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PREFACE

In order to examine specific Automated Guideway Transit (AGT) developments and
concepts—and to build a better knowledge base for future decision-making—the Urban
Mass Transportation Administration (UMTA) has undertaken a new program of studies and
technology investigations called the UMTA Automated Guideway Transit Technology
(AGTT) program. The objectives of one segment of the AGTT program, the Systems
Operation Studies (SOS), is to develop models for th.e analysis of system operations, to
evaluate performance and cost, and *o establish guidelines for the design and operation
of AGT systems. A team headed by GM Transportation Systems Division (GM TSD) has
been awarded a contract by the Transportation Systems Center to pursue these objectives.

This final report was prepared by GM TSD to document the results of the System
Definition Task. The report describes the development of a classification structure,
definition and description of each class, classifi~ation of 44 existing ond proposed
systems, definition of representative systems, and identification of the ranges of system
variables represented by the surveyed systems. A summary of the system information
compiled and used to complete this task is presented in Appendix A.

The work reported here was completed under the direction of the SOS Program Manager
at GM TSD, Jomes F. Thompson. The resscrch for this report was performed by
FemiaS. A. Alberts, Gary C. Sullo developed the Feeder System representation ond
characteristics for this document, Ronald A. Lee was responsibie for the coordination
and completion of this report.
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1.0 INTRODUCTION

A wide range of Automated Guideway Transit Technology (AGTT) has been pro-
posed to serve a variety of applications ranging from low-speed people movers designed
to operate on simple shuttles in activity centers, such as airport terminals; to high-speed
line-haul mass transit systems designed to serve entire metropolitan areas.

1.1 OBJECTIVE

One of the initial tasks of the Systems Operation Studies (SOS) program is to
develop a system classification structure based on the characteristics of AGT systems, A
further objective of this initial System Definition Task is to identify the various configu-
rations and combinations of subsystems and operational strategies defined by the variety
of AGT systems which have been deployed or seriously proposed. A final objective of
this task is to define the range of subsystem configurations and operational altematives
for each representative system whict. is to be analyzed in the Trade-Off and Comparative

Analyses.

1.2 SCOPE

The report presents a system classification structure which has been developed
based on consideration of t+ » overall characteristics of existing and proposed AGT sys-
tems. The final structure, depicted in Table 2-1, includes five major classes and eight
subclasses defined on the basis of service type, mirimum traveling unit capacity, and
maximum cruise speed. Each system class also implies a characteristic range of minimum

ay.

Detailed descriptions of existing or proposed AGT systems representing each class
are presented in tabular format to provide a systems data base to test the classifica:ion
structure and to provide a basis for defining representative systems for detailed analysis
in the SOS program. In oddition, characteristics of bus transit systems which will be
used to model feeder system altematives are presented.

Finally, systems which represent each of the classes are defined in terms of ranges
of design parameters and operating strategies.



2.0 SYSTEM CLASSIFICATION

The purpose of the system classification task is to define a structure within which
systems can be identified for analysis. The goal of this task is to develop a classification
structure which allows all existing and proposed AGT systems to be easily and unambiguously
classified into a minimum set of distinct classes which emphasize major differences in the
level of service provided and the general applicability of systems to various urban environ-
ments.

In this section a set of potential classification parameters are identified and
evaluated for a number of AGT systems. A classification structure is then postulated and
tested by classifying systems for which data have been tabulated. Finally, the classifica-
tion structure is related to the structure defined by the United States Congress, Office of
Technology Assessment (OTA).

2.1 CLASSIFICATION PARAMETERS

The system parameters which have been selected to define the classes were chosen
from among five alternative system characteristics—~service type, vehicle capacity,
minimum train consist, vehicle velocity, and minimum headway. Service type distinguishes
between point-to~point, nonstop service which is characteristic of PRT systems and
intermediate-stop or multiple-stop service. In multiple~stop service passengers with
destinations along a given route are grouped on one vehicle which makes intermediate
stops along the route. This distinction represents a significont voriation in service level;
and, consequently, it has been selected as a classification parameter, It is recognized
that systems which are designed to provide group transit service in peak periods may be
configured to provide personal service during off-peak periods. However, this service
porameter differentiates between systems which ore primarily designed to provide point-to-
point, nonstop service and those which are primarily designed to provide multiple-stop
service,

Vehicle capacity provides an indication of the applicability of a system to cope
with various demand situations and is also a measure of the degree of privacy afforded to
individual passengers by a system. It also has some impact on the relative number of
intermediate stops thot passengers may expect before they reach their final destination.
Since in most systems vehicle space is provided for both seated passengers and standees,
the total passenger-carrying capacity of vehicles is of interest as a classification parameter.
Two values of vehicle copacity are often reported. Nominal capacity (design lood) is
vsually specified with respect to a minimum space allocation to seated and standing
passengers. Crush load is a maximum vehicle capacity which is generally related to o
structural or operational weight limit although it is sometimes defined in terms of maximum
comfort criterion. Since vehicle capacity can be considered a measure of level of service
as well as system capacity, nominal vehicle copacity is the more appropriate value for
use in system classification.



Many systems permit vehicles to be operated in trains. In some cases, vehicles
must be operated in trains of some m'nimum length. In those systems, the minimum number
of cars per train (minimum train consist) affects the typical service capabilities and system
capacity in much the some way that vehicle capacity do2s, For example, vehicles in the
WEDway system as deployed at Disneyworld each cccommodate six passengers. However,
since they are operated in 5-car trains, the copacity of the minimum traveling unit s
30 passengers. To accurately reflect the service capabilities of systems, vehicle capacity
and minimum train consist have been combined to form one classification parameter—minimum
traveling unit capacity. This parameter is defined as the nominal capacity of the minimum
train consist which for most systems is a single vehicle,

The characteristics of 44 existing and proposed AGT systems were surveyed to define
the range and distribution of minimum traveling unit capacities. The minimum traveling
unit capacity of the eight systems surveyed which are designed to provide non-stop service
ranges from three to six passengers.

For systems which typically provide multiple-stop service, the capacities range from
10 to 416 passengers. The distribution of minimum traveling unit capacities is illustrated
in Figure 2-1 which is the histogram of capacities based on a survey of 34 AGT system
congepts. Based primarily on the histogram, four ranges of minimum traveling unit capacity
were identified for the multiple-stop systems. Thus, five ranges of minimum traveling unit
capacity have been identified for use in the system classification process as follows:

Very small - 3 to 6 passengers
Small - 10 to 24 passenger:
intermediate - 25 to 69 passengers
Lorge - 70 to 109 passengers
Very large - 110 and greater

Vehicle velocity influences service level through its direct effect on travel time,
especially for longer trips, Maximum speed capability also implies a range of applications
for which a system may be suited. Maximum operating speed rather than cruise speed is
used as a classification parameter because the former describes o system capability while
the latter may refer to a network constraint or deployment option. The range of maximum
operating speeds represented by the 44 AGT systems which were surveyed is from 13 km/h
to 129 km/h. The distribution of these velocities is illustrated by the histograms presented
in Figure 2-2, The histogram in the upper part of the figure shows the distribution of
speeds for eight nonstop-type systems (personal transit). The histogram in the lower port
of the figure summarizes the speed characteristics of 36 multiple-stop (group transit) systems.
The distributions for the two categories of systems are not markedly different. Asa result,
two speed ranges, low speed and high speed, have been identified with the break point

The final potential classification parometer which was considered, minimum headway,
is directly related to theoretical system copacit+ and is an indication of the level of control
system complexity which a system requires. Minimum headway has been defined in two ways
—theoretical minimum headway and practical minimum headway. Theorstical minimum headway
is the shortest headway at which two vehicles con operate on a link, assuming there are
no merges. 3
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Practical minimum headway represents the minimum headway at which vehicles can
operate under normal conditions on a network. Practical minimum headway appears to
be o better measure of system service and applicability than the theoretical minimum
headway. Therefore, whenever both values were given in the literature, the former was
recorded. To evaluate the usefulness of minimum practical headway as a separate
clastification parameter, the correlation between minimum headway and minimum
traveling unit capacity was investigated for the 44 systems that were surveyed .

Figure 2-3, minimum traveling unit capacity versus minimum (practical) headway,
shows that each range of unit capacity has a characteristic, though not exclusive,
range of headway. The ranges of headways overlap; but in general, they tend to increase
as the traveling unit capacity increases. Systems having smaller vehicles tend to require
more complex control systems; and as vehicle size increases, the requirement of sophisti-
cated control technology to support short headways is relaxed. The correlation between
these parameters is sufficient to suggest that they should not be used together to
define classes. Therefore, headway is not used as an independent classification parometer,
but its characteristic value will help to describe the various classes which are defined.

In summary, three parometers have been selected for use in defining a classification
structure for AGT: service type, minimum traveling unit capacity, and maximum operating
velocity. The next section of the report describes the rationale leading to the final
classification structure.

2,2 CLASSIFICATION STRUCTURE

The hierorchical classification structure depicted in Figure 2-4 was developed
through an ordered consideration of the three classification parameters. The highest
level classification is on the basis of the type of service provided: non-stop or multiple-
stop service. In effect, the use of service type as the fundamental classification parameter
distinguishes between personal and group transit systems. The second level in the
hierarchy is a classification by minimum traveling unit capacity. The final subdivision is
on the basis of maximum operating velocity.

