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PREFACE

The results from this overall Research and Development Planning Project
appear in several reports. This one pertains primarily to an R&D planning

methodology. Other reports concentrate on escalators and fare collection
technology.

The conclusions presented in this report were developed by the Jet
Propulsion Laboratory (JPL) in support of the UMTA Office of Rail Technology.
The primary objective of this effort was to present the necessary information
to UMTA to define a more effective five-year R&D program in Rail and
Construction Technology. The effort reported herein consists of the
development of a rationale for program elements, mechanisms for implementing
the promising results of the R&D efforts, and a means for continually
evaluating the effectiveness of the R&D program.

Sources of information on the various aspects of rail transit systems
were developed by talking to various transit agencies in the United States and
Canada. JPL participated in several of the UMTA-sponsored meetings with the
American Public Transit Association (APTA) and agencies as a part of the
UMTA Subsystem Technology Applications to Rail Systems (STARS) program. The
New York City Transit Authority (NYCTA) and the Bay Area Rapid Transit
District (BART) provided extensive information on operating and maintenance
costs. Other data reported here was derived from existing literature.

Efforts were also made to contact suppliers of equipment and consultants in
the area of rail transit systems.

In addition to the authora, many persons contributed to this task. A
partial listing of contributors at JPL and sponsoring or coordinating agencies
include: UMTA, Stephen Teel, Russell McFarland, Ray Orren, Lee Tucker, and
Paul Spencer; Transportation Systems Center, Joe Koziol, George Neat and Louis
Frasco; American Public Transit Association, Frank Cihak and Ted Gorlon, and
JPL, David Humphreys, Dean Westerfield, Barry Harrow, Tad Macie, Richard
0'Toole, John Cucchissi, Keith Hardy, and Jane Okano.
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1. EXECUTIVE SUMMARY

Anticipated major expenditures for rehabilitation and new or extended
rail transit systems will place a large demand on UMTA's funding capabilities
over the next several decades. A research and development planning
methodology can aid UMTA in developing R&D programs that more effectively
utilize federal investment in the nation's public transit systems and aid the
transit operators in providing improved and more cost-effective service. This
report develops a systematic method for identifying, evaluating, and
developing an R&D program.

UMTA's R&D interests are primarily guideway construction and equipment
and operating costs of transit systems. The cost of new systems is mostly in
guideway construction which offers the potential for large savings from R&D
projects implemented in construction technology. Improved equipment offers
the possibility of more reliable and effective service with lowered capital
and operating costs. Other UMTA interests in R&D are supporting national
goals of revitalizing urban centers, protecting the environment, increasing
the mobility of the elderly and handicapped, conserving energy, and supporting
high risk, high potential payoff projects. However, as noted in Section 5.6
of this report, a review of congressional testimony indicates that UMTA's
highest R&D policy objective is cost reduction.

Large deficits and the demands of providing daily service make it
extremely difficult for transit operators to provide tihe funds or staff time
to conduct an R&D program. Only a few hundred transit vehicles are purchased
in any one year. This small market makes it unlikely that the supply industry
can recoup any major private R&D investment by increased sales of improved
products. This leaves the Federal government, with its ability to spread the
risk of R&D among all taxpayers, as a prime source of R&D funding.

Cost reduction was selected as the prime policy objective in developing

an R&D planning methodology. This tends to favor the selection of projects
with high short-term benefits that can be quantified and have minimal risk.
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The long lead times required from initiation of an R&D project to its first
regular field deployment, the time required for the improved product to be
widely deployed throughout the industry, the chances of a later, alternate
product reducing the technological life of the initial R&D investment, and the
time value of money discounting the annual operating cost and capital costs
savings all work ag:inst long-term R&D efforts. These issues are described
more fully in Sections 5.1, 5.2, and 5.3 where two methodologies are developed
for determining the present value, potential savings and costs of an R&D
project that is deployed incrementally. The first methodology utilizes an
analytic expression which is amenable to computer manipulation. The second
methodology uses engineering economic analysis tables for the present value of
a gradient series of payments modified to include a relative escalation rate.

Under cost reduction optimization guidelines, there is a danger of
excluding worthwhile projects. Methodologies to consider projects with
non-quantifiable benefits and high risks are described in Sections 5.4 and
5.7. Further study is required to refine the methods and to develop the
supporting data base. Those types of projects which offer a low expectation
for major advances in technology deployment or provide for system goals such
as safety can be supported by setting aside a small, _ppropriate portion of
R&D resources. Related developments in areas such as airport ground
circulation, which can support private R&D due to less sensitivity to high per
vehicle capital costs, may also serve as an impetus for rail transit

technology advancement.

Knowing the present value of the cost savings for an R&D project is only
one element of a program. Section 5.5 develops a methed for combining
individual projects into a multiyear program. With the present value of the
project benefits and the project funding requirements over a period of years,
this methodology can be used to select the combination of projects that
optimizes benefits under a given set of program budget limitations.

To utilize the project evaluation methodology, a candidate set of
projects and a data base have been developed. Chapter 4 presents a set of
potential rail and construction technology research and development pro jects.
These were developed via a series of meetings with the staffs of several

transit operators, coordinated through the American Public Transit
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Association, and a review cof recent literature on rail transit R&D needs.
Recent research on the implementation of innovative projiects indicates that
those developed with direct input on users' needs have a high probability of
implementation. The needs as expressed by the different operators were

reformulated into a set of projects in several programmatic areas, having wide
applicability.

Chapter 3 develops a data base which can be used to estimate the
potential savings of various R&D projects. Data from literature and data
supplied by BART and NYCTA were used to estimate the construction, power, and
maint2nance costs (. various subsystems of a transit guideway (or transit
equipment).

The methodology and data base were used tc .nine in detail five
potential R&D projects: (1) air comfort systems, (2) solid state auxiliary
power conditioners, (3) door systems, (4) escalators, and (5) fare collection
systems (Section 5.8). UMTA classified these projects as high interest.
Additional data was developed as required. Each of the projects was examined
under a set of optimistic, nominal, and pessimistic conditions. Projects
showed high potential benefits under the optimistic case, less benefits under
the nominal case, and, under the pessimistic case, no justification existed

for some projects.

The prime benefit identified from the air comfort project was the
reduction in car construction consts due to systems requiring less =pecial duct
work in the car walls. The power of the methodology was illustrated in the
analysis of the solid state power conditioner. This project could not be
Justified, considered by itself. However, use of this project would result in
a more rapid deployment of AC powered air comfort systems. Taken as a
package, the two projects had a high cost savings potential. Eatimated
benefits of the door system were positive but small. This was due to the
evaluation methodology not quantifying the impact of reliability
improvements. The escalator project showe’ ;otential for significant cost
savings in the capital costs of escalators. The fare collection system showed

a much larger potential savings in operating cost than in capital cost.




This report 's a first step toward an iwproved process of R&D planning
for rail and construction technology. Several recommendaticns are worthy o.'
further consideration. They are: (1) a systematic approach to R&D planning
is essential if new technology is to be made available to the rail transit
frdustry in a reasonabie time frame. The systema*ic approach involves the
development of accepted industry-wide guidelines a .* c¢riteria for R&D project
implementation approaches and a standard implementation approach that involves
the government, industrial suppliers and operators in their appropriate roles,
(2) there is a general lack of information necessary to make decisions
regarding R&D projects. This can only be overcome by developing standardized
data formats and the willingness of transit operators to devote time and money
to the development and maintenance of data on their property; then making that
data available to R&D planners. Until such time, too many hasty decisions
must be made »n the merits of individual R&D projects.

The most important recommendation is that an industry-wide approach to

R&D be developed which is acceptable to the operaters, the supply induscry,
and UMTA. This approach should encourage the entry of new ideas into transit.

1-4




p— TN e v

|
|

U e o boa o it hadiey /ol Sl o

2. APPROACH

Research and development program planning is a formidable task.
Although difficult in private corporations, a measure of R&D is the degree of
acceptance of the R&D products in the marketplace as measured by the profit
and loss statement. However, in government-sponsored projects, success is far
more nebulous. Perhaps the most important and well known contributor to the
problem is the non-existence of a precise measure of the actual benefits
derived from government-sponsore. o - i.e., there is no profit and loss
statement.

Two other contributors to the problem have become visible in recent
times. First, the benefits actually realized from R&D have of'ten been less
than those promulgated by the R&D advocates. The cause of this disparity is
still unclear, but it is now recognized that R&D must address social and {
institutional barriers in the introduction of a technology. Second, |
introduction of a technology into complex societal and institutional systems ‘
requires cooperation, commitment and expenditure of resources, direct or
indirect, by many parties including federal, state, regional and local
governments, operating agencies, public interest groups, and suppliers of 1
industrial products and services. Although government spending in R&D can
encourage or provide leadership to these parties, it cannot supplant their

indispensable roles.

The approach to the analysis presented here attempts to address the
needs for R&D in urban rail and construction technology in light of the above
requirements. In particular, it was attempted from the outset to develop an
understanding >f prevailing policy, needs of the national urban transportation
system, the current state of in-use technology, the status of available or
developing technology and the infrastructure which must bear the ultimate
responsibility for placing new technology into service.

The approach to the analysis has been to concentrate efforts in three
areas: (1) develop a good data base upon which projects can be subjectively
evaluated, (2) develop a comprehensive list of projects from extensive sources
of information and (3) develop a methodology which will serve as a framework
and forum to evaluate the merits and deficienciz2s of project candidates.
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2.1 Acquiring the Data Base

Paramount to the evaluation of R&D projects is the development of a good
data base on the characteristics of existing systems, costs of operation of
thes systems, costs of capital improvements, extensions and new systems, and
the characteristics of existing or potential technology which could be made
available for urban rail application through R&D. Thus, much of the study

effort was concentrated in this area.

There is much data available in the literature concerning existing and
developing systems. !owever, the data is scattered and often not reported in
a consistent format. Therefore, a data base was compiled in a consistent
format. Any comparison among alternative applications of R&D resources must
be made based upon a consistent set of data. The most important parts of the
data base are judged to be the cost of operation of the existing systems, the
cost of deployment of new systems or extensions to existing systems, and the
cost of improvements to these existing systems. This judgment is driven by
the general public's concern about the cost of operating existing systems and
the cost growth associated with the deployment of new systems such as Bay Area
Rapid Transit (BART) and Washington Metropolitan Transit Authority (WMATA).

