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Executive Summary

The 2008 NASA Seal/Secondary Air System Workshop covered the following topics:
(i) Overview of NASA’s new Orion project, (ii) Overview of NASA’s fundamental aeronautics
technology project, (iii) Overview of NASA Glenn’s seal project aimed at developing advanced
seals for NASA’s turbomachinery, space, and reentry vehicle needs; (iv) Reviews of NASA
prime contractor, vendor, and university advanced sealing concepts, test results, experimental
facilities, and numerical predictions; and (v) Reviews of material development programs relevant
to advanced seals development.

Mr. Baumeister reviewed the goals and objectives of NASA’s project to develop the new
Orion Crew Exploration Vehicle that is planned to replace the shuttle and allow missions to the
International Space Station and to the Moon. Dr. Ajay Misra presented an overview of NASA’s
fundamental aeronautics project that is developing advanced technologies for subsonic rotary-
and fixed-wing aircraft and supersonic and hypersonic aircraft. Mr. Hendricks reviewed
sustainable alternate aviation fuels under development, to confront both decreasing petroleum
supplies and increased prices. NASA and other organizations are investigating synthetic and
biomass fuels made from a number of sources including algae, halophytes, crop seed oils, and
various waste products, amongst others. Dr. Steinetz presented an overview of NASA Glenn seal
developments for both NASA’s aeronautic and space projects. Glenn is developing the seals for
NASA’s new Low Impact Docking System (LIDS) that requires a robust seal design to resist the
deleterious effects of space environments while exhibiting very low leakage. Glenn is also
developing high-temperature seal technology for the Orion spacecraft’s thermal protection
system, requiring thermal barriers that can withstand temperatures over 2500 °F.

Turbine engine studies have shown that reducing parasitic flows through better sealing
technologies will boost engine efficiency and reduce engine emissions and operating costs
helping NASA meet many of the goals of the Fundamental Aeronautics Program. Mr. Munson
presented an overview of foil face seal development to significantly reduce leakage flows in a
turbine engine. This seal combines foil thrust bearing technology with face seal architecture.
Ms. Proctor presented work underway at NASA Glenn on a new finger seal showing promise of
noncontacting operation. Dr. Lattime shared efforts at Timken developing low torque seals for
their product line. Mr. Ruggiero of GE Global Research reviewed their current progress in
applying nonmetallic fiber brush seals. Dr. Chupp presented an overview of a Department of
Energy (DOE) project called the Advanced IGCC/H 2 Gas Turbine including seal needs and
development efforts underway.

New developments in structural seals were also discussed. Mr. Dunlap presented greater
detail on the LIDS seals progress underway including extensive test fixtures under development
at Glenn to evaluate both seal leakage and loads over the full operating temperature expected
during the missions. Mr. Yetter presented design and analyses of their GaskO molded elastomer
seals, the primary candidate for the LIDS docking interface amongst other locations on Orion.
On the high temperature front, Mr. DeMange presented Glenn’s efforts in developing a sealing
system for the Orion Crew Exploration Vehicle Heat Shield. Mr. Newman presented their work
in developing high-temperature spring preloaders and seals for ultra-high-temperature service
(1600 to 1700 °F), utilizing single-crystal technology.
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Vision for Space Exploration

Complete the International Space Station

Safely fly the Space Shuttle until 2010

Develop and fly the Crew Exploration Vehicle (by 2015)

Return to the moon (by 2020)

Sustained and affordable human and robotic program

Develop innovative technologies, knowledge, and infrastructures

Promote international and commercial participation
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NASA is building a new spacecraft that will become America's primary vehicle for human
space exploration in the next decade. The new spacecraft, Orion, is part of the Constellation
Program to send explorers to the moon and onward to other destinations in the solar system.
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NASA has established 6 Themes for Exploration

USE THE MOON: Reduce risks and cost and increase productivity of future
missions by testing technologies, systems, and operations in a planetary
environment other than the Earth

PURSUE SCIENTIFIC: Engage in scientific investigations of the Moon (solar
system processes), on the Moon (use the unique environment), and from the Moon
(to study other celestial phenomena)

EXTEND PERMANENT HUMAN PRESENCE: Develop the capabilities and
infrastructure required to expand the number of people, the duration, the self-
sufficiency, and the degree of non-governmental activity

EXPAND EARTH’S ECONOMIC SPHERE: Create new markets based on lunar
activity that will return economic, technological, and quality-of-life benefits

ENHANCE GLOBAL SECURTIY: Provide a challenging, shared, and peaceful
global vision that unites nations in pursuit of common objectives
ENGAGE, INSPIRE: Excite the public about space, encourage students to pursue
careers in high technology fields, ensure that individuals enter the workforce with
the scientific and technical knowledge necessary to sustain exploration
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The Orion crew exploration vehicle will be launched into Earth orbit by the Ares I crew
launch vehicle. Orion and its launch abort system will be placed at the top of the Ares I
rocket to eliminate the threat to the crew from falling debris on launch and ascent.

For missions to the moon, Orion will dock in low Earth orbit with a lunar lander module,
Altair, and an Earth departure stage. The Earth departure stage will propel Orion and Altair
to the moon.

Once they have reached lunar orbit, astronauts will use the landing craft to travel to the
’moons surface.

Orion will stay in lunar orbit waiting for the crew to return in a part of the lander called the
ascent module. When all the astronauts are back inside Orion, the spacecraft will break out
of the lunar orbit and head home to Earth, propelled by the main engine of its service
module.
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To make these new launch systems safer and simpler, NASA is using proven
technologies from the Apollo Saturn V and the Space Shuttle programs. Common
propulsion elements between the two systems will reduce operations costs to
promote the long-term investigation of Earth’s cosmic neighborhood and worlds
beyond.

The Ares I includes a first stage evolved from the Shuttle’s reusable solid rocket
booster and an upper stage powered by a J-2X engine, with heritage from the Saturn
V. The Ares I will carry the Orion crew exploration vehicle to Earth orbit.

The Ares V propulsion includes two reusable solid rocket boosters, much like the
booster used in the Ares I’s first stage. It also uses five commercial RS–68 engines
fueled by a 33-foot-diameter tank, close in size to the Saturn V. The Earth departure
stage, which transports the lunar lander and Orion toward the Moon, is powered by
a J-2X engine, the same as that used for the Ares I’s upper stage.
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Information based on a September 25, 2008, industry briefing.

The first crewed flight of the Orion spacecraft aboard an Ares I rocket is scheduled for no
later than 2015, when it will fly to the International Space Station. Altair's first landing on
the moon with an astronaut crew is planned for no later than 2020.
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NASA has engaged its workforce to enable the safe and reliable transport of humans
to the International Space Station, moon and Mars.

