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PREFACE

The contributions of the National Acronautics
and Space Administration to the advancement of
the level of the technology base of the United States
are far broader, more coraplex and more indirect
than generally realized. Moreover, the number of
NASA contributions that find direct nonaerospace
contribution, appear to represent only a small frac-
tion of the large number of contributions by NASA
scientists and engineers that have advanced the
state of technology in numerous other scientific
fields.

This contribution kas been made possible, in
part, by the activities of NASA's Technology
Transfer Program, which provides a link between
the developers of acrospace technology and those
in either the public or private sector who might be
able to employ the technology productively. Main-
taining and strengthening this link is, in part, the
responsibility of NASA-3ponsored applications
teams who work actively in specific areas of public
concern, helping to match problem and solution
and following through to ensure the most effective
utilization of the transferred technology.

One such team resides at SRI International,
Menlo Park, California. The SRI Technology Appli-
cations Team is primarily concerned with prob-
lems facing the transportation industry, although
its activities encompass aspects of energy, housing
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and public safety concerns as well, Members of the
SRI Team routinely work with a user community
including representatives of the railroad and rapid
transit industry, state highway departments, port
authorities, correctional officials and representa-
tive federal agencies such as the U.S. Department
of Transportation, and the National Institute of
Corrections, to name a few. In addition, Team
members maintain active contact with NASA's
scientific community at ali NASA centers through-
out the United States and continually strive to
bridge the gap between the key technological needs
of the user and the available technology or exper-
tise at NASA,

This report highlights key transfers and ac-
complishments of the SRI Team over recent years,
In it, we have tried to illustrate key team transfers
as they relate to major NASA missions. It is by no
means all inclusive, but is merely intended to main-
tain user awareness of the vast NASA storechouse
of knowiedge avaiiabie for utiiization, MASA and
the SRI Team welcome any follow-up requests for
more detailed information and will be pleased to
pass your request on to the most appropriate
NASA scientist or facility.

NETN

Dr. Tom Anyos, Director
Technology Applications Team
SRI International

Menlo Park, California
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INTRODUCGTION

This past year has been an especially active
one for the SRI Technology Applications Team,
During the year the leam has: successfully encour-
aged further applications of NASA's zinc-rich
corrosion-control coating; applied NASA bimodal/
multimodal filler loading technology to the solu-
tion of a rapid-transit industry problem and the
subsequent commercialization of a new wire and
cable formulation; brought the novel MODCAN
crash barrier to the commercialization stage, hav-
ing identified a potential manufacturer and a state
willing to cooperate in the demonstration of the
technology; introduced the rapid transit industry
to a new, effective, commercially competitive fire-
resistant foam developed under NASA sponsor-
ship; and has worked closely with corrections offi-
cials toinitiate an increasingly successful program
designed to transfer NASA technology for the
solution of many of the technological problems fac-
ing correctional institutions in the U.S. today.

In addition to these activities, SRI Team
members have vigorously pursued the transfer of
an even wider variety of NASA technologies.
Working through the RTOP (Research and Tech-
nology Objectives and Plans — an internal pro-

pnsal mechanism to obtain program funding for
projects of national interest and need) route, this
coming year the SRI team hopes to work with engi-
neers and scientists at all NASA centers, develop-
ing technologies: for new simulation programs for
training heavy machinery operators and law en-
forcement officers; for the use of grey water in
correctional institutions for conservation of natu-
ral resources and cost savings; which facilitate the
release of frozen coal from railroad hopper cars and
barges; that assist in aircraft navigation; for weigh-
ing trucks while they are in motion; for protecting
bridge decks from corrosion; developing technolo-
gies: leading to the use of remotely piloted vehicles
(RPVs) for surveillance and law enforcement,

We continue to believe that the team approach
is truly one of the most effective techniques avail-
able for the transfer of federally-funded technolo-
gies for the solution of public sector needs, and look
forward to an ongoing and continued successful
relationship with the NASA Technology Transfer
Program,

Many of the SRI Team's key transfer efforts
are illustrated on the following pages.

PRECEDING PAGE BLANK NOT FILMED
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CLEAN AIR FOR TOLLBOOTH OPERATORS

Foll collectors on bridges and turnpikes may
be subjected to atmospheric pollution from engine
exhaust fumes. These fumes are especially strong
in the vicinity of tollbooths as vehicles are deceler
ating through the booth and quickly accelerating
again after the toll is p.ml

Recognizing this potentially hazardous situa
tion, the Department of Transportation in the State
of Washington decided to include air purification
equipment in its tollbooth designs. The problem of
identifying and selecting the proper air purifica
tion equipment or design was undertaken by the
SRI Team at the request of Washington DOT
officials

A search of the data base identified three
NASA documents on clean room technology. From
one of these documents (SP-5045, "Contamination
Control Principles”), Washington engineers found
NASA air diffusion technology and lam .ar ai
flow designs which they subsequently incorpo
rated into tollbooths on the Evergreen Point Bridge
near Seattle. The incorporation of this NASA tech
nology effectively purified the air within the toll
booth and significantly reduced a potential health
hazard without causing drafty or turbulent condi
tions within the booth. The design has been made
available to all interested highway departments in
the United States




HIGHWAY/RAILWAY PROFILE

MEASUREMENT

Road profiling, or the study and measuremant
of surface stress and wear, has been of great inter-
est Lo highway and railway engineers for several
vears, Barly identification of potential and actual
inslances of road deterioration can save consider-
able money, time, and encrgy.