Another important part of the data base is the state of technology.
Technology can be categorized as (1) in-use in transit systems, (2) available
and in-use in non-transit applications, or (3) potentially available through
research and development. Due to the manner in which rail transit has
developed in the United States, there is a wide variety of technology in use
throughout the U.S. Also, due to the complex infrastructure which has evolved
in this industry, much technology which has been developed for other
applications and foreign transit has not been applied to U.S. rail transit.
The major near-term task in R&D is t. apply this available technology to rail
transit. In these cases, the project activities may consist mainly of
coordination among the affected parties and encouragement on the part of the
government. There exists, however, much technology which, on the surface,
appears to be readily adaptable but in reality, requires much effort to apply
to the demanding environment of rail transit. The development of a
qualitative understanding of these categories is important to a comprehensive
data base on technology status. The activities of this project, due to both

2=2
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budget and time limitations, must concentrate on a broad, general approach,
leaving the detailed project implementation plans to others.

2.2 Developing Candidate Projects

A literature search was conducted to identify the apparent needs cof rail
transit as reported in the literature. Next, presentations were attended
where the staffs of operating properties spoke of the needs of R&D from their
perspective. In addition, several discussions were held with engineers and
other professionals working in public transportation. Through these efforts,
several common areas became prevalent. Common activities were then merged
under consistent headings and structured into project areas. Finally,
estimates of the cost of each project were assigned, based upon the
anticipated magnitude of the project, and the benefit of the project was
estimated.

2.3 Developing a Methodology

Ultimately, the selection of specific projects will be made based upon a
number of factors which go beyond the capability of the analysis presented
here. However, a structured method will aid decision makers to properly
understand the impact of their decisions. The aim is to make as much relevant
information available to decision makers in a readily understandable format
and in such a manner that sensitivities to decisions can be evaluated. That
is not to sav, however, that this type of systematic evaluation can replace
the judgment of those who are working with the day-to-day problems. A
systematic approach will help to avoid undertaking a course of action which
has little chance of success or expected benefits. In addition, it will help
to address the full set of problems which must be overcome in order to deploy

technology.

From the outset, it has been recognized that within the framework of
federal policy, the needs of the transit community and the complexity of the
transit infrastructure, there are many objectives which cannot be collapsed
into a single, scalar payoff function. However, the most common problem faced
by this industry today is cost - cost of operation from year to year and the

cost of new systems. Thus, a multi-stepped methodology has been developed
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which begins with cost-benefit comparisons. This first step can be used as a
first-pass filter after which a multi-attribute payoff function can be defined

for comparing alternative projects.

The cost-benefit relationship has been defined in terms of the present
value of the cost of a particular project and the present value of the benefit
(cost reduction to the property) of that project. The present value of
benefit requires an assessment of how the technology will be used. Due to the
severe financial pressures of operating properties today, it is assumed that
new technology will be placed into service through replacement of existing
equipment as it is retired or rehabilitated. In the case of a change in
procedures, it is assumed that UMTA will bear the cost of proving the
effectiveness of the procedural change. In the case of a change in design
practice or construction practice, it is assumed that UMTA will assure the
adequate demonstration of the practice prior to the allocation of capital or

operating grants.

To determine the benefit, it is necessary to estimate the replacement
rate of items which would be affected by R&D. For example, the benefit of R&D
for vehicle components would be realized as those components are replaced in
the vehicle fleets, thereby necessitating estimates of component replacement
rates. In the case of revitalization of fixed facilities, an estimate is
required for the rate of revitalization for the affected facilities. In the
case of a modification in design practice, an estimate of the rate of
implementation of new designs is required. There may be instances where the
actual rates could be higher after the actual benefit of the new technology is
proven in practice. However, such an optimistic assumption should not be made
in light of the cautious attitude of the industry to new technology.




3. DATA BASE ON COST, SYSTEM CHARACTERISTICS AND TECHNOLOGY

3.1 Sources of Information

A cost data base was developed for this task. Presented here are the
cost and characteristics of rail rapid transit systems. These costs are
expressed in 1979 dollars. The capital cost data was basically extracted from
the Dyer 1 study and the operating cost data was derived for the year 1975
from the APTA Transit Operating Report. e Other reports include the DelLeuw
Cather 3 study on the state-of-the-art review of light rail transit and the
OTA report on Automatic Train Control in Rail Rapid Transit " . Additional
published reports and transit agency studies are noted as presented.

3.2 Recent Trends in Costs

Cost escalations over time for various subsystems in rail transit
systems require the use of appropriate inflation rates. Operations and
maintenance costs are mostly attributable to labor costs. Capital costs,
especially in construction and materials, have in recent years gone up faster

than the consumer price index.

Table 3-1 shows the escalation factors and relative inflation rates used
in estimating capital and O&M costs in October 1979 for various elements of
the cost breakdown structure.

The consumer price index increase for the years 1972-1978 averaged 7.72%.
3.3 Baseline System Characteristics

Basic system characteristics of the rail rapid transit systems in the
United States are summarized in Table 3-2, which describes the various systems
in terms of route miles and number of vehicles. Systems planned and under
construction are also included. Track mileage is separated on the basis of

its location, whether at grade, elevated or subsurface.




Table 3-1. Escalation Factors for Rail Transit System Costs

Cost Item Relative Inflation Rate Annual Installation Rate
% )

1. Routeway ENR Construction

(ROW, Preparation & Cost Index, +2.5 10.22

Restoration)
2. Guideway Construction ENR, CCI, +2.5 10.22
3. Station Construction ENR, CCI, +2.5 10.22
4. Maintenance Facilities ENR, CCI, +2.5 10.22
5. Administrative Facilities ENR, CCI, +2.5 10.22
6. Communications and WMATA, Train Control, +.92 8.64

Control
7. Power Subsystem WMATA-Traction Power

Escalation Factors, +2.30 10.10
8. Vehicle Subsystem WPI, Railroad Equipment
+ 3.18 10.9

9. General, Other Wholesale Price Index + 0.98 8.7
10. Operations, Labor BLS, Union Wages + 2.5 10.22
11. Energy, Propulsion WPI-Electrical Power + 3.94 11.66
12. Maintenance, Labor BLS, Union Wages + 2.5 10.22
13. Administration, etc. " BLS, Union Wages +2.5 10.22

Source: General Research Corp., "Life Cycle Cost Model for Comparing AGT and
Conventional Transit Alternatives", 1976. °

UMTA, "Life Cycle Cost Model for AGT."

ENR = Enginearing New: Record
BLS = Bureau of Labor Statistics, U.S. Department of Labor
WPI = Wholesale Price Index
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Table 3-2. Basic System Characteristics v o6

Track (Mileage)

Vehicles*®

Stns At Grade Elevated Tunnels Total

BART 34 25 23 23 71
WMATA 86 42 9 u7 98
NYCTA 463 23 T2 137 232
CTA 142 41 39 10 90
MBTA 42 16 i 10 30
PATCO 12 9 1 4 14
SEPTA 54 24 - - 24
CTS 29 18.7 - 0.5 19.2
PATH 13 6.5 - 7.5 14
MARTA® &# 41 27 16 10 53
MTA /MD ## 3 - - - 6
MIAMI ## 13 - - - 20

390
560
6660
1090
340
75
460
110
300
335
30
150

® 1975 estimate
*® Not in operation, under construction

8% First phase now in operation
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Most track gauges used in U.S. systems are the standard 56.5 inches,
except for BART which uses 66 inches, portions of SEPTA which are narrow
gauge, and WMATA where there is a i" difference from the standard. There is a
considerable difference in car widths among various systems. A summary of car
widths used in various U.S. systems is shown below.

System Width of Car >

BART 10 £t 6 in.

MBTA 8 ft 3 in., 9 ft., 9 ft 10 in., 10 ft.
CTA 8 ft 10 in., 9 ft U in.
CTS 10 ft., 10 ft 5 in.
NYCTA 9 ft., 10 ft.

PATH 9 ft 3 in., 9 ft 4 in.
SEPTA 9 ft 1 in., 10 ft.
WMATA 10 £t 2 in.

MARTA 10 ft 6 in.

SOAC® 9 ft 11 in.

The fare collection systems used by various transit agencies is shown in
Table 3-3. While these differences have evolved over time, considerable 0&M

cost differences occur based on the system chosen.
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T.ble 3"3 .

North American Rapid Transit Systems

Fare Collection Systems in Use on

3

Property Med ium Manner of Collection Fare Structure
MBTA Coin-token Turnstile Flat fare - zone
Fare box on vehicle Pay to enter
CTA Coin or token Turnstile Flat fare
Station attendant Pay to enter or
Conductor on Train en route
CTS Coin Station agent Flat fare
Turnstile Pay to enter
Fare box on train
MUCTC Ticket Turnstile Flat fare
Manual dispensing Pay to enter
NYCTA Token or coin Station Agent Flat fare
Turnstile Pay to enter or
Conductor on train en route
Coin box
PATH Coins Turnstile Flat fare
Pay to enter
PATCO Magnetic ticket Electronic gate Flat fare - zone
Vending machines Pay to enter
Manual Sales Checkout to exit
BART & Magnetic ticket Entry gate Variable fare
WMATA Automatic Exit gate Buy ticket to enter;
dispensing subtract fare to
exit (automatic)
TTC Token-ticket Station agent Flat fare
Turnstile (token) Pay to enter
MARTA Monthly Pass Turnstile Flat fare (?)
Coins
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The third rail voltage used in most systems is 600V DC. However, newer
systems have adopted slightly higher voltages. BART operates at 1000V DC, and
WMATA is using 750V DC. MARTA, MIAMI and Baltimore systems are planned for
750 V and the vehicles for MIAMI and Baltimore are expected to be similar to
WMATA .

