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1 EXECUTIVE SUMMARY

1.1 Summary Description

This report contains the interim findings of an assessment of
Ford's Automatically Controlled Transportation (ACT) System, an Auto-
mated Guideway Transit (AGT) System for passenger transport in the

Fairlane Town Center at Dearborn, Michigan.

SRI International is conducting this assessment as part of an
assessment program sponsored by the Urban Mass Transportation Adminis-
tration (UMTA), The purpose of the program is to gain an in-depth
understanding of the performance, capabilities, and limitations of
existing domestic and foreign AGT systems. SRI is under contract to
assess the systems at Sea-Tac International Airport, Fairlane Town
Center, Tampa International Airport, Houston Intercontinental Airport,

WALT DISNEY WORLD, and King's Dominion Amusement Park.
In assessing systems at these sites, the overall objectives are to:

° Obtain factual engineering and operational data.

° Obtain descriptive economic, system performance,
and user perception data.

) Review the design, development, and implementation
process.
The findings are intended to establish the state of the art of AGT
systems for ultimate use in planning, evaluating, producing, and deploying

AGT systems.

The ACT system at Fairlane connects a large shopping center with a
hotel situated about one-quarter mile across the center parking lot. The
design was an integral part of the center and hotel development that was
begun in 1970. The ACT project itself began in 1973 and was the second

prototype demonstration of Ford's system, the first being that at Transpo '72.



The system is a two-car bypass shuttle operating on an elevated
guideway; each car has a capacity of 24 passengers. The guideway is a
single lane except for the double lane bypass area. The line capacity
for two-vehicle operation is approximately 500 passengers/hr (in one
direction) with a crush line capacity of 624 passengers/hr. These
figures were calculated based upon existing performance parameters,
assuming a maximum speed of 20 mph. The system is capable of speeds up
to 30 mph, but design performance maximums are not now used. The reduced
performance is used to increase passenger comfort, particularly the
lateral ride quality at the curve of the guideway, and to reduce wear

and tear of the running and guide wheels.

The Fairlane system has some unique features. One of the most
interesting is the onboard switch, deployed by a combination of vehicle
commands and wayside checks,  that allows the cars to negotiate the
bypass. The vehicle is equipped with a minicomputer for control of
operational performance. The system represents the state of the art in
so—called intelligent vehicle where in the responsibility of performing

the bulk of control functions is placed on the vehicle itself.

1.2 General Findings

The Fairlane system represents a state of technology beyond the
simple requirements of its present application. The technological
sophistication is primarily evident in three areas: onboard computer
(and related command and control design), onboard switch, and prefabri-

cated guideway design.

The command and control design and onboard switch seem to provide
some potential for expansion of this system to short headway network
applications. The modular command and control approach allows for
increased sophistication in wayside logic independent of changes to the
vehicle. 1In the present application, failsafe wayside logic provides
the necessary headway protection. No scheduling or routing are required.
In a more complex network, schedule and route selection could be managed

by a central computer that would augment the wayside logic. Because of



the modular design, the addition of the central management computer

should not be difficult.

The potential advantages of onboard switching include reduced
headways, elimination of extra maintenance or heating of guideway switches
during inclement weather, the capability of repairing the switch off-line
at a maintenance location, and mechanical possibility of providing short

bypasses in single lane shuttle systems.*

Reduced headways can be
accomplished because two vehicles can independently set the on-board
switch before the switch point. Thus, the headway constraint is the

same as the vehicle headway and is not dependent upon switch action times.
Disadvantages of the onboard switch involve increased complexity in

checking switch positions and increased costs in systems with large

numbers of vehicles that have to be equipped with the switch.

The Fairlane system has only recently passed out of the development
stage, during which many design changes and related failures occurred.
For this reason, some of the operating costs and related maintenance
and reliability data will not be representative of a more mature deploy-
ment, A mature system may cost somewhat less to build and operate in
reference to 1973 dollars. The Ford system is attractive due partly to
its setting in a new shopping center and hotel complex, but also because
of the system design. The vehicle interior and exterior design is very

clean with smooth ride quality.

The project development process for the Fairlane ACT system is not
typical of most other such efforts in that the Ford Land Development Corpor-

ation, which owns the site, is a subsidiary of the system manufacturer.

1.3 Outline of the Report

The report contains seven major sections and a comprehensive

information checklist attached as Appendix A.

The background of the project, including a brief description of the
UMTA program that provided the funding for this study, is given in Section

2, as is the method of approach used in the assessment,



The engineering system description and assessment is given in Section
3, which contains all major engineering subsystems including site-specific

subjects, Tables summarizing the engineering description are provided

whenever appropriate.

Section 4 addresses the subjects of operation, maintenance and
reliability, and passenger-oriented system performance. The description
of operations is standard, using such terms as capacity and headways.
The study of maintenance and reliability centers around the maintenance
policy practiced by the site operator whose professional goal is to
maintain the system so as to accomplish high service availability. For uniform
reference, however, calculations in this report have been made for mean

time between failure (MIBF) and mean time to restore (MTIR).

Systems economics, including capital; opeérations & maintenance costs,
are the subject of Section 5, which includes an examination of the data,

escalation, and equivalent annual cost.

The development history of the system is examined in detail in
Section 6, which includes all major events that led to the present AGT
system, Many system features, such as guideway type and vehicle sub-
system, are predetermined in an early stage in the development process.

These features have numerous impacts on all subsequent designs.

A comprehensive checklist with standard AGT assessment measurements

and units appears in Appendix A and provides a convenient means of access

to all system information for the reader.

A public attitude survey was conducted for the Fairlane ACT system,
A summary of the survey is presented in Section 4.7; the questionnaire

used in the survey is attached to the report as Appendix D.



2 INTRODUCTION

2.1 Background of the AGT Socio-Economic Research Program

In 1975 several Federal research programs in new transit systems
were integrated to form a consolidated technology program—--the Automated

Guideway Transit (AGT) Program.

There are several programs within the general AGT Program: the
Advanced GRT Program; the Automated Guideway Transit Technology (AGTT)
Program for advancing all key aspects of AGT technologies; the AGT Appli-
cations Program for actual deployment projects, such as the Downtown People
Mover (DPM); and the AGT Socio-Economic Research Program, which sponsors
the assessment activities. The total AGT program is structured so that
its elements complement and support each other for maximum achievement

of program goals.

The AGT Socio~Economic Research Program had a modest beginning in
1973, when a macrolevel analysis of urban transportation with AGT emphasis
was carried out. Beginning in 1974 the first of a series of AGT system
assessments was initiated, namely the assessment of AIRTRANS system at
Dallas/Fort Worth Regional Airport. Qualification guidelines for capital
assistance funding of AGT systems were formulated.l An assessment of the
Jetrail system at Love Field in Dallas, Texas was also conducted. The
assessments of AIRTRANS, Jetrail and Cabintaxi/Cabinlift systems in

W. Germany have been completed and published.Z» 7>8 An assessment of

the Morgantown system is underway.

In 1975 the program was significantly enlarged. Major research
efforts were initiated in AGT system needs and market analyses, R&D
delivery improvements, and socio-economic analyses of AGT systems
including public perception, financial and institutional impediments to
urban AGT system emplacements, and an expansion of the AGT assessment
programs to include domestic airports, commercial sites and foreign

sites.



An independent report on AGT systems was prepared by the Office of

Technology Assessment (CTA) in June 1975 at the request of Congress.®

This report, which was commissioned to provide the Senate Appropriations

Committee with some background and status of AGT systems, has in part

underscored the need for an ACT Sccic~Economic Research Program.

During the 1976 Senate Appropriations Hearings, a new program area
entitled "Social and Economic Research in AGT" and an appropriate level
of funding were recommended. The Senate referenced the OTA report
stating that the

"finding of the OTA report is that social and economic research
is needed on AGT systems. The Committee recommends providing
$2 million for such research to be used to study the compara-
tive advantages of AGT systems over other forms of mass
transportation, evaluation of performance and cost experience
of existing AGT systems, assessment of the market potential for
urban application of AGT, and simulation and experimentation
with existing AGT systems to determine what can be learned
about the human response to them."

The goals of the AGT Socio-Economic Research Program are to:

» Determine the particular types of urban applications for which
AGT systems are most appropriate.

e JIdentify and examine the institutional, social, economic, en-
vironmental, land use, and performance considerations associated
with urban implementation of AGT and evaluate the acceptability
of these characteristics by the various impact groups affected,

e Ascertain the capability of AGT systems to meet the mobility
needs and the socio-economic requirements of the urban.environ—
ment by a comparison of the performance and socio=economic charac-
teristics of AGT and other transportation systems.

e Ascertain the nature and magnitude of the potential national
market for the classes of automated guideway transit systems
(SLT, GRT, and PRT) on a preliminary scale.

e Identify and assess policy options and financing mechanisms
necessary to achieve significant implementation of AGT systems
if warranted.

o Determine further research, development, and demonstration re-
quirements for AGT system technology.

e Establish a central repository of current information on AGT
socio—-economic and performance characteristics and regularly
disseminate this information to interested audiences in formats
most useful to each,



Information obtained through this program will be valuable to local

governments in undertaking their local alternatives analysis process,

a recent UMTA requirement in seeking capital assistance funds, Further-

more, this Program will develop information to determine the domain of

AGT in the hierarchy of urban public transportation and assess its merits

and demerits associated with implementation in U.S. urban areas.

The AGT Socio-Economic Research Program is structured around several

basic research activities, as follows:

Generic Alternatives Analyses--This activity is to
examine the relative merits and demerits of AGT systems in com-

parison to other forms of urban transportation.

Assessments-~The studies under this activity are
concerned with the operating experience of existing AGT systems.

Costs--Under this activity, detailed costs
and economic studies are conducted for AGT systems.

Markets—-Under this activity, studies are con-
ducted to estimate the market potential of AGT systems.

Communications~—This activity is concerned with

Hisseminating information about AGT systems to all interested

parties and receiving local expressions of views about AGT.

The work presented in this report was performed under the AGT

Assessments activity.

2.2 Discussion of the AGT Assessments Activity

The UMTA AGT Socio-Economic Research Program defines the goal of the

AGT Assessments as follows:

These Assessments collect, aggregate, and uniformly present the
performance and associated socio-economic characteristics from
experience to date with AGT installations operating in public
service, as well as document the implementation history and
learning experiences of each major AGT deployment. The opera-
tional, economic, environmental, and passenger response data
on all existing domestic and foreign AGT svstems will be
organized into a central inventory of AGT information for use
in conducting the Generic Alternatives Analysis activity, the
Markets activity, other activities of this research Program,
and by other research groups and interested parties external
to this program requiring such data.

To accomplish the above noted goal, several AGT assessment projects

were initiated in 1975 for assessing existing domestic and foreign AGT

systems and the Morgantown Personal Rapid Transit Demonstration Project.

7



This site report is one of several for the domestic AGT system
assessment. The emphasis of the effort in conducting the assessment was

in four major areas:

e Technology-related data--The performance of vehicle subsystems,
steering, switching, propulsion, suspension, command and control,
guideway, and power distributions are assessed, and the engi-
neering system as a whole is reviewed., Many innovative designs
are used in the engineering of the AGT systems. Assessments are
based on the functions that an automated system must perform, its
effectiveness, and its ability to be deployed in other environ-
ments.

e System economics and performance--The effectiveness of the AGT
system is assessed by its throughput and layout parameters,
System economics, capital, and operations and maintenance cost data are

obtained and reviewed. Maintainability. from maintenance strategies
and procedures to crew training, is thoroughly examined. Re-
liability, as a consequence of both maintenance and design, is
assessed. Mean time between failure (MIBF) and mean time to

restore (MITR) are calculated wherever appropriate.

e Public response and acceptance--This subject is assessed both
subjectively and objectively., Assessments by both owners and
operators are obtained, and user perceptions are observed and
recorded. An attempt is made to distinguish between the speci-
fied and actual comfort for passengers.

e System development process--The systems assessed represent the
first generation of deployed AGT systems. The conception, de-
sign, development, procurement, testing, and acceptance of these
systems vary greatly, In this task we review the entire de-
velopment process and the relationship of the participants at
each site to develop findings that will be applicable to planning
and producing future AGT systems.

The rest of this report presents detailed discussions in these four areas,



3 TECHNICAL DESCRIPTION

3.1 System Description

The AGT system built by Ford at Fairlane Town Center in Dearborn,
Michigan, is a shuttle with midroute bypass to allow simultaneous opera-
tion of two vehicles on the same stretch of guideway. The route is ele-
vated, about 2,600 ft long, and links a large shopping mall with an 800-
room hotel. The system opened in spring 1976, providing service during
the shopping center open hours. It operates in both scheduled and on

demand modes. No fare is charged for the use of the system.

The AGT service is not essential to the functions of the hotel or
the shopping mall, but the substantial patronage experienced since the
system began operations suggests that its novelty, visual appeal, and
shuttling service attract additional people to the center. However, the
true value of any profits and benefits attributable to the AGT system

cannot be easily determined.

A model of the guideway layout and the locations of the mall and
shopping center are shown in Figure 3-1. The guideway, including the
curved approach to the hotel, is constructed of prestressed reinforced
concrete sections with parapet walls to provide lateral retention and
power rail mounting locations. The guideway surface is also equipped

with guideway heating elements for snow removal.

The stations at each end of the shuttle have clear glass doors that
allow for entry and exit from both sides of the vehicle at the shopping
center station and from one side of the vehicle at the hotel station.

Each station can accommodate one vehicle.

The vehicles (see Figure 3-2) are the second generation to be built
by Ford (the first were for Transpo '72) and feature a number of heavy

truck parts. The outer body of the vehicle is an all-aluminum design,

9



FAIRLANE TRANSPORTATION SYSIEM - PHASE 1

o —————————

FIGURE 3-1 MODEL OF FAIRLANE TOWN CENTER SITE

FIGURE 3-2 FORD VEHICLE
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which is welded and bound to the frame to provide an uninterrupted exter-
ior surface.

The maximum speed is 30 mph, but the operating speed at Fairlane is
currently 20 mph. Acceleration and deceleration rates are controlled
by an onboard minicomputer. Propulsion is through electric motors
with power rail pickup. The capacity of each vehicle is 24 passéngers
(10 seated, 14 standing); the crush capacity is 30, Other pertinent
characteristics are summarized in Table 3-1. For more detailed informa-

tion refer to Appendix A.

The vehicle features a unique onboard switch controlled by the on-
board computer. Deployment of the switch at the proper time allows the
vehicle to negotiate the bypass section in the guideway. Primary control
of the vehicle is by the onboard computer responding to a limited set of

wayside control signals.

The Fairlane system operates 12 hours and 30 minutes on Mondays
through Saturdays and 5 hours and 30 minutes on Sundays and carried

2,434,076 passengers from March 1976 to February 1977.

The ACT system has a number of other interesting features. The
prefabricated prestressed concrete guideway sections were constructed
using a steel form that can be adjusted to proudce any desired curve or
superelevation. The bypass allows most of the guideway to be single
lane, thus reducing guideway costs. The wayside communication requirements
are relatively low because most of the vehicle control functions are

performed on board.

3.2 Vehicle Subsystem

3.2.1 Description of Vehicle and Performance Parameters

The Fairlane ACT vehicles are the second type of vehicle built by
Ford. The vehicle features a step-down frame and low-profile body which
facilitates its passage through existing buildings without much intrusion.
The overall parameters are shown in Table 3-2 and the vehicle structure

breakdown is shown in Figure 3-3.

