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PREFACE The Secretary of Transportation is required 
to report annually to the President and the 
Congress on the activities carried out under 
the High Speed Ground Transportation 
(HSGT) Act of 1965 as amended and ex­
tended. This Ninth Report covers the HSGT- 
funded research, development, and demon­
strations programs administered by the office 
of Research and Development (OR&D) of the 
Federal Railroad Administration (FRA) in ac­
cordance with section 10(a) of the Act, and 
also encompasses related work performed 
under appropriations for advancing railroad 
technology and safety.

Earlier reports have also contained a full 
bibliography of reports published in conjunc­
tion with railroad research, development, and 
demonstrations efforts. The Rail Research 
Information Service, operated by the National 
Research Council and sponsored by FRA, 
has incorporated all references to FRA re­
ports in its bibliography which is updated 
through published bulletins at six-month 
intervals and is now available on a subscrip­
tion basis. (See Section 7.0 for information 
on subscription procedures and bibliography 
searches.)

The annual reports continue to serve as an 
information source for those having a tech­
nological interest in FRA’s research, develop­
ment, and demonstrations activities. A limited 
number of copies are made available to com­
mittees of Congress, other Department of 
Transportation (DOT) organizations, aca­
demicians, prospective contractors, industry 
organizations and others who want or need 
to know about results obtained. General 
public distribution is made through the Na­
tional Technical Information Service, Spring- 
field, Virginia 22151.
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1.0 O V E R V IE W  
A N D  H IG H L IG H T S

This Ninth Report from  the Secretary of 
Transportation to the President and the Con­
gress covers results and progress by the 
Federal Railroad Adm inistration (FRA) Office 
of Research and Development (OR&D) in 
carrying out the provisions of the High Speed 
Ground Transportation Act of 1965 (as 
amended) during the year ending September 
30, 1975. The report also covers correspond­
ing and interrelated w ork carried out under 
the annual appropria tion fo r railroad research 
and development. Activ ities funded from both 
of these sources involved fac ilities of the 
Department of T ransporta tion ’s Transporta­
tion Test Center (TTC) operated by FRA at 
Pueblo, Colorado.

FRA’s technologica l research has been re­
directed to focus more sharply on near- and 
interm ediate-term  conventional rail problems. 
Consistent with this redirection, the R&D 
office was reorganized. Efforts in this area 
have already resulted in sign ificant program 
changes. As part of th is reorganization, FRA 
has separated most passenger and freight 
systems R&D activ ities to assure that unique 
custom er needs are addressed and mecha­
nisms established to prom ote early incorpo­
ration of proven R&D results into the rail 
industry. FRA continues to place highest 
prio rity  on safety and has developed efficient 
internal coordination among rule making, in­
spection, and technica l R&D support person­
nel. In the passenger systems area, FRA is 
emphasizing developm ents which will help 
Am trak reduce its operating costs and improve 
the service. In the past, FRA developed ad­
vanced systems such as the Linear Induction 
Motor Research Vehicle (LIMRV) and the

Tracked Levitated Research Vehicle (TLRV). 
While these have provided extensive and use­
ful data, the ir use in operational systems is 
still many years away. Therefore, FRA is now 
concentrating on developing moderate im­
provements upon existing technology so that 
Am trak and other rail passenger systems can 
implement these results quickly and effic iently 
to achieve lower operating and maintenance 
costs. FRA’s fre ight R&D activities are focus­
ing on two phases of product evolution, 
leaving product development and im plem en­
tation to the private sector. FRA has strength­
ened its relationship with both the railroad 
users and the supply industry and has become 
involved in many jo in t feasibility-type activ­
ities to dem onstrate to railroads the technical 
improvements possible. The railroads, in turn, 
through advanced perform ance specifica­
tions, can then attract the supply industry to 
invest in product development. FRA’s second 
m ajor thrust is to provide railroads and sup­
pliers with useful test and evaluation capa­
bility  at the Transportation Test Center (TTC). 
During the past year, many of FRA’s fac ilities 
at TTC have been modified to make them 
more representative of the actual railroad 
environment.

In order to insure maximum return from  
R&D dollars, FRA cosponsored with the 
Association of American Railroads (AAR) a 
railroad research study conference at Woods 
Hole, Massachusetts, in June and July 1975. 
Experts from  the railroad industry, railroad 
suppliers, government, and academic institu­
tions were invited to deliver papers and dis­
cuss the needs and priorities of research 
areas. The objectives of the conference were



to identify problem areas affecting the health 
of the rail industry and to identify  and assign 
prio rities research areas responsive to these 
problems. Prelim inary conclusions from  the 
conference proceedings indicate that a m ajor 
portion of FRA’s R&D programs in conven­
tional systems are highly responsive to the 
critica l needs of the industry and w ill provide 
m ajor benefits to the industry on a near-term  
basis.

Congress has expressed interest in the 
econom ic im pact of government expenditures 
for rail research and development. This re­
port includes in Appendix A a listing of con­
tract obligations incurred in FY 1975 together 
with the names of the contractors and the ir 
places of business.

The missions, goals/ob jectives, and s ign ifi­
cant accomplishments for each technologica l 
area through September 30, 1975, are sum­
marized below.

Rail Freight Systems R & D

The Office of Freight Systems R&D was es­
tablished in the recent reorganization to respond 
to the critical research problems confronting the 
railroad industry in rail freight transportation. 
Current programs include those related to classi­
f ic a tio n  yards, tra ile r -o n - f la tc a r  (TO FC ) 
evaluations, freight car management systems, 
freight car components, and the development of 
the Rail Dynamics Laboratory (RDL). The high­
lights for 1975 are as follows:

Improved Rail Freight Service

•  An analytical model for estim ating fuel 
consum ption in rail transportation has been 
completed. This model is presently in the 
process of being validated through actual 
field fuel consumption measurements. Valida­
tion w ill perm it the use of the sim ulation 
model in assessing alternatives fo r routing 
a n d /o r rail operations that are most energy 
efficient.

•  In response to a rail industry request for 
technical assistance, FRA com pleted an in­
vestigation into the problems associated with 
low readability of the rail industry ’s standard 
optical autom atic car identification (ACI) 
system. This effort system atically specified 
parameters that delineated the actual prob­
lem sources.

•  FRA completed Phase I of the T ruck 
Design Optim ization Project (TDOP), a per­

form ance evaluation of general purpose 
fre ight car trucks, and conducted an industry 
briefing on the early findings. Four technical 
reports were published describ ing test para­
meters, and an econom ic m ethodology was 
developed for assessing truck  ownership 
costs based upon im proved designs or m odi­
fications. Results o f a com prehensive liter­
ature search were made available in a 
three-volum e report.

•  An industry-governm ent pro ject contin­
ues to evaluate two lightw eight tra ile r-on-fla t­
car (TOFC) and conta iner-on-fla tcar (COFC) 
cars and compare the ir perform ance with that 
of a heavier and more conventional TOFC/ 
COFC car.

•  The first experim ent utiliz ing the single- 
ended vertical shaker in the Rail Dynamics 
Laboratory (RDL) was in itia ted, using a fla tcar 
and tra ile r com bination, to examine and im­
prove the environm ent of typical goods 
shipped by rail in the TOFC configuration. 
Reducing damage to goods w ill increase the 
profitab ility  of rail fre igh t service as well as 
encourage new business through more re li­
able and safer operations.

•  Phase I of the Track Train Dynamics 
Program was com pleted successfully; the 
findings have received w ide acceptance 
throughout the rail industry. Sponsored jo in tly  
by FRA, AAR, the Railway Progress Institute 
(RPI), and the Transportation Development 
Agency (TDA) of the Canadian M inistry of 
Transport, the program  is designed to investi­
gate the dynamics of tra in operations.

• The Transportation Systems Center 
(TCS), working with ra ilroad companies, con­
ducted fuel consum ption tests on intermodal 
trains consisting of TOFC and COFC equip­
ment. The data obtained w ill be used to vali­
date a com puter sim ulation model previously 
developed to assess energy efficiencies of 
d ifferent types of operations.

•  FRA, with assistance from  TSC, initiated 
development of a TO FC/CO FC wind tunnel 
test to determ ine aerodynam ic drag charac­
teristics of various existing equipm ent con­
figurations. The results w ill be used to estab­
lish energy trade-off data between TOFC and 
COFC and the effects of stream lin ing and the 
spacing of loads.
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Rail Dynamics Laboratory

•  The Rail Dynamics Laboratory (RDL) 
Program was redirected from  a Rail Dynam­
ics S im ulator fa c ility  to a V ibration Test Unit 
(VTU) and Roll Dynamics Unit (RDU) so that 
the RDL could be com pleted in a tim ely 
fashion, relatively free of technical risk, and 
with minimum cost.

•  A vertical shaker at the RDL is opera­
tional. The shaker w ill study the response 
characteristics of truck assemblies and total 
vehicles subjected to vertically applied 
periodic and random excitation.

•  The RDL Integrated Com puter Subsys­
tem Network, C om m unication System, and 
Analog Data A cquisition and Control Subsys­
tem (ADACS) have been accepted by the 
government and w ill be reconfigured to sup­
port the VTU and RDU systems. The ADACS 
and Com m unication System are currently 
being utilized in the vertica l shaker system.

Rail Safety R & D

The Office of Rail Safety R&D was formed 
in FY 1975 under the FRA reorganization. 
The mission of the office is to plan, sponsor, 
and im plem ent research and development 
programs designed to im prove rail safety. 
The broad goals of the office are to reduce 
the number and severity of the accidents 
through the applica tion of research results. 
To realize these goals, the office conducts 
research in three main areas which are:

•  Improved track structures

•  Rail vehicle safety

•  Safety inspection, defect detection, and 
testing of track and rail vehicle components 
and systems.

There are three divisions w ithin the Office 
of Rail Safety R&D, each of which is respon­
sible for one of the above research areas.

The office coordinates its planned and out­
going research efforts w ith the potential users 
of the research outputs, e.g., FRA Office of 
Safety and the Office of Northeast Corridor 
Development, Am trak, and the railroad in­
dustry. In some instances, projects are spon­
sored jo in tly  by the FRA and these users. The 
highlights fo r 1975 are as follows:

•  Facilities constructed during the previ­
ous reporting period were used to test tank 
car thermal shields and relief systems and for

evaluating the effectiveness of such measures 
for tank cars engulfed in fire and the destruc­
tive effects of bursting tank cars.

•  Louisiana Tech University com pleted a 
tank car structural stress analysis and the 
National Bureau of Standards com pleted a 
m etallurgical analysis of steel plate samples 
taken from  tank cars involved in accidents 
in order to develop tank cars with stronger 
tank car shells.

•  Progress in FRA’s program to improve 
rail vehicle occupant protection included the 
development of a locom otive-caboose co lli­
sion model, the form ulation of occupant pro­
tection guidelines, and the com pletion of 
eight rear-end collision tests.

•  Two FRA contractors completed studies 
aimed at acquiring an understanding of 
safety-critica l railroad jobs.

•  The Naval Ammunition Depot, Crane, 
Indiana, com pleted a study to identify and 
describe the principal tasks perform ed by 
conductors and brakemen during over-the- 
road operations.

•  A study was completed of minimum ex­
perience qualifications for enginemen, con­
ductors, brakemen, and dispatchers.

•  The Transportation Systems Center 
(TSC) com pleted evaluations of three tra in ­
handling aides— the Draft-Buff Indicator, the 
Power Force Indicator, and the L /V  Hazard 
Detector, used to measure the ratio of lateral 
to vertica l forces.

•  TSC com pleted an evaluation of several 
com m ercially available portable wheel-in­
spection units.

•  FRA com pleted the grade crossing in­
ventory project.

Improved Track Structures

•  Lateral track stability tests were com ­
pleted on the main line track of the Chessie 
System at Sabot, Virginia.

•  An AAR contract produced a prelim inary 
conceptualization of a Facility for A cce ler­
ated Service Testing (FAST), from which life- 
cycle cost and perform ance data can be ac­
cumulated in compressed time.

• The nine-section Kansas Test T rack was 
opened to in-service traffic.
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Automated Track Inspection

•  TSC completed an evaluation of a rail 
flaw detection vehicle.

•  FRA R&D has moved into the operational 
mode in the Automated Track Inspection Pro­
gram, which is directed toward provid ing the 
Office of Safety with an automated track  in­
spection capability. Two surplus U.S. Army 
hospital cars were acquired and are being 
refurbished and converted into track  inspec­
tion vehicles to supplement the existing track 
test cars:

•  To date FRA’s track inspection vehicles 
have inspected 15,548 miles of track fo r com ­
pliance with safety standards.

Passenger Systems R & D

The Office of Passenger Systems seeks to 
develop technology to support and enhance 
A m trak’s mission in intercity passenger serv­
ice. The program investigates and develops 
improved equipment alternatives fo r oper­
ations and demonstrations by Am trak. The 
main technology areas under investigation 
include traction and propulsion, suspension, 
braking, equipment, controls, tra in evalua­
tions, and systems developments. The h igh­
lights for 1975 are as follows:

Systems Analysis and Technical Assessment

•  The M etroliner Improvement Program 
was completed during the reporting year. 
The objective of the program was to im prove 
those components that had been responsible 
fo r a high failure rate and high m aintenance 
cost. Four modified cars, two of w hich were 
equipped with General E lectric propulsion 
and control equipment and two with W esting- 
house E lectric equipment, have com pleted a
25,000-mile (40,225 km) road test w hich veri­
fied that the m odifications are effective and 
reliable. The results of this program  have 
been made available to Am trak fo r its use in 
im proving the fleet of M etroliner cars.

•  At the end of the reporting year, a pro­
gram was being planned to acquire in-depth 
knowledge of existing passenger tra in  sys­
tems, components, and subsystems that could 
be used in the United States in the near 
future. The information is intended to provide 
a baseline for the acquisition of im proved 
passenger equipment.

•  Another program  w hich was in the plan­
ning stage at the end of the reporting year 
was the passenger-car tru ck  test program. 
This program w ill co llec t perform ance and 
ride quality inform ation on different passen­
ger-car trucks. Also aimed at im proving 
passenger service is a planned signal, con­
trol, and com m unication study which w ill 
concentrate on methods fo r achieving faster 
schedules at a minimum cost by im proving 
existing signaling systems.

•  Passenger car ride quality, acceleration, 
and noise data were recorded during the 
year. The goal of th is program  is, ultim ately, 
to develop ride quality crite ria  and specifica­
tions fo r improved passenger cars.

Supporting Technology

•  A power condition ing unit w ith variable- 
vo ltage/va riab le-frequency capability  is now 
undergoing testing in the Tracked Levitated 
Research Vehicle (TLRV). This represents the 
most powerful and most advanced system for 
potential locom otive use to date.

•  FRA conducted a series of Linear Induc­
tion M otor (LIM) tests over the entire speed 
range of the Linear Induction M otor Research 
Vehicle (LIMRV) to determ ine electrical char­
acteristics of the m otor and to establish 
significant corre lation with mathematical 
models.

•  Other LIMRV tests com pleted were in 
the areas of braking, m otor edge effects, 
electrom agnetic wake, w heel-rail adhesion, 
and noise.

Advanced Systems

•  FRA, in cooperation with UMTA, has de­
veloped the w orld ’s firs t a ll-e lectric  Proto­
type Tracked A ir Cushion Vehicle (PTACV). 
The 60-passenger vehic le  is being tested on 
a 5.7-mile (9.2 km) inverted-tee guideway at 
the Transportation Test Center. On May 9, 
1975, the vehicle reached a speed of 102 
mph (163 km /h), a speed record for levitated 
vehicles in this country.

•  The LIM and the power conditioning unit 
were installed in the TLRV.

•  Conceptual designs were developed for 
the repulsion and attraction concepts of 
revenue-service Maglev vehicles.
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Transportation Test Center

Significant developm ents at the Transpor­
tation Test Center (TTC) during the past year 
included changing the name of the test cen­
ter from the High Speed Ground Test Center 
(HSGTC) to the Transportation Test Center; 
changing the mission statem ent and table of 
organization; and sh ifting emphasis from ad­
vanced vehicle testing to conventional ra il­
road and transit equipm ent testing in order 
to attract more use of the center by the 
private sector. The high lights for 1975 are as 
follows:

•  The Center Services Building and the 
Operations Building w ere com pleted and 
occupied.

•  The e lectrica l d is tribution system was 
completed.

•  Construction of 5.7 miles (9.2 km) of 
railroad track for the northern segment of 
the High Speed Track and “ Balloon Loop” 
was com pleted; construction was begun on
8.3 miles (13.4 km) of track  to com plete the 
High Speed Track, two miles (3.2 km) of 
which w ill be bolted track  which could have 
built-in perturbations to sim ulate actual or 
“ real w orld ”  track conditions.

• The Canadian Light, Rapid, Comfortable 
(LRC) Train ran more than 20,000 miles 
(32.130 km) during 29 tests on TTC tracks.

•  FR A/AAR/RPI com pleted a two-month 
series of Long Train S tab ility  (L /V  and Lateral 
Stability) Tests, an elem ent of the T rack / 
Train Dynam ics Research Program, Phase I.

•  FRA com pleted the Train-to-Train Im­
pact Test series, sim ulating rear-end train 
collis ions at speeds up to 30.4 mph (49 km / 
h).

• FRA com pleted high speed tests up to 
120 mph (193 km /h) to qualify new Budd 
Company “ A M ” coaches for high speed Am- 
trak service.

•  The Prototype Tracked A ir Cushion 
Vehicle (PTACV) exceeded 100 mph (160 km / 
h) on a test run.

•  TTC personnel assisted in conducting 
the FRA-sponsored Eleventh Railroad Engi­
neering Conference in Pueblo, which included 
a tour of TTC facilities.

•TTC public affairs efforts included assist­
ance in film ing test center activities for the

NBC Today Show and for the United States 
Inform ation Agency; official dedication of 
the newly paved 17-mile (27.4 km) test center 
access road by Deputy Secretary of Trans­
portation John W. Barnum (including a test 
center open house fo r the general public); 
and hosting government, industry, and news 
media people at the 30.4 mph (49 km /h) 
Train-to-Train Im pact Test.

•  More than 6,500 people visited the test 
center during the period of this report, inc lud­
ing representatives of American and foreign 
government and industry.

International Cooperation

Greater impetus was placed on interna­
tional cooperation during the past year as a 
method for conserving R&D resources and 
avoiding duplica tive research. The Depart­
ment of Transportation (DOT) has 10 bilateral 
agreements with foreign countries in which 
FRA is involved. The most significant one is 
the agreement with the Soviet Union, which 
is the most rail-intensive country in the world 
and which has reached a high degree of 
development in railroad technology. The 
highlights for 1975 are as follows:

• The US-USSR bilateral agreement for 
cooperation in the field of transportation 
resulted in an agreement at the fourth w ork­
ing group meeting on railroad technology 
exchange held in Moscow in September 1975 
whereby the Soviet Union is to provide the 
United States with 10 prestressed concrete 
crossties for testing and evaluation in this 
country and the United States is to furnish 
the Soviets with an American draft gear for 
fre ight cars fo r tests and evaluation in the 
Soviet Union.

•  FRA partic ipated in the proceedings of 
the jo in t Soviet-Am erican meetings in Mos­
cow during August-September 1975. The 
meetings related to the third meeting of the 
Joint Transportation Committee and the Joint 
W orking Group Meetings on Transport of the 
Future and on Railroad Transportation.

•  A U.S. delegation visited the Soviet 
Union from May 26 to June 5, 1975, to study 
Soviet railroad e lectrification technology.

• FRA partic ipated in a three-day railroad 
seminar on June 3-5, 1975, at the U.S. Trade 
Center, M exico City, with technical papers 
delivered by members of the U.S. railroad 
industry and the government.
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2.0 RAIL F R E IG H T  S Y S TE M S  R&D

2.1 I M P R O V E D  RAIL FREIGHT SERVICE

The purpose of the Improved Rail Freight 
Service Program is to  prom ote research and 
developm ent efforts w ithin the government 
and the rail industry which are responsive to 
the c ritica l problem s confronting the ra il­
roads in the transporta tion of fre ight and 
goods. The program  is structured to attract 
industry partic ipa tion  and cost sharing in 
R&D efforts. It is designed to stim ulate a level 
of R&D activ ity  essential to  sound capital in­
vestm ent decisions which w ill be necessary 
as the upgrading of the nation’s railroads 
proceeds in the years ahead. This need is 
h ighlighted by the fact that government and 
industry agencies are forecasting a doubling 
of demand fo r ra ilroad services in the 1980s. 
Such an increase in service w ill require sig­
n ificant capita l investm ents in relatively long- 
lived fac ilities  and equipm ent— facilities and 
equipm ent that w ill be expected to remain 
in service well in to the next century.

Much of the research heretofore in the rail 
industry can be characterized as evolutionary 
in nature— often founded on em pirical data 
and experience gained over a long period 
of time. This tedious and costly process must 
be accelerated if the railroads are to meet 
expected fu ture  demands. To this end, a 
m ultipronged attack has begun on identified 
problem  areas.

During the past year there has been s ign ifi­
cant progress in the developm ent of cooper­
ative research pro jects involving the ra il­
roads, m anufacturers and suppliers, and the 
Federal Government. At the same time, the 
Federal Railroad Adm inistration (FRA) in iti­
ated a num ber of foundation studies to deter­
mine what ra ilroad problem s might be 
resolved through research into innovative 
concepts. FRA also examined existing tech­
nology applicable  to the movement of goods 
by railroads in the interest of reducing devel­
opment lead times.

In order to respond to the nation’s need

fo r a more effic ient and effective rail fre ight 
transport system, the Improved Rail Freight 
Service Program has been divided into four 
m ajor functional subprograms:

•  Systems A nalysis/Technology Assess­
ment

•  Classification. Yard Technology

•  Equipment Performance Analysis

•  interm odal Freight Systems Technology

The broadly based Systems A na lys is /T ech­
nology Assessment subprogram  covers those 
areas that deal with railroad p roductiv ity  in 
general. Research in th is area often leads to 
identification of a problem  that is subse­
quently addressed in another functiona l pro­
gram area. In this subprogram, FRA, through 
the Transportation Systems Center (TSC), 
has begun an effort to  analyze and measure 
fuel consum ption in rail fre igh t service. Noise 
and locom otive exhaust emission character­
istics are also being investigated.

Under the Classification Yard Technology 
subprogram, research efforts are com m itted, 
in the near term, to provide more reliable 
and efficient perform ance in yard and te rm i­
nal operations. FRA anticipates that th is re­
search w ill stim ulate industry to develop 
im proved systems of specialized equipm ent 
and yard configurations which w ill increase 
the efficiency of the classification process 
and the overall handling of railcars. The 
classification yard has long been recognized 
as the principa l obstacle to im proved rail 
transport service and capability.

Research in th is subprogram  has concen­
tra ted on an assessment of c lassification yard 
technology in order to  establish existing and 
anticipated needs for hardware developm ent 
and on a study of the Autom atic Car Identifi­
cation (ACI) system, an im portant com ponent 
of fre ight car management and contro l sys­
tems. The electro-optical ACI system has been 
under considerable technical scrutiny, and 
FRA has partic ipated in a cooperative effort 
w ith the AAR and RPI to identify  problem s
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and suggest improvements for the system.
The Equipment Performance Analysis sub­

program is devoted prim arily, in the near 
term, to defining the characteristics of exist­
ing rail fre igh t car equipment and systems. 
It is intended to determ ine the potentia l fo r 
im provem ent of this equipment through m inor 
m odifications which can prove econom ically 
beneficial to the railroads in terms of reduced 
maintenance and operation costs or loss and 
damage claims.

A crucial firs t step, however, is a charac­
terization of the perform ance of existing 
equipment, much of which has evolved on 
the basis of em pirica l judgment. Therefore, 
current perform ance must be evaluated prior 
to attem pting assessment of new designs and 
developments. A significant accom plishm ent 
in this area was the com pletion of the firs t 
year of the Truck Design Optim ization Pro j­
ect (TDOP), a multiyear, applied research 
program designed to define thoroughly the 
perform ance of existing general purpose 
fre ight car trucks. The results of this research 
w ill lead to econom ically feasible im prove­
ments in truck suspension systems. S im ilar 
investigations which were in itiated involve 
assessment of the potential for m odifications 
and improvements in freight car braking and 
coupling systems.

The Interm odal Freight Systems Technol­
ogy subprogram, begun in 1974, is d irected 
toward developing technologies to fac ilita te  
the establishment of an efficient land-based 
transport system employing truck-ra il-truck  
handling of containerized fre ight between 
origin and destination. The goal of th is sub­
program is to develop system com ponents 
which w ill produce a more effic ient in te r­
modal network capable of accom m odating 
the projected transport market increase over 
the next two decades.

The m ajor accom plishm ents of the Im­
proved Rail Freight Service Program in 1975 
are examined in a further discussion of spe­
c ific  projects.

F uel C o n s u m p t io n  o f  R a il T r a n s p o r ta t io n

Rail fre ight transportation accounts fo r 
only a small percentage of the petroleum  fuel 
used for transportation in the United States 
and has generally been accepted as one of 
the most energy-efficient modes of transpor­
tation. To date a detailed knowledge of fuel 
consum ption of trains has not been available,

although estim ation of this quantity typ ica lly  
has been a by-product of railroad com puter 
sim ulations used to pred ict schedule and 
motive power requirem ents in planned oper­
ations. Recent developments, however, in­
cluding a significant increase in fuel prices, 
have given m ajor impetus to developing more 
fue l-e ffic ient operations.

A firs t step in this d irection is the accurate 
determ ination of actual fuel consum ption in 
various rail transportation operations. For 
most modes of transport, operations are well 
defined, and a re latively sim ple physical 
model supported by a small num ber of meas­
urements can provide reasonable estimates 
of fuel consum ption. However, rail fre ight 
operations are characterized by diversity. 
Power-to-weight ratio can vary from less 
than unity to greater than 10. Speeds can 
range from 10 to 80 mph (16 to 29 km /h) over 
a wide variety of terrain. Aerodynam ic char­
acteristics can differ m arkedly fo r different 
types of fre ight cars and train configurations.

In order to shed light on th is uncertain 
area, the FRA has supported a TSC effort to 
analyze and measure fuel consum ption in rail 
fre ight service operations. U tiliz ing an ana­
lytical model based on the physics of tra in 
movement developed in FY 74, TSC con­
ducted a study on a variety of operations, in­
cluding branch lines, general fre ight, and 
passenger systems. A com puter program  
based on this model was used to examine the 
sensitiv ity of fuel effic iency to various fac­
tors— speed, grade, pow er-to-w eight ratios, 
load, etc. This study has been docum ented in 
a form al report, “ Railroads and the Environ­
ment— Estimation of Fuel Consum ption in 
Rail T ransportation”  (Vol. 1— Analytical 
Model), FRA-OR&D-75-74.1 (NTIS Document 
PB 244 150/AS).

For this model (and others) to be of maxi­
mum utility, it must be validated through 
com parison to actual cases. In addition, ac­
curate measurements for particu lar cases 
are, in themselves, of value for policy form u­
lation. Thus, FRA/TSC has undertaken a pro­
gram of fuel consum ption measurement for 
several types of service. To have meaning 
and credib ility , this endeavor must be carried 
out w ithin the fram ew ork of revenue oper­
ations of cooperating railroads.

During the past year measurements were 
collected from a typ ica l branch-line oper­
ation, and arrangements were in itia ted or
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com pleted fo r co llection  of data from several 
railroads on other types of operations. The 
data to be co llected ranges from highly de­
tailed (measured car weight, fuel and speed 
every 10 miles (16 km), etc.) to gross values 
(total fuels, estim ated weight).

The current emphasis in the measurement 
program is on tra ile r-on-fla tca r/con ta iner-on- 
fla tcar (TOFC/COFC) operations— a class of 
service fo r which the uncertainty is particu­
larly great and accurate data are necessary 
for the analysis and systems engineering 
essential to developing an efficient and prac­
tical interm odal transporta tion system. This 
type of operation w ill be examined on at least 
four railroads. Fuel consum ption data are 
also being gathered fo r unit coal trains and 
general fre ight. It is anticipated that the final 
results of th is research w ill lead to new oper­
ating techniques and optim um  perform ing 
equipm ent fo r use by railroads.

R a ilr o a d  N o i s e  A b a t e m e n t  R e s e a r c h

As part of its responsib ilities under the 
Noise Control Act of 1972 (PL 92-574), the 
Office of Noise Abatem ent, U.S. Department 
of Transportation, requested the support of 
FRA/OR&D, TSC, and AAR in developing a 
com prehensive research program on railroad 
noise. This w ork augm ents research under­
taken by the railroads on noise in railroad 
operations. The in itia l cooperative effort cur­
rently under way is directed at identifying 
the sources of noise on a typical line-haul 
d iesel-e lectric  locom otive.

F i g u r e  1. R e s e a r c h  t e c h n i c i a n  f r o m  t h e  T r a n s p o r t a t i o n  

S y s t e m s  C e n t e r  r e c o r d s  f u e l i n g  o f  a  d i e s e l - e l e c t r i c  

l o c o m o t i v e  d u r i n g  t h e  c o n d u c t  o f  f u e l  c o n s u m p t i o n  

m e a s u r e m e n t s  o f  v a r i o u s  t r a i n  o p e r a t i o n s .

With the cooperation of AAR and the Bur­
lington-Northern (B-N) Railroad, an SD-40 
locom otive was selected for the tests and 
B-N fac ilities were made available to an 
acoustic consultant firm  to perform the noise 
study. Moving and stationary measurements 
have been conducted, data reduction and 
analysis are currently under way, and a final 
report was scheduled for com pletion in No­
vember 1975. The results of this program  w ill 
be coordinated closely with research under 
way to evaluate a m uffler installed on the 
same locom otive used in the source iden tifi­
cation research.

Another significant source of noise in the 
railroad environm ent is the hump track in 
classification yards, where car retarders are 
used to control the speed of free-ro lling cars 
during the classification process. When the 
retarders are applied to the car wheels in a 
clam ping fashion, a loud squeal is created 
which is audible quite some distance from  
the yard. The actuating mechanism of the

F i g u r e  2 .  S D - 4 0  l o c o m o t i v e  u s e d  t o  i d e n t i f y  n o i s e  

s o u r c e  c o m p o n e n t s .  M i c r o p h o n e  c a n  b e  s e e n  i n  f o r e ­

g r o u n d .  A l s o  n o t i c e a b l e  i s  a c o u s t i c a l  t a p e  a r o u n d  e n ­

g i n e  c o m p a r t m e n t  d o o r s  a n d  s p e c i a l l y  f a b r i c a t e d  b o x  

h o u s i n g  u s e d  t o  i s o l a t e  e n g i n e  a i r  i n t a k e  n o i s e .
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F i g u r e  3 .  V i e w  o f  B u r l i n g t o n  N o r t h e r n ' s  N o r t h t o w n  Y a r d  a t  F r i d l e y ,  M i n n .  I n  t h e  f o r e g r o u n d  c a n  b e  s e e n  a c o u s t i c  

b a r r i e r s  u s e d  t o  a t t e n u a t e  t h e  n o i s e  g e n e r a t e d  b y  t h e  m a s t e r  r e t a r d e r s  w h e n  c o n t r o l l i n g  r a i l c a r  r o l l i n g  s p e e d .  P r o ­

j e c t  i s  t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  d i f f e r e n t  a c o u s t i c  b a r r i e r s .

retarder also creates an irrita ting  noise. Be­
sides disturbing nearby com m unities, the 
noise associated with retarder operation 
creates an unsafe environment fo r railroad 
operating personnel in the vicin ity. It can 
mask both control com m unications and the 
sound of an approaching car and adversely 
affect the health of the employees. A jo in t 
investigation is now under way to  find an 
effective way to minimize the perceived 
sound generated by master and group re tard­
ers in hump classification yards.

These noise source investigations are ex­
pected to result in recom m endations on how 
to  control the sources of noise more effec­
tively.

C la s s i f ic a t io n  Y a r d  T e c h n o lo g y  A s s e s s m e n t

One of the m ajor factors affecting the 
speed and re liab ility  of rail fre ight service is

the enroute classification of fre ight cars to 
make up trains for onward destinations. This 
has long been recognized as a costly but 
necessary operation. An assessment of 
classification yard technology is necessary to 
help determ ine existing and anticipated 
needs for technology development, especially 
that which will be required to meet future 
operational demands. This study, initiated 
th is past year, is to be of suffic ient depth to 
delineate clearly the research areas which 
most warrant Federal R&D support of the rail 
industry and the specific benefits that can be 
expected. This effort w ill include a com pre­
hensive review of existing yard technology 
with a characterization of present-day per­
form ance and d ire c t/in d ire c t costs. It w ill 
also include an assessment of the im pact of 
various railroad operating policies and prac­
tices. A data base on classification yards will 
be established in order to evaluate expected
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benefits and overall system impacts associ­
ated with alternatives fo r im proving classifi­
cation yards. This effort w ill provide a solid 
fram ework on which to form ulate and assess 
R&D needs.

Initial activities have focused on the collec­
tion of all currently available data concerning 
the U.S. yard population, development of 
categorization criteria, and the prelim inary 
assessment of yard operations and technol­
ogy. Inform ation has been gathered from 
United States Railway Association (USRA) 
studies and data, Interstate Commerce Com­
mission (ICC) listings, a 1960 Department of 
Defense (DOD) yard census, and interviews 
with regional d irectors of the FRA Office of 
Safety. To com plete the data base a question­
naire w ill be used to survey railroads on their 
classification yards.

Other activities now in progress include 
consideration of the effects of railroad net­
w ork operations on yard activities and assess­
ment of the im pact of various technological 
features of yards.

Inform ation developed from this assess­
ment w ill be available to both government 
and industry. This inform ation will assist in 
planning for the future needs of classification 
yards in both technology development and 
new or m odified operating policies and prac­
tices.

F r e ig h t C a r  M a n a g e m e n t  a n d  C o n tr o l  in  
Y a r d s

A major com ponent of fre ight car manage­
ment and control systems is the Autom atic 
Car Identification (ACI) system which pro­
vides real-tim e inform ation so that tim ely 
management and operating decisions can be 
made. ACI can be considered as the front end 
of the inform ation system used to identify and 
control cars. However, there has been con­
siderable critic ism  of the perform ance of the 
optical ACI system since its adoption by U.S. 
railroads. At the request of the Association 
of American Railroads (AAR), FRA, through 
TSC, sponsored laboratory research to pro­
vide technical support to the AAR Ad Hoc 
Technical Task Force for ACI Improvement.

The investigations in the TSC laboratory pro­
vided quantitative measurements of the readabil­
ity of different ACI labels ranging from extremely 
dirty to brand new. This work also included the 
measurement of electronic signal strength and 
characteristics of ACI scanners supplied by two 
different manufacturers while scanning all cate­
gories of labels.