Service characteristics of some of the systems in the U.S. are
summarized in Table 3-4. They include level of automation, speeds, headway
and maximum train lengths. The O&M costs differ considerably based on level
of automation used. Systems being planned, such as MARTA, are expected to
eventually have fully automated train protection, train operation and train

supervision.

Table 3-4
Service Characteristics in Typical Transit Systems 4

Automation ® Speed Headway Max. Train
(mph) (min.) Length (cars)
Transit
System ATP ATO ATS Max. Av. Peak Base
NYCTA X 50 20 2 10-12 11
CYTA X 55 30 3 5 8
(Dan Ryan)
MBTA X X 50 30 2} b} 4
(Red Line)
PATOO X X (L) 40 2 10 6
BART X X X 80 40 6 6 10

® A check (X) indicates the function is automated. All systems have an
on-board operator to run the train or monitor automatic system performance.
ATP: Automatic Train Protection, ATO: Automatic Train Operation,
ATS: Automatic Train Supervision




Smaller headways require full automation. Train lengths have a major
impact on station construction costs.

3.4 Baseline System Costs

A. Capital Costs

The capital costs shown in this section are extrapolated to 1979 costs
from the Dyer Study. The costs described in this section include costs of
acquiring right-of-way, route construction, guideway construction, utility
relocation, signal and communication equipment, cornistructing and equipping
stations, yards and maintenance shops and vehicles. Not included in capital
costs are the costs of administrative buildings, maintenance and diagnostic
equipment and start-up costs. It should be noted that the costs shown in this
section are based on actual costs in the U.S. in recent years. Recent UMTA
efforts in utilizing innovative tunnel construction technology resulting in

lower capital costs is not reflected in these costs.

1. Route Construction

Construction costs depend on whether the route is elevated, at grade or
subsurface and the geology. The cost is expressed in October 1979 million
dollars per mile of double track.

Suburban Areas City & Core )

Low High Low High
At Grade 1.863 6.1236 - -
Elevated 4,568 13.510 23.50 27.78
Depressed 6.804 19.80 - -
(Open Cut)
Subsurface
Depressed - - 29.16 54,64
(Cut & Cover)
Tunnel, Rock - - 16.2 32.4
Tunnel, Earth - - 24.3 u8.6
Sunken Tube - - - 80.0
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Costs Include:
Grading, drainage, utilities, structures, traffic handling, demolition

and fences.

2. Guideway Construction, per mile (million $)

T m—

Suburban City Core
Track Structure
At Grade & Subsurface 1.09 1.43 1.57
Elevated 1.20 1.32 1.45
Special Trackwork
At Grade & Subsurface .20 .189 21
Elevated .132 147 .16
Totals:
At Grade & Subsurface 1.290 1.619 1.78
Elevated 1.332 1.467 1.61

3. Signal and Communications, per unit (million §)

Item Unit Low High
Wayside ATC Mile .T29 - 1 1.053 - 1
1.296 - 2 1.782 - 2
Supervisory Control Mile .268 - 1 <335 -1
1.61 2 2.01 -2
Communications Mile .04 .0603
Total - 1 1.04 1.4483
Total - 2 2.95 3.85
Vehicle, Communications .032/per vehicle

and Control Equipment

1 Without speed regulation
2 With speed regulation 3-8




Storage yards, up to 150 vehicles, cost/yard (million §)

1. Push Button Control 1.94
2. Controlled Trailable Switches 4.53
3. Fully Interlocked Control 5.83
4. Full ATC 17.00

4, Filectrificaticn Construction Costs, per mile, (million §)

Double Track L ow High

600 V DC, Including
Substations 1.13 1.377

5. Land Acquisition Cost, per mile
double track, (million $)

Low High
Suburban .210 641
City 2.13 6.40
Core 4,27 12.80

6. Station Construction, million $ per station

~Suburban City Core

Low High Low High Low High
Elevated 1.13 8.3 1.539 4.617 2.25 7.50
At Grade .570 6.723 - -
Depressed, open cut 1.40 8.91 - -
Depressed, cut & cover - 2.19 6.80 8.10 19.44

Cost includes parking, access, platform, station facility, and awning.
3-9




7. Storage yards, (million §)/yard

Low High
5.52 21.91
(50 vehicles) (300 venicles)

Yard cost includes grading, drainage, utilities, track, power, fenc. and

buildings.

8. Maintenance Shops (million §)

Low High

12.5 45.0

Cost includes buildings, drainage, utilities, power, yard track, fence and

grading.
qQ, Vehicles (million §)

Vehicle cost decpends on fleet size for a minimum order of 100-200

vehicle fleet.

L ow High

567 .891

At WMATA, a recent car buy cost $563,00C per vehicle in 1976 which 1s
equivalent to about $750,000 in October 1979 cost.

3-10




Ty ﬂwm

TN IR Sy v gy g——r

B. Rapid Rail Rehabilitation Costs

These costs are based largely on commuter rail system costs developed by
Dyer (1977). Items of rail transit not addressed by the Dyer study consist of
the refurbishing of the tunnels and station costs to accommodate the elderly
and handicapped. While the requirement to equip stations to accommodate
elderly and handicapped people is being evaluated by the industry at this
time, there is definitely a need to develop accurate cost estimates for
repairing the tunnels. These repair costs are expected to vary widely because
of the differences in age and structural state of the tunnels.

1. Route Upgrading Costs (dollars per route of double track mile)

Low High
At Grade 538,000 5,000,000
Depressed 4,050,000 12,000,000

2 Guideway Upgrading Costs (dollars per route of double track mile)

Suburban City Core
Track Structures 955,800 1,053,000 1,156,680
Special Trackwork 121,500 133,650 147,420

$1,077,300 1,186,650 1,264,100

3.5 Unitized Costs and Variations

Total O&M expenditures for systems shown in Table 3-5 amount to $1.47
billion per year in 1979 dollars. The data available was broken down by the
categories of maintenance of way, equipment, power, and transportation and
administrative expenses.

An analysis of these expenditures show that maintenance of way
expenditures per vehicle-mile vary from $0.269 at CTA to $1.575 at MBTA. The
maintenance of equipment per vehicle mile cost varies from $0.368 at PATCO to
$0.796 at MBTA. The higher cost at MBTA probably reflects extensive
revitalization occurring there.
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However, maintenance of way based on expenditure per mile varies from
$107,483 at PATCO to $676,940 at NYCTA. These costs essentially reflect the
age of the track and extent of subways in the track at NYCTA. Maintenance of
equipment based on a per vehicle basis shows that this cost is lowest at SEPTA
($7,210) and highest at MBTA ($24,005). While the maintenance costs are
generally labor dependent, the labor cost variations on an hourly basis do not

account for the substantial differences in the actual costs at various systems.

Most systems include bus systems operations and the administrative cost

comparison becomes complicated. However these costs vary from $0.441 at NYCTA
to $1.861 at MBTA.

Power costs generally are higher on the eas® coast compared to the
midwest and west coast. An analysis of kWh/vehicle mile showed little
variation among the systems when ccrrected for vehicle weight. Transportation
costs vary between $0.90 at CTS to $1.852 at SEPTA except for MBTA which
showed $2.488 per vehicle mile. The rapid rise in the price of oil beginning
in 1973 has encouraged transit agencies to conduct vigorous efforts to lower
their power costs. These efforts include: less frequent service, shorter

trains during off hours, increased coasting, and a stronger negotiating stance

with the power utility. This has caused power costs to grow at a slower rate
than indicated in Table 3-5. In estimating 1979 power costs, more recent and

3pecific data, as in Table A-1 shouid be used.

Comparison of costs at various properties is not meaningful because of

varying type of service, age of the rolling stock and track, and labor costs.

3.6 New York City Transit Authority (NYCTA) Data Base

Detailed cost data from the New York City Transit Authority was
published as a "Financial and Statistical Report for Fiscal Year ending June
30, 1976." It allows some observations of the relative costs for some major
vehicle subsystems, as well as detailed costs for all areas of rapid transit
operation. For example, "Maintenance of Way" information is given in terms of
46 sub-areas. A complete listing of the data is given in Table A-1.




The major vehicle component repairs are listed as bodies, painting and
varnishing, wheels and axles, other repairs, car brakes, control apparatus
and wiring, motors, storage batteries, air compressors and governors, light,
heat and fan circuits, radio equipment and accessories, and air conditioning
equipment accessories. The relative percentages of these costs to each
other is given in Table 3-6.

Table 3-6. Relative Weights of Selected Costs
Affecting the Transit Vehicle at NYCTA

Cost Category Percentage of Vehicle Costs

Car Bodies 10
Painting and Varnishing 3.
Wheels and Axles 6
Other Repairs 14
(car trucks)
Car Brakes 15.0
Car Control Apparatus 24.0
and Wiring
Motors 19
Storage Batteries 0
Air Compressors and 3
Governors
Light, Heat and Fan Circuits 1
Radio Equipment and Accessories 1.
Air Conditioning Equipment 2
Accessories
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3.7 Bay Area Rapid Transit District (BART) Data Base

Thorough and detailed cost data has been supplied by the Bay Area
Rapid Transit District. The cost, in dollars, and the man-hours spent
working on various subsystems, were both given for the six month period
ending June 30, 1979.

BART vehicle repair records are broken into four categories:
unscheduled, vandalism, preventive maintenance, and heavy repairs or
overhaul. Table 3-8 presents a breakdown of the heavy in-house repairs at
BART. Two special circumstances must be noted when interpeting this table.
Wheel truing which is normally a large cost component is listed under
preventive maintenance. Traction motors, although a heavy repair, are not
listed in this table since they are serviced under a vendor contract, with

an approximate value of $1,000,000 annually.

