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Much of the wealth of scieﬁ{ific and technologicul information devel-

-oped under the sponsorship of the National Aeronautics and Space Adminis-

tration has proved useful and beneficial for mankind when applied to
nonspace problems. To expedite this broad utilization of advanced tech;
nology, NASA initiated its Technology Utilization Program »ith the over-
all objectives of transferring aserospace-derived technology for the
solution of important technological problems in the areas of public trans-
portation, houging, environment, and biomedicine. To assist NASA in

achieving this transfer of knowledge, key reseuarch organizaiions through-

J“out the country have established Technology Application Teams, These

teams work ad:ively in specified areas of public concern, helping to
match problem and solution, and following through to ensure the most

efficient utilization of the transferred techunology.

SRI has established such a Technology Applications Team with trans-
portation as its main area of concern. Members of the SRI team during-

this report period were: .

Dr. Tom Anyos, Director

Mrs. Ruth Lizak, Research Associate

;o Mr. James Wilhelm, Research Engineer

Mr. Kenneth Hirschberg, Research Engineer

The core team also has the capability oif drawing on the extensive and
varied competence of SRI's staff for solutions or commentary on specified
téechnical problems., This abiiity has allowed the team to match widely
varying areas of NASA-derived technology to areas of public concern

outside the team's direct expertise.

ii




i
!
) This is the final annual report under Contract NABw-2455, covering |
the period August 15, 1873, through August 15, 1974,
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I INTRODUCTION

The technological advances ichieved by the National Aeronautics and
Space Administrat;on as it fulfills its mission of exploring space have
proved highly useful when applied to many earthbound problems, Advances
in techniques relating to biomedicine, environmenf, transportation, and
housing have been applied to public sector problems through the efforts
of NASA's Technology Utilization Office, It is the mission =nd goal of
this office to derive the most beneficial utilization of all advanced

technologies developed under NASA auspices.

The transfer of technology usually does not occur spentaneously. The
diffusion of new information is a slow process and ff'not handlefain a
capable manner may never occur, To assist the Technology Utiliiéiion
Office in transferring technology in the most expeditious manner, and to
ensure its proper utilization, a number of key research organizations
within the United States have established Technology Applications :@eams,
These teams, working closely with NASA research scientists and . bology
utilization specialists, identify sglutions derived from NASA technology.
It has long been shown that the active appféach to this transfer of tech-
nology, or active problem/solutioﬁ'métching, as embodied by the team

concept is the most effective tool for the dissemination and promulga-

tion of advanced concepts and devices,

The mission of the Technology Appiications Team at SRI is to seek
the solution to problems in the arah of publie transportation. 1In its
effort to fulfill that mission, the SRI team has developed a number of
technigues and methodologies for decreasing the time gap between the

development of a new technology and its commercial availability. For
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this reason the igam has been able to influencue positively the movement
of newly developed technologies across industrial, interdisciplinary and

regional boundaries, Highlights of this‘work are reported here.
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131 APPLICATIONS OF NASA TECHNOLOGY

in an effort to develop effective transfers of high public impact,
the SRI team narrowed its focus significantlyﬁ;ver this past yeur, After
detailed and objective analysis, the priorityygn many of the problems
pursued actively‘iﬁ the past (especially ih the railroad aren) was
elther eliminnted or greatly reduced. Highlights of the most significant

problems are described in this report,

An Improved Zinc-Rich Coating for Corro:iion Protection

Corrosion of bridges in coastal areas is markedly accelerated by the

exposure to salt spray. These bridges are currently protected with zinc-

rich coatings with demonstrated lifetimes of approximately five to seven

yvears, After that period, the adhesive bond between ithe coatiung and bridge

fails and corrosion begins.

The SRI team learned of this problem through its contacts with Cnli-
fornia Department of Transportation and other users. A survey of the
literature uncovered a zinc-rich coating with potassium silicate bindgyp
developed at NASA's Goddard Space Flight Center to protect gantries ;t
the launch site. This coating appeared to demonstrate adhesive charac-
teristics superior to any commercially available coating, The team
contacted GSFC and arranged for steel samples coated with this paint te

be sent to California for testing,

Ten 3 x 6 inch steel plates were coated with the NASA formulation,
Beven of the ten were given surface finishes of urethLane-polyestier, epoxy,
polyvinyl acetate, chlorinated rubber, or polyvinyl chloride. The plates

were placed in the salt spray chamber of California's Department -of

3
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Transportation on March 11, 1974. Once a month the plates were removed

znd examined by Californis test laboratory personnel and by thelsRI team,

At the end of the second month (1430 hours), three plates showed some
blistering of the surface finish. These plates were surface coated with
urethane-polyester, epoxy, and a polyvinyl acetate. After four months
(2900 hours) one additional plate-~with a polyvinyl chloride finish--

began to blister, It also exhibited traces of rust.

The remaining six plates held well {for thé entire test, which lasted
5308 hours. Figure 1 shows three conditions of one plate: (a) topcoated
with 4 mils vinylhacetate over 2 mils of zinc~rich primer as it came from
the salt spsay chamber, (b) with finish coat and primer removed, and {c)
with 3x magnification. - The plate showed no signs of blistering or rust.
According to California DoT's R. F. Stratfull, a 3000 hour endurance
denotes superiority and is the upper limit of their test program. NAPCO,
a manufacturer of zinc-based coatings, places its test requirement at

4000 hours.,

Corrusion specialists at the Californian DoT laboratory were very
favorabiy impressed with the performance of the NASA coating. The
results were r>lated to a representative of the California Division of
Bay Toll Crossings who suggested the ccating be applied to a test section
of the Golden Gate Bridge. Arrangements are currently being made by the
SRI team to obtain the necessary zinec coating and sét a date for appli-
cation. 1In addition, the team has roquested permission from NASA HQ

to perform a market survey on corrosion resistant paints.

Contact with GSFC revealed that a Houston~based paint company,
Preservo Paint Company, has been working with Dr, John Schutt, GSFC, in

the development of this paint. Preservo Paint has been contacted and

4
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(s} WITH VINYL ACETATE (b) FINISH COAT AND ZINC
FINISH COAT PRIMER REMOVED

(e} SAME AS (b), MAGNIFICATION 3X

SA 1670-2

FIGURE 1 NASA’s POTASSIUM SILICATE ZINC DUST COATING AFTER
5300-HOUR SALT SPRAY TEST—NO SIGN OF CORROSION



gample quantities for the Golden Gate Bridge test will be obtained. In-

stallation on the bridge is tentatively scheduled for ecarly 1875,

The SRI team feols that this NASA technology has s+rong potential
for transfer and will benefit societr by keeping bridges corrvsion free

longex, thus greatly reducing maintenance costs and increasing safety.