A survey of the characteristics of existing and proposed AGT systems indicates that
not all possible combinations of the classification parameters result in realistic classes.
Only one system was identified which falls into the high speed, large vehicle, group
transit class. That system, Paratran 1, is a system which is currently under development
in Japon. It operates withtwo-car trains having a total copacity of 80 passengers
(near the lower limit of large vehicle systems) and has a maximum speed capability of
60 km/h (just marginally greater than the 55 km/h limit for high-speed systemg. Since
the class is not well represented by AGT systems, it will be deleted as o class. Systems
having very lorge traveling unit capacities, such as BART and WMATA, are oll copable
of speeds in excess of 55 km/h, and have in the past been grouped under the name
Automated Rail Transit (ART).
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The final classification structure is illustrated in Figure 2-5. Automated Guideway
Transit is divided into two main categories--personal transit and group transit --on the
basis of the type of service provided (nonstop or multiple-stop). Three major categories
are identified on the basis of traveling unit capacity: Personal Rapid Transit (PRT),
Group Ropid Transit (GRT), and Automated Reil Transit (ART). GRT is further
partitioned into three distinct ranges of traveling unit capacity--Small Vehicle GRT
(SGRT), Intermediate Vehicle GRT (IGRT), and Large Vehicle GRT (LGRT). The
resulting five classes are further divided as appropriate into eight subclasses on the basis
of maximum operoting velocity. Formol definitions of the subclasses are presented
in Table 2-1,

To help clarify the relationship between the classification structure presented in
this report and the terminology commonly used to denote AGT systems, commonly used
acronyms are associated with the appropriate subclasses in Figure 2-6. Many of the terms
in general use today are so broad that the systems they denote can be considered to be
members of several subclasses. The figure shows that systems commonly referred to as
Shuttle-Loop Transit (SLT) can be classified as low-speed GRT systems while Duol Mode
Transit (DMT) systems are members of the high-speed Small Vehicle GRT (SGRT) subclass.

A primary objective of the classification structure is to permit the logical
classification of any AGT system using system information which is likely to be readily
available. To test the applicability of the final structure, the characteristics of 44
existing and proposed AGT Systems, as reported in the literature, were compiled and used
to classify each system. Table 2-2 displays the results of this data compilation and system
classification process. In every case where sufficient information was available, it
was possible to place each system into a single AGT system subclass.

2,3 COMPARISON WITH OTA CLASSES

In 1975, the United States Congress, Office of Technology Assessment (OTA)
published an assessment of AGT systems. | The report includes one of the first documented
attempts at classifying AGT systems. The OTA classification structure, which is briefly
defined in Table 2-3 has become, in some respects, a standard for the industry.
Therefore, it is important to note that, except for the omission of Shuttle=Loop Transit
(SLT) as a system class, the classification structure described in this report essenticlly

parcllels the OTA classification and provides o more rigorous definition of the OTA classes.

One of the guidelines followed in generating the classification structure was to
separate network and deployment constraints from inherent system choracteristics.
According to the OTA definition, SLT systems require the simplest technology and
utilize few if any operational switches. Although some systems employ relatively slow
guideway active switching techniques, nearly all systems that have been examined
to date are capable of some degree of operational switching; and most of them could be
deployed on a limited grid network with relatively minor modifications. Obviously,
systems designed for operation on grid networks could be deployed on shuttle or loop
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TABLE 2-3. OTA CLASSIFICATION STRUCTURE

SLT - SHUTTLE LOOP TRANSIT

Simplest Technology

Vehicle Size Varies

Little or No Switching

Long Headways - 60 s or More
Speeds from 13 to 48 km/h

GRT - GROUP RAPID TRANSIT

Usually 10 to 50 Riders

Switching to Shorten En-Route Delays
Intermediate Headways - 3 to 60 s
Can Operate in Trains

PRT - PERSONAL RAPID TRANSIT

® One to Six Riders
® No En-Route Delays or Transfers
e Short Heodway - Less than 3 s

SOURCE: U. S. Congress, Office of Technology Assessment,
Automated Guideway Transit, An Assessment of
PRT and Other New Systems, June 1975
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networks which d- not require sophisticated control technology. Therefore, the amount of
switching require. of a system is more dependent on network configuration than on
inherent system ¢ znability.

Since any of the systems represented by the classes defined in Table 2-1 could be
deployed in a shuttle-loop network, a separate class for SLT systems is not provided in tne
structure. However, the Application Area Definition report2 defines eleven SLT
deployment scenarios which will be analyzed in detail in the Systems Operation Studies
Program. These scenarios include various shuttle and loop deployments of GRT systems in
CBD, university, and airport demand environments.



3.0 CHARACTERISTICS OF AGT SYSTEMS

In this section, relevant characteristics for a number of AGT cystems in each of the
eight subclasses are identified. In oddition, the particular choructeristics of feeder systems
which are necessary to model this aspect of tran<'t system uperations are identified and
evaluated for several fixed-route/fixed-schedule and dial-a-ride systems.

3.1 AUTOMATED SYSTEMS

An extensive literature search ond direct contact with various agencies and orgo-
nizations has resulted in the acquisition of a substantial set of data on AGT systems. Evalu-
ation of this data set coupled with the future needs of the analyse: to be performed within
the SOS program, has led to the generation of a list of system characteristics which
describe AGT systems (see Table 3-1). Appendix A contains the raw data collected during
the literature search and personal contacts. Several trips were made to interview trans-
portation systems planners, operators, and manufacturers; and a summory of the inform':ii&on
obtained by these contacts is recorded in the Data Cotlection Trip Reports document.

The set of characteristics for which data have Leen recorded includes items for which
no direct analytical use is expected, but they are included in the interest of completeness.
However, many items considered to be necessary for the planned cnalyses were not avail~-
able from the literature or from our Contacts. Finally, since many of the systems are defined
only in the context of a specific deployment, some of the data compiled is more closxly
associated with specific application needs than with general system capabilities. There-
fore, in several areas, particularly cost ond reliability, the collected information must be
analyzed and supplemented with data from other sources to yield the input data required
to perform system analyses.

3.2 THE FEEDER SYSTEM

3.2.1 Feeder System Representation

Feeder service is represented as a support system to the primary automated guideway
transit network. It provides the means for direct comparison of altemate outomated transit
system concepts deployed against the same demand models.
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TABLE 3--1. (SHEET 1 of 3) SYSTEM CHARACTERISTICS FOR
AGT SYSTEMS DATA COLLECTION

Exterior Noise

Energy Consumption (Acceleration,
Decel., Cruise)

Emissiors

System Name
Developer
Deployment Status

Typical Network Configuration
Vehicle Characteristics

No. of Seats Per Vehicle
Design Load Per Vehicle
Crush Load Per Vehicle
Vehicle Length

Vehicle Width

Vehicle Height

Interior Area Per Seated Passenger
Interior Area Per Standing Passenger
Empty Vehicle Weight
Load/Unload Rate Per Door
Door Width

Number of Doors Per Vehicle
Guideway Interface

Lateral Control Interface
Switching Mechanism

Switch Actuation Time
Minimum Turning Rodius
Coupler

Minimum Traveling Unit
Maximum Train Consist

“A" and "B" Vehicles
Platooning Capability
Propulsion Type

Power Rating Per Unit
Number of Propulsion Units
Accelerotion

Cruise Speed

Maximum Speed

Service Brake Type

Service Deceleration
Emergency Broke Type
Emergency Deceleration
Emergency Brake Reaction Time
Maximum Grade Capability

Reverse Copability (Bi-Directionality)

Precision Stopping Tolerance

Maximum Grade
Guideway Type

Guideway Dimensions
Outside Width
Height
Running Surface Width
Elevated Span Length

Construction Material
Weather Protection (Snow/Ice)

Power Distribution
AC or DC
Voltage
Number of Substations Per Lane
Kilometer

Lateral Control Equipment
Switching Equipment

Station Configuration

Number of Paralle! Platforms

Number of Berthing Lanes

Length of Platform

Berth Configuration

Number of Berths Per Platform

Capacity of Vehicle Queves

Empty Vehicle Storage Capacity

Average Vehicle Dwell Time

Vehicle Throughput (Vehicles
Per Hous)

Turnaround Capability




TABLE 3-1. (SHEET 2 of 3) SYSTEM CHARACTERISTICS FOR
AGT SYSTEMS DATA COLLECTION

Station Configuration (continued)
Off-Line Acceleration/Deceleration
Lane Length
Operational Control Strategy
Dispatch Policy

Headway Protection
Fixed Block
Block Lengths
No. of Blocks Between
Vehicles
Moving Block
Communication Sample Rate

Merge Strategy
Minimum Headway
Merge Throughput
Service Policy
Service Goals
Routing Strategy
Empty Vehicle Management
Station Management
Separate vs Common Board/Deboard
Ripple vs Platoon Movement
Fleet Management
Total Fleet
Peak Operating Fleet
Base Operating Fleet

Failure Management
Push/Pull Capability

Mean Time Between Failures

System

Vehicle
Guideway
Station

Central Control

Mean Time to Restore Service

System

Vehicle
Guideway
Station

Central Control

System Availability Number
Availability Definition
System Re .ponses to Foilures

System Capital Cost

Vehicle Cost

Expected Life

System Fleet Size
Guideway Cost

Expected Life

System Lane Kilometers
Power Distribution Cost

Expected Life
Station Cost

Expected Life

Number of Stations
Maintenance and Storage Facilities

Expected Life

Number of Faciiities
Communication and Controls

Expected Life

System Operating Cost

Emergency Equip. & Crew Location Operating Hours/Day
Redundont Prop. or G'way Power Vehicle Kilometers/Day
Redundant Local Control Vehicle Hours/Day
Redundant Vehicle Electronics

Energy Cost

2)




TABLE 3-1. (SHEET 3 of 3) SYSTEM CHARACTERISTICS FOR
AGT SYSTEMS DATA COLLECTION

Maintenance Cost
Vehicles
Stations
Facilities

Personnel Costs

Maintenance
Vehicle
Station
Facilities

Operations
Central Control
Stations
General

General and Administrative Costs

In the analysis of representative system deployments, the feeder system model is
used as a tool in mapping zone-to—zone demand onto the automated guideway network at
the stations. As explained in the report, Representative Application Areas for AGT,2 the
demand for both the activity center application areas is given in a station-to-station
format, so application of the feeder system model is not required. The central business
district deployments to be analyzed are considered to serve internal circulation trips where
access to the AGT stations is assumed to be entirely via the walk mode. Thus, the defini-
tion and analysis of feeder system alternatives applies only to the metropolitan area deploy-
ments described in Reference 2. Table 3-2 summarizes the types of feeder service modeled
in each of the representive opplication areas.

