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NASA STI Program . . . in Profile

Since its founding, NASA has been dedicated to the
advancement of aeronautics and space science. The
NASA Scientific and Technical Information (STI)
program plays a key part in helping NASA maintain
this important role.

The NASA STI Program operates under the auspices
of the Agency Chief Information Officer. It collects,
organizes, provides for archiving, and disseminates
NASA’s STI. The NASA STI program provides access
to the NASA Aeronautics and Space Database and

its public interface, the NASA Technical Reports
Server, thus providing one of the largest collections
of aeronautical and space science STI in the world.
Results are published in both non-NASA channels
and by NASA in the NASA STI Report Series, which
includes the following report types:

+  TECHNICAL PUBLICATION. Reports of
completed research or a major significant phase
of research that present the results of NASA
programs and include extensive data or theoretical
analysis. Includes compilations of significant
scientific and technical data and information
deemed to be of continuing reference value.
NASA counterpart of peer-reviewed formal
professional papers but has less stringent
limitations on manuscript length and extent of
graphic presentations.

+  TECHNICAL MEMORANDUM. Scientific
and technical findings that are preliminary or
of specialized interest, e.g., quick release
reports, working papers, and bibliographies that
contain minimal annotation. Does not contain
extensive analysis.

+  CONTRACTOR REPORT. Scientific and
technical findings by NASA-sponsored
contractors and grantees.

* CONFERENCE PUBLICATION. Collected
papers from scientific and technical
conferences, symposia, seminars, or other
meetings sponsored or cosponsored by NASA.

+  SPECIAL PUBLICATION. Scientific,
technical, or historical information from
NASA programs, projects, and missions, often
concerned with subjects having substantial
public interest.

+ TECHNICAL TRANSLATION. English-
language translations of foreign scientific and
technical material pertinent to NASA’s mission.

Specialized services also include creating custom
thesauri, building customized databases, organizing
and publishing research results.

For more information about the NASA STI
program, see the following:

*  Access the NASA STI program home page at
http://www.sti.nasa.gov

*  E-mail your question via the Internet to help@
sti.nasa.gov

*  Fax your question to the NASA STI Help Desk
at 443-757-5803

»  Telephone the NASA STI Help Desk at
443-757-5802

*  Write to:
NASA Center for AeroSpace Information (CASI)
7115 Standard Drive
Hanover, MD 21076-1320
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Abstract

The Fire Prevention, Detection, and Suppression (FPDS) project is a technology development effort
within the Exploration Technology Development Program of the Exploration System Missions
Directorate (ESMD) that addresses all aspects of fire safety aboard manned exploration systems. The
overarching goal for work in the FPDS area is to develop technologies that will ensure crew health and
safety on exploration missions by reducing the likelihood of a fire, or, if one does occur, minimizing the
risk to the crew, mission, or system. This is accomplished by addressing the areas of (1) fire prevention
and material flammability, (2) fire signatures and detection, and (3) fire suppression and response. This
report describes the outcomes of this project from the formation of the Exploration Technology
Development Program (ETDP) in October 2005 to September 31, 2010 when the Exploration Technology
Development Program was replaced by the Enabling Technology Development and Demonstration
Program. NASA’s fire safety work will continue under this new program and will build upon the
accomplishments described herein.

1.0 Project Overview
1.1 Introduction

The Vision for Space Exploration (VSE) announced by President George W. Bush on January 14,
2004 directed NASA to achieve the long-term goal of sending humans back to the Moon and then on to
Mars. The amount of knowledge that must be gained and the number of technologies that must be
developed before such missions can occur are certainly formidable. The performance standards required
for these technologies are, in many cases, well beyond those used on the International Space Station and
the Space Shuttle and will stretch our current knowledge of living and working in space. A large number
of the challenges are related to ensuring the health and safety of the crew during the exploration mission.

The Exploration Technology Development Program (ETDP) was initiated in 2005 to address the
technologies required for the successful completion of the planned exploration missions. This program,
led by the Exploration Technology Development Program Office (ETDPO) at NASA Langley Research
Center, consisted of 22 projects (at its conclusion) each addressing a required technology development
area required by the Constellation Program (CxP). The ETDPO organization chart in Figure 1 shows the
projects, lead center, and project manager for each project. Direct oversight, both project management and
technical implementation of the Fire Prevention, Detection, and Suppression project was conducted at the
NASA Glenn Research Center. This project addressed all aspects of fire safety aboard manned
exploration systems.

