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This paper discusses the integration and long-term performance testing using the newly 

commissioned Dusty Thermo-Vacuum (DTVAC) planetary environment simulator. The 

DTVAC is expected to serve as a primary Canadian Test Facility for testing rovers, rotary, 

surface and optical devices for international lunar or Mars missions. It provides illumination 

and vacuum conditions similar to those on the lunar or Mars surface, while showering 

devices with simulated regolith dust typical of those environments. The preliminary 

commissioning and the LN2 cooling upgrade of the DTVAC planetary environment 

simulator is described herein.   

Nomenclature 

CSA = Canadian Space Agency 

DTVAC = Dusty Thermal VACuum 

HMI = Hydrargyrum medium-arc iodide (Metal Halide Lamp) 

ICES = International Conference on Environmental Systems 

LN2  = Liquid Nitrogen 

LFT = Long Functional Test 

MLI          = Multi-layer Insulator 

SFT = Short Functional Test 

TVAC = Thermal VACuum 

UUT = Unit Under Test 

I. Introduction 

 

HE lunar and Mars planetary surface environments can have a significant impact on the operation and 

performance of landed assets such as landers, rovers, supporting robotics, ISRU processors and science 

instruments. 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. 

The DTVAC facility combines a controlled dust simulant shower in vacuum with simulated solar illumination and 

thermal control of the test device from below -60°C to above +60°C. 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 1.0 m  1.0 m  0.9 m in volume, including surface (solar cells), optical, and mechanical 

(motors, rotary) assemblies.  

                                                           
1
Senior Research Scientist, Space and Photonics, roman.kruzeklecky@mpbc.ca 

2 
Professor, Dept. of Geography, ecloutis@uwinnipeg.ca 

3
 Vice-President, Space Exploration, nadeem.ghafoor@canadensys.com 

 

II.T 



2 

International Conference on Environmental Systems 
 

 

The manufacturing of the DTVAC facility was described previously by the same authors and presented at the 

ICES
1
 conference in 2017. After completing the integration of the facility, a series of tests was performed to 

commission the DTVAC facility and commence its use for component testing. 

 

The goal of DTVAC is to provide extended continuous testing over periods exceeding 14 terrestrial days, 

equivalent to operation over a lunar day or night. During the DTVAC facility commissioning, 21 days of continuous 

DTVAC relevant operations was successfully achieved with script-based computer control. This paper discusses the 

commissioning of DTVAC and the LN2 cooling upgrade of the Dusty Thermo-Vacuum (DTVAC) planetary 

environment simulator.   

II. Overview of the DTVAC Facility 

 

The DTVAC Facility (see Figure 1) currently comprises 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 on an internal platen that can be cooled or heated. Potential 

UUTs include surface devices such as solar panels or radiators, rotary devices such as rover wheel assemblies, and 

imaging/spectral instruments such as imager or spectrometer scientific payloads. Each system may be employed 

alone, or in a combination with the other systems. The DTVAC system capabilities include: 

 

 Vacuum: < 1x10
-7

 Torr,  

 Selectable chamber pressure control between 10
-2

 and 10
2
 Torr to simulate the effects of a planetary 

atmosphere, 

 Temperature: -60°C to +60°C [LN2 Compatible (-196°C), Upgrade is in progress], 

 Illumination: HMI metal-halide spectrum, > 800 W/m
2
 (over Ø 0.6 m), 

 Platen Area: 1.05 m
2
 (1.0 m x 1.05 m), supporting up to 500 kg payload, 

 Test Device Volume: 0.9 m
3
 (1.0 m x 1.0 m x 0.9 m), 

 Thermocouples: 25 internal, 7 external, 

 Variable Dust Dispersion Rate with 10 kg simulant dispersion capacity, 

 Electrical Connections include 3x DB50, 1x DB25, 1x DB15, 2x DB9, 

 Visible- and Near-IR-transparent Optical Viewports (4), Rotary Feedthrough (2), Fiber Feedthrough, 

Multiple Expansion Ports, 

 Long-Term Continuous Operation – qualified for 21 days with Chenobi lunar highlands simulant. 

 

It is important to study the effects of dust on various subsystems of lunar or martian exploration vehicles. As 

studied by a prior MPBC project, MoonDust
2
, the lofted dust is very abrasive, rendering it damaging to simple seals 

and lock mechanisms. The dust dispersion over large area was achieved through this new MPBC DTVAC facility. 