In-house heavy repair costs were supplied for a total of twelve major
programs, broken into thirty-six subprograms and hundreds of their
components. Among the information supplied was a comprehensive detailed
breakdown of cost associated with transit vehicle components and electronics
(Table A-2). About 25% of the cost and about 28% of the man-hours were
spent on vehicle electronics and communications maintenance as opposed to
vehicle component repair. A detailed breakdown of the relative percentage

of maintenance costs and hours is given in Table 3-7.
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Table 3-7. Percentage of Vehicle Maintenance in Specific Areas

Percentage of

Percentage of

Description Total Cost Labor Time
Traction Motor 2.9 2.0
Line Switch Box Assembly 1.8 1.9
Brake Grid Assembly-24 Tube R/H 1.9 2.1
Brake Grid Assembly-36 Tube L/H 0.7 0.3
Motor Reactor negligible negligible
Line Filter Reactor negligible negligible
Current Collector Assembly 0.7 0.4

Motor Control Box

Brake Control Unit

Parking Brake Control Unit

Hydraulic Power Unit

Caliper Assembly

Condenser Assembly

A/C Compressor

Evrporator Assembly

Air Compressor

Air Suspension Control Panel X-End

Leveling Valve Assembly

Motor Alternator

Auxiliary Box Assembly

Blower & Air Filter Assembly

Light Assembly

Retractable Coupler

Door Operators

Door Control Relay Panel

Vehicle Doors

Battery Assembly

Windshield Wiper Assembly

Sun Visor

Defroster Assembly

Run Number Sign Assembly

Attendants Foot Rest

Documentation & Miscellaneous

ATO Equipment

Semi -Conductor Box

Truck Assembly

Built Component Test Equipment

Harness Repair

Special Assignments —
(Vehicle Component Repair)

Upholstery Repair

Carpet Repair

Parts Testing/New & Warranty

Parts Cleaning

Motor Assemblies

0O000O00Oroww=~NnN &=
. .
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negligible
negliigible
1.4
1.5
0.2
0.2
negligible
0.1
0.1
negligible
negligible
negligible
0.2

4.0
negligible
negligible

2.4

0.6

« o ° e

—
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negligible
negligible
1T
1.6
0.2
0.2
negligible
0.2
0.1
negligible
negligible
negligible

negligible

negligible
4,2
0.4
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Table 3-7 (cont.)

Percentage of Vehicle Maintenance in Specific Areas

Percentage of

Percentage of

Description Total Cost Labor Time
Vehicle Cab & Equipment 0.4 0.7
Maintenance Emergency Equipment negligible negligible
Electrical/Mechanical Shop Set-Up negligible negligible
Track Signal Antenna-Fabrication 0.1 negligible
Plating PC Boards 0.2 0.3
Revenue Vehicle E&C Maintenance negligible negligible
Special Assignments -- 4.1 6.3
(Vehicle Electronics &
Communications Maintenance)
Revenue Vehicle E&C Repair 17.9 20.6
PC Board Artwork Repair 0.2 0.3
ATO Manufacturing negligible 0.1
Propulsion Manufacturing 0.6 0.6
AFC Manufacturing negligible negligible
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3.8 Southern California Rapid Transit District (SCRTD) Data Base

Operating cost estimates for several rail alternatives being
considered for Los Angeles were prenrared and developed by the SCRTD in
categories which generally conform to the transit industry's accounting

practices. 8

The ci.tegories include maintenance of ways and structures,
maintenance of vehicles, operating supplies and power, transportation and

general administration.

Conventional rail costs were based on comparative analyses using both
analytical and empirical cost information. The figures are in 1977
dollars. Detailed 1977 operating cost information was obtained from PATCO
and Toronto by the SCRTD. The unit operating costs for several alternatives
were thereby derived using .analytical procedures (Table 3-8).

It should be noted, however, in considering the costs of
administration in the transportation area, that this figure is significantly
lower than would be expected in a property which had only rail rapid
transit. This is due to the fact that overhead-sharing between rail and
non-rail areas of the RTD was taken into account in determining the

estimated costs.

3.9 Annual Replacement Rates

Information concerning annual replacement rates and costs at the New
York City Transit Authority was supplied in early 1979 by the Transit

Authority in response to a transit operator questionnaire sent to them.

The costs included material and labor (by in-house forces) in most
cases. The following information represents a very thorough and up-to-date
description of the physical features of the New York rail rapid transit
system and their associated replacement costs (Table 3-9) and ar. comparable

in most instiices to the rest of rail transit industry in general.
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Table 3-8. Derivation of Unit Operating Cost

Unit of Base O&M Cost
Item Measure (1977 Dollars)
Maintenance of Way
Administration Lump Sum 245,000
Track VMT 0.155
Yards & Shops Vehicle 5,000
Electrification (1) VMT 0.074
Stations Each 28,750
Parking Space 40
Control & Communication Track Mile 6,325
Maintenance of Vehicles VMT 0.50
Power
Vehicles (2) VMT 0.27
Stations (3) Each 105,120
Yards & Shops (4) Lump Sum 262,800
Transportation
Vehicle Operations (5) Each 30,000
Administration Lump Sum 210,000
Statiorns Each 125,000
Passenger Service Lump Sum 600,000
Line Supervision (6) Lump Sum 250,000
Planning Lump Sum 175,000
Security (m Lump Sum 1,200,000
Control Center (8) Lump Sum 500,000

(1) Based on PATCO type vehicle.

(2) At 3¢/kWh; 9kWh per mile.

(3) At 400 kVa, 24 hours, 3¢/kWh.

(4) At 1000 kVa, 24 hours, 3¢/kWh.

(5) SCRTD accounting department

(6) At 344 man hours per week; $13.08 per hour.
(7) At 45 men; $26,667 per year.

(8) At 688 man hours per week; $13.08 per hour.
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Table 3-9. New York City Transit Authority - Physical Features,
Structures and Maintenance of Way

This table describes equipment types, numbers, service life, and replacement
cost. Unless otherwi e noted, replacement cost is by in-house forces and
includes all labor and material.

a.1. Track - (replacement cost based on a 39 linear feet rail section)

Type I - Wood ties and stone ballast in a structural invert
- Replacement cost approximately $3700
- Normal Service Life - 25+ years
- Time interval between routine maintenance - 10 years
- Between major overhaul - 15 years

Wood tie blocks in concrete ballast in a structural
invert

- Normal Service Life - 30+ years

- Time interval between routine maintenance - iC+ years

- Between major overhaul - 15 years

Type II

Type II - Same as Type II except that the contact rail ties are
(Modified) 6 in. x 8 in. x 9 ft. 0 in. long with resilient
fasteners used in lieu of steel plates

Type III- Wood ties on steel open deck bridges and trestle type
structures (elevated track)
- Replacement cost approximately $3600
- Normal Service Life - 20 years
- Time interval be‘ween routine maintenance - 10 years

Wood ties and stone ballast for use in cut and embankment
areas without a concrete invert (surface track)
- Replacement cost approximately $3300

Type VI

Type VII- Wood ties and stone ballast for use in yard tracks and
non-revenue sidings
- Replacement cost is approximately $3300

Type VIII- A concreted track for direct fixation for use in subwav
structures aerial decks, cut and embankment areas with a
concrete invert (for new routes)

a.2. Length (track miles)

Elevated Structures - 182.64 track miles

Surface Structures - 73.38 track miles

Subway Structures - U4B .45 track miles
3-20
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T.bl. 3-9 . (cont . )

New York City Transit Authority - Physical Features
Structures and Maintenance of Way

a.3. Track Miles by Type

Type Track Track Miles
I 175
II 185

II (Modified) 95
III 185
VI 57

VII 122 (yards only)

VIII 10

a.i Miles of Track According to Curvature
Tangent track - approximate!, 573 miles (approximately 81% of total)

R 7500 ft, approximately 2.5 miles

7500 ft R 1500 ft, approximately 62 miles

Replacement cost approximately $4000

Normal Service Life - 20+ years

Time interval between routine maintenance - 8+ years
Between major overhaul - 12+ years

1500 ft R 900 ft, approximately 22.5 miles

Replacement cost approximately $5200

Normal Service Life - 20+ years

Time interval between routine maintenance - 6+ years
Between ma jor overhaul - 12+ years

900 ft R 500 ft, approximately 24 miles

Replacement cost approximately $5200

Normal Service Life - 15 years

Time interval between routine maintenance - 4 years
Between major overhaul - 10+ years

500 ft R 200 ft, approximately 23.5 miles

Replacement cost approximately $5200

Normal Service Life - 15 years

Time interval between routine mainienance - 3+ years
Between ma jor overhaul - 8 years

R 200 ft, approximately 2 miles

All other factors same as 500 ft R 200 ft
All curves under 1500 ft are guarded - year tracks are excluded
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Table 3-9 (cont.)

New York City Transit Authority - Physical Features,
Structures and Maintenance of Way

b. Rail Lubricators

High pressure grease type systems with treadle operated
applicators

224 systems in operation

28 systems are planned

Replacement cost - $40,000

Normal service life - 15 years

Ma jor overhaul - 15 years

Number of units requiring emergency repair - 15

c. Switches (Mainline)

Total in service - 2,459
Elevated - 394
Surface - 982
Subway - 1,083

Service Life

Average replacement cost - $51,000
Normal service life - 20 years
Routine maintenance - 3 years

Ma jor overhaul - 10 years

d. Switch Heaters

1,376 switches are exposed to icing conditions and are equipped with
tubular electric heaters applied to the stock rails of each switch.
Power is supplied by the contact rail.

Service Life
Replacement cost per heater is $200

Normal service life - 1-10 years
Ma jor overhaul - 1-10 years
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T.bl. 3-90 (Oont.)

New York City Transit Authority - Physical Features,
Structures and Maintenance of Way

e. Contact Rails

In the past, the hand scraper was used to clean the third rail
followed by the application of a mixture of alcohol and diesel fuel.
Presently, the method favored to prevent accumulation of ice and snow
has been the use of contact rail heaters. The heaters are applied at
intervals along the contact mail.

Service Life

Replacement cost for the third rail heater is $100
Normal service life - 5 years

Routine maintenance, annually

Ma jor overhaul - 5 years

fs Wood Decking

7. At Stations 100,000 sq 't
There is an ongoing program to replace
wooden platforms with concrete platforms.
The program has a 2 years completion
estimate.

2. Walkways 3,900,000 sq ft or approximately
90 acres of catwalk.

K- Escalators

1. Types 112 heavy duty
24 light duty

2. Treadle Controls 29 escalators have treadle controls.
They start when a passenger steps on
mat switch.

3. Service Life The cost is $5,000%® per foot of rise

for 32" escalators.
$6,000%® per foot of rise for 48 in.
escalators
Normal service life is 15-20 years.
Routine maintenance ‘s weekly.
Ma jor overhaul i3 25 years.

