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NASA has plans to return humans to the Moon in the near future. To do this, a new 

spacesuit is being designed for microgravity, cislunar, and lunar surface exploration 

environments. The design for the Exploration Extravehicular Mobility Unit (xEMU) is 

currently in detailed development to finalize the designs. This paper focuses on a single xEMU 

subsystem, the Exploration Portable Life Support System (xPLSS), and includes solutions to 

challenges in its design. The xPLSS is being designed, built, integrated, and tested at the NASA 

Johnson Space Center.    Solutions to challenges in the xPLSS component design are relevant 

not only to the xEMU, but also to the International Space Station (ISS), Gateway, and 

commercial space businesses. Unfortunately, there were several years of stalled technology 

development for various xPLSS components within the Hatch, including the Feedwater 

Supply Assembly (FSA), Trace Contaminant Control System (TCC) and the Thermal Loop 

Filters; the challenging requirements and initial design of these components was detailed in a 

previous paper. The current paper discusses the initial implementation of the Hatch 

component designs, adjustments to address emerging challenges, and performance results 

from the first phase of Design Verification Testing (DVT). 

Nomenclature 

AES = Advanced Exploration Spacesuit  

C = Celsius 

CKV = Check Valve 

CO2 =  carbon dioxide 

CSSS = Constellation Space Suit System 

DVT =  Design Verification Testing 

EMU = Extravehicular Mobility Unit 

EVA = Extravehicular Activity 

F = Fahrenheit  

FEP = Fluorinated Ethylene Propylene 

FSA = Feedwater Supply Assembly 

g = gram 

in. = inches 

in-H2O = inches of water (pressure) 
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ISS = International Space Station 

IVA = Intravehicular Activity 

kg = kilogram 

lbf = pound-force 

lbm = pound-mass 

MDP =  Maximum Design Pressure 

mg/m3 = milligram per cubic meter 

MEOP = Maximum Expected Operating Pressure 

NH3 = ammonia 

O2 = oxygen 

OVL =  oxygen ventilation loop  

PEEK = Polyether ether ketone 

 

pph = pounds per hour 
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psi = pounds per square inch 

psid = pounds per square inch differential 

QD = Quick Disconnect 

RCA =  Rapid Cycle Amine 

RV = Relief Valve 

SERFE = Spacesuit Evaporation Rejection Flight 

  Experiment 

SMAC = Spacecraft Maximum Allowable  

  Concentration   

TCC = Trace Contaminant Control 

VOC = Volatile Organic Compound 

xEMU = Exploration Extravehicular Mobility    

Unit 

xINFO = Exploration Informatics 

xPGS =  Exploration Pressure Garment 

Subsystem 

xPLSS = Exploration Portable Life Support 

Subsystem 

I. Introduction 

ASA is designing the next-generation spacesuit known as the Exploration Extravehicular Mobility Unit (xEMU) 

for use on the International Space Station (ISS) and with NASA’s Artemis Program. The design for the legacy 

Extravehicular Mobility Unit (EMU) was created more than 40 years ago and continues to be used on the ISS for 

extravehicular activities (EVAs). The xEMU is comprised of three major subsystems: The Exploration Pressure 

Garment Subsystem (xPGS), Exploration Informatics (xINFO), and the Exploration Portable Life Support Subsystem 

(xPLSS). The xPGS is made up of the external features of the xEMU including the helmet, soft goods, and boots. 

xINFO is responsible for the data processing, telecommunications, and lighting for the entire system. The xPLSS, 

which is packaged within the backpack of the xEMU, contains the life-support functions including temperature 

regulation, oxygen (O2) supply and regulation, air filtration, and carbon dioxide (CO2) removal.  

 In a design that diverges from the legacy EMU, the xEMU is a rear-entry suit.  The xPLSS is mounted to a large 

backplate that provides the structure.  The rear-facing portion of the xPLSS is exposed to vacuum while the crew-

facing portion contains the Hatch assembly.  The components discussed in this paper physically reside within the 

Hatch of the xEMU, as seen in the red boxes of Figure 1. The Hatch is part of the xPLSS subsystem; however, all the 

components are limited-life or consumable and need to be easily accessible on-orbit.  

