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This paper discusses the development of the Dusty Thermo-Vacuum (DTVAC) planetary
environment simulator. The unit combines a controlled dust simulant shower in vacuum
with simulated solar illumination and thermal control of the test device from below -60oC to
above +60oC. The system design includes a controlled large-area planetary dust simulant
dispenser and a tribo electrostatic charger. A temperature-controlled platen can
accommodate various test devices up to 1.0m x 1.0m x 0.9m in volume, including surface
(solar cells), optical, and mechanical (motors, rotary) assemblies.

Nomenclature
AMO
= Air Mass 0 for solar spectral irradiance
CSA
= Canadian Space Agency
h
= Height
DTVAC = Dusty Thermal VACuum
LEAM
= Lunar Ejecta and Meteorites Experiment
LETS
= Lunar Environmnet Test System
LN2
= Liquid Nitrogen
NORCAT = Northern Centre for Advanced Technologies
TVAC
= Thermal VACuum
UUT
= Unit Under Test
UHV
= Ultra High Vacuum (<10-9 Torr)
VUV
= Vacuum Ultraviolet

I. Introduction

T

HE Moon and Mars possess surface environments radically different from that of the Earth. This has varying
implications for our ability to operate on their surfaces, both from a human presence and scientific exploration
II.
points of view. No terrestrial facility can fully capture all of the factors that affect the surface of these bodies.
However, many of the important aspects of their surfaces could be simulated in an appropriate environment
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chamber. Such simulation should necessarily focus on those aspects of the surface environment that are of most
relevance and that can be appropriately reproduced or simulated on Earth.
The lunar and Mars planetary surface environments can have a significant impact on both the operation and
performance of landed assets such as landers, rovers, supporting robotics and science instruments. The effects of
lunar dust were experienced first-hand by the prior Apollo landed lunar missions (see Figure 1a) between 1969 and
1972; the lunar dust exhibited adherence to all exposed surfaces, as well as significant abrasiveness, partially
wearing through the outer gloves of the Apollo mission EVA suits 1.

Figure 1: (a) The Apollo 17 mission lunar rover's fender repaired with maps, clamps and duct tape, to try to
keep dust from being kicked up while driven around the lunar surface. (b) Apollo 17 photograph showing the
Lunar Ejecta and Meteorites Experiment (LEAM) box in the foreground (Images: Apollo17/NASA).
Apollo 17 placed an experiment on the Moon's surface called LEAM2, for lunar Ejecta and Meteorites (see
Figure 1b). LEAM2 was designed to look for dust kicked up by small meteoroids hitting the Moon's surface. It had
three sensors that could record the speed, energy, and direction of tiny particles: one each pointing up, east, and
west. LEAM saw a large number of particles every morning, mostly coming from the east or west -rather than above
or below, with speeds mostly slower than the one expected for lunar Ejecta. Also, a few hours after every lunar
sunrise, the experiment's temperature rocketed so high that LEAM had to be turned off because it was overheating.
It is speculated that this was a result of electrically-charged moondust sticking to LEAM, darkening its surface so
the experiment package absorbed the incident sunlight, resulting then in the heating.
In the case of Mars, dust is also ubiquitous, and it arises largely from physical erosion of the extensive basaltic
materials exposed on the Martian surface, with some degree of chemical alteration. In contrast to lunar dust, Martian
dust appears to be well simulated by eroded terrestrial basaltic soils commonly termed palagonite. Such material is
present in certain terrestrial environments, where cold climate weathering prevails, such as near the summits of
Mauna Kea and Mauna Loa in Hawaii, and certain volcanic regions in Iceland.