Streamlined Truck Bodies to Reduce Air Drag and Increase Fuel Economy

Present~day truck shapes consider air drag factors; however, these
' factors are balanced with the concept of "cube." The term "cube” relotes
to the packing factor on a trusit. and simply stated, pouints out that

square boxes do not fit rounded corners,

In the light of current energy considerations, the cube concept is
no longer as valid as in previous years. A numboer of truck manufocturers
have looked toward new, streamlined design concepis to minimize air drag

and increase fuel efficiency,. -

The SRI team learned that engineers at the Flight Resenrch Center,
Edwords AFB have been working, under U, S, DoT funding, on improved
aerodynamic shapes for semitrailer trucks. Results'td date have shown
that with:unly minimal modification of existing truck desigﬁ: frictional
drag can be reduced over 50% resulting in fuel savings of over 30 at

normal operating speeds.

A visit to the Flight Research Center enabled the team to gather
more information and witness actuanl air drag tests, Figure 2 shows
the dramatic improvement in air flow (made visible by the addition of
diatomaceous earth to the air stream) when an aerovdynamic air deflector
is attoched to the truck cab, Figure 3 illustrates other deflector

shapes under study.

FRC persconnel continue their testing and design work. wWith the help

6




(a) TRUCK WITHOUT DEFLECTOR; NOTE TURBULENCE OVER CAB

(b) TRUCK WITH DEFLECTOR INSTALLED; NOTE SMOOTH AIRFLOW OVER TOP

FIGURE 2 EFFECT OF AERODYNAMIC DEFLECTOR ON AIR TURBULENCE
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of the SRI teamm, NASA TU, and DoT, they hopo to be able to expand their
role in maximizing fuel efficiency without significantly altering interior
cube (load capability), Further funding will be sought from DOT and other

sources by the SRI team to continue this important work,

More Efficient Brakes for Lipght Trucks and Other Vehicles

A significant prublemMidentiried by the SRI team waoe the necd for
better brakés tor use on light trucks, buges ond other vehicles. Although
adequate for today's needs, commercial brakes that are currenily available
exhibit excessive wear when used in applications requiring a large number
of stops and starts, such ag in postal vehicle service, delivery trucks,
and buses., With maintenance costs sleadily indreasing, any alternative

to frequent brake lining replacement seemed highly desirable.

The team was aware of resenrch under wny at NASA-Ames on improved
friction materials for 8ST brake linings. When approached by team
members, the Ames scientists agreed to consider the problems involved
with other vehicles, Specifications for bus and postal vehicle brakes
were delivered to Ameos nlong with samples of then currenlly used brake

shoes.

Conparative friction and wear testing was accomplished to dég?rmine
feasibllity. With a F?iction Assessment Screening Test Dynamometer (see
Figure 4), the Ames-developed material was compared to the best available
_commeréial.material used in the applications under consider«tion. Results
of these tests showed the Ames material, which incorporated & relatively
expensive high-temperature pclymer, to be two to eight times more efficient

than the commercially available materials tested,

Based on these results, a development‘prugram was initiated to obtain

an optimal formulation for braﬁewliuings. As a result of this program, .-




FIGURE 4 LABORATORY TEST OF N/{ } I N MA
JASA R I N ATERIAL
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‘two formulations were developed: une was 1o exhibit mu imum improvement,

the other was to be the most cust effective while still maintaining an

improvement in brnke wear characteristics.

A progress report wus prepared in August 1974 by Mr., Joseph A, Mansfield
of Ames Hesearch Centoer. Quoting from this report, it is learned that the
optimal cost-elfective formulotion exhibits "un cssentinlly constant co-
efficient of friction with temperiature to BSOOF (as high as thus far
measured) , with an average covelficient of wpproximately 0.34; a trend
in the wear rote of becuming smaller (cumpared to the standard) as the
temperature increases; the weanr is equol to the standurd ot low tempera-
tures and the departure from the standard is upproximately 40 percent
by 6500F; the average improvement in wear ohtained over ihe temperature

(&
runge of 400 to 630 F wis in excess ol 32 percent,

These properties were uchieved solely ihrough the replacement of as-
bestos by o poarticuloar potassium titunate fiber and through tormulatiom
adjustments from the optimized standard., Optimization is not now complete,
Potassium titenate exhibiis o number of superior propertiies, Asﬁde from
no detectaﬁle welght loss through 10000C, X-ray studiey indicate no de{ri-
mental chnﬁggg through 10000C (for example, products of thermal exposure
are no hurder‘tﬁuu unheoted material), While ve would surmise that the
entire toxicity picture is incomplete, currently available evidence suggestis
the material acts as an inert substance and does not exhibit carecinoganic

tendency.

The second type of substitution is more expensive because the standard
phenoulic binder is replaced by n more stable but custlier counterpart,
although the binder has the potential of providing improved properties,
Howavér, the binder is sufficiently distinct from phenolics that the first
step of fabricating a satisfactory cgmposite requires subsiantial experi-

mentation, and further pracessing ~ork will be required hefore a satis-
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factory composite is formed, Nevertheless improved wear rates at high

temperatures have been obtained, and the friction coefficient is compara-

tively high in both the high temperature regions and, importantly, in the

lower téemperature region., High friction at low temperature is important
because the binder serves a basic function of the modifiers, énd the
possibility of reducing or eliminating standard modifiers is significant
in reducing fabrication problems, Part of the difficulty accompanying

the use of the new binder has been that its higher required cure temper-

atures seriously degrade the standard organic modifiers. <Current work

is following the line of modifier reduction.”

Latest reports from Ar.es indicate that testing of the final version
of tﬁe improved lining'méterials is scheduled for completion in January
1976, At that time,ithe BRI team, working with Ames scientists, will
assigt in initiating field trials of the new materials, Lightweight
trucks will be fitted with the Ames materials and will run on test
tracks to determine the effectiveness of the new materials under field
conditions, Whgp the results of these tests are available, the S8RI
team will assumu-its marketing function and involve the private sector
(i.e., brake manufacturers) for the fabrication and sale of these new
linings. In the absence of any unanticipated setbacks, these linings

should be commercially available by the fall of 1975.

New Devices for Ensuring Rail and Railcar Wheel Safety

Roller Bearing Failure Detector

Railroads are currently effecting the changeover from the commeonly
used journal bearihg to the more efficient roller bearing. Although
much has been gained by the change from an operational standpoint, une
anticipated problems have also surfaced, After periods of wear, or in

the case of undetected flaws, all bearings will fail, However, unlike

12
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Jjournal bearings, roller bearings will not exhibit a long temperature
rise prior to fnilure; and thus their impending failure will not be
dvgected by standard technigues, This inability to detect inecipient

" bearing failure has been identified as one cause in railear derailments.