11



Table 3-1

ACT CHARACTERISTICS: FAIRLANE TOWN CENTER

Manufactured by Ford Motor Company

Opened Spring 1976
Vehicle

Capacity
Crush--maximum
Normal

Maximum speed

Headway
One vehicle
Two vehicle

Number

Type of operation

Command and control

Type

Management
policies

Modes

Guideway

Length
Type
Material
Routing

Stations

Number
Platforms
Berths

Operating conditions

Weather

Maximum operating
speed

Capacity
Maximum
Normal

30
24 (10 seated, 14 standing)
30 mph (20 mph operating)

5.8 min. (incl. dwell)
2.9 min. (incl. dwell)
2

Single Car

Onboard computer, wayside logic/controller

Cars leave stations simultaneously
Scheduled or demand responsive

Approximately 2,600 ft
Elevated

Prestressed concrete
Bypass shuttle

w N

All weather (heated guideway)

20 mph

624 passengers/hr/lane (two-vehicle operation)
500

12



Table 3-2

ACT VEHICLE SUBSYSTEM PARAMETERS: FAIRLANE TOWN CENTER

Fairlane
Installation
Size, length X width X height (ft) 24.7 X 6.67 X 8.67
Weight empty (1b) 12,500
Capacity (1b) 4,500
Floor area (ftz) 66
Interior volume (ft3) 1,080
Operating speed (maximum) (mph) 20
Acceleration (mph/sec) 1.36
Deceleration
Service (mph/sec) 1.36
Emergency (mph/sec) 4.1
Jerk limits
Acceleration (mph/secz) 2.1
Deceleration (mph/sec?) 2.1
Maximum train length (number vehicles) 1

The Ford vehicle uses a steel frame with an aluminum superstructure.
The superstructure is designed to present a smooth appearance without
seams. The two vehicles at Fairlane, designated Fl, F2, have identical
superstructures but slightly different undercarriage arrangement. The
vehicles are bidirectional but have a front and back orientation. The
front of both vehicles faces the hotel station and the back faces the
shopping center station. Vehicle Fl has one set of switch arms and one
set of collector shoes on one side of the vehicle, Vehicle F2
has one set of switch arms on the side opposite to that of Fl. It has
two sets of collector shoes, i.e. one on the same side as that of F1 and
the other on the opposite side. This configuration has the advantage
that the power and signal rails are needed only on one side of the

guideway except near the bypass areas where the rails are needed on both
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sides. Vehicle F2 uses the opposite set of collector shoes when

passing through the bypass ffog.

3.2.2 Braking

There are two kinds of braking used on the Ford vehicle. Service
braking is regenerative and is used to bring the vehicle to a complete
stop at the station. To avoid the difficult problem of holding the vehicle
motionless at the station by torquing the motors, the friction braking
system is applied when the vehicle is at rest. Each vehicle has two
hydraulically applied disc brakes. The brakes are mounted on the differ-
ential drive shaft on each axle below the motor. Hydraulic pressure is
admitted to the brakes by flutter valves. For safety reasons the friction
brakes are held off by the presence of a control signal and applied in the

absence of the signal.

The friction brake system also serves as an emergency brake system
if the normal service braking fails. Emergency deceleration is limited
by a pendulum valve that releases hydraulic pressure at a preset level.
Significant redundancy is provided in the emergency brake system in the
form of completely separate hydraulic systems for each brake. Hydraulic
pressure is stored in an accumulator at each end of the vehicle. TIf the
hydraulic pump fails, there is sufficient capacity for three full stops.
Since the friction brakes are used for station holding, the emergency

braking system is automatically tested at each station stop.

3.2.3 Minor Subsystems

3.2.4.1 Doors

The Ford ACT vehicles have two sets of biparting doors, 41 inches
combined width, one set on each side. Door height is 80 inches.
All doors have safety edges. Door reliability has been acceptable; how-
ever, larger doors might prove desirable since the system operates near

full capacity most of the time. The present arrangement works better in
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dual-platform stations where traffic enters on one side as passengers

leave on the opposite side.

3.2.4.2 Heating, Ventilating, and Air Conditioning

The vehicle interior environment is controlled with 9 kW of electric

heating and 4 tons of air conditioning.

3.2.4.3 Passenger Environment

The Ford vehicle at Fairlane has a total of 66 ft2 of floor area
available between the two step ends of the vehicle for passenger or freight
accommodations. In the present configuration of ten seats, all but 27 ft2

are taken up by seats and associated leg room requirements.

Vehicles are equipped with curved windows above the seat backs to the
ceiling and provide a full 360 degrees view from within. End windows
in the vehicle function as emergency exits. The windows are tinted,
offering an attractive exterior but with full visibility from inside the

vehicle.

The interior is finished in various types of high-durability syn-
thetic materials. The molded plastic seats have vinyl inserts that can

be changed quickly, and the floor is carpeted.

Two-way radio communication with the control center is provided.

The passengers can initiate communications if necessary.

3.3 Command, Control, and Communications

The Fairlane system is a basic shuttle system. Ford, however, wanted
to design a command, control, and communications system (CC&CS) that could
not only perform certain baseline onboard functions needed for shuttle
system but also be expanded with minimal hardware change to meet large
network requirements, Hence the CC&CS used at Fairlane contains a variety
of features (such as an onboard computer that keeps track of vehicle
position with limited external information) that have potential advantages

in other applications.

*
Reference 4 discusses some of these advantages.
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3.3.1 Vehicle Protection

Vehicle protection in this shuttle system has two aspects: collision
avoidance and precision stopping at the ends of the line. We have chosen
to treat the stopping protection in Section 3.3.2 because the vehicle
stopping control system concerns the operation of a vehicle rather than
the protection of it from another. This section contains information

regarding collision avoidance.

Fairlane's CC&CS assures vehicle separation in the bypass area through

the use of a fixed block wayside control system. The entire signal rail

is segmented into fixed blocks. A wayside vital control system detects
vehicle presence and transmits vehicle command signals which assure safe
movement. The major functions of the system are to control the direction
of motion, synchronize the bypass of two vehicles operating on the system
to avoid collision, and accomplish precision stops of the vehicles at

both stations. The block command mechanism is discussed in Section 3.3.2,
The system does not have logic for controlling closely following vehicles

or merges since these conditions do not occur at Fairlane.

The guideway is divided into 14 control blocks, including 3 two-pair
blocks at the bypass area (see Figure 3-4). These blocks are designated
as A blocks and B blocks according to whether they are in the A station
(shopping center) or B station (hotel) zone. Two wayside transmitters,
each devoted to a zone, are wired through occupancy relay contacts to
the blocks in a zone for command and information exchanges. The trans-

mitters are switched when both vehicles are in the bypass.

Blocks 4A through 7A and 4B through 7B form the bypass area where
‘'vehicle protection, in the sense of preventing collision, exists. Vehicle
protection control is accomplished by both vehicle-borne and wayside
vital relays. The wayside vital relay functions as a sorter by which the
proper command signal is sent to the vehicle once its presence is detected
in a block. The vehicle-borne vital relay functions as a check=-out list

to ensure the vehicle is ready to implement a proper command.

The principle of Fairlane block control at the bypass is based on

a "truth table'" of synchronization for approaching vehicles, blocks the
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vehicles must enter at specified times, and the speeds at which they
should travel to complete the bypass. It verifies all parameters for

safe bypass.

Vehicle presence in a block is detected by the shunting of the signal
rails by the coil of an onboard vital relay. This dc signal appears at
the wayside vital relays via the dedicated communication line for the
block. The vital relays, after consulting information received from the
adjustment blocks, select a speed command and send it back to the vehicle
via the same line. The speed command, upon being received by the vehicle,
initiates two actions. First, there is a check of vehicle status for the
command implementation, which is reported back to the wayside by an "echo"
of the command. Second, the command triggers the onboard computer for

performance adjustment as required.

If approaching vehicles are not synchronized for the bypass, violation
of the "truth table" occurs, and the vehicles will be commanded to slow
down and adjust their performances for synchronous rematch, Two block
lengths are usually given for performing adjustment. An emergency stop
will be implemented if the adjustment fails to match the synchronization.
However, due to the onboard computing capability, vehicles seldom have
to implement such an emergency stop since onboard processine is usually

accurate.

An emergency stop can also be commanded by the onboard vital relays
in response to the loss of a wayside command. The onboard vital relay
system is completely independent of the onboard computer, but not vice
versa, since the onboard computer utilizes vital control system commands
and status in performing the various vehicle control functions. The
onboard computer performs these control functions within the safety
constraints imposed by the vital control system and seeks to avoid the

necessity for emergency protective action by the system.
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3.3.2 Operational Control

3.3.2.1 General

Once a vehicle leaves the bypass area, its sole mission is to proceed
to its destination station and perform a proper stop there, This mission

requires the vehicle to complete the following phases:

° Switch arm enable (SAE)
° Queuing stops (Q-stops)
e Begin vernier stops (BVS)

° Station stop and hold.

Because the stations are located at the very ends of the guideway,
stringent requirements are imposed on the vehicle command and control
system. This is evident from the fact that a vehicle is required to
follow a precision speed stepdown profile during the Q-stop section, and
then is fine tuned by the BVS section until it creeps into the station
at 1 ft/sec. This entire operation is usually accomplished successfully
in about 11 to 13 sec, including traversing the last 25 ft to the station

and performing station line-up.

3.3.2.2 Switch Arm Enable (or Disenable)

Sensors on the guideway detect the position of the switch arms (ex-
tended or retracted). Unless inputs from the system program and the block
occupancy relays indicate an arm check is inappropriate, the switch arm
logic insists that the correct sequence and count of arms pass by the
sensors. This logic check occurs at the end portion of No. 3 blocks and

beginning of No. 2 blocks.

This operation is designed to be completed within the distance span

of the arm-out and arm-in guideway detectors, which are 150 ft apart.

3.3.2.3 Queuing

The Q-stop provides end-of-guideway failure detection to protect
against any possibility that the vehicle might contact the protective

bumper, which is located at the end of the guideway. The signal rails
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approaching the end station berths are segmented into shorter and shorter
sections, with 24 such segments in all. Alternate sections of signal rail
are tied together into even and odd groups, in a "daisy chain'" arrange-

ment,

The Q-stop is a failsafe timer. Thus, the protected speed profile
is one in which the vehicle takes at least the predetermined minimum
time to traverse each of the shorter and shorter segments (switching

from an odd to an even segment) as it approaches the station,

Essentially, a vehicle is checked every 550 msec in the 325-ft

Q-stop area within the No, 2 blocks to ensure its deceleration.

3.3.2.4 Begin Vernier Stop

Begin vernier stop (BVS) serves to slow a vehicle down for a station
line-up., The actual BVS action starts at the last portion of the Q-stop
area, The length of the BVS section is about 25 ft, with a + 12 in.

stopping requirement. BVS spans from the edge to the end of station.

3.3.2.5 Onboard Computer

The onboard computer is a Digital Equipment Corporation model PDP-8/M
minicomputer that controls all vehicle functions in the automatic mode of
operation. (The computer has a capacity of 4,096 12-bit words.) The
computer performs control functions within the safety constraints imposed
by the vital relays and seeks to avoid the necessity for emergency pro-

tective action by the onboard safety system.

The computer software is capable of running all operating tasks
independently and has its own scaling routine, This includes the capa-
bility of altering the operating constants used by the control equations,

such as speed, nominal acceleration, and jerk limit.

The computer software has seven basic routines: digital signal,
tachometer read, velocity/position, vernier stop, safety stop, command

5
output, and alarm status.
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3.3.2.6 Tachometer and Position Feedback

Two tachometers are used in a failsafe, self-checking manner onboard
the vehicle, These tachometers form the heart of the vehicle positive
location, which, in turn, provides a base of reference for the computer

and other onboard equipment.

The self-checking and accuracy assurance design of the tachometer
circuitry will not be discussed here because of the detailed nature of
the subject. However, the Ford design utilizes the tachometer counts in
a cumulative manner to furnish position as well as velocity information
to the feedback control systems. This is made possible by the onboard
computer. Such a feedback control system tends to be more accurate than

the velocity feedback that is generally used.

The tachometer provides digital output to the circuit at a rate of
150 pulses/ft. The tachometer results are accurate down to 0.6 ft/sec
per count. Any discrepancy larger than this amount will cause the vehicle
to stop if it is not corrected in time., The tachometers are of proven

*
quality, with a reliable operating experience.

3.3.3 Central Control

Overall system control is provided through the central control
console, which is composed of three sections: one provides central
operator status displays of the CC&CS, another controls the support
facilities, and a third displays and controls all voice communications.
The support facilities panel controls guideway power, guideway heating,
and the barrier between the automated guideway and the maintenance facil-
ity, which is at the end of the guideway beyond the shopping center

station.

Five central control closed circuit TV (CCTV) displays cover various
areas of the system (see Section 4.6.1). A display of guideway blocks
indicates the locations of vehicles. The system modes that can be selected
at the console include scheduled/demand, 100%/50% performance, and run/no

motion. The scheduled mode automatically controls the vehicles so that

*
Trump-Ross Manufacturing Company.
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they shuttle between the end stations: both vehicles are dispatched
simultaneously as soon as both sets of vehicle and station doors are
closed. Reduced speed (507% performance) can be selected when required.

Run/no-motion control is used to shut the system down.

The relationship of central control to other subsystems is shown in
Figure 3-5. Since the Ford vehicle is equipped with automatic devices,
and wayside control is separated from central control, the main function

of central control is supervision and operator interface.

3.3.4 Commands and Communications

The Ford vehicle at Fairlane, being an "intelligent'" vehicle, re-
quires few wayside-to-vehicle communications and has the advantage of

being less susceptible to communication errors.

The command and control communications between vehicle and wayside
are accomplished by five tones and five echoes through the signal rail.
Tones are pure frequency signals that carry commands from the wayside to
the vehicle. Echoes are vehicle responses to the wayside commands. The
tones and echoes are given in Table 3-3; the commands and checked responses

are listed in Table 3-4,

Table 3-3

ACT COMMAND AND RESPONSE FREQUENCIES: FAIRLANE TOWN CENTER

Command Tones Response Echoes
F1 15.467 kHz Fé 8.000 kHz
F2 17.846 kHz F7 9.231 kHz
F3 19.333 kHz F8 10.000 kHz
F4 21.091 kHz F9 10.909 kHz
F5 23.200 kHz F10 12.000 kHz

Note: Frequency voltages vary between
2 mV to 10 V, with a duration of
approximately 15 msec,
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Table 3-4

ACT COMMAND AND RESPONSE CODE: FAIRLANE TOWN CENTER

Code Tone™
Number Command or Checked Response F1 F2 F3 F4 F5
1 Maximum speed 30 mph, but slow down 1 1 1 0 0
2 Maximum speed 30 mph, and go at 30 mph 1 1 0 1 0
3 Extend or retract switch arms 1 1 0 0 1
4 Maximum speed 15 mph, but slow down 1 0 1 0 1
5 Maximum speed 15 mph, and go at 15 mph 1 0 0 1 1
6 Decelerate for station stop 1 0 1 1 0
7 Command forward and open doors 0 1 1 1 0
8 Command reverse and open doors 0 1 1 0 1
9 Are vehicle doors closed? 0 1 0 1 1
10 Is vehicle at zero motion? 0 0 1 1 1
11 Emergency stop 0 0 0 0 0

Note: Echo uses the same zero-one code at frequencies F6 through F10.

1 = presence of tone; 0 = absence of tone.

fAbsence of command includes emergency stop.

Absence of command, or its equivalent of removing all command tones,
results in an emergency stop. This scheme further assures continuous
communication between vehicle and wayside., It will also stop a live

vehicle if it loses its response capability.

Nonvital communication is accomplished by a radio link, consisting
of a half duplex tone/voice communication system, between the vehicle
and central control. If an ACT vehicle develops an alarm condition, such
as equipment failure, digitally selected tones are generated in the RF
control package. This equipment automatically actuates the vehicle trans~
mitter and sends these signals to central control. The tone codes are

decoded by the base station control package, and the proper alarm indicator

25



on the central control panel is illuminated. This action also causes

an audible alert to be sounded.