The overarching goal for work in the FPDS project is to develop technologies that will ensure crew
health and safety on exploration missions by reducing the likelihood of a fire, or, if one does occur,
minimizing the risk to the crew, mission, or system. This is accomplished by addressing the areas of
(1) fire prevention and material flammability, (2) fire signatures and detection, and (3) fire suppression
and response. Deliverables from the tasks conducted within the FPDS project could be hardware, design
requirements, data for trade studies, test procedures, data libraries, or recommendations for fire response
procedures, depending on the area. To realize these deliverables, the project drew on expertise in the
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disciplines of combustion science, fire safety engineering, risk assessment, failure analysis and systems
engineering. The tasks to be conducted take place in normal-gravity test facilities and ground-based
microgravity facilities. The successful implementation of this project also depended on results obtained
from several experiments to be conducted on the ISS, specifically, the Smoke Aerosol Measurement
Experiment (SAME) and the Flame Extinguishment Experiment (FLEX). These projects are being
conducted under the ISS Research Project but, while conducted through a different ETDP project, FPDS
personnel were responsible for the interpretation and infusion of the data from these experiments into
their appropriate technological area in spacecraft fire safety.

1.2 Objectives

The objective of the Fire Prevention, Detection, and Suppression (FPDS) technology development
area is to develop hardware, design rules and requirements, and procedures in the three distinct topical
areas within FPDS. These include the general areas of (1) Fire Prevention and Material Flammability,
(2) Fire Signatures and Detection, and (3) Fire Suppression and Response. Each of these areas has
products that will be delivered to exploration systems to ensure crew health and safety. The specific
objectives of the tasks in each of these areas are described in the following sections.

NASA/TM—2011-217036 2
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1.2.1 Fire Prevention and Material Flammability—Low-g Oxygen Thresholds

The screening of materials to be used on spacecraft to determine their flammability is an integral part
of NASA'’s fire protection strategy. With CxP, NASA took a new approach for the selection of materials
in that they are determining the oxygen threshold for a set of important spacecraft materials, identified by
NASA Materials and Processes (M&P) personnel, based on standard 1-g flammability tests. However, the
oxygen threshold has been shown to be lower in reduced-gravity and is a function of the local convective
velocity. Therefore, the objective of this task was to determine the oxygen flammability threshold in
reduced-gravity for materials identified by NASA Materials and Processes personnel and quantify the
difference from thresholds determined in normal gravity.

1.2.2  Fire Signatures and Detection

Constellation vehicles and habitats will require assured fire detection throughout their operational
lifetimes. Developments in sensor technology have increased the reliability of fire detection not only by
increasing sensor lifetime but decreasing the mass, volume, and power and the rate of nuisance alarms.
However, advanced sensors require knowledge of the fire signatures, i.e., the gaseous species and
particulate properties produced by a fire that provide the quickest and most reliable detection. Assured
fire detection also depends on knowledge of where a fire detector should located and the associated time
to detection. (In spacecraft, unlike in terrestrial applications, fire detection is not achieved simply placing
a detector on the ceiling and letting the smoke rise!) The objective of this task was to conduct normal-
gravity testing to identify suitable fire signatures, test prototype fire detectors in this normal gravity
facility, and model smoke and gaseous contaminant transport in a low-g forced convective environment.

1.2.3  Fire Detector Development and Testing

Accompanying the task to determine relevant signatures from spacecraft materials and the modeling
of smoke transport is the task to develop sensors for fire detection and conduct relevant tests to
characterize and verify the performance of the advanced fire detection system. This data is required to
conduct trade studies for every CxP vehicle and habitat that will be developed. These trade studies are
needed to select a fire detection strategy and appropriate technology that is compatible with the other
requirements of the environmental control and life support system. Within the FPDS project, the objective
of this task is to develop and perform tests of candidate particulate and gaseous sensors, improving their
performance with each design and test interation. When appropriate, we will also incorporate them into
fire detector suite and conduct tests at GRC, JSC, or WSTF to evaluate the fire detection and post-fire
monitoring characteristics. A correlated objective of this portion of the FPDS project is to collect and
evaluate data from any candidate fire detection or post-fire monitoring system so that a reliable
comparison of their performance is available to perform these trades.