When the SRI team learned of this problem, it reviewed avnilable
NASA literature in the nondestructive testing field and uncovered an
ultrasonic technique used by NABA scientists for the egrly warning of
roller bearing failure (NASA Tech Briefs 72-10494 ond 72-10689) . The
technique relies upon the fact that béaring defec£s-éxcite the resonant
frequency of the rolling elements (generally in the high frequency range
of the apecitrum) as they impact the defects, The rate of impact and

character of excitation determine the type of defect:

Carrier Modulation Condition
Low None Excellent
Relatively high Ball defe~t signal Bull defect
Relatively high Race defect signal Race defect
Relatively high Random character Initial surface
defect

The application of this technique for the identification of roller

bearing failures in railcars was initiated th'bugh an adaptive engineer-~

ing program cofunded by the Transportation Systems Center (TSC) of the

U, 8. Department of Transportation and the NASA TU Office. The program

ig being conducted by ithe Shaker Research Corporation, Latham, New Yourk.

During ilhe dburse of this program, key faoilure modes in rolling
eiement bearings %p railcars were identified, fault signutureé were
obtained ultrnSUnﬁpal;yﬂ and an electronic breadboard model was con-
structed (Figure 5)1“ Completion of the field testing of the model and

of the design for a field device is expected by midsummer of 1975,
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Marketing of the device will follow with the BRI team assisting as re-

quired, The estimated market p+ice of this device is under $500 per unit,

During the past year, thé ieam has maintained close liaison with the
Shaker Corporation, the Associatlon of American Railroads, and the
Transportation Bystems Center. As a result of these contactsg, the team
was able tg_qrranga for the AAR to supply sample bearings for testing
by Bhaker, ana through the AAR, has requested that the Delaware & Hudson

Rallway Company supply a truck for use in field testing.

All future activity will be limited to brief f{follow-on contacts to
enéure the smooth progress of the program., The team believes it has
generated sufficient visibility for the technology thut, once adapted,
it will rapidly transfer on itz own, in the form of a commercially

available inatrument.

Detection of Residunl Stress in Track and Wheels

The problem of residual stress buildup in railroad track and railcar
wheels was brought to the attention of the SRI team by the Federal
Railroad Administration (FRA). Stresses in track are caused by mainten-
ance work done at different times and at different temperatures; in
wheels, they are caused by friction braking., Stress buildup in either

rail or wheel can lead to failure and subseguent derailment,

During a visit to NASA's Marshall Space Flight Center, the team
learned of an ultrasonic technique being developed to detect siress in
aluminum,. The principal researcher, Mr, Waymon Clotfelter, felt that

the approacli could be applied to steel,

A lightweight ultrasonic *nstrument was designed and fabricated from
the NASA concept, The instrument was tested for its ability to differ-
entinte between stressed and unstressed steel. Its satisfactory per-

formance reinforced the results of an SRI search of the literature, which

15
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indicated that NASA-Marshall's ultrasonic teghnique was superior to any
other known method for measuring stress. The innovator ol the technigue
at NASA-Marshall wanted to test the device onh tensile and compressive
samples of several types -t steel, so through the team's intervention the

AAR provided wheel and rai  samples.

Stréss increments in the samples were successfully measured., Testing
of sample materials was followed by measurement of actual railecus vheels,
supplied by the FRA. Circumferentiully and radially oriented shear wave
velocity measurements were made through the rim of each wheel at locations
spaced 450 apart, Similar determinationg using a 900 change in shear
wave polarization vere also made, The difference between currespondfngt
radinl and circumferential time values was shown to represent stress

(in the wheels),

Rail geometry accommodotes residunl stress measurements wmuch bettier
than the wheel configuration. New wheel rims contain high residual |
stresses and great material variability frem wheel to sheel, but the 1aap
few inches near the end of each unwelded rail can serve as o convenient
reference blouck since any residual stresé is rela’ ively low and materiul
characteristics should be statistically representative of the entire rail,
Thus, any measurement on a corresponding roil subsequent to welding »ill
be a useful determination of total stress in the rail head and it »ill

be w#ithin acceptable limits of accuracy,

A detailed report on this work has been recently published by NASA*
and is currently being evalunted by user agencies ﬁéd some privuete sgector
firmg involved in the fabrication of instruments‘capable of utilizing the
rechnique, The SR1 team has contactied the firm expressing the mogt in-
terest in helping to commercialize the MSFC process and will maintain
a supportive role throughout commerclalization attempts. When a commer-

cially available system is available, the team #ill uct as intermediary

e
NASA TMX 64863
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betwoen the AAR and the suhplier to ongsure utilization ol the technology.

A New Instrument for the Precise Profiling of Railways and Hipghways

New roadway measurement techniques are always of intorest to high-
way and railway ongineers, Currently used hWighway and railway profiling
techﬁ;ques employ equipment using a sinﬁle»uxis inertinl reference {usunlly
an ac@eleromcter or a vertizal gyro) in conjunction with other sensors
to p;ovide vehicle roll information or to compensate for vehicle body

motion in the measured roadway profile data, or both.

During the course of itg space program, NASA hus reported consideruble
research and developmeat on gyro-stabillized guidunce and conirol systems.
This wocsk formed the basis for an improved method of acquiring and re-
ducing railway and highway profile measurements--so imporiant to engineer-

ing and safety.

The utility of currently used road or rail profilometers can be en-
hanced by the addition of a stable, platform-type inertial reference,
A system'including such a reference will allows the measurement ol roll,
pitch, yaw, and three-dimensional acceleration. By using clementary data
reduction techniques, we can measure banks, bumps, curves, grades, cleva-
tions, speeds, and distances, DBy using someshat more complex reduction
methods, we con possibly determine power spectrul densities (a measure-
ment of distribution of the f{requency and amplitude of roadway undulations),
and other statistical measures that may be ot interest. The important
point is that, if the most aearly complete set of data practicﬁl is
taken, it will be possible to obtain answers to future guestions cone-
cerning the roadway simply by writ.n,' appropriate computer pfogrnms.
Periodic data-gathering runs can be used to monitor the various forms

of roadway degradations,

17
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This type uf improved data-collection system would make pussible
the measurement, of several important track and roadbed characteristics
of railways. These measurements would be obtained through the use of
specinlly weighted cars located at advantageous positions in a train,
If the system were muuPted in o vehicle of average weight, a trajectory
of the track could be ;htgined. Local characteristice (e.g., bumps) would
be distorted by the suspengiﬁﬁf'rOn a springless vehicle, the trojectory

and local characterisiics would be obtained for the track loaded condition,

while on o very light vehicle, the local characteristics would be obtained

under virtuanlly no-load conditions; comparison would give a measure of

track foundation compliance., Additionally, the use of such a system
on a roilroad car could make more complete meagurements of the inter-
action +of railears and track, and would probably be a useful tovol for

track/train dynamics studies.

