heat exchanger to enable the platen to be
kept at the same temperature as the rotary stage base.
As a baseline, the final electrical connections to the test
article consist of resistance temperature detectors, Type
T thermal couples, CAT 6 cables, four-conductor
twisted shielded pair, and coax and triax cables. This
bulkhead feed can be accomplished either above or
below the test article, depending on its final configuration. For routing below the test article, routing

cables under the table and then through another
bulkhead in the side of the table support and then
through the rotary platen to the test article is
recommended to minimize cable drag.
The STAT chamber will be enclosed in a Class 7.0
clean room environment with penetrations provided
for a high bay roll-up door, personnel entry doors,
vacuum, and electrical components. Western Environmental Corporation is the lead contractor for the clean
room built for the STAT system. Western Environmental Corporation clean room development addresses
familiarity with AEDC constraints on such construction because they have developed other clean rooms for
AEDC. The environmental sources and other STAT
components that must be close to the chamber will be
inside the clean room. These include the local control
racks for vacuum, source control consoles, and TAPS.
The STAT Vacuum System consists of two identical
pumping systems as shown in Figure 3, one for each
chamber to enable high-vacuum evacuation independently of each other. The approach will use four turbomolecular pumps (TMPs) in each pumping subsystem
backed by independent Leybold screw roughing/backing pumps to provide clean, dry vacuum pumping using
standard components, which address safety concerns
with pumping atomic oxygen. Based on history with
similarly sized chambers, the pumping system described
below will achieve less than 1026 Torr vacuum when
coupled to the chambers. This vacuum system is cost
effective with ease of maintenance using common
pumping components and contains complete redundancy to mitigate single-point failures. The proposed
30(3) N September 2009
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Figure 3. Vacuum system schematic.

vacuum system is a throughput type system where all
gases are exhausted through the high-vacuum pumps
and the primary backing pumps. It is proposed to use
four Pfeiffer 1201 TMPs per chamber (a total of 8).
Three of the 1201 TMPs will provide about 3,800 L/s
pumping speed, whereas the fourth TMP provides
additional pumping speed for backup if one TMP fails
or if needed for extreme thermal loads. Three TMPs can
handle the gas load during AO generation. A single
smaller TMP is typically used on standard space
chamber systems of similar size.
The liquid nitrogen system consists of a 5,000gallon vacuum-jacketed supply tank located outside the
STAT Facility and vacuum-jacketed transfer lines to
the chamber and vented to the outside. The transfer
lines will be factory manufactured and assembled onsite
using bayonet connections. Each section will have a
static vacuum insulation established at the factory
through an evacuation/relief port and measured by a
thermocouple vacuum gauge. Vacuum-jacketed pneumatically controlled isolation valves will be provided
for flow control on the supply side. Overall heat load
on the chamber from steady-state radiation and
conduction heat and operational heat load from the
sources indicate about a 400-gallon liquid nitrogen
usage per day (2,800 gallon per week). The proposed
design will have additional capacity to accommodate
thermal emissions from the test article with margin.

Data Acquisition and Control
System (DACS)
The STAT DACS comprises the STAT software
architecture, processing, and display support for the
operators and maintenance personnel. As shown in
350
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Figure 4, it comprises computer workstations, data
storage redundant arrays of independent drives
(RAIDs), intercom operator consoles, and projected
displays. Computer software configuration item
(CSCI) servers and clients provide STAT subsystem
control as well as data acquisition and analysis, source
scenario generation, data storage, and system health
monitoring. The DACS is a distributed system that
uses remote data access and control methods for
collecting information and controlling system operations. This enables both independent and integrated
operation of system elements, as well as supporting
incremental and independent development, integration, and test with low risk. The DACS is composed of
several systems: the chamber monitor and control
system, source control and monitor system, vibration
isolation and monitor system, contamination monitoring system, auxiliary power system, and video system.
The DACS is a distributed system that is interconnected via data network and the ethernet. The data
network is the primary method to control and receive
real-time status throughout the STAT system. The
data network is defined and mapped out, creating a
common interface to the complete STAT DACS. The
ethernet will be used for file transfer and remote
control of individual computers via Microsoft Remote
Desktop. All data acquired by the DACS are timetagged with Inter-Range Instrumentation Group-B
(IRIG-B).
The chamber monitor and control system is based
on a programmable logic controller with distributed I/
O that controls and monitors all chamber systems,
including monitoring of chamber temperatures and
pressures, control and monitoring of the vacuum
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Figure 4. Data acquisition and control schematic.

pumping system, control and monitoring of the liquid
nitrogen system, control of any chamber heaters, and
monitoring of all utility systems. The chamber monitor
and control system provides operators, via any of four
facility operator stations, with system schematics
overlaid with real-time data. From these schematics,
operators control any function of the chamber and
monitor resulting response. The chamber monitor and
control system also provides real-time plotting of any
STAT parameter over any time frame of the STAT
test, with as many as 10 parameters per plot, and
archives all STAT data acquired by all STAT DACS
systems at a user-defined rate to a 10 TB RAID.
The source control and monitor system is a personal
computer-based system executing Windows that monitors and controls all natural and threat sources and the
test article positioning system. The source control and
monitor system provides operators with schematics of
the source systems overlaid with real-time data, which
enable operators to remotely control any function of the
sources or test article. The source control and monitor
system provides automated calibration routines of source
outputs, and when in test mode, controls all source
outputs based on script files, developed manually or via
AFGEOSPACE software. Source control up to
1,000 hours can be accommodated.
The vibration isolation and monitor system is a
Windows-based personal computer that monitors and
controls the STAT chamber vibration and level. The
vibration isolation and monitor system analyzes data
taken from accelerometers and places the results in a
data network. It receives commands sent over the data
network from an operator station and controls the
chamber level and damping parameters.

The contamination monitoring system acquires data
from a residual gas analyzer and quartz crystal
microbalance and places these data on data network.
Control of both devices is performed on a Windowsbased personal computer at an Operator Station.
The auxiliary power system consists of an uninterruptible power supply with backup generator. The
uninterruptible power supply provides 80 kVA of
power, whereas the backup generator is rated to
65 kW. The uninterruptible power supply and generator provide backup power to the chamber vacuum
system and critical DACS systems, enabling a
controlled return to vacuum in the case of a total
power loss.
The video system consists of three overhead
projectors and three display screens located in the
STAT control room. The system enables operators to
display computer video output, operator station video,
or closed circuit television video on any of the three
display screens. Each screen may be subdivided into
four separate screens, providing display of up to 16
different signals.

Conclusion/summary
The new STAT facility will offer a unique test
capability for satellite assets, exposing them to realistic
orbital conditions and environment and artificial
threats. In addition, STAT will provide a real-time
connection capability that enables involvement of
ground station hardware, software, and operators in
the T&E process. The complexity of STAT will
present numerous challenges throughout the development process; however, the importance to understanding integrated spacecraft performance in the natural
30(3) N September 2009
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and threat environment is a challenge worth facing.
The new STAT facility establishes a new approach to
%
integrated T&E of space systems.
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