The xEMU project is in a phase known as Design Verification Testing (DVT). Before this, each component is 

analyzed and fabricated to the preliminary design specifications.  The objective of the test period is to evaluate and 

iterate on component and system-level designs prior to the Qualification and Flight certification process. A previous 

ICES paper titled ‘Exploration Portable Life Support System Hatch Component Design Challenges and Progress’ 

covers the summary of each components initial challenges, requirements, and design.1 At this time, the components 

within the Hatch are at various stages of development and integration for DVT. The Feedwater Supply Assembly 

(FSA) has completed hardware build and component-level testing, the Trace Contaminant Control (TCC) Cartridge 

has completed the prototype phase and is in hardware build at a vendor. Finally, the Thermal Loop Filters have been 

manufactured and successfully assembled. This paper will reveal more detail on the status of each of these Hatch 

components.  

II. Feedwater Supply Assembly  

The xEMU monitors and maintains its thermal conditions via a water-based cooling system, which consists of a 

primary thermal control loop and an auxiliary thermal control loop. The Feedwater Supply Assembly (FSA) provides 

makeup feedwater to each thermal control loop as it 

is consumed by the cooling system in the 

evaporative cooling process. The FSA uses the 

internal suit pressure to pressurize the thermal 

control loop at the pump inlet and also provides low-

level detection to identify when water reserves are 

beginning to become depleted.1  The thermal control 

loop provides cooling for not only the crewmember 

within the suit, but also for other components within 

the life support system. The auxiliary loop is a 

redundant system that operates in the event of a 

failure of the primary loop. As previously 

mentioned, the integrated FSA is located within the 

Hatch; however, it is integral to the overall 

functionality of the xPLSS.  

N 

  
Figure 2. Feedwater Supply Assembly component 

diagram (primary and auxiliary). 
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A breakdown of the FSA 

includes two primary sub-

assemblies, the FSA-431 and 

FSA-531, described in Figure 

2. Each subassembly includes 

a reserve volume isolated by a 

check valve assembly, which 

provides the low-level 

detection.  The FSA system 

integrates to the thermal loop 

using low-spill quick 

disconnects (QD) for tool-less integration and replacement.  Additionally, the FSA-531 includes a flow-through design 

that allows independent charging.  The FSA-531 also includes a filter to reduce fill water contamination and a check 

valve to prevent backflow; the FSA-431 achieves these functions through the EVA Suit Connector Assembly used to 

fill the thermal control loops from the vehicle. 

In addition to the performance requirements 

listed in Table 1, the FSA has multiple critical 

design requirements including form factor and 

water quality.  These requirements are essential 

for the xPLSS, xEMU, and interfacing hardware 

to function properly. The volume within the 

Hatch allocated to the mounted components is an 

irregular shape, which is a design constraint for 

all components, including the FSA (see Figure 3).  

Note the irregular form factor of the Hatch cover 

which is a restricting requirement for the possible 

FSA designs. Useable water volume 

requirements are derived from electronic and 

crew metabolic heat dissipation needs during an 

8-hour EVA1. The materials certified for use in 

the xPLSS thermal control loop are very limited 

because of the strict water quality requirements 

within the xEMU and interfacing hardware. The FSA is a passive bladder, with hardware that is dependent on the 

external interfaces and components that provide the active pressure sources.  

A. Material Selection 

In the previous paper discussing the Hatch component requirements and ongoing efforts, the bladder material listed 

for the FSA was Fluorinated ethylene propylene (FEP), which is inflexible and prone to failures in a pressurized 

environment1. An alternative material parallel path was pursued, in addition to the DVT design and development 

effort, to narrow down a different bladder material capable of optimizing the irregular Hatch volume as well as meeting 

the cycle life of the pressurized system. The result of this effort was a down select of three unique materials based on 

various characteristics, including water quality levels, durability, manufacturability, permeability to air, and 

availability. These three materials were manufactured into small water pouches that were then filled with water and 

stored, known as a dwell test.  The stored water was sampled at defined periods of time to determine what leachates 

were found in water, since the water quality for the xEMU must be very clean and regulated in order to protect all 

components within the system. 