3.4. Steering

The Ford steering system utilizes many commercial truck parts. It
consists basically of two common rigid truck axles arranged to pivot
about a vertical axis for curve negotiation. Each axle is steered by
four guide wheels mounted horizontally in front and back of each load-
carrying tire. The guide wheels run just above the road surface, bearing
outward against vertical guiding surfaces about 7 in. high, or about the
height of common curbs. The wheels are preloaded to bear against the
guiding surfaces with a force of 550 1lb each, which reduces lateral hunt-
ing, makes the vehicle track the guideway more accurately, and improves

transition at switch points.

3.5 Switching

The Ford vehicles use onboard rather than guideway switching., Each
vehicle can be equipped with four switch wheels, one at each corner of
the vehicle, which are swung outward on arms to engage auxiliary guide
surfaces at switches. One switch wheel at each axle is sufficient to
substitute for the lateral restraint temporarily lost as the opposite
guide wheels leave their guide surface at a switch, Fairlane requires
switch wheels on only one side; only two per vehicle are installed. The

vehicle and guideway arrangement is shown in Figure 3-6,.

The Ford switch system positions the switch wheels forward of the
axle in the direction of travel--16 in. on the leading axle, and 3 in.
on the trailing axles--which causes the axle to steer slightly toward
the side wall. This makes the load-carrying wheels provide part of the
lateral force required to hold the active guide wheels firmly in contact
with the guiding surface. As a result, the load on the switch wheels is

reduced.

Onboard switching requires somewhat different safety considerations

from guideway switching but is otherwise analogous to guideway switching
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in all respects. Fundamentally, switch position must be determined far
enough in advance to allow the approaching vehicle to stop safely if a
malfunction or error is detected. In both cases, the vehicle approaches
the guideway junction with a given speed and characteristic stopping
distance and time. As the vehicle passes the closest point allowing a
safe stop, the switch elements must be in position, locked, and verified,

whether on the vehicle or on the guideway.

It is clear that the loss of lateral control in the switch area

would be a serious occurrence.

The Ford system checks the position of each switch element with
electronic sensors on the vehicle and magnetically senses the presence
of the switch arms at checkpoints on the guideway. Once the switch arms
are in position, they are mechanically locked by a toggle mechanism.

Loss of actuating power will not cause them to retract.

There is little possibility of a vehicle, once correctly set for a
switch, having a mechanical failure in the switch area. It is the respon-
sibility of the control system to be certain that an incorrectly set

vehicle will not be cleared to proceed into a switch area.

3.6 Propulsion

Ford uses two separate identical drive systems incorporated in the
bogies at each end of the car. A single drive system can operate the

vehicle at a reduced speed if one fails.

The propulsion controller is a solid-state device designed to control
torque through the conversion of 480 Vac three phase power to a variable
dc voltage and to switch the motor circuitry to produce regenerative
braking during stops. The thyristor controller receives an armature
current command from the onboard computer and converts the ac power to
chopped dc using a full-wave rectifier. During regenerative braking,
the unit switches the motor to a generator that inverts dc voltage back

to 480 Vac, 3 phase, for return to the power rails.
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The propulsion motor has the following characteristics:

Type Shunt wound dc
Nominal voltage 500 V de
Number of poles 4 poles
Horsepower 60

Rpm 2,500

The motors are blower cooled and have built-in overheating sensors. Each
motor is mounted above the axle and drives the wheels through a transfer
case and chain drive of standard automotive design. The output sprocket
drives a short drive shaft which is linked to a truck-type differential
assembly. A disc brake and a tachometer are mounted on each drive shaft.

The overall reduction is selected for 30 mph at 2,500 rpm,

3.7 Suspension

The Ford suspension system is a straightforward automotive design.
The basic truck axle is constrained to the chassis with rubber-bushed
radius rods. The upper, A-shaped, radius rod is on the centerline of the
vehicle, with its base attached to the vehicle chassis and the tip attached
to the axle. The lower radius rod is a single link from the axle to the
chassis. This combination establishes in a direct manner the pivot center

for the axle, the roll center, and the vertical deflection path.

The vertical load is transmitted to the axle through coil springs.
When the axle pivots for curve negotiation, the coil springs simply deflect
to a slight S-shape. This arrangement has been used on other forms of

guided ground transportation with good success when properly designed.

The Ford vehicle is provided with a lateral suspension system as
well because of the way the guide wheel preload is achieved. Each guide
wheel is mounted so that it can slide laterally with respect to the truck
axle. The guide wheels are sprung outward by leaf springs which, when
the wheels are compressed inward about 1 in. to the track gauge, provide

the 550-1b preload to the guideway. Minor lateral irregularities move
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only the guide wheels and have no noticeable effect on the chassis and
passengers until the axle begins to respond to a change in guide wheel
forces and steers to a new equilibrium position. This particular arrange-
ment differs from other guided vehicles in that the lateral springing is
usually between the running gear (axle or bogie) and the chassis. The

Ford arrangement considerably reduces the laterally unsprung mass and

makes use of the tendency of the load-carrying tires to roll in a laterally

smooth path.

3.8 Guideway

The Fairlane guideway, which is entirely elevated, is arranged in
the shape of a giant reversed "S," curving through the large surface parking
areas separating the shopping areas and hotel. A station is located at each
end, and a vehicle bypass, characteristic of the ACT guideway, is provided
near the center. The total length of the guideway is approximately 2,600

linear feet including the 600 ft bypass section.

The geometric layout used at Fairlane has resulted in a guideway with
very gentle grades and large horizontal curves. The bulk of the svstem
has a 0.5% grade; the section approaching the hotel station is flat.
Approaching the shopping center station, the guideway grade increases to
2.5% as the system enters the mall structure. The plan geometry employs
a typical horizontal curve of 275 ft radius, with appropriate geometric
transitions from tangent (straight) sections to curved and between curved
sections of different radii. The majority of the length of the guideway
is curved and thus requires superelevation. Superelevation transitions

from zero at the tangent sections to 107% for the 275 ft radius curves.
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3.8.1 Guideway Structure

The Ford ACT aerial guideway is a concrete structure composed of
cast-in-place foundation elements, precast columns, and channel-shaped
prestressed concrete guideway beams. In order to minimize the number of
troublesome transverse joints, the structure has been divided into seven
independent continuous units by means of expansion joints employing
sliding bearings between column and beam ends. A typical unit consists of
a series of up to eight continuous beams between expansion joints, giving
a maximum continuous length of approximately 360 ft. Longitudinal forces
and volume change effects result in bending of the relatively slender
columns between expansion joints. Several of the continuous units that
are supported by relatively short columns have additional sliding connec-
tions for the purpose of diminishing forces in the columns. Structural
continuity is obtained by an arrangement of longitudinal, overlapping,
posttensioning tendons. In addition to serving as continuity reinforce-
ment, the posttensioning was designed to control both live and dead load

deflections.

3.8.2 Guideway Beams

In addition to vehicle support and traction, the guideway beams pro-
vide horizontal guidance, vehicle entrapment, and mounting surfaces for
electrical hardware. This heavy systems reliance on the beams, together
with the largely curved plan geometry, makes the beams the key element of
the structure. The guideway beams used at Fairlane are channel-shaped
precast/prestressed concrete elements 2.5 ft deep and 12.2 ft% width into
which the vertical and horizontal geometry of the system has been molded.
The horizontal web of the channel contains pretensioned longitudinal re-
inforcing together with mild steel transverse reinforcing. The vertical
flanges of the channel house the longitudinal cross-tendon posttensioning.
Blockouts in the upper inside corner of the vertical flanges provided
access to tendons for anchorage and jacking. After tendon jacking and
grouting was accomplished, these blockouts were filled with concrete and

faired to match the inside surfaces.

*
Approximate guideway envelope dimensions, cosidering the height of the vehicle

and about 2 ft extra margin on each side will be 16 ft wide and 12 ft high.
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Vehicle guidance is achieved by means of T-beam guidance rails, which
are fastened to the vertical flanges of the guideway channel with threaded
fixtures to permit adjustment to exact alignment. An upper switch guidance
rail is fastened to the top side of the vertical flange of the beam for
use in the merge/diverge areas. Power conductors are mounted inside the

guideway just above the lower guidance rails.

The tractive surface was applied after erection. Drains are provided
at each column to carry water away from the guideway. The original design
included a valley in the tractive topping slab leading to each drain.

This feature was omitted in the actual installation, however, with the

result that there is rather poor drainage in some locations.

3.8.3 Guideway Heating

The Ford Fairlane system is located in the Detroit Metropolitan area.
The climatological chart on page 3 shows the general weather conditions of
the area; mean snowfall is 39 in. per year, and accumulations average 3 in.
with occasionally heavier accumulations. The Fairlane system has a guide-
way heating system that can prevent accumulation of snow and ice on the running
surface to maintain operational performance and safety. Heated water drains
are provided. A 307 loss of speed or acceleration performance while operating

on a snow-covered guideway has been experienced at Fairlane.

The guideway has imbedded in the topping layer a mineral insulated
heater wire, which is an electric resistive heating element within a
copper tube filled with a heat-conducting mineral compound. The wire is
within 1 in. of the running surface and winds across the running surface
so that there are straight sections of heating element spaced 8 in. apart
perpendicular to vehicle travel direction. Operating on 480 V ac, the
wire uses 60 W/ft2 to heat the guideway. Power used in heating the guide-

way is not separately metered.

Ford's original operational criteria for heating the guideway was to
initiate the guideway heating 6-8 hours before an anticipated snowfall.
However, many times the 6-8 advance forecast did not prove to be reliable.
It was therefore decided to start the heating about 2 hours before an
anticipated storm or snowfall or not use the heating at all but to remove

the snow mechanically.
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If the guideway were to be heated after a snowfall, icing of the power
rail and steering surface would result from the vehicles splashing the
water from the melted snow onto these surfaces. Therefore, if snow or
ice has accumulated, the guideway is not heated. It is cleaned manually
and methyl alcohol is used for ice removal on the power rail and steering

sur face.

Approximately 3,200 linear feet (including the bypass section) x 7.6
ft width, or about 24,500 ftz, of guideway contain heating coils with a
design capacity of 60 W/ftz. Heating is used only when weather conditions
are severe. Two heating modes are possible: (1) 100% heating of entire
guideway, and (2) 50% heating implemented by alternating heating among
the different track sections. Mode (1) requires about 1,470 kW, and mode
(2) requires 735 kW,

3.8.4 Station

Inherent in the Ford ACT design is the ability to fit system stations
into existing buildings. This ability is demonstrated to a large degree

at the hotel station but not at the shopping center station.

At the hotel station, guideway is so constructed that it lines up
with the side of the building so that a lobby of the hotel is used as a
station through a pair of specially designed doors. Personnel of Ford's
Transportation Systems Operations (TSO) claim that such a design requires
the vehicle to be capable of making controlled station approach and pre-
cision stops. This is a reason given for the development of a sophisti-
cated operation control near station areas as described in Section 3.2,
Naturally, the space required in the lobby area for passengers, the lobby
itself, and building structure are the basic ingredients required by all

AGT stations.

Since the ACT maintenance facility is located in the shopping center,
the ACT system must have the right-of-way into the shopping center com-
plex to reach this facility. A station area is further designated just
in front of the maintenance facility on the right-of-way. The space needed

to accommodate the right-of-way in the shopping center essentially

33



constitutes a station space requirement. Although the requirement of pre-
cision station approach and stop remain the same as the hotel station,

the idea of space saving is less obvious.

3.9 Power Distribution

The Fairlane system is supplied by two substations which are dedi-
cated to the ACT system. Each substation is equipped with a 13,200 V/480 V

transformer, a motorized circuit breaker, and a contactor.

Two feed points on the guideway are approximately located at one
quarter and three quarters of the guideway lanes. Although each point is
fed by one substation, the power rails are commonly connected throughout.
In case of failure of one substation, the other substation can sufficiently

supply the system,

The power rails are made by Insul-8; the substation equipment is made
by Allis Chalmers and Westinghouse. Special cast-iron shoes are used for
their long-wearing properties. Power distribution on the guideway is of

three-phase, delta-connected ac.

The substations are located at the shopping center guideway tunnel
entrance and at the hotel area. Each substation is housed in a special
shed. These substations may be used to supply the shopping center and
hotel in case of power shortages in either location. Power for heating

the guideway is drawn from the power rails.
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4 SYSTEM OPERATIONAL PERFORMANCE

4.1 Operational Characteristics

The Fairlane ACT system has a fleet of two vehicles. Each vehicle
has a normal rated capacity of 24 (10 seated and 14 standees), with a
crush capacity of 30. The vehicle operates at a maximum speed of 20 mph,
though initially this system was designed for a maximum of 30 mph. The
observed round-trip time is 5.8 min, which includes two 50-sec dwells and
two 123-sec travel times. The operational speed is 9.8 mph, which is
calculated from the 5.8 min round-trip time and the distance between the
stations. The line capacity for one-vehicle operation is calculated to
be 250 passengers/hr with normal loading, and 312 with crush lecading in

each direction, The observed round-trip time is used for this calculation.

The system has been operating every day since it began on February
28, 1976, except for three days when the shopping center was closed and
three days when heavy snow shut down the system. The system is scheduled

to operate for 12.5 hours a day.

The ACT system is designed for two modes of operation: on-demand
and scheduled. In the on-demand mode, the vehicle remains at the station
with the doors closed until service is requested by a passenger. In the
scheduled mode, the vehicle shuttles back and forth, remaining at each
station with the doors open for a predetermined dwell time before moving.
In case of any problems with the automatic operation, the vehicle can be

operated manually via a special control panel within the vehicle.

The operation strategy being used is the request mode. This strategy
is common for both one-vehicle and two-vehicle operations. The mean head-
way under one-vehicle operation is the same as the round-trip time: 5.8
minutes; under two-vehicle operation it is 2.9 minutes. Currently, the

system operates approximately 937 of the time with two vehicles.
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4,2 8ystem Performance

The vehicle miles of travel (VML) of the system in the first 12
months of operation (February 28, 1976-February 27, 1977) were calculated
to be 60,262. This calculation was based on the number of trips made
(information given in the weekly operating reports) in the same time
period with a trip length, from station to station, of 2,492 ft.* The
amount of energy consumed for vehicle operation in the first year of oper-
ation was estimated to be 1.0 million-1.2 million kWh, This includes
vehicle operation and guideway heating. This estimate is based on the
given energy cost and the given unit energy cost of $0.05/kWh. The annual
vehicle hours of travel (VHT) in the first 12 months of operation were
reported to total 6,239, whereas the total system operation hours in the
same time period were reported to be 3,980 hr, indicating that the system

was operated with two vehicles 56.8% of the time.

The patronage in the first 12 months of operation was estimated to
be 2,434,076 passengers, on the basis of rough observations of daily pas-
senger volumes by the operator. The number of passenger miles of travel
per year (1,150,000) was found by multiplying the patronage by the trip
length. The average ridership was 19.1 passengers/trip, which was calcu-
lated from the reported annual vehicle trips and the annual patronage.
The average ridership of 19.1 and the normal capacity of 24 give a load

factor of 0.80.

The ACT operations record, which covers the first 12 months of oper-

ations, is given in Table 4-1.