While the primary subsystems of automated transit operations are analyzed by iden-
tifying individual element dynamics or discrete events, the feeder system is modeled at o
higher level, considering overcl! flow rates and regional characteristics. The feeder ser-
vice parameters to be evaluated are those which are indicative of the ease of access and
the level of performance offered to the remote passenger.

Two feeder system service types can be analyzed: fixed-route ond demand=respon-
sive. Fixed-route feeder service operates on predetermined routes and heodways, ond users
of the feeder service ure assumed to walk between the route and their ultimote origins and
destinations. Demand-responsive service provides door-to-door ssrvice on routes generated
from demand. Two types of demand-responsive service are availoble--dial-a-ride service
or subscription service. Dial-a-ride service vehicles are dispatched or rerouted when a
request or group of requests in an area is received. Consequently, users are subjected to o
wait time which is defined as the time between their phoned trip request and the vehicle's

arrival. In subscription service, demand is stratified into tour regions where the average
wait time is thus holf the time it takes the vehicln to make the "tour.”
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TABLE 3-2. FEEDER MODEL APPLICATIONS

Application Area

Feeder Service Models

Activit( Centers -
circulation -and line haul
University

None

CBD - low demand
CBD - high demand

Walk

Metro - high demand in
Metro - high demand out
Metro - high demand both

Combined service of:
walk mode
auto usage

fixed route bus
demand respcnsive bus

In dual mode systems the feader function is integrated with the outomated guideway
line-haul function so that the need for passenger transfers between transit modes is mini-
mized. To accomplish this in an efficient manner, it is necessary to aggregate passengers
having similar destinations within each feeder bus service region. This may result in rela-
tively less officient off-guideway operation in dual-mode systems.

The separation of the on- and off-guid-sway operations of a dual mode system into
independent models presents several modeling complexities since the transition of vehicles
as well as passengers from one model to the other must be represented. These complexities
have not yet been fully evaluated, but they do not appear to introduce insurmountable
modeling difficulties.

3.2.2 Feeder System Characteristics

Characteristics icentified as being necessary to represent a feeder system in terms
of performance and accessibility are presented in Table 3-3. A distinction is made between
parameters which are used in defining the feeder system to be represented, and measures
which are the resultant operational characteristics that will be used for various analyses.

The cheracteristics identified as being either fixed route or demand responsive
parameters, constitute the necessary information to be input into the feeder system model
(for more detail, consult the functional specifications report 3). They serve as a first order
indication of the ease of access offered by o feeder system, and thus its convenience,which
has been identified as a significont factor in transit usoge.4 Data pertaining to current bus
transit operations and urban planning studies, as found in Table: 3-4 and 3-5, was used
to determine the typical value ranges for the parameters reported in Table 3-3. These
ranges are the bounds within which the feeder systems for each representative metropo}itan
area will be configured,
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Feeder system time perfo'mance, used as a measure of effectiveness of the off-
guideway portion of the interzona! traveld, is represented in the model (as output) by deriving
the statistics identified as performanc.e measures in Table 3-3. Consistent with the level of
resolution of the feeder system modeling, these statistics are presented as the average values
for all applicable passenger demand over the specified time interval. Implicit in using these
time measures as indicators of performance, is the assumption that individual bus capacities
will not be exceeded. Siandard 53-passenger coaches are considered adequate for fixed
routes, while vehicles as small as 17-passenger buses are acceptable for demand responsive
service in order to be consistent with the performance model used. 6

To determine the cost of the required feeder service, characteristics indicative of
the physical extent of the entire feeder system are needed. The utilization measures
listed in Table 3-3 are those associated with the primary items of which bus transit costs
are a function (time, distance, number of vehicles).7 Drawing on, but not limited to,
the cost and utilization data gathered in Tables 3-4 through 3-7, bus transit costs will be
estimated by modeling the effects of mileage, hours, and fleet size in each of the categories
listed in Table 3-§.

TABLE 3-3. FEEDER SYSTEM PARAMETERS AND MEASURES

Fixed Route Parometers Value Ranges
Heodway - peak 5-20 min,
Headwe / = base 7-60 min.
Route Spacing 1-3 miles
Velocity 5-15 mph

O+ mand Responsive Parameters Value Ranges
Response Time 15-30 min.
Area of Service 1-11sq, mi.
Velocity 9-21 mph

Performance Measures
On-Vehicle Feeder Access Time
Off-Vehicle Feeder Access Time
On-Vehicle Feeder Egress Time
Off-Vehicle Feeder Egress Time

Utilization Measures
Fleet Size (including spares)
Annual Vehicle Mileage Traveled
Annual Vehicle Hours Elapsed
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TABLE 3-6. BUS TRANSIT CAPITAL COSTS

VEHICLE SIZE UNIT COST3

8 seats $ 6,000

11 seats? 12,000
17-25 seats 18,000

19 seats4 23,000
31 seats 29,000
33 seats 30,000 ‘
35 seats? 43,000
4] seats 36,000
45 seats 39,000
51 seats 40,000
53 seats 42,000
53 seats4 67,000
Additional Cost, Demand-Responsive Radio® 1,000
Garage & Maintenance Facilities Ref. 5 | 7,850/veh |

Ref. 2 13,700/veh

Demand-Responsive Dispatch Equipment £400,000
(40-vehicle system)

TABLE 3-7. BUS TRANSIT OPERATIONAL COST ESTIMATIONS

First-Order Formulae Developed by: $AVM $/VH A4

Cost Rates

Detroit - SEMTA Study! $0.236 (VM) + 9.59 (VH) + 57,291 (V)
Typical - Bhatt Paper $0.39 (VM) + 5.30 (VH)

W
Additional Cost, Demand-Responsive
Dispofch7

$100,000 - 200,000 annually

SOURCES:

1.
2'

3
40

SEMTA Mass Transit Study; URS/Coverdale & Colpitts, Inc., 1975 :

A Comparative Analysis of Urban Transportation Costs; TRB Working Paper No.
5002-5, The Urban Institute; Kiran Bhatt; Jonuary 1975

Characteristics of Urban Transportation; De Leuw Cather & Co., 1974

Urban Densities for Public Transportation; Tri-State Regional Planning Commission
(New York, New Jersey, Connecticut); 1976

Elderly & Handicapped Service Plon; Triner, Turski, Wild, GM TSD, 1976

Plan for Public Transportation; Ann Arbor Transportation Authority, 1974

R&D in Demand-Responsive Tronsportation; TRB Special Report 154; Murphy &
Siersema; 1975
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TABLE 3-8. BUS TRANSIT COST CATEG ORIES

CAPITAL COSTS
VEHICLE PURCHASE
MAINTENANCE & STORAGE FACILITIES
DEMAND-RESPONSIVE CONTROL FACILITIES

OPERATIONAL COSTS
DRIVER LABOR
FUEL COST
ROUTINE SERVICING (Oil, Tires, Cleaning, Etc.)
HEAVY MAINTENANCE (Ports & Labor)
" DISPATCHING FUNCTIONS (Demand-Responsive Only)
ADMINISTRATIVE (Clerical, Insurance, Licensing, Etc.)
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4,0 REPRESENTATIVE AGT SYSTEMS

The eight subclasses defined in Section 2.0 and the raw data described in Appendix
A provide a besis upon which to define representative systems. Each subclass, as defined in
Table 2-1, represents a range of systems that have similar operating characteristics and
provide common levels of service. Therefore, the subclasses will be employed to provide
a starting point for defining representative systems. However, it is necessary to identify
more than eight representative systems in order to adequately represent high speed SGRT,
which includes dua! mode transit systems. Three representative systems are defined for
this subclass: two for dual mode systems, one with pallets and the other without, and a

conventional AGT system. Consequently, a total of ten representative systems are defined
in this section,

The system characteristics for which data are summarized in the tables of Appendix
A have been reduced to a set of characteristics which is sufficient to initially define the
representative systems for the purpose of conducting the various analyses in the SOS program.,
The characteristics which are used to define representative systems include the following:

vehicle characteristics
guideway characteristics
system management strategies
station characteristics
reliability characteristics
cost characteristics

Table 4-1 lists the nominal values for the various characteristics used as representative
descriptors. The nominal values of all parameters presented in Table 4-1 were deter-
mined from the information contained in Appendix A. Whenever possible, deployed
system characteristics were used as nominal values since they represent the current
state-of-the-art. An attempt was made to maintain an internal consistency between
the characteristics. For example, vehicle copacity corresponds with vehicle dimen-
sions, guideway dimensions correspond with vehicle dimensions, and propulsion power
is consistent with the nominal performance of the vehicle.

in coses where the available data is incomplete, particulorly the cost and re-
liability oreos, it will be necessary to develop representative values and ranges through
appropriate methods of estimation as delineated in the Analysis Requirements? . Characteristics
which seem to be largely application dependent include station configurations, system
management sirategies, and failure management strategies. While representative cases
of these are identified for systems, in general, the final set for each system application
type will be developed during the design trade-off process described in the Analysis Plon.11



Since reliability data are not well documented in the literature, no nominal values
are given in Table 4-1. Rather, an analysis process is specified in the Analysis Plan for
determining a nominal mean time between failures (MTBF) for each item listed in the section
of the table pertaining to MTBF's. In addition, a set of failure management strategies will
be determined by analysis for the various deployments of each representative system. The
set will include a strategy for dealing with the failure of each system component for which
a failure rate (MTBF) is determined.