For highways, the stable platform system would allows rapid verification
of roadbeds before and after paving--a quality control advantage. The
system would also mensure shallow and steep grades, subpgrade settiz-
ments, differential settlements, absolute elevations, banks, and curves.
Speeds and distances traveled are also nvailable from the data., The
latter can be monually or automatically correlated with fixed, known land-
marks. With noncontacting road-clearance sensors, runs for the purposoe
of studying vehicle responge over ihe roadway should be practical at

highway speets.

NASA's Marshall Space Flight Center has considerable expertise in the
design, developuent, and use of inertial systems. The team plang to ine-
volve MSFC scientists in the development of test vehicles for use in field
trials to demonstrate this technology to railway and highweay engincers.
The MSFC laboratories have on hand the gyroscopes, accelerometers, vibra-
tion pickups, and vehicles, as well as the data reduction and mathematicul
modeling capability.r Design and test information and the computer soft-

18
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ware can then be made available to potentinl manufacturers.

There is little doubt that the stable inertinl platform, which huos
been used so ctiectively in the space program, can moke o significant
contribution to the safety and maintainability of roadways, A roadway
measuring system based on the plotform can mlso have o beneficial effect
on generating and monitoring quantitative specificutions for roadways,

reduction of cargo damage, and reduced fuel consumption,

The SRI teom plans to continue in its efforts of introducing this
technology to interested public and private seclor agencies. Next yeur's
activities will inﬁlude the development of a research and technulogy
operating plan (RTOP) and locating adequote funding for its implementa-
tion,

A 8afer Surface for Children's Playgrounds

Early in the year, the SRI team wus informgd ol the City of Baltimore's
need for a softer, mure resiliuntplaygroundsfffacing material, Such a
soft material would go far to decrease injuries to children from acei~
dental falls and scrapes, 1t appeared to the team that NASA's thermo-
plusf&c propellant binder, suitably modified, would fulfill this need.

The binder could be modified by the inclusion of recycled rubber to
achieve any degree of sofiness desired. A‘dditionally, if previously
reported field results are correct, the mggerial resists embrittling

at low temperatures, giving it a longer winter lifetime.

The team arranged for U, S, Rubber Reclaiming Company, Vicksburg,
Mississippi, to supply sumples of specially formulated moterials to
Baltimore's Parks and Recreation Department, Working with Mr., Tom
Golden, GSFC detailee to the City of Baltimore, an optimal formulation
was selected., The material selected was noticeably softer than con-

ventional asphalt mixes and exhibited good resistance to abrasion, thus

19




ensuring a relatively good service life,

Trial quantitiers of the material are now on hand in Bultimore a‘n‘d
installation is scheduled for April 1875, The BRI team will be present
during the installation, acting not only as iransfer agent, but technical
advisor as well. A successful trial in Baltimore should lead to side-

spread use of this material in playgrounds all over America,

20

e mta




o —m
C A o = —

O ammnims Sianirii

L

U
T e S

o

IIT  NASA TECHNOLOGY APPLICATIONS:

URBAN MASE THANSPORTATION

During the past yeuar, the BRI team expanded iis setivities to include

investigation of problems in urban mass transportution systeme. Contacts

with three natioanl agencies~--The Urban Moss Trunsportation Administration

{(UMTA), DoT's Trunsportution SBystems Center (18C), and the Trungit Devel-

opment Corporation (IDC)--were cstoblished, All 10 ofithe established

trangit authoritices in the United States wore visited to expluin the

NASA TU progrom and guther operational problems potentially soluuble by

NASA-derived technolugy. These agencies included:

Boy Aren Rapid Transit District (BART)

Chicago Transit Authority (CTA)

Cleveland Transit Bystem (CTB)

Baltimore Mass Trunsit Administration

Massuchuseits Bay Transportuation Authority (MBTA)
Metropolitan Atlantn Rapid Transit Autherity (MANTA)
Metropolitan Trunsporfation Authority (MTA) New York

New York City Trunsit Authority (NYCTA)

Port Authority Trans-Hudson Corporation (PATH)
Southeustern Pennsylvania Transportation Authority (SEPTA)

Weshington Metropoliton Aren Transit Authority (WMATA)

Visits wsore also made to the Lindenwold Line in New Jersey and

the PRT (Personol Rapid Transit)}lines at the Tampa and Dallas Airportis.

Figure 6 depicts sume of these proberties.

Specific problems of importance to the individual transit authori-

ties, as well as those of interest to the entire indusiry, were conpiled and
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presented in a specinl report eniitled, "The MABA Tec- nulogy Utilizotion

Progrum Applicd to Technical Problems in Urban Mass Transpsriution.”

Descriptions of the most pressing problems gnd:their current s*aluscs

follow, 'Jt is expected thot NABA will play a role in investigating
flammability and system relinbility pfoblems. |

Most of the problems listed below apply to rapid transit, but a few

apply to buses., The problems ore listed in order ol greantest interest,

Fireprouf Materials of Counsiruciion

Nonflammable, smokelesaz nontoxic-gas-producing construction materials

are needed for passenger safoty in case of fire in a bus, rapid-transit
car, or subway tunncll Although current materials are acceptable under
current fire s%andards, increased fire resistonce is continunlly sought.
Expertise within NASA's Ames Research Center will be drawn on for an

objectivé evaluation of this problem and recommendatioﬁ for future work.

fctive research efforts by Ames scientists should begin within the next

year,

Smokeless Cabloes

The need for fireprool or self-extinguishing electric cable insula7.
tion that produces uo smoke and minimal toxic gases when exposed to fiée
has become apparent:in the rawid transit industry in the past few yearu.
The need is especially 1mﬁq#rqnt in closed locations, such as in, cars
and in tunnels. The blinding smoke and toxic gases evolved in such

situationg can pose a greater threat to passengers than the fire itself,

A preliminary technology survey of the NASA data buse yielded nine

report absiracts and six Tech Briefs. Materials for the reduction of

electrical fire hazards (N72-16430), flame resistant elect;ical insulators
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and accessories (A70-44461), nonflammable potting compounds (N72-16418),
nonflammable materials for various uses (A71-44595 and A70-42295), and a
versatile temperature resistant halar fluoropolymer (N73-23298) are all
NASA originated. A flame ret.rdant crosslinged polyethylene insulating

jacket (N68-10817) and several severe environment, high temperature re=-

P S
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T TR .

sistant cables (A69-16246 and N67-37329) are included for background

information, The cables described in the Tech Briefs appear promising,

but most of the materials discussed are very costly or not completely

satisiactory. The team will work with Ames Research Center scientists

on this problem, relating it to efforts under way on fireproof materials

of construction. Possible coordination of Ames and TDC efforts may lead

to a satisfactory solution to this problem within the next few years.