Figure 2: Accumulation of dust on the MER Spirit rover over the course of 348 sols, showing its obvious
effect3
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Dust accumulation on landed rover surfaces on Mars is also affecting operations and measurements. As an
example, dust deposited on the foreoptics of the Mars Exploration Rover mini-TES spectrometers on the Spirit and
Opportunity rovers3 (see Figure 2) was sufficient to essentially dominate the spectral signature of targets that were
viewed by the mini-TES.
The Lunar and Mars surface operating environment is summarized in Table 1. For the Moon, key environmental
factors include the large diurnal temperature variations from about 400K during the lunar day to below 40K in
permanently shadowed polar regions. A great challenge for lunar survival is the extended lunar night of up to 14
Earth days in duration in the lunar equatorial regions. The lofted and charged dust is very abrasive due to the lack of
weathering mechanisms on the Moon. As noted by the prior relevant MoonDust work4, the fine dust simulant can
penetrate simple seals and lock mechanical mechanisms.
Table 1: Summary of the relevant Lunar and Mars near-surface environment.
Parameter

Moon

Mars

Atmosphere

Vacuum, <10-7 Torr (1.33 10-5 Pa)

Equatorial Solar
Illumination
Gravity
Day/Night length
Lofted Dust
Incident electrons
Incident Protons
Daytime temperatures
Night time temperatures

1366 W/m2

3 to 12 mTorr (0.16 to 1.6 Pa), mainly
CO2 with some Ar and H2O
588.6 W/m2

0.165g
14 Earth Days
Yes
Yes
Yes
> 393K
<120K (<40K in permanent
shadowed polar regions)

0.375g
24 hours 37 minutes (Earth Time)
Yes
Yes
Yes
256-300K
130K (winter polar caps) - 166K
(Viking landing site)

For Mars, the key environmental factors include widespread airborne dust and a low-pressure carbon dioxiderich atmosphere that allows the transmittance of significant vacuum ultra-violet (VUV) solar irradiation (down to
~190 nm) to effectively sterilize any exposed surface areas. The large diurnal temperature variations are associated
with the absence of any significant greenhouse effects; the surface temperatures can vary from about 300K during
Martian daytime to about 130K at night. There is weaker solar illumination relative to the Earth and Moon due to
the greater distance from the Sun (x1.52 the Earth's distance to the Sun). Although micrometerorites can be blocked
by the thin martian atmosphere, meteorite impacts can alter the near-surface.
Verification of the performance and reliability of critical subsystems and assemblies under high-fidelity
simulated planetary surface conditions is needed to ensure their successful operation on the lunar or Martian surface.
This needs to take into account the simultaneous effects of the potential environmental stresses: the planetary
atmosphere, the incident solar illumination, surface temperatures, presence of lofted dust and the incident radiation
(electrons, protons, etc.).
Relevant lunar dust simulant testing by MPBC through the prior MoonDust4 project with CSA indicated that
levitated lunar dust, especially simulants containing nanophase Fe as will be encountered on the lunar surface, can
significantly decrease the optical transmittance of optical apertures. The fine dust can also infiltrate the nominal
seals and cause the accelerated wear and seizure of typical motors such as those used for the Spirit and Opportunity
Mars rover mobility, after only about 0.4 of a lunar day.
LETS is a Lunar Environmnet Test System5 at the Marshall Space Flight Centre, as shown in Figure 3. The
vacuum test facility includes an electron flood source, a VUV lamp source and a 75 kg simulant test-bed. Vacuum
environment in the 10-7Torr range is provided using a cryopump.
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Figure 3: Photograph of the LETS lunar vacuum test chamber5.
The LETS vacuum chamber is 76.2 cm OD by 121.9 cm long and contains a regolith tray that is 45.7 cm
x101.6cm x15.2cm deep that can support 75kg of simulant.
Charging of the dust simulant for LETS is based on VUV radiation (see Figure 4). This requires photo energies
that exceed the nominal workfunction of the dust simulant (about 5.8eV for JSC-16).