In May 1975, because of readability prob­
lems being experienced in the industry, the 
AAR Operating-Transportation General Com­
mittee requested that the AAR Research and 
Test Department report all supporting data, 
both technical and econom ic, to the com m it-

F i g u r e  4 .  T e s t  s i t e  ( P r o v i s o  Y a r d ,  E a s t - C h i c a g o )  u s e d  t o  e v a l u a t e  p o t e n t i a l  i m p r o v e m e n t s  t h a t  c a n  

b e  m a d e  t o  i n c r e a s e  t h e  r e a d a b i l i t y  o f  o p t i c a l  a u t o m a t i c  c a r  i d e n t i f i c a t i o n  ( A C I )  l a b e l s .  O n e  c o n ­

v e n t i o n a l  s c a n n e r  ( l e f t  b a c k g r o u n d )  was c o m p a r e d  t o  t w o  i m p r o v e d  s c a n n e r s  ( f o r e g r o u n d )  f r o m  

e a c h  o f  t h e  t w o  s c a n n e r  s u p p l i e r s .  D a t a  c o l l e c t i o n  e q u i p m e n t  was h o u s e d  i n  t r a i l e r  a n d  m o t o r  v a n .
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tee at its November 1975 meeting so that a 
decision could be made relative to continuing 
optical ACI as the industry standard. In view 
of these new developments, the laboratory 
effort described previously was held in abey­
ance, and FRA proposed to the industry an 
expeditious ACI field test to  confirm  pre­
lim inary laboratory findings. This fie ld test 
was endorsed as a cooperative A A R /R P I/ 
FRA effort to demonstrate the ACI system 
capability and determ ine the potentia l read­
ability lim it of the system.

Both standard and modified ACI systems 
were used in this test, w ith the m odified 
systems including improvements suggested 
in the laboratory research findings. This 
test has been completed and its ob jective 
achieved— establishing system perform ance 
and determ ining readability lim its of the sys­
tem. The test results, which were reported to 
the industry, are expected to provide railroad 
management with the data required to make 
a decision regarding the future of the optical 
ACI system. Pending the industry decision, 
FRA stands ready to assist in im proving the 
optical ACI system or, if warranted, to pa rtic i­
pate in the development of a second-gener­
ation ACI system.

T r u c k  D e s ig n  O p t im iz a t io n  P r o j e c t

The fre ight car suspension system, or 
truck, has been around in its present form 
for several decades. It has long been recog­
nized as a con tribu to r to derailments, lading 
loss and damage claims, and railroad oper­
ating and m aintenance costs for both rolling 
stock and track. In recent years, greater de­
mands for perform ance, both in speed and 
fre ight capacity, have been placed upon the 
system and, consequently, associated costs 
have increased. Many stop-gap measures 
have been introduced over the years to com ­
bat new problem s which arose, such as 
“ harm onic ro ll”  (car rock and roll), and 
“ hunting”  (truck fishta iling motion). Although 
the industry has established standards for the 
various com ponents of fre ight car trucks, 
these standards apply m ainly to interchange- 
ab ility  of parts fo r maintenance purposes 
rather than to the perform ance of the system. 
This is not meant to imply that nothing has 
been done to im prove perform ance. However, 
most new hardware developm ents have been 
directed to specific  com ponents designed to 
solve a particu lar problem  rather than to im­
provement of the total system ’s performance.

F i g u r e  5 .  T w o  A C I  t e s t  s c a n n e r s  r e a d i n g  A C I  l a b e l  o n  p a s s i n g  f r e i g h t  c a r .  F i v e  t h o u ­

s a n d  c a r s  p a s s e d  t h e  t e s t  s i t e  d u r i n g  t h e  e v a l u a t i o n .
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Recognizing the need to develop perform ­
ance and testing specifications for fre ight car 
trucks (as a system), FRA initiated the Truck 
Design Optim ization Project (TDOP) in July 
1974 as its firs t m ajor research effort in the 
area of equipm ent perform ance analysis. This 
m ultiyear applied research project is de­
signed to: (1) define thoroughly the perform ­
ance of existing fre ight car trucks, (2) depict 
potentia l im provem ents in present-day truck 
suspension systems, and (3) stim ulate eco­
nom ically feasible m odifications and new 
designs which w ill result in improved per­
form ance of trucks in the future. FRA’s spon­
sorship of th is com prehensive program makes 
it possible to obtain results more rapidly and 
at less cost than if individual railroads were 
to attem pt such research with the ir lim ited 
resources and insures availability of results 
to the entire industry.

To insure industry-w ide acceptance of the 
research results, FRA has provided for indus­
try involvem ent by d irecting the prime con­
trac to r (Southern Pacific Transportation Co.) 
to utilize expertise from railroads and equip­
ment suppliers. Phase I, about tw o-th irds of 
which has been completed, has produced 
m athem atical models and in itia l perform ance 
characteristics fo r the conventional three- 
piece truck. The test trucks used in this study 
were instrum ented with various standard 
com ponents and adjustm ents and evaluated 
over a wide range of operating conditions in 
an effort to establish the dynamic range of 
perform ance experienced in present truck 
designs.

Prelim inary conclusions derived from early 
Phase I efforts include:

•  Continuous welded rail afforded a more 
stable ride.

•  By order of magnitude, the test car was 
more stable in the loaded configuration than 
in the empty.

•  Nominal gib (lateral movement stops on 
bolster) clearance produced a more stable 
ride than a c loser clearance.

•  More side bearing clearance is neces­
sary on jo in ted rail, regardless of load con­
figuration, than on welded rail to provide the 
more stable ride.

M athem atical models developed during 
this phase are being used in conjunction with 
fie ld tests to determ ine the extent to which 
perform ance may be improved by varying the

physical characteristics of the springs and 
side bearings or by adding accessory damp­
ing devices. The end product of the Phase I 
research w ill be a General Purpose Truck 
Performance and Testing Specification for 
industry use in evaluating m odified or new 
design trucks. These specifications w ill be 
reviewed periodically, and suppliers w ill be 
encouraged to take fu ll advantage of tech­
nological advances as they occur.

Total Axle Lateral Force - Over Equilibrium Speed Over Various Curves 
L&N Hopper Car, Class H 100-30, ASF Ride Control Truck

F i g u r e  6 .  E x a m p l e  o f  d a t a  p r e s e n t a t i o n ,  c o m p u t e r  d e ­

r i v e d  a n d  p l o t t e d  i n  e n g i n e e r i n g  u n i t s ,  f r o m  t h e  T r u c k  

D e s i g n  O p t i m i z a t i o n  P r o j e c t .

A d v a n c e d  B r a k in g  C o n c e p t s

The basic concept on which modern fre ight 
train braking systems are based was first 
introduced to practice a century ago. Since 
that time, these systems have been refined 
and developed to provide what has been con­
sidered effective and reliable performance. 
However, experience in recent years involv­
ing ever-increasing demands on braking sys­
tems indicates that improved perform ance 
would offer major benefits.

The standard air brake uses a single pres­
surized air line to charge reservoirs on each 
car and to actuate and release brake applica­
tions by means of changes in brake line pres­
sure. Several disadvantages are inherent in 
this concept. Once applied, braking can only 
be released com pletely or increased, not 
moderated. Accidental braking can occur, as
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can unintended release, and only a lim ited 
number of successive applications can be 
made w ithout recharging the system. Since 
brakes can be actuated only sequentially, 
cars further back from the locom otive are 
braked later, contributing to long stopping 
distances and severe forces and shocks be­
tween cars at various points in the train. 
Other operating problems include delays in 
charging and inspection of tra ins p rio r to de­
parture from term inals, d ifficu lty in charging 
the system in cold weather, and wheel wear 
and thermal cracking resulting from the large 
quantities of energy dissipated during hard 
braking.

In response to this clearly defined problem, 
FRA is, with the support of TSC, examining 
the possibility of achieving a m ajor advance 
through development of an alternative con­
cept or modified system concept. As an in itia l 
step a study was initiated in late FY 75 for 
an evaluation of advanced fre ight tra in brak­
ing concepts measured against existing tech­
nology. The m ajor tasks include: (1) charac­
terizing perform ance and direct and ind irect 
costs of conventional systems, (2) conduct­
ing a survey and engineering/econom ic 
analysis of improved and alternative tech­
nologies and concepts in order to provide a 
baseline, and (3) making recommendations 
for further R&D activity, if required.

A u to m a tic  C o u p l in g  C o n c e p t s

The basic autom atic coupler in use in 
North Am erica was invented in 1873 and firs t 
adopted as a standard in 1888. The version 
now in use became standard in 1934. 
Although this coupler does couple autom ati­
cally under most circum stances, uncoupling 
must be performed manually by an operator 
on the ground while the coupling is not in 
draft (or tension stretched). And while the 
tra in ’s air brakeline pulls free if stretched, de­
taching autom atically, the same air brake line 
requires manual coupling when making up a 
train. Thus, the process of assembling cars 
into trains and breaking them down in rail 
yards involves substantial human effort, w ith 
concom itant costs and associated physical 
hazard to crew  members.

The need for increased operational effi­
ciency and safety led in 1968 to the form ation 
by FRA and AAR of the Joint Study Group on 
Advanced Coupler Concepts. The resulting 
program contains both econom ic and tech­

nical elements. AAR is currently sponsoring 
a m ajor study of econom ic benefits which 
could derive from functional changes. In co­
ordination with the AAR effort, FRA is now 
conducting a review and engineering analysis 
of a lternative coupling concepts. This tech­
nology assessment, being carried out through 
a TSC contract, includes: (1) a thorough sur­
vey of existing concepts, (2) an exam ination 
of sufficient detail to perm it meaningful esti­
mation of perform ance characteristics and 
costs of prom ising new approaches, and (3) 
recom m endations fo r fu rther research activ­
ities as warranted. This e ffort is being coo rd i­
nated closely with the AAR Advanced Coup­
ling Concepts Steering Committee.

I n te r  m o d a l  F r e ig h t  S y s t e m s  T e c h n o lo g y

The Interm odal Freight Systems Technol­
ogy R&D efforts over the past year have con­
centrated on establishing the supporting 
technology which is a prerequisite to systems 
engineering fo r developing a more effic ient 
rail-based interm odal system in the United 
States.

W orking in close coordination w ith the 
econom ic research efforts of FRA, the Office 
of Freight Systems Research and Develop­
ment has continued research and planning 
fo r a m ajor systems engineering effort which 
will define, establish as technica lly  feasible 
through testing and evaluation, and dem on­
strate the econom ic feasib ility  of the tech­
nological improvements that could be made 
to the com ponents of the present-day in ter­
modal system. This w ork draws heavily upon 
the FRA-sponsored National Interm odal Net­
work Feasibility Study and other supporting 
technology efforts already under way, inc lud­
ing the fuel consum ption and equipm ent per­
form ance analyses discussed elsewhere in 
th is report.

Another cooperative industry-governm ent 
pro ject which is moving toward im plem enta­
tion involves operational testing and evalu­
ation of two existing lightw eight TOFC and 
COFC cars and com parison of the ir perform ­
ance with that of a heavier and more 
conventional TOFC/COFC car. Cooperating 
supporters of this project include two fre ight 
car truck  manufacturers, a car builder, a car 
leasing company, and a railroad company, 
all of which are working with FRA, TSC, and 
the FRA contractor to develop a test plan and 
furnish the required equipm ent and services
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F i g u r e  7 .  L i g h t w e i g h t  f l a t c a r s  t o  b e  o p e r a t e d  i n  r e v e n u e  s e r v i c e  i n  o r d e r  t o  e v a l u a t e  d y n a m i c  p e r f o r m a n c e  a n d  

m a i n t e n a n c e  c h a r a c t e r i s t i c s .  U s i n g  t w o  d i f f e r e n t  t y p e s  o f  t r u c k s  d u r i n g  1 5 0 , 0 0 0  m i l e s  o f  o p e r a t i o n  a  c o n t a i n e r  c a r  

( T L D X  6 2 )  a n d  a  p i g g y b a c k  c a r  ( T L D X  6 1 )  w i l l  b e  s t u d i e d  t o  d e t e r m i n e  p e r f o r m a n c e  a s  c o m p a r e d  w i t h  a  c o n v e n ­

t i o n a l  a l l - p u r p o s e  f l a t c a r .

necessary to conduct the research. Each par­
tic ipa ting  com pany has agreed to accept 
those expenses associated d irectly with its 
respective degree of partic ipation in the pro j­
ect. The results of this research are expected 
to indicate the feasib ility  and economic worth 
of lighter-w eight car construction as well as 
the relative m erit of two different categories 
of suspension systems.

During the past year FRA initiated an in­
vestigation into the aerodynamic drag 
characteristics of interm odal equipment when 
it was found that only lim ited inform ation was 
available concerning the role this factor plays 
in total tra in  resistance. The relatively un­
stream lined shape of a fla tcar carrying tra il­
ers suggests high aerodynam ic drag, and 
past em pirical measurements have tended to 
verify this. In order to quantify this character­
istic in a m eaningful way and to establish a 
m ethodology fo r considering possible design

improvements, FRA, again through TSC, be­
gan a program of analysis involving the use 
of scale models in a wind tunnel. As a result 
of a contract effort, a critica l literature search 
has been conducted and an experim ental 
design established. Wind tunnel tests were 
scheduled to begin in November 1975.

These wind tunnel tests w ill measure the 
effects on drag of many variables, including:
(1) tra ilers versus containers, (2) open space 
between cars and containers, (3) sim ple 
stream lining, (4) various fla tcar configura­
tions, and (5) the effect of open load spaces 
on a car. Testing w ill be done with a model 
train consisting of a locom otive, three fla t­
cars, and a caboose. The size of the consist 
being used is restricted by the wind tunnel 
dimensions. Following the wind tunnel tests, 
fu ll-scale validations of the analytical findings 
w ill be undertaken.
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F i g u r e  8 .  T o p  l eft; V i e w  o f  1 : 4 3  s c a l e  m o d e l  c o n t a i n e r  ( C O F C )  t r a i n  i n  1 0 - f o o t  

s u b s o n i c  w i n d  t u n n e l  a t  t h e  C a l i f o r n i a  I n s t i t u t e  o f  T e c h n o l o g y ,  P a s a d e n a ,  C a l i f ,  

u s e d  t o  d e t e r m i n e  t h e  a e r o d y n a m i c  d r a g  c h a r a c t e r i s t i c s  o f  i n t e r m o d a l  e q u i p ­

m e n t .

F i g u r e  9 .  B o t t o m  l eft; S i d e  v i e w  o f  a  t r a i l e r - o n - f l a t - c a r  ( T O F C )  t r a i n  d u r i n g  w i n d  

t u n n e l  t e s t i n g  a t  C a l  T e c h ,  P a s a d e n a ,  C a l i f .  V a r i o u s  c o m b i n a t i o n s  o f  l o a d i n g  

a n d  e q u i p m e n t  c o n f i g u r a t i o n s  w e r e  s t u d i e d .  S h o w n  h e r e  a r e  t h r e e  c o n v e n t i o n a l  

T r a i l e r  T r a i n  f l a t c a r s  l o a d e d  w i t h  f o u r  s t a n d a r d  s m o o t h - s i d e  t r a i l e r s  a n d  t w o  o u t ­

s i d e  v e r t i c a l  p o s t  t r a i l e r s .  D a t a  w a s  c o l l e c t e d  o n  t h e  d r a g  e x p e r i e n c e d  b y  t h e  

c e n t e r  c a r  o f  t h e  t r a i n  c o n s i s t  ( m a k e u p )  w i t h  r e l a t i v e  w i n d  a t t a c k  a n g l e s  u p  t o  3 0  

d e g r e e s  f r o m  t h e  t r a i n ’s  c e n t e r l i n e .

The supporting technology investigations 
mentioned will all carry over into next year 
and will support the in itia tion of a com pre­
hensive systems engineering effort designed 
to increase the effic iency of the nation ’s total 
interm odal system.

The purpose of this new effort is to develop 
the systems engineering which w ill: (1) define 
the technological problem s involved, (2) fo r­
mulate concepts to resolve those problems,
(3) develop perform ance specifications for 
the im plem entation of solutions, and (4) pro­
vide for the ir test, evaluation, and dem onstra­
tion over two adjoin ing line-haul segments of 
a theoretica l national rail interm odal network 
with the potential for as many as 130 term inal 
locations. The w ork involved w ill encompass 
the determ ination of specific  im provem ent re­
quirem ents for efficient interm odal term inal 
configurations (both gateway and interm edi­
ate) under varying tra ffic  demand situations 
and fo r intermodal equipm ent, including h igh­
way vehicles, rail ro lling stock, container 
transfer handling, and propulsion and control 
systems. In future years th is program  w ill in­
clude testing, evaluation, and dem onstration 
of the products evolving as a result of the 
systems-engineered approach.

R a ilr o a d  V e h ic le  D y n a m ic  A n a ly s is  a n d  
E v a lu a tio n

The efficient use of the R&D resources of 
FRA and the industry requires a balance of 
R&D tools. These tools include mathematical 
models, com ponent tests, sim ulation tests, 
and fu ll-scale tests under actual operating 
conditions. These R&D techniques are par­
ticu la rly  appropria te for the dynam ic analysis 
and evaluation of fre ight cars, subsystems, 
and components. Hence, the goal of this pro­
gram area— the developm ent of com prehen­
sive mathematical models and test facilities 
that are easily utilized at a low cost.

Scientists and engineers in government 
and industry have long recognized this R&D 
approach and the appropria te use of models, 
computers, com ponent tests, etc. To date, 
however, most of the mathematical models, 
characterization tests, validations, and ex­
periments have been pro ject- or problem - 
oriented, involving, for example, a model of 
a freight car truck or particu lar track infra­
structure. Assum ptions made for the parame­
ters seemingly are outside the sphere of 
interest, i.e., track inputs for a track model or 
wheel loads on a track model. A review of the 
literature w ill reveal a considerable number 
of models available for specific  problems with 
specific outputs that, generally, cannot be ap­
plied to other sim ilar problems. More spe­
cifically, the models and tests do not address 
the function of wheel-rail dynamics or the 
wheel-rail interface which is the most critica l 
interface in determ ining vehicle or track de­
sign or maintenance criteria.

Therefore, the objective of this program 
area is to conduct the dynam ic analysis and 
evaluation of fre ight cars, systems, compo­
nents, and track in frastructure and to bring 
about the developm ent of a com plete set of 
analytical and test tools for use by govern­
ment and industry researchers. (Prior to this 
report period, FRA had not designated a pro­
gram area to address this specific  functional 
area; thus, models and tests were developed 
w ithin each of the other program  areas in 
OR&D.) Program output ultim ately will be 
utilized by equipm ent m anufacturers, car 
builders, and track designers. The major ac­
complishments of the analysis and evaluation 
program in 1975 are described below.

Trailer-on-Flatcar (T O F C ) E v a lu a tio n

In cooperation with the T ra iler Train Com­
pany and the Tra ilm obile  Division of Pullman 
Standard, FRA initiated a program  in the Rail
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Dynamics Laboratory (RDL) designed to ex­
amine and improve the environm ent of typ i­
cal goods (canned goods) curren tly  shipped 
by rail in the TOFC configuration. The test 
began with a short series o f over-the-road 
runs to determ ine the maximum vertica l de­
flections experienced by lading in the tra ile rs  
and how the lading responded. This data 
base was used to establish the level of input 
to be generated by the RDL single-ended 
vertical shaker, an analytical laboratory tool, 
and to validate m athematical m odels of the 
TOFC system being developed in con junction 
with the test program.

Numerous variations of the baseline TOFC 
configuration were selected for testing. Con­
figurations represented typ ica l changes in 
loading fre ight car truck suspension com po­
nents, tra ile r position and tire  pressure, and 
tra ile r tandem axle location. The num ber of 
variations doubled when a second fre igh t car 
truck of different m anufacture was added to 
the test schedule. A test of this m agnitude 
would be extrem ely cumbersome, costly, and 
time consuming if conducted on revenue 
track, but so far it has been accom plished 
with ease in the laboratory environm ent.

The ultim ate goal of this in itia l program  is 
to select from laboratory test results the 
TOFC configuration which im parts the best 
ride quality to the lading under exam ination 
and to validate these results with a series of 
over-the-road tests using only the optim ized 
configuration. The im pact of this program  is 
threefold— it demonstrates that: (1) a labora­
tory tool is a viable method for investigat­
ing dynamic environm ent at reduced testing 
costs, w ithin reasonable tim e frames, and 
with minimal over-the-road runs, (2) optim um  
configurations for d ifferent ladings can be se­
lected in this manner, which may encourage 
the return to rail of m anufactured com m odi­
ties as improved suspension systems are de­
veloped under this or other FRA programs, 
and (3) d irect com parison can be made of 
TOFC and COFC ride-quality charactertistics, 
thereby resolving some of the questions in 
the intermodal area with respect to  the most 
efficient methods for transporting goods.

T r a c k  T ra in  D y n a m ic s  P r o g r a m

Perhaps one of the most s ign ifican t pro­
grams to reach com pletion in 1975 was 
Phase I of the Track Train Dynamics (TTD) 
Program, a cooperative research effort being

conducted by AAR, FRA, the Railway Prog­
ress Institute (RPI), and the Transportation 
Development Agency (TDA) of the Canadian 
M inistry of Transport. With the exception of 
two programs which require extensive field 
testing for validation purposes, all established 
goals of Phase I have been attained. Nine 
com puter program s for the sim ulation of ve­
hicle a n d /o r tra in behavior have been devel­
oped. The m ajor emphasis of these com puter 
program s is on long train dynamics, particu­
larly on predicting coupler loads, train action, 
and coupler-induced lateral loads on track. 
The Train Operations S im ulator (TOS), which 
is a model and not a test facility, has been 
accepted w idely throughout the industry and, 
through educational seminars conducted by 
AAR, has paved the way for the use of more 
sophisticated analytical tools developed un­
der this program.

The TOS requires such inputs as grades, 
curvatures, m ilepost locations, station names, 
speed restrictions, train length, remote p lace­
ment number and type, initial brake pipe 
pressure, and thro ttle  and brake manipula­
tions. The outputs derived are the speed- 
distance-tim e re lationship for the train, cou­
pler forces, and a rough calculation of the 
la te ra l/ve rtica l force ratio. The TOS is being 
utilized extensively in the TTD research pro­
gram to develop guidelines for train handling 
and make-up and has been used by the ra il­
roads in investigating the operation of new 
types of trains, in the placement of remote 
units, in accident investigations, and in brak­
ing perform ance studies. Railroads can use 
these com puter sim ulations to draw the ir own 
conclusions concerning train handling tech­
niques in a wide variety of situations.

D e p a r tm e n t  o f  D e f e n s e  R a i lc a r s

Another program  in the dynamic analysis 
and evaluation area involved the first in ter­
departm ental (Department of Defense and 
Department of Transportation) project to be 
conducted at the Transportation Test Center. 
FRA provided the support necessary to test 
12 ra ilcars used to transport spent nuclear 
fuel elements. It is im perative that these rail- 
cars exhib it minimal dynamic response to 
even the most severe track conditions. Tests 
were conducted in accordance with AAR 
specifications and in cooperation with a firm 
of technical consultants. This jo in t e ffort re­
sulted in the stabilization of the vehicles
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through track suspension m odifications to 
w ith in the required lim its for car body roll 
and wheel lift.

In FY 76 FRA will continue efforts to com­
plete the programs initiated in FY 75 and to 
prepare a plan to develop a functional set 
of models and test capabilities that address 
fre igh t car and track dynam ic design criteria.

2.2 RAIL D Y N A M I C S  L A B O R A T O R Y

The railroad and transit industries have en­
countered dynamic operating problems with 
most, if not all, of their vehicles. These prob­
lems have, in many cases, led to accidents 
and derailm ents, damage to rail equipment 
and to goods being carried, increased vehicle 
and com ponent maintenance cost due to ex­
cessive dynam ic loads, and rough train rides 
for passengers.

Prior to the development of DOT’S Trans­
portation Test Center (TTC), no test fac ility  
was available in the United States to exten­
sively evaluate and determ ine the solutions 
to dynam ic operating problems. The Rail Dy­
namics Laboratory (RDL), a jo in tly  funded 
(FRA and Urban Mass Transportation Adm in­
istration) fac ility  being com pleted at the test 
center, w ill provide the capability  for subject­

ing a rail or transit vehicle to controlled condi­
tions representative of actual in-service con­
ditions. Using data obtained from these RDL 
investigations, the operational response of a 
vehicle in an actual situation can be pre­
dicted and, if unsatisfactory, corrective meas­
ures can be investigated and implemented. 
Through study of vehicle dynamics in the 
RDL, the number of dynam ics-related acci­
dents and derailm ents and the ir attendant 
costs should be reduced significantly.

Upon com pletion, the RDL w ill be used to 
support nearly all of FRA’s hardware devel­
opment programs and particu larly  the Dy­
namic Analysis and Evaluation, Improved 
Passenger Service, and Rolling Stock pro­
grams. Ultimate users of the RDL fac ility  w ill 
be: FRA’s Office of Safety for regulation; op­
erating railroads; the National Transportation 
Safety Board; FRA’s Office of Northeast Cor­
ridor Development for testing and evalua­
tion; Am trak; the railroad supply industry; 
AAR/RPI; and foreign transportation agen­
cies.

The RDL building (figure ), accepted in 
April 1974, is a modern steel and re inforced- 
concrete structure approxim ately 350 feet 
(107 m) long and 150 feet (46 m) wide. 
A building floor plan is shown in figure . Plans 
called for all support equipm ent and serv-

F i g u r e  1 0 .  R D L  B u i l d i n g .
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F i g u r e  1 1 .  R D L  B u i l d i n g  F l o o r  P l a n .

ice areas, including the one-ended vertical 
shaker, to be housed in the high bay portion 
of the building and for the prim ary testing 
area to be located w ithin the low bay por­
tion containing the Rail Dynamics Sim ulator 
(RDS). The RDS was to be com prised of the 
follow ing subsystems:

• Drive train, which provides rotation to 
the track module rollers;

• Track module, which simulates the tracks 
on which the test vehicle rests and has the 
capability to simulate vertical and lateral ir­
regularities;

• Carriage assembly, which acts as the 
support and reaction structure for the track 
module;

• Instrumentation and control subsystem 
(ADACS)

•  Computer subsystem (ICSN)

• Communication system

A separate contractor was involved with 
each subsystem. During the developm ent of

some of the RDS subsystems, unforeseen 
technical problem s arose which resulted in 
severe schedule delays of great concern to 
DOT.

In mid-1975, after the RDL program had con­
tinued to encounter R&D development and man­
agement problems, a DOT task force review re­
sulted in the redirection of the RDL program so 
that it could be completed in a timely manner, 
relatively free of technical risk, and with mini­
mum cost. The redirected program now has one 
prime contractor, instead of several major con­
tractors. The RDS has been replaced by the Vi­
bration Test Unit (VTU), which provides vertical 
and lateral vehicle excitation representative of 
the inservice environment, and the Roll Dy­
namics Unit (RDU), which simulates continuous 
“ perfect”  track for truck hunting, braking, and 
acceleration tests. The RDS formerly combined 
both vibration and roll in one simulator.

A vertical shaker (figure ) located in the 
high bay test area of the VTU pit is essen-
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F i g u r e  1 2 .  V e r t i c a l  S h a k e r .

tia lly  operational for studying the responses 
of truck assemblies and total vehicles to ver­
tica lly  applied period ic and random excita­
tion. The vertica l shaker consists of four 
independently operated vertical actuators 
which can be placed under four wheels at

F i g u r e  1 4 .  A r t i s t  C o n c e p t  o f  V i b r a t i o n  T e s t  U n i t .

F i g u r e  1 3 .  V e r t i c a l  S h a k e r  C o m p u t e r  a n d  T e s t  C o n ­

t r o l s .

one end of a test vehicle. Each actuator can 
accommodate wheel loads of up to 40,000 
pounds (18,144 kg). The acceleration, fre ­
quency, and displacement of these actuators 
can be varied over a wide operating range 
to sim ulate operating environments of most
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test specimens. Computer and test contro ls 
(figure ) for the vertical shaker are located 
in the RDL control room.

The VTU consists of an upgraded vertical 
shaker. Schem atically shown in figure , the 
VTU will be capable of subjecting both ends 
of a 320,000-pound (145,152 kg) rail vehicle 
with two two-axle trucks or one truck of a 
vehicle with a three- or four-axle truck  to ver­
tical and lateral vibrations which the vehicle 
would experience in traveling over track with 
representative profile and alignm ent varia­
tions.

The RDU, shown schem atically in figure , 
w ill be capable of driving or absorbing power 
from both unpowered and powered rail ve­
hicles weighing up to 200 tons. The rotation 
of the RDU rollers w ill simulate vehicle ve­
locities on “ perfect”  tangent track. The RDU 
w ill also simulate conditions associated with 
steady-state curve negotiations of “ pe rfec t”  
track. (“ Perfect”  track is defined as track 
with no lateral or vertical irregularities.)

The subsystems which form erly supported 
the RDS will be modified for VTU a n d /o r

RDU operation. The status of these sub­
systems is as follows:

• The drive train w ill be connected to the 
ro ller module on the RDU. It consists of 600 
hp (447.6 kw) D.C. motors, flywheels, power 
supplies, controls, and other components. 
This subsystem has been stored for more 
than a year in the RDU test pit at the TTC 
(figure ) after successful in-p lant tests.

•  The hydraulic subsystem w ill be used 
to energize the lateral and vertical servo- 
hydraulic actuators on the VTU. Part of this 
subsystem has been delivered to the RDL 
building. This subsystem includes the RDL 
fac ility  hydraulic power module (figure ) 
which has been accepted by FRA and is cur­
rently being utilized in the vertical shaker 
system.

•  The Integrated Com puter Subsystem Net­
work (ICSN) has been acquired by DOT and 
w ill be reconfigured to support the VTU and 
RDU configuration. The ICSN (figure ) cur­
rently consists of five m inicom puters and as­
sociated peripheral devices and is designed

F i g u r e  1 5 .  A r t i s t  C o n c e p t  o f  R o l l  D y n a m i c s  U n i t .
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F i g u r e  1 6 .  D r i v e  T r a i n  S u b s y s t e m .

to excite, control, monitor, and acquire data 
from other parts of the RDU and VTU.

• The Analog Data Acquisition and Control 
Subsystem (ADACS) (figure ) was accepted 
by DOT at TTC in April 1975 and w ill be re­
configured to support the VTU and RDU con­
figuration. The ADACS provides analog data 
from laboratory equipment, including the ver­
tica l shaker.

The com m unication system has been pro­
cured and accepted by DOT. This subsystem 
is currently being utilized for vertical shaker 
operation and will also be used in VTU and 
RDU operations. The RDL test d irector com ­
municates with the crew in the high bay test

F i g u r e  1 7 .  R D L  F a c i l i t y  H y d r a u l i c  P o w e r  M o d u l e .

F i g u r e  1 9 .  A n a l o g  D a t a  A c q u i s i t i o n  a n d  C o n t r o l  S u b ­

s y s t e m .

F i g u r e  1 8 .  T h e  I n t e g r a t e d  C o m p u t e r  S u b s y s t e m  N e t ­

w o r k  ( I C S N ) .
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area a n d /o r RDU--test pit .through a fixed 
com m unication station (figure ). Crew mem­
bers communicate with one another or with 
the test d irector through portable com m uni­
cation units installed in their hard hats (figure 

). These communication units are voice 
activated, require no hand operation, and are 
very efficient in a noisy environment. A skull 
bone-conduction m icrophone installed inside 
the helmet avoids safety hazards associated

with an external unit suspended in front of 
the face. Earphone batteries are recharged 
when the hard hats are not in use.

The first experim ent on the vertical shaker 
w ill soon be com pleted on a TOFC integrated 
with various piggy-back tra ilers. The RDL 
(VTU and RDU) fa c ility  should be fu lly  opera­
tional in FY 1977 once the engineering de­
sign, fabrication, installation, check-out, and 
acceptance tests are com pleted.

F i g u r e  2 0 .  R D L  P o r t a b l e  C o m m u n i c a t i o n  U n i t s  I n s t a l l e d  i n  H a r d  H a t s .





3.0 RAIL S A FETY R&D

3.1 S A F E T Y  R ES E A R C H

FRA’s Safety Research Program is con­
cerned with making sign ificant im provem ents 
in the fo llow ing areas:

•  Transport of hazardous material in tank
cars;

• Rail vehicle occupant protection ;

•  Component fa ilure prevention;

•  Human factors in railroad operations;
•  Grade crossing safety.

Improvements in these areas are expected 
to reduce the hazards associated with ra il­
road operations and to result in more effec­
tive safety standards.

H a z a r d o u s  M a te r ia l  T a n k  C a r s

From 1971 through 1974, an average of 113 
railroad accidents occurred each year which 
involved one or more tank cars carrying haz­
ardous materials. Although th is number is 
small compared with the total number of ra il­
road accidents, a hazardous material tank car 
accident generally causes considerably more 
damage than does the usual railroad acci­
dent. On the average, there were 320 injuries, 
3 deaths, and 12,217 persons evacuated an­
nually during the period 1971-1974. Property 
damage from several of these tank car acc i­
dents has run as high as $10 m illion. R&D 
efforts are aimed at reducing the injuries, 
deaths, and property damage associated with 
hazardous material tank car accidents.

Extensive analytical and laboratory w ork 
was conducted prior to  the reporting period 
to determ ine the effectiveness of therm al 
shields in reducing the severity of hazardous 
material tank car accidents. FRA, AAR, and 
RPI conducted field fire tests (both one-fifth 
scale and full scale) to verify  the analytical 
and laboratory work. These tests dem on­
strated that thermal shields not only s ign ifi­
cantly extend the time to rupture (e.g., from 
24 minutes to 94 minutes) but also reduce the
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violence of the rupture. A torch facility was 
constructed at TTC to test thermal shields 
by subjecting them to high-velocity, high- 
temperature jet flames. Tests conducted in 
the reporting period showed that there are 
a number of commercially available thermal 
coatings that can provide fire protection to 
tank cars even under torch-fire conditions.

Concern for protecting tank cars engulfed 
in flames prompted FRA to sponsor an ana­
lytical study prior to the reporting period 
which revealed that specifications for pres­
sure relief systems were inadequate. FRA, 
with support from RPI/AAR, constructed a 
unique full-scale valve facility and used it to 
determine the flow capacities of pressure 
relief systems under conditions simulating 
flame engulfment. Preliminary results from 
the valve facility testing program confirm ana­
lytical flow predictions.

FRA has also sponsored prior work to re­
duce tank car head punctures. A conceptual 
study indicated that covering the lower half 
of the tank head with a shield would be an 
effective method of reducing punctures, and 
a cost-benefit analysis indicated that such a 
head shield would be cost-effective. Studies 
conducted by the Illinois Institute of Tech­
nology Research Institute (IITRI) showed that 
head shields could be safely attached to tank 
cars.

In order to reduce the likelihood of tank 
car puncture by couplers of adjacent cars, 
Washington University of St. Louis, under 
FRA’s sponsorship, developed an analytical 
model to predict the performance of couplers 
in switchyard accident situations. In April 
1975, FRA and RPI/AAR initiated a jo int test­
ing program to study the effectiveness of 
head shields and new coupler concepts in 
reducing tank car head punctures. Comple­
tion of the program is set for September 1976.