The first attempls al road profiling involved a
test vehicle with an independently suspended {ifth
wheel, This method was limited in sensitivily,
accuracy, and dimension, primarily becouse of its
reliance upon a mechanical link between the wheel
and the recorder,

A later method of road profiling involved the
use of a single-axis inertial reference, such as a
vertical gyro or aceelerometer in conjunction with
other sensors, Although this method provides vehi-
¢le roll information, it lacks the dimensional con-
tingents of pitch and yaw,

A vastly improved method of road profile
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measurement in three dimensions has been devel-
oped by NASA space program researgh on gyro
stabilized guidance and control systems. This meth-
od uses an inertial platform which consists of a
double-gimbal-mounted plate. The plate is rota-
tionally stabilized by means of three independent
gyroscopes whose axes are aligned along an orthog-
onal goordinate system, In addition, three acceler-
ometers, also mounted on the stabilized plate and
orthogonally oriented, provide inerdal reference
signals to a data acquisition syslem. The entire
platform is then isolated from the test vehicle's
suspension system,

The Southwest Research Institute in San
Antonio, Texas, successfully used a prototype of
the NASA platform in a test program directed
toward the identification of roadway conditions
which lead to hydroplaning. A report by South-
wes! Research Institute will be released in 1980,
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A SYSTEMS ASSURANCE PROGRAM FQ¥
THE RAPID TRANSIT INDUSTRY

The growing need for urban public transporta-
tionin the U.8. hus prompled significant expansion
and construction of mass transit systems in several
parts of the country, This activily hax resulted in
the introduction and installation of many advanced
and new lechnologies to already complex transit
systems. The addition of these technologies, how-
ever, can lead to increased maintenance require-
ments, unexpected failures, and less system avail-
ability. To overcome these problems, systems assur-
ance (e.g., quality assurance, reliability, maintain-
ability, system safely and security, and system
life-cycle cost) must be designed and integrated
inio the overall transit system,

Mucek « today's systems assurance lechnol-
ogv wag seniived and developed by the aerospace

industry, NASA's expertise in the application and
integration of systems assurance in such cemplex
programs as Apollo, became an invaluable teol for
the transit industry to find and transfer space
management technology.

The design and construction of the Metropoli-
tan Dade County Rapid Transit System became the
target for the technology transfer of NASA's Pro-
gram Control System, This transfer is being accom-
plished by the interaction of NASA with the Urban
Mass Transportation Administration, Dade Coun-
ty, and SRI, A separale document entitled, "The
Transfer of NASA Technology with Transit Sys-
tem Development, A Case Study in Metropolitan
Dade County, Fiorida" which details this technol-
ogy transfer, will be available in early 1980,
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TRACK/TRAIN DYNAMICS AND
LOCOMOTIVE DYNAMICS

The Association of American Railroads (AAR)
recently administered a National Research Pro
grata to develop data ae:! to define options for
contrelling the dynanio aspects of train opera
tions. This program {cd to generally improved
operating procedures and equipment design

The SRI Team learned of the Track Train
Dynamics Program during the normal course of its
activities with the AAR and the railroad industry
SRI informed the AAR and the Federal Railroad
Administraticn (FRA) of the valuable contribution
NASA could make to the.r program, with regard to
data acquisition and analysis, instrument devel
opment, and d' namic modeling. Subsequently, an
interagency agreement was signed botween NAS A
and the FRA for the services of Marshall Sy ace
Fiight Center (MSFC) in support of specific tasks
of the overall program.

The objective of the NASA/FRA project was
to define an experimentally verified mathematical

model of the dynamic properties of an 80-ton open
hopper freight car and its ride control trucks, for
use in dynamic analysis of curving and hunting in
response to track irregularities through the inter

action mechanisms existing between car, truck,
and track. A corollary objective was to establish
the techniques that may be used in future test
efforts to evaluate additional configurations

In addition, under a separately funded pro
gram, analytical models have been developed which
can now predict locomotive behavior for various
conditions such as entry and exit out of a curve
Furthermore, this program has produced high
fidelity test-verified models that can help to clarify
the derailment problem

The outcome of complex analytical efforts,
truck ~haracterization tests and road tests have
been most promising, and have been transferred
for the benefit of the railroad industry.
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NONDESTRUCTIVE
BRIDGE INSPECTION

The government requires that the more than
500,000 bridges on U.S. highways be inspected
semiannually for structural integrity. Inspection
techniques in current use are generally slow and
cumbersome with some even impeding traffic flow.

A new inspection technique, developed at
ARC, can monitor the random vibration signature
of a structure hy using accelerometers as sensors
that feed into a corr:lation computer. This tech-
nique has been testea under a ioint NASA/FHWA
project in the laboratory as well as on several San
Francisco Bay Area bridges. The technique named
"RANDOMDEC" detected cra ks as small as 1/4
inch. Allowances must, however, be made for
deviations in structural members.

Responsibility for further effort has been
assumed by private industry. The SRl Team con-
siders the technology transferred.
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FROZEN HOPPER CAR
RELEASE SYSTEM

oal and iron ore freeze in railroad open-top
hopper cars during the winter in the North, To
unload these cars, timesconsuming, costly, and
often car-damaging processes are used, Most north-
ern railroads and users of coal and iron ore need a
product or process lo prevenl coal and iron ore
from [reezing in open-top railvoad hopper cars ov to
free frozen earlonds inexpensively for unloading,

In response to this need, the NASA Technol-
ogy Applications Team at SRI International soli-
cited innovalive concepls from NASA scienlists
and engineers by distributing a NASA Technology
Utilization Opportunity (i.e,, problem statement)
to the ten NASA field centers. A pyrospropulsion
support engineer, Melvin . Lucy, at Langley
Researeh Genter (LRC) responded to the problem
statement with his concept of using o controlled
gus detonation to create an ingluntancous localized
shock to break up the frozen coal or ivon ore.