Figure 4: Lunar dust charging using VUV radiation for LETS5.
Key lunar soil properties that would ideally be simulated in an environment chamber include composition and
spectral characteristics of mare and highland soils and dust, electrostatic properties, particle angularity,
glass/agglutinates, grain size distribution, and nanophase Fe for the dust magnetic properties. No terrestrial material
or simulant produced to date can properly reproduce all of these properties. Therefore, trade-offs are necessary and,
as mentioned, simulants can be found or produced that possess some subset of the desirable characteristics.
Remote sensing of, and operations on, the lunar surface must necessarily take account of the nature of the lunar
surface. As mentioned, the range of environmental conditions and surface material properties that must be
considered depend on the goals and objectives of any particular study. No terrestrial-based lunar environment
simulation facility or regolith simulant can fully capture all of the potentially relevant or important properties of the
lunar surface that one may wish to study.
For this reason, the capabilities of a simulation facility and choice of simulants must be driven by the goals and
objectives of a particular study. As an example, if one wishes to understand the spectroscopic (optical) properties of
4
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the lunar surface for geological mapping, the spectrum-altering effects of nanophase iron are an essential
consideration. Unfortunately, nanophase iron production on the Moon is a complex function of solar wind
implantation, micrometeorite bombardment, the nature of precursor lunar minerals and rocks, and the hard vacuum
conditions that prevail on the lunar surface. To date, efforts to produce lunar dust simulants that contain properly
embedded nanophase iron have been unsuccessful.
Key lunar soil properties4 that should be considered for relevant lunar or Mars simulants include composition
and spectral characteristics, electrostatic properties, particle angularity, glass/agglutinates, grain size distribution,
and nanophase Fe for the dust magnetic properties. For the relevant environmental simulations, dust simulants are
required in fairly large quantities (>20kg). Currently, these include:
1. CHENOBI 7. CHENOBI is a lunar highland simulant produced by the Northern Centre for Advanced
Technologies (NORCAT) for CSA. It is composed largely of a terrestrial plagioclase feldspar-rich source rock, plus
glass made by fusing this material. Compositionally, it has some resemblance to lunar highlands, in that its
dominated by plagioclase feldspar, although the plagioclase feldspar is not as calcium-rich as lunar plagioclase
feldspar. In addition, the Shawmere anorthosite being from an older terrestrial deposit has been affected to some
extent by terrestrial aqueous alteration. It also contains some accessory minerals that are not present on the Moon.
However, it is an attractive lunar highland simulant because it contains a glassy component, is plagioclase feldsparrich, and is available in significant quantities.
2. JAXA simulants. Collaborators at JAXA recently provided us with both a mare and lunar simulant that were
produced by Shimizu Corp. for testing of the JAXA Selene-2 instrument. Little information is as yet available on the
composition of these materials (probably for proprietary reasons). The mare simulant is apparently derived from
glassy basalts-andesites from Mt. Fuji, and the composition of the highland simulant is not yet known. Spectrally,
these materials provide reasonable but not high-quality matches to lunar spectra - they lack the red slope of lunar
spectra that is attributable to nanophase iron. Both materials are finely powdered, suggesting that they are probably
good matches to lunar soil mechanical properties.
3. NASA JSC-1A 8. NASA JSC-1A is a widely used lunar mare simulant. It was derived from a basaltic cone in
Arizona and it provides a reasonable compositional match to lunar mare soil. It also contains a few tens of percent of
glass, suggesting that it also provides a reasonable mechanical lunar soil analogue. This material has not been
processed subsequent to its extraction from the mine site, and is only sieved to provide samples with a grain size of
<1 mm. Spectrally it provides a reasonable match to lunar mare spectra, with the exception of the red slope in lunar
spectra that is attributable to nanophase iron.
In addition, for Mars there is JSC-Mars1 and 1A. This simulant is a palagonitic tephra sieved to <1 mm prior
to collection by NASA. This material is a glassy volcanic ash altered at low temperatures. It was collected from a
quarry at the Pu’u Nene cinder cone between the Mauna Kea and Mauna Loa volcanoes. It is a close spectral
analogue to the bright, presumably most dust-rich, regions on Mars. This material was collected under contract to
NASA in multi-ton quantities.
Some simulants are commercially available from Orbitec, such as JSC-1A, JSC-Mars-1a and lunar simulants
based on agglunates containing nanophase Fe.
This paper discusses the development of the Dusty Thermo-VACuum (DTVAC) planetary environment simulator.
The unit combines a controlled dust simulant shower in vacuum with simulated solar illumination and thermal
control of the test device from below -60oC to above +60oC. The system design includes a controlled large-area
planetary dust simulant dispenser and electrostatic charger. A temperature-controlled platen can accommodate
various test devices up to 1.0m  1.0m  0.9m in volume, including surface (solar cells), optical, and mechanical
(motors, rotary) assemblies.