Structural stress and metallurgical analy­
ses of tank cars were completed this year. 
The National Bureau of Standards completed 
a metallurgical analysis of steel plate sam­
ples taken from tank cars involved in acci­
dents. Tests included full chemical analyses, 
ambient temperature tensile tests on longitu­
dinal and transverse specimens, quantitative 
metallography, hardness tests, bend tests on 
longitudinal and transverse specimens, and 
impact tests. The Bureau reports recommend 
several modifications to present tank car

steel specifications. Louisiana Tech Univer­
sity completed a tank car structural stress 
analysis which indicates that there are some 
ambiguities in existing structural specifica­
tions.

Future R&D efforts in the hazardous mate­
rial tank car area will focus on (1) completing 
the switchyard impact tests, (2) conducting 
mainline impact tests, (3) developing per­
formance specifications for thermal shields 
and tank car structures, and (4) conducting 
hazard assessment studies of rail transport 
of hazardous materials. This research will as­
sist the FRA Office of Safety and the AAR in 
formulating regulations and specifications to 
reduce the deaths, injuries, and property 
damage caused by hazardous material tank 
car accidents. Other transportation modes 
and private industry are also expected to 
benefit from this research. The U.S. Coast 
Guard has already made use of a portion of 
the valve facility, and the National Fire Pro­
tection Association is monitoring FRA’s ther­
mal shield work for use in formulating codes 
for the protection of stationary tanks.

R a il V e h ic le  O c c u p a n t  P r o te c t io n

In 1974 train accidents resulted in 25 fatali­
ties and 560 injuries to occupants of rail ve­
hicles. R&D efforts are aimed at reducing the 
frequency and severity of such accidents. 
Preliminary work was begun in the last quar­
ter of FY 74 to develop design specifications 
for crashworthy railcar interiors. From Octo­
ber 1, 1974, to September 30, 1975, FRA' 
sponsored a three-task program to develop 
improved designs for rail vehicles and rail 
vehicle components.

The first task was to analyze the collision 
environment. FRA and National Transporta­
tion Safety Board (NTSB) accident reports for 
the period 1967 through 1973 and the “ T” 
forms for accidents involving injuries or at 
least $5,000 damage for the period 1972 
through 1973 were reviewed. Data from this 
review were used to develop a locomotive- 
caboose collision mathematical model.

The second task involved the formulation 
of occupant protection guidelines. Guidelines 
have been formulated, and work is under way 
to develop performance specifications for in­
terior design to satisfy these guidelines. Inte­
rior features being studied include glazing 
materials, luggage storage facilities, seating,
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lighting fixtures, in terior surfaces, emergency 
equipment and procedures, and flam m ability. 
Test data on human to lerance to shock are 
also being incorporated into this study.

The third task was to examine the mecha­
nism of coupler override. When a moving lo­
comotive impacts the caboose end of a stand­
ing train, several types of coupler override

are possible. The caboose may override at 
the end opposite the impact; it may override 
at the locom otive end; it may buckle in the 
center; its center sill may buckle near the 
ends; or the caboose may jackknife. Several 
com puter models were developed to predict 
and sim ulate the various types of coupler 
override. These models enable engineers to
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study the effectiveness of equipment changes 
and protective devices under various hypo­
thetical im pact conditions. Full-scale tests 
were conducted at the Transportation Test 
Center (TTC) to validate and verify the mod­
els. Contributors to the train impact test pro­
gram were FRA, AAR, RPI, the Brotherhood 
of Locom otive Engineers, and the United 
Transportation Union. The tests were con­
ducted by TTC with technical support from 
TSC and W ashington University.

The TTC test involved six low-speed rear- 
end collis ions between a locomotive and a 
caboose. These low-speed impacts, however, 
were not suffic ient to validate the com puter 
models; therefore, two higher speed tests 
were conducted to c larify  the override mech­
anisms. The im pact tests revealed a great 
deal about the conditions that lead to de­
struction of a locom otive cab and to resultant 
injuries and fata lities. This information has 
proved valuable in validating the mathemati­
cal models and in discovering the mechanism 
of coupler override.

Future plans call fo r com pleting the devel­
opment of perform ance specifications for oc­
cupant protection.

H u m a n  F a c to r s

Approxim ately 20 percent of all railroad ac­
cidents and v irtua lly  all railroad collisions are 
attributable to human errors. Human errors 
include negligence, operator error, fa ilure to 
heed warnings, and errors due to fatigue. 
R&D efforts are directed toward developing 
a solid technologica l and data base for estab­
lishing standards of perform ance safety as 
required by the Federal Railroad Safety Act 
of 1970. The frequency and severity of human 
factor-re lated accidents emphasize the need 
to develop these standards as quickly as pos­
sible. W ork com pleted p rio r to the reporting 
period in the human factors area has in­
cluded (1) conducting detailed task analyses 
of the railroad engineer’s and train d ispatch­
er’s jobs; (2) evaluating industry-built cab 
mockups for dem onstrating innovative safety 
features, and (3) developing guidelines for 
new locom otive cab seating arrangements.

It is essential to railway safety that person­
nel in sa fe ty-critica l jobs possess the m ini­
mum knowledge and skills required for the 
safe perform ance of the ir jobs. Therefore,

FRA has sponsored research aimed at acquir­
ing an understanding of the requirem ents 
of each safety-critica l railroad job. During 
the past year the Naval Am m unition Depot, 
Crane, Indiana, completed a study to identify 
and describe the principal tasks perform ed 
by conductors, rear brakemen, and head 
brakemen in over-the-road fre ight operations 
of diesel-electric locom otive equipment. The 
study included a determ ination of task d iffi­
culty, potential hazards, and the critica l na­
ture of each task. Based on these task analy­
ses, (and the previous railroad engineer and 
train dispatcher task analyses), a study was 
com pleted for the minimum safety-related 
knowledge, performance, and tra in ing re­
quirements for railroad engineers, conduc­
tors, brakemen, and train dispatchers. The 
study included recommendations for con­
ducting job training and developing tech­
niques to measure and evaluate job know l­
edge and performance.

The interface between the train and the en­
gineer on real fre ight operations has been 
the subject of extensive study at the Trans­
portation Systems Center (TSC) during the 
past year. A package of instrum ents was de­
veloped and installed in several locom otive 
cabs, and in-cab events, such as cab motion, 
readings of principal instruments, and opera­
tion of principal controls, were recorded. This 
inform ation, along with observations of the 
engineer’s behavior and supervisor’s ratings 
of the engineer’s skill, was collected on runs 
on a number of d ifferent railroads. The data 
base thus established is now being analyzed 
to derive an em pirical model in three modes 
of operation: starting, stopping, and m aintain­
ing a steady speed of changing grade. This 
model will be of considerable value in im­
proving training and evaluation techniques 
and in guiding future research on cab instru­
mentation and train handling methods.

TSC has continued its work on developing 
and evaluating train handling aids. One of the 
most prom ising train handling aids is a Draft 
Buff Indicator (DBI), a device which w ill sense 
and display to the engineer the stretching 
(draft) and compressing (buff) forces being 
exerted throughout the train. With a DBI the 
engineer can see the d istribution of draft and 
buff forces, can see when and where the 
forces change direction, can see slack pulses 
running through the train, and can com pen­
sate for the adverse forces by either braking
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or applying more power. The DBI was evalu­
ated in the Track-Train Dynamics (TTD) p ro ­
gram under jo in t sponsorship of FRA, AAR, 
and RPI. TSC is now developing an im proved 
DBI which w ill display the m agnitude as well 
as the d irection of the coupling forces. TSC 
also evaluated an AAR-developed train han­
dling aid called the Power Force Indicator 
(PFI). This device integrates the power output 
from all of the locomotives connected to ­
gether to power the train (power consist) to  
give the engineer an indication of the total 
pulling force of the consist. The PFI is of 
greater value to the engineer in contro lling  
the train and in diagnosing power losses than 
is the current load meter, which shows only 
the output of the lead locomotive. Another 
device which TSC evaluated is the L /V  Haz­
ard Detector, which senses and displays to 
the engineer the magnitude of the ratio of 
lateral to vertical forces (L /V ) exerted by the 
tra in ’s wheels on the rails. A high L /V  ratio 
can cause a derailment. This detector gives 
the engineer advance warning that the L /V  
ratio is reaching a dangerous level and allows 
him more reaction time to avoid a derailm ent.

Many train accidents have been attributed 
to inattention on the part of the crew  in the 
locom otive cab. One possible explanation fo r 
this inattentiveness is that the crew members 
were adversely affected or distracted by in­
to lerable levels of noxious gases, vibration, 
noise, and tem perature. To investigate this 
hypothesis, TSC conducted a system atic eval­
uation of the train crew ’s physical environ­
ment. Inform ation was obtained from a review 
of relevant literature, from crew members via 
the ir unions, and from field trips undertaken 
to observe working conditions in the locom o­
tive cab and caboose. This in itia l exploration 
led to a defin ition of the problem of air qual­
ity, including the potential contam inants in 
the environment, the ir sources, the like lihood 
of the ir being critica l for operational safety 
and crew well-being, and recommended pro­
cedures fo r the ir evaluation and control. 
A survey is now under way to co llect stand­
ardized data on concentrations of the p rin ­
cipal contam inants (carbon monoxide, n itro ­
gen oxides, hydrocarbons, and particulates) 
in a variety of operational conditions, and a 
sim ilar approach is being planned to examine 
the problem s of noise, vibration, and tem ­
perature.

During the first 130 years of railroad his­

tory, the human operator was given, at best, 
secondary consideration in the design of lo­
comotive cabs. Recently, however, there has 
been a dram atic increase in the considera­
tion given to the design of the cab as a w ork 
space for train crewmen. FRA, through TSC, 
has evaluated several new cab designs. 
Boeing Vertol has developed displays, con­
trols, and work space based on the functions 
performed in the cab and the needs of the 
people who perform these functions. A func­
tional analysis has been com pleted, and sev­
eral new alternative cab configurations were 
evaluated in full-scale mockups.

Future plans in the human factors area in­
clude (1) com pleting the cab design pro ject 
by selecting one design for extensive opera­
tional tests, (2) continuing the developm ent 
and evaluation of train handling devices, (3) 
com pleting the development of the locom o­
tive engineer response model, and (4) fab rica ­
ting and operating the Research Locomotive 
and Train Handling Evaluation Facility. FRA 
is in the process of conceptually  defining 
functional capabilities and developing design 
specifications for such a fac ility  before mov­
ing ahead with actual fabrication . When oper­
ational, this research fac ility  w ill be FRA’s p ri­
mary experimental tool for evaluating train 
accidents caused by human errors. The 
knowledge gained from these experim ents 
w ill assist in developing ways of reducing 
accidents. The fac ility  w ill be used to conduct 
experim ents sim ulating in-service conditions. 
These experim ents w ill evaluate the perform ­
ance of the locomotive engineman (1) in d if­
ferent locom otive cab environments, (2) with 
varying real-time train perform ance inputs, (3) 
in applying train handling contro ls and tech­
niques, and (4) in varying accident situa­
tions. Conducting these experim ents under 
actual field test conditions is precluded by 
the lack of control over variables, the dangers 
inherent in reenacting accident situations, 
and the money and time required to subject a 
s ta tistica lly  significant sample of enginemen 
to experim entation under over-the-road situa­
tions.

R&D efforts in the human factors area are 
expected to help FRA, the railroad industry, 
and railroad labor reach the ir common goal 
of reducing human factor-re la ted accidents 
and improve the working environm ent of 
engine crews. This work should also prove 
beneficial to other transportation modes and
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other industries in reducing these types of 
accidents in the ir respective areas.

G r a d e  C r o s s in g  S a f e t y

Grade crossing accidents are the major 
cause of fa ta lities in railroad operations, ac­
counting for approxim ate ly 65 percent of all 
fatalities resulting from  railroad accidents. It 
is estimated that 3,650 locom otive/vehicle 
collis ions occur annually, resulting in 1,453 
deaths and 3,579 in juries. The objective of 
the grade crossing safety program is to re­
duce both the frequency and severity of grade 
crossing accidents. W ork prior to the current 
reporting period in th is area has included (1) 
developing a com puter model to assist states 
in determ ining the best com plem ent of grade 
crossing equipm ent fo r d ifferent classes of 
crossings, (2) im proving locom otive v is ib ility  
with high-intensity strobe lights, and (3) con­
ducting im pact tests involving a collision be­
tween a locom otive and a stationary auto­
mobile.

During the past year there were a number 
of significant accom plishm ents in the grade 
crossing safety program. AAR completed a 
pro ject under FRA sponsorship for number­
ing and inventorying all public  highway ra il­
road grade crossings in the United States. 
This project, in con junction  with the grade 
crossing com puter model described in the 
“ Eighth Report,”  w ill enable state highway 
departments and the railroads to evaluate 
their current grade crossing protection poli­
cies and to select protection equipment more 
efficiently. Research continued into decreas­
ing the overall cost of wayside grade crossing 
equipm ent through design standardization 
and m odularization. M odularization of grade 
crossing equipm ent involves the standardiza­
tion of external shape, dimensions, mounting, 
and e lectrica l connection as well as com pati­
b ility  of e lectrica l and mechanical inpu t/ou t- 
put characteristics. A systems analysis of 
m odularized grade crossing equipment com­
pleted in FY 75 included studies of train de­
tection, signal transm ission, associated logic, 
and m otorist warning devices. In addition, 
various motion detection devices were sub­
jected to detailed study and analysis of failure 
modes, functiona l requirements, and assess­
ment of im provem ent potential.

Two studies com pleted this past year 
focused on concepts for new materials and
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mechanisms for grade crossing barriers. The 
lower in itia l costs of the new m aterials and 
mechanisms are expected to encourage the ir 
widespread im plementation. Another pro ject 
involved field tests of Whelan strobe lights. 
Developed under FRA d irection, the strobe 
lights act as visual alerting devices to im­
prove the v is ib ility  of locomotives. The field 
tests (carried out on three railroads in coop­
eration with the Illinois Department of Trans­
portation) were designed to evaluate the 
maintenance requirements, du rab ility  and 
effectiveness of the lights. Test results in­
dicated that the strobe light is an effective 
safety device.

Future research in the grade crossing 
safety program w ill concentrate on (1) fab ri­
cating and testing prototype grade crossing 
equipment, (2) form ulating guidelines for 
establishing standardized designs fo r grade 
crossing protection equipment, (3) develop­
ing and testing several low-cost barrie r con­
cepts, and (4) evaluating the Whelan strobe 
lights on at least two additional railroads 
with d ifferent tra ffic  and terrain problem s. If 
successful, this research will benefit the many 
organizations concerned with grade crossing
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safety— e.g., FRA, Federal Highway Adm inis­
tration (FHWA), National Highway Traffic  
Safety Adm inistration (NHTSA), Association 
of Am erican Railroads (AAR), Railway Pro­
gress Institute (RPI), American Association 
of State Highway Officials (AASHO), state de­
partments of transportation, state public u tility  
commissions, highway departments and local 
governments. It should also result in more 
grade crossings being protected per resource 
dollar and in increased protection by grade 
crossing equipment.

C o m p o n e n t  F a ilu re  P r e v e n t io n

In 1974, 2,175 train accidents were caused 
by the failure of vehicle components. To re­
duce the number of accidents due to com ­
ponent failure, researchers are w orking to 
develop design criteria  which w ill make 
vehicles and vehicle components less prone 
to fa ilure  and techniques and mechanisms for 
predicting, detecting, and reacting to fa ilures 
which do occur. Prior work in the com ponent 
fa ilure prevention area includes (1) studying 
the ways in which fatigue and therm al crack­
ing begin, (2) conducting field tests to obtain 
representative dynamic loading cycles to 
which railroad tracks are exposed in norm al 
operations, (3) developing a prototype u ltra ­
sonic wheel inspection unit that detects 
cracks in wheel rims and plates, (4) conduct­
ing a survey of fre ight car ro ller bearing re­
quirem ents and failure modes, and (5) de­
veloping concepts for detecting hot boxes 
and local derailments.

Among the projects begun this past year 
was a study of the effects of both m echanical 
and therm al loading on the stress d is tribu tion  
in wheels. A fin ite element analysis in para­
metric studies was developed and used to 
assess the effects of mechanical and therm al 
loading induced by brake action. In another 
study two research firms examined the serv­
ice life of railroad ro ller bearings. One firm  
reviewed bearing shop data from the Penn 
Central and Santa Fe railroads and studied 
European certification practices. Another firm  
reviewed the shop records of 11,589 bearings 
which were repaired by the Brenco Bearing 
Company. These reviews indicated that the 
expected bearing life was much shorter than 
had been assumed previously.

FRA is currently developing two m ech­
anisms designed to detect com ponent fa ilures 
— hot journal sensors and local derailm ent
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detectors. These devices w ill autom atically 
stop the train upon detection of a hot journal 
o r a wheel on the ground. To establish a 
design base fo r both devices, the Naval Sur­
face Weapons Center (NSWC) conducted 14 
fu ll-ca r derailm ent tests and 4 hot box tem ­
perature tests and obtained and analyzed 
basic shock signature data. Based on these 
data, laboratory devices were designed and 
tested and prototype devices were installed 
on four fre ight cars.

In addition to developing the hot journal 
sensors and local derailm ent detectors, FRA 
has sponsored investigations into the effec­
tiveness of existing inspection equipm ent and 
procedures. TSC com pleted an in-house 
study for FRA which dem onstrated that sev­
eral com m ercially available portable inspec­
tion systems are suitable for detecting cracks 
and flaws in wheel rims. Another study indi­
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cated that ultrasonic methods can be used to 
detect wheel plate cracks. The University of 
Houston com pleted its investigation of an 
acoustic technique for detecting a wheel-im­
pact excitor, along w ith associated audio 
spectral analysis.

Future research in the component failure 
prevention area w ill include (1) installing hot 
journal sensors and local derailm ent detec­
tors on 124 fre ight cars in service and co llect­
ing data for a 12-month period, (2) conduct­
ing field tests on the Union Pacific Railroad 
to validate the fin ite  element m echanica l/ 
thermal loading analysis, (3) determ ining the 
most dangerous service conditions for all ma­
jo r wheel designs curren tly  in use, (4) charac­
terizing the fa ilure  toughness and fatigue 
fracture growth behavior of wheel steels used 
in dom estic practice, and (5) developing im­
proved certification procedures and perform ­
ance specifications fo r in-service diagnosis 
of ro ller bearings.

The equipment and operational procedure 
improvements attained in the component fa il­
ure prevention program  w ill be used by the 
FRA Office of Safety in form ulating and en­
forcing revised fre ight car safety standards.

3.2 IM P R O V E D  T R A C K  S TR U C TU R E S

In FY 1975, as in recent years, the Track 
S tructures Research Program focused on at­
tainm ent of two m ajor goals: (1) fewer track- 
caused railroad accidents and (2) more cost- 
effective track construction and maintenance 
techniques and m aterials. The follow ing sta­
tistics indicate the m agnitude of track safety 
and perform ance problem s:

•  In 1974, 4,264 tra in  accidents were 
caused by defective track, an increase of 20 
percent over the 1973 total. These accidents 
cost $70 m illion in damage to track and ro ll­
ing stock alone. This figure does not include 
human casualty costs, lading loss, cleanup 
costs, or damage to com m unities adjacent to 
accident locations.

•  During the same year the railroad indus­
try spent approxim ately $1,9 billion for track 
construction and m aintenance and yet failed 
to markedly reduce the large backlog of de­
ferred maintenance.

Improving track safety is the prim ary goal

of the Track Structures Research Program, 
not only because of the unacceptably high 
level of track-caused accidents but also be­
cause of the alarm ing rate of increase. A dd i­
tionally, very high returns can be gained from 
the investment of research and development 
resources in projects which lead to even 
small percentage reductions in the enormous 
costs of track construction and maintenance.

Attainm ent of these two goals is being pur­
sued through the implementation of d is tinctly  
different strategies. In the case of track 
safety, the objective is identification of the 
lim its to which the track system and its con­
stituent com ponents can be exercised safely. 
This includes specification of maximum track 
deflection under load, track geometry charac­
teristics adversely affecting rolling stock, 
stress and fatigue lim its of system com po­
nents, and other boundary conditions that 
cannot be exceeded w ithout jeopardizing safe 
train operations.

The research approach to reducing track 
construction and maintenance costs is to first 
determ ine how the system breaks down (me­
chanics of degradation) and then w ork with 
typical m aterials to discover how to recon­
figure or repair the system in order to achieve 
greatest durab ility  at least cost then set p ri­
orities among these as to most efficient 
method. There are intensive traffic situations 
involving freight, or high-speed passenger 
services where use of traditional designs, 
materials, and techniques to optim ize track 
perform ance is so expensive as to place a 
damaging burden on railroads in serious 
financial trouble.

Track research work completed prior to the 
reporting period included a theoretical analy­
sis of track buckling; an analysis of track- 
induced vibration w ithin a standard 50-foot 
(15.3 m) fre ight car; successful application of 
a statistical technique to the analysis of 
sources and im portance of diesel engine 
vibrations; and development of extensive 
model sim ulation techniques to avoid high- 
cost, fu ll-scale experimentation.

The program was restructured in FY 1974 
to place greater emphasis on track safety 
while dealing with track perform ance prob­
lems more effectively. Research results will be 
made available to the FRA Office of Safety 
for use in form ulating new track safety stand­
ards and to the railroad industry to improve 
safety and cost-effectiveness. The project
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summaries which follow  indicate the manner 
in which program goals were pursued during 
the reporting period.

T r a c k  S a f e ty  R e s e a r c h

A param etric analysis of residual and serv­
ice-induced rail stresses was begun to deter­
mine relationships between these stresses 
and the creation of the most dangerous rail 
flaws. A computer simulation model w ill be 
used to analyze stresses and flaws in both 
continuous welded and jo inted rails. A study 
was initiated to identify major factors affect­
ing rail failure, including a defin ition of the 
relationship between the types of defects and 
rail failure. The contractor will apply d iscrim i­
nant analysis methods to data on rail fa ilures 
provided by cooperating railroads. Another 
project which was initiated will provide pre­
lim inary information on rail material fa ilure 
behavior and appropriate fa ilu re-pred iction 
methodologies. In conjunction with the stud­
ies on load determ ination (described below) 
and rail stress, the project w ill provide the 
basis for making engineering estimates of
(1) the expected life of rails containing 
known defects, (2) the anticipated rail fa ilure 
rate of specific sections of track having 
known performance characteristics, and (3) 
the preventive and corrective action needed 
to minimize specific types of rail fa ilu re  in 
both new and existing track.

The research effort described in the ‘‘Eighth 
Report” to determine the feasibility of applying 
sleeve expansion techniques to decrease the oc­
currence of railroad bolt hole fractures was con-
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tinued in the reporting period. Efforts will be di­
rected in the investigation of the crack initiation 
and growth behavior, assessment of technique 
advantages and limitations, and the design of a 
field experiment.

Tests were completed on the main track 
of the Chessie System at Sabot, Virginia, to 
determine the relative lateral resistance to 
displacement of stressed concrete crosstie 
track compared with conventional timber-tie 
track. Analysis of test data is not complete 
at this time, but preliminary review suggests 
that concrete-tie track is substantially more 
resistant to displacement in the lateral plane 
than is timber-tie track. This investigation 
was conducted chiefly by the Chessie Sys­
tem, with assistance from a subcontractor.

Work being performed under contract to 
Princeton University will provide information 
on how to improve the safety and stability of 
railroad track by minimizing the probability 
of horizontal track buckling. Researchers 
will utilize a frame analysis of track in the 
horizontal plane to predict critical tempera­
tures for buckling and will develop a frame 
analysis for determining the appropriate

lateral track rigidity to be utilized in track 
stress and stability analyses.

An effort was undertaken to compile a 
digest of current literature pertaining to 
stresses in rails, rail failure behavior, manu­
facturing practices, rail flaw detection capa­
bilities, and track loads. The digest will pro­
vide an updated data base upon which new 
work can be based without unnecessary dup­
lication of effort.

T r a c k  P r o d u c t i v i t y  R e s e a r c h

A study to identify the range and statistical 
distribution of loads experienced by track is 
the most important project begun during the 
reporting period. Up to now there has not 
been a comprehensive attempt in the United 
States to define this matrix of values. Yet, 
it is necessary to know the magnitude and 
frequency of loads that track is expected to 
sustain if its performance is to be improved. 
The contractor will develop and test analyti­
cal methods to characterize wheel/rail (W/R) 
loads. The resultant prediction tools will be 
used to define the range of loads experi­
enced on U.S. railroads and to evaluate W/R 
load reduction strategies. The output of this 
project will be applied across the board in 
the balance of the track structures program.

FRA commissioned a study to determine 
the effect of crosstie/fastener characteristics 
on track performance and to evaluate con­
temporary wood and nontimber crosstie/ 
fastener assemblies. The study will include 
the determination of the cost-effectiveness of 
nontimber crossties and the identification of 
optimal crosstie performance characteristics. 
A NASA Technology Utilization contract will 
survey the available technology for the re­
furbishment of deteriorated timber crossties. 
Research efforts will include an assessment 
of the technical and economic feasibility of 
applying certain promising techniques to ex­
isting crossties in-situ, on-site, or in batch- 
plant operations.

AAR’s Technical Center, working under 
contract to FRA, completed the formulation 
and debugging of a family of track simulation 
models and the generation of a comprehen­
sive test design for laboratory verification of 
these models. A Rolling Load Laboratory 
being funded and constructed by AAR will 
be used to verify the models. This full-scale, 
enclosed track simulation facility will be
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unique in the United States and will provide 
industry and government users with the op­
portunity to measure track specimen re­
sponse to realistic loads under carefu lly  con­
trolled conditions while avoiding the high 
cost of field testing.

The same contract with AAR also produced 
a prelim inary concept for a fac ility  for ac­
celerated service testing, which would permit 
the accumulation of years of over-the-road 
experience in a compressed time period 
through virtually continuous operation of a 
test train over a closed loop track. During the 
reporting period, FRA, working in coopera­
tion with the railroad industry, began in- 
house efforts to assess the benefits and fea­
s ib ility  of constructing such a fac ility  and to 
determine the level of industry support.

The demonstration test series begun in 
1973 with the FRA ballast consolidator con­
cluded with a test conducted on the Southern 
Railway to determine the effectiveness of this 
type of track maintenance equipm ent in im­
proving the stability of jo inted track involved 
in a general (out-of-face) re-smoothing opera­
tion. Test data have not yet been analyzed 
completely, but a prelim inary review indicates 
that the technique retards the progressive in­
crease in jo in t deflection under load typ ica lly  
experienced follow ing return of the repaired 
track to revenue service. Upon com pletion of 
the test series, the consolidator was returned 
to the Transportation Test Center fo r use in 
track construction or m odification activities. 
A final report on the com plete test series will 
be issued early in 1976.

C u r r e n t  T ra c k  T e s t s

The Alaska Railroad installed two cold- 
region track test sections in its main track 
prior to the onset of hard-freeze conditions 
in October 1973. These test sections were in­
stalled in order to:

• Determine the durability  of a more com ­
monly used concrete tie when used where 
the roadbed heaves substantia lly due to freez­
ing;

• Evaluate the cost-effectiveness of using 
concrete ties with adjustable ra il-tie fasteners 
compared with tim ber ties in situations where 
roadbed heaving requires frequent reposi­
tioning of rail spikes in rail-tie shimming 
operations to reestablish track profile, re­

sulting in rapid deterioration of the tim ber 
ties;

•  Evaluate the use of compounds to bind 
particles of ballast together in order to make 
granular ballast cohesive in regions where 
the foundation soil is weak.

The crosstie and stabilized ballast test sec­
tions, located north of Anchorage at Montana 
and Houston sidings, have been under eval­
uation fo r two years. In the case of the 190 
concrete ties (26-inch spacing [66 cm]), frost 
heaving has required repeated seasonal 
shimming of more than 2 inches (5.1 cm). 
No cracking of the Gerwick RT7S concrete 
ties has been noted. Railroad personnel, 
using air-driven im pact tools to loosen tie

F i g u r e  2 9 .  B a l l a s t  S h o u l d e r  S l u m p  i n  t h e  H o u s t o n  T e s t  

o f  t h e  A l a s k a  R a i l r o a d .

F i g u r e  3 0 .  P a n d r o l  F a s t e n e r s  a t t a c h e d  t o  A d j u s t a b l e  

B a s e  P l a t e s  i n  t h e  M o n t a n a  T e s t  o f  t h e  A l a s k a  R a i l ­

r o a d .  ( r a i l e n d s  h a v e  n o w  b e e n  w e l d e d ) .
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plate hold-down bolts (Pandrol fasteners hav­
ing been attached to the plates), have deter­
mined that profile and alignment in heaved 
regions can be corrected much more easily 
with adjustable ra il-tie  fasteners than with 
tim ber ties and conventional fasteners. There 
is, of course, no degradation of concrete ties 
from continual fastener readjustment as 
would occur with repetitive respiking of 
tim ber ties.

The concrete tie-threadless fastener serv­
ice test continues on the main track of the 
Chessie System at Lorraine, Virginia. Follow­
ing 14 months of testing and the passage of 
31 m illion gross tons (28.2 tonnes), per­
form ance of the test specimens can be sum­
marized as follows:

F i g u r e  3 3 .  P a d  D i s p l a c e m e n t  a n d  S k e w e d  R a i l  F a s t e n ­

e r ,  C h e s s i e  T e s t  a t  L o r r a i n e .

F i g u r e  3 1 .  S u m m a r y  o f  C o n c r e t e  C r o s s t i e  P e r f o r m a n c e  

i n  L o r r a i n e ,  V i r g i n i a  T e s t .

None of the defects are serious, but data 
from the two inspections appear to establish 
trends. Clearly, the tie pad movement con­
tinues to be a major consideration in optim iz­
ing performance of the concrete tie-rail 
fastener system.

The entire nine-section Kansas Test Track 
on the Atchison, Topeka, and Santa Fe Rail­
road was opened to mainline traffic in De­
cember 1974. The track was subjected to 20 
m illion gross tons (18.1 tonnes) of traffic 
prior to being removed from service in June 
1975 due to what is thought to be an em bank­
ment failure. The Waterways Experiment Sta­
tion (WES) of the U.S. Army Corps of Engi­
neers is conducting an extensive investiga­
tion of the mechanics of the test track de­
gradation.

F i g u r e  3 2 .  C o n c r e t e  C r o s s t i e  D e f e c t s  i n  L o r r a i n e ,  V i r ­

g i n i a  T e s t .

NUMBER OF VARIOUS DEFECTS

N O .  O F  T I E S  

W I T H  C R A C K S

N O .  O F  B R O K E N  

I N S U L A T O R S

N O .  O F  S K E W E D  

C S — 5  F A S T E N E R S

N O .  O F  D I S ­

L O C A T E D  P A D S

FIRST INSPECTION 
DECEMBER 10, 1974 1 31 106
SECOND INSPECTION JUNE 10, 1975 13 4 86 152

COMPONENTS

100 GERWICK RT7S TIES, TREC CS-5 FASTENERS

18 GERWICK RT7S TIES, PANDROL 607A FASTENERS

106 COSTAIN 223 TIES, PANDROL 607A FASTENERS

OVERALL STATUS

GENERAL TRACK CONDITION............ . VERY GOOD

BALLAST CONDITION......................... ..........GOOD

TIE CONDITION................................. ..........GOOD

FASTENER-INSULATOR CONDITION . . . ..........GOOD

PAD CONDITION................................. ............FAIR
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Useful results of the Kansas Test Track 
program can be summarized as follows:

• It was concluded that when clay soil 
embankments are overloaded, rigidly sup­
ported track systems deteriorate rapidly. 
When the embankment contained too much 
moisture, a pumping action was created by 
the motion of the concrete structure during 
train passage. The finer clay particles were 
pumped up into the ballast, leaving voids in 
the embankment and greatly reducing track 
resistance to both vertical and lateral dis­
placement. As was recently confirmed through 
research by British Rail, utilization of cohe­
sive soils in rigidly supported track systems 
should be avoided.

•  The use of cast-in-place fasteners in 
concrete beam or slab track was found not 
to be cost-effective due to the lack of straight­
ness of rails produced in the United States. 
When a rail is placed on a beam or slab, gaps 
exist between the concrete support and the 
rail due to deviations in both components. 
When these gaps occur at fastener locations, 
the rail is insufficiently supported to with­
stand loads. The use of shims at the fastener 
location to fill the gap was found to be im­
practical because of limitations on shim 
thickness and the fact that additional shim­
ming would be required by uneven settling 
of the supports. Until roller-straightened rail 
is readily available in the United States, de­
signers will probably have to rely on so-called 
second-pour techniques. These techniques 
involve the introduction of a grant beneath 
rail fastenings suspended from a positioned 
rail or the combination of precisely dimen­
sioned concrete ties suspended from care­
fully positioned rail with a second-pour inte­
gration of the ties with a base slab.

• The problem of research demands ver­
sus operational requirements seriously com­
promises effective investigative efforts at­
tempted via in-service tests on trackage of 
operating railroads. This problem gives sup­
port to the argument that facilities capable 
of simulating in-service conditions and dedi­
cated to track, rolling stock, and ancillary 
test purposes are essential to improving the 
performance of the U.S. railroad network.

The Kansas test track has produced tech­

nical data which is applicable to present-day 
railroad operations and which may ultimately 
be useful in future years if conventional 
crosstie track is shown not to be cost- 
beneficial in specific situations and must be 
replaced by more durable designs. Moreover, 
a considerably expanded understanding of 
soil and ballast mechanics can be expected 
from the WES investigation.

Future program development will be geared 
toward exploiting the products of ongoing 
and new research discussed herein. Expected 
new starts will include:

•  Rail Residual Stress Analysis— An ex­
amination of the contribution of residual 
stress following manufacture, shakedown, 
and continued use to the retardation or pro­
motion of flaw growth.

® Rail Reliability Prediction— Using the in­
put of the residual stress analysis project 
and other rail behavior studies, a model will 
be assembled that will estimate the remain­
ing service life of rails containing known 
minor flaws. This estimating capability would 
permit more informed decisions as to when 
defective rail should be removed from serv­
ice, thereby reducing costs.

• Relation of Vehicle-Track Response to 
Wheel-Rail Interface Forces— Present FRA 
Track Safety Standards specify neither the 
maximum magnitude or duration of wheel 
loads which track systems can withstand 
safely nor the contribution of combinations 
of track defects to vehicle perturbations. 
Both of these topics are scheduled for ex­
amination in 1976.

• Ballast Material Selection Factors— In­
dustry sources have expressed great interest 
in having a set of practical field tests which 
can be used in ballast quarries to predict 
future performance of materials drawn from 
the same location. Long-term material char­
acteristics vary considerably from one area 
to another, and a technique to select or re­
ject materials at the quarry on the basis of 
performance is not available today. A project 
leading to development of appropriate evalu­
ation techniques will begin in 1976.
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3.3  A U T O M A T E D  T R A C K  IN S P E C T IO N

T r a c k  M e a s u r in g  C a r  D e v e lo p m e n t s  a n d  
O p e r a t io n s

Improvements in automated track inspec­
tion technology can be used to help solve 
both safety and productiv ity  problems. Safety 
inspections of the national railroad network 
(326,000 miles (525,000 km) of railroad track) 
are conducted by railroad employees. FRA 
safety inspectors currently make spot checks 
by visual and manual methods to insure com­
pliance with Track Safety Standards. The 
number of safety defects found on the small 
percentage of track checked by FRA inspec­
tors and the 400 percent increase in track- 
caused accidents since 1960 indicate that 
larger samples of track should be inspected 
by FRA. Automated track inspection vehicles 
developed by FRA can provide the larger 
data base by perform ing accurate measure­
ments of track geometry at high speeds (up 
to 80 mph (130 km /h)). These vehicles can 
also be used to m onitor track construction 
and for maintenance-of-way planning (dis­
cussed in the follow ing section).