The International Space Station (ISS) is the largest and most complicated spacecraft
ever built. It is allowing NASA to conduct scientific research to improve life on
Earth and to prepare for long-duration space flights to the moon and other
destinations.
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The main components are:

1. The launch abort system
2. The crew exploration vehicle (Orion)
3. The service module
4. The jettison panels
5. The spacecraft adapter
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KEY POINTS:
Constellation Program work is distributed across the country.
This chart shows areas of responsibility at the 10 NASA centers.
Contractors have facilities at many other locations that also support
Constellation.
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Orion will be similar in shape to the Apollo spacecraft, but larger, with 2–1/2 times
the volume of the Apollo capsule.
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Crew Module couch area exposed

Diameter –16.5 ft. (5 m)
Pressurized volume (total) – 690.6 ft3
Habitable volume (net) – 316 ft3
Propellant – hydrazine
Oxygen/nitrogen/water – 51.2 lbs
Landing weight – 18,345 lbs
Can be reused up to 10 flights
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Orion will use 5.5m (18ft) in diameter radial UltraFlex solar arrays. Recent tests
validated the UltraFlex array's acceleration capability, up to 2.7g, required for
Orion's lunar missions. Smaller-scale arrays are powering NASA's Phoenix Lander
that is on Mars.
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The NASA Glenn Research Center operates the Plum Brook Station—a vast
complex over 10 square miles near Sandusky, Ohio. Plum Brook Station is home of
the SPF which houses the world’s largest space environment simulation chamber.

The chamber's wide-ranging capabilities have been extensively used to test launch
vehicle payload fairings, orbital hardware including International Space Station
systems, and planetary landing systems like the Mars Pathfinder and the Mars
Exploration Rovers' airbag systems. SPF will serve as the primary location for
Integrated Environmental Testing (IET) of the Orion Crew Exploration Vehicle
(CEV) Ground Test Article and Qualification vehicle. SPF's unique capabilities will
permit complete environmental testing of the Orion CEV in a single facility at a
single location.

This “one-stop shopping” capability reduces project risk by eliminating the need to
ship the vehicle to different locations to complete the gamut of testing required for
design and production necessary for human space flight. For more information go to
exploration.nasa. gov.
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Last October, a $50 million renovation project began at Plum Brook, home of the
world’s largest thermal vacuum chamber. The upgrade to the two separate vibration
chambers–– The Reverberant Acoustic Test Facility (RATF) and the Mechanical
Vibration Facility (MVF) –– will support vibration and acoustic testing of the
Orion Crew Exploration Vehicle, exposing it to the shakes, rattles and rolls of a
spaceflight.
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• Propulsion system burns can be initiated in one–third of the time budgeted for Apollo.
• Abort landings can be better controlled, with free–fall time being a key parameter.
• Test Designation – 57AS
• 7.5% model/3 configurations
• Tested in GRC 8X6 aero-acoustic tunnel
• 100 Pressure Sensors on Model
• 57AS confirms the same quiet levels for ALAS 11-rev3 for both nominal ascent and

unpowered abort situation
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For missions to the moon, Orion will dock with a lunar landing module and Earth
departure stage in low Earth orbit. The Earth departure stage will propel Orion and
the module to the moon. Once they have reached the moon’s orbit, astronauts will
use the lunar landing craft to travel to the moon’s surface. Orion will stay in the
lunar orbit awaiting return of the crew. The astronauts will return to the orbiting
Orion using a lunar surface ascent module. When the crew has reunited with the
Orion spacecraft, the service module main engine will provide the power that Orion
needs to break out of the lunar orbit and return to Earth.
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Descent module
Propulsion for LOI and powered descent
Power during lunar transit, descent, and surface ops
Platform for lunar landing/liftoff of ascent module

Ascent module
Propulsion for ascent from lunar surface
Habitable volume for four during descent, surface, and ascent operations
Contains cockpit and majority of avionics

Airlock
Accommodates 2 astronauts per ingress/egress
Connected to ascent module via short tunnel
Remains with descent module on lunar surface
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Altair will be capable of landing four astronauts on the moon, providing life support
and a base for weeklong initial surface exploration missions, and returning the crew
to the Orion spacecraft that will bring them home to Earth. Altair will launch aboard
an Ares V rocket into low Earth orbit, where it will rendezvous with the Orion crew
vehicle.
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NASA's Lunar Reconnaissance Orbiter, or LRO, is scheduled to launch April 24
aboard an Atlas V rocket. The orbiter will carry seven instruments to provide
scientists with detailed maps of the lunar surface and enhance our understanding of
the moon's topography, lighting conditions, mineralogical composition and natural
resources. Information gleaned from LRO will be used to select safe landing sites,
determine locations for future lunar outposts and help to mitigate radiation dangers
to astronauts.

Note: Apollo was equatorial and “front-side” only.
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Accompanying the Lunar Reconnaissance Orbiter will be the Lunar Crater
Observation and Sensing Satellite, a mission that will impact the moon's surface in
its search for water ice. Right now the Shackelton Crater at the South Pole, the
largest basin in the solar system, is being targeted for possible water. It is also in
almost constant sunlight. The Shackelton crater lies entirely within the rim of the
immense South Pole–Aitken basin, which is the largest known impact formation in
the Solar system.
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Recently, two NASA instruments traveled to the moon to begin a two–year mission
of mapping the lunar surface. The Moon Mineralogy Mapped will assess mineral
resources, and the Miniature Synthetic Aperture Radar, or Mini-SAR, will map the
polar regions and look for ice deposits. Data from the two instruments will
contribute to NASA's increased understanding of the lunar environment as it
implements the nation's space exploration policy, which calls for robotic and human
missions to the moon.

The Moon Mineralogy Mapped is a state-of-the-art imaging spectrometer that will
provide the first map of the entire lunar surface at high spatial and spectral
resolution, revealing the minerals that make up the moon's surface. Scientists will
use this information to answer questions about the moon's origin and geological
development, as well as the evolution of terrestrial planets in the early solar system.
The map also may be used by astronauts to locate resources, possibly including
water, that can support exploration of the moon and beyond.

The Mini-SAR data will be used to determine the location and distribution of water
ice deposits on the moon. Data from the instrument will help scientists learn about
the history and nature of objects hitting the moon, and the processes that throw
material from the outer solar system into the inner planets.
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It is planned that one day Mars-bound vehicles will be assembled in low-Earth orbit.
Orion will be the Earth entry vehicle for lunar and Mars returns.
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For more information go to:

www.nasa.gov
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FUNDAMENTAL AERONAUTICS PROGRAM

Ajay Misra
National Aeronautics and Space Administration

Headquarters
Washington, DC
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OVERVIEW OF NASA GLENN SEAL PROJECT

Bruce M. Steinetz, Patrick H. Dunlap, Jr., Margaret Proctor, Irebert Delgado,
Joshua Finkbeiner, Henry deGroh, and Frank Ritzert

National Aeronautics and Space Administration
Glenn Research Center

Cleveland, Ohio

Christopher Daniels
The University of Akron

Akron, Ohio

Jeff DeMange and Shawn Taylor
University of Toledo

Toledo, Ohio

Janice Wasowski and Ian Smith
The University of Akron

Akron, Ohio

Nicholas Penney
Ohio Aerospace Institute

Brook Park, Ohio

Nicholas Garafolo
The University of Akron

Akron, Ohio

NASA Glenn hosted the Seals/Secondary Air System Workshop on November 18,
2008. At this workshop NASA and our industry and university partners shared their
respective seal technology developments. We use these workshops as a technical
forum to exchange recent advancements and “lessons-learned” in advancing seal
technology and solving problems of common interest. As in the past we are
publishing the presentations from this workshop in a conference proceedings.
Those papers that are publicly available will also be made available on-line through
the web page addresses listed at the end of this presentation.
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The first day of presentations included overviews of current NASA programs. Mr. Baumeister
reviewed the goals and objectives of NASA’s Orion and Altair projects to develop the new
Crew Exploration Vehicle that is planned to replace the Shuttle and allow missions to the
International Space Station, and to the Moon. Dr. Ajay Misra presented NASA’s fundamental
aeronautics project that is developing advanced technologies for subsonic rotary and fixed wing
aircraft, supersonic and hypersonic aircraft.