4.2.1 System Productivity

Four measures were adopted to describe system productivity: employee-
to-vehicle ratio, system man-hour to VHT ratio, vehicle productivity, and
labor productivity. The productivity measures of the first year of oper-
ations are calculated below. The total number of employees, including one
supervisor, is ten. The employee-to-vehicle ratio is 5.0 for a two-vehicle
operation and 10.0 for a one-vehicle operation. The employee-to-vehicle

ratio with mean number of vehicles operated (1.57) is 6.4. A possible

Station center to station center distance, excluding some end portions ot
the guideway.
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Table 4-1

ACT SYSTEM OPERATIONS RECORD: FAIRLANE TOWN CENTER

Percentage of Number of Vehicle
Two-Vehicle Inter- Percentage of Operating Downtime Vehicle Estimated
Month Operation ruptions Downtime Hours Hours Trips Ridership
March 1976* 63.7 127 3.7 308:53 2:07 10, 207 237,689
April 77.0 147 5.4 343:55 18:26 12,516 235,988
May 47.0 116 5.9 357:21 21:01 11,449 199,168
June 75.4 53 3.2 350:40 11:41 13,532 228,237
July 68.3 61 5.0 344:17 17:21 12,139 250,633
August 58.2 107 6.3 313:27 19:36 10,089 216,668
September 37.2 136 7.2 335:46 24:09 8,777 185,222
October 44,4 67 4.5 352:45 15:45 11,377 209,744
November 65.6 56 3.8 325:28 12:22 11,787 216,389
December 60.5 62 12.3 337:54 41:51 10,189 186,432
January 1977T 33.6 53 13.0 294:06 38:14 7,446 131,737
February 56.9 39 6.0 322:00 19:25 8,475 140,329
Cumulative total 58.2 1,028 6.3 3,986:32 250:52 127,983 2,438,276

*
Includes February operations data.

TReduced operation was requested and a blizzard occurred during this period.



interpretation of these rather high values is that the small size of the

ACT system does not fully utilize the work hours of all employees.

The system man-hours to VHT ratio is estimated to be 3.2; that is,
3.2 man-hours are needed to operate one vehicle for 1 hour. 1In calculating
this, 20,000 man-hours per year were assumed based on the number of em-

ployees (10).

The vehicle productivity, which is expressed by the ratio of annual
patronage to annual VHT, was obtained from the operating record. 1Its

value is 390.1.

The labor productivity, which is expressed by the raio of annual
place miles of travel to annual total man-hours, is 72.3 (1 hour of labor

produces 72.3 place miles of travel).

4.2,2 Comparison of System Specifications and System Performance

The Ford ACT system went through an intensive modification process
from the time it opened to the public in March 1976 until the middle of
November 1976. The level of effort spent by TSO entailed more than a
debugging of the system. The modification process, in TSO staff's opinion,
is part of the development process of the Fairlane ACT system. At present,
the Fairlane system is upgrading two-vehicle operations and conducting

less intensive system modifications. This process is planned to be com-

pleted by the end of 1977.

TSO representatives and the system's maintenance and operations staff
expressed their satisfaction with the system's performance. Some major
performance changes have occurred--namely, the system's 25 mph maximum operating
speed in the initial period was reduced to 20 mph when it became apparent
after public operations that the system throughput was limited more by
station dwell times than by system speed. Furthermore, it was felt that
a reduction of speed would reduce the wear-and-tear problems of the mechan-

ical subsystems and increase ride comfort.

The operational performance requirements specified for the system
cover operating modes, line capacity, dwell time, travel time, system speed,

and system shutdown. The requirement for relevant operational measures
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and the existing performance levels are compared in Table 4-2,

4.3 System Assurance

4.3.1 General

Ten employees are engaged in operations and maintenance at the Fair-
lane ACT system. At the time of this assessment, the system was maintained
by TSO personnel who are in the process of being transferred into a new
entity (Ford's Aerospace and Communications Corporation) for the same
function (see Appendix C for details). Many of the on-site personnel have
experience with the ACT system since its development stage. As the shop-
ping center complex belongs to the Ford Land Development Corporation, the
transition of personnel and maintenance responsibility is expected to be
smooth. However, a reduction in the ten-man on-site labor force may be

in effect after the reorganization is completed.

The maintenance and operating staff of ten consists of one supervisor,
six electronic technicians, and three vehicle mechanics. The supervisor
works a standard Monday through Friday day shift. The technicians and
mechanics work on two rotating shifts of 7:00 a.m.-3:30 p.m. and 3-00 p.m.-
11:00 p.m. to provide seven days full coverage a week. At least two per-

sons are on duty at all times; the normal crew is three.

The operations console does not require continuous monitoring, but
an operator must be nearby. If a system malfunction occurs, an audible
tone of sufficient loudness to be heard throughout the maintenance area
is sounded. One maintenance crew member assumes command of the console
and notifies the passengers that assistance is on the way. The remaining

two crew members are dispatched to recover the failed vehicles.

4.3.2 Maintenance Strategy

Ford was required to make the system operational and open for public
use within a very tight schedule. Therefore, sufficient time was not
available for durability testing of the Fairlane system including certain

debugging activities that could otherwise be fully conducted. This
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Table 4-2

COMPARISON OF ACT SYSTEM SPECIFICATIONS AND SYSTEM PERFORMANCE:

Operating modes

Line capacity

Dwell time

Travel time

System speed

Acceleration

Deceleration
(Service)
(Emergency)

Jerk (acceleration
and deceleration)

System shutdown

FATRLANE TOWN CENTER

Specified

Existing

Three modes; automatic,
request, and manual

Two-vehicle automatic
mode has a crush line ca-
pacity of 676 passengers/
hr, with an average dwell
time of 50 sec in each
direction. System capac-
ity with a single vehicle
is one-half the above
numbers.

Variable, the range is
from 10 to 70 sec.

At full system speed,
travel time is 78 £ 5
sec, including the time
from vehicle start to
vehicle stop.

Vehicle speeds of 0, 15,
or 30 mph to be selected
by the central operator.

With crush-loaded vehicle
0.0175 g (1.57 mph/sec)

With crush-loaded vehicle
0.0175 g (1.57 mph/sec)
0.25 g (5.49 mph/sec)

With crush-loaded vehicle
0.10 g/sec (2.2 mph/sec2)

System to be capable of
restart in a convenient
and expeditious manner.
In the event the system
cannot be restarted, ca-
pability must be provided
to move both vehicles

(without electrical power)

to their respective sta-
tions and unload all pas-
sengers within 15 min

Source:
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As specified

Somewhat lower than this
value: 624 with crush-
loading; 50 sec dwell
time

The system can be adjusted
as specified (nominal 50
sec)

Approx. 123 sec due to the
reduction of speed (see
system speed)

The system now operates at
0, 11, and 20 mph.

1.36 mph/sec

1.36 mph/sec

4.1 mph/sec
2,1 mph/sec2

System restarts as speci-
fied; movement unpowered
(accomplished with gaso-
line powered tug in the
event of power failure)

Fairlane Shuttle System Specification, No. TSO-SE-1010D (1974)



situation is not unusual for deploying a prototype system, and it is not
peculiar to Fairlane. Certain "wear-in" problems are expected .in the
initial operating period of any system, and Fairlane has anticipated such

problems in their ACT Support Plan.®

However, in order to provide service during operating hours, the anal-
yses of subsystems or component problems can only be done during nonoper-
ational hours. Because of this constraint, Ford has only modified or up-
graded components to remain operational, but has not analyzed intermittent
failures., (Experience with other AGT systems has shown that intermittent
failure problems may not be resolved in a short period, such as a year or

so, of operation.)

The first year of operation was therefore a combination of maintaining
service, bringing systems up to service goals, and modifying necessary com-
ponents. This situation is no different from many other AGT sites in their
initial period of operation. Having this year of record (1976-1977) as
the only presently available record for Fairlane ACT makes it difficult to
conduct an assessment in its usual sense, for it does not represent a

typical period of normal operations.

The maintenance strategy at Fairlane is based on both preventive and
on-line maintenance. The emphasis is on preventive maintenance, which is
conducted regularly on a daily, weekly, and monthly basis, The maintenance
personnel use a standard checklist for each scheduled maintenance operation,
and work is carried out while items on the lists are being checked (see

Section 4.3.3).

Daily preventive maintenance can be separated into prepublic service
check, with emphasis on system/passenger safety, and systems inspection for
engineering subsystem integrity. The daily maintenance list covers four
subcategories: electric, hydraulic, guidance, and guideway. Daily main-
tenance emphasizes items such as signal and power collection, brake assem-
bly, tachometers and electric connections, and switch assembly that may

have been fatigued or failed during the accumulation of daily operation.

*
For example, the Satellite Transit System at Seattle-Tacoma International

Airport.
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Weekly preventive maintenance covers the same four subcategories of
daily maintenance, but with deeper and more detailed emphasis. Items such
as alignment of all collectors and shoes, propulsion controller, switching
cylinders, and motor assembly are covered on weekly maintenance. All
counter and meter display readings are done during weekly maintenance.
Monthly preventive maintenance calls for yet a more detailed examination,
which covers almost three times as many items as the weekly maintenance

list.

The two-vehicle operation at Fairlane has made on-~line maintenance
less critical since the failure of one vehicle would not interrupt ser-
vice, especially during low demand period. However, the preventive main-
tenance program has been very effective, as evidenced by the fact that
two-vehicle operation increased from an average 58% in March 1976

to 937 in August 1977, as estimated by Ford personnel.

4.3.3 Record Keeping

Records are kept of the system for operations and maintenance. The

operation record contains four levels of reports:

e System log
e Daily operations report
e Weekly operations report

e Monthly operations report.

The system log is a running record from the start to the close of
operations each day. 1In it are recorded start-up time, opening time for
public service, and shutdown time. The log also records service inter-
ruptions, the time at which they occur, some information on the nature
of the interruption, and the time the system is restarted. A service
interruption is any interruption that causes loss in service. The causes
of reported interruptions range from a foreign object in the door path

to unauthorized personnel on the guideway.

From the system log the daily operations report is constructed. The

information contained in this report is number of service interruptions,
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total downtime, net operating time, number of vehicle trips, and estimated
ridership. This record is kept for two-vehicle operations and for each
vehicle. There is also a section for summary information on the nature

of the interruption and corrective action taken. This information is

then compiled into the weekly and monthly reports.

The weekly report contains such statistics as vehicle operation
hours, vehicle trips, ridership, and total downtime. The monthly report
contains additional operational statistics calculated on the basis of
the weekly report. Information in the monthly report is divided into

technical performance data and total systems downtime figures.

The reports are prepared for operational reference. They do not
provide failure information. The summary information recorded in daily
report is not summarized in the later reports. Except for total system

downtime, the failure information source is the system log.

The maintenance records kept have four preventive maintenance records

and one failure/maintenance record. They are:

e Daily prepublic safety check record
e Daily system inspection record

e Weekly system inspection record

¢ Monthly system inspection record

e Separate failure/maintenance record.

The prepublic safety check is performed just before system opera-
tional start. An operator is required to check brakes, door safety edges,
and communications to ensure that vehicle and station safety devices are

operating.

The daily system inspection requires a visual inspection of 22 items
in the general subsystem categories of electrical system, hydraulic sys-
tem, guidance, and guideway. The weekly inspection requires a more ex-
tensive inspection of the same subsystem components such as collector
shoe alignment and heights and hydraulic system check. Recording switch
arm cycles, door cycles, vehicle odometer readings, and hours of CC&Cs
use is also performed at this time. The monthly system inspection in-

volves a more intense level of inspection.

43



The failure/maintenance report is a separate record containing three
parts: Part A, General Records, describes the failure or the nature of
the failure; Part B, Adjustment, records whether or not corrective action
taken was successful. It also records parts, numbers of parts replaced,
and the number of hours the repair took to complete; Part C, Engineering,
covers the work done on site or by vendor. The report is used to record
both preventive maintenance and failure repair. The report is made at

the time of each occurrence.

Failures are recorded on an occurrence basis whether they are cor-
rected by on-line maintenance or preventive maintenance. The location,
description, and action taken of the failure are recorded. No attempt
is made to determine the cause or subsystem origin of the failure on the
failure/maintenance report. One of the goals of recording failure is to

enable the improvement of the system on this initial operational period.

4,3.4 Failure Characteristics

Intensive modifications were made to the Fairlane ACT system during
its initial stage of operation (see shaded areas in Figure 4-1). There-
fore, as discussed in Section 4.3.3, the emphasis was to upgrade perfor-
mance and to perform adjustment rather than to carry out an in-depth
failure analysis. The general decreasing trend of failures is shown in

Figure 4-1.

Several component failures have been recognized as causes of repeated
failures. These failures are power collectors and shoes due partly to
the limited space for accommodating them. Wearing of shear pins at the
bogies led to false computer alarm. However, by and large, there is no
failure analysis in the traditional sense of subsystem reliability and
maintainability. In some cases, the failures were induced by the process
of testing and modification in the initial period. For example, contacts
for the onboard computer frequently failed due to the removal of the com-

puter for accessing to the control cabinet for equipment modifications,
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A failure analysis in its true sense cannot be performed because of
the modification process. The reliability measure of MTBF and the main-
tainability measure of MTTR, which are traditionally used, will not rep=-
resent the Fairlane system because at the time of assessment it was not
in a normal operational phase., Major modifications of failures adopted
during this period are more representative of the system's operational

experience of the past year and these are provided below.

Modification 1

Problem--Siemens relay contact failed to conduct on occasion even
though physically closed (CC&CS failure). This was the
cause of most of the failures at one time.

Solution--Raised contact voltage from 5 V, 15 V, and 24 V to 60 V.

Modification 2

Problem--Reed relays occasionally failed to transfer and sometimes
welded (CC&CS failure).

Solution--Replaced with solid-state devices designed by Ford.

Modification 3

Problem--Power and signal shoe and rail needed frequent maintenance
and adjustment; temperature extremes caused excessive ex-
pansion and contraction.

Solution--Redesigned the shoe assembly and cut short segments of the
same rail to allow for expansion.

Modification 4

Problem--Connector reliability problem due to frequent component
removal for testing during the test and modification phases.

Solution--Replaced connectors. Conclusion of testing resulted in
increased reliability.

Modification 5

Problem--Inadequate capacity of vehicle power supplies. 1In the
circuit arrangement, two batteries were directly across
the power supply output, which cause batteries to draw
current when low.

Solution--Increased the capacity of power supply and corrected the
circuit.
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Modification 6

Problem--Excessive usage of wayside power substation breakers in the
test phase resulted in breaker failure.

Solution--Replaced breakers and added additional contactors.

Modification 7

Problem--Signal noise generated because of the proximity of solid-
state command and control equipment to relays and an
onboard electric motor.

Solution--Suppressed noise by using capacitors, suppression diodes
across relay coils, and improved grounding, and by in-
creasing cable size.

Modification 8

Problem--Signal rail impedance variation due to (1) ice on rail;
(2) ice grounding the rail; and (3) use of urea and ethylene
glycol for de-icing.

Solution--(1) Used methanol to de-ice rails, (2) replaced insulators
that exhibited poor insulation when wet, and (3) redesigned
rail jackets in some areas.

Modification 9
Problem--Premature failure of tire carcass and excessive wear.

Solution--Worked with the tire manufacturer and improved tread design

and manufacturing technique.
Modification 10

Problem--Mechanical sensors that sensed the position of doors at
station malfunctioning, prohibiting vehicle movement.,

Solution--Changed the sensor type.

Modification 11
Problem--Air conditioning system noise.

Solution--Replaced the worn bearings and reduced belt tension.

Modification 12
Problem--Design problem with lateral guidance arm.

Solution-~Reinforced the arm.

TSO management reports that the mechanical components of the vehicle
are relatively failure free, CC&CS problems have been corrected, and the
remaining irritant is occasional halts by the onboard computer. Correc-

tion of this problem is proceeding.
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In retrospect TSO representatives stated that they would have pre-
ferred to have more durability testing before placing a system into oper=-
ation and they would have redesigned some system features, such as the
vehicle collector shoe (there are too many collection functions in a

small area).