Alternative failure management strategies for managing vehicle failures which result
in a vehicle stoppage on the guideway at various locations in a netwark anc at various times
during the day will be considered in a trade-off analysis as described in the Anolysis Plan .
The alternative failure management strategies which will be considered in that analysis are:

® Reroute vehicles around the blocked link.

® Reverse the leading vehicle,and tow the disabled vehicle to the nearest
station for passenger disembarkation, and subsequently push it to the
rearest maintenance spur.

® Advance the trailing vehicle to push the disabled vehicle to the next station
for passenger disembarkation, and subsequently push the failed vehicle
to the nearest maintenance spur.,

e Dispatch atow truck upstream of the disabled vehicle, and proceed as is
the case for rescue by the leading vehicle. The location of the tow vehicles
and maintenonce spurs will be varied.

Elements of capital and operating costs which define representative systems are
indicated in Table 4-1. The unit cost values will be determined in a dntailed cost analysis
phase to be conducted for each representative application.,

One class, high speed SGRT, is best represented by the AGRT system development
which is being supported by UMTA. However, due to the competitive nature of the
program, little or no information on the characteristics of the systems is available to the
general public. Therefore, the nominal characteristics selected to define this representative
system correspond closely to the guideway characteristics of the GM DMTS concept. It
is assumed that the characteristics of AGRT are not significantly different from the GM
DMTS specifications, and information on this system is readily available. When
information on the AGRT system conceots becomes available in the future, ond if the
characteristics are significantly different from those specified, then the nominal definition
of this represent:-*ive sysiem will be modified.

The DMT Pallets representative system is based on the Otis/TTD Dual Mode

concept since this is ‘¢ only palletized dual mode system for which conceptual design
and performance specifications have been identified.
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A limited set of variables has been identified to define the ranye of system
mechanization alternatives which will be considered in system trade-off analyses during
the SOS program. The set of varicbles to be considered are listed in Table 4-2 and include
system design parameters and management alternatives which are expected to have signifi-
cant effects on system performance and cost.

The parameter data given in the table indicate the range of observed values of
the selected parameters for each representative system. These parameter ranges will serve
to define the bounds of parametric variation for the system trode-off analysis.

Presently, deployed AGT systems use very simple, unsophisticated system manage~
ment approaches and thus do not serve as a good reference for definition or selection of
strategies to be employed in more complex applications. Therefore + the comprehensive
set of aliernative strategies compiled by PriverB was considered in the context of each
of the deployment scenarios identified in the Representative Application Areas report2
to determine reasonable alternatives for each representative system. Table 4-2 identifies
the station and system management alternatives to be considered in the trade-off analysis
of each representative system. In addition, each of the alternative operational control
and dispatch policies identified in Table 4-3 will be considered in the detailed operational
control analysis as described in the Analysis Plan’ for the following representative systems:

e Low Speed PRT

¢ Low Speed SGRT
o Dual Mode Transit
e High Speed IGRT
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Table 4-3 Alternative Operational Control and Dispatch Policies

Operational Control Dispatch
Synchronous Deterministic
Quasisynchronous Deterministic
Quasisynchronous Quasideterminis..c
Quasisynchronous Non-deterministic
Asynchronous Quasideterministic
Asynchronous Non-deterministic
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GLOSSARY

Asynchronous

Operation of vehicles under velocity control or in the vehicle-follower mode with
speed changes allowed to prevent potential merge conflicts.

Automated Guideway Transit (AGT)

Computer—controlled transit system operating in demand or scheduled service on o
fixed, exclusive guideway.

Automated Rail Transit (ART)

A closs of AGT systems which provides multiple-stop service, carries ot least 100
passengers in its minimum train consists, operates at speeds equal to or greater than 55
km/h, and gererally runs ot headways of more than 1 minute,

Avoilobility-Foctor Relationships

The sensitivity of the vehicle ond passenger avoilobility measures to changes in
parameters which affect either system reliability or failure monogement strategy .

Average Queue Transit Time (TQ)

Average time required to move through a platform boarding queue during a period
of congestion such as the peak hour. For a particular station the value is calculeted os
the difference between the average wait time and one-half the averoge route headway.

Capital Cost (base yeor)

The initial cost of deploying o system expressed in base yeor (1977) dollars. Capi-
tol cost is the sum of guideway construction cost, possenger station comstruction and
equipment cast, AGT vehicle cost, central control comtruction and equipment cost,
maintenance facility construction ond equipment cost, power distribution system installo-
tion cost, and feeder system costs including vehicles, maintenance facilities, ond con-
trol facilities.



Catalogued Procedure

A pre—~coded set of Job Control Languoge (JCL) statements that is aessigned @ name,
placed in o data set, and may be retrieved and executed by one JCL statement .

Central Business District (CBD)

The downtown retail trade arec of o city. As defined by the Census Bureou, the
CBD is on area of very high land valuation characterized by a high concentration of re-
tail business offices, theaters, hotels, and service businesses, and by a high traffic flow.

Central City (CC) of an SMSA

The largest city in an SMSA. One or two additional cities may be secondary
Central Cities in the SMSA .

Central City (CC) of an Urbanized Arec (VA)

A city of at least 50,000 persons within closely settled incorporated and unincor-
porated areas that meet the criteria for urbanized ring (fringe) areas. A few UA's con-
tain twin cities with a combined population of ot least 50,000.

Central City Ring (CCR)

The portion of a Central City not included in the CBD.

Checkpoint File

A file created ot o user-specified time by the Mode! Processor and containing all
data necessary to restort the MP from thet time .

Closed-Loop Control

Advancement of vehicles under generated control based upon the estimated system
stote ,

Control Block

A specific section of guideway corresponding to a single control segment of a fixed
block vehicle regulation and/or headway protection system,
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Cruise Speed

The constant velocity at which a vehicle travels ofter acceleration and prior to
braking. This velocity is usually less than the maximum design speed, but can be equal
to it. .

Crush Load Capacity

The maximum total capocity which a vehicle is designed to accommodate, This
limitation i; defined by either o vehicle weight limitation or a passenger comfort criterion.

Demand Activated Service Policy

A service policy in which routes, which may include intermediate station stops, are
generated in real time on the basis of passenger demond, i.e., point-to-point routing
with demand stop.

Demand Responsive Service Policy

A service policy in which non-ctop routes are generated in real time on the basis of
passenger demand, i.e., point-to-point routing with no intermediate stops.

Demand Stop Service Policy

A service policy in which vehicles travel on predetermined routes but stop at sta-
tions along the route only in response to specific passenger demand.

Demand Type

A system deployment parometer which specifies the demand environment on which o
detailed demand model will be specified. Three metropolitan area demands and four ac-
tivity center demand types are identified:

« Metropolitan area - high CBD, high reverse commutation
« Metropolitan arec - high CBD, low reverse commutation
« Metropolitan area - low CBD, low reverse commutation

WN -

Activity Center Line-Houl

. Activity Center Circulation

. Activity Center in High Demand CBD
. Activity Center in Low Demand CBD

"WN -
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Design Load per Vehicle

The nominal passenger capacity of each vehicle.

Deterministic

A strategy by which all merge conflicts are resolved before launch, and barring
failures, eoch vehicle is assured of traversing the network in a predetermined time .

Dial-A-Ride Service

Transit service operated by generating vehicle paths in continual response to demand.

Downtown People Mover (DPM)

An AGT system deployed in a CBD environment, or the UMTA demonstration program
to implement such systems,

Empty Vehicle Management (EVM)

A set of strategies which govern the disposition of active, empty vehicles not as-

signed to a fixed route nor enroute to service a passenger demand. Alternative strategies
include:

Circulation

Vehicles are circulated on the network until needed to satisfy o demand.
The distribution of circulating vehicles may be based on historical demand
or on current demand patterns.
Station storage - historical
Vehicles are routed to stations for storage based on histerical demand data.
Station storoge - rea! time

- Vehicles are either stored in the station when they become empty or are
" routed to other stations and stored based on current demand patterns.
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Event Mode!

A representation of an entity (o subsystem or process) in terms of discrete states of
the entity and the time required to change from one state to another for use in o discrete
event simulation.