Dr. Steinetz presented an overview of NASA seal developments for both NASA’s aeronautic
and space projects. Mr. Hendricks presented exciting work that GRC and other researchers are
performing to develop alternate aviation fuel sources. Though improved sealing technology
can play a role in reducing fuel burn by improving engine efficiency (Steinetz, Hendricks,
Munson 1998), there is a need to start addressing alternate energy sources to help ward-off a
future aviation energy crisis. Mr. Hendricks reviewed sustainable alternate aviation fuels under
development.

Mr. Munson presented an overview of exciting foil face seal development to significantly
reduce leakage flows in a turbine engine. This seal combines foil thrust bearing technology
with face seal architecture. The foil bearing/seal needs only to support itself axially and
accommodates out-of-flat distortion; the secondary seal accommodates axial excursion and
some angular misalignment. Ms. Proctor presented work underway at NASA GRC on a new
finger seal showing promise of non-contacting operation. Dr. Lattime shared efforts at Timken
developing low torque seals for their product line.
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Mr. Ruggiero of GE Global Research reviewed their current progress in applying
non-metallic fiber brush seals (see also Ruggiero et al, 2007 and 2008) to turbine
applications. Dr. Chupp presented an overview of a DOE project called the IGCC/H2 gas
turbine.

There were also several presentations describing structural seal developments underway.
Mr. Dunlap presented GRC’s efforts in developing seals for the Low Impact Docking
System (LIDS) project. LIDS is the Agency’s new standard for docking systems. Mr.
Yetter, Parker Composite Sealing Systems, presented design and analyses of their GaskO
molded elastomer seals, a prime candidate for the LIDS docking seal. On the high
temperature front, Mr. DeMange presented GRC’s efforts in developing the sealing system
for the Orion Crew Exploration Vehicle Heat Shield. Mr. Newman presented Parker’s work
in developing high temperature spring preloaders and seals for ultrahigh temperature service
(1600-1700°F).

Participants were also treated to a tour of NASA 	 ’GRCs extensive seal test facilities.
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NASA Glenn is the lead center for developing advanced seal technology to meet the
challenges of NASA’s future aero and space missions. Dr. Steinetz’s presentation reviews a
portion of the Seal Team’s extensive efforts, as outlined on the next chart.
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Dr. Steinetz’s presentation is divided into these major discussion areas.
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As NASA pursues research in Fundamental Aeronautics, advanced seal development is
important. A key area that NASA Glenn is pursuing includes non-contacting shaft seals to
reduce leakage enabling lower specific fuel consumption and emissions and increase engine
service lives. Members of the Turbomachinery Seal are shown.
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As NASA pursues the Vision for Space Exploration, advanced seal development is critical.
Four key areas that NASA Glenn is contributing to include the following:
+ Docking seals are being developed to ensure that vehicles can dock and prevent leakage of
limited astronaut cabin pressure air.

+ Re-entry vehicle heat shield and penetration thermal barriers/seals are being pursued to
ensure hot plasma re-entry gases do not compromise the function of the thermal protection
system, including for the CEV vehicle.

+ Though currently a relatively small area, technologies for dust resistant, surface operation
seals are being investigated for: robotic experimental payloads, space suits, airlocks, quick
disconnects, and the like. Dust resistant seals exhibiting low-leakage, and long life are
essential to ensure long-term mission success.

+ Hypersonic vehicle and propulsion system thermal barriers/seals are being developed to
enable future single-stage and two-stage access-to-space options.

The Structural Seal Team is divided into four primary areas. The principal investigators and
supporting researchers for each of the areas are shown in the slide.
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Designers of future turbine engine seals face ever increasing challenges (Steinetz,
Hendricks, Munson 1998), including high temperature, high speed operation, the need to
operate for long lives with little or no wear while minimizing heat generation. One of NASA
GRC’s turbine engine seal goals is to develop non-contacting seal designs that incorporate
hydrostatic and/or hydrodynamic lift geometries. Seals under development will be
fabricated and tested in NASA GRC’s high temperature, high speed seal rig to assess their
performance under engine simulated conditions.

NASA/CP—2009-215677	 65



An important objective of the turbine seal development project is to verify and refine design
methodology for non-contacting finger and brush seals for subsonic engine applications
using experimental data and analysis.

The Seal Team also completed low speed spin tests of NASA baseline non-contacting finger
seal shown in the figure, and explained further in the next chart. (See also Proctor and
Delgado, 2008) The seal team also predicted the leakage flow rate using a simple model of
the flow paths through the baseline non-contacting finger seal and found reasonably good
comparison to preliminary test results.
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Conventional finger seals like brush seals attain low leakage by operating in running contact
with the rotor (Proctor, et al, 2002). The drawbacks of contacting seals include wear over
time, heat generation, and power loss.

NASA Glenn has developed several concepts for a non-contacting finger seal. In one of
these concepts the rear (low-pressure, downstream) fingers have lift pads (see lower right
figure) and the upstream (high pressure side) fingers are pad-less, and are designed to block
the flow through the slots of the downstream fingers. The pressure-balance on the
downstream-finger lift-pads cause them to lift. The front fingers are designed to ride
slightly above the rotor preventing wear. Pressure acts to hold the upstream fingers against
the downstream fingers. It is anticipated that the upstream/downstream fingers will move
radially as a system in response to shaft transients. Though a small pin-hole leakage path
exists between the inner diameter of the upstream fingers, the rotor, and the downstream
fingers, this small pin-hole doesn’t cause a large flow penalty especially considering the
anticipated non-contacting benefits of the overall approach.

A non-contacting finger seal based on the GRC patent (US Patent No.: 6,811,154 ) has been
fabricated (see upper right figure) and the static leakage has been tested in GRC’s turbine
seal test rig. The seal was tested against a rotor that has a herringbone lift geometry that is
fashioned onto the rotor surface using a Electro Discharge Machining process.
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The Orion spacecraft has many sealing locations as illustrated in the chart. Three areas that
GRC is actively supporting include the Low Impact Docking System (LIDS), Heat Shield-
to-Back Shell Interface Seal System, and the Compression Pads between Orion Crew
Module and Service Module (not shown). The first two locations will be described at length
by Dunlap and DeMange later in this proceedings.

NASA/CP—2009-215677	 69



NASA/CP—2009-215677	 70



In preparation for the Exploration Initiative, NASA has identified the need for a standard
docking system to allow easy docking between space faring vehicles and platforms orbiting
either Earth (e.g. the Space Station) the Moon or Mars. NASA is developing a Low Impact
Docking System (LIDS) that has several important features:

+ Using a soft capture system, minimal loads will be imparted between systems minimizing
potential for damage.