In M, Lucy's approach, a probe would intro-
duce a explosive mixture of two gases inlo a rela-

tively small and confined volume of the porous
bulk material. The gases would be mixed al the
lance tip, where the mixture would readily enter
the aggregate. The mixture could then be detonated
with an elestric spark, creating an instantaneous,
localized shocek 1o break up the material in and
around the gas introduction zone,

This sysiem could be packaged as a portable
unil for individual cors or as a remotely operated
systom with multiple probes in o fucility used fora
train of cars. Single, controlled, small detonalions
appear to be a preferred mode of operation, The
procedure should only require a few minutes per
e and should not affect material properties or
reduce moisture conlenl. No large-stale energy
release is involved, hence little or no damage to the
hopper car should oceur,

The LRC T'U Office is planning to supporl an
applications project to build a prototype explosive
gas lance and then to conduct tests on loads of
frozen coal and iron ore,
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HIGHWAY SKID-RESISTANCE

MEASUREMENT

Skidding is a major contributor to traffic acci
dents, and the importance of skid-resistance mea
surement is acknowledged by the highway depart
ments, In fact, the Highway Safety Act of 1968
states that "every state in cooperation with county
and local governments shall have a program for
resurfacing sections of streets and highwavs
with low skid resistance.” To prove adequate skid
resistance, accurate measurements of existing road
surface conditions must first be made

Skid Testers are commercially available from
a number of sources. However, the high cost of
these units ranging from $60,000 to $200,000, pre
vents counties, cities, and even some states from
purchasing the test equipment. Therefore, in many
parts of the country, only major highways are
tested for skid resistance

A pulsed braking technique emploving a diag

onally braked vehicle (DBV) to measure the skid
resistance of runways has been developed at
NASA's Langley Research Center by Messrs
Walter Horne and Everett Browne. The vehicle
used was a Ford Fairlane Tudor sedan with a fifth
wheel for monitoring distance and velocity plus
instrumentation for measuring the angular veloc
ity of the fifth wheel. The vehicle was equipped
with ASTM-E501 test tires and valves for ali
wheels, plus two sets of test instrumentation
one using an inexpensive Tapley meter and the
other using longitudinal accelerometers plus a 2
channel chart recorder. Total cost for the system is
less than $2,000 if only the Tapley meter is used
and about $6,000 v ith accelerometers, not includ
The NASA technique provides
accurate skid testing (as proven during compari
son testing at the Texas Transportation Institute),
taking both longitudinal and lateral measurements

ing the vehicle




The diagonally braked vehicle and pulsed
braking technique were included in a Federally
Coordinated Program to test highway intersec-
tions in Dayton, Ohio for skid resistance. Twelve
intersections with high accident rates were tested,
including several on down grades. Measurements
were comparable to those made with an expensive
skid trailer.

A survey of all 50 state highway departments,
performed by the SRI Team indicated that fewer

vy \ . B o
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than 100 skid testers are currently in operation and
that an immediate market would exist for about
250 additional testers if a tester (vehicle plus
instrumentation) were available for about $15,000
For a widespread program to test all roadways,
another 3,000 skid testers might be needed.

Documentation and a detailed description of
the system have been sent to many interested par-
ties and continues to be available from NASA or
the SRI Team.
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DIFFERENTIATION
OF SHALE TYPES

The shale found in large quantities in many
southeastern states is used extensively in highway
construction. This shale encompasses a broad
range of sedimentary rocks which vary in color,
structure, and chemical composition. Most impor-
tant, however, are the shear-strength characteris-
tics of shale, ranging from rock-like to clay-like.
Unfortunately, no dependable method has been
found for identifving different shale types. Hence,
some highways have suffered embankment slides,
slope shifts, pavement heaving, and pavement col
lapse, as a result of the use of the wrong shale type

Current shale testing methods require that
hundreds of road samples be extracted and care
fully marked for laboratory analysis. This process
is time-consuming and exp2nsive.

The SRI Team, in seeking an advanced tech-
nology that would enable the construction of a
portable instrument capable of identifying differ
ent organic shales, found that the Viking X-ray
Fluorescence Spectrophatometer developed by
NASA's Langley Research Center and the Martin
Marietta Company, appeared ideally suited to this
need. The use of such an on-site device would sub-
stantially expedite the construction and ensure the
safety of roads and highwavs in the southeastern
LS. The program is now in the demonstration
stage and commercially available devices may be
available in the very near future
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SOIL MOISTURE ANALYSIS FOR
HIGHWAY CONSTRUCTION

Public works and highway departments have
an immediate need for a rapid, accurate, and in2x-
persive technique for measuring soil moisture
befo e road construction begins. Proper compac-
tion of the road bed to prevent road collapse
depends on accurate moisture measurements. Most
current techniques have two drawbacks: they are
slow (overnight drying in an oven), and they can
handle enly verv small samples. Because most soil
samples are heterogeneous and may comain large,
agglomerated particles, small sample measure
ments are inaccurate,

A simple and rapid analytical technique for
the analysis of moisture content of soils has been
developed as part of the Viking and post-Viking
studies at NASA's Ames Research Center. This
technique entails extraction of moisture from a soil
sample by means of a solvent that is subsequently
analyzed with an inexpensive gas chromatograph
(GC).