Fixed Block

A longitudinal control or headway protection mechanization wherein blocks are
hardwired to the guideway and each block transmits velocity or braking commands to the
vehicle based on the occupancy of preceding blocks. For longitudinal control, the com-
mands moy be altered by central or local control, For headway protection the blocks
transmit either braking or velocity limit commands to vehicles which establish upper
bounds for any other commands.

Fixed Route Service

Transit service operated on predetermined paths.

Flow Cgﬁciy (Q)

A measure of system capacity in terms of possenger spaces per second past @ point;
the ratio of traveling unit capacity to averoge route headway .

Fully Connected Grid (FG)

A grid network in which vehicles proceed directly from one station to ony other
station without retracing any one - or two=directional portion of the guideway.

G lobal Voriables

Variables stored in a common arec and known by one name to ull segments in-
cluded in the progrom,

Grid

Any guideway on which vehicles are presented with a choice of paths during nor-
mal operotion,
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Grid Transit (GT)

A transit system deployed in any demand environment which uses an FG or PG
n. twor. and has more extensive operational switching capability than an MSLT. Gen-
erally shorter headways result than in MSLT. This category includes PRT systems and
many systems which are often referred to as Group Rapid Transit (GRT).

Guideway Interface

The vehicle components which contact the guideway for support. Usually the in-
terface is wheels but in some cases it is an air or mognetic levitation force,

Heodwgz

A frequency of service measure: the mean time between vehicles passing a point
along a route of known configuration,

Heodway Equation

An analytic function which expresses the relationship between minimum headway
and system parameters such as traveling unit (vehicle or train) length, cruise speed, ac-
celeration, communication delay, and expected position error.

Intermediate Vehicle Group Rapid Tronsit (1GRT)

A class of AGT systems which provides multiple~stop service and carries from 25
to 69 passengers in ifs minimum train consist., Low speed |GRT systems have a maximum
operating speed of 13 to 54 km/h ond tend to run ot 15 to 60 s headways. High speed
IGRT systems opercte at speeds greater than 54 km/h and at headways which usually fall
between 15 ond 90,

Intersection

An X-type merge with 2 input links, 2 output links, 4 ramp links, 4 through paths,
and either 2 or 4 queving areocs.

Lorge Vehicle Group Rapid Transit (LGRT)

A closs of AGT systems which provides multipie=stop service, has a minimum trein

consist capacity of 70 to 109 passengers, operates at @ maximum speed of 13 to 54 km/h,
ond usually runs at headways of 30 to 90's.



Lateral Control Interface

Vehicle ond guideway components that interface to contro! the vehicle's lotersl|
movement

Loop

A guideway ~n which motion is unidirect.onal during normal operation (except
possibly ot short station segments or at ends of runs) and which is defined by o closed

path.

Loop of Closed Geometry (S)

A simple loop as defined above which encircles no orea.

Macro

A standard code segment that is generated in-line ot compile time by specification
of single statement.

Moximum Operating Speed

The maximum speed at which 2 vehicle can travel. This limit is imposed by vehi-
cle ond propulsion system design constraints.

Merge Strotegy

A strategy for resolving merge conflicts. Three strategies ore considered:
1. FIFO (first=in, first-out)

2. Prescheduled
3. Priority

Metro Shuttle Loop Tronsit (MSLT)

A tronsit system deployed in @ metropolitan environment and having high speed
capobility but no or limited operational switching capability. The network may be of
ony type. If it is o grid network, however, the switching is of limited capability. This
cotegory includes most guideway transit systems currently deployed in metropolitan arecs .



Minimum Troweling Unit

The minimum number of vehicles with which a train can operote. For some sys-
tems the minimum traveling unit is a single vehicle.

Minimum Troveling Unit Capacity

The nominal capacity (not crush capacity) of a single vehicle times the number of
vehicles in @ minimum train consit.

Moving Block

A headway protection mechanization wherein an emergency protection zone
which moves along with the vehicle is established around each vehicle, Emergency brak-
ing commands are issued to the traveling vehicle whenever its emergency protection zone
infringes upon that of o leading vehicle,

Muitiple Loop (ML)

Ary network consisting of two or more loops ond requiring that passengers transfer
from o vehicle constrained to one loop to a vehicle constrained to another loop if they
wish to travel between two points not served by a single loop.

Network Element

Either a link, merge, or an intersection modeled in the DCCM,

Networl, Type

A system deployment parameter which specifies network configuration, Seven net-
work types are identified:

Shutties (S)

Loop of closed geometry (L)

. Open loop, one-way (L1)
Open loop, two-way (L2)
Multiple loop (ML)

Partiolly connected grid (PG)
Fully connected grid (FG)
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Nominal Capacity

Vehicle capocity including seated and standing possengers as specified by the
monufacturer according to o passenger comfort criterion. The averoge arec allotted to
each standee is generally ot least 2.5 square feet.

Non-deterministic

A strategy by which potential conflicts ot merges are not considered before launch
but are resolved locally in the vicinity of each merge.

Off-Vehicle Feeder Trovel Time for Access

The mean time per person enroute to o specific AGT station for deloy or non-
vehicle travel (including any walking tc feeder route or waiting for feeder bus, transfer-
ring between vehicles, porking o car, or walking all the woy), while going from zone
centroids to o specific station.

Off-Vehicle Feeder Travel Time for Egress

The mean time per perso~ enroute from a specific AGT station far deloy or non-
vehicle travel (including waiting ot statiuns for bus, walking from roure to destinotion,
tronsferring between vehicles, or walking oll the way), while going from o specific sta-
tion to zone centroids.

On-Vehicle Feeder Time for Access

The mean time per person enroute to a specific AGT station spert aboord o feeder
vehicle (including feeder bus or private auto), while going from zone centroids to o spe-
cific station,

On-Vehicle Feeder Travel Time for Egress

The mean time per person enroute fiom a specific AGT stotion spent aboard o
feeder vehicle (including the feeder bus or private auto), while going from o specific
station to zone centroids.

Open-=-Loop Control

Advancement of veh.cles by user=specified control independent of system state.
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Cpen Loop, One-Way (L1)

A single loop encircling an areo and providing one-way circulation,

Cpen Loop, Two-Way (L2)

Two loops deployed side-by-side encircling on area and providing two~way
circulation,

PARAFOR

A superset of FORTRAN utilizing PL/1 macros to add structured programming fo-
cilities to standard FORTRAN .

Partially Connected Grid (PG)

A grid network which does not qualify as a Fully Connected Grid (FG).

Partitioned Data Set

A type of file organization in which independent groups of sequentially organized
records, colled members, are on direct-access storoge.

Poth

A sequence of guideway links used by o vehicle to travel between two points on
a network ,

Personal Rapid Tronsit (PRT)

A class of PRT systems which provides non=stop point-to-point service, has a min;-
mum traveling unit copacity of 3 1o 6 passengers, and runs at very short heodways, usu-
ally 3 s or less. Low speed PRT hos @ maximum operating speed of 13 to 54 km/h, while
high speed PRT has o maximum operating speed exceeding 54 km/h.

Plotoon Movement

Simultoneous advancement of o row o! vehicles or troins.



Proctical Minimum Headway

The minimum headway at which vehicles can operate under normal conditions.

Prescheduled Pathing

A vehicle pothing strategy in which the primary path from origin to destination is
predetermined and specified for all station pairs.

Precision Stopping Toleronce

The tolerance within which o vehicle can stop at o given point.

Quoasi deterministic

A strategy by which merge conflicts are not resolved prior to launch, but informa-
tion about the future state of the network is used to lounch vehicles at times that provide
a high probability of efficient meiging.

Quasi -sync hronous

Operation of vehicles under point=follower control but with change of control

points allowed to resolve potential merge conflicts by advancing or slipping one or more
slots.

Reliability Block Diagram

A diagrom that illustrotes what equipment or combinations of equipment are re-
quired for successful system operation.

Representative System

A collection of values for the following system charocteristics ond strategies:

i. Vehicle choracteristics

2. Guideway charocteristics

3. System management strategies
4. Reliability characteristics

5. Cost choracteristics



The range of values are chasen to be interrelated in such a woy as to represent a genera!
class of state-of -the -art systems for the purpose of conducting system onalyses within the
SOS program.

Representotive System Deployment

A specific combination of o representctive system, demand type, anu retwork con-
figuration defined for t''» purpose of conducting system onalyses within the SCS5 progrom.

Resporse Time
A frequency of service measure: the mean time between a request for and the or-

rival of o diol=a-ride service vehicle.

Ripple Movement

Advoncement of vehicles and trains one at o time for o row of stationary vehicles’
frains,

Route

A designated set of destinations, usually defined by stations, to which o vehicle
must travel. The path, or links, to be traversed between any two destinations is not
specified.

Routing Strategy

A strategy which identifies routes for vehicles/trains. Two alternatives ore fixed
routing and real time select routing. Real time routing is used only with demand respen-
sive service and demand octivated service, while fixed routing is employed for demand
stop and fixed route service policies.

Rural and Scattered Urban (R&SU)

The remaining rural and urban portions of counties rof included as port of th. Jr-
bonized ring of the UA, but still within the boundarier o ite SMSA, Thus, with the ex-
ception of the New York and Los Angeles SMSA's the LMSA comsists of two components —
the UA and the Rura!l and Scattered Urban. Both Naw York and Los Angeles Urbonized
Areas (UA's) extend into counties outside the boundaries of the SMSA .
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Scheduled, Real Time Pathing

A vehicle pathing strategy in which the primary path from origin to destination
is selected from omong specified alternatives just prior to departure from the origin sto-
tion on the basis of current traffic conditions on the network .