Potential applications where DTVAC usage could be critical for environmental testing and verification include the 

following:  

 

 Motor and robotic joint protection from levitated dust, 

 Optical-aperture dust protection and the effects of the lunar/Mars environments on the samples and 

resultant measurements relative to terrestrial analogues, 

 Solar panel and radiator protection from dust coverage that can reduce their efficiency, 

 Verification of wheel/motor subassemblies and their interactions with the planetary regolith, 

 Avionics protection from electrical charging and temperature extremes, 

 Verification of potential performance in shadowed regions for volatiles and ISRU (future plans include 

T < 40K cooling capabilities for DTVAC). 
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Figure 1.  Schematic of the DTVAC facility. 

Figure 2 shows a photograph of the system as installed at MPB Communications Inc. The vacuum chamber and 

interior shroud and platen were built by Kurt J. Lesker Inc.
3
 Swing doors are provided at both ends of the chamber 

for easy access to the chamber interior.  

 

Figure 2.  DTVAC chamber installed at MPB Communications Inc. 
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Figure 3 shows the interior of the DTVAC vacuum chamber interior with the Unit Under Test before and after 

dust dispersion under vacuum conditions. Figure 4 shows the overall internal working volume for UUTs. 

 

  
 

Figure 3.  DTVAC Chamber interior before (left) and after (right) the Chenobi dust dispersion test. 

 

Figure 4.  Interior working volume (highlighted above platen). 

III. Commissioning of DTVAC Through Functional Tests  

 In order to commission the DTVAC for operations, two types of tests were performed: Short Functional Test 

(SFT) and Long Functional Test (LFT). Both of these tests demonstrated the robustness of the DTVAC and its 

capabilities. 

A. Short Functional Test (SFT) 

 The SFT was broken into 5 different states designed to verify the wide variety of requirements of the system, 

including the temperature limits, vacuum levels, mass and charge measurements and illumination. The SFT 

successfully confirmed that the DTVAC meets all functionality requirements necessary for the long functional test 

of 500+ hours. The chamber survived a full temperature cycle of +60°C to -60°C, simulant dispersion at varying 



5 

International Conference on Environmental Systems 
 

 

speeds, full intensity illumination, and pressures as low as 410
-7

 Torr without any operational failure or stoppage. 

All routine maintenance was carried out without affecting the SFT and the full SFT was undertaken by an automated 

script, requiring only two user commands.  As shown in Figure 5, the test script (recipe) comprises five states.  

 

Figure 5.  SFT Automated Script with Various States. 

 

These operational states are automatically performed by the DTVAC system and the data is automatically 

stored in the database, which can be viewed live during the test. The recorded results can be viewed using the 

custom Data Visualization Window, as shown in Figure 6. 

 

Figure 6.  Data Visualization Window corresponding to DTVAC automated SFT. 
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Figure 6 must be discussed in order to understand what happened throughout the SFT test:  

 Vacuum Pressure (Dark Blue): The vacuum pressure reaches <510
-5 

Torr under a hot portion of the 

thermal cycle and with dust dispersion. The pressure then decreases to < 410
-7 

Torr during the cold cycle 

of the test. In state 4 the pressure is set to automatically reach 1 Torr, demonstrating the pressure control 

ability. The pressure rapidly reaches 0.1 Torr and then takes some time before attaining the desired 1 Torr 

value due to a closed valve from the nitrogen bottle.   

 Temperature (Red): The temperature cycle is set to heat from 22°C to +60°C, then soak for 4 hours and 

perform the same at the cold end of -60°C before returning back to room temperature. In this case, it takes 

more than 9 hours to change from +60°C to -60°C.   

 Simulant Charge (Light Blue): In this case, the dispersion rate is set too high and the simulant system 

disperses all the dust six hours into the test. Simulant is dispersed only in States 1 and 2, resulting in no 

charge data subsequent to State 2 (July 4, 17:00). Since State 2 has a higher rate of dispersion, the negative 

charging is far more visible and variable than in State 1.  