*® (pby contract)
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Table 3-9. (cont.)

New York City Transit Authority - Physical Features,
Structures and Maintenance of Way

h. Fare Collection Equipment

Turnstiles - Numbers

flat fare/token low mechanical 2,447
low electrical 111
high entrance 205

special fare low mechanical 14
(two token)

Service Life

Normal service life is 20 years.

Routine maintenance every 45 days per unit.

Ma jor overhaul every 8-10 years.

Unscheduled repairs on approximately 2,550 units monthly.
Replacement cost is approximately $2,000.

Approximate purchase price of a high entrance turnstile
is $5,000.

h.l. RR Clerk Booths/Numbers

24 hour service 521
Part time 225
Total of TU6

Type

508 are of the bullet resistant type with electronic
communications and air-conditioning.

Service Life

Replacement cost is approximately $40,000%® for a b.'let
resistant booth.

Approximately 20 to 25 booths per month require emergency
repairs.

®8 pAverage Contract Cost

h.2. Gates/Numbers

Exit gates 2108
Approximately 800 per year are repaired or repainted.
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Table 3-9. (cont.)

New York City Transit Authority - Physical Features,
Structures and Maintenance of Way

i. Level Changes Devices

Breakdown of retrofitting stations for ambulatory handicapped

243 subway stations
162 elevated stations
34 on grade

Total of 439 stations
Plus :7 interdivisional stations counted as one,
37 1° counted individually

Elevators
An average of three elevators required per station
2 from platforms to mezzanine
1 from mezzanine to street

Level Changes (Subway Stations)

Average height from platform to mezzanine varies from
10 ft to 18 ft
From mezzanine to street, 15 ft to 30 ft

Level Changes (Elevated Stations)

Average height from street to mezzanine varies from 13 ft to 25 ft
From mezzanine to platform, 14 ft to 25 ft

Level Changes (Interdivisional Stations)

Average height from street to platform varies from 10 ft to 30 ft
From mezzanine to street, 15 ft to 40 ft
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3.10 Modeling Car Maintenance Costs

Models have been developed to predict total system cost for rail rapid
transit, including elements related to the operating and maintenance of
vehicles, track, power and control systems, stations, and administrative

9,10

functions. Coiits were then studied at the component level (e.g.,

doors, motors, etc.).

Multiple linear regression was usad to relate car maintenance cost to
several performance parameters. To make use of this model for a hypothetical
property, it was assumed that the average car would travel 50,000 miles per
year, have a length of 7C feet, a weight of 70,000 pounds, a maximum velocity
of 80 miles per hour, and four motors with a power of 140 horsepower each.
Resulting car maintenance costs are based upon 1972 dollars since all of the
linear regression equations were derived from 1972 data and are located in
Table 3-10.

These costs were broken down into three categories of maintenance
(routine, major and overhaul). The average number of miles between the
occurrence of a maintenance category incident for a component was used to

determine its average annual maintenance cost.

Routine maintenance occurs several times a year, and is prescheduled
based upon component failure rates. It should be noted, however, that the
failure rates used are based on the actual rates observed, and therefore
include unscheduled failures. Major maintenance occurs about once a year
(about every 50,000 miles), and generally involves more labor and parts cost
than routine servicing. Overhaul or replacements, or both, occur on a
prescheduled basis predicated on the service lives of various components and

generally involve a nigh manpower and parts cost.

As expected, these costo differ slightly from costs developed for BART
in Tables 3-7 and B-1. The BART tables (except as noted in 3-7) correspond to
the major and overhaul costs of Table 3-10. Since BART is a newer system with
several novel design features, the cost distribution differs from those
developed in a large survey of many transit properties with cars of varying

ages.
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Table 3-10. Distribution of Car Maintenance Costs by Vehicle,
(Scheduled and Unscheduled)

Subsystem Miles Between Maintenance (1,000s)
Routine Ma jor Overhaul
Car Body 50 0 0
Doors 6 36 0
Couplers 6 50 500
(4 ATO)
Draw Bars 8.7 47 300
Mctor-Generator 12 50 250
Converter 25 0 300
Battery 8 30 500
Air Compressor 12 T 200
Motors 57 250 0
Resistors 0 0 500
Motor Blower 17 50 300
Gears 7 50 300
Propulsion Control 9 50 300
Brake Control 9 50 1000
Master Control 8 50 300
Brakes 1" 35 250
(21 disc) (50 disc) 300
Heaters 8 36 300
Lights 8 36 300
Fans 7 50 300
Misc. Electric 8 50 200
Trucks 10 300 300
Air Cond. Comp. 8 500 250
Air Cond. Condenser 8 50 250
AC Evaporator 8 50 250
AC Filters 6 0 0
Bearings 50 0 1300
Wheels 8 62 433
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Table 3-10. (cont.)
Distribution of Car Maintenance Costs by Vehicle,
(Scheduled and Unscheduled)

Subsystem Maintenance Cost (1972 §)

Routine Ma jor Overhaul Total %
Car Body 63 0 0 63 5
Doors 75 183 0 258 2.0
Couplers 200 164 196 560 5.0

(300 ATO)
Draw Bars 115 2 19 32 3
Motor-Generator 27 140 60 227 2.0
Converter 2.5 0 58 61 5
Battery 12.5 14.5 7 101 1.0
Air Compres-or 16.5 7 75 98 1.0
Motors 912 1248 0 2160 21.0
Resistors 0 0 432 u32 4.0
Motor Blower 9 26 23.5 59 5
Gears ~28 160 546 c34 8.5
Propulsion Control 205 114 267 585 552
Brake Control 205 i1y 183 502 4.5
Master Control 8.1 73 25 106 1.0
Brakes 109 145 Tr. 08 u62 b,

(102 dise)

Heaters 685 77.5 28 .5 175 1.6
Lights 66 .5 30.5 11.5 108 1.0
Fans 21.5 12 16 50 5
Misc. Electric 56 .5 23 175 PhU o2
Trucks 160 193 853 1206 110
Air Cond. Comp. 56 .5 13 hl 134 1.5
Air Cond. Condenser 56.5 14 2y qu 1.0
AC Evaporator 14y 13 ele) 186 1.7
AC Filters 83 0 0 83 7
Bearings 12 0 36 48 .5
Wheels 100 1236 868 2204 21.0

2909 o012 u272 11193 100%
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3.11 Power Costs

As indicated in Table 3-5, the costs of electrical power consumption
are within the same range as car maintenance costs. Distributing power
costs among its several components will facilitate their inclusion in
subsequent life cycle cost analyses of alternative research and development
projects.

The largest demand for power consumption is electric traction. A
1960 1 study of severa®' transit systems estimated the power consumption
for most U.S. systems to be between 4.5 and 5.4 kWh per car mile. These
values were calculated by dividing the system wide power costs by the annual
car miles traveled and by the charge per kW, which varied between 1.07 and
2.22 cents.

The traction power consumption depends on the car weight, station
spacing, maximum speed, acceleration rate, braking rate, track alignment,

the design of the control equipment and operating policies.

Transit cars used in the 1960s were usually smaller and slower than
those purchased in the 1970s. A simulation of these larger, higher speed
type cars used on a system with station frequency of approximately one per
mile yielded a power consumption rate of 7 kWh per car mile. The energy
consumption could be reduced by 33%, on level track, with only a 5% increase

in travel time by proper application of coasting. 12

The power costs related to non-traction car operations can be
approximated “Hy the following set of regression equations. These were
developed after an extensive survey of existing transit experiences. 10
The equations were developed by testing different variables in the
regression analysis. The original selection of variables was based on known
physical relationships and variables added or discarded according to their

ability to explain the variations.
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These types of equations are valid for the range and condition in
which they were developed and are useful for estimating potential benefits
of research and development.

kWh (ventilation) = =.0027 (Avg. vel.) + .0289 (.0019) (L) (W) « .0649
L: car length
W: car width

kWh (air conditiouing) = -.027 (Avg. vel.) + .016 (2.3 tons) + .636
Tons: coding capacity of air conditioning system in tons

Note: These captions are derived for cars that have either an air
conditioning system or a ventilation system.

kWh (lighting) = -.005 (Avg. vel.) + .033 .034(L) +.02 (ft. cand.) + .9
+.116
Ft cand: Level of illumination in foot candles, typically 35fc.

kWh (heating) = -.023 (Avg. vel.) + .017 (17.1 (D) + .86 (L)
-.36 (winter temp.) -.03(Hp) -.04 (car cap) -8.86)

+ 521
D: station spacing in miles
Water temp: Average winter temperature O
e.g. Chicago 26°F
New York 33%F

San Francisco 51°F

kWh (Air compressor) = -.0066 (Avg. vel.) + .01 (5.6) + .225
- -.0066 (Avg. vel.) + .281

kWh (Motor generator) = -.017 (Avg. vel.) + .035 (.15 (Amp Hrs) - 5.5)
+ 343

Amp Hours = 2.8 (L) - 93.1, the ampere hour in rating of batteries
shared by two cars.

3-30




The subsytems powered by the motor generator usually include trainline

circuits, public address system, doors, and recharging of batteries.

The preceding equations were developed for the auxiliary powered

subsystems being in operation for the fraction of the service time shown

below. If a different operating time is used, the equation should be
multiplied by the ratio of the new operating time to the assumed time.

% Service Time

Car Item Operating
Motor generator/alternator/converter 90
Lights 70
Fans 60
Heat 35
Air Compressor 50
Air Conditioning
Compressor 20
Evaporator 20
Condenser 20
Blower 80

The above equations can be used to develop estimates of power

consumption. A substitution of the following representative values into the

equations yields the following power consumption rates:

Average Velocity
Car Length

Car Width

Tons Cooling

Foot Candles
Station Spacing
Winter Temperature
Car Capacity

HP
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25 mph

70 feet

10 feet

10

35

0.6 mile

33°F

300 passengers

560 horsepower per car
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kWh (ventilation) .036 kilowatt hours/car mile |
kwh (air conditioning) .697 {
kWh (lighting) .080
KWh (heating) .300
kWh (air compressor) .166
kWh (motor generator) 266
The previous air conditioning expression was developed for an air ‘

conditioner turned on for 1/3 of the year and in service for 60% of that time

it is turned on. A more contemporary approach would assume that the air

conditioning was turned on for at least 1/2 the year. The previous air

conditioning estimate will be increased by 33% from .697 to 1.06 kWh per car

mile. {

The total power consumption per car mile is estimated below.