4.3.5 System Availability*

The manner in which the ACT operational records are kept does not
lend itself to the traditional measurements of subsystem or component
reliability and maintainability, i.e., MIBF and MTTR{ Furthermore, the
Fairlane system does not have a need at this time for subsystem or com-
ponent reliability measures. The records identify the service interrup-
tions as opposed to subsystem failures. This is in concert with Fair-
lane's major goal, to achieve 1007% system availability as opposed to
subsystem or component reliability. In the failure/maintenance record,
where a failure is identified, it cannot always be determined whether the
origin of the failure, such as a subsystem or component, was included in
the problem. If subsequent analysis proved another component or subsystem

was at fault, the original record would remain.

System availability, on the other hand, can be calculated from system
uptime and downtime. Table 4-3 illustrates the availability of the ACT
since the system began operation in late February 1976. System avail-
ability for the 12 months--February 1976 to February 1977--was 0.937 based
on 3,986.53 hr of operation.

The rather high availability of the system in the initial stage (as
shown also in Figure 4-1) is said to be mainly due to having an operator
on board. (The system was operated with an operator on board for the
initial six-week period.) The most intensive modification program took
place in July, August, September, and November. This situation explains

the high failure records during the summer.

*

System Availability = System uptime

System uptime + System downtime

# MIBF = Mean Time Between Failures; MITR = Mean Time To Restore.
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Table 4-3

ACT SYSTEM AVAILABILITY: FAIRLANE TOWN CENTER

Percent Total Total

System System System

Month Availability Uptime Downtime
March 1976* 0.963 297.45 11.43
April 0.946 325.49 18.43
May 0.941 336.33 21.02
June 0.968 338.99 11.68
July 0.950 326.93 17.35
August 0.937 293.85 19.60
September 0.928 311.62 24,15
October 0.955 377.00 15.75
November 0.962 313.10 12.22
December 0.877 296.05 41.85
January 1977T 0.870 255.87 38.23
February 0.940 302.58 19.42
Total 0.937 3,735.06 250.87

*
Includes February operations data.

TReduced operation was requested and a blizzard occurred
during this time.

Note: The availability record for the second year of
operation is not complete, but Ford indicated that
system availability is expected to be higher than
it was in the first year.

4.3.4 Maintenance Facility

The maintenance facility is located at the shopping center end of
‘1 . . 2 . .
the system. The facility contains approximately 2,690 ft~, which includes
a maintenance room, a control room, and a storeroom., The maintenance

room has a pit that is long enough to accommodate two vehicles.
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A gasoline-powered retrieval vehicle is stored in the maintenance
room. TSO representatives state that this vehicle was originally planned
to retrieve vehicles but in reality is not often used, as manual mode
operation of the vehicles results in a shorter recovery time. The main-
tenance facjility is fully equipped to perform maintenance and modifica-

tion work.

4.3.5 Training

The ACT representatives state that all the maintenance technicians
must go through a training program that covers the theory and practice
of wayside control, onboard controller, mechanical system, power collec-
tor, door, and guideway. The duration of the training is about 10 or 11
weeks, including 4 or 5 weeks of classroom sessions given by Ford engi-

neers.

4.3.6 Comparison of Achieved System Assurance with System Specifications

and Employees' Assessment

The availability and maintainability of the system as specified by

the TSO of Ford Motor Company are shown in Table 4-4.

The TSO management reported that the system has already met the per-
formance level required in the system specifications. However, because
the system has been in the modification process up to now, it was not
possible to assess the system performance in a strict sense. What was
learned instead was the level of effort spent during the test and modifi-
cation process and the length of time needed to bring an advanced proto-

type system to an operationally acceptable state.

A less intensive modification process is planned to be completed by
the end of 1977. The TSO staff's goal is to attain a system availability
of 0.998 by that time.
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Table 4-4

SPECIFIED AVAILABILITY AND MAINTAINABILITY
OF THE ACT SYSTEM: FAIRLANE TOWN CENTER

Availability Average Outage/Month‘r

(%) (hr)
Availability
One-half capacity (1 vehicle) 99.7 1.2
Full capacity (2 vehicles) 99.3 2.7
Mean Time +
to Restore 95 Percentile
(hr) (hr)
Maintainability*
Electronic component 0.5 1.5
Mechanical component 2.0 4.0

fa

"'The numbers shown will apply when averaged over a sufficient time to be
statistically significant. Individual months can be of greater or
lesser value.

fBased on 720 hr of operation.

¥ , . . , ,
These times do not include retrieval of the vehicle or travel time re-
quired in addition to the basic repair time.

4,4 Human Interface

4.4,1 General

The shopping center terminal is centrally located in the enclosed
mall, so access time could range from zero to several minutes, depending

on the shop the passenger is coming from or going to.

With two vehicles in operation (typically Thursday through Sunday)
the mean wait time is 1.5 min. With one vehicle in operation, usually
at the beginning of the week if preventive maintenance on one of the

vehicles is indicated, mean wait time is a little less than 3 min.
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Line-haul travel time is about 123 sec, including the time required
for door closing., The vehicle does not travel excessively fast, but some
teenagers and young adults have indicated they would prefer to have the

vehicle move faster.

Little information on using the ACT system is provided for the pas-
senger; however, little is needed because the system is so easy to use.
A sign on the window of each station says "Automatically Controlled
Transportation'' to the hotel or to Fairlane Town Center and gives the
hours of service. At the shopping center, one of the two doors has a
sign for exiting passengers only, although many passengers, including
the system operators (due to the short access route from the maintenance
facility), enter from that side. At the hotel, a sign states the policy

of priority access for hotel guests.

4.4,2 Communications from Passenger to System

Passengers can affect the operation of the system in three ways. A
button to the right of the doors can be pushed to indicate that service
is requested. When the button is pushed, it lights up, like an elevator
button; however, it does not do anything except light an indicator on
the operator's console when the system is in automatic mode, as it usually
is., In the rare event that the system is switched to demand activated,
usually as a test by one of the system operators, it is necessary to re-
quest service to keep the system operating. If this mode of operation
is selected during the day, enough service requests are usually made to

keep the system operating continuously.

Two "door open'" buttons are located in the vehicle, each 35 in.
above the floor. The doors may be kept open by pressing the button or

by holding them, like an elevator.

A "call operator" button located on both sides of the vehicle 31 in.
above the floor triggers an alarm (call request) on the console and in
the entire maintenance shop (so an operator will know that there is a
problem even while the console is unattended). The operator then acti-

vates the microphone in the vehicle so he can hear what is being said
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and, when necessary, can speak to passengers in the vehicle through the
console microphone. Almost all the operator calls are false alarms, so
the operators plan to change the sign near the button indicating that it

is for emergency use only.

4.5 Comfort and Convenience

4.5.1 Comfort

A number of passengers interviewed informally remarked that, overall,
the system was comfortable. With its current top speed of 20 mph, the
system has good ride quality, although some of the older passengers are
a bit apprehensive about the sharp turns near the entrances to the two
terminals. Some of the younger passengers, in fact, would like to see
the system operate considerably faster. When initially opened, the sys-
tem operated for about 11 months with a maximum speed of 25 mph, but this
speed was reduced to increase ride quality and reliability. Several

passengers remarked about the smooth ride quality and deceleration.

The seats are comfortable. They are individual (not bench type),
soft, contoured seats, 19 in. to 20 in. wide, 17 in. above the floor, and
with backs 17.5 in. high. Three seats face in the direction of travel
and three face backwards. The remaining four seats have access to grab-
rails and are transverse to the direction of motion. The seats are

staggered so no passenger sits directly opposite another.

Temperature inside the vehicle is comfortable even when it is cold

outside. Air circulation and lighting levels are good.

The average load is more than ten, so usually some of the passengers
must stand; typically all the seats are filled. During the weekday lunch
hours, when the car becomes fully loaded with 25 to 30 passengers, addi-
tional riders frequently wait for the next vehicle. With two vehicles
in service, passengers do not mind the additional wait because, although
the next vehicle is not always visible, they know that as soon as one
vehicle léaves a station, the other vehicle is heading for their station.
On Saturdays and Sundays, demand for use of the ACT is so high that atten-

dants from the shopping center and from the hotel have been present to
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ensure that the passengers wait in an orderly line within the ropes that
are in place during those periods. Hotel guests may wait on a separate
queue at the hotel station and are given priority use of the system from
the hotel station only. For these reasons, some of the passengers inter-
viewed would prefer to have a larger vehicle on the system during the

peak hours.

The noisiest components of the trip are the air conditioner and the
conversations of other passengers in the vehicle. Although announcements
can be made in either vehicle or either station, they occur infrequently
and are usually made only in response to a 'call operator'" button request.

The noise levels are typically 72 to 76 dBA inside the vehicle.*

4.5.2 Convenience

Ford's ACT is essentially a horizontal elevator operating in a con-
tinuous shuttle service. It can be placed into a demand mode by throwing
a single switch on the operator's console, which makes it truly a hori-
zontal elevator, used in exactly the same way as a vertical elevator. It

can accommodate baby strollers, baggage, and packages without problem.

Ford ACT cars are accessible to handicapped individuals.
The vehicle is within 3/8 in. of the station, at exactly
the same level, thus eliminating any steps or barriers. Wheelchairs,
crutches, and seeing-eye dogs can be fully accommodated. When a wheel-

chair is brought onto the car, it restricts access to one of the ten seats.

The shopping center terminal is located right at the center of the
building. With the facility for exiting from either side of the vehicle
at that station, it is extremely convenient for shoppers and employees at
the center. The hotel station is located one floor above the lobby,

directly above the pedestrian and motor vehicle entrance.

ACT is in operation from 9:30 a.m. to 10:00 p.m. Monday through
Saturday, and noon to 5:30 p.m. Sundays. It stays open one-half hour
after stores in the shopping center have closed. The proprietors of movie

theaters, lounges, and bars in the Fairlane Town Center would like to

Measured by SRI team using a Noise Meter.
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have ACT operate until 2:00 a.m., but this wish has not been fulfilled
because it would require operations to be expanded from two to three

shifts.

4.5.3 Appearance and Cleanliness

The ACT system is a major drawing card of the Fairlane Town Center.
Many local residents bring their out-of-town visitors to Fairlane so they
can ride on the system. The guideway and vehicle are an integral part of
the hotel and center, having been designed and built simultaneously. The
graphics are clear, attractive, and easy to read. The consistency of
typefaces and logo with that of the Fairlane Town Center provides an

easily followed visual identity for a total system.

The use of dark window glass in the vehicles provides privacy for
passengers from the exterior, and yet the large window area allows excel=-
lent visibility from the interior and gives a feeling of openness from
within the vehicle. The vinyl and plastic materials used on interior
surfaces provide good durability and an attractive, colorful effect that

is consistent with that of the exterior.

The scale of the guideway and vertical supports is unobtrusive and

blends in with the surrounding structural environment.

The vehicles, guideway, and station areas are well maintained. Occa-
sionally papers or litter are left in the vehicles and may not be cleaned
until the end of the day. The glass paneling in the stations is cleaned
only once every two weeks. Between washings, some dirt and grime accumu-
late on the windows, but overall the stations have an appearance of clean-

liness.

4.6 Safety and Security

4,6.1 System Safety Philosophy

The safety philosophy at Fairlane can be categorized in terms of how
it relates to operations, safety procedures, and safety-related equipment

checks. All three aspects are much in evidence.
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The operating safety philosophy at Fairlane is to rely primarily on
the automatic control safety features to the maximum extent possible.
The philosophy has evolved because the control system has caused no acci-
dents during the period of operation, while there has been damage to lobby
screens due to operator failure to retract switch arms when the vehicles

are operated in the manual mode.

Safety procedures are well established for all aspects of operation,
from morning start-up to placing maintenance personnel on the guideway.
Signs are much in evidence and well placed, with lights to show when the
power rail is energized. Two safety bumpers, one at each end of the
guideway, are used for additional overshoot protection. The safety bumper
at the shopping center must be removed to allow vehicles to enter the
maintenance area. When this bumper is removed, an electrical interlock
turns off guideway power, preventing vehicle movement. The central con-
trol operates five cameras. Two cameras used to monitor any point on
the guideway, one camera monitors the hotel station, and two cameras

provide coverage of the shopping center's station boarding and exit areas.

Regular (daily) safety checks are made to ensure that equipment is
operating properly. Such things as sensitive edges on doors and car
communication equipment are checked daily. The guideway contains marks

for checking braking rates of the vehicles.

In short, the safety philosophy is to maintain a high level of safety
primarily through reliance on equipment, with regular checks to ensure

proper operation,

4.6.2 Emergency Stops

Four injuries have resulted from three emergency stops in one year of
operation. The injuries have been to a chest, wrist, elbow, and leg as the
passenger in each incident was pushed forward when the vehicle made the
emergency stop. A stroller inside the vehicle was destroyed during one of
the emergency stops. Two of the emergency stops were caused due to random
errors in information transmission and one was caused by a mechanical

problem in the differential gear of the vehicle.
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4.6.3 Emergency Evacuation

If a vehicle becomes disabled outside a station and the damage can-
not be repaired quickly, the vehicle will be pushed or towed to the sta-
tion by the internal-combustion engine traétor available in the mainte-
nance shop for this purpose. Passengers can then leave the vehicle at
the station in the normal manner. Meanwhile, if another vehicle is in
service and not disabled, it can proceed to its intended station under
manual control by one of the maintenance personnel, and the passengers
can be discharged in the normal fashion. Recovery time is typically 6
to 8 min. (If both vehicles have entered the bypass prior to the failure,
the nondisabled vehicle will normally proceed automatically to its des-

tination and unload its passengers prior to recovery.)

In the unlikely event that both the ACT vehicles and the tug are
inoperative, it is possible to evacuate passengers along the guideway.
Guideway power is automatically shut off when the emergency exits are
opened, and the passengers will be evacuated through either of the end
canopy windows and escorted along the guideway to a station. This pro-

cedure was never required in the system's first year of operation.

There have been no fires on the system, except for one minor act of
vandalism at the beginning of system operation. No power blackouts,

serious crime, or medical emergencies have occurred.

4.6.4 Passenger Perception

Only one of the passengers interviewed was apprehensive about an
automated vehicle, but he did not really fear a collision with the other
vehicle or an object on the guideway. However, at the moment just before
the vehicles switch onto the passing tracks, as they are approaching
each other, some passengers are slightly apprehensive. Some passengers
are afraid of heights and are uneasy about the elevation of the guideway

surface above the parking lot.*

Overall, the vast majority of the passengers enjoy the system, like
to ride it, and feel safe when doing so. Some of the passengers inquired

as to whether the system was actually automated.

*
About 25 ft above ground level.
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4.6.5 Security

There have been very few acts of vandalism on the system (the most
serious was the theft of two walkie-talkies) despite the fact that there
have been several acts of vandalism and thefts in the parking lots at

the Fairlane Town Center.

There are no regular police patrols of the ACT although the stations
and the guideway including the vehicles are under television
surveillance. Both Town Center and Dearborn police are available on call

if needed.

Police are not visible and the television cameras are not obvious.
Even if the cameras are observed, the passengers do not know that each
image is displayed separately in the system's control room. Therefore,
the feeling of security that most passengers seem to have must be due
to the large number of other passengers present in the vehicles and at
the stations. The system is hardly ever vacant, except occasionally
shortly after opening or before closing. Even at these times each vehi-
cle is highly visible, never more than two minutes from a station, and
has two ''call operator'" buttons. If the troubled passenger cannot speak
into the microphone after pushing the button, the system operator can
still listen in on the conversation or other activity taking place in

the car and dispatch aid as necessary.