Scientific and Technical Aerospace Report (STAR) Abstract References

}M72-16430%§ National Acronautics and Space Administration.
Manncd Spaceeralt Center, Houston, Tex.
MANNED SPACECNAIT CLECTRICAL FINE SAFETY 31
Anteony W Wardell /o s Lont on Mater. for improved Fira
Safety 1971 p 173178 rels (See N72-16409 07-18)
Avarl NTIS; SOD 225 CSCL 22P

The fire hazards created n spacecraft compartmehnts by
malfunction ol electrical varing are described The tests for
electrical wire/cable current cyarload flammability ara presented.
The application of electrical and matenal technologies to the
reduction of fire hazards in spacecraft are examined. Author

AT70.44461 * Development of nonmetallic materials for
space applications. R. €. Sinylie and E. L. Hays (NASA, Manned
Spacecralt Center, Houston, Tex.). In: Survival and Flight Equip-
ment  Association, Annual Symposium, Bih, Las Vegas, Nev,
Septomber 28-October 1, 1070, Proceedings. Volume 1. (A70-
44453 23050 Van Nuys, Calif,, Survival and Flight Equipment
Association, 1970, p. 171197, ;

Discussion of nonmetallic materials with improved flame-
resistant properties developed by NASA and its industrial associates,
Fibrous, cellulosic, tlostomenic, and plastic materials have heen
doveloped, These bosc materials have been used to produce
fire-resistant fabrics, Tiims, paper products, thermal and various
electrical insulations, onu  Other electrical accessories, These
materizls, either alone or in combination, also can be used to cover
or coat flammable materials or substrates 10 render them fire
resistant, In addition, they can be used to protect (by thermally
insulating) or to contain flammable materials, Furthermore, use of
these materials in original designs will result in nonflam...- ‘e
hardware items. G.R.
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N72-16418%§ Natonal Aeronautics and Space Administration,
Manned Spacecraht Camer, Houston, Tex :
DEVELOPMENT OF NONILAMMABLE POTTING COM.
POUNDS FOR SPACFCRAIT
Haury F. Kiine in is Conf on Moter. for Improved Fire Safoty
1971 p B3-90 refs (Sec N12.-16409 07:18)
Avail' NTIS; SOD S/ 256 CSCL 110

The requirements for nonflammable patting compounds for
vse in spacecraft electne and vlectronic equipment ere discussed
The development of a sutsble nonflammable compound is
described Flammability testing and acceptance “ritena lor Apollo
spacuciaft sre picsanted. The dilectnc propertis of vanous
ceramic matenals used as conformal coatings are examined

Author

AT1-44505 * 4 Fire safety - An ochievable goal. Matthew 1.
Radnofsky (NASA, Manned Spac:craft Center, Crew Equipment
Branch, Houston, Tex.). American Institute of Aeronautics an?
Astronautics, Annual Meeung and  Technical Display, 8th,
Washington, D.C., Oct. 2528, 1971, Paper 71-1011. 11 p. Members,
$1.50; noninerbers, $2 00.

The fire salety goa's of NASA and the program plans for their
achievement are discussed. Progress made in the development of
nonflammalile matena' for both space ard nonspace oriented usage
is desctibid. Spevifically, Tibrous asbestes, glass, polyimides, Tetlon,
metaliics, and halogenated matenaly are discussed. Fluoropol ymers,
nonflammalle paper, and composite layups and their applhicahions
sl30 are described. Matenial selectinn and febncation proccsees for
arcraft intenors, housing construction and interiors, and firefiohters’
suits are discusserd. Matenal apphication critenia such es flammability,
vieight, cost, durtability, wxture, color, decarstion, fabricatinn, snd
installation consitlerations are presented as applicable, (Author)
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Fire Extinguishing Equipment

|

On-board fires have become an increasingly 1mPuftant problem for
rapid transit uuthorities. Recent fires in subway tunnels have resulted
in considerable properiy doamage, injuries to the public and several deatihs.
To protect life and property from potontinl fires, compact, efficient
fire extinguishment systems are needed for the underside of the car and

for the dropped ceiling areas within the car,

NASA-Ames Research Center is working on aircraft fire extinguishing
systems ithat have potentianl for direct application te rapid transit cars.
Concentration is on so0lid rather than liquid extinguishers to reduce
toxic gas emission., A technology survey also produced eight abstracts
concerned mainly with alrcraft fire extinguishment, Although none of
these abstracts were NASA originated, they provided useful background
information. The feasibility of using the NASA-derived aircraft systems

is currently under investigatiom,

System Reliability Design

Strong.interest in NASA's capabilities with system reliability was
expressed by several rapid transit agencies, Backup systems, so essential
to successful space missions, are also needed for a failsafe transit

operation,

One very basic tool from NASA is the Automated Verification of Re-
dundant Systems (Tech Brief 72-10295) to determine whether the redundancy
is present, the component/circuity is w~orking, and the redundancy com-

plement has degraded,

The team is currently studying the efficacy of applying the aero-
space style of quality control and systems reliaobility methodologies to

public transit systems, If the feasibility of this approach is demon-
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strated, the team will coordinnte the involved DoT and NABA personnel
in a joint program to geherate guidelines und procedures for rapld transit

use,

New Computer Programs

Transit Cor Diagnostic Bystem--the transit industry's desire for less
downtime might be realized through the use of a computerized diggnostic
system tfor transit cars, Monitorlng and analysis systems of a similar
nature were developed for the Apo}lo program to display engineering in-
formation, In fact, the success of the spaceeérafi's adjustment to its
environment can be attributed to the limited control feedback function,
Consideration is being given to adapting these systems to the transit

car,

Transit-Related Dynamics Studies--a possible direct transfer was
initiated following a request by the New York City Transit Authority
{NYCTA) for more information on the NASA-Langley computer program, The
Digital Time Series Analysis Program (Contract No, NAS1-5631 and 1.D. No,
R-12929)., The team contacted the Langley TU office and ob-ained the
requested information. The NYCTA 1s now working directly with the
Langley TU office to determine if the Langley program can be applied
to NYCTA use. The team will follow the progress of ihis work and provide

any assistance that may be needed,

Shatterproof Windows

From the standpoint of safety, maintenance,_and repair, bus and
rapid transit windows are a major concern of oﬁerators. Windows broken
by rocks thrown at passing buses and rapid trandit cars and from road
debris present both safety hazards and an economic burden, The need

for shatterproof, abrasion-resistant, optically clear materials for use
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in windows has been demonstrated. Although materinls are currently

availoble that cloim to meet this need, none has proven totnlly ncceptoble.