Additionally, water cleanliness 

requirements are governed by 

integration with systems that 

interface with the legacy EMU, 

which is highly sensitive to 

water contaminants.2 Based on 

this dwell test, ethylene-vinyl 

acetate is the material that was 

selected for the xEMU and 

shows promising compatibility 

Table 1 FSA Performance Requirement Subset1 

 
 

FSA-431 Water Fill 10 lbm with low level detection

FSA-531 Water Fill 2 lbm with low level detection

Operational Pressure 15 psid

Ultimate Pressure 38 psid

Cycle Life (pressure cycles) 696 cycles

Volume/Shape Factor defined by xEMU hatch and hatch cover geometry

FSA-431 Assembly Dry Mass 1.5 lbm

FSA-531 Assembly Dry Mass 1.2 lbm

FSA Performance Requirements

 
Figure 3. Hatch form factor and FSA volumes. 

 
Figure 4. FSA-431 and FSA-531 Design Verification Unit Assemblies. 
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with the EMU as well. While there are still tests outstanding to officially accept the material for use and pass the final 

requirement, it was approved by the xPLSS subsystem to build DVT units for integrated testing.  

B. DVT Development  

The FSA DVT assemblies made of ethylene-vinyl acetate (See Figure 4) were manufactured per the Feedwater 

Supply Assembly End Item Specification, CTSD-ADV-1112, which defines a total of 66 requirements.  Of the 66 

requirements, 36 requirements were evaluated fully or partially during DVT component-level testing, while the 

remaining 30 were identified as applicable to a higher-level assembly.   

Verification testing of the various requirements was accomplished via six primary evaluations: 

1) Proof Testing 

2) Leak Checks 

3) Pressure Cycle Testing 

4) Ultimate Testing 

5) Thermal Excursion Testing 

6) Volumetric Inspection and Fit Checks 

Testing was performed with a dedicated “suit 

simulator” test assembly which incorporated a 

data acquisition system that captured water 

mass, “suit” pressure, water pressure, cycle 

count, and controlled the fill and drain rates.  The 

test setup is illustrated in Figure 5.  

Results from the development testing 

showed that the dry weights of the FSA 

assemblies were 0.7 lbm and 0.4 lbm for the FSA-431 and FSA-531 respectively, which easily satisfy the 

requirements. Pressure and mass data collected during water fill and drain cycles were used to assess the low water 

signal and to account for the quantity of unextractable water contained in the design; a representative early test profile 

of the FSA-431 is shown in Figure 6.  This particular FSA assembly demonstrated a fill level of 7.22 lbm, with a low 

water signal present at 1.60 – 1.63 lbm water remaining.  The FSA-431 assemblies were later design optimized to 

reach a final capacity of 7.6 lbm, however this design 

still did not meet the water capacity requirement of 10 

lbm.  The water capacity shortfall was primarily due 

to the irregular shape of the Hatch restricting the 

volume. While the primary feedwater supply (FSA-

431) is not meeting its requirement, the Auxiliary FSA 

(FSA-531) met its water capacity requirement of 1 

lbm in both bladders. 

C. Ongoing Efforts and Risk Mitigation 

For DVT, the 7.6 lbm capacity design, although 

not capable of meeting the long-term water volume 

requirements, has been accepted in order to support 

integrated testing with the xPLSS as well as the xPGS 

subsystems. A new FSA-431 design solution is 

currently in progress to address this shortfall and has 

an expected capacity of 10.0 to 10.5 lbm of useable 

water. A DVT version of this new design is underway 

with the intent to integrate into the rest of the system 

as soon as it has been finalized and tested.  

 

 

 

 

 
Figure 5. Suit Simulator Test Assembly. 

 

 
Figure 6. Example FSA Water/Suit Pressure Profile. 
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III. Trace Contaminant Control  

Trace Contaminant Control (TCC) is an essential function in maintaining proper atmospheric quality in the 

xEMU’s Oxygen Ventilation Loop (OVL). Extremely low leakage rates, a small volume-to-occupant ratio, and the 

use of advanced materials of construction are common spacecraft characteristics which, when combined, can generate 

and accumulate chemical and particulate contamination.3 Additionally, the xEMU has incorporated a novel component 

which further contributes to the suit’s contaminant load. This component, the Rapid Cycle Amine (RCA), generates 

gaseous ammonia (NH3) when exposed to humidity at a rate that, without a means of contaminant control, will 

accumulate in the OVL and exceed hazardous levels within approximately 2 hours.4 The TCC component for xEMU, 

designated as the TCC-360, was therefore designed to ensure that the concentration level of NH3 and each of the other 