Table 3-11

Transit Car Power Consumption

Function Power Consumption Percent
" Traction 5.0 kWh per car mile T2

Air Conditioning 1.06 15

Heating .30 y

Lighting .08

Air Compressor .16 2

Motor Generator 27

6.87 100%

Measurements of the instantaneous air conditioning power requirements on
test subway car revealed that they could represent between 30 and 50% of total
13

car requirements. This corresponds well with the value in the above
table, where the air conditioning system was assumed to be in service 50» of

the year.
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4, CANDIDATE PROJECT LIST

4.1 Development of Candidate Projects

Several sources were used for the development of the candidates project
list. The prime source was the suggestions developed in a series of meetings
with the staff of several operating transit agencies. Recent research on the
development and implementation of product innovations has indicated that the
users of a product are usually the best source of suggestions for operational
improvements. Heavy reliance on the proposals from the transit operators will
help ensure that the candidate project list addresses real and important
problems and that the final product of this research, development and
deployment program will be accepted and implemented. Additional project
suggestions were selected from various publications of APTA, existing,
planned, and proposed UMTA programs, the general literature, and JPL staff

analysis.

Project development sessions were held at seven different transit
agencies: New York City Transit Authority, Port Authority Trans Hudson,
Toronto Transit Commission, Massachusetts Bay Transportation Authority,
Chicago Transit Authority, South Eastern Pennsylvania Transportation
Authority, and the Bay Area Rapid Transit System. These sessions were
arranged by APTA in support to the UMTA STARS project. In attendance were
APTA, the staff from the UMTA Office of Technology, Development, and
Deployment and the various regional offices, JPL staff, and a representative
from the Transportation Systems Center. Personnel from the operating agencies
were from various departments such 2s car maintenance, engineering, stations,

etc., and research when such a department existed.

Prior to the meetings, agencies were requested to complete a one-page
summary for each project with a description of the problem, an estimate of the
benefits desired from the project, and an estimate of the cost to develop the
solution. The project needs were described very well, but understandably very

few agencies had sufficient data to estimate benefits or costs. In addition




to the formal suggestions presented on paper, others were developed in the

course of the conversations.

APTA's 5-year research and development plan and the proceedings from the
UMTA/APTA sponsored research and development priorities conference were also
reviewed for suggestions. 14

The projects developed by this process were combined with the
considerable work done by UMTA in their existing, presently planned, or

proposed future projects.

A project represents a specific UMTA R&D activity having a tangible end
product which can readily be converted to products and services provided by
the transit industry and pyrchased or used by operators. This definition
requires some additional effort to yield a format that UMTA can use for budget
preparation purposes. For example, several projects may each require high
expenditures for extended testing. It is likely that UMTA may decide to
aggregate these testing expenses into a lump sum for the Transportation Test
Center. Similarly, the projects also plan expenditures for value engineering
and product introduction, and assume the continued involvement of UMTA and
APTA staff.

Similar R&D suggestions were grouped together to form a series of more
comprehensive projects for the candidate list. Several suggestions although
valuable, were not included as they were local capital improvements and not
research and development projects. The resultant candidate project list
offers a selection of R&D projects most of which could have a significant
impact on the rail transit system of the nation, within reasonable time and

money constraints.

4.2 Purposes of R&D

R&D projects should be justified from the operators' point of view for

one of the six following purposes.
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1. Capital Cost Reduction

Many of the operators are now at the stage of having to revitalize their
system by procuring or refurbishing rolling stock and wayside equipment. In
addition, at least one property is faced with the requirement of restoring the
roadbed. Further, there are extensions being made to several of the operating
properties. From the operator's point of view, these represent major
investments at a time when it is difficult to meet operating costs alone.
Thus, they have appealed to UMTA for assistance. R&D projects which can
significantly reduce capital costs will, therefore, have a major impact on
UMTA expenditures for capital improvements.

2. Operating Cost Reduction

Operatirg costs are important to transit properties, taking priority
over improvements in reliability, improvements in safety and security; etc.
It is the major concern of transit properties. R&D initiatives which could
reduce operating costs in the near-term are viewed as high priority projects.
However, projects aimed at reducing operating costs will not have as signifi-
cant a benefit as projects which reduce capital costs to UMTA to reduce

federal expenditures in support of the transit properties.

3. Reliability Enhancement

Reliability is a primary concern to the operators since failures usually
occur during rush hour when they can be least afforded. The basic design of a
transit system requires efficient use of trackage and a failure on one segment
of track essentially blocks the use of that track until the failure is
corrected, which may not occur until the rush hour is over. Thus, there are a
few key elements where failures cannot be tolerated but where they do occur

with current technology.

4, Increased Public Acceptance

In the established transit properties, there has been a gradual decline

in ridership. R&D which could make the rail transit system more attractive to




the general public would have the long-term benefit of increasing patronage

and, increasing the willingness of the general public to support their transit
system.

5. Safety and Security |

Although rail transit has historically been a relatively safe mode of

transportation, it, like other masgs transportation systems, cannot afford

failures which jeopardize lives. Thus, safety will continue to rank highly
among the purposes of R&D. As security is in the eyes of the beholders, it i=
important that the public perceive that they are secure in the use of the
transit system. In light of the increase in crime in major cities, especially
crimes of violence in public places, the properties are looking to R&D as one

means of improving the perceived and actual security in the use of the system.

6. Satisfying Federal Objectives

The above purposes would suffice for the operators as a list of reasons s
for conducting research and development. However, they are viewing R&D in the
narrow sense of satisfying the requirements of their individual agencies.

But, requirements levied upon them by federal objectives must likewise be
satisfied. The clearest current example of these federal objectives is that
of service to the handicapped and other transportation disadvantaged
individuals. They also see that reduction in noise pollution is on the
horizon as another major federal objective toward which they will have to
contribute. Near-term projects undertaken by the YMTA Office of Rail and
Construction Technology must be designed to support goals of the existing
systems as well as the goals of DOT. In certain cases, the DOT priorities may
conflict with existing priorities of the operators. However, project success

requires a cooperative effort between UMTA and the transit industry (operators

i :uppliers). Thus, care must be exercised early in the project definition
ind scope to assure a cooperative effort. Specifically, that set of projects
which satisfies mutual . oals will have the best chance of success. Recently,

1D1

JPL conducted an analysis of DOT Near-Term Transportation Research,

M

Development and Demonstration Activities, JPL Report 78-49, 15 In review,

the six DOT technology goals were found to be:




(a)

(b}

(e)

(d)

(e)

(r)

Modernize Regulation/Legislation. Update the economic regulation
of interstate transportation, eliminate unnecessary restrictions on
intermodal competition, improve processes for resolving
transportation issues, and investigate inequitable means for
recovery of costs from beneficiaries for federal expenditures on
transportation.

Increase Efficiency and Service. Primarily, improve existing

transportation systems.

Improve Safety -nd Securjty. Protect the Nation's transportation

system, the operating personnel, passengers, and freight from harm

or destruction from natural or accidental causes.

Lessen Unfavorable Environmental Effects. Reduce deleterious

effects of transportat on on the natural environment.

Minimize Adverse Impacts of Energy Constraints. Reduce the energy

requirements of transportation systems.

Increase Knowledge Base. Advance the overall level of knowledge

about the nation's transportation system, its capabilities, and its
problems.

As can be seen, the stated goals are quite broad. However, as applied

to the current needs of the operators, the following goals are notable:

(a)

(b)

Increase efficiency and service equipment, construction, operating
and maintenance costs must be reducad while maintaining the level
of service. Paramount are revitalization of wayside and rolling

stock and improvement in wheel life.

Improve safety and security in the older systems, the general
public (and even the staff of the transit operators) perceives that

its transit system is not secure from acts of violence. 1In

addition, there is the continual concern over fires and collision.
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(¢) Lessen unfavorable environmental impacts noise in the cities is of
growing social concern. Low cost technology optiona must be
developed to reduce noise from rail systems to acceptable levels.

(d) Minimize adverse impacts of energy constraints more efficient
propulsion and energy management systems are needed.

(e) Minimize cost of making systems accessible to the slderly and
handicapped.

4.3 Stages of R&D

It is evident after discussions with the engineering, operations and
maintenance departments of the transit properties that a major area in which
UMTA could assist the industry is in the transfer of existing technology to
the operators. At the other extreme of possible UMTA projects is applied
research. Thus, recogrizing that there is a spectrum of possible R&D

projects, we have categorized them into the following.

A. Applied Research

Applied research is necessary when there is sparse technical data. The
purpcse of applied research projects is to develop models and ohtain the
required technical data on the physics and nature oi the proviem. One good
example of an applied research project is that of investigating rail
corrugation. In this case, it appears that there is an inadequate data base
to determine why rail corrugation occurs and what the physical effects of
corrugations are; i.e., the exact physical distortion of the rail is not
adequately understood. Thus, applied research encompasses those projects

where even the basic data is missing.

B. Advanced Development

In this category, it is assumed that the basic technical and physical
information {s available but that the technology has not been completed to the

§f



point where it can be applied to rail transit. An example of this type of
project might be an advanced control strategy which would employ redundant
microprocessor elements. Here the control requirements are fairly well
understood and the capabilities and limitations of digital hardware elements
are well understood. But the two have never been brought together in a
complete control system, even though BART is using mini-computers at wayside
as backup to the primary control system. Another control example would be the
rcdundant control system used in the Morgantown PRT demonstration. This
control strategy deviates significantly from the historically accepted use of
vital relays. However, it has been referred to by some as "fail safe" even

recognizing that nothing can be purely classified as such.