A rugged portable GC unit has been built for
speedy (less than 1 hour) on-site analysis of soil.
Initial tests have been conducted by Santa Clara
County (California) public works personnel. Mois-
ture measurements made by the NASA GC tech-
nique were compared with those obtained by oven
drying. Although the sample soil, a clay with rocks
up to 1 in.' in size, was considered by the U.S.
Federal Highway Administration to be difficult to
analyze, no problems were encountered using the
NASA technique. In fact, readings with 99.8%
repeatability were obtained. In a field demonstra-
tion conducted by the Texas Department of High-
ways, the technique was found to be valid.

Discussions have been initiated concerning
the manufacture of a GC kit (including an 11-1b.
recorder, an integrator, pint-size bottles, needles, a
gas tank and the rugged, portable GC) for use by
highway personnel. For the entire 40-1b. kit, a price
of alittle over $1,000 has been estin ated. A survey
of other manufacturers of simple yas chromato-
graphs revealed a price range of $1,000 to $4,000
for the GC alone, none of whichis built for field use
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ELEMENTAL ANALYSIS OF HIGHWAY
RUNOFF STREAM CONTAMINANTS

Motor oil, exhaust carbons, and tire markings
are the residue of vehicular traffic on our nation's
highways. With each rainfall, these residues are
washed to the sides of the roadway where they
seep into the groundwater. Highway engineers and
environmentalists are concerned about the effect of
this groundwater contamination on public health;
the installation of drains at excessively contami-
nated locations is planned. However, these sites
must be identified before preventive 11easures can
be taken. A rapid method of analyzing the level of
groundwater contaminants is needed. The same
need exists for rapid analysis of rivers and streams
to quantify contamination.

A technique for the rapid analysis of ground

surface elements has been developed and used by
NASA for in situ lunar soil analyses without the
taking of samples. The heart of the technique is a
computer program for on-line data analysis of
spectral measurements. More than 30 elements can
be identified and quantified by the program. The
program can be used to analyze X-ray, gamma-ray,
and other spectral measurements. Work is under
way at Goddard Space Flight Center on the neutron
gamma-ray probe necessary for the remote gather-
ing of raw data needed by the program.

As this technology approaches commerciali-
zation stage, the SRI Team will intensify its
transfer efforts to assure the utilization of this
imporiaat technology along the nation’s highways.
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CRASH BARRIERS

Highway accidents involving vehicle colli
sions with fixed objects (trees, utility pulo'\
embankments, bridges, etc.) account for thousands
of injuries and fatalities each vear. A new and
effective craih barrier is needed to provide protec
tion against impact damage, and prevent rebound
by slowing che vehicle incrementally and then
bringing it to a controlled stop

After considerable research, the SRI Team
selected a modular design developed by NASA
(Tech Brief 72-10712) for the Lunar Lander Impact
Alternator (Lander Foot). This NASA basic design
was translated into a unique low-cost configura
tion employing aluminum cvlinders (beverage
cans) contained in a tear-resistant bag and a col
lapsible plywood and steel container. A one-module
(3" x 3" x 6") prototype of this barrier, called
MODCAN, was fabricated at NASA's Jet Propul
sion Lab (JPL). Figorous testing at |PL confirmed
the barrier's success in reducing the impac! and
danger imparted to vehicle occupants during a
crash with a stationary objeci

Drivers of test vehicles were subjected to
potentially dangerous decelerations at 30 mph, and
in no case did the drive: experience more than

slight, momentary discomfort. Extrapolation of
test data suggests that the one-module |PL barrier,
when installed in front of a roadside tree or tele
phone pole, would also have met safety require
ments at 40 mph. (A larger model would be needed
for speeds in excess of 40 mph.)

The implementation of this technology transfer
by the SRI Team has begun; plans for construction
of the one  jodule barrier have been released to

small business concern in Arlingion, VA, which
will build several modules for inscallation and test
on a Pennsvlvania highway. With the success of
these tests, extensive use of the MODCAN barrier,
on a national level, is antic |p.llm|
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CORROSION PROTECTION COATING

Because of exposure to harsh salt spray, coast-
al bridges require greater corrosion protection than
do inland bridges, Currently available coalings
provide less than 10 years of protection on bridges
near coastlines, compared to 20 years of protection
on inland bridges,

Most current anti-corrosion coatings for bridge
structures consist of zine or aluminum dust that is
mixed with and suspended in an organic or inor-
ganic binder during application, The rather com-
plex preparation of the final coating formulation is
done on site. This expensive process prompled the
transportation indusiry to seek a more easily
applicable coating al a reasonable price,

A search of relevant NASA literature by the
SRI Teshnology Applications Team revealed that a
zinc-rich coating using a potassium silicale binder
would provide excellent corrosion protection, This
coaling was developed at Goddard Space FI._4t
Center (GSFC), and was reported in NASA TSP
70-10060 and U.S, Patent 3,620,784, Unlike most
commercially available zinc-rich inorganic coat-
ings, the GSFC coating is especially easy to mix

and requires no straining before application, thus
providing considerable savings in labor costs, The
coating has a water base for additional savings in
malerials costs as well as [ire resistance and free-
dom from toxic fumes.