1.2.4 Fire Suppression

As work on the Constellation Program progressed and the designs for the Orion and Altair vehicles
matured, contractor and NASA project teams completed independent trade studies of candidate fire
suppression systems. Similar to the trade study completed by FPDS personnel in October 2007, they
concluded that there was insufficient information to conduct a quantitative trade study of existing fire
suppression systems for spacecraft. FPDS personnel developed a plan to obtain this data. Since then fine
water mist has become a prime candidate for the portable fire extinguisher on Orion and Altair even
though the technology is still being developed. The objective of this task is to continue to implement the
fire suppression test plan to provide data on candidate fire suppression techniques, focusing on water
mist fire suppression.
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1.2.5 Post-Fire Monitoring and Response

Fire suppression is intimately linked to post-fire response because not only must the crew clean-up
the cabin atmosphere from any smoke or gaseous combustion products, they must also clean-up any fire
suppression agent that was discharged. They must do so while probably wearing breathing apparatus or
filtering respirators which must be sized to provide protection for the duration of the clean-up process.
The connectivity between these procedures and systems requires an integrated approach that includes
crew response to the fire alarm, fire suppression, clean-up, and monitoring of the event. The FPDS project
has been involved with researchers and engineers from NASA JSC and WSTF to develop a test for the
rational evaluation of post-fire monitoring and clean-up equipment and instrumentation. 7he objective of
this task is to support the development of the post-fire test and of suitable clean-up procedures and
monitoring instruments. FPDS technologists will also continue to support the testing and evaluation of
instruments for post-fire monitoring that were previously developed from FPDS technologies and are
candidates for post-fire monitoring on CxP vehicles

2.0 Summary of the Technical Accomplishments

During the implementation of the FPDS project, the primary mechanism to document technical
results was through the publication of technical papers in conference proceedings and archival journals.
Many of these documents are listed in the bibliography. However, the project also documented
programmatic plans and overviewed the technical results through numerous presentations to ETDPO as
well as to GRC management and other organizations. In July 2010, a presentation was made to
representatives of the ETDPO and personnel from the program that was replacing it, the Enabling
Technology Development and Demonstration (ETDD) Program. The purpose of these “transition face-to-
face” presentations was to summarize the accomplishments of each project in ETDP, status each
technology being developed in terms of Technology Readiness Level (TRL), review outstanding technical
risks, and document lessons learned during the implementation of the project. The presentation delivered
by the FPDS Project Manager is shown in this section.

2.1 FPDS Transition Face-to-Face Presentation

This slides shown in this section was delivered at NASA John H. Glenn Research Center on
July 21, 2010 to representatives of the ETDP and ETDD program offices.

NASA/TM—2011-217036 5
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3.0 Closure

Protecting spacecraft from fire has been of critical importance to NASA since the beginning
of the human spaceflight program. During the design of new spacecraft, trade studies for fire
detection, fire suppression, and post-fire cleanup and monitoring systems are conducted using the
most recent knowledge regarding spacecraft fires. The design and implementation of these
systems has evolved with succeeding vehicle as new data and hardware technologies have
become available. Because of the specialized nature of fire protection in spacecraft operating in
low- or partial-gravity, commercial off-the-shelf terrestrial fire safety technologies are seldom
relevant. While current terrestrial fire safety technologies have developed over more than a
century of fighting fires, spacecraft fire safety technology has only been studied for a little over
30 years with varying emphasis. The Fire Prevention, Detection, and Suppression technology
development effort was the first concerted effort within NASA to advance spacecraft fire safety
technologies and incorporate that technology into the design of crewed space vehicles and
habitats. No matter what destination astronauts from the United States will eventually be directed,
the implementation of a robust spacecraft fire safety technology development program between
now and then will provide the best methods for them to respond to a fire, recover the vehicle, and
continue with their mission. Crew safety has been and will continue to be the primary objective of
NASA’s spacecraft fire safety technology development effort.
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