+ Using sophisticated control laws, the system will support autonomous (e.g. computer
controlled) docking between mating spacecraft.

As illustrated in the figure, a large diameter, low leakage face seal is required on the top of
the docking flange that seals during final “hard capture.”
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As indicated in the accompanying chart, challenges posed by this new system include:

Extremely high reliability: for man rating

Relative large diameter 54-58”

Extremely low leakage rates: <0.0025 lbm/day

Docking Temperatures: -50°C to +75°C and thermal gradients
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NASA Johnson requested the GRC Seal Team to assist in assessing and developing
candidate seal technology for the LIDS system

The following elements are planned during the development project:

+ Perform coupon-level and small-scale environmental exposure and flow tests of candidate
sub-scale seals to determine space environments effects on different seal compounds.

+ Down-select between competing concepts and materials based on requirements

+ Perform full-scale flow tests using the full-scale non-actuated test rig (lower left image) at
both warm and cold conditions. For additional detail see Dunlap et al 2007, & 2009 and
Wasowski et al 2009.

+ Perform full scale adhesion and compression tests using the full-scale actuated rig being
assembled (lower right image) at both warm and cold conditions. (See next chart for
additional details.)

+ Support JSC through flight qualification for CEV and other applications
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The Seal Team has fabricated through vendor Instron, a new large load frame that will allow
us to assess the effects of simulated docking on seal performance under operating
conditions. A large load frame measuring approximately 19’ high by 8’ wide by 5’ deep is
in final assembly stages that will accommodate full scale face-seal hardware between the
upper and lower platens. The movable upper platen will allow us to simulate the two
vehicles approaching one another. After compressed or “docked”, seal tests will commence
with seal hardware similar to the “non-actuated” rig discussed previously. Load cells below
the lower platen will allow measurement of compression loads at sealing (up to 100,000 lbs
of force) and adhesion forces during simulated un-docking.

This test rig will allow us to measure:
Compression load: confirm within latch limits
Seal adhesion load: confirm within “push-off” limits
Leakage rates: confirm within allowable over operating temperature limits.
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The sheer size of the new load frame required a creative delivery approach as it would not
easily fit through the front garage door. The Space Exploration Seal System Lab’s roof
hatch is removable allowing riggers to lower it through the roof as shown in this still frame
from the movie shown during the workshop.

NASA/CP—2009-215677	 75



NASA/CP—2009-215677	 76



Because the LIDS seal on Orion and the mating flange on ISS will not be covered, the Seal
Team is assessing the threat of Micro Meteoroid and Orbital Debris (MMOD) strikes to the
sealing surfaces while on-orbit. The overall objective of this work can be summarized as
follows:

Objectives:

Define critical MMOD particle parameters that cause unacceptable seal leakage change
Particle density
Kinetic energy
Incident angle

Determine probability that seals or flange surfaces would be hit by such a particle
Evaluate impact-response of design parameters

Bulb width
Silicone compound
Temperature
Aluminum surface treatment: bare, anodized, electroless nickel

Develop a methodology based on empirical findings to assess different candidate seal
designs relative to project defined seal risk allotment

More information on the methods can be found in DeGroh et al (2009) and DeGroh and
Steinetz (2009)
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The Orion spacecraft is being designed to ferry astronauts either to the International Space Station or
to the Moon. Upon return and during final stages of the mission, the Crew Module separates from
the Service module and prepares to re-enter the Earth’s atmosphere during which time extensive
aeroheating occurs requiring a robust thermal protection system (TPS) and corresponding seals.
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NASA GRC is developing a high temperature sealing system to block the high temperature
re-entry gases from penetrating the interface between the ablative heat shield and the back-
shell covered with Shuttle tile.
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Orion uses an ablative heat shield to protect the spacecraft and crew from the intense
aeroheating generated during a return from both Low Earth Orbit and Lunar missions. A
seal system is being designed to prevent ingress of high temperature re-entry gases at the
interface between the heat shield and back shell. The proposed seal system consists of an
outer hybrid thermal barrier and an inner gasket seal. The hybrid thermal barrier is a
compliant high temperature barrier that can accommodate gap changes between the heat
shield and back shell. The inner seal comprises a bolted flange connection with a silicone
gasket.
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GRC is pursuing the following basic approach for the CEV Heat Shield Seal
Development:

• Identify candidate seal designs to evaluate: gap fillers, thermal barriers, and
pressure seals

• Perform supporting aerodynamic and thermal analyses

• Perform critical function performance tests (compression, flow) under simulated
environmental conditions

• Perform arc jet tests on full sealing system to evaluate seal performance and
validate design

• Recommend final seal design to CEV prime contractor, Lockheed-Martin
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To evaluate the robustness of the sealing system in a simulated re-entry heating
environment, we are designing a new arc jet test fixture. A solid model of test fixture is
shown in the right hand image. The modular test fixture will allow us to accomplish the
following:

Test of different gap and step configurations and simulate different gap flow angles on CEV
moving circumferentially around vehicle from Windward to Leeward sides.

Allows test of different material candidates

Heat Shield: PICA (standard or densified) or AVCOAT

Back Shell (e.g. AETB-8)

Allows test of main seal system elements:

Hybrid Thermal Barrier

Gasket Seal
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NASA is currently performing research on advanced technologies that could greatly
increase the reusability, safety, and performance of future hypersonic vehicles. Research
work is being performed on both high specific-impulse ram/scramjet engines and advanced
re-entry vehicles.

NASA GRC is developing advanced structural seals for both propulsion and vehicle needs
by applying advanced design concepts made from emerging high temperature materials and
testing them in advanced test rigs that are under development. See Dunlap 2006, 2005,
2004, and 2003, et al; and DeMange 2006 and 2003, et al; for further details.
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NASA GRC is developing high temperature seals and preloading techniques to help meet
the challenges posed by future re-entry and hypersonic vehicle control-surfaces. These seals
must limit hot gas ingestion and leakage through sealed gaps to prevent damage of low-
temperature structures (including actuators) downstream of the seal. Gas temperatures that
reach the seal can be >2200°F. The seals must be able to withstand these extreme
temperatures and remain resilient for multiple heating cycles.

To confront these higher temperatures, NASA Glenn has a small internal effort aimed at
identifying alloys that can maintain adequate yield strengths at temperature. Some of the
alloys being considered include advanced cast blade alloys (e.g. MARM-247) for
temperatures 1600°F, and refractory alloys (TZM and W25ReHfC) for temperatures
2000°F. Representative material strengths are shown in the lower right hand figure.
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As part of this effort, GRC is examining effects of moderate term exposures (e.g. up to 100
hrs) on retained room temperature strength to see if any of the listed alloys would be
suitable.

Refractory wires such as TZM and W25ReHfC are very strong at temperature but require an
oxidation resistant coating to survive the environment. Frank Ritzert of GRC is examining
several different approaches to apply platinum to protect the underlying base wire materials
from oxidation, including electro-deposition, chemical vapor deposition (CVD), and co-
extrusion.
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NASA Glenn is currently performing seal research supporting both advanced turbine engine
development and advanced space vehicle/propulsion system development. Studies have
shown that decreasing parasitic leakage by applying advanced seals will increase turbine
engine performance and decrease operating costs.