Sector

An area serviceable by one vehicle in subscription se-vice during a prescribed
time interval for o specific demand density.

ﬁvice Tzee

Either non-stop (personal transit) or multiple-stop (group transit) service.

Shuttles (S)

A guideway on which bi-directional motion occurs during normal operation and
which is defined by o single curve connecting two distinct end points. Also, any net-
work consisting of two or more simple shuttles, either following the same path or dif-
ferent paths.

Shuttle Loop Transit (SLT)

A low speed AGT system deployment in an activity center demand environment
having any non=grid type of network. Thus, SLT system deployments require no opera-
tional switching but may require passenger fransfers.

Small Vehicle Group Rapid Tronsit (SGRT)

A class of AGT systems which provides multiple=-party service, has o capacity of
7 to 24 passengers in its minimum frain consist, ond usually operates at headways be-
tween 3 and 15s. Low speed SGRT has o maximum operoting speed of 16 to 54 km/h,
ond high speed SGRT @ maximum of over 54 km/h.

Stondard Metropolitar Statistical Area (SMSA)

A county or group of counties containing at least one city (or twin cities) with o
population of 50,000 or more, plus odjocent counties which are metropolitan in chorac-
ter cnd integrated economically and socially within the central city.



Switching Mechanism

The mechanism, located either on the vehicle or the guideway, by which vehicles/
trains are switched,

anchronous

Operation of vehicles under point-follower control with no changes allowed in
control points during a given guideway trip.

Theoretical Minimum Headway

The minimum headway at which two vehicles can travel, assuming there are no
merges or on-line stations.

Total Value Capital Cost

The sum of all capital costs except interest expense over the life cycle period
expressed in base year dollars.

Urbanized Area (UA)

An area containing a central city (or twin cities) of 50,000 or more population,
plus the surrounding closely settled incorporated and unincorporated areas which meet
certain criteria of population size and density (urbanized ring), UA's differ from SMSA's
in that UA's exclude the rural portions of counties composing the SMSA's, as well as
places that were separated by rural territory from the densely populated fringe around the
central city, The components of the UA's include the central city, as defined above,
and the urbanized rings, as defined below.

Urbanized Ring (UR)

Various areas contiguous to a central city or cities, which together constitute its
urbanized ring, or "urban fringe, " as termed by the Census Bureau.,

Variable Cost (base year)

The annual cost of opemting and maintaining o system expressed in base year (1977)
dollars. Varigble costs include maintenance costs, energy costs, and administrative
costs for both the AGT and feeder systems.,

Vehicle Capacity

When used in correlations of vehicle dimensions and cost to capacity, nominal
vehicle capacity is assumed, However, the system simulations interpret vehicle capacity
as the maximum number of passengers which can occupy a vehicle at one time.
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APPENDIX A

OBSERVED SYSTEM CHARACTERISTICS

Appendix A contains the results of an intensive data collection effort on AGT
systems. The forty-four systems surveyed are divided into the eight subclasses defined
in Section 2.0 of this report. The eight sets, comprised of ten charts each, contain the
relevant and available data on the forty-four systems.,

A reference list of the sources used for completion of the charts is included at
the front of the appendix. In most cases, the data on individual systems were obtained
from one major source. That source is identified by number in the last row of the first
chart. System information obtained from a source other than the major reference is
noted with a superscripted reference number.
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12,
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LIST OF REFERENCES FOR APPENDIX A

Obtained through direct contact with transportation system manufacturers and/or
operations.

Obtained through direct contact with TSC.

Lea Transit Compendium, Vol. I, Nos. 3, 4 and 5, 1975.

Lea Tronsit Compendium, Vol. Ill, Nos. 3 and 4, 1976-77.

Summary Data for Selected New Urban Transportation Systems, Robert F. Cesey,
D_OT-TQSCL_-OS_T-ﬁ-BS, November 1972,

A Disoggregalgd Comparison of the Cost _Overrun of the San Francisco Bay Area
Rapid Transit District, Leonard Merewitz, Thomas C. Sparks, May 10, 1971,

Automatic Train Control in Rail Rapid Transit, U.S. Congress, Office of Technology
Assessment, May 1976.

BART 1975-1976 Annual Report, San Francisco Bay Area Rapid Transit District.

BART Mult‘modal Terminal Plan, City of Walnut Creek, Califomia, March 1974,

"Rapid Transit Can Be Economically Sound, " P ssenger Transport, Vol. 33,
No. 48, November 28, 1975,

"The Lindenwold Line, " Traffic Quarterly,
Assessment of Operational Automated Guidewa Systems - Airtrans (Phase 1),

Ronald Kanges, et. ol., U.S, DOT, TSC, UMTA-MA-06-0067-76-1
September 1976,

Wedway People Mover A Report of Operation and Performonce, Community
Transportation Services.

Final Report Dual Mode Transit System, General Motors Transportation Systems
Division, TSD-R-740052, June 1974.

Cost Parametric Dato Standardization, Dual Mode Transit S tem, R. A. Lee,
GM Transportation Systems Division, T§5—R-7m7, Novemkr 1974,

Advanced Urban Transport Working Paper 21, 1.G, Black, at. al., Urban Tronsport
Research Group, December 1973,
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15.

16.

17.

18.

19.

20.
2],
22,

23,

Innovational Guideway Systems and Technology in Europe, Transportation Research
Group, Vol VIl of New Technology and Transportation, January 1975,

Otis/TTC Dual Mode Transit System Final Report,

Dual Mode Transit System Using Pallet Transporters, Cost Parametric Analysis, Otis/TDD,

May 1974,

Dual Mode Transit System, System Specification, Rohr Industries, R11-OM-27,
July 1974,

Dual Mode Tronsit § stem, Preliminary Systems Cost Parametric Analysis ond
Phase {11 Budgefary%ast Anglysis, Ro'zr Industries, March 1974,

Automatic Control of Rapid Tronsit Systems, Westinghouse Public Relotions.

Novel Features on the Lindenwold Line, Richard E. Pinkham, 1949.

"The Lindenwold Hi-Speed Tronsit Line, " Roilway Monagement Review Quarterly,
J. Williom Vigrass, Vol 72, No. 2, 1972.

“Impresrion of Public Transport in the USA," Troffic Engineering and Control,
David Bayliss, Vol.16, April 1975,
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System Nume DASHAVEYOR 1| KCv KOMPAKTBAHN MAT MINI-MONORAIL
——e e e == =T Mitscbishi Hoavy Tokyo Shiboura Electric
Developer Bendix Corp. Industries, Lid. Freid. Krupp GMBH Industries, Lid, Co., L,
- U S e, — B B D p—
Deployment Status Transpo ‘72, test track Test trock Test track planned Test track Proto test, 2 proposals
Vehicle Characteristics
No. of Seats Per Vehicle 12-40 16-24 24 16 A--4
B8--8
Design Lood Per Vehicle 40-72 30-50 48 32 A--13
8--25
Cruth Lood Per Vehicle 45-75 (@ 7 50 A--16
B--30
- —— ) RS R
Vehicle Length 6.7-9.1m 6.3-8.5n0) Nm 5.7m @ A-7.15m
B--4.58 m
Vehicle Width 2. m 2,4m 2.2m 2.2m A=2.0m
-2.0m
Vehicle Height 3.05m 3.15m 25m 2.9m Ae=2.4m
B=e2.4m
Intacior Area Per Seated 2 2 2 2 @ A—0.25 m;
Pomenger 0.46m 0.28m 0.8 m 0.32m 8--0.225m
-} ———e § S SR -
Interior Area Per Stonding 2 2 " 2 (@) A-—-0.249 mz
Possenger 0.28 m 0.14m 0.25m 0.3 —~0,241 m
Empty Vehicle Weight 6,800-9,090 kg 6,000-9, 300" 11,000 kg 5,000 @ :::'g z
Load/Unload Rate Per Door
— - —
Door Width
Number of Doors Per Vehicle 1 each side
Major Reference (except as noted) Reference 2 Reference 2 Reference | Reference | Reference |