A research and development program currently under wany at NASA-Ames
Research Center is involved in the fabrication of impact-resistant, fire-
safe plastic windows for commercial aircraft, An expocted benefit from
this program will be the development of a more shatter-resistant plastic
window material for bus and rapid transit car application, The SRI team
will work with Ames Hesearch Center scientisis to iransfer this technology

once the andaptive engineering program is successfully accomplished.

Other problem areas:

Improved Fire Detection Systems

Early warning of incipient fire and quick extinguishment response
requires an accurate on-board fire detection systém. Buch a system should
be fail-safe, vandalproof, and inexpensive, as it should be installed on
every car, A computerized evaluation and recommendation system tied in
with the detection system such as shnﬁ§ in Figure 7, has also heen

suggested.

NASA-Ames Research Center 1s working with fire detection systems
for use on aircraft that potenfially have direet application for rapid
transit ¢ar use. A technology survey uncovered 12 absiracts concerned
mainly with heat, combustion, and UV radiation de.eclion. None of the
abstracts uncovered were NASA originated. The results of the survey

vere made available to the user community.

Acoustic Materials

The high sound level experienced in subway tunnels is unattractive
to passengers. Current systéems operate as much as 20 to 30 decibels

above the requirements specified by the systems under construction.
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To reduce the nuise level iﬁside traing traveling through tunnels, o
sound-ubsorbing meterial for treatment of tunnel wolls 18 desired that
could be installed on the intorior wulls of fan shufts, vent shafts, and
line sections. A spraye-on, nsbestos-{rce, comentitious material, eusily
npplied to conerete and metal surfaces, would be useful, A thickness

of 1 inch should have minimum ascoustical properties of o 0,45 sound
absorption coefficiont (8AC) at o 250 cetave bund center frequency (OBCE),
a 0,70 SAC at a 500 OBCF, and a 0.85 SAC ot a 1,000 OBCF, In addition,
the material should be Iire resistunt, rodent prool, wiashuble, Jdurable,

and abrasion resistunt,

A technology survey reveuled abstracis relating to the use of com-
pusites, polyurethane foam, fiberglase, and a latex couting us sound
absorbing materials. ‘The results also included information on duct
ncoustic lining techniques ond scurces of noise 1u rapid transit systicems.
The team's transit users were informed of the results of the survey but

none were really able to act due to bhudget and timing constraints,

Improved Air Conditioners

Air-conditioning systems currently in use consume one-third ol the
power supply for trangit carsg, and are bulky; therefore, more efficient
refrigerants and smaller units ore desired, 1In addition, several system
components need imprbvements to reduce maintenance time and expense.
Items desired include a technigue to halt oil migration from the com-
pressor to other car components, means to store waste power, controls
to provide a response to 600-volt transients, a static humidistat, and

a disposable air f{ilter,

A technology survey of air-conditioning systems produced seven ab-
stracts dealing mainly with aircraft and space systems. A NASBA-derived

integrated temperature control and humidity control is described in
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AT0=40998, A computerized model of thermal control weight and power

requirements (A69-33305), and a study of the properties ol refrigerants

(N68=21357 and N70-21411) may be useful. Small components developed as

a result of weight and space restrictions (A73-36340), proven components

and concepts (A67-30374), and integration of system design parameters in=-

to a properly functioning overall system (A69-24505) are also included

in the survey,.

A7040908 * © Integrated temperature control, humidity
control, and water recovery subsystem for a 90.day Space Station
Simulator test. G. E. Alien, 11§ Bonura, €. C. Thomas, and D F.
Putnam ('AcDonnell Douglas Astronautics Co., Huntington Heach,
Calf). In Space systerms and thermal technology for the 707,
American Society of Mechanical Engineers, Space Technology and
Heat Trangler Conforence, Los Angeles, Calit | June 2124, 1070,
Proceedings Part 1. (A7040076 21 31) New York, Americen
Society of Mechanical Engineers, 1970 6 p. B refs. Rescarch
sponcored by the MeDonnell Doualas Astronautics Independent

Research and Development Program, Contracts No NASw 1612, No .

NAS 1 5007

This puper doscribes the integrated  temperature control,
humidity control, and water recovery subsystem prowided lor 3
@0 day manned test in th. MeDonncll Douglas Space Station
Simutator (SSS). The design was evolved over the Last six yews and
mneorpoates the lessons learned from more than 3600 hours o'
bench tosting, and 123 duys of manncd chamnber testing The
subsystem was desined 10 petform thiee major functions. (1)
mantain tetal comfort interms of wemporatore and humadity, (21
provide o potshie water for the creve, ainl (3) accommodate tests 1o
povide design eritenig Tor 2 real spoce station, The reatistc
cobg ation cou'd he used in A e steton apphicaton. 't &
compatt, hhily rehanie, eaty 10 Mt sotgile o niny caba
prectines e gieasehene gres, and e taptabie 10 Loth perfornon s
andd campanent ehihicatitng (Authan

N70.214114 Natonal Bureau of Standards. Boulder. C.lo

Cryogenics Div

HEFMIGERATION TECHNIQUES

T H Suobndge 1969 18 p  Presented at the Helium Appl

Symp . Washington, DC, 23.24 Oct 1068 and at the Helium

Centenmal Symp, Atlantic City, 11 Sep 1968 Submitted for

prblicatiun

(PO 184214 BMIC B417. H-540) Aval CFSTI CSCL 13A
Contents introduction-hehum as a rcfgeoant The relatonthg

ol refigerators and bauebers, Counterfiow heat eachangers The

Joule Thongmn process. The Rrayton and Caude cycies. Loranders,

< The Giltord McMahon cycle, Modern refigerators and iequatng

UsGAD

ORIGINAL PAGE IS
OF POOR QUALITY

AT1R30 ¥ Fulti'ing the potentisl of the SRAM air
covcipencr. A L. Noreon (e o Acrosparn Cu., Lomtde, Vash )
Amencan lestitute of foro vitws and Asirenont <, Thermnphysics
Car'or nee, Bih, Foim Sorunm, Coid, Sy 16 T4, 1973, Paper
22200 W p Pgmdwen 50 W0 ronmembens, 5. LD

Tne Short Macos Attcd Agale (SEAN) wveapom system
Includ : Ay @ conditionce, i the B 52 carrvr anplane, 10 cool
i e emner eowns Hhoh fthght speords st low altitude,
s Merperatures and by nustle and gt LeMpCIature
tolaraner L 1@ lugh thermeal patential o 2 G0 g requiement
Vievpn oad space resioetions Goited sl compveeats Protiicm
vath Freon iotogerant and ao ¢t bmon i the he ot cagnangers and
variatul 1y of components sre dscussed. An condoioner parformonee
trend, ol snutioty to mfemal and exteredl o reting cond. Lom
are presenie o Following intenave expetineiisl proldem solving and
perlonmune evaluation the thermal potential requirement was fully
mat. (Author)