FRA has a single track-geom etry measure­
ment vehicle that has served as both a re­
search tool and an operational system for 
checking com pliance with FRA’s Track 
Safety Standards. As part of the same pro­
gram FRA has developed and employed 
another system used to provide com puter­
ized data acquisition and processing support

F i g u r e  3 5 .  S p e c i a l  T e s t i n g — T V  m o n i t o r i n g  w h e e l  r a i l  

a c t i v i t y  f o r  D O D X  t e s t  v e h i c l e .

to field testing operations of track and vehi­
cle research projects.

The FRA track geometry measurement sys­
tem has been used extensively to develop 
and test improvements in automated track 
inspection technology. The research efforts 
have produced the only system in existence 
which is capable of conducting track inspec­
tions as required by the Track Safety Stand­
ards and providing track condition data in 
the proper form at to promote efficient track 
maintenance management. The system can 
measure gage (distance between rails), 
crosslevel (elevation of one rail above the 
other), wrap (rate of change of crosslevel), 
profile (rail smoothness), alignment (rail 
straightness, and curvature (angular change 
of track d irection per given distance(chord)).

New instrum entation developed during the 
reporting period includes the prototype ser- 
vomagnetic gage and the compensated ac-

F i g u r e  3 4 .  C o n d u c t i n g  A u t o m a t e d  T r a c k  I n s p e c t i o n  f o r  

A M  T R A C  a n d  t h e  F R A  O f f i c e  o f  S a f e t y .

F i g u r e  3 6 .  N e w  a l l - w e a t h e r  s e r v o - c o n t r o l l e d  m a g n e t i c  

g a g e  s y s t e m .
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celerom eter crosslevel measurement systems. 
The new servomagnetic gage measurement 
system has proved superior in field tests to 
the older capacitive system in that it is opera­
ble during inclement weather. This system, 
which uses magnetic sensors to measure 
gage, was chosen over seven alternative 
gage-measuring systems using contact, opti­
cal, and magnetic sensors. The new com­
pensated accelerom eter crosslevel measure­
ment computes crosslevel by mixing the out­
put of a rate gyroscope with that from an 
accelerom eter system and produces more 
accurate measurements in long curves than 
the older system, which used a vertical gyro­
scope to sense crosslevel changes.

Improvements were also achieved in com ­
puterized data processing. New com puter 
programs were developed for more effic ient 
utilization of onboard computers in process­
ing track geom etry data and generating track 
inspection reports. These improvements w ill 
perm it more rapid data processing at lower 
costs.

Improved profilom eter sensors were sub­
jected to operational testing on seven ra il­
roads during the reporting period. The new 
sensors are sm aller, lighter, easier to ca li­
brate, and less sensitive to the environment. 
They can be used to accurately measure 
profile variations in wave lengths from a few 
feet up to 200 feet (61 m). The basic mea-

F i g u r e  3 7 .  F R A  T r a c k  G e o m e t r y  M e a s u r e m e n t .
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surement can be converted to  62-toot (19m) 
m id-chord offset deviations to comply with 
Track Safety Standards.

By FY 1975, the track inspection system 
had advanced to the point where the tech­
nology could be implem ented in the develop­
ment of an automated track inspection capa­
b ility  fo r the Office of Safety. Accordingly, 
FRA began the Autom ated Track Inspection 
Program directed toward providing the Office 
of Safety with this capability. Three addi­
tional track inspection vehicles will be fabri­
cated, the last of which will serve as the pro­
totype for future cars to be used by FRA and 
the railroads. The firs t step in the program 
was the acquisition and refurbishm ent of two 
used railroad cars, which began in FY 1975. 
A fter installation of track inspection systems, 
the two additional vehicles w ill go into service 
as safety enforcem ent tools in FY 1976. Fab­
rication of the prototype vehicle will begin 
in FY 1977 and be com pleted in FY 1978.

U s e  o f  T r a c k  G e o m e tr y  M e a s u r e m e n t  C a r s  
fo r  M a in te n a n c e  o f  W a y  (M O W ) P la n n in g

The railroad industry currently does not 
have a system atic and scientific  method to 
determ ine the optim al allocation of scarce 
maintenance resources. In response to this 
problem, FRA is developing MOW planning 
techniques which use statistical interpreta­
tions of track geom etry data to determine 
(a) which sections of track are in the worst 
condition and (b) which sections are likely 
to degrade substantia lly in the future. This 
information w ill enable MOW planners to 
make more rational decisions in applying 
maintenance resources. As stated in the last 
report, data analysis and presentation tech­
niques were developed and tested on two 
railroads. Additional surveys on the two ra il­
roads were made during the reporting period, 
and the com parison reports are being utilized 
by both companies. Beginning in FY 1977, the 
track condition of the Facility for Accelerated 
Service Testing (FAST) at the test center w ill 
be surveyed periodica lly, and the comparison 
techniques w ill be applied to document the 
track condition and to provide a controlled 
evaluation of the planning methods.

I m p r o v e d  R a il  F la w  D e te c t io n

As discussed in earlie r reports, FRA ac­
quired a best-state-of-the-art rail flaw detec­

tion system mounted in a rail-highway veh i­
cle. TSC constructed a slow-speed ca lib ra­
tion track containing carefully measured rail 
defects in Cambridge, Massachusetts, adja­
cent to the TSC laboratory facilities. In 
W inchendon, Massachusetts, a higher-speed 
track has been leased by TSC from the Bos­
ton and Maine Corporation. This out-of-rev­
enue-service track contains specimens of all 
im portant types of rail defects. Both tracks 
were used to delineate the technical lim its 
of the operational flaw detection system. Cer­
tain system deficiencies were revealed and 
reported to the manufacturer. The m anufac­
turer is not only modifying the FRA-owned 
system to improve operation but also is ap­
plying these design improvements to models 
being supplied to industry customers.

A m ajor im pediment to increasing the 
speed of flaw detection systems is reliance 
on operator interpretation of analogue data 
as it is produced, which causes errors and 
restricts data flow due to skill lim itations and 
operator fatigue. To solve this problem, FRA 
has contracted for the development of an 
autom atic data interpretation capability.

R a il L o n g itu d in a l  S t r e s s  M e a s u r e m e n t

Determination of the tensile or com pres­
sive states of rails is a d ifficu lt task. As a re­
sult, railroad maintenance engineers work at 
a serious disadvantage not knowing whether 
the compressive stress in a segment of track 
is about to induce potentia lly catastrophic 
track buckling or whether tensile stress is 
approaching the lim it of the rail-end fasten­
ings' capability to resist rupture or pull-apart. 
Work has been under way at the University of 
Oklahoma for a year to investigate the feasi­
b ility  of measuring rail stress using a moving 
ultrasonic transducer. A serious problem was 
encountered when the transducer was posi­
tioned on the rail head in that wide variab ility  
in rail steels makes it almost impossible to 
calibrate the transducers. An investigation 
will be conducted in the coming year to de­
term ine the feasib ility of overcoming this 
problem by positioning transducers on each 
side of the rail so that the ultrasonic energy 
is transm itted through the rail web (the thin 
vertical part of the rail), where material vari­
ability is at a minimum. Unfortunately, the 
transducer would have to be equipped with 
an autom atic obstacle-avoidance system 
when in this position to avoid collis ion
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with rail jo in t assemblies, piles of ballast, 
switches, etc. This system would not be prac­
tica l fo r use on jo inted rail because the trans­
ducer would be moved at least every 39 feet 
(11.9 m) to avoid the jo in t assembly. However, 
the system may be applicable to continuous 
welded rail (on which the large m ajority  of 
track buckling incidences occur) because 
jo in ts would be encountered only at quarter- 
mile (.40 km) intervals.

T r a c k  I m p e d a n c e

The “ Eighth Report”  described a three-

phase project directed toward the develop­
ment of a vehicle to measure track im ped­
ance (response to dynam ic loading). A con­
trac to r has com pleted Phase I and most of 
Phase II. Phase I dem onstrated the feasib ility 
of making continuous measurement. Phase II 
demonstrated means of measuring track im­
pedance and developed the production hard­
ware design. The decision as to whether to 
proceed with Phase II (hardware fabrication 
and testing) w ill be made after analysis of the 
final Phase II report, which w ill be received 
in FY 1976.
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4.0 P A S S E N G E R  S Y S T E M S  R & D

I n i t i a l l y ,  F R A ’ s  p a s s e n g e r  r a i l  R & D  p r o g r a m  

e m p h a s i z e d  i m p r o v e m e n t s  i n  c o n v e n t i o n a l  

r a i l  t e c h n o l o g y .  T h i s  l e d  t o  t h e  d e v e l o p m e n t  

o f  t h e  M e t r o l i n e r  a n d  t h e  T u r b o t r a i n ,  c o n ­

c e p t s  w h i c h  w e r e  f r o n t r u n n e r s  i n  r a i l  t e c h ­

n o l o g i c a l  d e v e l o p m e n t s .  S u b s e q u e n t l y ,  R & D  

e f f o r t s  c o n c e n t r a t e d  o n  t h e  d e v e l o p m e n t  o f  

v e r y  h i g h  s p e e d — 300 m p h  (483 k m / h ) —  

t r a c k e d  l e v i t a t e d  v e h i c l e s .  T h e s e  v e h i c l e s  r e ­

q u i r e  e i t h e r  r a d i c a l  c h a n g e s  i n  t h e  e x i s t i n g  

r i g h t - o f - w a y  o r  p r o c u r e m e n t  a n d  c o n s t r u c t i o n  

o f  n e w  r i g h t - o f - w a y .  T h e r e  i s  s e r i o u s  o p p o s i ­

t i o n  t o  t h e  s e c o n d  a l t e r n a t i v e  b e c a u s e  o f  ( 1) 

t h e  i n c r e a s e d  e n e r g y  c o n s u m p t i o n  r e q u i r e d  

f o r  i n c r e a s e d  s p e e d ,  ( 2) t h e  h i g h  c o s t  o f  

c o n s t r u c t i n g  n e w ,  i n n o v a t i v e  g u i d e w a y  o n  

t h e  c o n v e n t i o n a l  r a i l r o a d  r i g h t - o f - w a y ,  a n d

( 3) t h e  h i g h  c o s t  o f  n e w  i n t e r c i t y  r i g h t - o f - w a y .

T h e  p a s s e n g e r  r a i l  R & D  p r o g r a m  i s  n o w  r e ­

e m p h a s i z i n g  d e v e l o p m e n t s  w h i c h  c a n  u t i l i z e  

e x i s t i n g  r i g h t s - o f - w a y ,  w i t h  e m p h a s i s  o n  n e a r -  

t e r m  R & D  p a y o f f s  a n d  t h e  s e l e c t i v e  a p p l i c a ­

t i o n  o f  e x i s t i n g  r a i l  t e c h n o l o g y .  W i t h  t h i s  i n  

m i n d ,  F R A  i s  s t r u c t u r i n g  a  p r o g r a m  t o  e v a l u ­

a t e  t h e  l a t e s t  a d v a n c e s  i n  r a i l  p a s s e n g e r  i m ­

p r o v e m e n t s ,  i n c l u d i n g  a n  e v a l u a t i o n  o f  f o r ­

e i g n  t r a i n  s y s t e m s  a n d  h o w  t h a t  t e c h n o l o g y  

m i g h t  b e  a p p l i e d  t o  U . S .  t r a i n  s y s t e m s .

T h e  R & D  p r o g r a m  i s  s e e k i n g  t o  d e v e l o p  

t e c h n o l o g y  t o  s u p p o r t  A m t r a k  i n  p r o v i d i n g  

i n t e r c i t y  p a s s e n g e r  s e r v i c e .  T e c h n o l o g y  a r e a s  

b e i n g  i n v e s t i g a t e d  i n c l u d e  t r a c t i o n  a n d  p r o ­

p u l s i o n ;  s u s p e n s i o n ,  s u p p o r t ,  a n d  g u i d a n c e ;  

b r a k i n g  a n d  a d h e s i o n ;  a u x i l i a r y  a n d  e m e r ­

g e n c y  e q u i p m e n t ;  s i g n a l ,  c o n t r o l ,  a n d  c o m ­

m u n i c a t i o n s ;  t r a i n  p e r f o r m a n c e  e v a l u a t i o n s ;  

a n d  p a s s e n g e r  s y s t e m s  d e v e l o p m e n t s .

T h e  g o a l s  o f  t h e  p a s s e n g e r  s y s t e m s  R & D  

p r o g r a m  a r e  a s  f o l l o w s :

•  T o  p r o v i d e  t h e  t e c h n o l o g y  t h a t  w i l l  p e r ­

m i t  m a x i m u m  e f f e c t i v e  u s e  o f  p a s s e n g e r  

s y s t e m s  i n  m e e t i n g  t h e  n a t i o n ’ s  t r a n s p o r t a t i o n  

n e e d s ;

•  T o  p r o v i d e  t e c h n o l o g y  d a t a  a n d  a d v i c e  

t o  t h e  S e c r e t a r y  f o r  u s e  i n  m e e t i n g  h i s  r e ­

s p o n s i b i l i t y  i n  c o n n e c t i o n  w i t h  A m t r a k ;

•  T o  p r o v i d e  s u p p o r t  t o  A m t r a k  i n  d e v e l o p ­

i n g  n e w  p a s s e n g e r  e q u i p m e n t ;

•  T o  p r o v i d e  d i r e c t  R & D  s u p p o r t  t o  t h e  

N o r t h e a s t  C o r r i d o r  P r o j e c t .

4.1 SYSTEMS ANALYSIS AND 
TECHNICAL ASSESSMENT

I m p r o v e d  P a s s e n g e r  S e r v i c e

T h e  I m p r o v e d  R a i l  P a s s e n g e r  S e r v i c e  P r o ­

g r a m  h a s  b e e n  d e v e l o p e d  i n  r e s p o n s e  t o  

p a r t i c u l a r  n e e d s  o f  t h e  r a i l r o a d  i n d u s t r y ,  i t s  

c u s t o m e r s ,  a n d  t h e  n a t i o n  a s  a  w h o l e .  F i r s t ,  

i n  o r d e r  f o r  A m t r a k  t o  a t t r a c t  t r a v e l e r s  t o  t h e  

r a i l r o a d s  a n d  t h u s  s a t i s f y  t h e  o b j e c t i v e s  o f  

t h e  R a i l  P a s s e n g e r  S e r v i c e  A c t  o f  1970, i t  

m u s t  p r o v i d e  a t t r a c t i v e ,  c o m f o r t a b l e ,  r e l i a b l e ,  

a n d  f a s t  i n t e r c i t y  s e r v i c e .  S e c o n d ,  i n c r e a s i n g  

r a i l  r i d e r s h i p  c o u l d  h e l p  t h e  n a t i o n  , t o  c o n ­

s e r v e  e n e r g y .  T h i r d ,  t h e  p r o g r a m  p r o v i d e s  a  

p o s i t i v e  a p p r o a c h  f o r  a p p l y i n g  a d v a n c e d  r a i l  

s y s t e m s  t e c h n o l o g y  t o  e x i s t i n g  t r a i n  s y s t e m s .  

A n d  f o u r t h ,  p r o v i d e  t h e  t e c h n o l o g y  f o r  t h e  

d e v e l o p m e n t  o f  a n  i m p r o v e d  p a s s e n g e r  t r a i n
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w h i c h  w i l l  f a c i l i t a t e  t h e  d e v e l o p m e n t  o f  i m ­

p r o v e d  p a s s e n g e r  c a r s  a n d  e q u i p m e n t .

T h e  p r i m a r y  o b j e c t i v e s  o f  t h e  I m p r o v e d  

R a i l  P a s s e n g e r  S e r v i c e  P r o g r a m  a r e  ( 1) t o  

a d v a n c e  r a i l  s y s t e m s  t e c h n o l o g y ,  a r i d  ( 2) t o  

d e v e l o p  m e t h o d s  f o r  e v a l u a t i n g  a n d  s p e c i f y ­

i n g  t h e  r e q u i r e m e n t s  f o r  a d v a n c e d  p a s s e n g e r  

t r a i n  s y s t e m s  a n d  s y s t e m  c o m p o n e n t s .

I n i t i a l l y ,  t h e  p r o g r a m  w i l l  f o c u s  o n  b a s i c  

m e t h o d o l o g y  f o r  e v a l u a t i n g  t r a i n  s y s t e m s  a n d  

c o m p o n e n t s  a n d  d e v e l o p i n g  s p e c i f i c a t i o n s  

b a s e d  o n  t h e  i n t e r r e l a t i o n s h i p  o f  t e c h n i c a l ,  

e c o n o m i c ,  a n d  e n e r g y - r e l a t e d  f a c t o r s .  T h e  

p r o g r a m  w i l l  m a k e  c o n s i d e r a b l e  u s e  o f  o u t p u t  

f r o m  o t h e r  o n g o i n g  F R A  R & D  p r o g r a m s  c o n ­

c e r n e d  w i t h  i m p r o v e m e n t  o f  t r a i n  s u b s y s t e m s  

a n d  c o m p o n e n t s .  T h i s  w o r k  w i l l  b e  c o o r d i ­

n a t e d  w i t h  t h e  c o n t i n u a l  s u r v e i l l a n c e  a n d  

e v a l u a t i o n  ( f o r  A m t r a k  a n d  o t h e r s )  o f  e x i s t i n g  

a d v a n c e d  p a s s e n g e r  t r a i n  c a n d i d a t e s ,  s u c h  

a s  t h e  C a n a d i a n  L R C ,  t h e  F r e n c h  R T G  a n d  

T G V ,  t h e  B r i t i s h  A P T  a n d  H S T ,  t i l t  t r a i n s  

d e v e l o p e d  b y  t h e  S w i s s  a n d  I t a l i a n s ,  a n d  t h e  

G e r m a n  E T  403.

D u r i n g  t h e  n e x t  t w o  y e a r s  e f f o r t s  w i l l  b e  

d i r e c t e d  t o w a r d  d e v e l o p i n g  m e t h o d o l o g y  f o r  

e v a l u a t i n g  a n d / o r  d e v e l o p i n g  s p e c i f i c a t i o n s  

f o r  t r a i n  s y s t e m s  a n d  c o m p o n e n t s .  I t  w i l l  a l s o  

i n c l u d e  t h e  e v a l u a t i o n  o f  a d v a n c e d  t r a i n  

s y s t e m s ,  b o t h  f o r e i g n  a n d  d o m e s t i c ,  f o r  f u t u r e  

a p p l i c a b i l i t y  t o  A m t r a k  o p e r a t i o n s  o n  a n d  

o f f  t h e  N o r t h e a s t  C o r r i d o r .  W h i l e  t h i s  i s  n o t  

a  t e c h n o l o g y  p r o g r a m  i n  i t s e l f ,  i t  w i l l  m a k e  

u s e  o f  a n d  r e l y  h e a v i l y  u p o n  t h e  r e s u l t s  o f  

R & D  p r o g r a m s  b o t h  w i t h i n  a n d  o u t s i d e  o f  

F R A .  I t  w i l l  a l s o  u t i l i z e  r e s u l t s  o f  p r e v i o u s  a n d  

o n g o i n g  s o c i o e c o n o m i c  a n d  c o s t / b e n e f i t  

s t u d i e s  ( e . g . ,  N o r t h e a s t  C o r r i d o r ,  H S G T  

A l t e r n a t i v e s  S t u d y )  t o  d e v e l o p  m o d e l s  f o r  

d e t e r m i n i n g  t h e  o p e r a t i o n a l  r e q u i r e m e n t s  f o r  

t r a i n s .

I n  a d d i t i o n  t o  t h e  c a n d i d a t e  t r a i n  e v a l u ­

a t i o n s ,  t h e  p r o g r a m  w i l l  i n v o l v e  a  n u m b e r  o f  

t a s k s  d e a l i n g  w i t h  t r a i n  e v a l u a t i o n  m e t h o d ­

o l o g y ,  t r a c k - t r a i n  d y n a m i c s  m o d e l i n g ,  o p e r ­

a t i o n s  a n a l y s i s ,  s i g n a l ,  c o n t r o l ,  a n d  c o m m u n i ­

c a t i o n s ,  e n v i r o n m e n t a l  f a c t o r s ,  a n d  s e r v i c e  

f a c i l i t y  r e q u i r e m e n t s .  I m p o r t a n t  t e c h n i c a l  

i n p u t s  t o  t h e s e  t a s k s  w i l l  c o n s i s t  o f  r e s u l t s  

f r o m  o t h e r  p r o g r a m s  s u c h  a s  t h o s e  n o w  

u n d e r  w a y  i n  t h e  a r e a s  o f  r i d e  q u a l i t y  ( L T V /  

S I G  t r u c k  e v a l u a t i o n ,  M e t r o l i n e r  t r u c k  t e s t ­

i n g ) ,  t r a i n  p e r f o r m a n c e  ( T S C ) ,  a n d  d y n a m i c s  

a n d  m o d e l i n g  ( T S C  a n d  c o n t r a c t o r s ) ,  p l u s  

t h o s e  p l a n n e d  f o r  b r a k i n g / a d h e s i o n .

S ta tu s  o f  P r io r  a n d  C u r r e n t  R e l a t e d  S y s t e m s

T h e  D O T  T u r b o t r a i n  p r o g r a m ,  c o m p l e t e d  i n  

J a n u a r y  1972, p r o v i d e s  a n  e x a m p l e  o f  e q u i p ­

m e n t  d e m o n s t r a t i o n  o f  a  s e l f - p o w e r e d  ( g a s  

t u r b i n e ) ,  m o d e r n  t r a i n  s y s t e m  w h i c h  c o u l d  b e  

o f  v a l u e  i n  t h e  c o n s i d e r a t i o n  o f  a n  i m p r o v e d  

p a s s e n g e r  t r a i n .  D e s i g n e d  i n i t i a l l y  f o r  150 
m p h  (240 k m / h )  s e r v i c e ,  t h e  T u r b o t r a i n  p r e s ­

e n t l y  i s  g e a r e d  f o r  125 m p h  (200 k m / h )  

B o s t o n  t o  N e w  Y o r k  s e r v i c e .  A m t r a k  p u r ­

c h a s e d  t w o  f i v e - c a r  T u r b o t r a i n s  a n d  o n e  

C a n a d i a n  f o u r - c a r  T u r b o t r a i n  f o r  u s e  i n  t h e  

p r o g r a m .  I t  a l s o  l e a s e d  t w o  F r e n c h - b u i l t  

( A N F - F r a n g e c o )  f i v e - c a r  T u r b o t r a i n s ,  c a l l e d  

t h e  R T G ,  w h i c h  a r e  c a p a b l e  o f  125 m p h  (200 
k m / h ) .  A N F - F r a n g e c o  h a s  c l a i m e d  h i g h  r e l i ­

a b i l i t y  f o r  i t s  s y s t e m .  A m t r a k  h a s  n o w  p u r ­

c h a s e d  t h e s e  F r e n c h - b u i l t  t r a i n s e t s  a n d  t w o  

a d d i t i o n a l  t r a i n s e t s ,  a n d  F R A  w i l l  b e  m o n i t o r ­

i n g  A m t r a k ’ s  e x p e r i e n c e  w i t h  t h i s  e q u i p m e n t .  

A m t r a k  i s  a l s o  p u r c h a s i n g  s e v e n  R o h r - b u i l t  

v e r s i o n s  o f  t h e  R T G .  A  m o r e  a d v a n c e d  a n d  

s t r e a m l i n e d  t u r b i n e - d r i v e n  p r o t o t y p e ,  t h e  

T G V ,  i s  c u r r e n t l y  b e i n g  e v a l u a t e d  b y  t h e  

F r e n c h .

T h e  B r i t i s h  A d v a n c e d  P a s s e n g e r  T r a i n  

A P T  i s  i n  i t s  d e v e l o p m e n t a l  s t a g e  a n d  w i l l  

n o t  b e  p l a c e d  i n  r e v e n u e  s e r v i c e  u n t i l  1978 
o r  1979; h o w e v e r ,  t h e  125 m p h  (200 k m / h )  

H i g h  S p e e d  T r a i n  ( H S T )  i s  n o w  i n  s e r v i c e .  

T h e  C a n a d i a n - b u i l t  L R C  t r a i n  h a s  c o m p l e t e d  

l i m i t e d  t e s t s  a t  t h e  T r a n s p o r t a t i o n  T e s t  C e n ­

t e r  a n d  w i l l  b e  p l a c e d  i n  r e v e n u e  s e r v i c e  f o r  

a p p r o x i m a t e l y  o n e  y e a r .  A  t w o - c o a c h  t r a i n  

w i t h  p o w e r e d  b o d y  t i l t i n g  f o r  u s e  o n  s h a r p l y  

c u r v e d  l i n e s  h a s  b e e n  d e l i v e r e d  b y  F i a t  t o  

t h e  I t a l i a n  S t a t e  R a i l w a y  f o r  t r i a l s  w i t h  a  f o u r -  

c o a c h  t r a i n ,  a n d  a  s i m i l a r  b r o a d - g a u g e  s e t  

w i l l  b e  s u p p l i e d  t o  S p a i n  i n  1976. F R A  i s  

r e v i e w i n g  t h e s e  a n d  o t h e r  f o r e i g n  p r o g r a m s  

i n  a n  e f f o r t  t o  k e e p  a b r e a s t  o f  f o r e i g n  t e c h ­

n o l o g i c a l  d e v e l o p m e n t s .

M e tr o lin e r  I m p r o v e m e n t  P r o g r a m

T h e  M e t r o l i n e r  I m p r o v e m e n t  P r o g r a m  ( d e ­

t a i l e d  i n  t h e  “ S i x t h  R e p o r t ”  w a s  c o m p l e t e d  

d u r i n g  t h e  p a s t  y e a r .  T h e  o b j e c t i v e  o f  t h e  

p r o g r a m  w a s  t o  m a k e  i m p r o v e m e n t s  i n  t h o s e  

c o m p o n e n t s  o f  t h e  s e l f - p r o p e l l e d  c a r s  t h a t  

h a d  b e e n  r e s p o n s i b l e  f o r  a  h i g h  f a i l u r e  r a t e  

a n d  h i g h  m a i n t e n a c e  c o s t s .  S p e c i f i c a l l y ,  

t h e s e  i m p r o v e m e n t s  i n c l u d e d  ( 1) i n c r e a s i n g  

m a x i m u m  s c h e d u l e d  s p e e d  f r o m  100 m p h
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(161 k m / h )  t o  120 m p h  (193 k m / h ) ,  ( 2) i n ­

c r e a s i n g  m a x i m u m  a c c e l e r a t i o n  f r o m  .66 t o

1.0 m p h  p e r  s e c o n d  ( 1.06 t o  1.61 k m / h  p e r  

s e c o n d ) ,  a n d  ( 3) i n c r e a s i n g  r e l i a b i l i t y  f r o m  

75 p e r c e n t  t o  90 p e r c e n t .

F o u r  p r o t o t y p e  c a r s ,  t w o  e q u i p p e d  w i t h  

G e n e r a l  E l e c t r i c  C o m p a n y  ( G E )  e l e c t r i c a l  

p r o p u l s i o n  a n d  c o n t r o l  e q u i p m e n t  a n d  t w o  

w i t h  W e s t i n g h o u s e  E l e c t r i c  C o r p o r a t i o n  

e q u i p m e n t ,  c o m p l e t e d  r o a d  t e s t s  i n  J u n e  

1975 w h i c h  v e r i f i e d  t h a t  m o d i f i c a t i o n s  a r e  

e f f e c t i v e  a n d  r e l i a b l e .  E x c e p t  f o r  s o m e  m i n o r  

c o r r e c t i o n s  o n  t h e  G E  c a r s ,  t h e  c a r s  p a s s e d  

t h e  t e s t  w i t h  e a s e .  M o d i f i c a t i o n s  i n c l u d e d  

p r o v i s i o n  o f  c a r - m o n i t o r i n g  e q u i p m e n t  t o  

s i m p l i f y  d e t e c t i o n  o f  e l e c t r i c a l  c o m p o n e n t

f a i l u r e ,  a  c o m p l e t e  r e w i r i n g  o f  p r o p u l s i o n  c i r ­

c u i t s ,  r e l o c a t i o n  o f  d y n a m i c  g r i d s  t o  t h e  r o o f ,  

i n s t a l l a t i o n  o f  r o o f - l e v e l  i n l e t s  f o r  e q u i p m e n t  

c o o l i n g ,  a n d  r e d e s i g n  o f  t h e  p r o p u l s i o n  d r i v e  

s y s t e m s .

D u r i n g  t h e  w i n t e r  o f  1974 a n d  e a r l y  s p r i n g  

o f  1975, t h e  f o u r  c a r s  c o m p l e t e d  a  25,000-  

m i l e  ( 40,200 k m )  r e l i a b i l i t y  t e s t .  A v a i l a b i l i t y  

f o r  s e r v i c e  o f  t h e  t w o  i m p r o v e d  W e s t i n g -  

h o u s e - e q u i p p e d  M e t r o l i n e r s  w a s  97 p e r c e n t  

c o m p a r e d  w i t h  70 p e r c e n t  f o r  t h e  p r e s e n t  c a r ,  

a n d  t h e  m e a n  t i m e  b e t w e e n  f a i l u r e  ( M T B F )  

w a s  360 h o u r s  c o m p a r e d  w i t h  60 h o u r s  f o r  

t h e  p r e s e n t  c a r .  E s t i m a t e d  m a i n t e n a n c e  c o s t  

o f  t h e  u p d a t e d  c a r  w a s  21 c e n t s / c a r  m i l e  (13 
c e n t s / c a r  k m )  c o m p a r e d  w i t h  82 c e n t s / c a r

Figure 38. Improved Metroliner Car.
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m i l e  (51 c e n t s / c a r  k m )  f o r  t h e  p r e s e n t  c a r .  

A m t r a k  i s  n o w  a s s e s s i n g  t h e  f e a s i b i l i t y  a n d  

c o s t  b e n e f i t s  o f  t h e s e  m o d i f i c a t i o n s  o n  i t s  

r e m a i n i n g  f l e e t  o f  57 c a r s .

4.2 SUPPORTING TECHNOLOGY

E le c t r i c a l  T r a c t io n  a n d  P r o p u ls io n

T h e  p r e s e n t  F R A  e l e c t r i c a l  t r a c t i o n  p r o ­

g r a m ,  n o w  a i m e d  e x c l u s i v e l y  a t  r a i l r o a d  a p ­

p l i c a t i o n s ,  c o n s t i t u t e s  a  n a t u r a l  e x p l o i t a t i o n  

o f  t h e  p o w e r  c o n d i t i o n i n g  a n d  l i n e a r  m o t o r  

p r o j e c t s  w h i c h  w e r e  d e v e l o p e d  u n d e r  t h e  

P r o p u l s i o n  R & D  P r o g r a m  f o r  A d v a n c e d  

T e c h n o l o g y .  A s  n o w  s t r u c t u r e d ,  t h e  e l e c t r i f i ­

c a t i o n  a n d  t r a c t i o n  p r o g r a m  i s  d e s i g n e d  t o  

s u p p o r t  F R A / O R & D  r a i l  t r a n s p o r t a t i o n  r e ­

q u i r e m e n t s  f o r  b o t h  p a s s e n g e r  a n d  f r e i g h t .  

F R A ’ s  e f f o r t s  t o  s t i m u l a t e  R & D  i n  t h i s  a r e a  

h a v e  t a k e n  o n  p a r t i c u l a r  i m p o r t a n c e  i n  l i g h t  

o f  t h e  e n e r g y  s i t u a t i o n  a n d  c u r r e n t  r e a p ­

p r a i s a l  o f  r a i l r o a d  e l e c t r i f i c a t i o n  i n  t h e  U n i t e d  

S t a t e s .

T h e  m o s t  i m p o r t a n t  F R A  d e v e l o p m e n t  i n  

t h e  a r e a  o f  p o w e r  c o n d i t i o n i n g  h a s  b e e n  t h e  

v a r i a b l e - v o l t a g e / v a r i a b l e - f r e q u e n c y  p o w e r  

s y s t e m  n o w  u n d e r g o i n g  l o w - s p e e d  t e s t i n g  i n  

t h e  T r a c k e d  L e v i t a t e d  R e s e a r c h  V e h i c l e  

( T L R V ) .  I f  t e s t s  p r o v e  s u c c e s s f u l ,  t h i s  t y p e  

o f  s y s t e m  w i l l  r e p r e s e n t  t h e  m o s t  p o w e r f u l  

a n d  m o s t  a d v a n c e d  s y s t e m  f o r  l o c o m o t i v e s  

t o  d a t e .  E q u a l l y  i m p o r t a n t ,  t h e  T L R V  p o w e r  

s y s t e m ,  b y  p e r m i t t i n g  t h e  u s e  o f  r o t a r y  t h r e e -  

p h a s e  m o t o r s ,  c a n  s i g n i f i c a n t l y  e x t e n d  t h e  

p r a c t i c a l  a d h e s i o n  l i m i t s  i m p o s e d  o n  l o c o m o ­

t i v e s :  t h i s  i m p l i e s  m o r e  p o w e r f u l  l o c o m o t i v e s  

w i t h  t h e  s a m e  w e i g h t  o f  p r e s e n t  u n i t s  o r ,  

c o n v e r s e l y ,  l i g h t e r  l o c o m o t i v e s  w i t h  t h e  s a m e  

p o w e r  o f  . p r e s e n t  u n i t s .

T h e  l i n e a r  e l e c t r i c  m o t o r s  ( L E M )  w h i c h  

F R A  i s  d e v e l o p i n g  o f f e r  a  n u m b e r  o f  p o t e n t i a l  

a d v a n t a g e s  f o r  r a i l r o a d  a p p l i c a t i o n s ,  i n c l u d ­

i n g :

•  B e t t e r  b r a k i n g  t h r o u g h  a v o i d a n c e  o f  

w h e e l / r a i l  a d h e s i o n  p r o b l e m s .

•  S i g n i f i c a n t  r e d u c t i o n  i n  w h e e l  f l a t s ,  s i n c e  

t h e  l i n e a r  m o t o r  p r a c t i c a l l y  e l i m i n a t e s  w h e e l  

s l i p p a g e  o r  s l i d i n g .  ( T r a c t i o n  a n d  b r a k i n g  

f o r c e s  a r e  n o t  t r a n s m i t t e d  t h r o u g h  t h e  r a i l s . )

•  R e d u c e d  v e h i c l e  a n d  t r a c k  m a i n t e n a n c e  

c o s t s .  B e c a u s e  i t  h a s  n o  m o v i n g  p a r t s ,  t h e  

L E M  i s  a s  s i m p l e  a n d  r u g g e d  a s  a  t r a n s ­

f o r m e r .  T h e  r e d u c t i o n  o f  u n s p r u n g  m a s s e s  

r e d u c e s  t r a c k  d a m a g e  a n d ,  c o n s e q u e n t l y ,  

t h o s e  c o s t s  a s s o c i a t e d  w i t h  t r a c k  r e p a i r .