TABLE A-6 (SHEET 1 OF 10).
HIGH SPEED IGRT

OBSERVED SYSTEM CHARACTERISTICS -

A-55

N UNIMOBIL
TS PROJECT 2IRTS | TRIDIM AEROTRAIN TRANSPORTER URBA 30 VONA
Nilgata Engineering Co, == Universol MabiTry Inc. | Compagnie @ Energatiquel Mited & Co., Ld. & |
Lyd, & Sumitomo Transit innovotions Dertin & CIC Harbegger, Ld, Lineaire m.b. Nippon Sharyo Seizo
Shojikaisha - | R R I xeishs, Led,
Test track Drowing boord Test track Prototype testing Prototype testing ¢'| votolype “',"'M"'"“ ton
s @ 2 3 10-20 2 n
50 ¥ 2 M £ 25
75 2 © 2 s
@ - o1 T
7.6m A--8.23m 16,255 m 6,09 m m 53m
—7.Ym
2.28m A=2.4 4 ] 1.9 m 2.6 m 2m 2.06m
B==2.,4 12
3.15m @ A-2.44m 2.9m 2,743 m 2m 3.06m
2.4 m
-_—_‘F PO PR S ———
| 0.9m2 @ A9 md
/ o 0.2 m? 0.50° 0.:3a’
| A—0.29 md I 1 2 2
0.29w 0.3 m’ 0.2m 023
, At 467
10,300 kg ¢ -~ 5,095 by 4,00 kg 3,6% by 4,50 kg
1.3m@
N ; Vododoor-eme- .7~ 1T —
1 cach side ond doers 4 1 cadh side
Reference 2 Reference 2 Referense | Reference 2 Reference | hoferenes 1
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System Nome DASHAVEYOR | KCV KOMPAK TBAHN MAT MINI-MONORAIL
Vehicle Characteristics (cont'd) j
Guideway Interfoce Hord rubber or foam Rubber tires, Steel wheel, stee! Preumotic tires Rubber tires
filled tires guideway rail
Loteral Control Interface Hortzontal tires Guide tire Flonged wheels Horizontal tires under | g ber tires
- lbeom
Swi ‘g Mechanism Guide way wheel Guideway vertical Conventional Physically move Horizontal movement
enirapment wall movement rotl switch guideway surfoce of guidewoy
Switch Actuation Time 1s 3s 6s 8s
Minimum Tuming Rodivs 2.8 m 20m Om 10w @ 0m
Coupler Avtomotic
Minimur. Traveling Unit 1 1 1 1 2
Moximum Train Consist 4 é ] [ ] 12
*A" and *I* Vehicles Yo
Motooning Capobility
Propulsion Type Rotary electiric FDC Electric DC motors Electric DC motors DC olectric
B ey o - . < —
Power Rating Por Unit 25-125 lp 30 Lw ot 2,210 rpm 75 bew ot 3,300 rpm Ohy 0 by
Numher of Propulsion Units T2 Tor2 2 1 1

A-56



TABLE A-6 (SHEET 2 OF 10).

HIGH SPEED IGRT

OBSERVED SYSTEM CHARACTERISTICS -

NTS MROJECT 21 R ' Al UNIMOSIL ‘
JI 1t} JRIDIM ABROTRAN TRANSPORTER URBA 30 VONA
4 foom filled tices . ded
on concrete Steel wheel, steel ::::::: drive Rubber tires Alr suction
guideway roll with roller grip (rat! bockup) Preumatic tires ]
by 4 guidewhee! Whee! grip rell Center beam Tires follow walls Alr suction Center bsam
Mechanical switch | Movable octuator -
ouldewhas! ifches _ guideway (mechanical movement)
3 10s 614 5 10
0m 27.43m 25m 2m Om 20m
Avtemetic
200 1 1 1 1 1
[} 4 3 ] 12
Yes Yeos Yes
OC dhunt Eleciric motors Electric metors Eleciric motons Uneer induction meter | Retory DC engine
@ 0w @ hp por whee! 190 kw, 35 kw 7.5-40 hp/metor 26.8 hp 20 kw) 73.8 hp ot 55 kw
4,800 rpm _ ' ond 2,200 rpm
1 por 2 vehieles ¥ F on such whee! C 2-4 . 1

A-57



System Name DASHAVEYOR | KCvV KOMPAKTBAHN MAT MINI-MONORAIL
Vehicle Charocteristics (cont'd) 2 2 2 2
Acceleration 1.73 m/s 42kmN/ @ 1.3mA4 1.1 wis 0.56 m/s
Cruise Speed 48 km/h 65 km/h 33 km/h 60 km/h 30 km/h
Maximum Speed Mhmh 70 kmh @) 70 km/h 60 kmyh 60 km/h
- ——— e - - —_— _
Service Broke Type Friction (dynamic Regenerative with Dynmic regenerative -
optional) hydraulic bockup Motor brakes Alr brake digh :
Service Decelerotion 0.98-1.73 m/s’ 2.04.2kwis @ [1.2m4° 1.1 Wil 0.84 m/s*
- S S J—- i
Emergency Broke Type Disk -~ pneumotic Spring loaded plus Preumatic disk :
. E-mag track brakes
Emergency Deceleration 2.9-3.92 s 5.4 ks @ 2.5 /i 1.67 wh? 125w
Emergency Broke Reaction Time | 0.6 s 0.5s 0.9s 3s
——— e e e .—1L-——- . - e -
Maximum Grode Capebility 10% 10% 10% 10% 10%
Reverse Capability
{Bi=Directionality)
Precision Stopping Toleronce 1 +0.15m +0.5m +1.0m Im {
Sdderior Noles NCAet7.5m dAotém 0 dA et Sm 64 dbA ot 0 m 75dA ot 0Om
gy Comumpion S kw/vo-iom lewh/veh-om 9.2 kivivehekm
1.25 Cruiss: 1.1 ;
(Accelaration, Decel. ,Cruise) | 1.9-3.1 kwh/veh-im ' Covtams |
— e =] 0,88 kw/veh-lom R SV Y Ty

A-58
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TABLE A-6 (SHEET 3 OF 10).

HIGH SPEED IGRT

OBSERVED SYSTEM CHARACTERISTICS -

e MO XCT 21 TS TRIOIM ABROTRAN o URSA 20 VONA
0.97 mii? 115w 0.91 mys? 1.25 i o wid
50 kny. 89 kb 80 km/h 56 kwh 30 ke 50 ok
0 kowh 89 lowh " Trostawh 56 km. ™ 70 kwh 72 kw/h
Regenerative —of Rogenarative - |Eleckc dynomic with | Regenerotive (STR) | Dymamic - by Hydroullc *
Alr-aciuated disk )c disk orip pads Linear motor
0.97 w/i’ ' - T o mi? 1.25 Wi 0.9 w/s?
, Auwaah) Disk treed Feiction disk or drum mhnﬂ Spring brekes
1.% dsz ) i.’b dlz-‘ ‘ -l.;s lls/l2 2.8 Q’l’ 1.28 l/l2
—l-t o 0.5s 0.5s 0.3
10% 1% e ™~ 10% ™
 Yes @
+0.5m @ +0.05m _~ 10.%m  |s00m +0.3m
OdAe7.5m o PdAw7.Sm T NaAsTm Shrattn
W' ——— - -
1.95 kuiv/voh-=lom 0.42 kwdy/veh-iom Y v = Sy T ~aly
Crulens ’.W 00”%
® T ookt | . e ; Croient 0.76 kowly/Avabr—ten)
Nene dlroetly. Nong divostly Nene directly Nene direstly Nene dirostly

A-S9



System Nome DASHAVEYOR | KCv KOMPAK TBAHN MINI-MONORAIL
Typical Network Configuration | Line haul - loops Shuttle or loop Line houl, loops Linear, loops
Moximum Grode 10% 10%
Guideway Type Closed concrete Open concrete Stwel box beam
Doble | Stagle | Doble Sigle ; Dable
Guideway Dimensions
Outside Width 6.03m 3.12m | 6.12m 27m |4m
Height 1.524 m 0.95m | 0.95m 18m 18m
oo T [0.4m lodm '
funning Surface Width 2.033m | each | euch O3muwripoti7m |09, |09m
U B ..
Elevoted Span Length 18.3-3%.6m Om |40m e
Construction Moteriol Stee! or reinforced Steel or concrete Steel er reinforeed Welded stnel
Westher Protection Nene
(Snow/ce)
- - ——— - hathd - -= R e e s ot el
Power Distribution
AC or OC Power rell
b e - e e i e
Veltage 480 Vec, 3 phase 440 Vec, 3 phase 530 Vec, 3 phose 600 Vée
- {060 ANh | e e
Number of Subsations
Por Lane Kilemeter
—t - R e et en s o]
Latersl Contvel Equipment Gulde well Box boem
_ ©.95 m high)
Switching Equipmont =boum or ddowell Rapid vertical actien ml.nl . Guidowsy physicelly
blade entvapment of guidowel! sidoweys




TABLE A-6 (SHEET 4 OF 10).

HIGH SPEED IGRT

OBSERVED SYSTEM CHARACTERISTICS -

PRO JXCT 21 RTS

NTS TRIDIM AEROTRAN mlﬁ’u:wsro‘o:?a URBA 30 VONA
Shuttle, loop Lineor, 2-way Line haul Shuttle or loop Loops, line haul, Linear or loops
‘ fimited area
10% 12% 1% 10% 7%
Closed concrete Stwe! roll Sreel slab and box Stoel plote Suspended moncrall | Open steel surface
—Staghe - Deible | =t S
ngle Double
| 3.5m [7.00@ h7m 6.3 m (double) 1.067 m 1.73m Tom | 4.3m
‘ ldm {ldm 1.0m 0.609 m 1.603m 0.9m | 0.59m
275w 12750 ® hioam 2.19m 0.3m  |0.3 m/lone
lone :
—_— B IS S
YL N9T.4n 0.8 . 2.86m 100 m 15m
Prosivensed eonerele Profsh steel belted to Sreel Steel Sieel or concrete Steel
or ool m_:lb ) o e -4 L
Heot Enclosed guideway
' ACerDC @ Side rell
00¥ee @ Ve 440-575 Vec, 3 phase,| 300 Vec, 3 phase 600 Véc ot 220 A max.
o I . A 290 A men.
‘.‘o, h)
Devble Achermen and reliens ) T side walks Comorboomend -
by 4 guidovhack sidowells Conter beam
[~ Wisshanteal Slode - 2T T T T Y
on guidowey tvaps ond duel m.M of guid Retuting guideway
wheel o move soction horizentel