NGB-213674  Royal Aucrat Eatatlshment, Farnborough (England)
MOTES ON THE SELICTION OF OF RLFRIGERANTS FOH
AINCNAFT VAPOUR CYCLE COULING SYSTEMS
E A Timby Jun 1907 42 p rels
(RAE TRG7147) CFSTI HC $3 00/MF S0 65

The properties of a number of relngerants have Leen studicd
and the thewretical performance of the ieligerants most tikely for
awborne use convidered Choie would depend upon the specle
tequuenionts for any wystem, probably lying hetween refugerants
R12 and R114 No ousting refrigerant s sunable for use st
condensing temper Atuies over 90°C Maore mforination is needed
stability and corrosion at elevated temperatures a3d on Muatutes
of refrigerants known as azetropes Avtlinr

AG9-24505 , :
MODULAR HYDRAULIC POWER SYSTEMS FOR GENERAL AVIATION.
Herbert W. Popper and Charles E. Rees, Jr. (International Tele-
phone and Telegraph Corp., ITT Aercspace Controls, Burbank,
Calil.).

Society of Automotive Enpincers, National Buriness Aireraft Meet-
ing, Wichita, han,, Mar, 206-28, 1969, Paper 696329, Y p.

Members, $1.00, nenmembers, $1.50.

Discussivn of & concine and factual solution to the design selec-
tion, phase-in, and customer acceptance problems of equipping aire
craft with hyZraulic power sources. It is pointed cut that renewed
emphasis on hydraulic power for use in general eviation has in-
cicared the nced for modulized hydiaulic pumping systen in order
to reduce the complexity levels of "multiple plumbed buili to order”
hydraulic systemns. G.R.
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of Crow inviiiberss hodeis Vor thoriial Gonliol eyuipinvnl sizd tur
the analyses snchude cabivn rochannvss Condivuing hodl wacliatigers,
cabii wall Josslatiusi, Niguitd cooluiy and heating lacps, sl spdies
Fatiatur loopis.  Fur the assmied «ebicle gty the calla
wall diiselitiun contpbuted lavge jortivns of the totel woights. The
spacos vihiatay 160ps cantribabed slgabsrenatly ty e tutal woights
whin asaslabality of spaves rasdiclor Surave Appa Gas dmuted. 1t is
shuseh that warations b crow asticdty Jowel and cibae variables
ronult Lo approdiatite worght omd pewer vapiations. Therwal conteed
eyuipivnt 18 alaran to curnpriee siguificant pOFG0e of tutal We i
suppart ayctoms welpht and powor FoRuIFUINERlE . Saniple u“lldeml.
pluts ave preacited fur threw Life suppovt systedis. [Authori .
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DC=9 ENVIRONMENTAL CONTROL DESIGN AND FIRST ¥EAR'S
SERVICE EXPERILNCES.
1. L Dawger, Vo Fo Clevees, and J. 8, Porlee (Douglan Atrerai
Coey Inve, Lonp Beach, Calif, .
Amarrigai Toatitale ef A rosadatics ond Astronautive. Cuimineeeial
Abrysatt 1y sE e Fotaen SAeetne, Los Anpiles, Ealid, ¥yan
Mald, BV, B aper e 0T, 1N py
Mombers, S0 75 outimagiabers, $3. UL

The desipn of the vavivwinwntal control systems for the DE-9
was preatly tadfaesged by the avatlubiiny of clean engine bieed aar
fur vabin prossuricution and by the uee of an onboard susiliary
pUWer bkt as g suuree of energy tor ground air condivoniug. The
servive prublerms associdtod with esisting jul transports wore scry-
tintzed b depth at thi atart of the DC-% design su that marginally
relable sunponente could be aveided and vuly the proven comrponents
s Cuic et ferpitustod. As arosall of an atensc desire tO Bitinlie
fy the sysiin and conlrods to the eptionuins estint, engine bleod wir
b wxhractosd at the lowest praclical pressave, air cyele cyuiprucnt
relrigerates the vabin air, Gnd vundifoues anli=iciog Is svcomslished
For the wlog avebonl surlaces, A nsanvally operated  deiomg cyole
ruroves tee from the ori2uetal stabiiizer. Temgperatare ontral
fur the cabin air gapply micrel, Bopasses (he refrigeration unit G
one stejp o alloy ing o eaoling abr tu Cuibioue uncontrullveg throwgn
the heat enchangers. The resalts of the firgt yeir's airhne servive
expericnce substautiated fhe deswn vancents To that, for the man,
eacedlunt rehability wab debdoved ditl griay ailvid prilus st e das
met, Delays in trip dopariure assectatod aith the covironmectsl
cortrel gy steins will meed the desived goal of 1.3 delays pur 1009
depatlores. fAuthor)
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A69. ..
FAKAMETIIC FILRMAL COXTROL REQUIPEMENTS FOR
FUTLNE SPACLUCIRART,

Ko % Barkor and 5. W, Beool oMo Dosne il Bov o das Corpe . MeBoacell
Dosugtan Astrunautivs Cu,, Wesrtirn Dav,, Tt o ton Beach, Calif. b,
A g Inagitut ol As comastis alel Astrsil s, Shoupephysivy
Lonte rinav, 3ty San b rancisgn Sl dva bvoin, L4 2, Paper
sohber B, Bh e B Tuiln.

-‘l:lhlwl-. 51,00, mennw aders, ¥l 50,

Coumputs d thermal vontral we ipht and powe r reguirvment data
for a group of sample Ll suppurt sy stera probiloms fosmulated lur
determining tvlative sonsitivitios of thess the ruad contrul Feguires
ments to pertinent indupendont variables, The il pemdent varis
ablus conslered include sumber of eseupivi caliing, varations in
crew activity level, variations in heating and cooling reqrirements
for Wfe suppars system equipnwnt, closure of the Life support
system in berms of regene ration of water and onygen, amd pumber
of crew mumbers, Modvls lur thermal control equipment sired for
the analyses include cabin vrchangers, condensing heat eschangurs,
cubin wall insulation, liguid cooling and heating loops, and spece-
radiator luops. Fur the assumed velucle geonuwtrivs, the cabin
wall insulation conteibuted lar o portions of the totel weights. The
spacesradiator loops contributod signiticantly to the total weights
when availability of space-radiator suriace area was lunited, s
shown that variations in crow activity level and other variables
result in appreciable weight and power variations, Thermal control
equipment is shown to comprise significant portions of total life
support system weight and power requirements, Sample tradeotl
plots are presented for three lilu support systems. (Author) .