Testing of the GSFC coating by NASA's Male-
rials Tesling Branch at Kennedy Space Center has
been completed, The summary report concludes
that the coating is “equivalent o the best commer-
cially available inorganic zinc-rich coatings in
atmospheric corrosion resistance, abrasion resist-
ance, and heal resistance.”

Several well-established manufacturers are
considering the possibility of adapting the basic
formulation of the GSFC coaling to specific mar-
kets, with the objective of patenting their individ-
ual adaptations., Recent formulations appear to
yield additional advantages — such as the abilily
to adhere to hot welds.

Because the GSFC coating has already reached
the commercial stage as a superior alternative to
contemporary corrosion coatings, the technology
transfer effort by SRI is complete.
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ROLLER BEARING
FAULT DETECTION

According 1o DOT statisties, failed wheel
hearings are a major cause of train derailments in
the United States today, Approximately 400 derail-
ments per year are caused by overhealed bearings
alone,

Most ol the two million rail cars currently in
use are equipped with roller bearings, These voller
bearings have been replacing the less efflicient
journal bearings over the past several years, The
older method of monitoring these journal bearings
by trackside bolometers is becoming obsolete. New
methods Tor the detection of bearving ailure are
crucial in preventing impending accidenls,

Working with the railvoad industry, the 8RI
Technology Applications Team searched NASA's
technical data base and uncovered a promising
solution to the beaving problem, Two articles were
parlicularly pertinent: NASA Tech Briel 72-10689,

"New Detection Method for Rolling Element and
Bearing Defects,” and NASA Tech Briel 72-10494,
"A System for Barly Waraing of Bearing Failure," A
high-lrequency vibration teshnique oviginally de-
signed for monitoring control moment gyros in the
Skylab Program could be applied to the railroad
industry,

After a favorable evaluation of the NASA
monitoring system was received [rom the Agsocia-
tion of American Railroads Research and Tesl
Department, a program was developed to adapl the
technique specifically for railroad use. This engi-
neering effort was funded by NASA's Technology
Utilization Office, and by Shaker Researvch Corp,,
Ballston Lake, New York, Al present, a refining of
the oviginal prototype design has resulted in a
commercially acceptable package for manufacture
and marketing as a laboratory or shop instrument,
with atrackside package being under development.

New Detection Method for Rolling Element and Bearing Defeats
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DOCKING SYSTEM FOR

HIGH-SPEED FERRIES

I'he lightweight, high-speed ferries on San
Francisco Bay often encounter docking difficulties
due to 20-25 knot southeriv winds and strong ebb
tide currents. As a ferrv slows for a docking
approach, rolling wave motions can uncover the
vessel's jacuzzi pump inlet located well outboard
on the bottom of the hull. Pumps then lose suction,
and the ferrv's gas turbines cease operating. Con
tro! of the vessel is lost, and the boat is likelv to
veer away from the dock

I'he SRI Team uncovered a NASA patent
entitled "Docking Structure for Spacecraft” which
contained relevant technology for transler to a
more advanced ferry docking syvstem. The NASA
structure, which was used for joining two space
craft, meets three essential requirements ol a
water-based docking system: high energy absorp

tion, automatic latch-up and separation, and large

load-carrying ability

'he application of this particular NASA space
craft docking technology appears to be feasible
Mr. Robert Belew, developer ol the docking stru
ture at NASA's Marshall Space Flight Center, and
Mr. Rex McCardell of the Golden Gate Bridee,
Highway, and Transportation District
viewed its practical advantages for ferry docking
in San Francisco

have re

Attention is now being given to
cost considerations

In the meantime, NASA engineers have made
many additional suggestions for improving terres
tial docking systems. These suggestions have gone
directiy to the Golden Gate Superintending Marine
Engineer. The application of one of these technolo
gies, or a combination of them, may be considered
if costs for the Sspaced raft do L\Illt{ svstem prove to
be too high
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FIRE RESISTANT MATERIAL

To increase passenger safety incase of fireina
rapid transil car, especinlly in the confines of a
tunnel, the fire resistance of materinls need im-
provement, Improved malerials are constantly
being sought for seat cushions, seat covers, ther-
mal and acoustic insulation, wall and ceiling pan-
ols, Toor covering and carpeting, and wire insula-
tion, This problem has remained an importanl one
in the transit industry for years and is especially
eritical to the San Francisco Bay Area Rapid Tran-
sit District (BART) because of a major fire, On
January 17, 1979 during the evening rush hours, a
BART rapid transil train caught fire and burned in
the transbay tube between San Francisco and Oak-
land, The fire resulted in the death of one fireman,
injuries to 46 firemen and passengers, five de-
stroyed BART gars, and damage in the lransbay
tube, The fire had a big impact on the Bay Area and
was [ronl page news for weeks.