 Simulant Mass (Green): As explained above, simulant is dispersed only in States 1 and 2. In State 3 the 

mass appears to decrease with time. This is due to colder temperatures affecting the voltage reading. As the 

chamber warms up in State 4, the voltage reading also increases. The faraday mass cup consists of a strain 

gauge, which during temperature ramps provides uncorrected reading due to thermal gradient throughout 

the FMC. Now the end-user must process the acquired data after each test not conducted at room 

temperature (≈22°C). 

 Illumination (Purple): The illumination system is tested and turned on during State 1. It is turned off at 

State 3.  

 Torque (Brown): The torque of the UUT is measured outside of the DTVAC chamber. The rotary UUT 

consisted of a bearing and a chain drive system with light loading. Due to thermal contraction of the chain, 

the torque applied to the UUT at cold cycle increases. This is an example of a measurement and data 

collection protocol of which the DTVAC facility is capable.         

 

Figure 7.  SFT Results Summary. 

A summary of the SFT test results is presented in Figure 7 showing that the main requirements for the DTVAC 

are achieved. Different dispersion rates are possible for the dust. As seen in Figure 8, the dust was successfully 
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widely dispersed over the platen and UUTs throughout the test, the total quantity of dispersed dust corresponding to 

approximately 9 to 10 kg. 

 

Figure 8.  DTVAC chamber interior after the completed SFT test showing the dispersed Chenobi lunar dust 

simulant accumulation. 

B. Long Functional Test (LFT) 

 

The Long Functional Test extended continuously over a total of three weeks (505 hours), comprising multiple 

temperature cycles from +60°C to -60°C, different pressure and illumination control conditions, continuous simulant 

dispersion, and the vacuum operation of three Units Under Test. The testing was conducted using Chenobi lunar 

dust simulant as provided by the Canadian Space Agency. 

This test started on the same day as the SFT was completed. Between the tests, the platen was cleaned and the 

Chenobi lunar dust simulant was placed back into the dust dispersion system. The test set-up is shown in Figure 9 

and Figure 10.  

Figure 9 shows the configuration of the chamber interior. This included three UUTs, a rotary mechanical device 

driven by an external motor with a vacuum rotary feedthrough;  surface devices consisting of a triple-junction solar 

cell and a passive radiator with controlled heat load and an optical test device using a laser. And the combined 

Faraday Cup and strain-based mass sensor. Unused taped M6 mounting holes in the platen were masked using 

Kapton tape to minimize the dust ingress below the platen. 

The upper left photograph in Figure 10 shows the array of six dust simulant dispensers. Each dispenser can hold 

about 1.5 kg of relevant simulant. The dust dispensing at a controlled rate is provided by a mechanical agitation 

system. Vacuum ports above each dust dispenser allow their refill. As shown by the photograph on the left, 

aluminized Mylar sheets were used to blanket the ends of the chamber interior, with openings for the vacuum 

windows in the chamber two swing doors.  

The bottom picture in Figure 10 shows a laser UUT experiment that was mounted to the view ports on the two 

chamber swing doors; one containing, respectively, a laser transmitter, the other the mating laser receiver. This was 

used to study the effects of the dust dispersion within the chamber on the transmittance of an optical signal through 

the DTVAC chamber between the two door-mounted vacuum windows. 
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Figure 9.  DTVAC LFT interior configuration with Faraday Mass Cup, Rotary UUT, and Surface UUT. 

 

 
 

Figure 10.  LFT Dispersion configuration, thermal shielding and optical UUT setup. 

 The LFT script is composed of a loop with five main states, each loop lasting approximately 50 hours (with two 

cycles per loop). The description of each state is given in Figure 11. The chamber is evacuated prior to initiating the 

looped temperature cycles. Each cycle consists of heating up, cooling down, soaking for 5 hours, turning on 

illumination and controlling its intensity, and dispensing dust throughout the full test.  
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Figure 11.  LFT Automated Script with five states. 
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A total of 21 hot-cold cycles was performed and the resultant data is depicted in Figure 12. After 21 days, it can 

be seen that the vacuum level has decreased, when compared to the initial cycles, as shown in Figure 13. This is 

likely due to the outgassing of Chenobi dust. The spikes in pressure are caused by the turbo pump shutting off when 

the water flow cooling the pump was interrupted, triggering a shut-down procedure. During this procedure a shut-

down of the gate-valve is performed, leading to a pressure increase. In addition, some anomalous behaviour of the 

pressure gauge was observed towards the end of the test, which is likely caused by gauge contamination.  