Studies have also shown that higher temperature, long life seals are critical in meeting next
generation space vehicle and propulsion system goals in the areas of performance,
reusability, safety, and cost.

Advanced docking system seals need to be very robust resisting space environmental effects
while exhibiting very low leakage and low compression and adhesion forces.

NASA Glenn is developing seal technology and providing technical consultation for the
’Agencys key aero- and space technology development programs.
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The Seal Team maintains several web pages to disseminate publicly available information in
the areas of turbine engine and structural seal development. Please visit these web sites to
obtain past workshop proceedings and copies of NASA technical papers and patents.
Readers may also want to browse the Tribology and Mechanical Components Branch Web
Page that will link to the Seal web pages and other work being done in the Branch.

NASA/CP—2009-215677	 88



NASA/CP—2009-215677	 89



NASA/CP—2009-215677	 90



SYNTHETIC AND BIOMASS ALTERNATE FUELING IN AVIATION

Robert Hendricks
National Aeronautics and Space Administration

Glenn Research Center
Cleveland, Ohio

Dennis Bushnell
National Aeronautics and Space Administration

Langley Research Center
Hampton, Virginia
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FOIL FACE SEAL TESTING

John Munson
Rolls-Royce

Indianapolis, Indiana
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In the seal literature you can find many attempts by various researchers to adapt film
riding seals to the gas turbine engine. None have been successful, potential
distortion of the sealing faces is the primary reason. There is a film riding device
that does accommodate distortion and is in service in aircraft applications, namely
the foil bearing. More specifically a foil thrust bearing. These are not intended to be
seals, and they do not accommodate large axial movement between shaft & static
structure.

By combining the 2 a unique type of face seal has been created. It functions like a
normal face seal. The foil thrust bearing replaces the normal primary sealing
surface. The compliance of the foil bearing allows the foils to track distortion of the
mating seal ring.

The foil seal has several perceived advantages over existing hydrodynamic designs,
enumerated in the chart. Materials and design methodology needed for this
application already exist. Also the load capacity requirements for the foil bearing are
low since it only needs to support itself and overcome friction forces at the anti-
rotation keys.

NASA/CP—2009-215677	 132



Lift-off testing was done to establish where would we expect an engine seal to go
from contacting to non-contacting. Extrapolation of the test results indicates that
this should occur between 1500 and 2000 RPM. While this is well below the
engine operating range, it implies that some form of protective coating is required
for the foils.

The seal was tested with up to 3° of coning built into the mating ring. The test
results seem to suggest that the only limit to how much coning the seal can
accommodate is a function of the clearance built into the bump foil. No difference
in operation was noted between coned and non-coned mating ring tests.

We also presented results wherein the static structure was made out-of-flat
circumferentially. The seal easily accommodated 0.009” of distortion. These
results were supplemented with additional testing wherein the rotating sealing
surface was manufactured circumferentially out-of-flat (OOF). The goal 0.008”
OOF requirement was scaled for these tests to preserve the aspect ratio of the
“wave.” A maximum of 0.003” OOF was used for the 3 and 5 wavelength tests.
With 5 waves the OOF is equivalent to 0.009” OOF with a 16” diameter seal. The
seal also accommodated this distortion, although with 5 waves, 0.003” OOF load
capacity was reduced by approximately 30%.
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The proof-of-concept seal was also used to characterize expected seal leakage so
that this seal could be compared with other types of seals, e.g. labyrinth or brush,
used in secondary flow path applications. Tests were run with a variety of axial
loads and differential pressures applied. The tests were conducted at several
different speeds, as well. As the figure indicates, no clear effect of speed on
leakage was observed. A general leakage curve was fitted to the test data. This
curve was used to compare foil seal leakage to other seals. This result is shown in
the figure at top right. At very low differential pressures the seal s all give similar
performance. At higher differential pressures the foil seal is clearly superior.
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In terms of cost versus benefit it has always been clear that there are only certain
engine sealing locations where the foil type face seal is best suited. These are “high-
value” sealing locations within engines such as rotor thrust balance and/or turbine
rim seals. As encouraging as the proof-of-concept testing was, it is a long way from
the small 4.5” OD demo seal to the up to 36” diameter seals that will be required for
the applications under consideration.

As the slide shows, temperatures and speeds tend to be high but differential
pressures modest relative to all other seal industry applications. Some of the
applications under consideration will also need to accommodate large axial
excursions. Radial excursions are also equally large. These have not been shown
because they can be easily accommodated by ensuring the mating ring face is
always large enough so that the primary sealing face stays completely in contact
with the mating ring. For a conventional spiral groove type film riding face seal
these excursions would be more concerning as they would have led to
unsymmetrical lift forces.

Present plans are to test an approximately half size seal. This size was selected
because:

It provides a means to check for effect of size on seal performance

To allow supplier supply chain development for large parts

Test rig size limitations versus the type of testing desired
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The ability to simulate the expected axial excursions while the seal was rotating was
seen as a prime requirement for selection of a test rig. This and the envisioned size
of the test parts determined the selection of the test rig. Stein Seal’s dual shaft rig is
being configured to run the planned test program. Two test seals are used in a face
to face configuration to eliminate the large thrust imbalance load that a single seal
would have imposed on the shaft.

The completed test seals are shown in the small upper right hand figure. The seals
are right and left handed but otherwise identical in design.
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PRELIMINARY TEST RESULTS OF A NON-CONTACTING
FINGER SEAL ON A HERRINGBONE-GROOVED ROTOR

Margaret Proctor and Irebert Delgado
National Aeronautics and Space Administration

Glenn Research Center
Cleveland, Ohio

This is nearly the same presentation I made in July 2008 at the Joint Propulsion Conference
in Hartford, CT. The details of this work can be found in the NASA TM-2008-215475 and
AIAA-2008-4506.

Low leakage, non-contacting finger seals have potential to reduce gas turbine engine
specific fuel consumption by 2 to 3 percent and to reduce direct operating costs by
increasing the time between engine overhauls.

To investigate the potential of the non-contacting finger seal and to provide data to develop
a verified design methodology for it, a baseline non-contacting finger seal was designed and
fabricated. Static tests and initial spin tests have been conducted. The test hardware,
apparatus, procedures as well as the leakage performance, power loss, and wear results will
be presented. Unexpected findings prompted exploratory bind-up tests not typical of
previous test procedures.
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The baseline non-contacting finger seal is a NASA patented design. The primary
difference between it and Gul Aroras’ design patented by AlliedSignal is that there are no
lift pads on the high pressure fingers.

The baseline non-contacting finger seal is comprised of a back plate, aft spacer, aft (or low
pressure) finger element, forward (or high pressure) finger element, forward spacer, and
front plate. The components are held together with 20 flat head screws. A typical seal
would have a back plate of approximately the same thickness as the front plate and would
be riveted together. The thicker back plate allows use of threaded fasteners so that different
finger elements can be tested without having to replace all the individual seal components.
The finger elements are essentially washers made of thin sheet stock with multiple curved
slots machined around the inner diameter to form the fingers. They are clocked so that the
fingers of one cover the slots of the other. The aft finger element fingers have axial
extensions or “lift pads” at the seal id that are concentric to the rotor. The fingers act as
cantilever beams and flex in response to rotor dynamic motion and radial growth of the
rotor due to centrifugal or thermal forces.
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Another difference between the forward and aft fingers elements is that the high pressure
fingers have a larger inner diameter to ensure they don’t touch the rotor due to pressure
blow down effects. Applying a pressure differential across a finger seal generates a suction
force that draws the fingers towards the rotor due to the lower pressure under the finger
pads. It’s possible to reduce the high pressure finger element id to match the low pressure
finger element id if there is sufficient friction between the two elements to keep them
moving together.

