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MEI Sensing Systems

O Aerospace
® Launch Vehicles and ISS
= Test Facilities
= Planetary Exploration

O Defense

= Aircraft Life Support Systems
= Advanced Propulsion System Sensors
= Warfighter Physiological Monitoring

Q Industrial
® Emissions Monitoring
® Nuclear Systems Monitoring
= Biomedical

Trade names and trademarks are used in this report for identification only. Their usage does not constitute an official MAKEL
endorsement, either expressed or implied, by the National Aeronautics and Space Administration. ENGINEERING




Overview

ABackground and Motivation

" Need for multi-gas measurement

QSensor Operating Principles

= Solid-state microsensors for O, and CO,
QSensor Assembly Design

= Size and power compared to existing sensors
QPrototype Testing and Performance

" Measurement accuracy and range

QConclusions and Next Steps

MAKEL

ENGINEERING



Background and Motivation
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Background and Motivation

QNew spacesuits are being developed to support
exploration objectives to the Moon and beyond

QTechnology gaps have been identified during the
development of these spacesuits

QThere is a need to monitor multiple species in the
breathing gas stream (O,, CO,, Humidity)
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Sensor Requirements

QCurrent PLSS design only includes nondispersive
infrared (NDIR) sensors for CO,

= NDIR sensors outer mold is approximately 2.3 by 2.2 by 6.1
inches and power consumption is approximately 2 W
ONeed to measure the major constituents of the
breathing gas to provide general situational awareness
= 0, (20-100% +1%)
= CO, (0-30 torr £0.3 torr)
" H,0 (5-90% Relative Humidity +1%)
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M-PALSS

QMulti-Parameter Astronaut Life Support Sensor
= 0,, CO,, Humidity, and Pressure

QSuitable for ground testing and compatible with
existing NASA test equipment

ADoes not meet all requirements for space flight

Pressure and Pressure and
. O, and CO
Humidity 2 2

S Humidity
ensors 1 Sensors

Control
Sensors / G i Electronics To PLSS

0, and CO,
Sensors

Gas Out
Gas In To PLSS
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Sensor Operating Principles
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Solid-State Sensing

QDirectly transduces a chemical signal to an electrical
signal (resistance, current, or voltage)

ASmall and low power

AGood match for PLSS situational awareness
requirements

Pressure Sensor Humidity Sensor Carbon Dioxide Oxygen Sensor

Sensor
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Amperometric Oxygen Sensor

QO0xygen sensor produces electrical current when a
voltage bias is applied across the electrodes

Pin Hole Diffusion

/ Barrier
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<— Electrolyte
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Oxygen Sensor Calibration Derivation

dcC C
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Oxygen Sensor Representative Data
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Saturation occurs at high
oxygen concentration
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Potentiometric Carbon Dioxide Sensor

0,, CO,, Au | Li,CO,-BaCO, | Li,PO, | Li,TiO,-TiO, | Au, CO,, O,

1 1
2Ll+ + COZ + (E) 02 + 26_ <> leCOg Ll2T1,03 <> 2Ll+ + <E> 02 + 26_ + TlOZ
Sensing Electrode (Li,CO5;-BaCOy) Reference Electrode (Li, TiO3-TiO,)

-— Electrolyte (Li;PO,)

O

RT Pco
Ecenn = Egell - ﬁln< P02>
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Carbon Dioxide Representative Data
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Sensor Assembly and Design
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Size and Power

QPhase | Prototype is smaller than current NDIR sensors
= Power consumption of approximately 1.8 W (5 V)

NDIR Sensor Approximate
Phase | Prototype
yP iz Outer Mold Line MAKEL
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Preservation of Sensor Interfaces

Mechanical Interface

Control
Electronics

Electrical Interface

Fluidic Interface I‘ 5 MAKEL
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Sensor Module

Sensor
Pressure and Interconnect
Humidity Sensors PCB

Pressure and
Humidity Sensors  Sensor
Manifold

Seal

Plate
Electrochemical
O, and CO, 0, and CO
Sensors éensors 2

Gas Return  Gas Inlet
Port Port
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Prototype Testing and Performance
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Gas Testing Configuration

QCertified gas mixtures are mixed using mass flow
controllers (MFCs)

Qlnline bubbler used to control the humidity

>

Bypass

MFC

M-PALSS
‘IIIIIIII’-—-—-—-—- MFC

Humidifier
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Oxygen Sensor Performance
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Carbon Dioxide Sensor Performance
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CO, sensor humidity interference
is compensated by using the
independent humidity sensor
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Measurement Uncertainty
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O, sensor meets target
requirements of +1% with
exception 0% O,

CO, sensor meets target
requirement of £0.3 mmHg with
exception of 30 mmHg after
humidity correction
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Conclusion and Future Work

QWork presented here completed as part of NASA
Phase | SBIR Contact 8ONSSC22PB085

" Phase Il work is ongoing

QSolid-state microsensors packaged into a prototype
that preserves interfaces of current NDIR CO, sensors
and meets target measurement accuracy

QNext steps of development are focused on meeting
all the requirements for spaceflight and integration
with the PLSS
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