NASA's fire resistanl materials research stems
from the Apotlo spacecrall five in 1967, Under the
FIREMEN (Fire REsistant Materials ENgineering)
program, NASA is emphasizing the exploration of
advanced materials and materials systems con-
cepls, many ol which challenge state-of-the-art
capabilities in compounding, processing, and
manufacturing,

The majority of the materials development
work of FIREMEN has been conducted at the John-

son Space Cenler (J8C). Recognizing that the
FIREMEN materials would be easily translerrable
to the transit industry when they are ready lor use,
the SRI Team has been following the FIREMEN
program during the pasl few years,

A new fire resistant polyimide foam, devel-
oped by Solar Turbines International under con-
fract to ]SC, was recognized as a candidate for
technology transfer to the transit industry, with
BART having the most immediate need, Conse-
quently, the SRI Team arranged for two BART
engineers and a California Public Utilities Com-
mission engineer to witness a [ull scale test of seal
cushions made of the polyimideat JSCin june 1974,

Impressed with the JSC test resulls, BART
lested samples of the polyimide themselves, Based
on their tests, the BART engincers were ready lo
recommend that the polyimide be used to replace
the polyurethane seat cushions in the BART cars in
ecarly 1980. However, Solar Turbines International
will not have large production quantities available
for sale until lale 1980, BART did, however, pur-
chase some of the rigid polyimide foam [or use as
the core of the BART car end doors,

Since this polyimide, called Solimide, is inex-
pensive compared Lo other five resistant foams and
san be made in resilient and rigid form, it could be
used lo increase the fire safety of rapid transil seal
cushions as well as wall, [loer, und ceiling panels,

{1 %
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SMOKELESS WIRE
INSULATION

The hazard of fire has long been a concern to
the transportation industry. Fire is particularly
critical in confined areas such as subway tunnels
and compartments on ships. Recent studies have
shown that incapacitation or death is more proba-
ble from smoke than from fire. In the crowded,
confined envirenment of a rapid transit vehicle, a
subway, or a ship compartment, it is essential that
smoke emission from all sources be minimized. The
hazard of smoke inhalation is compounded by the
hazard of dense smoke obscuring egress paths as
well as hampering fire fighters,

Large amounts of insulated wire and cable are
situated in subway tunnels, on rapid transit cars
for power, signals, and communications. Because
of several subway fires in the early 1970s during
which burning wire and cable insulation propa-
gated the fires and created much smoke, the rapid
transit industry placed high priority on a search for
an affordable smokeless wire and cable insulation
material

As aresult of the SRI Team's dissemination of
a problem statement in April 1974, |PL suggested
that multimodal or bimodal distribution could be
used to load a binder with inorganic fillers, thereby
reducing the portion of the material (i.e., the
binder) that will burn and smoke extensively.

Bimodal distribution technology has been suc-
cessfully used by NASA to fill solid rocket propel-
lant binders with up to 86% by weight of oxidizer.
To understand the bimodal packing theory, one
might visualize a dense packing of spheres all of
the same diameter. Then between these spheres, a
packing of other spheres of a diameter that just fit
into the voids between the first set of spheres. The
extension of this bimodal distribution would be a
multimodal distribution.




yPL began an applications engineering project
in 1975. |PL has now found that 67% by weight total
filler (i.e., 62% Mg(OH), and 5% additives) with
EPDM rubber is the optimal formulation to mini
mize smoke and flammability and provide mechan-
ical strength. This research was completed by the
end of FY 1978,

The SRI Team has arranged for the commer-
cialization of this technology. An interested manu
facturer, Boston Insulated Wire and Cable Com
pany, has obtained sufficient information on the
Mg(OH), EPDM material and on multimodal dis-
tribution technology to allow the company to
determine the technical feasibility of applying the
technology for commercialization

The company has recently reported that the
bimodal distribution technology has been success-
fully adapted and applied to improve some of their
commercially available products. A significant
improvement in the physical properties of the
company's low-smoke and flame-retardant wire
insulation, used in the rapid transit industry, has
resulted. This product is expected to be commer-
cially available to rapid transit properties in 1980,
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AN IMPROVED TRUCK

MUFFLER DESIGN

In the Noise Control Act of 1972, Congress
established a national policy to promote a noise
free environment for all Americans. since that
time, the EPA has determined that medium- and
heavy-trucks are the major contributing noise
source on our local, state, and national highwavs
In an attempt to eliminate this source of noise pol
lution, the EPA established Federal Regulation
Part 205, This standard, which anpears in The
Federal Register (Vol. 41, No Fitle 40), specilies
maxitmum allowable A-weighted sound pressure
levels, measured at a distance of 50 feet from the
longitudinal center line path of a vehicle traveling
at 35 mph

I'he standard and ettective dates are

NMaximum Sound Level

‘."“\. Eftective Date
H3 January 1, 1978
80 January 1, 1982

reserved)* June 1, 1985

One wav to meet the new regulations 1s to
improve the exhaust mufflers of medium- and

heavy-duty trucks. A new truck noise suppression

device should be more efthicient than the present
ones, more compact, and have a price similar to
that of mufflers now on the market

Having recognized noise suppression as a sig
niticant national problem, the SRI Team had pre
viously identified the noise suppressor described
in NASA Tech Brief 74-1026 1. This noise suppres
sor, de \4‘i(t‘bn'l| at LRC. consists ol Illll|||;)]r bhands
ol acoustically absorbent liners on the inside wall
of a duct that forms an acoustic trap that uses the
reflective elements on the ends to direct sound into
the sound-dissipating element in the center. It s
capable of doubling the noise attenuation ol a co
ventional muffler at peak noise level. The patented
noise suppressor was designed for use in turbofan
aircralt engine inlet and exhaust ducts

Manufacturing interest was developed through
contact with the Donaldson Company, a heavy
duty truck muftler manufacturer. After review and
discussion with Dr. William Zorumski, the NASA
innovator, the Donaldson Company has decided
that it would like to develop and evaluate a truck
mufflerusing the LRC segmented hiner technology
\‘~.l|l"‘lli'“'4l\|'\],'Hl)lulldill*v"ll‘\illllilildll'll”lll




and R&D center in Minneapolis, Minnesota, the
SRI Team concluded that the Donaldson Company
has the capability and desire to develop, test
mannfacture, and market a segmented liner truck
multler based on the NASA technology