•  E x t e n d i n g  s a f e  o p e r a t i o n a l  s p e e d s  t o  

212-244 m p h  ( 350-400 k m / h )  o n  n e w  p a s ­

s e n g e r  l i n e s .

•  A p p l i c a t i o n  a s  f r e i g h t  c a r  a c c e l e r a t o r  

r e t a r d e r  i n  y a r d  c a r  s o r t i n g  o p e r a t i o n s ,  a l l o w ­

i n g  f u l l e r  a u t o m a t i o n  o f  t h e  y a r d s .

•  R e d u c e d  w h e e l / r a i l  n o i s e .

•  I m p r o v e d  t r a i n  o p e r a t i o n  o n  s t e e p  r a i l  

g r a d e .

•  C o n s t r u c t i o n  o f  a  m o r e  p o w e r f u l  a n d  

l i g h t e r  l o c o m o t i v e ,  w i t h  o r  w i t h o u t  o n b o a r d  

p o w e r  g e n e r a t i o n .  T h e  p r e s e n t  l i m i t  o n  m a x i ­

m u m  t h r u s t  t h a t  c a n  b e  t r a n s m i t t e d  t h r o u g h  

t h e  d r i v e  w h e e l s  a t  f o u r  t o  s i x  p o i n t s  o f  c o n ­

t a c t  w o u l d  n o  l o n g e r  b e  a  c o n s t r a i n t .

•  H i g h e r  s a f e  s p e e d s  o n  e x i s t i n g  r i g h t s - o f -  

w a y .  T h e  L E M  i s  e x p e c t e d  t o  i n h i b i t  d e r a i l ­

m e n t  a n d  t r u c k  h u n t i n g  b e c a u s e  o f  a  s t r o n g e r  

c o u p l i n g  o f  t h e  v e h i c l e  t o  t h e  t r a c k .  ( T h e  

L E M  c a n  d e v e l o p  l a r g e  a t t r a c t i o n  f o r c e s . )

T L R V  P r o p u ls io n  S y s t e m

T h e  T L R V  e l e c t r i c a l  p r o p u l s i o n  s y s t e m  h a s  

n o w  c o m p l e t e d  c h e c k o u t  a n d  v e r i f i c a t i o n  

t e s t s ,  i n c l u d i n g  s t a t i c  t e s t s  t o  s i m u l a t e  s t a r t ­

i n g  m o d e ,  f o r w a r d - r u n  m o d e ,  b r a k i n g ,  a n d  

r e v e r s e  r u n .  L i n e a r  I n d u c t i o n  M o t o r  ( L I M )  

s u p p o r t  a n d  g u i d a n c e  c u s h i o n s  w e r e  i n s t a l l e d  

a n d  t e s t e d ,  a n d  a c c e p t a n c e  t e s t i n g  o f  w a y -  

s i d e  p o w e r  r a i l s  w a s  c o m p l e t e d .  L o w - s p e e d  

t e s t i n g  o n  1,500 f e e t  (457 m )  o f  e l e c t r i f i e d  

g u i d e w a y  i s  s c h e d u l e d  f o r  c o m p l e t i o n  i n  A p r i l  

1976, a n d  a  c o m p r e h e n s i v e  r e p o r t  w i l l  f o l l o w .  

T h e  l o w - s p e e d  t e s t s  w i l l  y i e l d  e s s e n t i a l  i n f o r ­

m a t i o n  o n  t h e  p r a c t i c a l i t y  o f  t h e  s y s t e m  a n d ,  

i n  p a r t i c u l a r ,  w i l l  a d d r e s s  i t s  m o s t  c r i t i c a l  f e a ­

t u r e — t h e  t r a n s i t i o n  f r o m  a  s t a r t i n g  m o d e  t o  

a  r u n n i n g  m o d e .

LIM R V  T e s t in g

T h e  L i n e a r  I n d u c t i o n  M o t o r  R e s e a r c h  

V e h i c l e  ( L I M R V )  w a s  s u b j e c t e d  t o  a  s e r i e s  o f  

t e s t s  o v e r  t h e  v e h i c l e ’ s  e n t i r e  s p e e d  r a n g e  

t o  d e t e r m i n e  t h e  e l e c t r i c a l  c h a r a c t e r i s t i c s  o f  

t h e  l i n e a r  i n d u c t i o n  m o t o r .  T h e  p r i n c i p a l  r e ­

s u l t s  h a v e  e s t a b l i s h e d  a  s i g n i f i c a n t  c o r r e l a ­

t i o n  w i t h  m a t h e m a t i c a l  m o d e l s  d e v e l o p e d  i n  

t h e  U n i t e d  S t a t e s ,  J a p a n ,  S w i t z e r l a n d ,  a n d  

G e r m a n y .  T h e  m o t o r  w i n d i n g  w i l l  n o w  b e
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r e c o n n e c t e d  t o  o b t a i n ,  i n  e f f e c t ,  a  s h o r t e r  

m o t o r ,  t h e  c h a r a c t e r i s t i c s  o f  w h i c h  w i l l  b e  

d e t e r m i n e d  i n  1976. T h e  i m p o r t a n c e  o f  t e s t ­

i n g  a  s h o r t e r  m o t o r  i s  t h a t  p o w e r  l o s s  ( a  b a s i c  

p r o b l e m  w i t h  a l l  l i n e a r  m o t o r s ,  s t e m m i n g  

f r o m  t h e  f i n i t e  l e n g t h  o f  t h e  m o t o r )  w i l l  b e  

m a g n i f i e d  f o r  t e s t  p u r p o s e s ,  r e s u l t i n g  i n  a  

m o r e  c o m p l e t e  u n d e r s t a n d i n g  o f  t h e s e  

m o t o r s .

O t h e r  L I M R V  t e s t s  w h i c h  w e r e  c o m p l e t e d  

d e a l t  w i t h  b r a k i n g ,  m o t o r  e d g e  e f f e c t ,  e l e c t r o ­

m a g n e t i c  w a k e  v e r i f i c a t i o n ,  w h e e l / r a i l  a d h e ­

s i o n ,  a n d  n o i s e .  R e p o r t s  o n  t h e s e  t e s t s  a r e  

n o w  b e i n g  p r e p a r e d .  T e s t s  o n  a  s l o t t e d  r e ­

a c t i o n  r a i l  ( r e p r e s e n t i n g  t h e  l i n e a r  e q u i v a l e n t  

o f  t h e  w e l l - k n o w n  s q u i r r e l - c a g e  r o t a r y  

m o t o r s )  s h o w e d  n e g l i g i b l e  e f f e c t  o f  t h i s  t y p e  

o f  r a i l  o n  m o t o r  p e r f o r m a n c e .

D e s i g n  w o r k  b e g a n  i n  t h e  f a l l  o f  1975 t o  

c o n v e r t  t h e  m o t o r  t o  s i n g l e - s i d e d  o p e r a t i o n .  

E l i m i n a t i o n  o f  t h e  v e r t i c a l  r a i l  ( r e q u i r e d  b y  

d o u b l e - s i d e d  m o t o r s )  w i l l  s i m p l i f y  c o n s t r u c ­

t i o n ,  m a i n t e n a n c e ,  a n d  v e h i c l e  s w i t c h i n g .

S u s p e n s io n ,  S u p p o r t ,  a n d  G u id a n c e

T h e  o b j e c t i v e  o f  t h e  s u s p e n s i o n ,  s u p p o r t ,  

a n d  g u i d a n c e  p r o g r a m  i s  t o  f a c i l i t a t e  t h e  

d e s i g n  o f  h i g h - s p e e d  p a s s e n g e r  t r u c k s  w h i c h  

w i l l  o p e r a t e  w i t h  i m p r o v e d  r i d e  q u a l i t y  a t  125 
m p h  (202 k m / h )  i n  r e g u l a r  p a s s e n g e r  s e r v i c e .

I n  1973 F R A  a w a r d e d  a  c o n t r a c t  t o  p r o v i d e  

a  t r u c k  w i t h  i m p r o v e d  r i d e  q u a l i t y  f o r  t e s t i n g  

o n  a  M e t r o l i n e r .  A  S w i s s  f i r m  i s  t h e  s u b c o n ­

t r a c t o r  f o r  t h e  d e s i g n  a n d  f a b r i c a t i o n  o f  f i v e  

n e w  t r u c k s  o f  t h e  l a t e s t  S w i s s  d e s i g n .  T h i s  

d e s i g n ,  w h i c h  i s  i n  u s e  i n  o t h e r  c o u n t r i e s ,  

w i l l  o f f e r  r e d u c e d  n o i s e  a n d  i m p r o v e d  r i d e  

q u a l i t y  t h r o u g h  i t s  u n i q u e  p r i m a r y  s u s p e n s i o n  

a n d  i m p r o v e d  a i r - s u s p e n s i o n  s e c o n d a r y  

s p r i n g .  T h e  t r u c k  w a s  f a t i g u e  t e s t e d ,  a n d ,  

f o l l o w i n g  m i n o r  m o d i f i c a t i o n s ,  t h e  t e s t s  w e r e  

c o m p l e t e d  s u c c e s s f u l l y .  T w o  t r u c k s  w e r e  i n ­

s t a l l e d  o n  M e t r o l i n e r  C a r  N o .  850 a n d  h a v e  

m e t  t h e  s p e c i f i c a t i o n  p e r f o r m a n c e  r e q u i r e ­

m e n t s  i n  r o a d  t e s t s  c o n d u c t e d  b e t w e e n  

W a s h i n g t o n ,  D . C . ,  a n d  N e w  Y o r k .  A  r i d e -  

q u a l i t y  c o m p a r i s o n  r o a d  t e s t  b e t w e e n  M e t r o -

Figure 39. SIG M-Type Truck

48



l i n e r  C a r  N o .  850, w h i c h  h a d  t h e  n e w  S w i s s  

t r u c k s ,  a n d  M e t r o l i n e r  C a r  N o .  855, w h i c h  h a d  

t h e  o r i g i n a l  t r u c k s ,  r e v e a l e d  i m p r o v e d  r i d e  

q u a l i t y  i n  C a r  N o .  850. M e t r o l i n e r  C a r  N o .  850 
i s  s c h e d u l e d  t o  b e  p u t  i n t o  r e v e n u e  s e r v i c e  

s o  t h a t  f u r t h e r  e x p e r i e n c e  c a n  b e  g a i n e d  w i t h  

t h i s  i m p r o v e d  d e s i g n .

I n  o r d e r  t o  b e t t e r *  u n d e r s t a n d  t h e  e f f e c t s  

o f  w h e e l - r a i l  c o n t o u r s  o n  t r u c k  d y n a m i c  b e ­

h a v i o r ,  F R A  h a s  a w a r d e d  a  r e s e a r c h  c o n t r a c t  

t o  t h e  U n i v e r s i t y  o f  P e n n s y l v a n i a  t o  d e v e l o p  

a  n u m e r i c a l  m e t h o d  f o r  d e t e r m i n i n g  c o n t a c t  

s t r e s s e s  a t  t h e  s u r f a c e  o f  c o n f o r m i n g  b o d i e s .  

R e s e a r c h e r s  w i l l  u t i l i z e  r e a l i s t i c  m o d e l s  o f  

w o r n  o r  s p e c i a l l y  d e s i g n e d  w h e e l - t r e a d  a n d  

t r a c k  p r o f i l e s ,  a n d  r e s u l t s  o f  t h e  r e s e a r c h  w i l l  

b e  u s e d  t o  e x p l a i n  t h e  v a r i o u s  f o r m s  o f  

s t r e s s - i n d u c e d  r a i l  a n d  w h e e l  f a i l u r e s .  T a n ­

g e n t i a l  f o r c e s  a n d  c o e f f i c i e n t s  o f  c r e e p  w i l l  

b e  e v a l u a t e d  i n  r e l a t i o n  t o  r a i l - w h e e l  s t r e s s  

i n t e r a c t i o n s  t h a t  i n f l u e n c e  t h e  d y n a m i c  b e ­

h a v i o r  o f  t h e  r a i l  c a r  t r u c k s  i n  t e r m s  o f  v i b r a ­

t i o n s ,  h u n t i n g ,  a n d  d e r a i l m e n t .

4.3 ADVANCED SYSTEMS

T r a c k e d  L e v i ta t e d  V e h ic le  T e c h n o lo g y

F o l l o w i n g  t h e  p a s s a g e  o f  t h e  H i g h  S p e e d  

G r o u n d  T r a n s p o r t a t i o n  A c t  i n  1965, F R A  b e ­

g a n  a n  e v a l u a t i o n  o f  a l l  h i g h - s p e e d  g r o u n d  

t r a n s p o r t a t i o n  s y s t e m s  b e i n g  p r o p o s e d  f o r  

f u t u r e  i m p l e m e n t a t i o n .  B e c a u s e  i n f r a s t r u c ­

t u r e s  f o r  g r o u n d  t r a n s p o r t a t i o n  s y s t e m s  h a v e  

v e r y  l o n g  l i f e t i m e s  ( 50-100 y e a r s ) ,  i t  a p p e a r e d  

e s s e n t i a l  t o  s e a r c h  f o r  n e e d s  25 o r  m o r e  

y e a r s  h e n c e  r a t h e r  t h a n  m e r e l y  t o  c o n s i d e r  

i n c r e m e n t a l  i m p r o v e m e n t s  t o  p r e s e n t  t e c h ­

n o l o g i e s .

A  n u m b e r  o f  s t u d i e s  h a v e  s h o w n  t h a t  a d ­

v a n c e d  h i g h - s p e e d  g r o u n d  t r a n s p o r t a t i o n  h a s  

t h e  p o t e n t i a l  t o  a d d  s i g n i f i c a n t l y  t o  t h e  n a ­

t i o n ’ s  t r a n s p o r t a t i o n  c a p a b i l i t y ,  s u p p l e m e n t ­

i n g  e x i s t i n g  h i g h w a y ,  a i r ,  a n d  c o n v e n t i o n a l  

r a i l  t r a n s p o r t a t i o n  s y s t e m s .  T h e s e  s t u d i e s  l e d  

t o  t w o  c o n c l u s i o n s — t h a t  t r a c k e d  l e v i t a t e d  

v e h i c l e  ( T L V )  t e c h n o l o g y  h a d  t h e  m o s t  p o t e n ­

t i a l  f o r  a c h i e v i n g  t h e  a d v a n c e d  p e r f o r m a n c e  

a n d  t h a t  t h e  g o a l  o f  t h e  T L V  R & D  p r o g r a m  

s h o u l d  b e  t o  d e f i n e  t h e  p o t e n t i a l  p e r f o r m a n c e  

o f  a  T L V  s y s t e m  f o r  i n t e r c i t y  t r a v e l  t h a t  i s  d i s ­

t i n c t l y  s u p e r i o r  t o  e x t e n s i o n s  o f  e x i s t i n g  s y s ­

t e m s  a n d  g a i n  a n  u n d e r s t a n d i n g  o f  t h e  c h a r ­

a c t e r i s t i c s  a n d  p r i n c i p a l  c o s t  f a c t o r s  o f  s u c h  

a  s y s t e m  o v e r  t h e  s p e e d  r a n g e .

T h e  p r i n c i p a l  a d v a n t a g e  o f  T L V  s y s t e m s  i s  

t h a t  t h e y  c a n  p r o v i d e  a  s a f e ,  n o n p o l l u t i n g ,  

a n d  c o m f o r t a b l e  m o d e  o f  t r a v e l  a n d ,  b e c a u s e  

t h e y  d o  n o t  c o m e  i n  c o n t a c t  w i t h  t h e  g u i d e ­

w a y ,  c a n  d o  s o  a t  h i g h  s p e e d s  w i t h  l o w  

m a i n t e n a n c e  c o s t s .

P r o to t y p e  T r a c k e d  A ir  C u s h io n  V e h ic le  
(P T A C V )

F o r  t h e  p a s t  f i v e  y e a r s  F R A ,  i n  c o o p e r a t i o n  

w i t h  t h e  U r b a n  M a s s  T r a n s p o r t a t i o n  A d m i n i s ­

t r a t i o n  ( U M T A ) ,  h a s  b e e n  d e v e l o p i n g  a  p r o t o ­

t y p e  t r a c k e d  l e v i t a t e d  v e h i c l e  i n  o r d e r  t o  

d e m o n s t r a t e  t h e  p r e s e n t  s t a t e  o f  t h e  t e c h ­

n o l o g y .  T h i s  s y s t e m  i s  t h e  w o r l d ’ s  f i r s t  n o n ­

p o l l u t i n g ,  a l l - e l e c t r i c ,  60- p a s s e n g e r ,  a i r  c u s h ­

i o n  v e h i c l e  o p e r a t i n g  o n  a n  i n v e r t e d - t e e  

g u i d e w a y .  T h e  v e r t i c a l  m e m b e r  o f  t h e  i n ­

v e r t e d  t e e  g u i d e s  t h e  v e h i c l e  a n d  a c t s  a s  t h e  

r e a c t i o n  r a i l  f o r  p r o p e l l i n g  t h e  v e h i c l e  i n  c o n ­

j u n c t i o n  w i t h  t h e  l i n e a r  i n d u c t i o n  m o t o r .  T h i s  

f e a t u r e ,  a n d  t h e  f a c t  t h a t  t h e  g u i d e w a y  i s  a  

s i m p l e  s l a b  o f  c o n c r e t e  s i m i l a r  t o  a  c o n c r e t e  

r o a d w a y ,  m a k e s  t h e  i n v e r t e d - t e e  g u i d e w a y  

r e l a t i v e l y  i n e x p e n s i v e  w h e n  c o m p a r e d  w i t h  

t h e  c h a n n e l  g u i d e w a y .

T h e  g o a l  o f  t h e  P T A C V  p r o j e c t  i s  t o  v e r i f y  

t h e  t e c h n i c a l  f e a s i b i l i t y  a n d  p u b l i c  a c c e p t ­

a n c e  o f  a  T L V  a s  a  m o d e  o f  t r a n s p o r t a t i o n  b y  

d e s i g n i n g ,  f a b r i c a t i n g ,  a n d  t e s t i n g  a  p r o t o ­

t y p e  s y s t e m .  I f  r e g i o n a l  p l a n n e r s  c a n  o b s e r v e  

t h e  s y s t e m  i n  o p e r a t i o n ,  t h e y  w i l l  b e  b e t t e r  

a b l e  t o  d e t e r m i n e  i f  a  T L V  s y s t e m  c a n  s a t i s f y  

t h e i r  p a r t i c u l a r  n e e d s .

T h e  p r o t o t y p e  v e h i c l e  i s  p o w e r e d  b y  a  

l i n e a r  i n d u c t i o n  m o t o r ,  l e v i t a t e d  a n d  g u i d e d

Figure 40. Prototype Tracked Air Cushion Vehicle 
(PTACV) on Test Track at TTC, Pueblo, Colorado.
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b y  a i r  c u s h i o n s  f e d  b y  e l e c t r i c a l l y  d r i v e n  

a i r  c o m p r e s s o r s ,  a n d  c o n t r o l l e d  b y  a n  a u t o ­

m a t i c  v e h i c l e  c o n t r o l  s y s t e m  w i t h  m a n u a l  

o v e r r i d e .  T h e  v e h i c l e  i s  s u p p l i e d  w i t h  e l e c ­

t r i c a l  p o w e r  b y  a  w a y s i d e  d i s t r i b u t i o n  a n d  

p o w e r  c o l l e c t i o n  s u b s y s t e m .  A l l  v e h i c l e  s u b ­

s y s t e m s  u t i l i z e  p r e s e n t  t e c h n o l o g y ;  h o w e v e r ,  

i n t e g r a t i n g  t h e s e  s u b s y s t e m s  i n t o  a n  o p e r ­

a t i o n a l  s y s t e m  r e p r e s e n t s  a  t e c h n o l o g i c a l  

a d v a n c e m e n t .

D u r i n g  t h e  p a s t  t w o  y e a r s ,  v e h i c l e  c o n ­

s t r u c t i o n  w a s  c o m p l e t e d ,  a n d  f o l l o w i n g  a  

s u b s y s t e m  c h e c k o u t  p e r i o d  t h e  v e h i c l e  w a s  

s h i p p e d  t o  t h e  T r a n s p o r t a t i o n  T e s t  C e n t e r .

D u r i n g  t h e  p a s t  y e a r ,  t h e  f u l l y  a s s e m b l e d  

v e h i c l e  h a s  u n d e r g o n e  a  s e r i e s  o f  s t a t i c  a n d  

l o w - s p e e d  c h e c k o u t  a n d  s y s t e m  o p e r a t i o n a l  

t e s t s  o n  t h e  T T C  t e s t  t r a c k .  T h e s e  t e s t s  w e r e  

d e s i g n e d  t o  d e m o n s t r a t e  v e h i c l e  o p e r a b i l i t y  

a n d  r e a d i n e s s  f o r  h i g h - s p e e d  o p e r a t i o n s  a n d  

t o  v e r i f y ,  t o  t h e  e x t e n t  p o s s i b l e ,  t h e  d e g r e e

o f  s y s t e m  c o n f o r m a n c e  t o  p e r f o r m a n c e  

s p e c i f i c a t i o n s .

O n  M a y  9, 1975, t h e  v e h i c l e  r e a c h e d  a  

s p e e d  o f  102 m p h  (163 k m / h ) ,  t h u s  s e t t i n g  

a  n e w  U . S .  s p e e d  r e c o r d  f o r  l e v i t a t e d  v e ­

h i c l e s .  A t  t h a t  t i m e  t h e  s p e e d  o f  t h e  v e h i c l e  

w a s  l i m i t e d  b y  t h e  l e n g t h  o f  f i n i s h e d  t e s t  

t r a c k  t h a t  c o u l d  b e  u s e d  s a f e l y .  C o n s t r u c t i o n  

o f  t h e  t o t a l  t r a c k  ( 5.68 m i l e s ,  9.14 k m )  h a s  

b e e n  c o m p l e t e d ,  w h i c h  w i l l  p e r m i t  t e s t i n g  a t  

150 m p h  (240 k m / h )  f o r  a p p r o x i m a t e l y  20 
s e c o n d s  b e f o r e  b r i n g i n g  t h e  v e h i c l e  t o  a  s a f e  

s t o p .

D u r i n g  t h e s e  t e s t s ,  n o  p r o b l e m s  w e r e  e n ­

c o u n t e r e d  i n  t h e  o p e r a t i o n  o f  t h e  v e h i c l e  

w h i c h  w o u l d  a p p e a r  t o  p r e c l u d e  t e s t i n g  t h e  

v e h i c l e  t o  i t s  t o p  s p e e d .  H o w e v e r ,  w h i l e  t h e  

v e h i c l e  w a s  i n  t h e  m a i n t e n a n c e  b u i l d i n g  f o r  

a  s t a t i c  c h e c k o u t  t e s t  o f  t h e  p r o p u l s i o n  c o n ­

t r o l  u n i t ,  a n  a c c i d e n t a l  o v e r h e a t i n g  o f  t h e  

a l u m i n u m  r e a c t i o n  r a i l  c a u s e d  b y  t h e  L I M

Figure 41. PTACV Guideway During Construction of Power Rail Cover at TTC, Pueblo, Colorado.
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o p e r a t i o n  c h a r r e d  a  s e c t i o n  o f  t h e  f i b e r g l a s s  

c o v e r  o n  t h e  I I M  a n d  t h e  i n s u l a t i o n  o f  s o m e  

o f  t h e  w i n d i n g s .  A s  a  r e s u l t  o f  t h e  a c c i d e n t ,  

w h i c h  o c c u r r e d  i n  J u n e ,  v e h i c l e  t e s t i n g  w a s  

i n t e r r u p t e d  f o r  t h r e e  m o n t h s  w h i l e  r e p a i r s  

w e r e  b e i n g  c o m p l e t e d .

W h e n  t e s t i n g  i s  r e s u m e d ,  t h e  s y s t e m  

w i l l  b e  d e m o n s t r a t e d  a t  T T C  t o  i n t e r e s t e d  

t r a n s p o r t a t i o n  p l a n n e r s .  T h e  t e s t  p r o g r a m  

w i l l  d e t e r m i n e  b a s i c  s y s t e m  p e r f o r m a n c e  

c h a r a c t e r i s t i c s  ( s a f e t y ,  s p e e d ,  a c c e l e r a t i o n ,  

e n v i r o n m e n t a l  e f f e c t s ,  a n d  r i d e  c o m f o r t )  a n d  

w i l l  e s t a b l i s h  r e q u i r e m e n t s  a n d  c h a r a c t e r ­

i s t i c s  f o r  o p e r a t i n g  a n d  m a i n t e n a n c e  p r o ­

c e d u r e s  a n d  c o s t s .

O n e  o f  t h e  m o s t  a c t i v e  r e g i o n a l  t r a n s p o r t a ­

t i o n  p l a n n i n g  g r o u p s  i n t e r e s t e d  i n  T L V  s y s ­

t e m s  i s  t h e  N o r t h  C e n t r a l  T e x a s  C o u n c i l  o f  

G o v e r n m e n t s ,  w h i c h  i n c l u d e s  t h e  c i t i e s  o f  

D a l l a s  a n d  F o r t  W o r t h .  W o r k i n g  u n d e r  a n  

U M T A  t e c h n i c a l  s t u d y  g r a n t ,  t h i s  g r o u p  h a s  

p e r f o r m e d  a  p r e l i m i n a r y  e n g i n e e r i n g  s t u d y  t o  

d e t e r m i n e  t h e  f e a s i b i l i t y  o f  o p e r a t i n g  a  T L V  

s y s t e m  b e t w e e n  D a l l a s  a n d  F o r t  W o r t h .  F R A  

p r o v i d e d  t h e  g r o u p  w i t h  t e c h n i c a l  a s s i s t a n c e  

i n  a n a l y z i n g  T L V  o p e r a t i n g  a n d  p e r f o r m a n c e  

c h a r a c t e r i s t i c s .  P r e l i m i n a r y  f i n d i n g s  i n d i c a t e  

t h a t  a  40- m i l e  (64 k m )  r o u t e  f o r  a  T L V  s y s t e m  

r u n n i n g  b e t w e e n  t h e  t w o  c i t i e s  a n d  t h r o u g h  

t h e  n e w  a i r p o r t  i s  f e a s i b l e  a n d  p r a c t i c a l  f r o m  

a n  e n g i n e e r i n g  s t a n d p o i n t .

T r a c k e d  L e v i ta te d  R e s e a r c h  V e h ic le  (T L R V )

S i n c e  1968, w h e n  t w o  p r e l i m i n a r y  d e s i g n  

c o n t r a c t s  w e r e ,  a w a r d e d ,  F R A  h a s  d e s i g n e d  

a n d  f a b r i c a t e d  a  t r a c k e d  a i r  c u s h i o n  v e h i c l e  

f o r  f u l l - s c a l e  r e s e a r c h  i n  T L V  t e c h n o l o g y .  

T h e  v e h i c l e  w a s  d e s i g n e d  t o  t e s t  v a r i o u s  s u b ­

s y s t e m s  u n d e r  o p e r a t i o n  a t  s p e e d s  u p  t o  300 
m p h  (483 k m / h ) .  S u c h  s u b s y s t e m s  i n c l u d e d  

l i n e a r  m o t o r s ,  v a r i a b l e  f r e q u e n c y  a n d  v o l t a g e  

p o w e r  c o n d i t i o n i n g  u n i t s ,  t u r b o f a n s  f o r  

c u s h i o n  a i r  s u p p l y ,  8250V A C  w a y s i d e  e l e c t r i ­

c a l  p o w e r  d i s t r i b u t i o n  a n d  c o l l e c t i o n ,  a n d  a n  

a c t i v e  o r  p a s s i v e  s e c o n d a r y  s u s p e n s i o n  c o n ­

t r o l .  T h e  T L R V  i s  d e s i g n e d  t o  o p e r a t e  i n  a  

U - c h a n n e l  g u i d e w a y  a n d  t o  s e a t  f o u r  o c c u ­

p a n t s — a  v e h i c l e  o p e r a t o r ,  a n  i n s t r u m e n t a t i o n  

o b s e r v e r ,  a n d  t w o  p a s s e n g e r s .  I n  a d d i t i o n ,  

t h e  v e h i c l e  h a s  a  n u m b e r  o f  b r a k i n g  s u b ­

s y s t e m s — a n  a e r o  b r a k e ,  f r i c t i o n  b r a k e s ,  L I M  

b r a k i n g ,  a n d  a n  a r r e s t i n g  c a p a b i l i t y  f o r  u s e  

i n  e m e r g e n c i e s .

F o r  t h e  p a s t  t h r e e  y e a r s ,  t h e  T L R V  h a s  

b e e n  u n d e r g o i n g  t e s t s  a t  T T C  u t i l i z i n g  t h e

t u r b o f a n  e n g i n e s  f o r  p r o p u l s i o n .  A s  m o r e  

g u i d e w a y  w a s  c o n s t r u c t e d ,  v e h i c l e  o p e r a ­

t i o n s  w e r e  c o n d u c t e d  a t  s u c c e s s i v e l y  h i g h e r  

s p e e d s  u p  t o  a  m a x i m u m  o f  91 m p h  (146 
k m / h )  o n  t h e  f u l l  t h r e e  m i l e s  ( 4.8 k m )  o f  t e s t  

t r a c k .  D u r i n g  t h e  p a s t  y e a r  t h e  L I M  a n d  

p o w e r  c o n d i t i o n i n g  u n i t  h a v e  b e e n  i n s t a l l e d .  

T h e  w o r k  o n  T L R V  i s  n o w  b e i n g  u s e d  a s  a  

t e s t  b e d  t o  s u p p o r t  t h e  t r a c t i o n  a n d  p r o p u l ­

s i o n  s y s t e m s  p r o j e c t .  T h i s  w o r k  i s  c o v e r e d  

e l s e w h e r e  i n  t h i s  r e p o r t .

Figure 42. TLRV Undergoing Tests Under Turbogan 
Propulsion at the TTC.

M a g n e t ic  L e v i ta t io n

T h e  u s e  o f  m a g n e t i c  f o r c e s  t o  s u p p o r t  a n d  

g u i d e  h i g h - s p e e d  g r o u n d  v e h i c l e s  a p p e a r s  

v e r y  p r o m i s i n g  t e c h n i c a l l y  a n d  e c o n o m i c a l l y ,  

b u t  i t  i s  y e t  i n  a n  e a r l y  s t a g e  o f  d e v e l o p m e n t ,  

p a r t i c u l a r l y  c o m p a r e d  t o  a i r  c u s h i o n s .  T h e  

f e a s i b i l i t y  o f  m a g n e t i c  l e v i t a t i o n ,  b o t h  t h e  a t ­

t r a c t i o n  a n d  r e p u l s i o n  v a r i e t i e s ,  h a d  b e e n  

e s t a b l i s h e d  b y  e a r l i e r  F R A - s p o n s o r e d  w o r k .  

B u t  t h e  p r o b l e m  o f  i n t e g r a t i n g  t h i s  t y p e  o f  

v e h i c l e  s u s p e n s i o n  i n t o  a  c o m p l e t e  v e h i c l e /  

g u i d e w a y / t r a n s p o r t a t i o n  s y s t e m  h a d  n o t  b e e n  

a d e q u a t e l y  e x a m i n e d .  S u c h  q u e s t i o n s  a s
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w h e t h e r  m a g n e t i c  l e v i t a t i o n  w o u l d  b e  c o m ­

p a t i b l e  w i t h  v a r i o u s  p r o p u l s i o n  d e v i c e s ,  

g u i d e w a y  c o n f i g u r a t i o n s ,  s w i t c h i n g  r e q u i r e ­

m e n t s  a n d  o p e r a t i o n  i n  t r a i n s e t s  h a d  n o t  

b e e n  a n s w e r e d .  F u r t h e r  w o r k  w i l l  b e  n e c e s ­

s a r y  t o  d e t e r m i n e  t h e  f e a s i b i l i t y  o f  t h e  m a g ­

n e t i c  l e v i t a t i o n  s y s t e m  a s  a  f u t u r e  m o d e  

o f  t r a n s p o r t a t i o n .

A c c o r d i n g l y ,  c o n c e p t u a l  d e s i g n s  o f  r e v e ­

n u e  v e h i c l e  s y s t e m s  w e r e  d e v e l o p e d  d u r i n g  

t h e  p a s t  y e a r  f o r  b o t h  t h e  r e p u l s i o n  M a g l e v  

c o n c e p t  a n d  t h e  a t t r a c t i o n  M a g l e v  c o n c e p t .

B o t h  e f f o r t s  r e l i e d  o n  a n a l y t i c a l  a n d  e x p e r i ­

m e n t a l  d a t a  a c q u i r e d  i n  e a r l i e r  D O T  s t u d i e s  

o f  m a g n e t i c  l e v i t a t i o n .  T h e  d e s i g n s  w e r e  t o  

b e  u s e d  i n  a  r o c k e t  s l e d  d e m o n s t r a t i o n  t o  

v e r i f y  t h a t  t h e  s u s p e n s i o n  s u b s y s t e m  o f  e a c h  

M a g l e v  c o n c e p t  w o u l d  p e r f o r m  a s  p r e d i c t e d .  

D u e  t o  a  r e o r d e r i n g  o f  D O T  p r i o r i t i e s ,  b o t h  

p r o g r a m s  w e r e  t e r m i n a t e d  p r i o r  t o  a n y  t e s t  

e q u i p m e n t  c o n s t r u c t i o n .  A  f i n a l  r e p o r t  o n  t h e  

c o n c e p t u a l  d e s i g n  o f  t h e  r e p u l s i o n  M a g l e v  

c o n c e p t  w a s  p r o d u c e d ,  w h i l e  t h e  w o r k  o n  t h e  

a t t r a c t i o n  M a g l e v  c o n c e p t  h a s  n o t  b e e n  

d o c u m e n t e d .
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5.0 T R A N S P O R T A T I O N  
T E S T  C E N T E R

T h e r e  w e r e  s i g n i f i c a n t  c h a n g e s  i n  a l l  a r e a s  

a t  t h e  T r a n s p o r t a t i o n  T e s t  C e n t e r  ( T T C )  d u r ­

i n g  t h e  p a s t  y e a r .  T h e s e  i n c l u d e d  c h a n g i n g  

t h e  n a m e  o f  t h e  t e s t  c e n t e r  f r o m  t h e  H i g h  

S p e e d  G r o u n d  T e s t  C e n t e r  ( H S G T C )  t o  t h e  

T r a n s p o r t a t i o n  T e s t  C e n t e r ;  c h a n g i n g  t h e  

m i s s i o n  s t a t e m e n t  a n d  t a b l e  o f  o r g a n i z a t i o n ;  

a n d  s h i f t i n g  e m p h a s i s  f r o m  a d v a n c e d  v e h i c l e  

t e s t i n g  t o  m o r e  c o n v e n t i o n a l  r a i l r o a d  a n d  

t r a n s i t  e q u i p m e n t  t e s t i n g .