-
Stotion C onfigiration

Number of Porollel Plotforms

Number of Berthing Lones

Length of Platfurm

" Berth Configuration

Number of Serths Per Plotform

Capacity of Vehicle Queves

Empty Vehicle Storage
Capecity

Average Vehicle Dwell Time

Vehicle Throughput
(Vehicles Per Mour)

Tumereund Capebility

OfN=Line Acceleration/De~
colevation Lane Length

Operationsl Contvol Sirategy

Olepatch Policy

DASHAVEYOR | KCvV KOMPAK TMAHN MAT MINI=1AONORAIL
= = == P 3 e TT I > _J.". Cm— TSI L T e F_:_ T
On ond Off-line OFf and On=line On-line On-line On=line
— oo - - —_ e b ]
- - - —_—— —_— b L -4
30-50 m berth 70m
A4 SN R ]
15-20s 25s 20 20, 204
i sl e p— p ————— — ——
—— _— _ — e eemed e e - e e ——
_— o —— e - —— - .
Quasi-gynchvonevs Quasi-synchroneus

A-62



TABLE A-6 (SHEET 5 OF 10). OBSERVED SYSTEM CHARACTERISTICS -
HIGH SPEED IGRT

NTS PROJECT 21 RTS TRIDIM AEROTRAN UNIMOBIL

. p— P ——— —— =

s ¢
o fetieeada &5 SN e S R A < i s st e 453 ==

TRANSPORTER URRA 30 VoNA J

On-=line or On and Off-line On-line On and Off-line On and Off-line On-line
Off-line @)

To=a® ' 2en T

—— - JPEOES! GUUN
— - ———t

- — ————— s . e - o -

“205 20+ 15-30s T 20-30 ¢

- fre———— - —
et m—— el et o e ———— - c—— i v - —w—— cm— ——— 1




System Name

KOMPAKTBAMN

Headway Protection
Fixed Block

Fixed Block

Block Lengths

No. of Bocks
Botwe .. Vekicis:

Moving dlock

c— -

§

LITDT LT

MINI-MONORAIL

Fined Block

P ——

Communication Somple
Rste
Maerge Stvelegy
Minimm Heodwey 154 75s 904 %0, © 90

Merge Throughput

Service Policy

Service Gesls

Routing Stvategy

Cnpty Vehicle Menagement




TABLE A-6 (SHEET 6 of 10).

HIGH SPEED IGRT

OBSERVED SYSTEM CHARACTERISTICS -

- 2‘-'“‘ UNIMOBIL
NTS ROI‘J. . ] ‘llDlM AEROTRAN IIANSIO!TB URBA 30 VONA
S ek LT L e e
Fined Block
- - — o —— ——— e — .. r—_ —
g0 @
a )
Moving block
_ R SR e 1
0, ® 25, 18.72s 45, @0s 60s
[ Sahedeled, T scheduled, Scheduied, Scheduled,
domand stap, gz domend resporaive Schedvied damend step,
m - - +— B N e e R —
Fined, vericble Fined Fisnsd Flued Fined




——— - e yem = e s
System Nome DASHAVEYOR | KCV KOMPAK TBAHN
p—— e T Tt L o '_1r —_— r - - -4 TLISST L o a)
Station Monagement
SR S R
Separote vs Common Board/
Deboard
Ripple vs Plaloon Movemeit
Flost
Total Fleet
Peck Operoting Fleet
Sase Operoting Fleet
Falfure Manogement
Push/Pull Capobility Yes Yes
Emergency Equip. & Crew
Locetion
Redundent Prop. or G'woy
Powe:
v e e et e - ——— ——ee e e ]
Redyrdant Locol Control Yes
Redundent Vehicle Electronics | Yes =~ emergency power
- PP U S

A-66
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—_ et o — e
- T . ——
Fee e— o - I S
S

-

MINI-MONGRAIL

e — e ]

Yes

. r__ - ——— e e

Yes

Yes




TABLE A-6 (SHEET 7 OF 10).
HRIGH SPEED IGRT

PROJECT 21 RTS

e e e— s —p——

A -

- - e

13traine ©)
11 troine @

7 troine (o)

Yes

NBSERVED SYSTEM CHARACTERISTICS -

TRIDIM AEROTRAN

o —

S B T O

Yoo

Separate 3/D

b e - e — -

UNIMOSIL
TRANSPORTER

VONA

| S

. [ —

Tow vehicle enly

cf——— .

o e cmem o ——




Systam Rosponess to Fellvres

Push falled vehicle

System Nome DASHAVEYOR | KCv KOMPAKTBAHN MAT MINI-MONORAIL
Maeon Time Between Failures
System 30 he
- - R O G — . e —
Vehicle
Guidewoy
Station 5,600 hr
S e e e i me s e e 4. 4. e e
Central Control
Meen Time to lﬂaq Service
System i
Vehicle
—— - e ¢ —— e o a——— e - - - . PR r......__.. ——
Guideway !
. e o e ——— — - . -
Satton
- GRp— —_—a e eee crmem e e o e = @ e e e aeme ——————
Contvel Control
Syven Aveliebitity Number 0%
Avsilebility Definition

folled vehicle
diversien ack; if

— v S



TABLE A-6 (SHEET 8 OF 10).

HIGH SPEED IGRT

NTS

PROJECT 21 RTS

OBSERVED SYSTEM CHARACTERISTICS -

TRIDIM AEROTRAN

UNIMOBIL
TRANSPORTER

URBA 30

VONA

T —————— e e o - — - — e ed o ——— — —— —_——
300 he 2,000 hr
600 e 3,000 he
— - - . —— e = - - —
2,000 hr 10,000 he
= n e = - —— o 4 o = e = e caa R G ——— —_ —— e
b i o - ——— - - . - - L —— Y — ————
- +- — - - -— e ——— —

Tow vehicle to siding

A-69
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System Nome DASHAVEYOR | KCV KOMPAKTBAEN MAT MINI-MONORAIL
St e S Y e — e e B -t A e S RS SN, S R e —
System Copital Cost
e — ———— e el — - - — R _ o
Vehicle Cost $125,000
Expected Life 10 yr. 10y,
p———e e O S — - 4 - R — - [ ————
System Fleet Size
. ——— o . —_ IR —_
i $1.25-5 m/km (inclv- 1 $2.2 m/km double
sy Con dutgll ooy R 2
Expected Life
System Lone 6.7 km
Kilomeiers
- ; . T
[
Power Distiibution Cost $2.9 1
Expected Life 10 yr.
I I AU - - P
Station Cost $530, 000 eoch
Expected Life 10 yr.
Number of Stations J 9
Maintenonce and Storage $3 »
Fecilities
Expocted Life 10 yr.
Number of Focilities
c lcation end Control $57 M
Snposted Life WOy,

A-70



TABLE A-6 (SHEET 9 OF 10).
HIGH SPEED IGRT

—————— -

OBSERVED SYSTEM CHARACTERISTICS -

NTS PRO JECT 21 RTS TRIDIM AEROTRAN TRANSPORTER URBA X0 VONA
== EEE = - -'4%:—: EESS S et S I T R
All toral $2.61
— _ U S d__nAm
$230,000 © $100,000 $200, 000 $60,000
0y @ 15, 5yr. 13yr.
—_ —— — e - R S - ]
2
@ Tsieerm T [STE e ateveied T T = p— - -
$3 1% fom * guideway, including $1.3 mAcm
. jalecrification (5)
0y, (o)
i @ 15 km
313 M nchalg | R 2.7m
sbetations) S S I R
Wy, @ 0y
$iom @
= ]
s
oM
Dy, )
@
| I,
bis M $5.3m
". H IOyr

AN



System Nonmie: DASHAVEYOR | KCv KOMPAK TBAHN MAT MINI-M 2NORAIL
e Oouratiog Cont A - $18,490/iay |
System Operating Cost $0.31-0.62/veh- ’
L b . _ e oo | for 216 vehicles
Opeioting Hous ‘Day 19 hour/doy
Vehicle Kilometers/Doy 31,656 l:m/duy
Vehicle Hours ‘Day 1,680 M/“Y
Energy Cost
S S, - - -
Maintsnonce Cost
Vehicles
—— e e e 2 PP R —
Stotions
Facilities
Personnel
Mointenonce
- s et - = RIS SN -
Vehicle
ORGP SO R I .
Stations
Fecilities
R e el e e e - oot
Operations
S S SRS R
Cs..!ral Control
Shetions
Gonerel
Generel end Adminigrative

Ae72



TABLE A-6 (SHEET 10 OF 10).

HIGH SPEED IGRT

OBSERVED SYSTEM CHARACTERISTICS -

T N ONIMOBIL A A
__NTS  PROKCTZIRTS pipiMAEROTRAN| TRANSPORIR | URMAX | _ VOMA
| LT T en s q’id.o‘/voh-km
I | | |0 matkm | o 120 vehicles
—_—————— ———(OIT-—AAn- - — - -
wohrian/day 208 veh=km/day
600 veh-he/day’®) 7 veh hour/day
—_——— ———— - - * —— - — — o
— —— -4 —_— - - ———— -
— SH— - PR S e - e ——————
— = o+ e e St —
o B R I [P S—
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APPENDIX B

REPORT OF INVENTIONS

Work performed by GM Transportation Systems Division under Contract DOT-TSC-
1220, in the area covered by this report, resulted in no inventions or improvements of

inventions.
U.8. GOVERNMENT PRINTING OFFICK: 1980=400-428/431
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