4.7 Public Attitude Survey

4.7.1 Introduction

The comments in the above sections were based on observations and
interviews, at random, with a small number of passengers. To ascertain
more clearly the public perception of an AGT system a public attitude
survey was undertaken at the Ford Fairlane Town Center.* AGT riders and

nonriders were interviewed, so that the reasons for using or not using

“Authorized by the Office of Management and Budget, No. 04-S77011.
Approved questionnaire is attached as Appendix E,
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the system might be solicited. The riders' perception of comfort, ride
quality, convenience, safety and security, appearance, and information
was analyzed, based on 70 questions asked. A number of socioeconomic

identifiers were also obtained from those interviewed.

The survey was conducted over a four-day period in May 1977 during
system operating hours. 1Individuals interviewed were selected randomly
at points about 100 ft removed from the stations at both ends of the
guideway. Over 400 individuals agreed to be interviewed and over 607%

had been a passenger on the AGT.

4.7.2 Reasons for Using or Not Using AGT

Those who had not been a passenger on AGT were presented with a
number of possible reasons for not using the system. Seventy-five per-
cent of the nonriders said that they had no particular reason for making
the trip. Among those who make the trip by car, on foot, or by bicycle
and do not use the AGT, 407 stated that they anticipated a long wait to

ride the AGT and therefore did not use it.

Of the riders interviewed, 52% had taken the trip four or more times
and the rest were taking the trip to try out the system. When asked
about paying a hypothetical 25¢ fare, those who were taking the trip
because they had some desired destination rather than just to ride AGT

were more willing to pay the fare.

4.7.3 Using AGT

To assess comfort, ride quality, convenience, safety and security,
appearance, and information, a number of issues in each category were

put forth to the riders.

In the comfort category, 95% said that the vehicle temperature was
comfortable, 99% said that the lighting inside the vehicle was adequate,
and 527 said that the stations were crowded. Thus, it would appear that

the only comfort problem relates to crowding.
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The answers to ride quality questions were most favorable-~97% said
that the ride was quiet, 98% said that the ride was not bumpy, 98% said
that the ride did not have objectionable sudden stops and starts, and

92% said that the vehicle did not sway much from side to side.

The convenience of the system was not rated as highly as the ride
quality. Twenty-seven percent said that they had to wait too long for
AGT. When asked about space in the vehicle for carry-on items, a number
of individuals could not answer, but of those who did, 55% said that
space was inadequate. Again, long wait times, need for more space in
the vehicles, and crowding at stations paint a picture of queues exceed-
ing vehicle capacity, which was observed during peak hours. Responses
about the convenience associated with the vehicle layout and boarding

areas were quite favorable.

Questions about the vehicle size and directions for seating were
also asked. Passengers can sit in any of the four directions on the
Fairlane vehicle. Fifty-five percent of those interviewed had no pref-
erence about seating direction, and 35% preferred facing to the front.
A number of individuals stated that, because of crowds, it was often
impossible to get a seat in any direction. Fifty-four percent of those
interviewed said that the vehicle was too small, and this answer corre-

lated strongly with comments about crowding.

Ninety-eight percent of all of the riders interviewed said that the
speed of the vehicle was not too fast or too slow, but among the small
subpopulation who use public transit, there was a tendency to feel that
the vehicle was too slow. Several other safety and security issues were
addressed. Ninety-seven percent of the riders said that the doors had
never closed on them. Only 27 expressed any unsafe feeling during the

day in the station or vehicle.

Among the riders who have tried AGT but no longer use it, 50% said
they would feel more secure with police located at various places in the
system., They also expressed a much stronger feeling that there should

be an attendant on board than those who continue to ride AGT. The need
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for police and/or attendants was particularly expressed by women in the

sample, including those who continue to ride AGT.

Among all riders, 437% also expressed the need for a closed circuit
television monitor in the vehicle. Many passengers are not aware of the
camera which monitors the guideway and can be zoomed to take a closer look

at the vehicle.

As far as an explanation for these views, the data did not support
any hypothesis about system safety or fear of crime, but rather a matter

of controlling rowdy passengers.

The appearance of the system was generally rated favorably. Ninety-
nine percent of the riders said that the vehicle and station areas were
clean and well maintained, ninety-six percent said that they liked the
architecture of the stations, and 93% said that the vehicle interior was
attractive. While ratings were high, there was some diversity according
to age. Riders under 30 tended to respond less favorably to questions

about appearance.

Riders and nonriders were asked about their preference for elevated
guideways. Seventy-two percent said that they liked the AGT guideway as
it was, elevated; 117 said that they would prefer it at ground level; 2%
would prefer underground, and 11% had no preference. The answers to this
question were correlated with public transit use of the individual and
further with ridership--those who continue to use AGT at Fairlane had the

highest preference for an elevated guideway.

Few instructions are given about using the AGT at Fairlane, and 32%
of the riders said that the information was inadequate. This points to

a definite problem with respect to instructions for system use.

4.7.4 Overall Impression of AGT

Riders were asked about their overall impression of the AGT transpor-

tation system. Their answers were:
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47% Excellent

42 Good
7 Satisfactory
3 Poor
_1 Totally unacceptable
100%

Since a number of questions were asked about each of the categories
(comfort, ride quality, convenience, safety and security, appearance, and
information), an overall rating for each aspect of the system was derived,
using all of the questions. The proportion of answers in each category
that were favorable were used to rate the six aspects of the system. The

percentage of respondance that selected these attributes were as follows:

Ride quality 967
Appearance 947
Safety and security 927
Convenience 887%
Comfort 85%
Information 747,

Ride quality had the highest proportion of favorable answers, information
the least. The proportion of favorable answers for each of the six cate-
gories correlated with the overall system rating of excellent to totally

unacceptable. This indicates that each category plays a role in one's

overall impression of the system.

Riders were also asked to select two of the six categories that were

the most important to them. They were cited in this order:

Convenience (most important)

Safety and security

Comfort

Ride quality

Appearance

Information (least important).
Comfort was most frequently mentioned and information was mentioned the
least. Note that convenience, while most frequently mentioned as impor-

tant, did not receive one of the better ratings. Information, while not

rated well, was not considered by a majority to be important either.
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4.7.5 Characteristics of the Sample

Only 14% of the riders regularly (at least twice a week) use some
public transit modes or paratransit instead of or in addition to a car.
Eighty-four percent use a car only for transportation, and 2% use neither
a car nor other modes. 1In this survey, opinions about AGT did correlate
with public transit use. The overall system rating was dependent on
public transit use, preference about guideways, and opinions about desir-

able speeds.

Income for this sample was higher than U.S. average:

3% less than $ 5,000
5% $ 5,000 - $ 9,999
35% $10,000 - $19,999
33% $20,000 - $29,999
18% $30,000 - $50,000
6% more than $50,000.

There were no questions or category of questions the answers to which had
a statistically significant relationship to income. Since this was one
of the more sensitive questions asked, it might be suggested that this

question be eliminated from further attitude surveys.

In the sample, 53% were female and 47% male. The only opinion which
was sex-related was the previously mentioned opinion about safety and
security. While no other opinions in the survey were correlates, this

is a rather important one.

The age distribution of the sample was as follows:

15% 10-19
247, 20-29
22% 30-39
14% 40-49
17% 50-59
8% 60 and above

The overall system rating was age dependent as was the selection of the
two most important factors out of the six categories. Additionally, the
previously mentioned opinions about the AGT appearance was correlated

with age.
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5 SYSTEM ECONOMICS

In this section Fairlane ACT system costs, which include capital
cost estimated both in actual year and in 1976 dollars and annual oper-
ating and maintenance costs (0&1) for 1976, are presented. Total equiv-
alent annual costs--capital plus O&M-~-are computed for appropriate ser-
vice lives and discount rate. Average unit costs of service are computed
for vehicle miles, passenger trips, passenger miles, and capacity miles,

or '""place miles,"

for seated and standing passengers. Methods of analysis
are discussed in Appendix B, Historical cost data, analyses conducted to

fill data gaps, and results are discussed below.

5.1 Capital Cost

The ACT system at Fairlane Town Center was designed and manufactured
by Ford's TSO. Construction of the guideway and stations was performed
by contractors under the management of Ford Motor Company Construction
Division. One station is in a shopping mall that was constructed with
space to allow penetration of the guideway into the building and to accom-
modate the station, control room, office, maintenance shop, and storage.
The second station is at a hotel and was built as an integral part of

the building.

5.1.1 Estimates of Capital Cost

The estimated capital cost of the ACT system was given by a former
executive of TSO to be about $5.5 million total (£ 10%). Supporting
details for the estimate are in storage and cannot be recovered without

excessive effort.

The total cost of $5.5 million reportedly excludes the nonrecurring
cost of developing the basic system. It includes site-specific adapta-
tion costs which are likely to be incurred in one or the other

form at other sites as well. Thus the costs reported
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are said to be the best estimates of '"recurring' cost. The Ford spokesman
acknowledged, however, that separation of recurring cost from development

costs for the first installation is a difficult problem.

The system cost used in this report was estimated by the research

team based on information from the following sources:

e Construction drawings of the Fairlane ACT System.
e Information on construction method.
e Rough estimates of capital costs by TSO executive.

e Cost estimates for a similar ACT system at Bradley International
Airport, Hartford, Connecticut, captured from the management of
that system.

e Information on guideway costs supplied by ABAM Engineers, Inc.

Two breakdowns of estimated capital expenditures for the ACT system
are shown in Table 5-1, which compares the research staff estimate and
the Ford-supplied data. All costs are in 1974 dollars. While differing
in detail, the research staff estimate of total capital cost is well
within the = 10% accuracy limit attributed to the Ford-supplied cost
estimate, The research team estimate of capital costs is used as the
basis for computing the equivalent annual cost of capital and unit cost

of service shown later in this section.

Right-of-way cost was estimated by the allocation method at $20,000
on the basis of $22,000 per acre and 0.9 acres. However, most of the
area beneath the guideway is useable for parking and other functions.
Thus, the marginal cost of land is much smaller than the allocated cost.

For this reason right-of-way cost is zero.

Cost of construction engineering, architecture, and administration

is estimated by the study team based on 15% of total construction cost.

Guideway cost, including installation of power railg was estimated as follows:*

Single guideway, prestressed concrete: 1430 ft x $594 = $849,420
Transition Guideway sections near bypass: 4450sq £t x $50 = 222,500
Double guideway, prestressed concrete: 500 ft x2x$594 = 594,000
Single Guideway, steel/concrete: 220 ft x $380 = 83,600

Total $1,749,520

(= $1.75 million)

* Costs per ft or per square ft of different types of guideways was estimated
using the data provided by TSO.

# Excludes hardware.
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ESTIMATED CAPITAL EXPENDITURES FOR THE ACT SYSTEM:
FATRLANE TOWN CENTER

Construction
Right-of-way

Engineering,
architecture, and
administration

Guideway
Stations

Maintenance shop

Hardware

Engineering and
administration

Vehicles (2)

Command, control and
communication

Power and miscellaneous

Total capital cost

.

TFord TSO estimate.

Table 5-1

Research Team Estimate
(millions of dollars)

Ford-Supplied Data
(millions of dollars)

Zero

0.33"
1.75
0.35
%
0.10

$2.53

%
0.60
0.60

0.60
0.79"
$2.59
$5.12

“SRI estimate, using allocation method.

N.A.
0.60

0.60

0.70
§1.90
$5.50 = 10%

Cost of the station at the shopping center was estimated at $180,000

and includes access space for the guideway from the exterior face of

building to the boarding area.

Cost of the station at the hotel was es-

timated at $170,000 and includes the portion of guideway paralleling the

station. These costs have been obtained by using unit construction costs

2
of $33/ft2 for unfinished areas, $50/ft~ for completely finished areas at

the shopping center, and $60/ft2 at the hotel.
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Cost of hardware engineering and administration is related to the
design and implementation of the hardware and has been assumed in the
same order of magnitude as that quoted for the ACT system at Bradley

International Airport.

Vehicle cost was furnished by senior staff members at TSO and is

assumed to include some testing and engineering costs at the site,

Command, control, and communications cost is an estimate provided
by TSO staff. The total cost of $600,000 averages to $1.0 million per
mile. This compares with values ranging from $0.6 million to $1.0 million

per mile for other automated systems and appears reasonable.

The cost of power supplied and miscellaneous hardware is an SRI

estimate based on information provided by TSO staff. It includes hardware

for guideway power rails, two power substations, power distribution, and

probably miscellaneous equipment for testing and maintenance of the system.

5.2 Operations and Maintenance Costs

TSO furnished O&M costs without substantiating
details. The costs for 1976 are given in Table 5-2.

Table 5-2
ESTIMATED OPERATIONS AND MAINTENANCE COSTS FOR THE ACT SYSTEM:
FAIRLANE TOWN CENTER

Cost
(1976 dollars)

Operations
Labor (included below)
Electricity @ 0.05/kWh $55,000 £ 5,000
General and administration -
Maintenance
Labor (10 people) 300,000
Material 40,000
Total $395,000 = 5,000
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The system is operated and maintained by a three-man crew at any
given time, and it takes two crews to operate the system for a whole day.
Thus six people are required to operate this system for a day. If one
adds vacation, sick leave, and supervisory manpower to this figure, the

total number of employees required becomes 10.

High wearout items include the foam-filled traction tires with a
service life on the order of 17,000-20,000 miles, and collector shoes
(16 per car) with an average service life on the order of 1.5 months.
The study team was unable to obtain cost information for spare parts

beyond the lump sum estimate.

Ford personnel indicated that the electricity cost estimate of
$55,000 was based on a rate of about $0.05/kWh for peak demand and total
energy consumption. Ford indicated that, based on summer consumption,
about $15,000 of this cost was consumed by vehicle operation and mainte-

nance facility consumption. The balance of electricity cost, about

$40,000, or about 800,000 kWh, was used for guideway heating in 1976.

No estimates of general and maintenance expenses are available.

5.2.1 Unit Costs of Operations and Maintenance

The system started operation in 1976. Consequently, 0&M costs were
not obtained for the full year. The cost figures used here are estimates
given by the TSO representatives for '"normal' operating conditions after

shakedown--when modifications are not required.
The unit 0&M cost measures for 1976 are estimated as follows:

Operations and maintenance per vehicle

miles of travel (VMT) $6.55
Operations and maintenance per passenger

miles of travel (PMT) 0.34
Operations and maintenance per passenger 0.16

* .
Although the Ford vehicles have regenerative braking, no credit is given
for power returned to the system.

69



Operations and maintenance per capacity

miles of travel (CMT) $0.27.
These figures represent operations and maintenance cost performance for
a small-scale installation. Although an exact estimate is not possible,
the operations and maintenance cost performance is likely to improve with
increases in scale., For example, a total of ten people are employed at
Fairlane to maintain and operate two vehicles and a half-mile of route.
A small increase in the number of employees might be sufficient to main-
tain and operate a much larger fleet and a longer route or several shut-

tles at a single site.

5.3 Escalation

The estimated construction and hardware costs are separately esca-
lated to 1976 dollars by using indexes adopted for all sites studied
(see Appendix B). The resultant costs in 1976 dollars are $3,115,000
for hardware and $2,992,000 for construction. The total capital cost in
1976 dollars is $6,107,000.

5.4 Equivalent Annual Cost

The equivalent annual cost of capital was computer based on the

formula shown in Appendix B. A 10% discount rate was employed.

The service life of AGT components depends on many factors and must
be estimated by planners for each new site. To achieve comparability
among systems we have employed the same basic service lives for all sites:
15 years for hardware and 35 years for construction. We have also made
calculations for optimistic service lives--20 years for hardware and 50
years for construction--to illustrate sensitivity of equivalent annual

costs to service life estimates.