III. Overview of the DTVAC Facility
The DTVAC Unit (see Figure 5) currently has six major control functions: vacuum generation, temperature
control, dust simulant dispensing, simulant charging, simulated solar illumination, and Unit Under Test (UUT)
support functions. The test devices are mounted within an internal platten that can be cooled or heated. Potential
Units Under Test (UUTs) include surface devices, such as solar panels or radiators, rotary, such as rover wheel
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assemblies, and imaging/spectral instruments, such as imager or spectrometer scientific payloads. Each system may
be used alone, or in a combination with the other systems.

Figure 5: Schemtic of the DTVAC facility.
The DTVAC system requirements include:
 continuous operation for over 2 weeks to simulate a lunar night
 programmable dust dispenser that can be used with various lunar or mars simulants
 solar simulator with > 750W/m2
 shroud and platen heating to above 60oC
 shroud and platen cooling to below -60oC
 vacuum pressures below 10-7 Torr (1.33 10-5 Pa) without dust and below 10-4 Torr (1.33 10-2 Pa) with dust
dispensing
 25 type K thermocouples for temperature monitoring (additional ports for future expansion of the number
of thermocouples that can be accommodated)
 Rotary UUT monitoring and power
 Surface UUT monitoring
 UUT accommodation up to 0.9m3 in volume
 platen coverage by regolith simulant of up to 500kg
 spare ports for future Residual Gas Analyzer (RGA), proton source and electron flood source.
 system data acquisition and logging with selectable update rate.
 future system expandability
Figure 6 shows a schematic of a cut-away view of the DTVAC vacuum chamber interior, showing the topmounted port for the solar simulator and the internal simulant dispensing assembly. UUTs are mounted on the 1.0 m
x 1.1 m platen, which has M6 taped holes on a 50mm grid. Cooling and heating is provided to both the shroud and
the interior platen using separate vacuum thermally-isolated feedthroughs that are rated for LN2.
Figure 7 shows a photograph of the built system as installed at MPB Communications Inc. The vacuum chamber
and interior shroud and platten were built by Kurt Lesker Inc.9 Swing doors are provided at both ends of the
chamber for easy access to the chamber interior.
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Figure 6: Cut-away view of the DTVAC chamber interior.

Figure 7: Photograph of the DTVAC chamber as built by Kurt Lesker9 and installed at MPB
Communications Inc. with the Julabo10 recirculating chiller shown on the left.
The solar simulator includes a manual shutter that allows the illumination to be set-up at the required level prior
to exposing any test devices mounted on the platen within the chamber. Optical filters could be added to the solar
simulator in the future to tailor its spectral response to specific planetary illumination requirements. The illumination
passes through the dispersed dust prior to impinging on the platten to provide some light scattering similar to
7
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conditions that would be encountered on the Moon or Mars. This needs to be scaled for the differences in the
levitated dust optical path length with respect to the Moon or Mars.

Figure 8: DTVAC PC-based monitoring and control work station.
Figure 8 shows the DTVAC monitoring and control work station. This is based on an industrial PC with
multichannel data acquisition, both analog and digital. This provides computer-controlled pump-down and pressure
control of the DTVAC vacuum chamber. The various system valves are controlled using relays with digital control
signals. The system also monitors the status of the vacuum pumping unit and the Julabo recirculating chiller.
The software enables logging of the selected sensors (pressure gauges, thermocouples, valve status, sampled dust
simulant fluence and current) as well as relevant UUT parameters.
A. Vacuum Control
The system pumping includes a Venturi pump for initial rough-down with dust simulant present, a magneticallylevitated turbo-molecular pump and a dry roughing pump.
The initial pump-down from atmospheric pressure, when using simulant, is provided using a small Venturi
pump. This is similar to the approach used by NASA for their planetary vacuum simulator5. The main dust simulant
agitation is during the initial pump-down from atmospheric pressure to about 10 Torr (1333.2 Pa). The Venturi
pump is resistant to contamination and is on a dedicated roughing line separated from the rest of the vacuum pumps.
For medium pressures, we are using a dry mechanical pump, which also has a throttle valve that we can regulate
the speed of pumping. There is a filter (Dusty line filter) in line to prevent particulate from reaching the medium
vacuum pump. We are leveraging on the MoonDust experience to reuse the same successful particulate filter with
98% efficiency for particles over 10 microns in size. A parallel arrangement of particulate filters is used with
isolation valves to allow filter interchange with the pumping system in operation.
We selected a magnetic levitation turbomolecular pump for the vacuum pumping below 2 mTorr (0.27 Pa). This
is more resistant to particulate contamination than other types of turbo pumps. The location of the turbo pump is at
the top of the chamber and baffled from the dust in order to mitigate the potential damage during any testing
performed on top of the simulant surface.
The internal cryoshroud is used as a baffle for the high-vacuum and roughing pumping ports, as a first layer of
dust protection. Additional in-line particulate filters (coarse/fine)in the backing lines to the mechanical pump
provide a second layer of dust protection for the mechanical pump.
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A gate valve is mounted between the turbopump and the chamber, which should be, in principle, closed at all
times when the pressure is 0.5 Torr (66.7 Pa) and above to protect the high-vacuum portion of the pumping lines
against dust during system roughing with the mechanical or Venturi pumps.
Without dust simulant in the system, pressures below 10-7 Torr (1.33 10-5 Pa) are achievable without chamber
baking. The turbopump top mounting provides some gravity protection against dust infiltration in the vacuum
generation unit.