A67.30374 #

DC-9 ENVIRONMENTAL CONTROL DESIGN AND FIRST YEAR'S
SERVICE EXPERIENCES,

H. H. Hauger, V. ¥, Clecves, and J, S, Perlee (Douglas Aircran
Co., Inc., Long Beach, Calif, ),

American Institute of Acronautics and Astronautics, Commereinl
Alrcralt Deosign and Operation Meeting, Los Angeles, Calif,, Jine
1214, VT, Paper 6i-107, op,

ﬁﬂﬂlwrl. $U.75 nonmembers, $1,50,

The design of the cavironmental control systems for the DC .9
was greatly influenced by the availability of clean engine bleed air
for cabin pressurization and by the use of an onboard auxiliary
power unit as a source of energy for ground air conditioning, The
service problems associated with existing jot transports were scry-
tinized in depth at the start of the DC+9 design so that marginally
reliable components could be avoided and only the proven compor.onts
and concepts perpetuated, As arcsult of an intense desire to simpli=
fy the system and controls to the optimum extent, engine bleed air
is extracted at the lowcest practical pressure, air cycle equipment
reflrigerates the cabin air, and continuous anti-icing s accomplished
for the wing airfoil surlaces. A manually operated deicing cyole
removes ice from the horirontal stabilizes, Temperature control
for the cabin air supply merely bypasses the refrigeration unit in
one step  alloving ram couling alr to cuntinue uncontrolicd through
thie heat exchangers. The results of the first year's airline service
expericnce substantinted the design concepls in that, for the main,
excellont rehability was achieved and guarantecd peifuimince was
met. Delays in trip departure assuciated with the environmental
control systems will mect the desired goal of 1,2 delays per 1000
departures. {Author)
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ine transgit properties are currently ovaluating these briefs, The
teum #111 coordinate follow-on activities ag the properties' budgets

and timing constraints allow,

Problems of a somewhat lower priority under the team's consideration

include:

Encroachment Detection and Responso

i
Sections ol some rapid transit system rights-of~-wny parallel rail=-

road rights-of-yay, 1n the case of a railroad derailment or other
rapid transit track encroachment, a detection and qguick response system
is needed to alert the control operator (Figure B) and halt rapid transit

traoins approaching the blockage,

Fare Collection System

A compact, {oolproof varianble fare collectlon gystem 1s needed., The

magnetic tape tickets now used can be altered and reused,

ignal Connectors

pavibas ./

To decrease maintenance and increase electrical operation, improved
batween-car signal connectors are desired. Both improved mechanical

alignment and more reliable electrical connection are needed.

Improved Braking'System

For more effective braking, rapid transit cars need better wheel-
to-rnil adhesion and an improved braking system., Such a system should
be less sensitive than systems currently used to curtail sliding, and

also to provide greater maximum braking rates., A system check and per-
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formance monitor 1g slso désired, An improved mlip-slide control hos
been suggested as woll ns n system o aytomatically dotermine the track
coefficient of friction (with variable weather conditions) to adjust

b.aking rates, Elimination of sliding would alsv curtail Slat wnd

spalling wheel problems,

Third Rail Deicer

Ice can build up as thick ns 3/8 inch on an ovutside third rail
during the winter months,;'A buildup us thin as 1/18 inch will stop
trains by insulating the third rail poser trom the train, and sleet

scrapers, oil, and lamps have not satisfactorily solved ihis problem,
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IV  PROGHAM VIBIBILITY

Pregentations to two professional assoclations were given by team
memberg during May., In an after~dinner talk, Mr, Jomes Wilholm described,
"I'ha NABA Technology Utilization Program Applied to Rallroad and Rail

Transit Problems, to the Metropolitan Hailway Club of New York at their
quarterly meeting (May 9, 1874). He covered the history of the TU effort,
the 8RI TAT transfer methodology, and saveral past and present {iransfers
of technology to the railroad and rail transit industrlies. Mrs. Ruth
Lizmnk was a speaker at the Western Hegional Conference of the American
Public Works Association, held in Anaheim, Californin on Moy 19-23, 1874,
Bhe used two case studies (NABA's randomdec technigue for bridge inspec=-
tion and improved friction material for brake linings) to illustrate the
transfer process-~the "how" of technology transfer--and the interrela-
tionghip of user agency, NASA innovator, funding agency, and private

company,

In its attempt to broaden its coverage and be responsive to a greater
number of problems and users, the BRI team issued two volumes of "Tech-
nology Applications Notes." The newsletters were mailed to the president
of every railroad employing over 5,000 employees and to representatives
of 50 state highway departments. It is the team's hope that this pub-
lication will give the NASA program increased visibility with potentinl
ugers and will generate new and interesting problem areas for solution by
the application of NABA technology. In addition, an article, describing
NASA's Technology Utilization Program and the S8RI team's role in it,
appeared in the Fall 1973 issue of Institute for Transportation Newsg~
lgtter. This and other illustrations of team visibility are shown in

Figure 9,
36
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¥ CONCLUSIONS AND RECOMMENDATIONS

The importance of the adaptive engineering and business opportunity
phases of the transfer process has been stressed repeatedly by the SRI
team, Usually both phuses must be pursued and completed before a transg-
fer of a given technology is poussible. The adaptive engineering program
must be so designed as to reduce the newly developed or advanced technol-
ogy to its most cost-effective state, while the bhusiness opportunity plan
has to be designed with the industrial investor in wmind., The plan must
recognize that the investior's greatest incentive for involvement in a
new technology is his opportunity to make a profit, The more clearly
this potential is demonstrated, the more readily w»ill the private soctor

involve itself in the transfer process.

During the current contract, the SRI team has sought funding for
adaptive engineering projects from the Technology Utilization Cffice of
NASA, from the U. 8. Department of Yransportation (i.e,, Transportation
Systems Center, Federal Railroad Administration (through the Association
of American Railroads), and the Federal Highway Administration) and other
federal and private agencies. In many cases, such as those outlined in
this report, the team was successful. A number of others, howsever, are
still in the planning phases., The time lags shile these planning phases
develop severely hinder the transfer process., The team sees no way to
alleviate this problem as it is tied so clousely to federal procurement

and requisitioning policies,

it has become increasingly evident that the product development func-

iion is the recognized responsibility of the private sector. The adaptive

engineering necessary to develop an 2erospace-derived technology to a
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commercianlly viable stage, hosever, must be federnlly funded {for the

mosgt part) if a transfer 1s to be accomplished.

The BRI team feels it has further strengthened its ability to find
and transfer key NASA-derived technology, and looks for continued inter-
action with federal agencies, private industry, NASA centers, and the
TU office, The team believes that NASA has indeed become the forerunner
in the transfer of technology to benefit mankind and that this position

%111 be maintained,
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