The lift pads have a circumferential groove so that low pressure exists at all four edges of
the lift pad.
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The direction of rotation causes pumping towards the center of the groove pattern.
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The High-Temperature, High-Speed Turbine Seal Rig is used to measure seal leakage and
power loss at different speeds, pressure differentials and temperatures.

A torque meter is used to measure the seal torque. Tare torque is measured without a seal
and is subtracted from the torque measured with a seal installed to determine the seal
torque. Seal power loss is simply the seal torque multiplied by the speed. When a pressure
differential is applied across the seal windage on the high pressure side of the test disk and
balance piston increases due to the increased density of the air. Bearing torque is also
increased. The additional windage and bearing torque are approximated and subtracted
from the measured power loss. Hence the seal power loss presented is approximate.

NASA/CP—2009-215677	 143



The seal inlet and exit pressures and temperatures and the seal backface temperature are
measured at three equally spaced locations around the circumference.
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The seal leakage rate is used to compute the flow factor.
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Self explanatory.

The seal bound up the shaft at pressure differentials of 276 KPa (40 psid) and higher.

The shaft was found bound by seal after the repeat static test and rig was cooled down. This
can be explained. The pressure differential used during cool down was 345 KPa, which is
higher than the pressure at which the seal binds the shaft. Since the clearance increases
with temperature and the pressure locked the seal onto the shaft, when the rig cooled down
it trapped the seal in the locked position.
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A simple leakage model was used to predict the seal leakage rate.

The model assumes there are three flow paths through the seal as shown.

The sum of these three areas equals the seal leakage area.

The assumption that the pressure in the balance cavity equals the seal inlet pressure is good
because the flow area of the finger slots at the seal dam is 11 times smaller than the area of
the flow restrictions upstream of it. This means the finger slots control the leakage rate in
that flow path.
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The leakage rate is predicted using the isentropic flow equation.

A discharge coefficient of 0.65, which is typical of orifices, can be applied to account for
inlet and exit losses.

NASA/CP—2009-215677	 148



The maximum flow factor of approximately 17.4 kg-K 1/2/MPa-m-s occurred at
approximately 428 kPa across the seal. The data show little hysteresis after the first cycle
of increasing pressure differential.
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The seal exhibits more hysteresis than at room temperature.

The maximum flow factor occurred at 283 kPa and was 22.7 kg-K 1/2/MPa-m-s.

This higher flow factor can be attributed to an increase in radial clearance due to the
difference in the coefficients of thermal expansion for the seal and rotor materials. At room
temperature the radial clearance is 25.4 µm. Assuming that both the seal and rotor are at
533 K the radial clearance increases to 48.3 µm, nearly double the build clearance.
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This is the initial static leakage performance at 700 K. At this temperature the radial
clearance grows to 61 µm. The maximum flow factor occurred at 283 kPa and is 24.5 kg-
K1/2/MPa-m-s.

NASA/CP—2009-215677	 151



This is the static leakage performance in the Bind-Up test part 1.

The inlet air temperature steadily increased from 320 to 344 K due to residual heat in the
insulated piping between the air heater and test rig.

The maximum flow factor of 13.8 kg-K 1/2/MPa-m-s at 421 kPa is less than the initial static
test.

Recall that the shaft is turned by hand at 0 kPa between each data point.

Rotation assists in moving the seal into its optimum position.
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In part 2 of the Bind-Up test the inlet air temperature was 342 to 345 K.

The maximum flow factor was 9.77 kg-K 1/2/MPa-m-s at 585 kPa and is lower than the flow
factor in part 1 of the bind-up test. Recall that in part 2 of the bind-up test that the shaft is
rotated by hand at every pressure differential test point up to 276 kPa. This result further
demonstrates the importance of shaft rotation to obtaining the optimum seal position.
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Self-explanatory.

Unlike the initial static test at 300 K, there is quite a bit of hysteresis.

In all cycles the flow factor is lower for decreasing pressure differential than for increasing
differential.

Since there are no temperature changes, the hysteresis is most likely due to internal friction
forces within the seal. As pressure differential increases, the fingers toward the rotor due to
the pressure blow down effect. It is surmised that friction forces hold the fingers at the
smaller clearance as pressure differential decreases resulting in a lower flow factor.
Reducing the pressure differential to zero releases the fingers.

The repeat static tests at 533 and 700K had similar hysteresis and 10 to 20 percent lower
maximum flow factors than the initial static tests.
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This is the leakage performance of the non-contacting finger seal just prior to and during the
second spin test at 5000 rpm.

Predicted flow factors are in reasonable agreement with the data.

Hysteresis is present in both the static and second spin test data.

The flow factor with shaft rotation at 5000 rpm is substantially less than the static flow
factor; approximately half at 241 kPa where it begins to level out.

The measured flow factor at 241 kPa was 5.2 kg-a-m-s.K1/2/MP 	 This is less than on third of
the measured flow factor of a straight four-tooth labyrinth seal and les than on half the flow
factor of a contacting brush seal at static conditions previously reported.

The measured flow factor for this non-contacting finger seal is similar to that measured for
a contacting finger seal at 186 m/s 700 K, and 276 kPa of 3 to 6 kg-K 1/2/MPa-m-s.
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Power loss at 5000 rpm and 300 K increases as a function of pressure drop across the seal.

The maximum power loss at 5000 rpm is approximately 0.4 kW at 247 kPa.

The seal exhibits some hysteresis. Seal power loss for decreasing pressure differentials is
approximately 30 percent less than for increasing pressure differentials.

The hysteresis in power loss corresponds to the hysteresis in flow factor data.

This makes sense since lower flow factors indicate smaller clearances. Power loss
decreases as radial clearance decreases.

Although a direct comparison can not yet be made, it is observed that the non-contacting
seal power loss is of the same order of magnitude as that for the contacting brush and finger
seals.
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Self explanatory.
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Self explanatory.
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LOW-TORQUE SEAL DEVELOPMENT

Scott Lattime and Richard Borowski
The Timken Co.

Canton, Ohio
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Major products and services include: Friction Management Bearings, surface
engineering, lubricant and seal development; Power Transmission and Electronic
Controls – innovative gear assemblies (flex-pin), electric drive motors, sensor
products; Steel - specialty steels and precision steel components, Aerospace
components and services (brgs, helicopter transmissions and rotorhead assemblies;
Bearing maintenance tools, Condition monitoring systems and services,
Engineering and technical services, Repair and refurbishing services
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Test were performed with 20W-50 oil at 750 rpm over 24 hr.
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Accelerated Life test: 34,400 lb, 60 mph, 250,000 mi
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AN OVERVIEW OF NON-METALLIC BRUSH SEAL TECHNOLOGY

Eric J. Ruggiero
GE Global Research

Niskayuna, New York

Abstract: Non-metallic brush seals are ultra-low flow sealing elements ideal for low
pressure differentials (<30 psid) and low temperature (typically <300 degF)
applications. The compliant bristle pack of a non-metallic brush seal is advantageous in
terms of sealing capability during transients. However, if not designed properly, the
bristle pack compliance can be detrimental to the performance of the seal. GE GLobal
Research has investigated the stiffness and heat generation properties of non-metallic
brush seals made from Kevlar and Carbon Fiber. The presentation will review the
progress made on the design points of the seals, as well as highlight some current
commercial applications of the technology.