T h e  v o l u m e  o f  t e s t i n g  a t  t h e  T T C  h a s  i n  

c r e a s e d  t o  a n  a v e r a g e  o f  t w o  t e s t s  e a c h  

w o r k d a y ;  o f t e n ,  a s  m a n y  a s  s i x  o r  s e v e n  t e s t s  

a r e  c o n d u c t e d  i n  a  d a y .  H i g h l i g h t i n g  t h e  

y e a r ’ s  t e s t i n g  w a s  t h e  c o m p l e t i o n  o f  t h e  

T T C ’ s  f i r s t  i n t e r n a t i o n a l  t e s t  p r o g r a m ,  w h i c h  

i n v o l v e d  t h e  C a n a d i a n  L i g h t ,  R a p i d ,  C o m ­

f o r t a b l e  ( L R C )  T r a i n .  T h e  L R C  T r a i n  r a n  m o r e  

t h a n  20,000 m i l e s  ( 32,180 k m )  i n  s i x  w e e k s ,  

e x c e e d e d  d i s t a n c e s  o f  1,000 m i l e s  ( 1,610 k m )  

p e r  d a y ,  a n d  r e a c h e d  s p e e d s  u p  t o  120 m p h  

(193 k m / h ) .  A n o t h e r  T T C  t e s t  p r o g r a m ,  c o m ­

p l e t e d  i n  M a y  1975, i n v o l v e d  a  r e m a r k a b l e  

s e r i e s  o f  t r a i n - t o - t r a i n  c o l l i s i o n  t e s t s  w i t h  f u l l -  

s c a l e  t r a i n s .  I n  t h e  f i n a l  t e s t  o f  t h e  s e r i e s ,  a

1.5 m i l l i o n - p o u n d  ( 0.68 m i l l i o n  k g )  t r a i n  w i t h  

c a b o o s e  w a s  s t r u c k  b y  t w o  l o c o m o t i v e s  a n d  

a  1.7 m i l l i o n - p o u n d  ( 0.77 m i l l i o n  k g )  t r a i n  

m o v i n g  a t  30.4 m p h  (49 k m / h ) .  T h e  t e s t s ,  

j o i n t l y  s p o n s o r e d  b y  g o v e r n m e n t  a n d  i n d u s ­

t r y ,  a r e  e x p e c t e d  t o  a i d  i n  d e v e l o p i n g  s a f e r  

l o c o m o t i v e  d e s i g n s  a n d  i n  i m p r o v i n g  c r a s h -  

w o r t h i n e s s  o f  l o c o m o t i v e  c a b s .

M a j o r  c o n s t r u c t i o n  a c t i v i t i e s  a t  t h e  T T C  

d u r i n g  t h e  p a s t  y e a r  i n c l u d e d  c o m p l e t i o n  o f  

a  p o w e r  d i s t r i b u t i o n  s y s t e m  t h a t  a l l o w s  a l l  

b u i l d i n g s  o n  t h e  s i t e ,  w i t h  t h e  e x c e p t i o n  o f  

t h e  L I M R V  b u i l d i n g ,  t o  o p e r a t e  o n  c o m m e r c i a l  

p o w e r ;  p a v i n g  o f  t h e  r o a d  f r o m  P u e b l o  

M e m o r i a l  A i r p o r t  t o  t h e  T T C ;  c o m p l e t i o n  o f  

t w o  m a j o r  b u i l d i n g s  ( C e n t e r  S e r v i c e s  B u i l d i n g  

a n d  O p e r a t i o n s  B u i l d i n g ) ,  a n d  c o m p l e t i o n  o f  

t h e  S e r v i c e  Y a r d  a n d  W y e  L e a d ,  p r o v i d i n g  

s e v e n  y a r d  t r a c k s  a n d  a  r a i l  c o n n e c t i o n  t o  

t h e  C e n t e r  S e r v i c e s  B u i l d i n g .

A  F a c i l i t i e s  M a s t e r  P l a n  w a s  c o m p l e t e d  a n d  

c o p i e s  o f  c o m p l e t e d  m a s t e r  p l a n  w e r e  m a d e  

a v a i l a b l e  b y  S e p t e m b e r  1975. T h e  s t a t u s  o f  

p l a n n e d  a n d  e x i s t i n g  f a c i l i t i e s  a t  t h e  t e s t  

c e n t e r  i s  a s  f o l l o w s :

•  A p p r o x i m a t e l y  13 m i l e s  ( 20.9 k m )  o f  c o n ­

v e n t i o n a l  r a i l r o a d  t e s t  t r a c k s  a r e  c o m p l e t e d ;  

a b o u t  33 m i l e s  ( 53.2 k m )  a r e  p l a n n e d .  E i g h t  

m i l e s  o f  t r a c k  a r e  u n d e r  c o n s t r u c t i o n  a n d  

s h o u l d  b e  c o m p l e t e d  b e f o r e  J u n e  1976.

•  A n  e l e c t r i f i e d  t h i r d  r a i l  t r a n s i t  t e s t  t r a c k  

l o o p  9.1 m i l e s  ( 14.6 k m )  i n  l e n g t h  h a s  b e e n  

c o n s t r u c t e d .  P l a n s  c a l l  f o r  a d d i t i o n a l  t r a c k a g e  

w i t h i n  t h e  l o o p ,  c o n s i s t i n g  o f  e l e v a t e d  s t r u c ­

t u r e s ,  t u n n e l - e n t r y  s i m u l a t i o n ,  s c r e e c h  l o o p ,  

a n d  p e r t u r b e d  t r a c k  s e c t i o n s .

•  A  3- m i l e  (4.8 k m )  U - s h a p e d  g u i d e w a y  

b u i l t  f o r  t h e  T r a c k e d  L e v i t a t e d  R e s e a r c h  

V e h i c l e  ( T L R V )  h a s  b e e n  p a r t i a l l y  e q u i p p e d  

w i t h  w a y s i d e  p o w e r  a n d  r e a c t i o n  r a i l .

•  A  5.7- m i l e  ( 9.2 k m )  g u i d e w a y ,  w h i c h  i n ­

c l u d e s  a  c e n t e r  r e a c t i o n / g u i d a n c e  r a i l  a n d  a  

4,160- v o l t  w a y s i d e  p o w e r  s y s t e m ,  h a s  b e e n  

c o m p l e t e d .  T h e  P r o t o t y p e  T r a c k e d  A i r  

C u s h i o n  V e h i c l e  ( P T A C V )  h a s  o p e r a t e d  o v e r  

t h e  e n t i r e  l e n g t h  o f  t r a c k ,  r e a c h i n g  s p e e d s  o f  

102 m p h  (164 k m / h )  i n  M a y  1975.

•  A  6.2- m i l e  (10 k m )  p r e c i s e l y  a l i g n e d  c o n ­

v e n t i o n a l  r a i l r o a d  t r a c k  w i t h  a  c e n t e r  a l u m i ­

n u m  r e a c t i o n  r a i l  f o r  t h e  L i n e a r  I n d u c t i o n  

M o t o r  R e s e a r c h  V e h i c l e  ( L I M R V )  i s  c o m p l e t e .  

T h e  L I M R V  h a s  o p e r a t e d  a t  s p e e d s  u p  t o

255.4 m p h  (411 k m / h )  d u r i n g  t e s t i n g .

•  A  T a n k  C a r  T o r c h i n g  T e s t  F a c i l i t y  w i t h  

a  h a l f - m i l e  ( 0.8 k m )  r a d i u s  s a f e t y  z o n e  i s  n o w  

i n  o p e r a t i o n  o n  a  r e m o t e  p o r t i o n  o f  t h e  t e s t  

c e n t e r  s i t e  t o  e x a m i n e  t h e  c h a r a c t e r i s t i c s  o f  

t a n k  c a r  i n s u l a t i o n s  u n d e r  p r o p a n e  t o r c h  

c o n d i t i o n s .
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•  T h e  R a i l  D y n a m i c s  L a b o r a t o r y  ( R D L )  f o r  

v i b r a t o r y  a n d  d y n a m i c  t e s t i n g  o f  f u l l - s c a l e  r a i l  

a n d  t r a n s i t  v e h i c l e s  i s  i n  l i m i t e d  n o n t e s t  u s e  

p e n d i n g  c o m p l e t i o n ,  i n s t a l l a t i o n ,  a n d  a c c e p t ­

a n c e  o f  m a j o r  i t e m s  o f  s o p h i s t i c a t e d  t e s t  

e q u i p m e n t .

•  T h e  C e n t e r  S e r v i c e s  B u i l d i n g  a n d  t h e  

O p e r a t i o n s  B u i l d i n g  h a v e  b e e n  c o m p l e t e d .

•  T h e  e l e c t r i c a l  d i s t r i b u t i o n  s y s t e m s  f o r  

a l l  b u i l d i n g s  o n  s i t e  a n d  t h e  s y s t e m s  f o r  t h e  

P T A C V  a n d  t h e  T L R V  a r e  c o m p l e t e .  T h e  e l e c ­

t r i c a l  d i s t r i b u t i o n  s y s t e m  u s i n g  c o m m e r c i a l  

p o w e r  f o r  t h e  T r a n s i t  T e s t  T r a c k  ( T T T )  i s  

u n d e r  c o n s t r u c t i o n .

•  T w o  m i l e s  o f  t e m p o r a r y  600 V D C  o v e r ­

h e a d  w i r e  p o w e r  s y s t e m  c a t e n a r y  w e r e  i n ­

s t a l l e d  o v e r  t h e  w e s t  s i d e  o f  t h e  T T T .  T h e  

s y s t e m  w i l l  b e  u s e d  f o r  t e s t i n g  t h e  S t a n d a r d  

L i g h t  R a i l  V e h i c l e  ( S L R V ) .

•  T w o  750 k w  t u r b o - g e n e r a t o r s  a r e  o p e r a ­

t i o n a l  f o r  f u r n i s h i n g  e m e r g e n c y  p o w e r  t o  t h e  

f i r e  p u m p ,  C e n t e r  S e r v i c e s  B u i l d i n g ,  R a i l  

D y n a m i c s  L a b o r a t o r y ,  P r o j e c t  M a n a g e m e n t  

B u i l d i n g ,  a n d  t h e  O p e r a t i o n s  B u i l d i n g .

•  A  w a t e r  w e l l ,  s t a n d p i p e ,  a n d  e m e r g e n c y  

f i r e  p u m p  p r o v i d e  w a t e r  a n d  f i r e  p r o t e c t i o n  t o  

b u i l d i n g s  i n  t h e  c o r e  a r e a .

•  A  g u a r d  s t a t i o n  h a s  b e e n  c o n s t r u c t e d  t o  

c o n t r o l  a c c e s s  t o  a l l  a r e a s  a t  t h e  T T C  w i t h i n  

t h e  s e c u r i t y  f e n c e  ( e x c l u d i n g  t h e  O p e r a t i o n s  

B u i l d i n g s ,  w h i c h  i s  o u t s i d e  t h e  f e n c e ) .

•  S t r e e t  l i g h t i n g  d e s i g n  i s  n e a r  c o m p l e t i o n ;  

c o n s t r u c t i o n  a n d  i m p r o v e m e n t s  w i l l  f o l l o w .

•  D e v e l o p m e n t  o f  a  f u e l  s t o r a g e  a r e a  w a s  

b e g u n  w i t h  t h e  i n s t a l l a t i o n  o f  t w o  30,000-  

g a l l o n  ( 113.550 l i t r e )  t a n k s .

•  M a i n t e n a n c e  b u i l d i n g s  a r e  i n  u s e  f o r  

t r a n s i t  v e h i c l e s ,  t h e  L I M R V ,  t h e  T L R V ,  a n d  t h e  

P T A C V .

•  S o i l  c o n s e r v a t i o n ,  e n v i r o n m e n t a l  p r o t e c ­

t i o n ,  a n d  s e c u r i t y  f e n c i n g  p r o g r a m s  a r e  i n  

p r o g r e s s .

5.1 TEST FACILITIES

T e s t  c e n t e r  f a c i l i t i e s  f o r  t e s t i n g  c o n v e n ­

t i o n a l  r a i l  e q u i p m e n t  i n c l u d e  ( 1) t h e  T r a i n  

D y n a m i c s  T r a c k ,  w i t h  s o m e  4.5 m i l e s  ( 7.2 
k m )  o f  c u r v e s  a n d  g r a d e s  t h a t  c a n  b e  m o d i ­

f i e d  t o  i n c o r p o r a t e  p e r t u r b a t i o n s  w h i c h  r e ­

s e m b l e  d e t e r i o r a t e d  t r a c k  c o n d i t i o n s ,  ( 2) t h e  

I m p a c t  F a c i l i t y  T r a c k ,  a  0.75- m i l e  ( 1.21 k m )  

t a n g e n t  ( s t r a i g h t a w a y )  t r a c k  w h e r e  d e s t r u c t i v e  

a n d  n o n d e s t r u c t i v e  i m p a c t  t e s t  p r o j e c t s  a r e  

c o n d u c t e d ,  a n d  ( 3) t h e  T r a n s i t  T e s t  T r a c k ,  a  

9. 1- m i l e  ( 14.6 k m )  l o o p  w i t h  a  600- v o l t  D C  

o u t s i d e  t h i r d  r a i l  f o r  p o w e r i n g  r a p i d  t r a n s i t  

c a r s .  F o r  m o s t  o f  t h e  p e r i o d  c o v e r e d  b y  t h i s  

r e p o r t ,  t h e  T r a n s i t  T e s t  T r a c k  w a s  t h e  o n l y  

c l o s e d  l o o p  t r a c k  a t  t h e  T T C  a n d  t h e r e f o r e  

w a s  i n  h i g h  d e m a n d  f o r  b o t h  t r a n s i t  a n d  r a i l ­

r o a d  t e s t i n g  t h a t  r e q u i r e d  c o n t i n o u s  r u n n i n g .  

T h i s  c o n g e s t i o n  w a s  r e l i e v e d  b y  c o n s t r u c t i o n  

o f  4.2 m i i e s  ( 6.8 k m )  o f  r a i l r o a d  t r a c k  f o r  t h e  

n o r t h e r n  s e g m e n t  o f  t h e  H i g h  S p e e d  T r a c k  

a n d  a  1.5 m i l e  ( 2.4 k m )  “ B a l l o o n  L o o p ”  t r a c k  

f o r  r e v e r s i n g  t h e  r u n n i n g  d i r e c t i o n  o f  t r a i n s .  

C o n s t r u c t i o n  w a s  c o m p l e t e d  i n  A u g u s t  1975 
a n d  a c c e p t e d  f o r  u s e  t w o  m o n t h s  l a t e r .  T w o  

s p r i n g - l o a d e d  t r a c k  s w i t c h e s  a r e  u s e d  t o  

a l l o w  r o u n d - a n d - r o u n d  o p e r a t i o n  o f  t e s t  t r a i n s  

w h i c h  c a n  d e p a r t  f r o m  t h e  “ B a l l o o n  L o o p , ”  

t r a v e l  t h e  l e n g t h  o f  t h e  T r a i n  D y n a m i c s  T r a c k ,  

a n d  t h e n  r e t u r n  t o  t h e  “ B a l l o o n  L o o p ”  v i a  t h e  

n e w  n o r t h e r n  s e g m e n t  o f  t h e  H i g h  S p e e d  

T r a c k .

I n  J u n e  1975 w o r k  b e g a n  o n  t h e  c o n s t r u c ­

t i o n  o f  8.3 m i l e s  ( 13.4 k m )  o f  r a i l r o a d  t r a c k  

t o  c o m p l e t e  t h e  H i g h  S p e e d  T r a c k ,  a  13.5-  

m i l e  ( 21.8 k m )  o v a l  d e s i g n e d  f o r  t r a i n  s p e e d s  

u p  t o  160 m p h  (258 k m / h ) .  I t  s h o u l d  b e  c o m ­

p l e t e d  a n d  a c c e p t e d  e a r l y  i n  1976.

T h e  T r a n s i t  T e s t  T r a c k  h a s  b e e n  u s e d  e x ­

t e n s i v e l y  f o r  t h e  U r b a n  M a s s  T r a n s p o r t a t i o n  

A d m i n i s t r a t i o n  t e s t  a c t i v i t i e s .  T h e  t r a c k  c o n ­

s i s t s  o f  s i x  d i f f e r e n t  c o m b i n a t i o n s  o f  w e l d e d  

a n d  j o i n t e d  r a i l  o r  w o o d e n  a n d  c o n c r e t e  

c r o s s t i e s .  E a c h  s e g m e n t  o f  t r a c k  i s  r e p r e ­

s e n t a t i v e  o f  t r a c k  f o u n d  o n  v a r i o u s  m e t r o p o l ­

i t a n  t r a n s i t  s y s t e m s  t h r o u g h o u t  t h e  c o u n t r y .  

A  t h i r d  r a i l  s y s t e m  s u p p l i e s  t h e  l o o p  w i t h  600 
v o l t  D C  e l e c t r i c  p o w e r .  A t  p r e s e n t ,  p o w e r  i s  

s u p p l i e d  b y  t h e  g e n e r a t o r  o f  t h e  t e s t  c e n t e r ’ s  

3,700 h o r s e p o w e r  d i e s e l  l o c o m o t i v e  a n d  b y  

t r a i l e r  m o u n t e d  a u x i l i a r y  g e n e r a t o r  u n i t s .  A  

p o w e r  l i n e  a n d  s u b s t a t i o n  ( t r a n s f o r m e r )  a r e  

n o w  b e i n g  b u i l t  t o  s u p p l y  t h e  l o o p  w i t h  c o m ­

m e r c i a l  p o w e r .

T h e  7,700- s q u a r e - f o o t  (715 m 2) T r a n s i t  

M a i n t e n a n c e  B u i l d i n g ,  l o c a t e d  n e a r  t h e  e a s t ­

e r n  s i d e  o f  t h e  T r a n s i t  T e s t  T r a c k ,  c o n t a i n s  a  

s p u r  t r a c k  a n d  100- f o o t  s e r v i c e  p i t .  T h e  b u i l d ­

i n g  h a s  a  600 v o l t  D C  p o w e r  s o u r c e  f o r  r e ­

p a i r s ,  s e r v i c i n g ,  a n d  o t h e r  w o r k  o n  t r a n s i t  

c a r s .  A  t r a c k  s c a l e ,  i n s t a l l e d  a d j a c e n t  t o  t h e
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T r a n s i t  M a i n t e n a n c e  B u i l d i n g  a n d  a c c e p t e d  i n  

D e c e m b e r  1974, w a s  a d j u s t e d  e l e c t r o n i c a l l y  

t o  m e a s u r e  w i t h i n  10 p o u n d s  ( 4.5 k g )  o f  t h e  

c a l i b r a t e d  c a r  w e i g h t ,  u s i n g  a  r a i l r o a d  s c a l e  

c a r  w e i g h i n g  85,000 p o u n d s  ( 38,549 k g ) .

5.2 SUPPORT FACILITIES

T w o  m a j o r  s u p p o r t  b u i l d i n g s ,  t h e  C e n t e r  

S e r v i c e s  B u i l d i n g  a n d  t h e  O p e r a t i o n s  B u i l d ­

i n g ,  w e r e  c o m p l e t e d  t h i s  y e a r  a n d  a r e  n o w  

o c c u p i e d  b y  t e s t  c e n t e r  p e r s o n n e l .  T h e

63,000- s q u a r e - f o o t  ( 5,880 m ^ )  C e n t e r  S e r v i c e s  

B u i l d i n g  h o u s e s  m a i n t e n a n c e  a n d  r e p a i r  

f a c i l i t i e s  f o r  r a i l  v e h i c l e s ,  r e s e a r c h  v e h i c l e s ,  

a n d  t e s t  c e n t e r  r o l l i n g  s t o c k .  T h e  S e r v i c e  

Y a r d  a n d  W y e  L e a d ,  a  r a i l  a c c e s s  t o  t h e  

f a c i l i t y ,  w e r e  c o m p l e t e d  i n  M a r c h  1975. T h e  

O p e r a t i o n s  B u i l d i n g ,  a  28,000- s q u a r e - f o o t  

(2,600 m 2) s t r u c t u r e ,  c o n t a i n s  11,000 s q u a r e  

f e e t  (1022 m 2) o f  o f f i c e  s p a c e  f o r  t h e  g o v e r n ­

m e n t  s t a f f  a n d  t h e  o p e r a t i o n s  a n d  m a i n t e ­

n a n c e  c o n t r a c t o r ’ s  s t a f f .  T h e  b u i l d i n g  a l s o  

h a s  a  C e n t r a l  C o n t r o l / D a t a  C o l l e c t i o n  a r e a ,  a  

c a f e t e r i a  t o  f e e d  500 p e o p l e ,  a n d  a  c o n f e r ­

e n c e  r o o m  c a p a b l e  o f  a c c o m m o d a t i n g  200 
p e o p l e .

5.3 OPERATIONS

R a il S y s t e m s

F R A  i s  c o o p e r a t i n g  w i t h  t h e  r a i l r o a d s  

( t h r o u g h  A A R ) ,  t h e  r a i l r o a d  e q u i p m e n t  

s u p p l i e r s  ( t h r o u g h  R P I ) ,  a n d  t h e  C a n a d i a n  

g o v e r n m e n t  ( t h r o u g h  i t s  T r a n s p o r t a t i o n  D e ­

v e l o p m e n t  A g e n c y )  i n  a  j o i n t  g o v e r n m e n t -  

i n d u s t r y  p r o g r a m  t o  l e a r n  m o r e  a b o u t  t h e  

d y n a m i c  r e l a t i o n s h i p s  b e t w e e n  m o v i n g  t r a i n s  

a n d  t h e  t r a c k s  t h e y  r u n  o n .  T h e  g o a l  o f  t h i s  

p r o g r a m ,  c a l l e d  t h e  T r a c k - T r a i n  D y n a m i c s  

P r o g r a m ,  i s  t o  d e v e l o p  i m p r o v e d  r a i l r o a d  

e q u i p m e n t  a n d  o p e r a t i n g  p r o c e d u r e s .

T h e  t e s t  c e n t e r ’ s  c o n t r i b u t i o n  t o  P h a s e  I 

c o n s i s t e d  o f  t w o  s e r i e s  o f  t e s t s — l a t e r a l /  

v e r t i c a l  r a t i o  t e s t s  a n d  l a t e r a l  s t a b i l i t y  t e s t s .  

I n  b o t h  s e r i e s  o f  t e s t s ,  f r e i g h t  c a r  t r u c k s  

( w h e e l  a n d  a x l e  s e t s  w i t h  s u p p o r t i n g  s i d e  

f r a m e s ,  c e n t e r  b o l s t e r  a n d  s p r i n g s ,  e t c . )  w e r e  

i n s t r u m e n t e d  t o  m e a s u r e  t h e  t r u c k s ’ d y n a m i c  

r e a c t i o n s  a n d  t h e  w h e e l - r a i l  i n t e r a c t i o n  

f o r c e s .  T e s t  d a t a  w i l l  p r o v i d e  a  b e t t e r  u n d e r ­

s t a n d i n g  o f  t r u c k  h u n t i n g  ( a  h i g h l y  u n s t a b l e  

a n d  s o m e t i m e s  d e s t r u c t i v e  s i d e - t o - s i d e  p i v o t ­

i n g  v i b r a t i o n  o f  t h e  t r u c k )  a n d  m a n y  d e r a i l ­

m e n t  c o n d i t i o n s .

S o m e  o f  t h e s e  t e s t s  r e s u l t e d  i n  t h e  m a k e - u p  

o f  a  t r a i n  w i t h  a n  e x t r e m e l y  u n u s u a l  c o n ­

f i g u r a t i o n — f i v e  l o c o m o t i v e s ,  t h r e e  b u f f e r  

f r e i g h t  c a r s ,  t h e  t e s t  f r e i g h t  c a r ,  t h r e e  m o r e  

b u f f e r  f r e i g h t  c a r s ,  f i v e  m o r e  l o c o m o t i v e s ,  a n d  

( u s u a l l y )  a  t w o - c a r  s e t  o f  i n s t r u m e n t e d  F R A  

T r a c k  G e o m e t r y  C a r s  t o  r e c o r d  a c t u a l  t r a c k  

a n d  e q u i p m e n t  c o n d i t i o n s  a t  t h e  t i m e  o f  t h e  

t e s t .  T h i s  c o n s i s t  w a s  d e s i g n e d  t o  c r e a t e  

f o r c e s  c o m p a r a b l e  t o  t h o s e  e n c o u n t e r e d  b y  

a  c a r  n e a r  t h e  f r o n t  o f  a  t r a i n  o f  s o m e  150 
o r  s o  c a r s .  W h e n  t h e  t r a i n  s t a r t e d  o r  m o v e d  

u p  a  g r a d e ,  t h e  f r o n t  l o c o m o t i v e s  p u l l e d  w h i l e  

t h e  r e a r  l o c o m o t i v e s  “ d r a g g e d  t h e i r  f e e t ”  b y  

b r a k i n g  t o  s i m u l a t e  t h e  l o a d  i m p o s e d  b y  a  

l a r g e  n u m b e r  o f  f o l l o w i n g  f r e i g h t  c a r s .  W h e n  

t h e  t r a i n  w e n t  d o w n  a  g r a d e ,  t h e  f r o n t  f i v e  

l o c o m o t i v e s  b r a k e d  w h i l e  t h e  r e a r  f i v e  p u s h e d  

h a r d  o n  t h e  r e a r  o f  t h e  t r a i n  t o  s i m u l a t e  t h e  

f o r c e  o f  a  l a r g e  n u m b e r  o f  c a r s  r o l l i n g  d o w n ­

h i l l .  T h e  r e s u l t i n g  h i g h  c o m p r e s s i v e  ( b u f f )  a n d  

t e n s i o n  ( d r a f t )  f o r c e s  g a v e  a n  a c c u r a t e  p i c ­

t u r e  o f  w h a t  h a p p e n s  t o  c a r s  i n  l o n g  t r a i n s  

s u b j e c t e d  t o  t h e  s a m e  f o r c e s .

F o r  a n o t h e r  p r o g r a m ,  s t a b i l i t y  t e s t s  w e r e  

r u n  o n  t h e  T r a i n  D y n a m i c s  T r a c k ’ s  p e r t u r b e d  

“ r o c k - a n d - r o l l ”  s e c t i o n ,  w h e r e  u n d u l a t i n g  

l e n g t h s  o f  t r a c k  w e r e  p l a c e d  a l t e r n a t e l y  o n  

o p p o s i t e  s i d e s  o f  t h e  t r a c k  t o  i n d u c e  a  r o c k ­

i n g  m o t i o n  i n  t h e  t e s t  t r a i n .  W h e e l  l i f t  o f  s o m e  

t w o  i n c h e s  o r  m o r e  w a s  o b s e r v e d  i n  s o m e  

e s p e c i a l l y  s e v e r e  t e s t s  ( a p p r o x i m a t e l y  20 m p h  

(12 k m / h ) ) .  T h e  t e s t  c e n t e r  a l s o  t e s t e d  t h e  

s t a b i l i t y  o f  c e r t a i n  D e p a r t m e n t  o f  D e f e n s e  

f r e i g h t  c a r s  w i t h  h e a v y  l o a d s  o n  t h e  p e r t u r b e d  

t r a c k  p o r t i o n  o f  t h e  T r a i n  D y n a m i c s  T r a c k .

O t h e r  c o n v e n t i o n a l  r a i l  p r o j e c t s  c o m p l e t e d  

a t  t h e  t e s t  c e n t e r  d u r i n g  t h e  p a s t  y e a r  i n ­

c l u d e d  t r a i n - t o - t r a i n  i m p a c t  t e s t s  a n d  t e s t i n g  

o f  a  n e w  p a s s e n g e r  t r a i n  a n d  n e w  p a s s e n g e r  

c a r s .

I n  t h e  T r a i n - t o - T r a i n  I m p a c t  T e s t  P r o g r a m ,  

a  s e r i e s  o f  i m p a c t s  s i m u l a t i n g  a c t u a l  a c c i ­

d e n t s  w a s  c o n d u c t e d  i n  t h e  s p r i n g  o f  1975 
o n  t h e  t e s t  c e n t e r ’ s  I m p a c t  F a c i l i t y  T r a c k .  

E a r l y  t e s t s  i n  t h e  s e r i e s  w e r e  a t  l o w  s p e e d s —  

a p p r o x i m a t e l y  3 a n d  5 m p h  (4.8 a n d  8 k m / h ) .  

L a t e r  t e s t s  a t  9 m p h  (14 k m / h )  d i d  s o m e  d a m ­

a g e ,  b u t  t h e  l a s t  t w o  t e s t s ,  a t  18 m p h  (29 
k m / h )  a n d  30 m p h  (48 k m / h )  w e r e  t h e  m o s t  

s p e c t a c u l a r .  T e s t  r e s u l t s  a r e  e x p e c t e d  t o  a i d  

i n  d e v e l o p i n g  s a f e r  l o c o m o t i v e  d e s i g n s  a n d  i n  

i m p r o v i n g  t h e  c r a s h w o r t h i n e s s  o f  l o c o m o t i v e  

c a b s .
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I n  O c t o b e r  1974 a  p r e - p r o d u c t i o n  m o d e l  o f  

a  n e w ,  120 m p h  (193 k m / h )  C a n a d i a n  L i g h t ,  

R a p i d ,  C o m f o r t a b l e  ( L R C )  p a s s e n g e r  t r a i n  

a r r i v e d  a t  t h e  t e s t  c e n t e r .  T h e  l o w ,  s t r e a m ­

l i n e d  l o c o m o t i v e  a n d  c o a c h  r a n  29 t e s t s  a n d  

m o r e  t h a n  20,000 m i l e s  ( 32,180 k m )  b e f o r e  

l e a v i n g  t h e  t e s t  c e n t e r  a t  t h e  e n d  o f  N o v e m ­

b e r .  C o n s t r u c t e d  b y  a  c o n s o r t i u m  o f  t h r e e  

C a n a d i a n  f i r m s ,  t h e  L R C  r e p r e s e n t s  a n  e v o ­

l u t i o n a r y  a d v a n c e  i n  p a s s e n g e r  t r a i n  d e s i g n .  

A  n o t a b l e  f e a t u r e  o f  t h e  t r a i n ’ s  c o a c h  i s  

a  p o w e r e d  b a n k i n g  s y s t e m  w h i c h  s e n s e s  a  

c u r v e  a n d  t i l t s  t h e  c o a c h  b o d y  j u s t  e n o u g h  t o  

k e e p  p a s s e n g e r s  c o m f o r t a b l e  i n  t h e i r  s e a t s  a t  

s p e e d s  c o n s i d e r a b l y  h i g h e r  t h a n  i s  p o s s i b l e  

w i t h  c o n v e n t i o n a l  c o a c h e s .

I n  t h e  s u m m e r  o f  1975 f o u r  n e w  74-  

p a s s e n g e r  B u d d  C o m p a n y  s t a i n l e s s  s t e e l  

r a i l r o a d  c o a c h e s  w e r e  t e s t e d  f o r  A m t r a k  a t  

s p e e d s  u p  t o  120 m p h  (193 k m / h )  o n  t e s t  

c e n t e r  t r a c k s  ( p r i m a r i l y  t h e  9.1- m i l e  ( 14.6 k m )  

T r a n s i t  T e s t  T r a c k  l o o p .  T h e  c a r s ,  w h i c h  f e a ­

t u r e  a t t r a c t i v e  d e c o r  a n d  c o m f o r t a b l e  s e a t s ,  

w e r e  t e s t e d  f o r  r i d e  q u a l i t y ,  s t a b i l i t y ,  a n d  

r e l i a b i l i t y .  A n  A m t r a k  E -8 l o c o m o t i v e  a c c o m ­

p a n i e d  t h e  n e w  B u d d  c o a c h e s  a n d  w a s  u s e d  

f o r  s o m e  o f  t h e  t e s t i n g .  T h e  f o u r  c a r s  c o m ­

p l e t e d  q u a l i f i c a t i o n  t e s t s  a n d  w e r e  a c c e p t e d  

b y  A m t r a k  r e p r e s e n t a t i v e s .  T h e y  a r e  t h e  f i r s t  

o f  492 s u c h  c o a c h e s  o r d e r e d .

C u r r e n t  F R A  t e s t i n g  a t  t h e  t e s t  c e n t e r  i n ­

c l u d e s  a  m u l t i p h a s e  p r o g r a m  t o  s t u d y  a n d  

r e d u c e  t h e  p r o b a b i l i t y  o f  c a t a s t r o p h i c  f a i l u r e  

o f  r a i l  t a n k  c a r s  c a r r y i n g  l i q u i f i e d  p e t r o l e u m  

g a s  o r  o t h e r  f l a m m a b l e  l a d i n g s .  F R A  h a s  c o n ­

t r a c t e d  w i t h  t h e  U . S .  A r m y  B a l l i s t i c  R e s e a r c h  

L a b o r a t o r i e s  ( B R L )  t o  p a r t i c i p a t e  i n  t h i s  p r o ­

g r a m .  M a j o r  t e s t  o b j e c t i v e s  o f  t h e  c u r r e n t  

p h a s e  a r e  t o  p r e d i c t  t a n k  c a r  r e s p o n s e  t o  

t o r c h i n g  c o n d i t i o n s  a n d  t o  e v a l u a t e  t h e  p e r ­

f o r m a n c e  o f  t w o  t h e r m a l  i n s u l a t i n g  c o a t i n g s ,  

o n e  o r  b o t h  o f  w h i c h  w i l l  b e  a p p l i e d  t o  r a i l ­

w a y  t a n k  c a r r i e r s .

T e s t  e q u i p m e n t  ( r e m o t e l y  c o n t r o l l e d  t o r c h ,  

t a n k  c a r  f o r  f u e l  s t o r a g e ,  m o b i l e  o f f i c e ,  a n d  

c o n t r o l  r o o m )  w a s  s e t  u p  i n  1974 a n d  i s  n o w  

i n  o p e r a t i o n  a t  a n  i s o l a t e d  s i t e  n e a r  t h e  

g e o g r a p h i c  c e n t e r  o f  t h e  t e s t  c e n t e r .

P l a n n i n g  p r e p a r a t i o n s  w e r e  c o m p l e t e d  f o r  

a  s e r i e s  o f  s w i t c h y a r d  i m p a c t  t e s t s  i n v o l v i n g  

t a n k  c a r s  a n d  h o p p e r  c a r s .  T w o  100- t o n ,  (91 
t o n n e s ) ,  33,000 g a l l o n  ( 124,900 l i t r e s )  t a n k  c a r s  

f o r  L P  G a s  w e r e  r e c e i v e d  d u r i n g  t h e  p e r i o d  o f  

t h i s  r e p o r t ,  w h i c h  w i l l  b e  u s e d  i n  t h e  i m p a c t

t e s t  s e r i e s .  P r e p a r a t i o n s  w e r e  a l s o  m a d e  f o r  

t w o  p r o p r i e t a r y  c o n v e n t i o n a l  r a i l  t e s t  p r o ­

g r a m s  a t  t h e  e n d  o f  t h i s  r e p o r t i n g  p e r i o d .  