 

 

Figure 12.  Temperature Cycles Under Dust Dispersion Over Three-Week Period. 

 

 

 

Figure 13.  Vacuum Under Dust Dispersion Over Three Week Period. 
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Figure 14 summarizes results of this LFT test, which ran continuously for over 500 hours. The lower limit of the 

pressure gauge was attained during a cold cycle, where a pressure of < 110
-8

 was achieved. As shown in Figure 13, 

the attainable low-pressure limits at the cold (-60
°
C) and hot (+60

°
C) states of the chamber  steadily improved with 

time, most likely due to continued pump-out of any residual outgassing by the chamber walls and the Chenobi dust 

simulant. 

 

The complete thermal cycle time is dependent on the heat load at lower temperatures. Currently the time to attain 

-60°C is approximately 8 hours, a value that is expected to be improved with on-going LN2 upgrades to DTVAC 

chamber. The dispersion rate can be controlled and different rates can be achieved as demonstrated with the SFT and 

LFT tests. 

 

 

Figure 14.  LFT Result Summary. 
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IV. LN2 Upgrade Progress 

 

The DTVAC facility is currently undergoing an upgrade to include liquid nitrogen capability in order to reach 

temperatures below 90 K. This upgrade includes several modifications and improvements to the thermal insulation 

of the shroud and a setup of vacuum jacketed piping in order to deliver LN2 to the chamber. This upgrade includes 

the following modifications:  

 addition of LN2 compatible end-panels to the shroud (current plates are non-cooled); 

 addition of LN2 flow control and cryo-plumbing (internal and external to the chamber); 

 multi-layer MLI insulation of the shroud and contact modification to minimize heat loss; 

 vacuum-jacketed LN2 transfer lines to the DTVAC chamber; 

 addition of 3 kW IR heat lamps for improved thermal control and potential Cubesat testing; 

 LN2 dewar interchange system with simultaneous hook up to two LN2 dewars to allow the sequential 

use of the two dewars with no interruption in the cooling during an empty dewar change-out. 

One of the two manufactured end panels for the DTVAC LN2 integration is shown in Figure 15. The cooled end 

panels will be installed on the doors of DTVAC to eliminate the biggest radiative hot spot in the shroud. These end 

panels use the same Kurt-Lesker Hydra-cool
TM

 technology as the current shroud to provide large surface coverage of 

the coolant liquid flow over the full surface of the panel.  

 

 

Figure 15.  Manufactured End Panel with Hydra-cool Technology (Kurt J. Lesker Inc.). 

 

 The commissioning of this LN2 upgrade is expected mid-2018. Some preliminary LN2 testing has been 

completed using the existing inner shroud.  This was purged with dry N2 and connected to a LN2 dewar using 

insulated transfer lines to verify the shroud's use with the LN2 coolant. The results were promising; temperatures of 

approximately 100 K were achieved inside DTVAC despite the uncooled end-panels and simple single-layer thermal 

insulation blanket between the chamber walls and the shroud.  
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V. Conclusions 

 

This paper presented an overview and functionality of the current MPBC DTVAC facility. It outlined two 

verification tests that were performed to achieve the prescribed requirements for this unique planetary environmental 

test facility.  

 

The short functional test showed that the system is capable of the following: 

 

 Pressures as low as 410
-7

 Torr without any failure or stoppage in the operation of the chamber,  

 Temperature cycle of +60°C to -60°C, 

 Simulant dispersion at varying rates, 

 Full intensity illumination. 

 

The long functional test showed that the system is capable of the following: 

 

 DTVAC met all functionality requirements laid out by the customer (Canadian Space Agency), 

 The chamber survived 21 full temperature cycles (over a three-week period) of +60°C to -60°C, 

 Pressures of  <110
-8

 Torr were attained (at the cold cycle), 

 Vacuum, temperature, illumination, simulant systems were all employed simultaneously with UUT 

operations, 

 All parameters were recorded in the DTVAC Database, 

 Continuous UUT operation, 

 Routine maintenance without any failure or stoppage in the operation of the chamber. 

 

Currently, DTVAC is undergoing an upgrade to add LN2 functionality, which is the next step in the development 

and enhancements of this unique planetary simulator facility.  
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