--Eric J. Ruggiero, Ph.D. GE Global Research One Research Circle (K1 -3B 17)
Niskayuna, New York 12309 (518)-387-4279 ruggiero@research.ge.com
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GE Oil & Gas was not the primary business driver in the initial development of non-
metallic brush seals. However, GE O&G was the first to heavily invest in the
technology development to ensure a robust seal design.

, 01 [maginafionatwor,k
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Early 2007 field trial had high leakage. RCA following the field trial failure
revealed that the bristle pack was poorly designed—it was too sotf from a stiffness
perspective. The assembly process of getting the seals onto the rotor was never
simulated in the subscale testing, thus never identified as a potential issue prior to
field testing.
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There are two main factors that affect bristle pack recoverability: blow-down and
spring-back. The focus of this research is on spring-back, as it is a property inherent
to the seal design and not a function of differential pressure.
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Spring-back test setup at GE GR in Niskayuna, NY.
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Identified design changes to improve the stiffness of the bristle pack led to a
successful second attempt both in the subscale and in a field trial.
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Heat generation testing setup at GE GR, Niskayuna, NY.
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Seal designs were similar for both carbon and kevlar fiber.
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Wear testing setup at GE GR in Niskayuna, NY.
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This table compares the identified property in the leftmost column between both the
kevlar and carbon seal designs. Since it is comparing just these two seals, each row
compares the stated property, where one seal is usually identified as being better or worse
than the other.
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UPDATE ON DOE ADVANCED IGCC/H2 GAS TURBINE

Ray Chupp
GE Energy

Greenville, South Carolina
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OVERVIEW OF LIDS DOCKING SEALS DEVELOPMENT

Patrick Dunlap and Bruce Steinetz
National Aeronautics and Space Administration

Glenn Research Center
Cleveland, Ohio

Christopher Daniels
University of Akron

Akron, Ohio
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National Aeronautics and Space Administration

NASA GRC LIDS Seal Development Team

• Research staff:
– Dr. Chris Daniels
– Henry deGroh

– Pat Dunlap
– Nicholas Garafolo
– Jay Oswald
– Nicholas Penney
– Ian Smith
– Dr. Bruce Steinetz

– Janice Wasowski
– Marta Bastrzyk (Summer student)

– Mason Conrad (GSRP student)
– Sara Kline (U. of Akron co-op)

• Design & analysis staff:
– Joe Assion
– Gary Drlik
– Art Erker
– Mike Hoychick
– Lawrence Kren
– Malcolm Robbie
– Ron Storozuk

• Technicians & support
staff:
– Erhard Hartman
– Mike Hurrell
– Dick Tashjian
– Joe Wisniewski
– Dr. Bruce Banks
– Sharon Miller
– Deborah Waters

www.nasa.gov 2

National Aeronautics and Space Administration

LIDS Main Interface Seal Location

www.nasa.gov 3

NASA/CP—2009-215677	 224



National Aeronautics and Space Administration

LIDS Hard Capture Latch Mechanism Compresses Seals
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National Aeronautics and Space Administration

Top Level Seal Requirements

• Extremely low leak rates (:50.0025 lbm/day) at 14.8 psia
to minimize overall LIDS leakage

• Temperature ranges:
– Operating: -30°C to +50°C (-22 °F to +122 °F)
– Non-operating: -70°C to +100°C (-94 °F to +212 °F)
– Ranges subject to change as additional thermal analyses and

tests are performed

• Max com pression loads: 140 lbf/in. (70 lbf/in. per seal
bulb)

• Max load to se parate seals during undocking: 300 lbf

www.nasa.gov 5
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National Aeronautics and Space Administration

Top Level Seal Requirements (cont.)

• Long mating periods (216 days) and repeated
docking

• Withstand exposure to space environments (e.g.,
atomic oxygen (AO), UV radiation, micro-meteoroids
and orbital debris (MMOD)) without excessive
damage or loss of sealing ability

• Include redundant sealing features (i.e., two seals or
two seal beads) and provisions to verify each seal
prior to launch

• Materials must meet low outgassing requirements of
total mass loss (TML) <1% and collected volatile
condensable materials (CVCM) <0.10% using ASTM
E595

National Aeronautics and Space Administration

LIDS Main Interface Seals

www.nasa.gov 6

^.a

Metal retainer

ra	 i r'

• Leading candidate is Gask-O-SealTM
design (Parker Hannifin)
– Used on Common Berthing

Mechanism (CBM) & other locations
on ISS

– S0383-70 silicone elastomer bulbs
vacuum molded into 6061-T651
aluminum retainer

– Dual bulbs on top & bottom of retainer
– May include ladder features to create

multiple zones between inner and
outer seals for added reliability

• Dimensions:
– EDU 58 (Engineering Demonstration

Unit) & flight units:
• ~58 in. outer diameter
• ~1.5 in. face width
• 0.300 in. retainer thickness

– EDU 54 (early LIDS prototype):
• 54 in. outer diameter
• 1.125 in. face width
• 0.200 in. retainer thickness

Fastener location

Front seals

Back seals
Cross section through Gask-O-Seal

Ladder feature
between inner
and outer seal

—^	 ^•'e. bulbs

www.nasa.gov 7
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National Aeronautics and Space Administration

Small-Scale Seal Testing

AO/UV/Ionizing Radiation Exposure:	 Small-Scale Leak Tests:
Assess effects of space environment exposure on seal 	 Assess seal leakage before and after
performance (flow, adhesion, compression set, etc.) 	 environmental exposure (AO, UV, MMOD)

Small-Scale Adhesion Tests:
Assess effects of environmental exposure; evaluate
mitigation techniques on seal adhesion

Small-Scale Com pression Set Tests:
Assess effects of thermal and environmental
exposures on seal compression set (loss of

www.nasa.gov 9
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National Aeronautics and Space Administration

Seal Elastomer Selection
Parker
S0383.70

Parker
S0899.50

Esterline.
Kirkdhill E
SA.401

Adhesion
As-Received 2 1 3
AO Exposed 2 1 3

AO+UV 3 3 3
Particle Radiation 2 1 3

Compression Set
As-Received 2 3 1

-50oC 2 1 3
25oC 1 2 3
50oC 2 1 3

125oC 1 2 3
AO Exposed 2 3 1

AO+UV 3 2 1
Particle Radiation 0 0 0

Leakage Rate
As-Received 3 2 1
AO Exposed

AO+ UV
3
3

1
1

2
2

Partic le Radiation 3 1 2

Total 34 25 34

• Evaluated three elastomer materials for seals:
– Parker S0383-70
– Parker S0899-50
– Esterline-Kirkhill ELA-SA-401