Equivalent annual costs or capital for two service life assumptions

are given in Table 5-3.
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Table 5-3

ACT SYSTEM EQUIVALENT ANNUAL COSTS OF CAPITAL:
FATRLANE TOWN CENTER

Service Life Equivalent Annual Cost
(Years) of Capital
Hardware Construction (1976 dollars)
Basic estimate 15 35 $719,800
Optimistic estimate 20 50 667,600

5.4.1 Total Equivalent Annual Cost

The total equivalent annual cost of capital and operations and main-
tenance, for the basic service life assumption and in 1976 dollars, is
given as the sum of the equivalent annual cost of capital and the cost
of operations and maintenance. Thus, total equivalent annual cost is
$1,114,800 in 1976 dollars, based on operating experience after the

shakedown period.

5.5 Unit Cost of Service

The unit costs of service, which include capital and operations and

maintenance costs, are given below:

Unit cost per VMT = $18.50
Unit cost per PMT = 0.97
Unit cost per Passenger = 0.46
Unit cost per CMT = 0.77.

Uncertainties regarding the inputs used in these estimates suggest that

the results should be used with caution.

5.6 Recapitulation

The inputs and results of the economic analysis are given in Tables
5-4 and 5-5. Table 5-4 shows the major cost data in 1976 dollars and the
equivalent annual cost of capital. Table 5-5 shows the unit cost of

service,
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Table 5-4

ACT SYSTEM CAPITAL, OPERATIONS AND MAINTENANCE COSTS:
FAIRLANE TOWN CENTER
(1976 dollars)

Annual
Capital Cost Escalated Equivalent Operations and Total Annual
(Actual Year) Capital Cost Annual Cost Maintenance Cost Cost
*
Construction cost $2,530,000 $2,992,000 $310, 200 N.A.
+
Hardware cost 2,590,000 3,115,000 409, 600 N.A. $1,114,800
Operations and
maintenance cost N.A. N.A. N.A. 395,000

N.A. = Not applicable
*

In 1974 dollars. Station costs were estimated by SRI based on allocation method.
.t-

In 1974 dollars., Estimated by SRI based on Ford supplied data.



Table 5-5

ACT SYSTEM UNIT COST OF SERVICE:
FAIRLANE TOWN CENTER
(1976 dollars)

Per VMTW Per PMT‘1~ Per Pass.* Per CMT§
Operations and
maintenance cost $6.55 $0.34 $0.16 $0.27
Equivalent annual
hardware cost 6.80 0.36 0.17 0.28
Equivalent annual
construction cost 5.15 0.27 0.13 0.21

%k

Total equivalent
annual cost 18.50 0.97 0.46 0.77

*

VNT = Vehicle miles of travel.
TPMT = Passenger miles of travel,.
$Pass. = Passenger,

§

CMT = Place miles of travel or unit capacity miles of travel.

** .
Total equivalent annual cost does not necessarily equal the sum of the
three items above because of rounding off.
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6 SYSTEM DEVELOPMENT PROCESS

6.1 Role of AGT

The AGT system at Fairlane Town Center in Dearborn, Michigan, is a
shuttle with midroute bypass to allow simultaneous operation of two ve-
hicles. The route is elevated, is about 2,600 ft long, and links a

large shopping mall with an 800-room hotel.

No fare is charged, and the AGT service is not essential to the
functions of either the hotel or the shopping mall. However, it has com-
mercial value to both. The substantial patronage experienced since the
system began operations suggests that its novelty and visual appeal
attract additional people to the center. Also, a number of the people
who come primarily as hotel guests, shoppers, or employees use the AGT
system to visit the other facility and make purchases while there. For
example, it is said that revenues in the hotel restaurants drop appre-
ciably if the AGT system goes out of service at lunchtime. It is also
said that some people bound for the mall prefer to park near the hotel
and use the AGT system. However, the value of any profits and benefits
attributable to the AGT system appear small in comparison with the capital

and operating costs of the system.

Undoubtedly, one purpose of the installation was to demonstrate Ford's
AGT system to prospective buyers, However, the explanation for the con-
struction and operation of the system and for curtailment of plans for
a larger system are related to past programs and program changes of the

Ford Motor Company and the Ford Land Development Corporation.

6.2 History and Initiation

The Ford Land Development Corporation owns the Fairlane Town Center
site, which includes 2,360 acres surrounding the Ford Motor Company World

Headquarters. The center is said to be the largest parcel of urban land

75



in the United States owned by a single company. The entire area will be

developed according to a long-term comprehensive plan. Early construction,
which began in 1970, included two l5-story office buildings, the 800-room
hotel, and the first stage of the shopping mall. The structures occupy
only a small fraction of the site, and the entire development program will

require many years.

The Ford Land Development Corporation owns the hotel building and
shares ownership of the shopping mall with a land development group that
includes Taubman Company, and others, Certain major buildings in the
mall are owned by their occupants. Details regarding other buildings

and plans for future construction were not found,

Early plans for the development of the center called for the construc-
tion of an extensive network of AGT routes. Total length would have been
either 4 or 9 miles according to accounts by Ford executives. Originally
the one half-mile route now in place was regarded as the first stage of
the larger network. However, Ford has withdrawn from the AGT business,
so it is now expected that no additions will be made to the existing

route.

Impetus for the use of an AGT system at Fairlane Town Center came
from Ford Motor Company and was related to an ongoing development program
that is described below under Planning and Design. The Fairlane AGT
project was initiated in 1973 under a contract for the installation and
operation of the AGT system by Ford. However, in an economy campaign
during 1974, Ford considered eliminating the project, Participants
in the land development project opposed the cancellations of the AGT
project because availability of AGT had been emphasized in promoting the
mall to tenants, in the design of the buildings, and in the placement of
the mall and hotel on the site. Consideration was then given to reuse
of the Transpo '72 cars at Fairlane. That was not done because it was
found that building two new cars for Fairlane similar to the two cars
Ford was committed to build for the Bradley International Airport instal-
lation would be less costly. In the end, the installation was made
according to the first stage of the initial plan. A chronology of events is

included in Appendix C; a list of major participants is given in Appendix D.
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6.3 Planning and Design

The Ford Motor Company's AGT program was an outgrowth of a broader
program initiated in 1968 when a unit called the Transportation Research
and Planning Office was created. That group had a "futures" orientation
and a broad charter to look for important changes in the transportation
of goods and people, including changes that would generate new oppor-
tunities for the company. The group tended to specialize in urban public

transportation and made studies of dial-a-ride, dual mode, and AGT systems.

In 1971, the staff groups joined forces with a Ford line organization
to build a vehicle chassis and a short guideway at Allen Park, Michigan,
for test purposes. Later that year, the company responded to UMTA's
invitation and entered competition to demonstrate an AGT system at Transpo
'72. In May 1971, Ford was selected as one of four firms to demonstrate
AGT systems. Responsibility at Ford was assigned to a new Special Pur-
pose Vehicle Unit. The $1.5 million budget under the UMTA contract was
matched by an equal amount from corporate funds. The system was designed
and installed on an extremely tight schedule. It was successfully demon-
strated at Transpo '72 in May 1972 where it transported 25,000 people
during ten days., It was further tested under an UMTA-designed program

later that year.

Market studies made by Ford in the spring of 1972 were encouraging,
and at Transpo '72, Henry Ford II announced Ford Motor Company's entry into
the AGT business as a supplier. 1In September 1972, responsibility for
AGT work was assigned to a new Transportation Systems Operations (TSO). The
organization was established as a profit center with a deadline--a date
when it should become profitable. It assembled a staff of 120 employees
including systems engineers, vehicle engineers, control specialists, a

marketing staff, and financial analysts.

A new test facility at Cherry Hill in Washtenaw County, Michigan,
was opened in February 1974, It contained a test track, control cen-
ter, maintenance shops, and a reliability laboratory. It was used
for development and test work on components, subsystems, vehicles,

guideway structures, and operating techniques. Tests were first conducted
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representatives, responding to an inquiry, indicated that the company was
not a potential AGT supplier for the new Atlanta air terminal. In April
1976, Ford announced to UMTA that it was no longer in the AGT business.
The company would not bid on new projects but would be willing to sell
the system design to another firm, In 1976, the staff of TSO was cut
from 100 to 20 employees, By April 1977, the staff had been further

reduced to 9 employees, and by late summer, operations ended.

Ford will continue operation of the Fairlane system until 1986 under
a 10-year contract. Responsibility has been assigned to Ford's Aerospace
and Communications Corporation. The Engineering Services Division

within that corporation will provide the staff.

6.4 Acquisition

The decision to make the installation was made in 1973 and most of the
work on equipment fabrication and guideway construction was performed in

1973 and 1974. The system began transporting passengers in March 1976.

Because of the close relationship between Ford Motor Company and
Ford Land Development Corporation, the acquisition process for the
Fairlane AGT system is a special case. Details of the agreements are

not known.

A joint venture including Ford Land Development Corporation and
Taubman Company was responsible for the development of the mall and for
planning site development and land use in areas surrounding the mall and
hotel. Charles Luckman Associates participated in the design of the
mall and hotel, and in the integration of the AGT system routes and

stations.

Ford Motor Company was responsible for the design, fabrication, in-
stallation, testing, and operation of the AGT system. ABAM, a con-
sulting firm in Seattle, Washington, designed a special steel form that
could be adjusted to shape a variety of horizontal guideway structures
and prefabricated guideway members, The horizontal structures were fab-

ricated in Tacoma, Washington, and shipped by rail and truck to Dearborn,
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6.5 Finance

The Fairlane AGT system was financed as part of the entire project.
Details regarding sources of funds are not available. The Ford Land
Development Corporation owns the site, the hotel building, and 75% of
the shopping mall. Other members of a joint venture own the remainder of
the mall. The ownership of the AGT system was said to be divided between
the two Ford companies as follows: Ford Motor Company owns the hardware,

and Ford Land Development Corporation owns the fixed installations.

Ford Motor Company has a long-term financial obligation because of

its contract to operate the system until 1986,

Current costs of operation, said to be about $395,000 per year,
are shared by Ford Motor Company, the hotel, and tenants of the shopping
center, Tenants make payments in direct proportion to the area of rented
space, Therefore receipts from that source will increase as the mall
expands, Receipts from the hotel and tenants are expected to cover
only one-third to one-half of operating costs, Thus, Ford's losses on
operation of the system for ten years could total $1.3 to $2.0 million

Or more,
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7 CONCLUDING REMARKS

The Ford system deployed at Fairlane Town Center is characterized
by sophistication and potential beyond the immediate needs of the appli-
cation. Most, if not all, of the engineering design is excellent. The

following three areas are most outstanding:

e Modular command, communications and control system
e Onboard switch

e Guideway design and construction.

As we have described in the text, the command and control system is
well suited for expansion to more complex applications. The modular
approach, with provisions for modification of performance levels, switch-
ing positions, and other vehicle control through software changes, con-
tributes to expansion potential. The onboard switch has considerable

advantages in reduced headway and off-line repair.

The system's reliability and maintainability must be considered in
light of the developmental and demonstrative nature of the installation.
The figures presented in this report are not representative of a more
mature system. It is difficult to separate failures, which are related
to malfunction, when the system is still undergoing modifications. The
trends of increasing two-vehicle operations and decreasing number of
failures in the initial period of operation gave excellent indication of

early system maturity.

The public attitude survey of the Fairlane system indicates that the
passengers perceive it to be comfortable, safe, and enjoyable. Passenger
demand often causes queuing. Obviously a large number of people would
rather wait in line to ride the system than walk or drive approximately

1/2 mile across the parking lot.
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The actual value of the system is bringing shoppers to the Fairlane
complex has not been measured. Based on preliminary observations, the
aesthetic appeal and technological interest of the system appear to

create positive public response.

A special feature of the Fairlane svstem is that the owner, manu-
facturer, and operator are all part of the same company. Therefore,
comparisons of the development process with other AGT deployments are

probably inappropriate.
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Descriptive User Operator
Speed
Maximum 20 mph§operating/(design maximum 30 mph+)
On-board heating Satisfactory 9 kW electric
On-Board cooling Satisfactory 4 tons of forced air cooling

On-board illumination

Command, control, and communica-

tions

Hardware

Software

Vehicle control and management

Operational control
Headway protection
Merge strategy
Service policy
Routing policy

Very bright

Empty vehicle management strategy

Dispatehing policy
Failure management

Steering

Switching (captive/noncaptive)
Propulsion
Power

Suspension

fuideway

Stations
Passenger information

Braking (normal, backup, emer-
gency)
Service characteristics
Levels of service
Comfort
Temperature
Humidity
Lighting

Heating and cooling
Air circulation

Periods of operation

Hr/Day
Days/Year

Accessibility or area coverage

Sufficient, good graphics

+
12 br, Mon-8at, 5 hr. Sun,
360 days/year

Serves hotel and shopping
center

Fluorescent overhead longitudinal lighting

*
Failsafe relay logic wayside and onboard; on-
board PDP-8 computer

Performance profiles and onboard functions (door

open, etc.) controller in response to limited
wayside signals

Synchronized departure for each end of shuttle
to coordinate bypass

On dewsnd (schedule 1s also possible)

Fixed block way gide control system

Not applicable

Demand responsive

Not applicable

Not applicable

Continuous demand responsive

Failed vehicle is moved manually

Horizontal guidewheels, pivot axles about a
vertical axis™®

*
Onboard mechanical switch
*
60 hp shunt wound dc motor (two per vehicle)
*
480 Vac, 60 Hz

Automotive type coil springs vertically; leaf
springs for lateral guidewheels*

*
Prestressed cast contrete; assembled on-site

End of line stations; 1 single platform; 1
double platform®

ID sign in each station, temporary traffic di-
rection, signs and roped areas)*

Regenerative; hydraulic friction; hydraulic
friction®

72°F over outside ambient range of -20°F to
+110°F

+
12.5 br/day +
365 days year

Patronage 2,434,076 in the first year of operation
(since March 1976)
Performance User QOperator
Sociological

Levels of service
Comfort

Seating room area

Standing room area

Seat availability
(Peak, off peak)

Lighting

Heating and cooling

Air circulation

Satisfaction

Ride Quality

Convenience

Transfers

Vehicles small but trip short
Seats full during peak hour
Rather bright

Comfortable

Satisfactory

Very high
Good

None

86
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Appendix B

METHODS OF COST ESTIMATING AND ANALYSIS

Objective

One objective of the assessment of six existing AGT systems was to
collect and present cost information on these systems in a manner that
would be useful to planners of new AGT systems in the Downtown People

Mover program and in other urban settings.

Various Problems and Aspects Associated with Cost Analysis

To approach the objective, a number of problems and aspects--both
practical and theoretical--had to be taken into account, as discussed

below.

Historical cost data obtained from published reports and by in-

quiries addressed to owners and participants in AGT system development
projects are often incomplete or otherwise unsuitable, as guidance or
indicators, for planners of future systems. Costs of some items are
incorrectly reported or omitted. Separate costs of some items are not
obtainable because the AGT facility was built as an integral part of a
multipurpose facility. Where necessary, cost estimates have been derived

by SRI staff members and consultants.

Urban settings for AGT systems are the main focus of interest in

this research but none of the six AGT systems studied is in a typical
urban setting--three are in airports, two are in recreation parks, and
one is in a multipurpose commercial development owned and operated by
private interests. The research staff has taken various measures to
recognize possible differences between the actual settings observed and
typical urban settings. Planners of new AGT systems are urged to pay
particular attention to the stated conditions associated with cost esti-
mates prepared for each site, and to make needed changes in cost esti-

mates to fit the actual conditions of local sites.
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Price changes must be taken into account to make cost data from

different years useful to planners. AGT systems and their components
were purchased or constructed in different years and at different price
levels. Escalation adjustments have been made to state all capital cost
estimates at 1976 price levels. Capital costs for each system are

stated in 1976 dollars.