17 contaminants and/or Volatile Organic Compounds (VOC) specified in the xEMU’s contaminant load model is 

maintained at or beneath 50% of its corresponding 7-day Spacecraft Maximum Allowable Concentration (SMAC) 

level. 4 

A. Development 

The TCC-360 has encountered many unique design and technological challenges, many of which had significant 

influence on the development of the component’s role, performance, and design.1 The most significant feature of the 

xEMU in this regard is the estimated generation rate of 27 mg of NH3 per 8-hr EVA.4 This designates NH3 as the 

driving contaminant for developing a means of active TCC removal, dictating that the TCC-360 must be capable of 

actively removing enough NH3 such that its subsequent concentration level in the OVL is maintained below 1 mg/m3. 

This single requirement had an extremely significant impact on the TCC-360’s design. While traditional activated 

carbon removes contaminants via physical adsorption, these untreated carbons typically do not remove NH3 molecules 

due to their low molecular weight and high vapor pressure.5 An evaluation conducted of commercial sorbents for NH3 

control identified Ammonasorb II, a phosphoric acid impregnated activated carbon, as the best commercially available 

option for NH3 removal.5 Ammonasorb II is impregnated with phosphoric acid to facilitate NH3 capture via 

chemisorption, but this mechanism is not feasibly reversible; a finite volume of sorbent using an irreversible capture 

mechanism necessitates periodic replacement of the Ammonasorb II when the sorbent has reached its peak NH3 

capacity. Making the TCC-360’s sorbent bed a consumable necessitated integration of the component into the Hatch 

to give crewmembers access to replace the spent sorbent bed in an Intravehicular Activity (IVA) environment. The 

Hatch volume available for integration of the TCC-360 constrains the component’s size and geometry, directly 

impacting the pressure drop and operational life of the consumable sorbent bed. The location of the TCC-360 in the 

Hatch also designates it as the first component encountered by the reclaimed gas circulating through the OVL, resulting 

in the assignment of particulate filtration and water sequestration duties to the TCC-360 as well. Other notable 

requirements which have directly influenced the TCC-360’s design and development are as follows: 

1) The TCC-360 shall not exceed 0.3 in-H2O of pressure drop in the OVL flow.  

2) Each consumable bed of Ammonasorb II shall maintain contaminant levels beneath their associated 7-day 

SMAC level for a minimum of 150 hours EVA time. 

3) The TCC-360's consumables shall be replaceable in the IVA 

environment without the use of tools. 

4) Replacement of the TCC-360’s consumables shall not require 

the crew member to exert a hand torque greater than 6 in-lbf or 

a thumb-finger pinching force exceeding 8lbf.  

B. Design Verification Testing Unit Design 

The TCC-360 design consists of a two-piece housing and 

replaceable cartridge (Figure 7). The base of the housing is mounted to 

the Hatch via standoff legs, and the removable cover has a plenum 

design to maximize the component’s internal volume within the Hatch. 

The housing contains the fluid ports, which interface with the OVL, 

and the consumable cartridge contains the Ammonasorb II sorbent bed 

and particle filtration mesh.  

1. Evolution of DVT Unit Design 

Preliminary designs for the TCC-360 housing included two 

piston-style O-rings which formed the seal between the cover and the 

base (Figure 8). However, this meant that in order to remove the cover 
 

Figure 7. DVT TCC-360 Exploded View. 
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to replace the cartridge, the amount of crewmember-exerted force required to simultaneously break the stiction of both 

large-diameter O-rings was estimated to exceed 100lbs. Furthermore, there was concern that the cyclical removal and 

replacement of the cover could damage these permanent piston-style O-rings, which posed the risk of degrading the 

quality of the seal over the component’s lifetime. Therefore, it was determined that the cover-to-base fastener design 

needed to be revised in order to comply with the TCC-360 requirements listed previously on toolless replacement and 

exertion force. The new design will enable the seal by hand, without exertion force, and keep within either a thumb-

finger pinching force of 8 lbf or a hand torque of 6 in-lbf. The design was modified to replace the piston-style O-rings 

with low-durometer gaskets, which are compressed between two parallel surfaces to create a face-seal (Figure 8). 

Furthermore, the cartridge design was modified to allow the face-seal gaskets to be seated on the outer diameter of 

the cartridge, making the gaskets a consumable which is replaced each time a new cartridge is installed in the TCC-

360, eliminating the possibility of leaks via accumulated damage to the gaskets. 

Initial fastener designs for securing the cover to the base involved a pair of simple clips on the cover’s exterior 

which engaged a mating surface on the base when installed. This design required the crewmember to directly exert all 

of the force required to compress the gaskets to form a seal when installing the cover. The clips were eventually 

modified to include secondary locking features, added after concerns were expressed about the possibility of accidental 

release because of incidental contact. Additional modifications were also made in an effort to eliminate the possibility 

of misaligning the cover during installation. However, the additional complexity that this added to the fastener’s 

design, coupled with the ever-shrinking size of features with which the crewmember needed to interact, eventually 

culminated in the decision to perform a complete overhaul of the fastener’s design to find a simpler, more effective 

design. In an effort to minimize design iteration time, several prototypes were quickly conceptualized and 3-D printed, 

after which each candidate fastener was evaluated and down-selected to obtain the final DVT design. 

 2. Final DVT Design 

The cartridge has two gaskets on 

its OD which act as a face seal when 

compressed between the cover and 

base, as described above. The cartridge 

is fastened to the Base via a bayonet 

fitting, which allows the crewmember 

to install the cartridge by first aligning 

a scribe line on the cartridge to a 

corresponding visual indicator on the 

base, and then pressing the cartridge 

down, over-compressing the lower 

gasket, and rotating by 50 degrees. The 

slot for the bayonet fitting was 

designed to result in a final 

compression of 32%. The cover is fastened to the base via a bailing handle, which has a cam designed to compress the 

upper gasket by the desired 32%. Physical stops were included on the exterior of the housing to prevent over-

compression. 

 
Figure 8. Initial design utilizing piston-style O-rings (left) vs modified DVT design utilizing gaskets (right). 

 

 
Figure 9. Bail Handle Fastener. 
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The incorporation of a fine particulate filtration mesh is anticipated to consume a majority of the allotted pressure 

drop, which may necessitate a reduction of the sorbent bed volume to remain compliant with the TCC-360’s 

requirements. Preliminary mitigation efforts included conducting an analysis to approximate the pressure-drop of gas 

flowing through a variety of fine particulate meshes with varying construction and weaves. While this analysis did 

conclude that a plain weave mesh does not induce a pressure drop of more than 0.3 in-H2O, procuring a mesh which 

is fine enough to comply with the TCC’s filtration requirements that is also constructed via a plain weave has not yet 

been successful. This has also prompted a discussion about re-evaluating the decision to use a stainless-steel mesh 

and to investigate possible utilization of a fiber blend filter element instead. 

C. Ongoing Efforts and Risk Mitigation  

Component level testing is pending delivery of machined DVT hardware. Multiple verification tasks have been 

coordinated in the interim to mitigate potential schedule slippage. 

Cartridge Assembly and Vibe-Packing Procedures 

There was an unanticipated level of complexity involved in the assembly procedure for a packed granular bed. 

The procedure involves pouring the sorbent into its allocated volume and vibrating the subassembly at an unspecified 

frequency for a duration of time that is yet to be determined experimentally. Furthermore, convention suggests that a 

loft insert is placed on one or both faces of the sorbent bed to apply a compressive preload to the sorbent granules 

and limit variations in the bed’s void fraction. While this has the undesired effect of increasing pressure drop, the 

intention is to settle the granules to prevent channeling or other undesirable outcomes, such as dusting and unexpected 

increases in pressure drop throughout the cartridge’s handling, stowage, and operation. This is a critical design feature 

when the acceleration loads associated with launch and any other form of incidental contact are considered. Therefore, 

it is essential to assemble the sorbent bed in such a way as to maximize the density of the sorbent bed, and then to 

apply a compressive pre-load to the bed post-vibration to ensure that the packed bed retains its specified 

characteristics. 

1. Computational Fluid Dynamics and Loading Model Updates 

The constrained locations of the inlet and outlet of the TCC-360 raise concerns that the adsorption zone will be 

limited to only a fraction of the sorbent’s volume, which would drastically decrease the operational life of the 

cartridge. This concern prompted a preemptive design modification wherein the location of an installed cartridge was 

lifted within the housing subassembly as much as possible to maximize the free volume between the outlet and the 

bottom surface of the cartridge. While this modification will improve the flow distribution across the sorbent bed, the 

improvement is likely insufficient to overcome the entirety of diminished operational life. Therefore, a Computational 

Fluid Dynamics analysis is intended to determine how much of the TCC-360’s sorbent volume is utilized. If it is 

determined that the flow remains relatively channeled across a small portion of the sorbent, there are several potential 

mitigation plans being developed in parallel. The easiest solution to implement would be to modify the bayonet fitting 

between the cartridge and base to allow for the cartridge to be periodically rotated in 120 degree increments. While 

this triples the amount of maintenance required for the TCC-360, it would allow for the TCC-360’s sorbent bed to be 

quasi-regenerated by simply rotating the cartridge until a fresh section of sorbent is installed along the short-circuit 

path. While this may be a viable solution for complying with operational life requirements, future performance testing 

is required to determine whether or not this reduced sorbent volume contains enough active sites to remove 

contaminants at a rate sufficient to ensure that concentration levels do not accumulate over time. 

Other mitigation approaches revolve around solutions for re-directing the internal flow through the TCC-360 to 

encourage a more uniform flow across the entire surface of the sorbent bed, but this incurs further pressure-drop.  

Mass reduction efforts have been issued for the xPLSS subsystem overall; therefore, it is extremely likely that 

many components throughout all of xEMU have elected to switch to a lighter material in an attempt to meet their 

individual mass reduction challenge. Given that multiple Volatile Organic Compounds (VOC) in the xEMU’s 

contaminant load model are off-gassed with generation rates directly correlated to the amount of a given material 

within the suit, this contaminant load model needs to be updated to reflect any changes in anticipated VOC 

concentration levels.  
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IV. Thermal Loop Filters 

Multiple filters are located throughout the xPLSS thermal control 

loop to help minimize the particulate load introduced to the thermal 

loop. Particulates can make their way into the cooling water via 

multiple outlets, including the external sources that fill the system as 

well as other components such as the thermal loop pump. The stand-

alone ‘Thermal Loop Filter’ components, designated F-448 and F-

548, are the finest filters in the both the primary and auxiliary thermal 

control loops, and are included in each to protect the entire loop from 

these potential particulates. For this reason, it includes a consumable 

filter cartridge and is located within the xEMU Hatch to be easily 

accessed and replaced. Figure 10 shows the filter assembly, which is 

composed of multiple piece parts including the filter housing, 

replaceable filter cartridge, and a handful of other items that are 

manufactured and assembled together.  

The challenges associated with this hardware were outlined 

previously and included material selection, micron rating, and 

meeting component pressure drop requirements.1 As discussed for other components, water quality requirements 

dictate the material options for the water loop and locating cartridge mesh materials in the desired micron range 

continues to pose a significant challenge.  

A. Flow Analysis 

During DVT development, multiple vendors for the filter cartridges were evaluated to locate the best option for 

design and resupply. In parallel with the procurement effort, a flow analysis was completed to analyze the minimum 

active filtration area required in the filter cartridge to meet the 0.12 psid pressure drop requirement across the entire 

filter, based on the thermal loop flowrate and operating pressure. Figure 11 shows the underlying assumptions of the 

analysis and illustrates the flow path through the filter.6  

 
Figure 10. Thermal Loop Filter. 

 
Figure 11. Analysis approach and assumptions. 
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The pressure drop in this component is dependent not only on the flow and operating pressure, but also on the 

mesh size and characteristics. The most common mesh type is a plain square weave which results in a coarser filter 

(Figure 12, left).7 In this type of weave, each wire crosses alternatively above and below the other, which provides a 

larger space between the threads and allows for larger particulates to pass through. To meet the filtration size 

requirements, a finer filter mesh, such as the Dutch twill weave (Figure 12, right)8 was required; this mesh weaving 

technique packs more wires into a given area. In this style weave, the pattern is the same as the plain square but has 

wires of multiple sizes which creates smaller pore size which in turn means a finer mesh. 8

The flow analysis was completed using mesh with 156x1400 Dutch Twill weave properties where the dimensions 

are indicative of the number of openings per inch. Based on the results of the analysis, a minimum of 5.83 in2 filtration 

area is needed to meet the 0.12 psid pressure drop requirement. This new information is now listed on the specification 

control drawing to ensure that future vendors can meet the requirement.  