A m e r i c a n  S t e e l  F o u n d r i e s  a n d  D r e s s e r  I n d u s ­

t r i e s  w e r e  b o t h  s c h e d u l e d  t o  t e s t  t h e i r  f r e i g h t  

c a r  t r u c k  d e s i g n s  d u r i n g  t h e  w i n t e r  o f  1975-

1976. A m e r i c a n  S t e e l  F o u n d r i e s  c o n d u c t e d  

s i m i l a r  t e s t s  d u r i n g  t h e  s u m m e r  o f  1974.

U M TA  R a il T r a n s i t  S y s t e m s

T w o  U r b a n  M a s s  T r a n s p o r t a t i o n  A d m i n i s ­

t r a t i o n  ( U M T A )  t e s t  p r o g r a m s  w e r e  c o m p l e t e d  

d u r i n g  t h e  p a s t  y e a r  a t  t h e  T r a n s p o r t a t i o n  

T e s t  C e n t e r ;  a  t h i r d  p r o g r a m  i s  s t i l l  i n  

p r o g r e s s .

F o u r  G a s  T u r b i n e - E l e c t r i c  ( G T - E )  c a r s  

d e s i g n e d  a n d  b u i l t  f o r  t h e  N e w  Y o r k  M e t r o ­

p o l i t a n  T r a n s p o r t a t i o n  A u t h o r i t y  c o m p l e t e d  a  

s i x - m o n t h  t e s t  p r o g r a m  a t  t h e  t e s t  c e n t e r  i n  

D e c e m b e r  1974. E l e c t r i c - p o w e r e d  c o m m u t e r  

c a r s  d e v e l o p e d  p r i o r  t o  t h o s e  u s e d  i n  t h e  t e s t  

p r o g r a m  c o u l d  n o t  b e  o p e r a t e d  o v e r  n o n -  

e l e c t r i f i e d  p o r t i o n s  o f  t h e  r a i l  u n l e s s  t h e y  w e r e  

p u l l e d  b y  a  c o n v e n t i o n a l  l o c o m o t i v e .  T h i s  

n e c e s s i t a t e d  t h e  t r a n s f e r  o f  p a s s e n g e r s  f r o m  

o n e  t r a i n  t o  a n o t h e r  ( e l e c t r i c - p o w e r e d  t o  

d i e s e l  l o c o m o t i v e - p o w e r e d )  i n  o r d e r  t o  r e a c h  

e x t r e m e s  o f  t h e  l i n e .  T h e  100 m p h  (161 k m / h )  

G a s  T u r b i n e - E l e c t r i c  c o m m u t e r  c a r s  c a n  b e  

p o w e r e d  b y  t h e  t h i r d  r a i l  o n  e l e c t r i f i e d  t r a c k  

o r ,  w h e n  n e c e s s a r y ,  c a n  p r o v i d e  t h e i r  o w n  

p o w e r  o v e r  n o n e l e c t r i f i e d  t r a c k a g e .  E x c e p t  

f o r  t w o  g e n e r a t o r  s e t s  w h i c h  o c c u p y  o p p o s i t e  

c o r n e r s  o f  t h e  r o o f  a r e a  o f  e a c h  c a r ,  t h e  G a s  

T u r b i n e - E l e c t r i c  c a r s  a r e  v i s u a l l y  i d e n t i c a l  t o  

t h e  c o n v e n t i o n a l  a l l - e l e c t r i c  c a r s  in .  u s e  o n  

t h e  L o n g  I s l a n d  R a i l r o a d .  T h e  G a s  T u r b i n e -  

E l e c t r i c  c a r s  a r e  n o w  i n  o p e r a t i o n  o n  t h a t  

r a i l r o a d .

T h e  y e a r - l o n g  t e s t  p r o g r a m  i n v o l v i n g  t w o  

R -32 N e w  Y o r k  C i t y  t r a n s i t  c a r s  ( s u b w a y  c a r s  

b u i l t  i n  t h e  e a r l y  1960s )  w a s  c o m p l e t e d  i n  

F e b r u a r y  1975. T h e  c o n v e n t i o n a l  e l e c t r i c  p r o ­

p u l s i o n  s y s t e m  n o r m a l l y  u s e d  i n  t h e s e  c a r s  

w a s  r e p l a c e d  w i t h  a n  o n b o a r d  e n e r g y  s t o r a g e  

s y s t e m .  T h i s  s y s t e m  s t o r e s  t h e  e n e r g y  n o r ­

m a l l y  d i s s i p a t e d  a s  h e a t  d u r i n g  b r a k i n g  i n  a  

r o t a t i n g  f l y w h e e l  a n d  t h e n  e x t r a c t s  i t  w h e n  

n e e d e d  f o r  t h e  n e x t  s t a r t  a n d  a c c e l e r a t i o n .  

T h i s  r e d u c e s  b o t h  t h e  c a r ’ s  c o n s u m p t i o n  o f  

e l e c t r i c a l  e n e r g y  a n d  t h e  b r a k i n g  h e a t  r a d i ­

a t e d  t o  t h e  a i r  i n  t h e  s u b w a y  t u n n e l .  ( H e a t  

f r o m  b r a k i n g  i s  s o  i n t e n s e  t h a t  t h e  s u b w a y  

t u n n e l s  i n  N e w  Y o r k  h a v e  t o  b e  f o r c e - c o o l e d
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e v e n  i n  w i n t e r . )  I n  a d d i t i o n ,  t h e  r o t a t i n g  f l y ­

w h e e l  p r o v i d e s  a n  o n b o a r d  s u p p l y  o f  e n e r g y  

s u f f i c i e n t  t o  m o v e  t h e  c a r  t o  t h e  n e a r e s t  s t a ­

t i o n  i n  t h e  e v e n t  o f  a  w a y s i d e  e l e c t r i c a l  p o w e r  

f a i l u r e .

S u b w a y  c a r s  n o r m a l l y  u s e  a  s y s t e m  c a l l e d  

d y n a m i c  b r a k i n g  t o  r e t a r d  s p e e d .  T h i s  c o n ­

s i s t s  o f  c o n v e r t i n g  t h e  p r o p u l s i o n  m o t o r s  a t  

t h e  w h e e l s  t o  g e n e r a t o r s  w h i c h  c r e a t e  a  d r a g  

t o  s l o w  t h e  r o t a t i o n  o f  t h e  w h e e l s .  C u r r e n t  

f r o m  t h e  m o t o r s - t u r n e d - g e n e r a t o r s  i s  r o u t e d  

t h r o u g h  a  l a r g e  r e s i s t o r  g r i d  t h a t  g l o w s  r e d -  

h o t  a n d  d i s s i p a t e s  t h e  e n e r g y  i n  t h e  f o r m  o f  

h e a t  t o  t h e  s u r r o u n d i n g  a t m o s p h e r e .  W i t h  

t h e  o n b o a r d  e n e r g y  s t o r a g e  s y s t e m ,  t h i s  c u r ­

r e n t  i s  r o u t e d  i n s t e a d  t o  a n o t h e r  e l e c t r i c  

m o t o r - g e n e r a t o r  a n d  i s  u s e d  t o  i n c r e a s e  t h e  

r o t a t i o n a l  s p e e d  o f  a  f l y w h e e l  c o n n e c t e d  t o  

t h e  m o t o r .  W h e n  t h e  c a r  i s  r e a d y  t o  s t a r t  u p ,  

t h e  m o t o r  a t  t h e  f l y w h e e l  f u n c t i o n s  a s  a  g e n ­

e r a t o r  a n d ,  u s i n g  t h e  e n e r g y  i n  t h e  f l y w h e e l ,  

g e n e r a t e s  e l e c t r i c i t y  t o  d r i v e  t h e  p r o p u l s i o n  

m o t o r s  a t  t h e  c a r ’ s  w h e e l s .  I n  a c t u a l  o p e r a ­

t i o n ,  t h e  f l y w h e e l  r u n s  a t  a  m a x i m u m  s p e e d  

o f  14,000 r p m  a n d  “ r u n s  d o w n ”  o n l y  t o  

a r o u n d  9,400 r p m .  A t  t h e  l o w  r p m  e n o u g h  

c u r r e n t  i s  f e d  t o  t h e  f l y w h e e l  m o t o r  t o  k e e p  

i t  a t  t h a t  s p e e d .  C u r r e n t  c o m e s  f r o m  t h e  w a y -  

s i d e  p o w e r  s y s t e m .  I f  b r a k i n g  r e s u l t s  i n  t h e  

g e n e r a t i o n  o f  t o o  m u c h  c u r r e n t  ( w h i c h  w o u l d  

c a u s e  t h e  f l y w h e e l  t o  o v e r s p e e d ) ,  t h e  e x c e s s  

i s  r o u t e d  t h r o u g h  a  d y n a m i c  b r a k e  g r i d .

E a c h  s u b w a y  c a r  c o n t a i n s  t w o  f l y w h e e l  

u n i t s  w h i c h  r o t a t e  i n  o p p o s i t e  d i r e c t i o n s  t o  

c a n c e l  o u t  t h e  g y r o s c o p i c  f o r c e s  o f  t h e  

r a p i d l y  r o t a t i n g  m a s s e s .  E a c h  f l y w h e e l  i s  e n ­

c l o s e d  i n  a  c y l i n d r i c a l  h o u s i n g  w i t h  a  t a p e r e d  

e n d  w h i c h  i s  l o c a t e d  n e a r  t h e  m i d d l e  o f  t h e  

c a r ’ s  u n d e r b o d y  a n d  p r o v i d e s  t h e  o n l y  v i s u a l  

i n d i c a t i o n  t h a t  t h e  c a r  i s  e q u i p p e d  w i t h  t h e  

e n e r g y  s t o r a g e  s y s t e m .

T h e  t w o  R -32 c a r s  w i t h  e n e r g y  s t o r a g e  s y s ­

t e m  e q u i p m e n t  i n s t a l l e d  a r e  n o w  b a c k  i n  

s e r v i c e  i n  N e w  Y o r k  C i t y  w h e r e  t h e y  a r e  b e ­

i n g  u s e d  t o  c o l l e c t  c o m p a r a t i v e  d a t a  o n  t h e  

c o s t  o f  o p e r a t i n g  b o t h  t y p e s  o f  p r o p u l s i o n  

s y s t e m s .

T w o  o t h e r  N e w  Y o r k  C i t y  T r a n s i t  A u t h o r i t y  

t r a n s i t  c a r s  ( R -42 m o d e l )  a r e  u n d e r g o i n g  t e s t ­

i n g  a t  t h e  T r a n s p o r t a t i o n  T e s t  C e n t e r  i n  a  

c o n t i n u i n g  p r o j e c t  t o  d e v e l o p  v a r i o u s  k i n d s  o f  

s p e c i a l  i n s t r u m e n t a t i o n ,  i n c l u d i n g  a  t r a c k  

g e o m e t r y  m e a s u r i n g  s y s t e m .  T h i s  s y s t e m  w i l l  

d i f f e r  f r o m  t h a t  u s e d  i n  t h e  F R A  T r a c k  

G e o m e t r y  C a r s  i n  c e r t a i n  r e s p e c t s  t h a t  w i l l

m a k e  t h e  U M T A  s y s t e m  m o r e  e f f e c t i v e  i n  a d ­

v e r s e  w e a t h e r  c o n d i t i o n s .  T h e  R -42 d e s i g n ,  

b u i l t  i n  t h e  l a t e  1960s ,  i s  t h e  f i r s t  N e w  Y o r k  

s u b w a y  c a r  d e s i g n  t o  i n c o r p o r a t e  a i r  c o n ­

d i t i o n i n g .

A d v a n c e d  S y s t e m s

D u r i n g  t h e  r e p o r t i n g  p e r i o d  f o r  t h i s  r e p o r t ,  

t e s t  o p e r a t i o n s  w e r e  c o n d u c t e d  w i t h  t h e  f o l ­

l o w i n g  a d v a n c e d  t e c h n o l o g y  v e h i c l e s ,  w h i c h  

a r e  d i s c u s s e d  e a r l i e r  i n  t h i s  r e p o r t  i n  S e c ­

t i o n  4.0 :

•  L i n e a r  I n d u c t i o n  M o t o r  R e s e a r c h  V e h i c l e  

( L I M R V )

•  T r a c k e d  L e v i t a t e d  R e s e a r c h  V e h i c l e  ( L T R V )

•  P r o t o t y p e  T r a c k e d  A i r  C u s h i o n  V e h i c l e  

( P T A C V )

5.4 PUBLIC AFFAIRS

I n d u s t r y ,  g o v e r n m e n t ,  a n d  i n d i v i d u a l s ,  b o t h  

f o r e i g n  a n d  d o m e s t i c ,  c o n t i n u e d  t o  e x h i b i t  a  

h i g h  l e v e l  o f  i n t e r e s t  i n  t e s t i n g  a n d  c o n s t r u c ­

t i o n  a c t i v i t i e s  a t  t h e  T r a n s p o r t a t i o n  T e s t  

C e n t e r  d u r i n g  1975.

I n  O c t o b e r  1974 P a u l  C u n n i n g h a m  o f  N B C  

v i s i t e d  t h e  T T C  t o  f i l m  a n  e i g h t - m i n u t e  t e l e ­

v i s i o n  s e g m e n t  f o r  t h e  N B C  Today Show. D u r ­

i n g  t h e  s a m e  m o n t h ,  s o m e  200 a t t e n d e e s  o f  

t h e  F R A - s p o n s o r e d  E l e v e n t h  A n n u a l  R a i l r o a d  

E n g i n e e r i n g  C o n f e r e n c e  t o u r e d  t h e  t e s t  

c e n t e r .

I n  M a y  1975 t h e  t e s t  c e n t e r  h o s t e d  n u m e r ­

o u s  r e p r e s e n t a t i v e s  o f  g o v e r n m e n t ,  i n d u s t r y ,  

a n d  n e w s  m e d i a  w h o  o b s e r v e d  t h e  f i n a l  T r a i n -  

t o - T r a i n  I m p a c t  T e s t  a t  30.4 m p h  (49 k m / h ) .  

A  g u i d e d  t o u r  o f  t e s t  c e n t e r  f a c i l i t i e s  w a s  p r o ­

v i d e d  i n  c o n j u n c t i o n  w i t h  t h i s  e v e n t .  F R A  a n d  

t e s t  c o n t r a c t o r  r e p r e s e n t a t i v e s  p r o v i d e d  b r i e f ­

i n g  f o r  t h e  v i s i t o r s .

I n  S e p t e m b e r  1975 a  t e s t  c e n t e r  o p e n  

h o u s e  w a s  h e l d  i n  c o n j u n c t i o n  w i t h  t h e  o f f i ­

c i a l  d e d i c a t i o n  o f  t h e  n e w l y  p a v e d  a c c e s s  

r o a d  f r o m  t h e  P u e b l o  M e m o r i a l  A i r p o r t .  J o h n  

W .  B a r n u m ,  D e p u t y  S e c r e t a r y  o f  T r a n s p o r t a ­

t i o n ,  h o s t e d  t h e  o p e n  h o u s e ,  w h i c h  w a s  a t ­

t e n d e d  b y  a p p r o x i m a t e l y  400 p e o p l e .

D u r i n g  F Y  75 t h e  U n i t e d  S t a t e s  I n f o r m a t i o n  

A g e n c y  c o n t r a c t e d  w i t h  a  f i l m  c r e w  t o  p r e ­

p a r e  a  f i l m  f o r  t h e  a g e n c y  t o  u s e  i n  f o r e i g n  

c o u n t r i e s .
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M o r e  t h a n  6,500 p e o p l e  v i s i t e d  t h e  c e n t e r  

d u r i n g  1975, a m o n g  t h e m  t h e  f o l l o w i n g  

g r o u p s  a n d  i n d i v i d u a l s :

Congressional

U . S .  S e n a t o r  V a n c e  H a r t k e ,  I n d i a n a

U . S .  S e n a t o r  G a r y  H a r t ,  C o l o r a d o  

U . S .  R e p r e s e n t a t i v e  J o e  S k u b i t z ,  K a n s a s  

C a l i f o r n i a  S t a t e  S e n a t o r  J a m e s  M i l l s ,  P r e s i ­

d e n t  P r o t e m

C a l i f o r n i a  S t a t e  S e n a t o r  A l  A l q u i s t  

Government

S e c r e t a r y  o f  T r a n s p o r t a t i o n  C l a u d e  S .  B r i n e -  

g a r

D e p u t y  S e c r e t a r y  o f  T r a n s p o r t a t i o n  J o h n  W .  

B a r n u m

R o b e r t  H e m p h i l l ,  A s s i s t a n t  A d m i n i s t r a t o r  f o r  

T r a n s p o r t a t i o n  P r o g r a m s ,  F e d e r a l  E n e r g y  

A d m i n i s t r a t i o n

A s a p h  H a l l ,  A d m i n i s t r a t o r ,  F e d e r a l  R a i l r o a d  

A d m i n i s t r a t i o n

B r u c e  F l o h r ,  D e p u t y  A d m i n i s t r a t o r ,  F e d e r a l  

R a i l r o a d  A d m i n i s t r a t i o n  

T h e  D e p a r t m e n t  o f  T r a n s p o r t a t i o n  F i e l d  C o ­

o r d i n a t i n g  G r o u p :  R o b e r t  K e s s l e r ,  M e r v  

M a r t i n ,  T a d  W e i g l e ,  C h a r l e s  R u m p f ,  R o b ­

e r t  O ’ C o n n e l l ,  a n d  H e r b  P e e t s  

T h e  F R A - s p o n s o r e d  E l e v e n t h  A n n u a l  R a i l r o a d  

E n g i n e e r i n g  C o n f e r e n c e  

M i k e  N o r t o n ,  R e g i o n a l  A d m i n i s t r a t o r ,  G e n e r a l  

S e r v i c e s  A d m i n i s t r a t i o n  

D o n  B e r r y ,  R e g i o n a l  C o m m i s s i o n e r ,  F e d e r a l  

S u p p l y  S e r v i c e s

T o m  R e i n h a r d ,  C o n g r e s s i o n a l  R e l a t i o n s  O f f i ­

c e r ,  A m t r a k

M a j .  G e n e r a l  W i l l i a m  P a l m e r ,  C o m m a n d i n g  

O f f i c e r ,  F t .  C a r s o n

M r .  P a u l  H a r t m a n n ,  D i r e c t o r  o f  R a i l r o a d  D i v i ­

s i o n ,  I o w a  D e p a r t m e n t  o f  T r a n s p o r t a t i o n  

D r .  C l i f f o r d  S e i t z ,  N a t i o n a l  T r a n s p o r t a t i o n  

S a f e t y  B o a r d

J o h n  H i r t e n ,  D e p u t y  A d m i n i s t r a t o r ,  U r b a n  

M a s s  T r a n s p o r t a t i o n  A d m i n i s t r a t i o n  

D a v i d  S t e v e n s ,  S t a f f  A s s i s t a n t  t o  G o v e r n o r  

E v a n s ,  S t a t e  o f  W a s h i n g t o n

W .  B o n d ,  S e c r e t a r y  o f  T r a n s p o r t a t i o n ,  I l l i n o i s  

D o n a l d  G a r d n e r ,  C o m m i s s i o n e r ,  D e p a r t m e n t  

o f  T r a n s p o r t a t i o n ,  I o w a  

R e a r  A d m i r a l  H e n r y  A r n o l d ,  D i r e c t o r  o f  T a c ­

t i c a l  A i r ,  S u r f a c e  &  E l e c t r o n i c  W a r f a r e  

D e v e l o p m e n t  D i v i s i o n ,  O f f i c e  o f  C h i e f  o f  

N a v a l  O p e r a t i o n s

L e s t e r  L a m m ,  E x e c u t i v e  D i r e c t o r ,  O f f i c e  o f  

F e d e r a l  H i g h w a y  A d m i n i s t r a t i o n ,  W a s h ­

i n g t o n ,  D . C .

D i c k  G a l l a g h e r ,  C h i e f  E n g i n e e r ,  S o u t h e r n  

C a l i f o r n i a  R a p i d  T r a n s p o r t a t i o n  D i s t r i c t  

D o n  G a r d e r ,  C h i e f  E l e c t r i c a l  E n g i n e e r ,  S o u t h ­

e r n  C a l i f o r n i a  R a p i d  T r a n s p o r t a t i o n  D i s ­

t r i c t

Foreign

M a r c e l  C a v a i l l e ,  M i n i s t e r  o f  T r a n s p o r t a t i o n  

F r a n c e

C l a u d e  A b r a h a m ,  D i r e c t o r  o f  A i r  T r a n s p o r t ,  

F r a n c e

M a r t i n  G u a r i n o ,  P r e s i d e n t ,  U r u g u a y a n  N a ­

t i o n a l  R a i l r o a d s

D .  J .  L y o n s ,  D i r e c t o r  G e n e r a l  o f  R e s e a r c h ,  

D e p a r t m e n t  o f  E n v i r o n m e n t  ( D O E )  G r e a t  

B r i t a i n

W o l f g a n g  G o e h w i l e r ,  P r e s i d e n t ,  S w i s s  I n d u s ­

t r i a l  G r o u p ,  S w i t z e r l a n d  

V i s c o u n t  G a r n a c k  ( L o r d ) ,  V i c e  C h a i r m a n ,  

N o r t h  A m e r i c a n  A d v i s o r y  G r o u p ,  B r i t i s h  

O v e r s e a s  T r a d e  B o a r d  

J e a n t  B e r t i n ,  P r e s i d e n t ,  S o c i e t e  D e  L ’ A e r o -  

t r a i n ,  F r a n c e

D e u t s c h e  B u n d e s t a g  ( W e s t  G e r m a n  L e g i s l a ­

t u r e ) ,  T r a n s p o r t a t i o n  C o m m i t t e e  ( 11) 

R o b e r t  L a m b e r t ,  I n d u s t r i a l  A t t a c h e ,  F r e n c h  

G o v e r n m e n t  E c o n o m i c  M i s s i o n  

J e s u s  T o r r e s - M o n c a y o ,  D i r e c t o r  o f  R e s e a r c h ,  

M e x i c o  C i t y  M e t r o

N i c o l a e  P a s c a ,  R o m a n i a n  M i n i s t r y  o f  T r a n s ­

p o r t a t i o n

L e o n i d  N a i l e s c a ,  R o m a n i a n  M i n i s t r y  o f  T r a n s ­

p o r t a t i o n

D e m a g  T r a n s p o r t a t i o n  S y s t e m s ,  F e d e r a l  R e ­

p u b l i c  o f  G e r m a n y  ( 6)

B .  B e r n i e r i ,  P r e s i d e n t ,  I t a l i a n  R a i l r o a d

G r a h a m  J o n e s ,  R e p r e s e n t a t i v e  o f  M i n i s t e r  o f  

T r a n s p o r t a t i o n ,  C a n a d a  

H a n s  I s l i k e r ,  D i r e c t o r  o f  R e s e a r c h ,  T r a n s p o r ­

t a t i o n ,  F e d e r a l ,  S w i t z e r l a n d  

T a a g  K a r l s s o n ,  E x e c u t i v e  V i c e - P r e s i d e n t ,  

V o l v o  B u s  D i v i s i o n ,  S w e d e n  

T e d  R u d b a c k ,  C a n a d i a n  T r a n s p o r t a t i o n  D e ­

v e l o p m e n t  A g e n c y

Industrial

R i c h a r d  D u c h o s s o i s ,  C h a i r m a n ,  R a i l  P r o g r e s s  

I n s t i t u t e ,  P r e s i d e n t ,  T h r a l l  C a r  M a n u f a c ­

t u r i n g  C o m p a n y

M a l c o l m  R i c h a r d s ,  V i c e - P r e s i d e n t ,  P e n n  

C e n t r a l  R a i l r o a d

E l w o o d  A h n q u i s t ,  P r e s i d e n t ,  P u l l m a n  S t a n d ­

a r d
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G r e g o r y  G a g a r i n ,  P r e s i d e n t ,  K n o r r  B r a k e  C o r ­

p o r a t i o n

J i m  C r a w f o r d ,  S e n i o r  E x e c u t i v e  V i c e - P r e s i ­

d e n t ,  G a r r e t t  C o r p o r a t i o n

Associations, Committees

L o c o m o t i v e  M a i n t e n a n c e  O f f i c e r s  A s s o c i a ­

t i o n ,  D i e s e l - E l e c t r i c a l  C o m m i t t e e  ( 10)

A s s o c i a t i o n  o f  A m e r i c a n  R a i l r o a d s

O p e n  T o p  L o a d i n g  R u l e s  C o m m i t t e e  ( 33)

R a i l w a y  P l a n n i n g  G r o u p  ( 26)

A r b i t r a t i o n  C o m m i t t e e  ( 46)

B r a k e  E q u i p m e n t  C o m m i t t e e  (45)

H a z a r d o u s  M a t e r i a l s  C o m m i t t e e  ( 15)

N a t i o n a l  A s s o c i a t i o n  o f  A c c o u n t a n t s

I n s t i t u t e  o f  R a p i d  T r a n s i t ,  T r a n s i t  T r a c k  C o n ­

s t r u c t i o n  S u b c o m m i t t e e  ( 16)

D e n v e r  C h a m b e r  o f  C o m m e r c e ,  T r a n s p o r t a ­

t i o n  C o m m i t t e e  ( 28)

6.0 I N T E R N A T I O N A L  
C O O P E R A T I O N

F R A  i s  a  p a r t i c i p a n t  i n  f o r m a l  a g r e e m e n t s  

a n d  m e m o r a n d a  o f  u n d e r s t a n d i n g  w h i c h  t h e  

D e p a r t m e n t  o f  T r a n s p o r t a t i o n  ( D O T )  h a s  w i t h  

10 f o r e i g n  c o u n t r i e s .  T h e s e  a g r e e m e n t s  a r e  

d e s i g n e d  t o  b e n e f i t  t h e  U . S .  r a i l r o a d  c o m m u ­

n i t y  b y  p r o v i d i n g  u s e f u l  t e c h n o l o g i c a l  i n f o r ­

m a t i o n  a n d  e l i m i n a t i n g  d u p l i c a t i v e  r e s e a r c h .  

P r i m a r y  a c t i v i t i e s  o v e r  t h e  p a s t  y e a r  w e r e  w i t h  

t h e  S o v i e t  U n i o n .  I n  t h e  p a s t ,  c o o p e r a t i o n  

w i t h  t h e  G e r m a n  F e d e r a l  R e p u b l i c  w a s  p u r ­

s u e d  m o r e  a g g r e s s i v e l y ;  b u t  w i t h  c u r t a i l m e n t  

o f  t h e  A d v a n c e d  S y s t e m s  T e c h n o l o g y  p r o ­

g r a m ,  t h e  p a c e  h a s  b e e n  s l o w e d .  H o w e v e r ,  

w i t h  t h e  s i g n i n g  o f  a  m e m o r a n d u m  o f  u n d e r ­

s t a n d i n g  o n  S e p t e m b e r  3, 1975, b e t w e e n  

S e c r e t a r y  C o l e m a n  a n d  G e r m a n  M i n i s t e r  o f  

T r a n s p o r t  G s c h e i d l e  f o r  c o o p e r a t i o n  i n  c o n ­

v e n t i o n a l  r a i l  a n d  f o r  r e s e a r c h  i n  n e a r - t e r m  

p a y o f f  a r e a s ,  a c t i v i t i e s  b e t w e e n  t h e  t w o  c o u n ­

t r i e s  a r e  b e i n g  r e e v a l u a t e d .  F o l l o w i n g  i s  a  

s u m m a r y  o f  F R A ’ s  i n t e r n a t i o n a l  c o o p e r a t i o n  

a c t i v i t i e s  d u r i n g  t h e  p a s t  y e a r .

C o o p e r a t io n  w ith  S o v i e t  U n io n

F R A ’ s  c o o p e r a t i v e  a c t i v i t i e s  w i t h  t h e  S o v i e t  

U n i o n  w e r e  f o r m a l i z e d  w i t h  t h e  s i g n i n g  o f  a n  

a g r e e m e n t  e n t i t l e d  “ C o o p e r a t i o n  i n  t h e  F i e l d  

o f  T r a n s p o r t a t i o n ”  o n  J u n e  19, 1973, b e t w e e n  

t h e  U . S .  S e c r e t a r y  o f  S t a t e  a n d  t h e  S o v i e t  

F o r e i g n  M i n i s t e r .  T h i s  a g r e e m e n t  p r o v i d e s ,  i n  

p a r t ,  a  m e c h a n i s m  f o r  t h e  m u t u a l  t r a n s f e r  o f  

m u l t i m o d a l  i n f o r m a t i o n  o n  t r a n s p o r t a t i o n  a n d  

f o r  t h e  e x c h a n g e  o f  d e l e g a t i o n s  f o r  t h e  p u r ­

p o s e  o f  f a m i l i a r i z i n g  e a c h  c o u n t r y  w i t h  t h e  

o t h e r ’ s  s t a t e  o f  t e c h n o l o g y .  P r e v i o u s  v i s i t s  t o  

t h e  S o v i e t  U n i o n  h a v e  i n d i c a t e d  t h a t ,  i n  g e n ­

e r a l ,  S o v i e t  r a i l r o a d  t e c h n o l o g y  e f f o r t s  a r e  

c o n s i d e r a b l y  g r e a t e r  t h a n  t h o s e  o f  t h e  U n i t e d  

S t a t e s  a n d  t h e  U n i t e d  S t a t e s  c a n  d e r i v e  s u b ­

s t a n t i a l  b e n e f i t s  f r o m  S o v i e t  t e c h n o l o g y .  T h e  

U S S R  i s  t h e  m o s t  r a i l - i n t e n s i v e  c o u n t r y  i n  t h e  

w o r l d ,  c a r r y i n g  50 p e r c e n t  o f  w o r l d  t o n - m i l e  

f r e i g h t  o n  10 p e r c e n t  o f  a v a i l a b l e  t r a c k a g e .  

T h e  S o v i e t  U n i o n  a l s o  h a s  t h e  m o s t  e x t e n s i v e  

e l e c t r i f i e d  r a i l r o a d  s y s t e m  i n  t h e  w o r l d ,  w i t h

24,000 r o u t e  m i l e s  ( 38,600 k m )  (27 p e r c e n t  o f  

t h e  t o t a l  r a i l  n e t w o r k )  c a r r y i n g  51.2 p e r c e n t  

o f  t h e  r a i l r o a d  f r e i g h t  t o n n a g e  o n  e l e c t r i f i e d  

l i n e s .  T h e  S o v i e t  r a i l r o a d s  h a v e  s e v e r a l  t h o u ­

s a n d  t e c h n i c a l  s t a f f e r s  c o n d u c t i n g  r a i l r o a d  

r e s e a r c h  a t  v a r i o u s  i n s t i t u t i o n s .  S o v i e t  r a i l r o a d  

p e r s o n n e l  t r a i n i n g  i s  c o n d u c t e d  a t  13 t r a i n i n g  

i n s t i t u t i o n s .  O n e  s u c h  i n s t i t u t i o n  w h i c h  a n  

F R A  d e l e g a t i o n  v i s i t e d  r e c e n t l y  i s  t h e  L e n i n ­

g r a d  R a i l w a y  I n s t i t u t e .  I t  h a s  a n  e n r o l l m e n t  

o f  13,000 s t u d e n t s  w h o  r e c e i v e  i n s t r u c t i o n  

f r o m  m o r e  t h a n  1,000 f a c u l t y  m e m b e r s .

D u r i n g  t h e  p a s t  y e a r  F R A  p u r s u e d  a n  a c ­

t i v e  p r o g r a m  o f  c o o p e r a t i o n  w i t h  t h e  S o v i e t  

U n i o n .  F r o m  N o v e m b e r  11- 14, 1974, t h e  S e c ­

o n d  M e e t i n g  o f  t h e  U S - U S S R  J o i n t  C o m m i t t e e  

o n  C o o p e r a t i o n  i n  t h e  F i e l d  o f  T r a n s p o r t a t i o n  

w a s  h e l d  i n  W a s h i n g t o n ,  D . C .  T h e  p u r p o s e  o f  

t h e  m e e t i n g  w a s  t o  r e v i e w  t h e  p r o g r e s s  o f  t h e  

j o i n t  c o o p e r a t i v e  a c t i v i t i e s  i n  i m p l e m e n t i n g  

t h e  p r o g r a m s  a g r e e d  u p o n  a t  t h e  c o m m i t t e e ’ s  

f i r s t  m e e t i n g  a n d  t o  h e a r  r e p o r t s  f r o m  w o r k i n g  

g r o u p s  i n  t h e  v a r i o u s  t r a n s p o r t a t i o n s  m o d e s .  

C o m m i t t e e  m e m b e r s  a g r e e d  t o  c r e a t e  a  

w o r k i n g  g r o u p  f o r  c o o p e r a t i o n  i n  t h e  f i e l d  Q f  

t r a n s p o r t  o f  t h e  f u t u r e .  D u r i n g  N o v e m b e r  11-  

13, 1974, t h e  T h i r d  M e e t i n g  o f  t h e  J o i n t  U S -  

U S S R  W o r k i n g  G r o u p  o n  R a i l r o a d  T r a n s p o r ­

t a t i o n  w a s  a l s o  h e l d  i n  W a s h i n g t o n .  T h e  

w o r k i n g  g r o u p  r e v i e w e d  p r o g r e s s  t o  d a t e  a n d  

d i s c u s s e d  p l a n s  f o r  f u t u r e  c o o p e r a t i v e  p r o ­

g r a m s  a n d  f a m i l i a r i z a t i o n  t r i p s  b y  d e l e g a t i o n s  

f r o m  b o t h  c o u n t r i e s .
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T h e  T h i r d  M e e t i n g  o f  t h e  U S - U S S R  J o i n t  

C o m m i t t e e  o n  C o o p e r a t i o n  i n  t h e  F i e l d  o f  

T r a n s p o r t a t i o n  w a s  h e l d  i n  M o s c o w  f r o m  

S e p t e m b e r  2- 4, 1975. T h e  c o m m i t t e e  r e ­

v i e w e d  c o o p e r a t i v e  a c t i v i t i e s  w h i c h  h a d  t a k e n  

p l a c e  s i n c e  i t s  s e c o n d  m e e t i n g  a n d  h e a r d  r e ­

p o r t s  f r o m  t h e  w o r k i n g  g r o u p s .  I n  a c c o r d a n c e  

w i t h  a  J o i n t  U S - U S S R  C o m m u n i q u e  s i g n e d  b y  

P r e s i d e n t  N i x o n  a n d  L .  I.  B r e z h n e v ,  G e n e r a l  

S e c r e t a r y  o f  t h e  S o v i e t  C o m m u n i s t  P a r t y ,  a t  

M o s c o w  o n  J u n e  3, 1974, t h e  F i r s t  J o i n t  M e e t ­

i n g  o f  t h e  S o v i e t - A m e r i c a n  W o r k i n g  G r o u p  o n  

“ T r a n s p o r t  o f  t h e  F u t u r e ”  w a s  h e l d  a t  M o s ­

c o w  f r o m  A u g u s t  27 t o  S e p t e m b e r  1, 1975. 