C. Near-Term Development

In this category, it is assumed that the technology exists but that it
has not been engineered for the specific application in mind. For example,
one could include as a near-term development item specially designed elevators
for use by the physically handicapped in transit stations. Near-term
developments are restricted to those items which would have universal
application to transit operations and not something to meet the unique
requirement at one property. In other words, products are sought which can be

successfully marketed by the supplying industry to the users as a whole.

D. Technology Deployment

In this category of project, it is assumed that the engineering is
complete; that is, the prototype hardware or software has been developed and
tested in a controlled environment and has been demonstrated in some revenue
service operation. The final step still needs to take place. That is, the
supplier industry relationship with the users (operators) must be developed.

This last step is vitally important in order to achieve success for near-term
developments.

The above definitions are not very sharp a* their interfaces.
Recognizing that one is dealing with a continuum from basic research to

technology deployment, it would be imposcible to define very sharp boundaries
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between project types. However, it is necessary to categorize projects into
one of the four areas above in order to scope the necessary activities from
project start to finish.

One conclusion which was reached from reviewing the results presanted by
the operators is that, with four exceptions, all of the proposed projects fall
into the category of near-term development or ts<chnology deployment. The four
exceptions are wheel/rail interaction, stray current corrosion, tunnel inte-
grity, and management systems. In these four cases, the amount of information
available on the physical and sociological characteristics of the system is so
limited as to warrant applied research. Those will be discussed in detail

subsequently.
b,y Project Selection Criteria

Based upon our discussions with the operators, it appears that there are
at least four criteria which must be satisfied prior to UMTA undertaking a

development project. These are:

1s Initial Consensus on Need

Prior to undertaking a project, the project objective must be well
understood and the means of completion to the success condition must be

cler y visible to operators and to UMTA.

2. Adequate Pre-Revenue Service Test Program

Testing of developmental items must be thorough enough to assure that
operators can pla~e the equipment in revenue service, expecting that there
will be no major failures which could have a significant impact on their

day-to-day operations.
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3 Agreement by Operators and Manufacturers on the Definition of

Success
Success will only occur when the products developed are manufactured by
the established industry and procured and used by the operators on a

day-to-day basis.

4, Agreement by Operators to Employ Development Items in Demonstration

This is crucial and represents an early commitment by the operators to
the concept of the particular item being developed.

5. Gradual Risk Assumption by Manufacturers

It is extremely important that as the R&D program proceeds, UMTA
involvement can be gradually reduced with the responsibility being assumed by
the operators and manufacturing infrastructure which will supply the resuiting
items to the operators. Some caution is needed here as it might be possible
to develop an item within one manufacturing infrastructure with that
infrastructure not having the capacity or the capability to deliver that item

over the long-term to the rail transit operators.

The above criteria are of course only preliminary but should serve as a

basis for subsequent development of a complete set.

4.5 Project Areas

Research and development projects have been broken down into the

following categcries:
e Structures
This category of projects is aimed at improving the technology which is

used to construct transit systems. This includes tunneling and construction

at grade or in elevated areas. It also includes the construction of
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maintenance facilities and stations and the development of technology to

protect those structures from the elements.

2. Vehicles

This category _.ncludes all hardware elements on the vehicle except the

truck and primary propulsion unit.

c Wheel and Rail

This category includes all hardware aimed at providing and supporting a
guideway for the vehicle and the onboard equipment (that is, the trucks) which
are used to propel the vehicle along the guideway. A portion of the tradi-
tional vehicle hardware has been joined to the rail hardware sirce it is the

wheel/rail intertace which is the predominant concern in the maintenance of

rail systems.

y, Signaling, Communication and Control

These projects deal with hardware in the above categories of an
electrical or electronic nature except that which is on board the vehicle. In
addition, wayside equipment which would normally be supplied by the signaling

contractor is included.

5 Operations

This category includes all hardware and software used for system

management and monitoring.

b. Maintenance of Way

This category includes all hardware and software used to keep the

tracks, roadbed, and stations in a satisfactory operational condition.




T Power Distribution and Primary Propulsion

This category includes all hardware required to deliver propulsion power
from the utility to the traction motor. This includes substations, third
rail, power system control, traction motors and tractive effort control

systems. In essence, all high voltage elements are included here.

8. Systems

In this category are efforts to integrate the transit property into a
more efficient system, integrate transit properties and their supplier into a
more efficient infrastructure, and provide interfaces to other transportation

modes and urban systems.
4.6 Candidate Project List

The candidate projects are listed in two groups. The first group
consists of projects requiring initiation and is called tentative new
projects. The latter group are projects that are presently funded or planned
to be funded by UMTA. Within each group the projects are classified into

eight project areas.

A. Tentative New Projects

1l Structures Project Area

Project 1. Materials (Category B, C; Purpose 2,5)

Improved materials can significantly decrease initial costs and/or
maintenance costs of both primary and architectural items. Furthermore, it is
also possible to improve the safety aspects by use of such materials. In this
manner, the effects of vandalism can be markedly decreased and fire safety can
be enhanced. The life expectancy of recently purchased ties and lumber

decking is considerably less than it had been, resulting in increased

replacement costs and service interruptions. In subways, water damage is

another area that would greatly benefit from improved materials. Many
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surfaces on walls and ceilings have a poor appearance and are not vandal

resistant.

The project will develop and demonstrate economically feasible solutions
to these problems.

Project 2. Durable Station Equipment (Category B,C; Purpose 2,5)

There are three important types of benefits that can be realized by
improving the durability of station equipment: (1) the flow of users will not
be unnecessarily impeded (such as by break-down in the escalators); (2) the
cost of maintenance and replacement can be decreased to more than off-set the
possible increase in initial costs; and (3) the equipment that is normally put
into place before the station is built around it must have extended life-
times. Intense use of escalators causes frequent maintenance problems. Mat
or treadle controls for patron-operated escalators do not operate as reliably
as they couvld, and are not having the desired effect on reducing escalator
maintenance. Light fixtures in subway stations should be more resistant to
vibration and vandalism. The project will develop and demonstrate economi-

cally reasible solutions to these problems.

2, Vehicles Project Area

Project 1. Vehicle HVAC Maintenance
(Category B,D; Purpose 2, 3, 4, 6.2)

Heating, ventilation and air conditioning (HVAC) equipment failures and
service requirements impose shortened vehicle service intervals and interrupt
service. The objective of this project would be to remove HVAC as a critical
maintenance item and substantially reduce HVAC failures. This project would
first survey each operator and supplier to assess equipment used, determine
equipment configurations, identify failure modes and frequency and identify
impact on operation and maintenance. Subsequently, alternative concepts would
be developed, prototyped and validated in selected operaticnal environments.
Improvements to car heat insulating capabilities through semi-reflecting

windows will be considered. Requirements and desisn standards would be




developed around available technology. Effort would be concentrated on

modular design, fast repair, servicing soft-failures and energy efficiency.

Project 2. Multiplexed Trainlines
(Category B,D; Purpose 1, 2, 3, 5, 6.2, 6.3)

Cars as currently built include a large number of subsystems requiring
logical interconnection. Extensive use of wire harnessing is used with each
wire having a single signal associated with it. Many of the signals must bhe
transmitted between cars, requiring a large number of contact points on the
coupler which gives opportunity for intermittent false signals. Onboard
diagnostic instruments require additional presently unavailable signal

transmission capacity to function.

This project would develop a system architecture for signal transmission
between subsystems and between cars. Multiplexing would be used for non-vital
signals. Categories of signals would be defined (e.g., vital, high-priority,
etc.) and design rules developed. MUX interface units would be designed,
prototyped, and tested in operation. Use of LSI would be emphasized to reduce
parts count, improve reliability and reduce cost. This project could have a

significant impact on car cost in both procurement and maintenance.

Project 3. Low Maintenance Subsystems

(Category B,D; Purpose 2, 4, 6.2)

Vehicle maintenance is a major cost of system operation. At BART it is
15% of the annual budget, excluding attendant facility costs. At NYCTA, there
are nearly twice as many maintenance personnel as motormen. Maintenance costs
appear to be dictated by a few subsystems, with different subsystems at
different properties. Maintenance costs could be significantly reduced if
service intervals of selected subsystems could be lengthened. The subsystems
and specific problems that have already been identified include: auxiliary
batteries methods to contrnl state of charge of batteries, rapid
deterioration of car controller contacters due to electrical arcing, door
failures due to lack of redundancy on indication switches, lack of

commercially available electrical fuses that can withstand high surge
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currents, glass that will not break or scratch readily and produce a good
thermal insulation, and methods for field checking compressor oil stored at

inspection stations.

This project would conduct an in-depth survey of each property and
manufacturer to identify critical subsystems, develop and demonstrate

prototype subsystems and document findings.

Project 4. Vehicle Standards and Procurement Practices
(Category A,D; Purpose 1, 2, 3, 4, 6.2)

The industry is plagued by proliferation of vehicle types. This is

caused by the lack of sufficient quantity for mass production, development of

new specifications by each operator each time a new car buy is made and the

exceptionally long life of vehicles. Each buy requires suppliers to

essentially start over. Vehicle specifications reflect the experience of only

the particular buyer dictating design requirements - where form, fit and
function would be preferred - and lacking in the experience of other

operators. In addition, procurement practices require mockups, approvals of

the buyer, etc.; thus prohibiting meaningful R&D by the suppliers, lack of

product lines and high initial and life cycle costs to the operators.

This project would develop form, fit and functional standards and omit

mockups and buyer approval for subsystems, critical components and systems
Standards and procedures would be coordinated with

integration procedures.
Standards and procedures would

operators and suppliers to reach concurrence.
be coordinated with UMTA Capital Grants and would be used on a future vehicle

buy by a selected operator.

Project 5. Cab Signal Maintenance
(Category C,D; Purpose 2, 4, 5, 6.2, 6.3)

Malfunctions of cab signaling in revenue service are often not
replicable in the shop, increasing the difficulty of correcting the problem.

An on board device to record control signals coud lead to reduced maintenance

costs and improved reliability.