In August 19 Donaldson Compriny began
the evaluation project of the segmente d liner for
use as a heavy-duty trock exhaust muffler. A one
dayv meeting was held at LRC to begin the transfer
ol LRC segmented liner technology for truck mull
len «Il'\l'llll!llll'll’ I'he theory behind the LRC noise
suppressor design was discussed, as well as the
assaciated LRC computer program to suggest de
sign specihications for use in building an experi

mental segmented liner truck muttler. Since August

1977, excellent communications have been estab
lished between Donaldson and LR«
now serves mainly as an observer
smooth transfer and propes
NASA technology

I'he Donaldson Company plans to develop an
over-highway truck mutfler and or a gas turbine
mufltler. To have a truck muffler Liat meets the
1982 EPA standard, 2 workable design should be
delivered from RaD o product engineering in 1980

I'he SRI Team
lo ensure a
recognition for the
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CORROSION PROTECTION FOR

MODERN VESSELS

'he .S, National Electrical Code requires
that docked vessels be properly grounded when
ever commercial electrical power is used on board
In California, an unexpected side effect of ground
ing the Golden Gate Bridge Highway and I'rans
n-hulled ferries has

been a significant increase in corrosion below the

portation District’”  alum,

waterline, Although devices to stop this type ol
corrosion are commerically available, none has
been approved by the LS. Coast Guard. The Dis
trict turned to NASA for a solution

In response to a request by the SRI Team to
investigate the problem, Mr. Ernest lufer ol
NASA's Ames Research Center made an in-depth
tour of the ferryv facilities. He concluded that if the
materials used in the dockside ground rods were to
be changed ftrom iron and copper to a material that
closely matches the electrolytic-solution potential
of the ferries, then the galvanic current in the
ground svstem would be reduced to negligible

values. This in turn would solve the electrolyvtic

corrosion problem

Grounding svstems using nonferrous allovs
are not in common use but are permitted by the
National Electrical Code. It was suggested that
aluminum allov AAA-5086 be considered for the
dockside ground rods. This allov contains 4.9
manganese and s well suited
for marine use. A properly designed rod of this

magnesium and 0.5

material will outlast iron ina marine environment
Approved connectors for attaching the copper
ground lead to aluminum are commercially avail
able

I'he Golden Gate Bridge, Highwav, and T'rans
portation District was pleased with the prompt
and cost-effective solution provided by NASA,
particularly since it had exhausted normal indus

trial sources of information hefore contacting the
SKRITeam. In 1979, the NASA-designed nonferrous
grounding syvstem was installed at all three berths
of the Larkspur Ferry Terminal




AERODYNAMICG
DRAG REDUCTION

Present-day truck shapes are designed with
consideration of air drag factors; however, these
factors are balanced with the concept of “cube.”
The term “cube” relates to the packing factor on a
truck, and simply stated, implies that square boxes
do not fit rounded corners

In the hight of current energy considerations,
the cube concept is less valid than i previous
vears, Truck manufacturers are interested in new,
streamlined design concepts to minimize air drag
and increase energy efficiency

The SRI Team learned that engineers at Dryden
Flight Research Center (DFRC) have heen working
under UL.S. DOT funding, on improved aerody
namic shapes for semitrailer trucks. Results to date
have shown that with only mimmal modification

of existing truck design, frictional drag can be reduced
more than 50%, thereby cutting fuel costs by 30% at
normal operating speeds

A visit to DFRC enabled the Team to gather
more information and to witness actual air drag
tests, From these tests, it was evident that as fuel
conservation becomes a major issue, the trucks in
the 1980s must have a more streamlined configura
tion. To achieve this goal, the Team suggested to
the trucking industry that aerodynamics modeling
as well as a complete truck dynamics model would
atd in reaching this objective in the shortest possi
ble time. The Team presented the DFRC test results
and the engineering design innovations developed
at DFRC to leaders of the trucking industry. Many
ol todav's aerodvnamic designs may be traced to
this Team elfort
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GLOSSARY

NASA Centers Miscellaneous Abbreviations

NASA HQ NASA Headquarters AP Applications Project

NASA HQ TU NASA Headquarters BART Bay Area Rapid Transit District
Technology Utilization (Oakland, California)

ARC Ames Research Center EPA Environmental Protection

DFRC Dryden Flight Research Center Agency

GSFC Goddard Space Flight Center GC Gas Chromatograph

1SC Johnson Space Center MARTA Metropolitan Atlanta Rapid

KSC Kennedy Space Center Transit Authority

LRC Langley Research Center NDE Nondestructive Evaluation

LeRC Lewis Research Center RTOP Research and Technology

MSFC Marshall Space Flight Center Objectives and Plans

NSTL National Space Technology TAT Technology Applications Team
Laboratories T Technology Utilization

JPL Jet Propulsion Laboratory TUO Technology Utilization Officer

Department of Transportation (DOT) Codes

FRA

FHWA

UMTA

Federal Railroad
Administration

Federal Highway
Administration

Urban Mass Transportation
Administration
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NOTICE

For further information on this report,

please write or call:
SRI International
attn: SRI Technology Applications Team
333 Ravenswood Avenue
Menlo Park, California 94025 U.S.A.
Telephone: (415) 326-6200, Extension 2864




SRI International 1s a problem-solving organization that provides research
and consulting under contract for chients in business and government
throughout the world