A t  t h i s  m e e t i n g ,  i n f o r m a t i o n  w a s  e x c h a n g e d  

o n  t h e  p r e s e n t  s t a t e  o f  t e c h n o l o g y  t o  l a y  o u t  

f u t u r e  p l a n s  a n d  c o u r s e s  o f  a c t i o n  f o r  c o ­

o p e r a t i o n  i n  t h e  f i e l d  o f  t r a n s p o r t  o f  t h e  

f u t u r e .  C o o p e r a t i o n  i n  t h i s  f i e l d  i n i t i a l l y  w i l l  b e  

d i r e c t e d  t o w a r d s  m a g n e t i c  s u s p e n s i o n  a n d  

l i n e a r  t r a c t i o n  m o t o r s  d e s i g n e d  f o r  s p e e d s  u p  

t o  805 m p h  (500 k m / h ) .  T h e  F o u r t h  M e e t i n g  o f  

t h e  J o i n t  U S - U S S R  W o r k i n g  G r o u p  o n  R a i l ­

r o a d  T r a n s p o r t a t i o n  w a s  h e l d  S e p t e m b e r  1- 3, 

1975, i n  M o s c o w .  W o r k i n g  g r o u p  m e m b e r s  

s u m m a r i z e d  c o o p e r a t i v e  a c t i v i t i e s  s i n c e  i t s  

t h i r d  m e e t i n g ,  e s t a b l i s h e d  a  c o o p e r a t i v e  p l a n  

f o r  1976, a n d  s e t  t h e  d a t e  a n d  p l a c e  f o r  t h e  

f i f t h  m e e t i n g .  I t  w a s  a g r e e d  t h a t  F R A  w o u l d  r e ­

c e i v e  t h e  U S S R  M i n i s t r y  o f  R a i l r o a d s  d e l e g a ­

t i o n  i n  O c t o b e r  1975 t o  f a m i l i a r i z e  d e l e g a t i o n  

m e m b e r s  w i t h  m a i n t e n a n c e  o f  r o l l i n g  s t o c k ,  

r e f r i g e r a t e d  c a r s ,  M e t r o l i n e r  t r a i n s ,  a n d  t h e  

T r a n s p o r t a t i o n  T e s t  C e n t e r .  T h e  w o r k i n g  

g r o u p  a g r e e d  t o  e x c h a n g e  i n f o r m a t i o n  o n  t h e  

f o l l o w i n g  a r e a s :

•  C o n s t r u c t i o n  a n d  o p e r a t i o n  o f  r a i l r o a d s  

i n  c o l d  c l i m a t e s ;

•  A u t o m a t e d  s y s t e m  f o r  f r e i g h t  t r a f f i c  c o n ­

t r o l ;

•  M e t h o d s  o f  e l e c t r o m a g n e t i c / a c o u s t i c  

r a i l  f l a w  d e t e c t i o n ;

•  R a i l r o a d  e l e c t r i f i c a t i o n .

A g r e e m e n t  w a s  a l s o  r e a c h e d  t o  s e n d  a  

S o v i e t  d e l e g a t i o n  t o  t h e  U n i t e d  S t a t e s  i n  t h e  

t h i r d  q u a r t e r  o f  1976 t o  s t u d y  t h e  e f f e c t s  o f  

h e a v y  a x l e  l o a d s  o n  t h e  r e l i a b i l i t y  o f  s e r v i c e  

a n d  t h e  s e r v i c e  l i f e  o f  t r a c k ,  a n d  t o  f a m i l ­

i a r i z e  t h e  S o v i e t s  w i t h  m o d e r n  m e t h o d s  a n d  

m e a n s  o f  i n s p e c t i n g  t r a c k  s t r u c t u r e s  o n  t h e  

U . S .  r a i l r o a d s .  A  s i m i l a r  U . S .  d e l e g a t i o n  i s  t o  

v i s i t  t h e  S o v i e t  U n i o n  i n  t h e  t h i r d  q u a r t e r  o f  

1976 t o  d i s c u s s  m a t t e r s  r e l a t i n g  t o  S o v i e t  

t e c h n o l o g y  i n  t h e  f i e l d  o f  t r a c k  c o n s t r u c t i o n ,

m a i n t e n a n c e ,  a n d  i n s p e c t i o n .  A  h a r d w a r e  e x ­

c h a n g e  a g r e e m e n t  w a s  c o n c l u d e d  a t  t h e  

F o u r t h  R a i l r o a d  W o r k i n g  G r o u p  m e e t i n g  

w h e r e b y  t h e  U n i t e d  S t a t e s  w a s  t o  r e c e i v e  

f r o m  t h e  S o v i e t s  10 c o n c r e t e  c r o s s  t i e s  f o r  

t e s t i n g  a n d  e v a l u a t i n g  i n  t h e  U n i t e d  S t a t e s  

a n d  t h e  U n i t e d  S t a t e s  w a s  t o  s u p p l y  t h e  

S o v i e t s  w i t h  a  d r a f t  g e a r  f o r  f r e i g h t  c a r s  f o r  

t e s t s  a n d  e v a l u a t i o n  i n  t h e  S o v i e t  U n i o n .

C o o p e r a t io n  w ith  th e  G e r m a n  F e d e r a l  
R e p u b l ic

F R A ’ s  c o o p e r a t i o n  w i t h  t h e  G e r m a n  F e d ­

e r a l  R e p u b l i c  i s  b a s e d  o n  t w o  d o c u m e n t s —  

a  m e m o r a n d u m  o f  u n d e r s t a n d i n g  s i g n e d  

J u n e  12, 1973, b y  t h e  U . S .  S e c r e t a r y  o f  T r a n s ­

p o r t a t i o n  a n d  t h e  G e r m a n  F e d e r a l  M i n i s t e r  

f o r  R e s e a r c h  a n d  T e c h n o l o g y  a n d  a  s e c o n d  

m e m o r a n d u m  d a t e d  S e p t e m b e r  3, 1975, b e ­

t w e e n  t h e  S e c r e t a r y  o f  T r a n s p o r t a t i o n  a n d  t h e  

G e r m a n  F e d e r a l  M i n i s t e r  o f  T r a n s p o r t .  T h e  

f o r m e r  a g r e e m e n t  w a s  d e s i g n e d  t o  p r o m o t e  

c o o p e r a t i o n  i n  r e s e a r c h  a n d  d e v e l o p m e n t  f o r  

a d v a n c e d  t r a n s p o r t a t i o n  t e c h n o l o g i e s ,  p a r ­

t i c u l a r l y  t r a c k e d  l e v i t a t e d  h i g h - s p e e d  t r a n s ­

p o r t a t i o n  s y s t e m s .  T h e  l a t t e r  a g r e e m e n t  w a s  

d e s i g n e d  t o  p r o m o t e  c o o p e r a t i o n  i n  r e s e a r c h  

a n d  d e v e l o p m e n t  f o r  c o n v e n t i o n a l  r a i l  t e c h ­

n o l o g i e s .

T h e  a g r e e m e n t  o f  J u n e  12, 1973, i s  b e i n g  

r e e x a m i n e d  j o i n t l y  i n  o r d e r  t o  d i r e c t  c o o p e r a ­

t i v e  e f f o r t s  m o r e  t o w a r d  p r o g r a m s  w h i c h  h a v e  

s h o r t - t e r m  p a y o f f s .  I n  J u n e  1975 F R A  r e p r e ­

s e n t a t i v e s  v i s i t e d  w i t h  o f f i c i a l s  o f  t h e  G e r m a n  

M i n i s t r y  o f  T r a n s p o r t  a n d  G e r m a n  F e d e r a l  

R a i l w a y s  t o  e x a m i n e  t h e  s t a t e  o f  G e r m a n  

r a i l r o a d  e l e c t r i f i c a t i o n  a n d  t o  p r e p a r e  g r o u n d ­

w o r k  f o r  f u t u r e  j o i n t  m e e t i n g s  t o  d e v e l o p  

c o o p e r a t i v e  p r o g r a m s .  I t  w a s  a g r e e d  t h a t  

F R A  w o u l d  m e e t  s e p a r a t e l y  w i t h  m e m b e r s  o f  

t h e  G e r m a n  M i n i s t r y  o f  R e s e a r c h  a n d  T e c h ­

n o l o g y  a n d  m e m b e r s  o f  t h e  G e r m a n  M i n i s t r y  

o f  T r a n s p o r t  a n d  G e r m a n  F e d e r a l  R a i l w a y s  

a t  W a s h i n g t o n  i n  O c t o b e r  1975. I n d i c a t i o n s  

a r e  t h a t  v i s i t s ,  c o r r e s p o n d e n c e ,  a n d  c o o p e r ­

a t i o n  w i t h  t h e  G e r m a n  F e d e r a l  R e p u b l i c  w i l l  

p r o v e  b e n e f i c i a l .  P r e s e n t  p l a n s  c a l l  f o r  m o r e  

a c t i v e  c o o p e r a t i v e  e f f o r t s  w i t h  t h e  G e r m a n  

F e d e r a l  R e p u b l i c  d u r i n g  t h e  n e x t  y e a r .

C o o p e r a t io n  w ith  O th e r  C o u n tr ie s

T h e  U . S .  E m b a s s y  i n  M e x i c o  s p o n s o r e d  a  

t e c h n i c a l  s e m i n a r  o n  r a i l r o a d i n g  f r o m  J u n e  3 
t o  J u n e  5, 1975, a t  t h e  U . S .  T r a d e  C e n t e r ,  

M e x i c o  C i t y .  T h e  t h e m e  o f  t h e  s e m i n a r  w a s
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“ A d v a n c e s  i n  R a i l r o a d i n g ” . F R A  t o o k  a n  a c ­

t i v e  p a r t  i n  t h i s  s e m i n a r  b y  a r r a n g i n g  s p e a k ­

e r s  f r o m  t h e  U . S .  r a i l  i n d u s t r y ,  A A R ,  a n d  F R A ,  

w i t h  t h e  F R A  A d m i n i s t r a t o r  b e i n g  t h e  k e y n o t e  

s p e a k e r .

O t h e r  D O T / F R A  a g r e e m e n t s  w i t h  f o r e i g n  

c o u n t r i e s ,  i n c l u d i n g  C a n a d a ,  F r a n c e ,  I r a n ,  

I t a l y ,  J a p a n ,  P o l a n d ,  R o m a n i a ,  a n d  S p a i n ,  

h a v e  b e e n  i n  s o m e w h a t  o f  a n  i n a c t i v e  s t a t e  

s i n c e  t h e y  c o v e r  a r e a s  i n  w h i c h  o n e  o r  b o t h  

s i d e s  h a v e  l o w  p r i o r i t i e s  o r  h a v e  t e r m i n a t e d  

t h e i r  R & D  p r o g r a m s .

I n te r n a tio n a l  R e f e r e n c e  E x c h a n g e

F R A  c o n t i n u e s  t o  b e  a  m e m b e r  o f  t h e  I n t e r ­

n a t i o n a l  U n i o n  o f  R a i l w a y s  ( U I C ) ,  t h e  O f f i c e  

f o r  R e s e a r c h  a n d  E x p e r i m e n t s  ( O R E ) ,  a n d  t h e  

O r g a n i z a t i o n  f o r  E c o n o m i c  D e v e l o p m e n t  a n d  

C o o p e r a t i o n  ( O E C D ) .  T h r o u g h  t h e s e  m e m b e r ­

s h i p s  F R A  r e c e i v e s  a l l  t e c h n i c a l  l i t e r a t u r e  

d i s s e m i n a t e d  b y  t h e s e  o r g a n i z a t i o n s ,  w h i c h  

h a s  p r o v e n  t o  b e  a  v a l u a b l e  t o o l  i n  F R A ’ s  

R & D  e f f o r t s .

7.0 T E C H N O L O G Y  S H A R I N G

R a ilr o a d  R e s e a r c h  I n fo r m a tio n  S e r v i c e

T h e  R a i l r o a d  R e s e a r c h  I n f o r m a t i o n  S e r v i c e  

( R R I S ) ,  s p o n s o r e d  b y  F R A ,  h a s  c o m p l e t e d  i t s  

t h i r d  y e a r  o f  o p e r a t i o n  a t  t h e  T r a n s p o r t a t i o n  

R e s e a r c h  B o a r d  ( T R B )  o f  t h e  N a t i o n a l  R e ­

s e a r c h  C o u n c i l .  R R I S  n o w  h a s  o n  f i l e  m o r e  

t h a n  9,500 r e f e r e n c e s  t o  r a i l r o a d - r e l a t e d  t e c h ­

n i c a l  l i t e r a t u r e ,  r e p r e s e n t i n g  a n  a d d i t i o n  o f  

2,500 i t e m s  i n  t h e  p a s t  y e a r .  A  g e n e r a l  m o d e l  

o f  R R I S  a s  i t  i s  n o w  f u n c t i o n i n g  i s  s h o w n  o n  

t h e  n e x t  p a g e .

T h e  “ R a i l r o a d  R e s e a r c h  B u l l e t i n , ”  a  s e m i ­

a n n u a l  p u b l i c a t i o n  o f  R R I S ,  c o n t a i n e d  n e a r l y  

1,555 i t e m s  i n  i t s  A u t u m n  1975 e d i t i o n ,  i n c l u d ­

i n g  100 c o m p u t e r  p r o g r a m s ,  m o s t  o f  w h i c h  

w e r e  o b t a i n e d  t h r o u g h  a  c o o p e r a t i v e  a r ­

r a n g e m e n t  b e t w e e n  R R I S  a n d  t h e  A m e r i c a n  

R a i l w a y  E n g i n e e r i n g  A s s o c i a t i o n .  T h e  S p r i n g  

1975 e d i t i o n ,  w h i c h  c o n t a i n e d  1,413 i t e m s ,  

c a r r i e d  t h e  f i r s t  e n t r i e s  o f  t e c h n i c a l  r e p o r t s  

a v a i l a b l e  f r o m  t h e  e x c h a n g e  o f  i n f o r m a t i o n  

w i t h  t h e  I n t e r n a t i o n a l  U n i o n  o f  R a i l w a y s  

( U I C ) .

T h e  R R I S  w a s  e s t a b l i s h e d  t o  m a k e  t h e  r e ­

s u l t s  o f  w o r l d w i d e  r a i l r o a d  r e s e a r c h  a v a i l a b l e  

t o  r a i l r o a d  c o m p a n i e s  a n d  a s s o c i a t i o n s ,  

e q u i p m e n t  m a n u f a c t u r e r s ,  r e s e a r c h  o r g a n i z a ­

t i o n s ,  c o l l e g e s  a n d  u n i v e r s i t i e s ,  s t a t e  a n d  

l o c a l  t r a n s p o r t a t i o n  o r g a n i z a t i o n s  a n d  a g e n ­

c i e s .  R e p o r t s  o f  r a i l r o a d - r e l a t e d  r e s e a r c h  b y  

t h e s e  s a m e  o r g a n i z a t i o n s  a r e  f u r n i s h e d  t o  

T R B  i n  r e t u r n  f o r  i n c l u s i o n  i n  t h e  R R I S  a n d  

f o r  f u t u r e  e d i t i o n s  o f  t h e  “ B u l l e t i n . ”

T h r o u g h  R R I S ,  t h e  t e c h n i c a l  c o m m u n i t y  

c a n  m a k e  s p e c i f i c  s u b j e c t - m a t t e r  i n f o r m a t i o n  

r e t r i e v a l s  o n  a  b a t c h - m o d e  b a s i s  k n o w n  a s  a  

f i l e  s e a r c h .  U s e  o f  t h i s  r e t r i e v a l  s e r v i c e ,  w h i c h  

i s  a v a i l a b l e  t o  a l l  i n t e r e s t e d  p a r t i e s  a p p r o p r i ­

a t e  t o  i t s  c o s t ,  i n c r e a s e d  g r e a t l y  d u r i n g  1975.

A  s e v e n - m e m b e r  U . S .  d e l e g a t i o n  v i s i t e d  t h e  

S o v i e t  U n i o n  f r o m  M a y  26 t o  J u n e  5, 1975, 

t o  l e a r n  a b o u t  S o v i e t  r a i l r o a d  e l e c t r i f i c a t i o n  

a n d  t o  b r i n g  b a c k  i n f o r m a t i o n  o n  S o v i e t  t e c h ­

n o l o g y .  T h e  U . S .  d e l e g a t i o n  i n c l u d e d  t h r e e  

m e m b e r s  f r o m  F R A ,  o n e  f r o m  t h e  S o u t h e r n  

R a i l w a y  C o m p a n y ,  o n e  f r o m  G e n e r a l  M o t o r s  

E l e c t r o m o t i v e  D i v i s i o n ,  o n e  f r o m  t h e  G e n e r a l  

E l e c t r i c  C o m p a n y ,  a n d  a n  F R A  c o n s u l t a n t .  

T h e  d e l e g a t i o n  v i s i t e d  f a c i l i t i e s  a t  M o s c o w ,  

K i e v ,  M i n e r a l  W a t e r s ,  R o s t o v ,  a n d  G e o r i i  D e z h  

a n d  r e t u r n e d  h i g h l y  i m p r e s s e d  w i t h  t h e  

S o v i e t s ’ s o p h i s t i c a t e d  e l e c t r i f i c a t i o n  t e c h ­

n o l o g y .

D u r i n g  t h e  p a s t  y e a r  e m p h a s i s  w a s  p l a c e d  

o n  i m p r o v i n g  t h e  q u a l i t y  o f  t h e  o n g o i n g  r e ­

s e a r c h  s e c t i o n  o f  t h e  “ B u l l e t i n . ”  T h i s  s e c t i o n  

i s  h i g h l y  d e p e n d e n t  u p o n  t h e  v o l u n t a r y  i n p u t  

o f  i n f o r m a t i o n  f r o m  t h e  r e s e a r c h  c o m m u n i t y .  

C o m p l e t i o n  o f  a  r e s e a r c h  p r o j e c t  r e p o r t  i s  

a l l  t h a t  i s  n e c e s s a r y  i n  o r d e r  t o  h a v e  a  r e ­

s e a r c h  e f f o r t  r e c o g n i z e d  b y  R R I S .  S i n c e  a l l  

d a t a  r e q u e s t e d  m a y  n o t  b e  a p p r o p r i a t e  f o r  

p u b l i c  c o n s u m p t i o n ,  t h e  c o n t r i b u t o r  m a y  o m i t  

t h a t  i n f o r m a t i o n  w h i c h  m a y  b e  c o n s i d e r e d  

p r o p r i e t a r y  o r  o t h e r w i s e  r e s t r i c t e d .  S u m m a ­

r i e s  o f  400 o n g o i n g  R & D  p r o j e c t s  a p p e a r e d  i n  

t h e  A u t u m n  1975 e d i t i o n .  A s  t h e  t e c h n i c a l  

c o m m u n i t y  g a i n s  a  b e t t e r  u n d e r s t a n d i n g  o f  

R R I S ,  t h e  s u b j e c t  m a t t e r  i n  t h e  o n g o i n g  r e ­

s e a r c h  s e c t i o n  o f  t h e  “ B u l l e t i n ”  i s  e x p e c t e d  

t o  i n c r e a s e  a n d  t o  i m p r o v e  i n  q u a l i t y .
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P o t e n t i a l  u s e r s  o r  c o n t r i b u t o r s  m a y  o b t a i n  

a d d i t i o n a l  i n f o r m a t i o n  c o n c e r n i n g  “ B u l l e t i n ”  

s u b s c r i p t i o n s  a n d  o t h e r  R R I S  s e r v i c e s  f r o m :  

M a n a g e r ,  R a i l r o a d  R e s e a r c h  I n f o r m a t i o n

S e r v i c e ,  T r a n s p o r t a t i o n  R e s e a r c h  B o a r d ,  N a ­

t i o n a l  R e s e a r c h  C o u n c i l ,  2101 C o n s t i t u t i o n  

A v e n u e ,  N . W . ,  W a s h i n g t o n ,  D . C .  20418, p h o n e  

( 202) 389- 6611.
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A P P E N D I X  A

OFFICE OF RESEARCH AND DEVELOPMENT 
And The Transportation Test Center 

FY 1975 CONTRACT OBLIGATIONS

(Dollars in Thousands)

Scope of Work
Contract
Amount Contractor Location

R A I L  F R E I G H T  S Y S T E M S

I m p r o v e d  R a i l  F r e i g h t  

S e r v i c e

T r a c k - T r a i n  D y n a m i c s  

P r o g r a m ,  P h a s e  I $  171
A s s o c i a t i o n  o f  A m e r i c a n  

R a i l r o a d s

W a s h i n g t o n ,

D . C .

M e m b e r s h i p 26 I n t e r n a t i o n a l  U n i o n  o f  

R a i l w a y s

P a r i s ,  F r a n c e

T e c h n i c a l  I n f o r m a t i o n  

A c q u i s i t i o n 550
N a t i o n a l  A c a d e m y  o f  

S c i e n c e s

W a s h i n g t o n ,

D . C .

F r e i g h t  C a r  T r u c k  T e s t s 158 N a t i o n a l  A e r o n a u t i c a l  

a n d  S p a c e  A d m i n i s t r a t i o n

W a s h i n g t o n ,

D . C .

S y s t e m s  E n g i n e e r i n g 165 T r a n s p o r t a t i o n  S y s t e m s  

C e n t e r

C a m b r i d g e ,

M a s s .

F r e i g h t  C a r  D y n a m i c s 58 C l e m s o n  U n i v e r s i t y C l e m s o n ,  S . C .

T r u c k  D e s i g n  

O p t i m i z a t i o n  P r o j e c t 411
S o u t h e r n  P a c i f i c  

T r a n s p o r t a t i o n  C o .

S a n  F r a n c i s c o ,  

C a .

A A R  T r a c k  T r a i n  D y n a m i c s  

L T V  M o d e l 148
E n s c o ,  I n c . S p r i n g f i e l d ,

V a .

T r u c k  D e s i g n  O p t i m i z a t i o n  

P r o j e c t 88
E n s c o ,  I n c . S p r i n g f i e l d ,

V a .

R a i l  V e h i c l e  S y s t e m s  

D y n a m i c s 54
M i t r e  C o r p . M c L e a n ,

V S .

O p e r a t i o n s  &  M a i n t e n a n c e  

S u p p o r t  S e r v i c e s 35
K e n t r o n  H a w a i i ,  

L t d .

D a l l a s ,

T e x a s

L o c o m o t i v e  T r a n s f e r 90 U . S .  A r m y  T r a n s p o r t a t i o n W a s h i n g t o n ,

D . C .

R a i l  S y s t e m s  D y n a m i c s 397 T r a n s p o r t a t i o n  S y s t e m s  

C e n t e r

C a m b r i d g e ,

M a s s .
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D O D  R a i l  C a r  S t a b i l i t y  

T e s t s 46
K e n t r o n  H a w a i i ,  

L t d .

D a l l a s ,

T e x a s

D a t a  A c q u i s i t i o n  P r o c e s s i n g  &  

E v a l u a t i o n 289
E n s c o ,

I n c .

S p r i n g f i e l d ,

V a .

M i s c e l l a n e o u s 8
S u b t o t a l $  2,694

R a i l  D y n a m i c s  L a b o r a t o r y  

D r i v e  T r a i n  S y s t e m 19 G e n e r a l  E l e c t r i c  C o . S c h e n e c t a d y ,

N . Y .

R D L  T r a c k  M o d u l e 590 G u l f  &  W e s t e r n  

I n d u s t r i e s ,  I n c .

S w a r t h m o r e ,

P a .

R D L  S y s t e m s  E n g i n e e r i n g  

a n d  V e r t i c a l  S h a k e r 1,810
W y l e  L a b o r a t o r i e s C o l o r a d o  

S p r i n g s ,  C o .

D a t a  A c q u i s i t i o n  a n d  

C o n t r o l  S y s t e m 23
E d m a c  A s s o c . ,  I n c . R o c h e s t e r ,

N . Y .

R D L  S u p p o r t 299 T r a n s p o r t a t i o n  S y s t e m s  

C e n t e r

C a m b r i d g e ,

M a s s .

M i s c e l l a n e o u s 5
S u b t o t a l $  2,746

F R E I G H T  S Y S T E M S  T O T A L $  5,440

R A I L  S A F E T Y  R & D

S a f e t y  R e s e a r c h

H o t  B o x  a n d  D e r a i l m e n t  

D e t e c t o r 590
N a v a l  S u r f a c e  

W e a p o n s  C e n t e r

S i l v e r  S p r i n g ,  

M d .

C o m p o n e n t  F a i l u r e  

P r e v e n t i o n 1,540
T r a n s p o r t a t i o n  S y s t e m s  

C e n t e r

C a m b r i d g e ,

M a s s .

T a n k  C a r  C o u p l e r  I m p a c t  

T e s t  S u p p o r t 140
E n s c o ,  I n c . S p r i n g f i e l d ,

V a .

T a n k  C a r  S t r u c t u r a l  

S t u d y 9
L o u i s i a n a  T e c h n i c a l  

U n i v e r s i t y

R u s t o n ,  L a .

O p e r a t i o n s  &  M a i n t e n a n c e  

S u p p o r t 32
K e n t r o n  H a w a i i ,  L t d . D a l l a s ,  T e .

T a n k  C a r  S h e l f  C o u p l e r  

A n a l y s i s 100
W a s h i n g t o n  U n i v e r s i t y S t .  L o u i s ,  M o .

T a n k  C a r  M e t a l l u r g i c a l  

T e s t s  a n d  A n a l y s i s $  60
N a t i o n a l  B u r e a u  

o f  S t a n d a r d s

G a i t h e r s b u r g ,

M d .

T a n k  C a r  T h e r m a l  S h i e l d  T e s t s 450 B a l l i s t i c s  R e s e a r c h  

L a b o r a t o r y

A b e r d e e n ,  M d

H a z a r d o u s  M a t e r i a l  T a n k  

C a r  R e s e a r c h 341
T r a n s p o r t a t i o n  

S y s t e m s  C e n t e r

C a m b r i d g e ,

M a s s .

H u m a n  F a c t o r s  R e s e a r c h 653 T r a n s p o r t a t i o n  

S y s t e m s  C e n t e r

C a m b r i d g e ,

M a s s .

R a i l  V e h i c l e  S y s t e m s  D y n a m i c s 54 M i t r e  C o r p . M c L e a n ,  V a .
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Contract
Scope of Work Amount Contractor Location

Grade Crossing Protection 
Research 885

Transportation 
Systems Center

Cambridge,
Mass.

Subtotal $ 4,854

Improved Track Structures
Inspection, Operations and 
Maintenance of Kansas Test 
Track 203

Atchison, Topeka and 
Santa Fe Railway Co.

Chicago, III.

Track Inspection & Test 
Support Services 40

Ensco, Inc. Springfield, Va.

Kansas Test Track 
Data Analysis 99

Shanon & Wilson, Inc. San Francisco, 
Ca.

Track Mechanics 20 Princeton University Princeton, N.J.
Nondestructive Measurement 
of Longitudinal Rail Stress 50

University of Oklahoma Norman, Ok.

Lading Damage Study 30 Illinois Institute 
of Technology

Chicago, III.

Track Subsoil Stabilization 79 University of Arkansas Little Rock, Ark.
Data Processing 276 Control Data Corp. Rockville, Md.
Improved Track 
Structures Research 2,598

Transportation 
Systems Center

Cambridge,
Mass.

Test Track Construction 
at the Transportation 
Test Center 3,796

Federal Highway 
Administration

Washington,
D.C.

Miscellaneous 13
Subtotal $ 7,204

Automated Track Inspection
Track Inspection & Data 
Acquisition Support 1,995

Ensco, Inc. Springfield, Va.

Operation & Maintenance 
of Test Cars 277

Penn Central 
Transportation Co.

Philadelphia,
Pa.

Instrument Government 
Furnished Cars with 
Track Geometry 
Measurement System 1,300

Ensco, Inc. Springfield, Va.

Data Processing 145 Control Data Corp. Rockville, Md.
Miscellaneous 1

Subtotal $ 3,718
SAFETY R E S E A R C H  TO T A L $15,776

P A S S E N G E R  S Y S T E M S  R & D
Systems Analysis and 
Technical Assessment



Scope of Work
Contract
Amount Contractor Location

Test Track Construction 
at the Transportation 
Test Center 1,000

Federal Highway 
Administration

Washington,
D.C.

Modification to 
Metroliner Cars 80

Westinghouse 
Electric Corp.

Pittsburgh,
Pa.

93 General Electric Corp. Erie, Pa.

Testing of 
Metroliner Cars 79

Penn Central 
Transportation Co.

Philadelphia,
Pa.

Metroliner Improvement 
Program 99

J. W. Marchetti, Inc. Wilmington, Del.

Engineering Support for 
Metroliner Trucks 22

Budd Co. Philadelphia,
Pa.

Data Acquisition & 
Processing 175

Ensco, Inc. Springfield,
Va.

Metroliner Truck 
Improvement Program 186

LTV Aerospace Corp. Dallas,
Texas

Rail Vehicle 
Dynamic Analysis 45

Battelle Columbus 
Laboratories

Columbus,
Ohio

Metroliner Inspection 
Program 36

L. T. Klander & Assoc. Philadelphia,
Pa.

Rail Vehicle Systems 
Dynamics 54

Mitre Corp. McLean, Va.

Assistance in Evalu­
ation of Locomotive 18

Budd Co. Philadelphia,
Pa.

10 Batelle Columbus 
Laboratories

Columbus,
Ohio

Rail Systems Dynamics 63 Transportation 
Systems Center

Cambridge,
Mass.

Miscellaneous 15
Subtotal $ 1,975

4.2 Supporting Technology
Technical Support 33 Mitre Corp. McLean, Va.
Synchronous Linear 
Motors 46

Polytechnic Institute 
of N. Y.

N e w  York, N.Y.

Linear Motor Field 
Testing 321

Aerospace Manufacturing 
Co.

Torrance, Ca.

Rail Vehicle System 
Dynamics 242

Mitre Corp. McLean, Va.

Operation & Maintenance 
Test Support 50

Kentron-Hawaii,
Ltd.

Dallas,
Texas

Numerical Analysis Method 
for Linear Induction Motor 55

Jet Propulsion 
Laboratory

Pasadena,
Ca.
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Propulsion Research 330 Transportation 
Systems Center

Cambridge,
Mass.

Communications and 
Control 60

Transportation 
Systems Center

Cambridge,
Mass.

Development & Testing 
of New Tunnel Supports 400

University of 
Illinois

Urbana, III.

Miscellaneous 3

Subtotal $ 1,540

Advanced Systems

Power Rail for Tracked 
Levitated Research 
Vehicle (TLRV) 247

Advanced Machine Corp. Los Angeles, 
Ca.

168 Dow Engineering Co. Houston,
Texas

TLRV Test Support 219 Mitre Corp. McLean, Va.

TLRV Test Operations 111 Grumman Aerospace 
Corp.

Bethpage,
N.Y.

Linear Motor Field Testing 1,070 Airesearch Manufacur- 
ing Co.

Torrance,
Ca.

Adjustment to TLRV Power 
Distribution System 17

Airesearch Manufacur- 
ing Co.

Torrance,
Ca.

Guideway Construction 143 Federal Highway 
Administration

Washington,
D.C.

Rail Vehicle System 
Dynamics 215

Mitre Corp. McLean, Va.

TLRV Operations and 
Maintenance 50

Kentron-Hawaii, Ltd. Dallas, Texas

TLRV Research 50 Transportation 
Systems Center

Cambridge,
Mass.

Tracked Magnetic Levitated 
Vehicle (TMLV) Research 250

Ford Motor Co. Dearborn,
Mich.

16 Mitre Corp. McLean, Va.

122 Rohr Industries, Inc. Chula Vista, Ca.

Prototype Tracked Air 
Cushion Vehicle (PTACV) 
Guideway Construction 307

Rohr Industries, Inc. Chula Vista, Ca.

PTACV Testing 520 Rohr Industries, Inc. Chula Vista, Ca.

PTACV Operations 
and Maintenance 50

Kentron-Hawaii, Ltd. Dallas, Texas
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Miscellaneous 27
Subtotal $ 3,582

Passenger Systems Total 7,097
T O T A L  OFFICE O F  R E S E A R C H  

A N D  D E V E L O P M E N T $28,313
5.0 T R A N S P O R T A T I O N  T E S T  

C E N T E R
Electrical Services 95 Southern Colorado 

Power C ompany
Pueblo, Co.

Architect/Engineering 
Design Services 27

Laramore, Douglas 
& Popham, Inc.

Chicago, III.

Construction of Technical 
Services Buildings 18

H. H. Houston 
Construction Co.

Denver, Co.

P T A C V  Guideway 
Construction 145

Rohr Industries, Inc. Chula Vista, Ca.

Construction of 
Administration Building 40

Lueder Construction Co. Omaha, Neb.

Installation of 
Permanent Electrical 
Power Distribution 45

Gardner-Zemke Co. Albuquerque,
N.M.

Operations & Maintenance 
Support Services 4,717

Kentron-Hawaii, Ltd. Dallas, Texas

Electric Forklift 40 General Services 
Admin.

Auburn,
Wash.

Fire Truck 44 Western Fire 
Equipment Company, Inc.

Pueblo, Co.

Pueblo Army Depot Support $ 50 Pueblo Army Depot Pueblo, Co.
Construction of Road to 
Pueblo Airport 2,125

Federal Highway 
Administration

Washington,
D.C.

Miscellaneous 208
Transportation Test 
Center Total $ 7,554

G R A N D  T O T A L $35,867
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G LOSSARY OF ABBREVIATED TERMS

A A R — Association of American Railroads
ACI— Automatic Car Identification
A D A C S — Analog Data Acquisition and Control
Subsystem
C O F C — Container-on-flatcar
DBI— Draft-Buff Indicator
D O T — Department of Transportation
FAST— Facility for Accelerated Service Testing
FRA— Federal Railroad Administration
ICSN— Integrated Computer Subsystem Network
IITRI— Illinois Institute of Technology Research
Institute
L E M — Linear Electric Motor 
LIM— Linear Induction Motor 
LIMRV— Linear Induction Motor Research Vehi­
cle
L R C — Light, Rapid, Comfortable Train
M O W — Maintenance-of-way
O R & D — Office of Research and Development
PFI— Power Force Indicator
P T A C V — Prototype Tracked Air Cushion Vehicle
R & D — Research and Development

RDL— Rail Dynamics Laboratory
R D S — Rail Dynamics Simulator
R D U — Roll Dynamics Unit
RPI— Railway Progress Institute
RRIS— Railroad Research Information Service
SLRV— Standard Light Rail Vehicle
T D A — Transportation Development Agency
(Canadian)
T D O P — Truck Design Optimization Project 
TLRV— Tracked Levitated Research Vehicle 
TLV— Tracked Levitated Vehicle 
T O  F C — T rai le r-o n -f I ate ar 
T O S — Train Operations Simulator 
T S C — Transportation Systems Center 
TT C — Transportation Test Center 
TTD— Track Train Dynamics 
TTT— Transit Test Track 
UIC— International Union of Railways 
U M T A — Urban Mass Transportation Administra­
tion
U S R A — United States Railway Association 
V T U — Vibration Test Unit
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PROPERTY OF FRA 
RESEARCH &  DEVELOPMENT

LIBRARY

Ninth Report on the Railroad Technology Program, 
1975, US DOT, FRA, Office of Research and 
Development, T976 -25-Goverment Policy, 
Planning & Regulations
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