B. Thermal Control
Temperature control is performed using Julabo Model FPW92-SL recirculating chiller10. It is equipped with an
HSP Booster Pump, driving the selected coolant fluid around a loop into the chamber. This configuration provides
up to 2 kW of cooling power and 3 kw of heating power. The coolant fluid can be set to any temperature over the
nominal operating range (-60°C to +60°C). It can modify the temperature of the shroud and/or a platen inside the
chamber using closed-loop temperature feedback, and thereby modify the temperature of the UUT by conduction
and/or radiation.

Figure 9: Interior view of the DTVAC chamber showing the internal Hydra-cool shroud9 and the cooled
platten .
The shroud and platen inside the chamber may be seen in Figure 9. The chiller is connected to the platen and the
shroud on separate lines. In this configuration, the temperature of the shroud can be reduced in the future by
switching coolant to liquid nitrogen for cryogenic operations in order to simulate space radiation environment with
temperatures around 150 K on the shroud. The shroud is made using Kurt-Lesker’s Hydra-cool technology, which
passes liquid coolant inside its wall channels. This is rated for use to at least LN2 temperatures (80 K).
The front and back of the cylinder are blocked off by covers, thermally connected to the shroud to minimize the
hot spots surrounding the test article.
A coolant handling system was developed that allows the draining and storage of the coolant and the potential
future interchange of the available coolants to provide for different temperature operating ranges, including to
temperatures exceeding 393K. The current C2 coolant is rated for use between -90oC and +60oC. The upper safe
operating temperature is set by the flashpoint of the coolant. Other coolants are available that allow operation to
above 393K for simulation of lunar daytime surface conditions. With upgrades to some of the valves in the coolant
line, the system could also be adopted for use with LN2 to provide temperatures below 90K.
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C. Dust Simulant Dispenser
A relatively low dust simulant dispersion fluence is needed with a computer programmable rate. Several
methods of the dust dispersion were tested using small-scale-mock-ups that could be accommodated within the
existing MoonDust chamber. These included shaking agitation using vacuum-compatible solenoids and various
stirring agitation methods. Figure 10 shows the results of one of the preliminary dust dispersion tests.

Figure 10: (a) Mass of simulant dispersed versus time and (b) dispersion pattern of the simulant.
In order to provide large-area coverage of dust over the full area (1 m x 1.1 m) of the platen, a synchronized
array of dust dispensers is used, as shown in Figure 11. These are sized to provide sufficient dust capacity for 14
days of continuous testing based on estimated lunar and Mars dust fluences from dust coverage data provided by
prior missions. Gravity is used to assist the dust impingment on the platen and any UUTs mounted on it.