Since SRI was founded in 1946, the problems confronting our chents
have s0 increased in complexity that few of them cun be solved within the
confines of a single discipline Qur organization 1s uniquely quahified to
deal with such intricate problems Professionals representing more than
100 disciplines comprise nearly two-thirds of our 3000 stat! members

We perform research and consulting for the public sector in such areas
as urban management hea'th. education and weltare environmental
management and national security In addition to our broad-ranging activ
ities for the U S and other national governments. we serve City state and
county governments in the U S and also their international equivalents
One of the most attractive aspects of life at SRI for our staf! is the opportun
ity 10 share in important work in the pubhlic interest

For private commercial and industrial chents. SRI engages in manage
ment consulting and corporate strategy determination technoeconomic. mar
ket and operational studies new product. process. and equipment devel

opment and the provision of information services A "Q""“ ant percen
tage of SRI's professional stal! have had a number of years of major
responsibility in business prior to joining SRI

SRI s an independent. nonprofit COrPOration. using revenues in excess
of operating costs 10 purchase advanced scientific equipment and to enhance
our ability to continue 1o provide the highest quality reses <h and consult
ing for our chents SRI International has no shareholde and no endow
ment

Qur annual revenues for research and consulting contracts exceed $150
mithon

SRI's headquarters are on a 70-acre site «n Menlo Park, California. a
suburban community about 20 miles south of the San Francisco Interna
tional Airport and a few miles from the campus of Stanford University
Other otfices and laboratories are located in major centers in North Amer
ica. Europe East Asia_ and the Middle East

We welcome inquiries as to how we may work with you on your major

concerns

HEADQUARTERS OFFICES AND LABORATORIES

SRI-New York
360 Lexington Ave . 21st Floor
New York. NY 10017

212) 599-5850

SRI International
Main Offices and Laboratories
133 Ravenswood Ave
Menlo Park. CA 94025
Telephone (415) 326-6200
Cable SRIINTL MPK
TWX 910-373-1246
Facsimile (415) 326-5512

Telephone

SRI-Chicago
2625 Buttertield Ra
QOak Brook 1L 60521

Telex 334463 Telephone (312) B87-7730
SRI-Canada East
SRI-Washington 121 Richmond St West. Suite 804

1611 N Kent St

Arlington, VA 22209
Telephone (703) 524-2053
Cable SRIINTL WDC
Facsimile (703) 524-3479

Toronto. Ontano. Canada
MEMH 2K
Telephone (416) 368-8916

SRAI-Canada West
1825 Park Road. S E
Calgary Alberta Canada
12G 3Y6
Telephone
(403) 263-3257 Calgary
(403) 423-3342 Edmonton

SRI-Alaska
Mendenhall Building
126 4th St No 1104
Juneau AK 99801
Telephone (907) 586-2658

SRI-Hawail
City Bank Building. Suite B0S
810 Richards St
PO Box 1232
Honolulu. HI 96807
Telephone (B08) 533-3376

SRI-Europe Middle East & Africa
Regional Headquarters
NLA Tower
12/16 Addiscombe Rd Telep!
Croydon CRO OXT_ England
Telephone (01) 681-1751

SRI-Italy
Via Carlo Poma 4
20129 Milan, Italy
Office (02) 71 55 35

Home (02) 72 32 46

(01) 686-5555 Telex 335 475 TIME
Cable SRIINTL EUR SRI - FRANCESCHINI
Telex SRI EUR CROYDON
946125

SRI-Scmdomavu
Humlegardsgatan 4

SRi-France S$-114 46 Stockholm. Sweden
10. Rue Bellini Telephone (08) 23 35 65
75782 - Pans Cedex 16 France Cable SRISCANDINAVIA

01) 553 92 31 STOCKHOLM

01) 553 28 66 Telex 19617 SRI S

01) 727 53 19

Telex 611042
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SRI-United Kingdom
5th Floor
24 Buckingham Gate
London SW1E 6LB. England
Telephone (01) 828-7645

SRI-Germany
Fontanestrasse 14
5300 Bonn 2. West Germany
Telephone (02221) 351021
TWX 885761 SRID

Ottice (02) 74 90 536

SRI-Zirich
Felikanstrasse 37
B001 Zunch. Switzerland
Telephone (01) 21106 36
Cable SRINTLCH.
Telex 813 132 SRI CH

SRI-Saudi Arabia
PO Box 1871
Riyadh Saud: Arabia
Telephone 69009
Cable SRIINTL RIYADM
Telex 201326 POLYBAU SJ

SRI-East As

Reglonal Headquarters
Edobashi Bidg  9th Floor
11-1. Nihonbashi 1-Chome
Chuo-Ku. Tokyo 103, Japan
Telephone (03) 271-7108
Cable SRIEA TOKYO
Telex SRIINTL J28447

SRi-Australia/New Zealand
114 William St 21st Floor
Melbourne, Victona 3000
Australia
PO Box 2621
G P O Melbourne 3001
Australia

Telephone (03) 674 915
Telex AA 35193

SRl-Indonesia
BPP-Teknologi
Bth Floor. Pertamina Tower
8 JIMH Thamnn
Jakarta. Indonesia
Telephone 304-2765
Telex 44331 PERTAJUKT

SRI-Taiwan
Asian Jen-Ai Bidg |
12F-1, 79 Jen-Ai Road Sec 4
Taipe:. Taiwan
Telephone (02) 781-9750
Telex 27964 SRI TPE
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