• 	 Based on small-scale seal testing after space environment exposures:
– Selected Parker S0383-70 as baseline material for Gask-O-Seal design
– Pursuing ELA-SA-401 material with alternate seal design in parallel for risk reduction

w	 .nasa.gov 10
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Medium-Scale Compression and Adhesion Tests

• Objective:
– Measure compression and adhesion loads

for various:
• Seal designs
• Temperatures
• Mating conditions

– Seal-on-plate vs. seal-on-seal

– Standoff

– Misalignment

• Pre-treat conditions (w. & w/o AO pre-treat)

• Key findings to-date:
– Compressive loads for EDU 54 seal design

fall below load threshold across operating
temperature range

• Future plans:
– Complete compression and adhesion tests

on candidate designs for Gen 1 EDU 58
seals

– Fleet leader experiment
• Evaluate seal leakage, adhesion, and

compression set after compression under
vacuum for 210 days

^n rl
Test seal:

12 in. diam. Z

Limit

www.nasa.gov 12

National Aeronautics and Space Administration

AO Pre-Treatment to Reduce Seal Adhesion 
r

-_JFjr-.	 2.0
0	 o Modified CBM Cross-section

1.8	 nn^ EDU54 Cross-section

Sub-scale seal 	 1.6

t	 T and witness	 1.4

	

specimens 	 1.2

1.0

`r
I

•^ I ' 	 t "	 s 0.8	 Requirement
v• r	 e	 o.e..... ............................................

8 0.6

R
& 0.4

C-	
0.2

AO pre-treatment of sub-scale seals in 	 0.0
0 	 5

GRC Tank 9 facility. Red color: AO plasma	 ADP

^	 a 1W.10.o^

reatment
(atoms - cm- 2 )

	

• Requirement: Seal separation force during 	 Seal-on-plate adhesion for 12-in. seals
undocking is to be <300 lbf (0.8 lbf/in. elastomer)	 (70 hr contact period)

• Potential issue:
– As-received silicone seals exhibit high levels of adhesion
– If left untreated seals could adhere excessively to mating surfaces

• Solution:
– GRC developed technique to pre-treat seals with moderate fluence levels of atomic oxygen (AO)

• Reduces seal adhesion to acceptable level via formation of thin SiO x layer on surface
• Has negligible influence on leak rates

www.nasa.gov 13
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National Aeronautics and Space Administration

Full-Scale Seal Testing
• Objective:

– Evaluate performance of candidate full-scale
seals under anticipated operating conditions

• Approach:
– Non-actuated test rig measures seal leak

rates
– Actuated test rig measures seal leak rates

and loads

• Capabilities:
– Seal-on-plate (primary) and seal-on-seal

configurations
– Seals of various designs and sizes:

• Diameters: 52 to 60 in.
• Various seal widths and thicknesses

– Temperatures: -50 to +50°C (-58 to +122°F)
– Pressure differentials across seals for:

• Operating conditions in space
• Pre-flight checkout conditions on ground

– Aligned vs. misaligned conditions
– Seal compressive & adhesive loads during

docking & undocking (actuated rig only)

Locations of
test seals

Full-scale actuated LIDS seal test rig
www.nasa.gov 14

National Aeronautics and Space Administration

Full-Scale Leak Test Results (Preliminary)
3.00E-03 —• -	 •--•°—•

G

d	 '
2.00E-03 —

YNN VJ V

d `^ 1.00E-03 —x

0.00E+00 	
-30
	 1L 20	 50
Temperature rC)

Seal-on-plate leak rates for full-scale EDU 54 seals

Leak rates for full-scale EDU 54 seal in seal-on-plate configuration
increased with temperature
Pending agreement on leak rate conversion factor for helium to air, it
is believed that EDU 54 seal leak rates are less than leak rate limit of
0.0025 lbm/day

www.nasa.gov 15
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National Aeronautics and Space Administration 	 V

MISSE 6 and 7 Seal Experiments	 a 4T

MISSE 6 seals
experiment

• Objectives:
– Expose candidate seal materials to LEO

environment using Materials International Space
Station Experiment (MISSE)

– Evaluate effects on performance after experiments
are retrieved from ISS

• Status:
– MISSE 6:

• Seal experiment launched aboard STS-123 on 3/11/08
• Mounted on ISS Columbus module for 9-12 mos.

– MISSE 7:
• Launch to occur Oct. 2009 on STS-129
• To be mounted on ISS EXPRESS Logistics Carrier 2

(ELC2) for ~1 yr. MISSE 7 seals experiment

www.nasa.gov 16

National Aeronautics and Space Administration

Summary

• GRC is supporting JSC by developing LIDS main interface seals
• Seal development and testing is occurring at both sub-scale and

full-scale levels
– Small-scale tests performed to define seal materials and evaluate

exposure to space environments
– Medium-scale testing:

• Permits evaluation of candidate seal designs at faster pace than for full-
scale seals

• Leak rates and loads can be scaled up to full-scale for indication of seal
performance

– Full-scale test rigs used for seal development and flight qualification
tests and to assess on-orbit anomalies if needed

• GRC responsible for delivering flight hardware seals to JSC
~2013 for integration into LIDS flight units

www.nasa.gov 17
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DESIGN AND ANALYSIS OF MOLDED ELASTOMER SEALS

Paul Yetter and Kai Zhang
Parker Hannifin

San Diego, California
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Plane strain analysis.

Sample are 2” long, so end effect is negligible.
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Axisymmetric analysis
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Axisymmetric analysis with thermal expansion. In FEA, the beat height at 50 o C is about
.066”. However, the height of tested samples is about .060”, possibly due to permanent set
after previous loading.
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OVERVIEW OF CEV THERMAL PROTECTION SYSTEM SEAL DEVELOPMENT

Jeff DeMange and Shawn Taylor
University of Toledo

Toledo, Ohio

Patrick Dunlap, Bruce Steinetz, Irebert Delgado, and Josh Finkbeiner
National Aeronautics and Space Administration

Glenn Research Center
Cleveland, Ohio

John Mayer
Analex Corp.

Cleveland, Ohio
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Apollo seals: High temp RTV (very good for sealing, good ablative properties, not
much stroke), Max leakage rate —5 lb/day, stiffer support structure 4 structural
movements minimized

Orion seals: —30% bigger in diameter, Because some missions may be up to
6-mo. or even longer, leakage requirements are much more stringent
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Highlight seal design is recent

Seal is attached to Inconel diving board for easy of installation
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During reentry, heat distribution is non-uniform
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Seal design has evolved continuously since project inception
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Results are applicable to next generation (HTB) seals
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ULTRA-HIGH TEMPERATURE METALLIC SEAL/ENERGIZER DEVELOPMENT
FOR AERO PROPULSION AND GAS TURBINE APPLICATIONS

Ken Cornett and Jesse Newman
Parker Hannifin

North Haven, Connecticut

Amit Datta
Advanced Components & Materials

Greenwich, Rhode Island
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Background of Problem
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Stress relaxation testing on Phase IV prototypes showed very positive results
compared to polycrystalline Waspaloy and Rene41. Follow-on leakage testing
showed a strong correlation between improved stress relaxation and improved
leakage results.
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