Total equivalent annual costs is the most convenient format for

presentation of cost data on the six systems. However, initial capital
costs are incurred in lump sums, and long intervals pass between replace-
ments of capital assets while operating and maintenance costs are in-
curred year-by<year. To make these estimates commensurate, capital

costs have been restated as equivalent annual series amounts for assumed
service lives and interest rates. The result is equivalent to the uni-
form annual payment that would be needed to repay a loan with interest
by the end of the series life. Equivalent annual costs of capital and
annual operating and maintenance costs can then be added to produce

total equivalent annual costs.

Unit costs of service per vehicle mile, per passenger mile, etc. are

quite useful in making comparisons. These are computed by dividing total

equivalent annual costs by measures of service performed.

Growth or decline in costs of operation and in amounts of service

rendered are likely to occur from year to year during the life of each
AGT system. For example, patronage and costs may increase for many
years, then level off, and finally decline as the AGT system or the en-
tire facility approaches obsolescence. Growth and decline are site=-
dependent characteristics~--the experience of an existing site will sel-
domly, if ever, apply at another. Therefore, growth and decline have

not been treated in this research.

Discussion of Terms and Parameters Used in Cost Analysis

A discussion of several terms and parameters used in the cost analysis
is presented below. Values of various parameters used in the study are

also mentioned where applicable.
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Joint-use and multipurpose refer to facilities and services shared

by an AGT system and one or more additional functions. An example is

an AGT station located within an air terminal building.

Free-standing and independent refer to facilities and services

provided solely for an AGT system such as an AGT maintenance facility.

Conceptual design or duplicate facility refers to a hypothetical

free-standing or independent AGT system designed solely

for transit service. It is functionally equivalent to the transit por-
tion of a system having joint-use or multipurpose characteristics.

This concept allows estimation of costs of an AGT system without the

need for division of costs among an AGT system and other functions.

Actual cost is the dollar amount paid for a specified asset or

service.

Allocated cost is a division of the cost of a joint-use facility

or multipurpose service among numerous functions and is usually based
on some estimate of the percentage of use. For example, if an AGT sta-
tion occupies 1% of the space in a shopping mall, one might say

that the allocated cost of the station is 1% of the cost of the entire
building complex. Allocation of costs is common in accounting practice,
but cost allocations made for one site will seldom be well suited for
decision making at another site. Therefore, allocated costs must be

used with caution.

Marginal cost is an estimate of the additional cost or cost incre-

ment made necessary by the addition of an optional function, such as an
AGT station, to an existing or planned facility, such as a hotel or

office building.

Duplicate cost is an estimate of the cost of a hypothetical

duplicate facility discussed above. In this study it is the estimated cost

of duplicating the essential AGT functions observed in an existing joint
facility at a hypothetical new site where the AGT system could be inde-

pendent or ''free standing."
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Price indices are factors used to adjust estimates of costs of

assets acquired in given years to the price levels of a common year--
1976 in this research. 1Indexes and escalation procedures must be used
with care to avoid introduction of serious errors. This is especially
true when systems having dissimilar characteristics--such as buses and
AGT systems--are to be compared. In this work separate indices are used

for three cost categories:

e Hardware
e Construction

e Professional and administration services.

The selection of various indices was made in consultation with UMTA and

its subcontractors. A brief description of various indices is given below.

Hardware--The Wholesale Price Index for Machinery and Motive
Products is used to escalate all hardware costs including vehicles; com-

mand, control, and communications; power distribution system; station
*
equipment; and power rails. Commodities included in this index are:

1. 42%-<-Electrical machinery and equipment: wiring, integrating
instruments, motors, transformers, switchgear, electronic
components, and accessories.

2. 14%~-~-General-purpose equipment: elevators, escalators,
mechanical power tramsmission equipment, conveyor belts, mono-
rail conveyors, valves, and bearings.

3. 14%--Tools: metal working tools and machine-shop products.
4, 8%=--~Heavy equipment: tractors, construction equipment.
5. 22%--Miscellaneous equipment: mining, textile, food, wood-

working, printing industries.

Construction--The Engineering News Record (ENR) Construction

Cost Index for 20 cities is used to escalate all construction costs in-
cluding guideways, stations, utilities, maintenance, and support facili-
ties, The components included and their relative weight in the index
are (1) base price of structural steel shapes (38%); (2) consumer's net
price of cement exclusive of bag (7%); (3) lumber (17%); and (4) common

labor rate (38%).

xThe selection of this index is based on MITRE letter to UMTA, # W24-3789.

Subject: "Inflation Rates for AGT Socio-Economic Research Program,"
27 July 1977.
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Table B-1

COST INDICES FOR ESCALATING AGT CAPITAL COSTS

Hardware Construction Professional Services
(Wholesale Price Index (Engineering News Record (Consumer Price Index for
for Machinery and Construction Cost Index Urban Wage and Clerical
Motive Products) for 20 cities) Workers, U.S, City Average)
Conversion Factor Conversion Factor Conversion Factor
Year Index to 1976 Prices Index to 1976 Prices Index to 1976 Prices
1965 -- -- 91 2.45 -- --
1966 - -- 95 2,35 97.2 1.75
1967 100.0 1.66 100 2.23 100.0 1.70
1968 103.0 1.601 108 2,07 104.2 1.63
1969 106.0 1.56 119 1.87 109.8 1.55
1970 110.6 1.50 130 1.72 116.3 1.46
1971 115.3 1.44 148 1.51 121.3 1.40
1972 118.2 1.40 164 1.36 125.3 1.36
1973 121.2 1.37 177 1.26 133.1 1.28
1974 136.3 1.22 188 1.19 147.1 1.16
1975 156.2 1.06 206 1.08 161.2 1.06
1976 165.8 1.00 223 1.00 170.3 1.00

Source: N. D. Lea and Associates, Inc.



Professional and Administration Services--The Consumer Price

Index for Urban Wage Earners and Clerical Workers, U.S. City Average,
All Items is used to escalate all costs for professional services such
as A&E, design, project management, systems integration, and acceptance

testing.

Service life is the period of service expected of an asset. Ser-

vice life may be determined by wear or exhaustion of the asset or by
obsolescence of the entire facility. Equivalence calculations start
with the service life of the AGT subsystem having the longest expected
life--usually the structures. Subsystems with shorter service life are
assumed to be replaced at the same initial cost, stated in 1976 dollars.

The selection of service life is based on experience and judgement.

Two sets of service life assumptions have been made for all systems.
One, characterized as '"basic,'" uses 15 years for hardware and 35 years
for construction. A second, characterized as "optimistic," uses 20 years
for hardware and 50 years for construction. In addition, a third set,
characterized as ''commercial', uses lives of 15 years for both hardware
and construction and was applied to the two recreation parks--King's
Dominion and Disney World. These short lives refelct the possibility
that obsolescence, rather than use and deterioration, will determine the

end of service.

Salvage value is the expected value of an asset at the end of the

service 1life, Salvage values are neglected in this analysis.

Discount rate is the time value of money to the owner of an AGT

system or the rate of interest that would be attractive for a given in-
vestment in an AGT system. A discount rate of 107 was used in the study,
this being a typical discount rate currently prevailing. However, planners

should use the rate predicted to be available for the specific case.

Equivalent annual cost of capital, R, is found by the following

R=P[ i(1+i)“:|
(1+ )% -1

equation:
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where

P = capital cost
n = service life
i = discount rate,

Operating and maintenance costs are annual outlays for goods and

services required by AGT systems.

Total eguivalent annual cost is the equivalent annual cost of

capital, R, plus the cost of operations and maintenance.

Cash flow analysis is not employed in this report but would be an

appropriate tool for certain purposes. For example, cash flow analysis
is required to determine fare structure adequate to repay capital and
interest and to recover operating and maintenance costs. If a cash flow
analysis is desired, all cash receipts and outlays must be estimated for
each time period over the life of the system. For example, actual cash
expenditures for interest must be used, rather than the discount rate

used in equivalent annual cost calculations.

Some Specific Comments on Capital Cost Estimates

AGT systems include numerous items or groups of capital assets, and
there is no uniformity among systems in the breakdown of systems into
subsystems, components, and so forth. However, it has been possible,
with fair accuracy, to classify assets under three headings--professional

and administrative services, hardware, and construction,

Professional and Administrative Services--Detailed historical

records of the cost of consultants and administration were usually not
found. In such cases these costs were calculated as a fraction of

the cost of major assets in consultation with the system designers.

Hardware--Estimates of hardware costs obtained from the AGT sites
appear to be reasonably complete and dependable, AGT hardware was
usually purchased for cash under one or a few contracts. It is noteworthy
that published reports of hardware costs usually cite the price bid by

the system supplier, rather than the final contract amount. Consequently,
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the published figure often omits such elements as the costs of change
orders and items furnished by other suppliers. Data obtained from ac-

counting records were usually considered dependable and were used.

Right-of-way was not purchased for any of the systems studied. 1In

each case, the AGT system occupies a small part of a large parcel of

land acquired to serve a broad variety of purposes., Right-of-way costs
will differ greatly among urban sites, and may be quite substantial in
certain cases. Where owners have used the allocation technique to estimate

a right-of-way cost to meet accounting needs, that estimate is reported.

Site preparation costs are included in the analysis in those cases

where historical data were found. However, where the data were lacking,

estimates were not derived by the research staff.

Utility relocation was not encountered as a cost factor in any of

the systems studied. Again, urban sites will differ greatly in this
respect and gain little from the experience of the six AGT systems

treated in this research.

Construction costs for civil works--mainly tunnels, elevated struc-

tures, and stations-~have presented the most difficult cost-estimating
problems. Available historical data of dependable quality were always
used. In several cases the cost of major elements of the civil works
had never been estimated ty the owner (or anyone else) until the restudy
stage of this research. This lack of data is understandable. In many
instances an AGT facility element was incorporated into the design and
construction of another, much larger facility. In such cases there is

no theoretically correct way to identify the cost of the AGT facility
and, in some cases, no need to make a cost allocation. Only a few owners
treat AGT systems as profit centers and have a need to account for the

cost of the AGT system.

To overcome the lack of historical data, special studies have been
made to derive construction cost estimates. These estimates fill data
gaps and present a complete--but qualified--cost picture for use by

planners of future AGT systems. Three main approaches are available to
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estimate construction costs:

® Duplicate Cost Approach. Costs are estimated by assuming free-
standing duplicate facility with appropriate dimensions.

® Allocation Cost Approach. Costs are estimated by allocating a
suitable fraction of the total cost to AGT system.

® Marginal Cost Approach. Costs are estimated as the additional
cost that must have been incurred because of the inclusion of the
AGT system.

In the present study, one or the other approach was used where appropriate.
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Appendix C

CHRONOLOGY OF EVENTS:
FATIRLANE TOWN CENTER

1968 Transportation Research and Planning Office was established.

1971 Short guideway and vehicle chassis were fabricated for test
purposes.

1971 Ford started Transpo '72 project in May.

1972 Transpo '72 system was demonstrated and tested, carrying 25,000

people during the ten days at Transpo '72.
Henry Ford II announced entry into AGT business.

Transportation Systems Operation (TSO) was established in Sep-
tember with staff of 120.

Received RFP from Toronto in August.
1973 Declined to bid on Toronto project.
Bid and won Bradley International Airport Project.
1974 Awarded E1 Paso project in January (it was not built).
Bid Interama project in May.
Interama project was aborted for lack of funds in August.

AGT business was reassessed and company began gearing down pro-
gram in midyear.

Declined to bid Duke University project late in 1974.

Considered cost saving alternatives at Fairlane but made no
change.

1973-75 Fabricated, constructed, and installed Bradley and Fairlane
systems.

1976 In response to inquiry, stated that Ford was not a potential AGT
supplier for Atlanta airport in January.

Initiated operations at Fairlane in March.

Announced to UMTA that company was no longer in the AGT business
and indicated willingness to sell product in April.

Transferred 80% of TSO staff to other departments by end of year.
1977 Will transfer remainder of TSO staff and terminate TSO,

Reassigned responsibility for operation of Fairlane to Ford
Aerospace and Communications Corporation.
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Appendix D

MAJOR PARTICIPANTS:
FAIRLANE AGT PROJECT

Owners: Ford Land Development Corporation
Ford Motor Company

Supplier: Ford Motor Company

Consultants and Subcontractors:

SMITH, HINCHMAN, and GRYLLS, Detroit, Michigan
ABAM, Seattle, Washington

Planners and Developments:

Ford Land Development Corporation
Taubman Co.
Charles Luckman Associates

Tenants: Hyatt Regency Hotel
Occupants of Town Center Shopping Mall
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(o5

Bello. Ve are doing a study of the Fairlane Town Center Automated Transit
Svaten (known here as the ACT--Automatically Controlled Transportation) between
t! - shopping center and the hotel. 1'd like to ask you a few questions.

This survey is authorized by Section 6 of the Urban Mass Transportation Act

of 196% as amended through November 26, 1974, wherein the Secretary of Transpor-—
tation is authorized to request and receive such information or data as he deems
appropriate from public or private sources. Wnile you are not required to

respond, your cooperaticn is needed to make the results of this survey compre-
hensive, accurate, and timely.

1. How many times have you been to Fairlane Town Center before today?

1[:] First time for me

2[:] Once or twice before

3[:] 3-5 times before

“[:] 6-10 times before
[:]'Hore than 10 times before

[If more than 10, ask] Are you employed at Fairlane Town Center?
5[:] Yes 7[:] No
2. Did the existence of ACT (that's the Autocatically Controlled Transportation)

influence your decision to come to Fairlane Town Center today?

li:] Yes
2[:] No

3

Not sure

3. Do you think ACT adds to the attractiveness of Fairlane Town Center?
1[:] Yes, it adds attractiveness

2 I No, it detracts

3 l Makes no difference to me
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4. Within the last year have you traveled between the Fairlane Town Center and
the Hyatt Regency Hotel?

1[—_—_l‘lfcs 2[:]1\'0 [If No, go directly to Question 45.]

5. [If answer to 4 is Yes,] How do you usually make the trip?

[ Jacr 2 [T]walk
3 D Drive Auto 4 D Other

6. [If not ACT, ask] Did you ever ride the ACT?
IDYes 2l:]No [If No, go directly to Question 45.]
7. Would you have taken the trip if there were no ACT?
1 D Yes 2 D No 3 D Not sure
8. Would you have taken the trip if there were a 25¢ fare to ride the ACT?

1 [_—_ Yes 2 D No 3 [_—__ Not sure

9. What was the main purpose for taking your last ACT trip?

! D Sightsee, or try out ACT?

z D To kill time?

3D Shop at the shopping center?
"D Shop at the hotel?

SD Eat or drink at the shopping center”

6[:_ Eat or drink at the hotel?

7 [j Other

10. How many times have you been a passenger on ACT?
Count a round trip as 2 trips.

! D Only once

ZDTWO or three times

3_ lFOul’ to ten times

"E]More than ten times
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11. ¥hat is your overall iwmpression of this transportation system?

3[:] Satisfactory

“[:]Poor

5[:] Totally unacceptable

12. Was the temperature inside the

1 2
vehicle comfortable? [::lYes [::]No
13. Was the lighting inside the . )
vehicle adequate? Yes No
. 1 2
14. Was the station crowded? Yes l ‘INO
. . . 1 2
15. Was the ride quiet? Yes No

16. Which way would you prefer to be seated during a trip on this
type of vehicle?

1
Forward

Backward

Sideways

17. Was the ride bumpy? Yes No

18. Did the ride have any objectionable S —
sudden stops or starts? Yes No

19. Did the vehicle sway much from side 2
to side? Yes 2' No

20. Are the boarding areas conveaiently
located?

Yes No

21. