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Structures FEA Charts
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Overview: The main structural components
are some of the heaviest components on the
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PLSS, which offer significant opportunities for

mass optimization:
Backplate: Aluminum backplate where all the
components of the PLSS are attached.

e Isogrid pattern removes extra material.

Mass reduction: 13.4 kg

Cover: Aluminum encompassing structure for
the PLSS components.

e The outer Ortho-fabric textile layer is

embedded with grounded aluminum fibers Max: 4.2MPStess

to repel Mars regolith.
Mass reduction: 3.5 kg
Hatch: Required to maintain constant suit
pressure.
e Separates Hard Upper Torso (HUT) of the
suit and the PLSS backpack for a
simplified suit design.

Max: 121 MPa Stress

Avionics Boxes Material vs. Mass

Avionics

Overview: Switch aluminum

----\

'avionics boxes to PEEK

O = N W ke 0000 NN @

Total Avionics Boxes Mass (kg)

thermoplastic & consolidate

m Aluminum mPEEK GF PEEKCF mUltem 1000 =T300 CF LAR-TOPS-370 CF

electronics.
VSRS Diagram

MaSS PEdUCtiOn: 4‘.01 kg. IR Proton Radiation Electron Radiation EM

-, PEEK30% CF

Shielding: Layering PEEK with

‘-———- ----P

. K J ..'“-.,.Secondary E
I tungsten creates Versatile - i
! 1 : : Y Tungsten Y
1 Structural Radiation Shielding ; - :
. q- : i IR! s
(VSRS), providing equivalent !
o o _ PEEK 30% CF
radiation shielding to aluminum

\.\\
IR 3

at lower mass [1] Comparison of Material Performance

i —#=Aluminum
Heat Transfer: Mount Les0s |\ —
_ _ 2 : \ ~-VSRS
electronics to aluminum plates S ot |
o 3
with embedded heat pipes to S : KF
1.E403 - -
carry out waste heat. ‘_
1.E+02 —
0 1 2 3 4

Areal Density (g/cm”2)
[1] Wrobel, J., Hoyt, R., Cushing, J., Jaster, M., Voronka, N., Slostad, J., & Paritsky, L.,
"Versatile Structural Radiation Shielding and Thermal Insulation through Additive
Manufacturing,' Small Satellite Conference, 2013.
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Pro ect Overview

The goal of this project is to investigate Portable Life Support

J

System (PLSS) designs for Mars extravehicular activity (EVA),
with the overarching goal of reducing total system mass to
less than 60 kg while maintaining system functionality.

Components:
1. Oxygen Tank
2.
3.
. Lithium Hydroxide Canister

5.Fan
6. Multi-Parameter Astronaut

Regulator
Pump Stacked with Fan

Life Support Sensor

7. Avionics Boxes

8. Batteries Stacked with
Spacesuit Water Membrane
Evaporator

Total Mass Savings
106 kg —» 72.5 kg
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Physical Experimentation

Center of Gravity Test
Objective: Test how PLSS Center of Gravity affects Perceived Exertion

Results: Quantitatively inconclusive but qualitatively the Dispersed
configuratior resulted in the lowest rating of percieved exertion.

Percieved Exertion (1-10)
Time Walking with CG Configurations vs. Average

Heart Rate Elevation For All 3 Subjects Subject 1 2 3 Avg.
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Maintainability Test
Objective: Test ease of components replacement

Bottom —e— Dispersed, Old —ea—Dispersed, New

Rated on the Bedford Scale

Results: TBD but the mock-up designed with maintainability in mind

Randomly select set of
parts that need to be
BNy repaired

*Some are paired up (ex: LIiOH
+ TCC)

Have user manual with
layout diagram &

Participant rates their

Time & Video taken o satisfaction using the

merd Jct completiontime for Eamme
each step

Instructions on how to
repair
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: Crew Systems |
| . |
1 CO, Scrubber & Trace Contaminant Control (TCC): ;
| |
. ® Choose Lithium Hydroxide (LiOH) (+2.95 kg) over Rapid Cycle :
I _ i
: Amine (RCA) scrubber (+8-17 kg). !
I . .
1. Eliminates vacuum pump & sweep gas loop. E
I e Pre-deploy integrated LiOH and TCC canister to Mars. :
| . . |
' Integrated sensor array: Non-Dispersible Infrared (NDIR) CO», !
. electrochemical 0,/CO,, humidity] :
I _ i
I e Actuation: :
E o Thermal pump: 1.52 L /min :
|
: o Ventilation fan: 6.0 ACFM :
| . . . |
1o Additional: Resistance temperature detectors, regulators !
i Mass reduction: ~5-14 kg :
: Consumable and Tank Mass Breakdown Electrochemical :
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Thermal

Our design reduces water mass by employing a radiator in conjunction
with the current system.
e The liquid cooling ventilation garment and heat pipes transport
heat under the backpack surface.
e AZ-93 coating on the outer textile surface functions as a radiator.
e Mass reduction: 1.6kg.

Heat load
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Use solid state batteries as a rechargeable, low mass, high energy
density alternative to the current lithium-ion battery.

180
Lithium-ion battery (3.6Vx4) All-solid-state 160
battery (14.4V)
4 140
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O 80 Cycle Condition
S 60 Under atmospheric pressure
S 40 Temperature : 25°C
Charge : CC 0.2C, 4.15V cut-off
20 Discharge : CC0.5C, 2.70V cut-off
0
0 100 200 300 400 S00

Figure 2. Diagram of (a) Lithium ion Battery; (b) All Solid State Battery [4].
[4] Kartini, E. and Genardy, C., "The Future of All Solid State Battery," IOP Conference Series:
Materials Science and Engineering, 2020.

[5] Miyazawa, Y., Shimada, T., Fuse, T., Shimada, S., Nishiura, S., Okamoto, H., Okawa, T.,
Hoshino, T., Kawasaki, O., and Naito, H., "Space Demonstration of All-Solid-State Lithium-lon
Batteries Aboard the International Space Station," Aerospace, 2025.
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X Mass reduction: 2.1 kg + 2.7 kg of water saved
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	Crew Systems
	CO2 Scrubber & Trace Contaminant Control (TCC):
	Choose Lithium Hydroxide (LiOH) (+2.95 kg) over Rapid Cycle Amine (RCA) scrubber (+8-17 kg).
	Eliminates vacuum pump & sweep gas loop.
	Pre-deploy integrated LiOH and TCC canister to Mars.
	Integrated sensor array: Non-Dispersible Infrared (NDIR) CO₂, electrochemical O₂/CO₂, humidity]
	Actuation:
	Thermal pump: 1.52 L/min
	Ventilation fan: 6.0 ACFM
	Additional: Resistance temperature detectors, regulators

	Mass reduction: ~5-14 kg

	Structures
	FEA Charts
	Max: 0.014mm Δx
	Max: 4.27 MPa Stress
	Max: 121 MPa Stress


	Project Overview
	The goal of this project is to investigate Portable Life Support System (PLSS) designs for Mars extravehicular activity (EVA), with the overarching goal of reducing total system mass to less than 60 kg while maintaining system functionality.
	Components:​
	Oxygen Tank​
	Regulator​
	Pump Stacked with Fan​
	Lithium Hydroxide Canister​
	Fan​
	Multi-Parameter Astronaut Life Support Sensor​
	Avionics Boxes​
	Batteries Stacked with Spacesuit Water Membrane Evaporator

	Total Mass Savings 106 kg → 72.5 kg
	Overview:  The main structural components are some of the heaviest components on the PLSS, which offer significant opportunities for mass optimization: Backplate: Aluminum backplate where all the  components of the PLSS are attached.
	Isogrid pattern removes extra material. Mass reduction: 13.4 kg
	Cover:  Aluminum encompassing structure for the PLSS components.
	The outer Ortho-fabric textile layer is embedded with grounded aluminum fibers to repel Mars regolith.                                 Mass reduction: 3.5 kg
	Hatch: Required to maintain constant suit pressure.
	Separates Hard Upper Torso (HUT) of the suit and the PLSS backpack for a simplified suit design.

	Thermal
	Our design reduces water mass by employing a radiator in conjunction with the current system.
	The liquid cooling ventilation garment and heat pipes transport heat under the backpack surface.
	AZ-93 coating on the outer textile surface functions as a radiator.
	Mass reduction: 1.6kg.

	Avionics
	Overview: Switch aluminum avionics boxes to PEEK thermoplastic & consolidate electronics.  Mass reduction: 4.01 kg.
	Shielding: Layering PEEK with tungsten creates Versatile Structural Radiation Shielding (VSRS), providing equivalent radiation shielding to aluminum at lower mass [1].
	Heat Transfer: Mount electronics to aluminum plates with embedded heat pipes to carry out waste heat.

	Physical Experimentation
	Center of Gravity Test
	Objective: Test how PLSS Center of Gravity affects Perceived Exertion Results: Quantitatively inconclusive but qualitatively the Dispersed configuration resulted in the lowest rating of percieved exertion.

	Maintainability Test
	Objective: Test ease of components replacement Results: TBD but the mock-up designed with maintainability in mind


	Power
	Use solid state batteries as a rechargeable, low mass, high energy density alternative to the current lithium-ion battery.
	Mass reduction: 2.1 kg + 2.7 kg of water saved