Many cars are equipped for both cab and wayside signals. The cab
signals must be maintained at great cost, even though they are not used since
the guideway is only equipped for wayside signals. In addition, as new
systems are deployed, initial operation may not be in a fully automated mode,
but the capability for such automation may be needed to increase system
capacity through reduced headway as ridership increases. A method for
modularly uncoupling cab signals would be developed.

Feasible solutions to these problems would be developed and demonstrated.

3. Wheel-Rail Project Area

Project 1. Wheel-Rail Interaction Research

(Category A, B, C; Purpose 4, 2)

The wheel rail interaction is a source of noise, vibration, and wear for
both the car and track structure. An improved understanding of this
interaction would be developed by a combination of empirical testing on

existing transit lines and special test facilities and basic research.

The testing would be directed toward developing design curves for
optimum wheel rail performance. The effect of the following on wheel rail
maintenance and noise would be determined: wheel hardness, torque impulses
during propulsion notching, welded rail, reduced adhesion from oil, water, and

dirt, lubricators, damping rings, and methods to increase adhesion.

Project 2. Truck Design Improvement

(Category B, C; Purpose 2, 4)

Truck design has probably undergone the least development of any ma jor
piece of railroad-type hardware used in rail transit systems. It has already
been shown that significant improvements in the operation of the trucks (less
noise, shimmy, derailment, wear) can be obtained by some fundamental changes

in the design.




Once a good understanding has been developed of the basic wheel-rail
interface, effort should be started on requirements for a truck, and then the
design proceeded with. The truck design includes things such as the
wheel-axle bearing combination, motor drive, brakes, and any materials that
would improve the overall operation of the truck including adhesion.

Project 3. Material Development
(Category B, C; Purpose 2, 4)

The reaction of the wheel to the rail, such as noise, can be altered by
a change in the wheel material or by the incorporation of multiple naterials.
Also, the same may be true for both wear and adhesion. Further, the friction
braking effectiveness and durability might be extended by the use of alternate
materials. Thermal capacity and resistance to normal stress might be
increased by use of alternate materials. Effort on this project should be

integrated with the wheel-rail interaction characteristic project.
Project 4. Track Design (Category C, B; Purpose 2, 1)

Once ride and safety requirements have been determined, it is necessary
to understand the corresponding conditions placed upon the track design. Then
it will be possible to determine just what the requirements should actually
be. As a Eonaoquence, the conditions that the track must meet while in use
will be established. Methods for predicting wheel induced forces and
vibrations on track and supporting structures will be developed. The areas of
concern to be covered include safety, ride quality, durability, noise, and

overall cost.

y, Signaling Communications and Control Project Area

Project 1. Train Control Systems Design and Standardization
(Category A, B, D; Purpose 2, 3, 5, 6.2, 6.3)

Existing transit control systems are primarily an outgrowth of
evolutionary designs for railroad applications. These systems in conjunction

with operation rules and procedures assure safe train operations for transit
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properties. Train control faili '‘es account for only a tiny fraction of
passenger deaths in tiansit facilities. Failures, however, even though they
may be safe, are a major factor in delays. In addition, systems are difficult

and expensive to maintain due to non-standard parts and aging technology.

This project would develop a design concept using available and proven
technology and a coordinated and compatible set of rules. It would define
control systems in a modular sense so that as new technology is made
available, it could be implemented. Differences in equipment between
different systems would be primarily in software. Minimum criteria for train
detection on tracks would be determined. Standards would be developed to
permit interchangeability at the component level. This would be a coordinated
project involving each operator and the supply industry. It would culminate

in modules being demonstrated at selected properties.

Project 2. LRV Vehicle Control and Protection
(Category C, D; Purpose 2, 4, 5, 6.2, 6.3)

LRV operations are principally under manual control. At-grade
operations are uncoordinated with automotive traffic. Retrofit control
elements can be easily developed to provide coordinated traffic control with

traffic signal lights and can provide more efficient movement of LRVs.

This project would examine means of retrofitting existing vehicle
protection backup to manual means now employed and to provide control system
integration with wayside systems. This project would be coordinated with
FHWA, Office of Research. This project would also examine a means of
detection of highway vehicles stalled or blocked in grade crossings to avoid
collisions with LRVs. As this is of concern also to railroad operations, this

project would be coordinated with FRA.

Project 3. Communications (Category C, D; Purpose 2, 4, 5, 6.2, 6.3)
Coordinated voice, video and digital communications are vital to

efficient operations of transit systems. Minor disturbances in vehicle

movements and other occurences require communications with individuals located
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throughout the system-on board, central, power substations, maintenance,
stations, public safety (fire and nolice), etc. Currently, each property has
some equipment but it is generally aging and does not always meet current
needs. There exists an immediate need to update train-to-wayside
communications, and improve methods of informing the public of service

interruptions.

This project would develop a set of system requirements through
coordination with each property. It would develop system concepts using
currently available technology to satisfy these requirements. Finally, system
prototype modules would be developed in coordination with supplies and
concepts demonstrated on selected properties. This project would be
coordinated with the Law Enforcement Assistance Administration to assure that
system designs are compatible and complementary to above-ground public safety

systems.

Project 4. Automated Wayside Car Inspection

(Category B, C, D; Purpose 2, 3)

On board car diagnostics offer the potential of increasing reliability
and reducing operating costs. Automated wayside car inspection can measure
only a few of the many variables that the on board system can; however, it can
be implemented without major retrofits of existing car fleets or waiting for
the introduction of new cars. Significant car variavles that can be measured
from wayside will be identified and automated techniques for performing and
analyzing the measurement will be developed. Several of the data items and
associated benefits that would be considered for such a system are: the car
number could be used to maintain car mileage records; the wheel diameter could
be measured and used to detect unequal wheel diameters on the same axle,
preventing wheel cracking and derailments due to increased bending stress; the
wheel temperature could help detect and prevent wheel spalling due to thermal

stress.

Prototype inspection systems would be developed and demorstrated on

several operating rapid transit lines.




5. Operations Project Area

Project 1. Passenger Interface Improvements Including Elderly and
Handicapped (Category D; Purpose 4, 6)

The goal of this project is to improve the passenger interface with the
system occuring mainly at the station areas. There is essentially no
standardization of signs, graphics and lighting for the industry. The project
objective is to design a system of information display for the passenger so
that he can proceed without any assistance. The standardization of such
devices would help in reducing procurement problems and would also lcwer the
costs of such devices.

Handling of elderly and handicapped riders also falls in thi- category.
The constraints of station designs and limited type and size of available
elevators poses some problems for the operators. A particular need for a
narrow elevator that could be readily adapted to existing stations and for low
(3.5 feet) level change devices has been identified. Older properties could
utilize equipment based on specifications developed by this project.

Project 2. Operations Management (Category B, D; Purpose 2, 3, 4)

The projects in this area attempt to help management of transit systems
efficiently use the resources available to them. The projects include studies
involving scheduling of train crews, development of a measure of transit
system productivity and development of efficient management information

systems.

Train crew dispatching will allow for efficient allocation of manpower.
A measure of rail transit productivity measure is lacking in the industry and
needs to be developed. Finally, the management information system will
produce information so that management will have better visibility of
maintenance cost and identification of components that need to be razdesigned

for lower life cycle cos's.
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Project 3. Fare Collection Devices (Category B, D; Purpose 2, 4, 6)

Reliabiiity of fare collection equipment is a major problem in most of
the transit systems. A recent study by the Toronto Transit Commission led
them to conclude that the cost of available automated fare collection
equipment was as high as that of manual systems. While fully operational
ejuipment can avoil queue formation at entrance, the manfunctioning equipment
can affect the perception of reliability of the whole system. It appears that
the cause of the failure is the breakdown of the fare card transport mechanism

and the money handling equipment such as coin acreptors and bill validators.

This project would develop and design a system using existing
technology. The need for transport mechanisms needs to be addressed. Cubic
Co. is supplying the equipment to BART and WMATA. Vapor Corp. has recently
developed a new system that avoids a transport mechanism. This project would
require the demonstration of the reliability of equipment in a closely
monitored and controlled environment. Methods of modifying existing single
price token systems to accommodate special fares and improved money haadling

equipment will be developed.

Project 4. Improved Operating Procedures

(Category D; Purpose 3, 4, 6)

In developing a better image of their transit systems, operators are
concerned about the ridership perception of the service reliability, such as
on-time performance of trains. ’1hrough additional improvements using new
technology, an effort can be made to come as close as possible to on-time
performance. The operating properties indicate4 a need for such trade-off

studies so they can cperate at a cost-effective level of performance.

This project will try to evaluate the consequences of on-time
performance, reduced boarding times and effective means of handling passengers

during system failures such as stalled trains.




Project 5. OQOperations Efficiency Improvements
(Category d: Purpose 2, 5, 6)

There are many instances in operations where technology can be
substituted for manpower, such as using one operator in the train or the use
of television surveillance instead of an attendant at the stations. The
transit properties are undecided whether the switch to technology can result
in lower costs in these instances. This prciect will analyze situations in
rail rapid transit operations to determine the benefits and costs of

alternatives to the use of manpower.

Project 6. Fire aand Safety (Category C, D; Purpose 5)

It is imperative to minimize damages from fires and accidents. Several
problems or needs that have been identified are: safety training manuals,
study of passenger behavior in stalled trains, smokeless replacement for PVC
insulation, fire resistant car interior linings, smoke and fire control
measures, techniques to reduce passenger falls on staircases, and quicker
methods for passengers to summon emergency aid. Solutions to these problems

would be developed and demonstrated.

6. Maintenance of Way Project Area

Project 1. Track Maintenance (Category B, D; Purpose 2, 6)

The projects in this category relate to improved maintenance procedures
in keeping the track operational. Many of the operating properties are
concerned abcut the integrity of tunnel walls and are interested in
non-destructive testing of the tunnel walls to determine the level of

maintenace to be performed.

Maintaining the track in operational condition requires that standards
and instrumentation be developed for analyzing the condition of track

geometry, track alignment, rail flaw, rail wear, and joints.
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Some properties indicated that tamper blades and rail lubricators were
major maintenance items. The need for a ballast undercutter that would

function in a confined rapid transit environment was identified.

Project 2. Cold Weather Equipment & Techniques
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