Figure 11: DTVAC dust dispenser array shown outside the DTVAC chamber.
In pumping down the DTVAC vacuum system with the dust dispensers filled with Chenobi simulant no
difficulties were encountered with the dust bubbling due to outgassing. For the testing of smaller UUTs, these can be
positioned under one of the dust dispensers so that only a portion of the platen is exposed to the dust.
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D. Dust Charging
Several options are available for charging the particles: UV laser excitation, UV LED ring illumination,
Electrostatic Electric Field using Parallel Electrodes, Electrostatic Electric Field using Saddle-field Electrodes, fieldassisted UV simulant charging and Electrical Contact charging. The first two options are limited to positive charging
of the particles. A summary of these charging methods is provided in Table 2.
Table 2: Simulant Charging Comparison
Methodology

Advantages

Disadvantages

UV laser excitation near 193 nm

High ionization efficiency

Mainly ionize the outer periphery of a dust
plume -difficult to scale up
Mainly positive charging.

UV LED ring illumination
(<243nm)

More efficient than UV laser
Use an array of UV LEDS for bulk dust
charging

Relatively high cost per UV LED
Mainly positive charging
Need wavelength of 214 nm or shorter to
exceed the 5.8eV work function of dust
simulant.6

Electrostatic Electric Field using
Parallel Electrodes

Relatively simple electrode configuration

Lower ionization efficiency and higher V
than a saddle-field for the same electrode
spacing
UUT can see the applied high voltage –
danger of arcing

Electrostatic Electric Field using
Saddle-field Electrodes

Oscillating electrons and ions within the
saddle-field enhance the ionization
efficiency
Faraday cage around the powered electrode
protects the UUT from arching

Required voltage increases with the size of
the dust particle
>1 KV for larger particles.
Can also accelerate the particle energies
after charging

Contact charging

Can get positive or negative charging
depending on the work function of the
electrode material relative to that of the
dust particle (about 5.8eV).
Reduces the required applied voltage.

Need to change electrode material to get
positive or negative charging.
Need contact interaction between the dust
and the electrodes.



Figure 12: Simulant Electrostatic Charging Simulations (a) particle charge versus particle size and (b)
required electric field versus the particle work function.
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For electrostatic charging, a few simulations were run to see how particle size affects the ability to charge the
particles. The results are shown in Figure 12.

Figure 13: DC glow-discharge at 10 Torr using a saddle-field electrode configuration.
The main challenge with electrical-discharge approaches to the dust charging is the high electric fields that are
required for field-assisted ionization and the potential for arching due to the large DTVAC chamber dimensions,
especially in the 2 to 10 Torr pressure range (267 to 1333 Pa). The arching could severely damage internal
components and UUTs.
A technique that was successfully tested experimentally in vacuum for sustained periods of operation was
electrical contact charging due to the difference in the work function between the lunar dust simulant and the
selected electrode material. Upon electrical contact, electrons will tend to transfer from the material with the low
work function to the material with the higher work function until the corresponding energy levels are equalized. For
positive dust charging, this requires a material with a higher work function than the dust simulant, and vice versa for
negative dust charging.
Based on the relevant experimental work of Sternovsky et al. 6 on simulant contact electrical charging, relevant
lunar simulants such as JSC-1 have a work function of about 5.8 eV while JSC-1 for Mars dust simulation has a
work function of 5.6 eV, relative to SiO2 with a work function of about 5.5 eV. The Contact Charging technique is
most suitable to charge the dust simulant negatively as there is a wide choice of suitable conductive mesh materials
available with work functions lower than 5.5 eV to prevent accumulation of charge on the contact electrodes. The
larger the difference in workfunction of the contact surface relative to the workfunction of the dust simulant, the
more efficient is the Contact Charging.
Several experiments were performed to charge Chenobi dust particles using aluminum meshes for negative
charging and Teflon meshes for positive charging. A charge plate was placed inside a Faraday cage and a
nanoammeter was used to quantify the amount of charge transferred between the falling dust and the charge plate
(see Figure 14). It was observed that the dust particles were negatively charged while falling through aluminum
mesh and positively charged while falling through Teflon mesh with a range of ~50 pA.

12
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Figure 14: (a) : Nanoammeter used for dust particle charge measurements and (b) Faraday Cup for charge
measurements.
When Teflon mesh was used to charge dust under vacuum conditions, the dust charged positively for a very
short amount of time before reverting to a negative charge due to the charge build-up in the teflon mesh.
E. Dust Monitoring
The dust simulant fluence and charging will be monitored using a custom-designed Faraday Mass Cup (FMC)
assembly as shown in Figure 15. This will be mounted on the platen. It combines a Faraday-shielded dust charge
sensor with an internal micro-strain gauge mass sensor to measure the accumulated mass of the dust simulant
entering the faraday cup. The micro-strain mass sensor has a resolution of about 0.3 gm. This is currently being
assembled, integrated and tested.