B. Design Verification Testing Filters  

Currently there have been 10 

successfully assembled Thermal Loop 

Filter units (see Figure 13). For galvanic 

coupling reasons, the hardware which 

comes in contact with the fluid loop must 

be manufactured from a high-nickel alloy 

metal. Each of the filter pieces parts, 

including the cartridge, were machined of 

Hastelloy C-256. Aside from minor, 

correctable machining issues when the housing hardware arrived (e.g., 

incorrectly tapped holes because of tap 

erosion), there were overall very few 

problems with the assembly of this 

component. The previously performed 

tolerance analysis enabled a very swift 

integration of these piece parts.  

There continue to be issues with 

manufacturing the cartridges out of 

Hastelloy in the pleated form factor required 

to meet the minimum active filtration 

surface area. Welding has been successful 

for the units as seen in Figure 14; however, 

the vendor has had difficulty and it is 

possible, this may not be the long term solution.  

Each unit has been precision cleaned to cleanliness level 150A for particulates and non-volatile residues to meet 

the water quality requirements, and was assembled to maintain cleanliness. Currently, all units are ready for 

component-level testing on a rig that simulates the thermal loop to verify the requirements outlined in the component 

specification. Figure 14 shows the filter cartridge manufactured by one of the vendors 

installed in the filter housing.   

C. Weight-Optimized Option 

 An additional parallel effort is ongoing across the entire xEMU to create mass-

efficient components. The system as a whole currently exceeds the weight 

requirement. Therefore, weight-optimized thermal filters made of Polyether Ether 

Ketone (PEEK) were manufactured and assembled to test the feasibility of this new 

material for this component (see Figure 15).  

Although PEEK has not been officially approved for use by the project, it is still 

being proactively pursued. This material would solve a number of mass, 

manufacturing, and budgetary challenges. In the PEEK version of the filter, it is 

possible to make the replaceable cartridge from stainless steel; this makes finding the 

necessary mesh size and manufacturing capability significantly easier because the 

galvanic properties of stainless steel result in a lower risk of corrosion. However, 

 
Figure 13 Thermal Loop Filter. 

  
Figure 12. Coarse vs fine mesh. 

 
Figure 15. Weight 

Optimized Filters. 

 
Figure 12. Thermal Loop Filter 

Cartridge Installed. 
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stress analyses need to be completed to ensure that the Hatch and water system operating configurations can interface 

successfully with components made from this new material. 

D. Forward Work 

 The forward work for both the DVT and the weight-optimized PEEK versions of the thermal loop filters 

involve component-level testing to assess the initial design. Additionally, the units will be integrated into the larger 

subsystem for higher level tests. Based on the data obtained during these tests, it is possible and even likely that 

changes will be incorporated into the Qualification and Flight Design. From a material selection standpoint, an 

extensive stress analysis needs to be completed at the system and subsystem level to allow for the use of PEEK for 

this component.  

V. Conclusion 

This paper details the ongoing efforts involved in the development of the xPLSS Hatch components. The FSA, 

which is responsible for the water storage of the xPLSS, has completed initial DVT design and testing of the units 

with two different materials. Material certification and an additional design to obtain the water volume necessary for 

the primary volume is continued forward work. The TCC is a critical component in removing contaminants from the 

ventilation loop of the xPLSS; it has progressed through the prototyping phase in which the fit and function of the 

component as well as the replacement operations were assessed. The Thermal Loop Filters have been manufactured, 

assembled, and analyzed to better inform future drawings and builds. The next steps involve component and 

subsystem-level testing to verify that the design meets all requirements. All Hatch component designs have progressed 

significantly throughout DVT. The DVT test data will continue to guide design updates as the project progresses 

through the critical design phase.  
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