Figure 15: Custom combined Faraday Cup and simulant mass sensor
F. Simulated Solar Illuminator
Solar simulator illumination for DTVAC is a challenge due to the large area of the platen. The final selection
was a 1800 W Metal Halide lamp, due to both the required optical power and cost considerations. This is focusable
between 14° and 58° to faciliate different irradiances at the central portion of the platen within the DTVAC
chamber. The high color temperature of the metal halide lamps can provide a relatively good approximation of the
solar spectral irradiance (see Figue 16). These are used as the basis of terrestrial solar simulators for large solar
arrays.
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Figure 16: Spectral
characteristics of a metalhalide lamp relative to AM1
solar irradiance. The
terrestrial atmospheric peaks
will be absent on the lunar
surface.

Figure 17: (a) Metal halide lamp testing in air at the 1.5m operating distance at different focus settings,
relative to a mock-up of the 1m x 1.1m DTVAC platten, and (b) 22% efficiency solar cell used for the
resultant optical power at the platen,
Figure 17 shows the test set-up for the solar illuminator in air. This used a mock-up of the 1m x 1.1m DTVAC
platten. The lamp was positioned about 1.5m above the platen as per the illumination geometry within the DTVAC
chamber. A 22% efficiency solar cell was used to measure the resultant optical power at different positions across
the platen.
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Table 3: Solar Illumination testing in air at 1.5m platen distance.

Focused solar cell
measured (W)

Focused Lamp
Output at 1.5m
target distance
(W/m2) Corrected

Distance from platten
center (mm)

Defocused solar cell
measured power (W)

Defocused Lamp
Output at 1.5 m target
distance (W/m2) Corrected

0

0.73

818.39

7.7

8632.34

75

0.73

818.39

4.4

4932.77

150

0.81

908.08

1.8

2017.95

225

0.77

863.23

0.5

560.54

300

0.64

717.49

-

-

The metal halide lamp assembly is mounted to the DTVAC fused-silica mating window using a water-cooled
flange to minimize heat transfer to the chamber and thermal stress on the window.

IV. Potential Future Expansion
DTVAC employs a modular architecture to facilitate future expansion of the facility capabilities. This includes:
1. additional spare vacuum ports for the future potential addition of proton and electron sources ;
2. upgrade of the cooling system to allow use with LN2 for the shroud and platen cooling to about 90K;
3. the addition of a second inner shroud compatible with liquid He to allow cooling of test devices to below
50K to allow the verification of the performance of assemblies in permanently shadowed lunar regions;
4. expansion of the chamber volume to accommodate relevant microrover testing (see Figure 18).

Figure 18. Schematic of the potential future expansion of the DTVAC chamber volume.
15
International Conference on Environmental Systems

V. Conclusions
The MPBC Planetary DTVAC will be used to validate the operation of subassemblies, small planetary drills or
robotic arms and instruments under simulated lunar or Mars surface environmental conditions, including:
• Day/night temperatures (<- 60°C to >+60°C), depending on the selected coolant and illumination,
• Software-controlled dispersion rates of charged dust,
• Incident illumination to 1000 W/m2 with simulated solar spectrum,
• Planetary atmospheric pressures (10-4 Torr (with dust) to 10-7 Torr relevant to the Moon and 3 to 12 mTorr
CO2 relevant to Mars).
The goal is to provide extended continuous testing over periods exceeding 14 terrestrial days, equivalent to
operation over a full lunar day or night.
The DTVAC modular architecture allows future scaling-up to permit the functional testing of larger assemblies
such as microRovers under simulated lunar and Mars conditions.
Potential future use of the DTVAC facility includes
 testing of potential payload performance under the simulated lunar or Mars planetary-surface combined
environmental stresses (temperature, charged dust, VUV, vacuum);
 verification of the science measurements under the simulated surface conditions (i..e detection of
hydrated minerals in soils);
 verification of planetary dust effects on optics and mechanical assemblies;.
 verification of mitigation methodologies for planetary dust and the diurnal temperature variations.
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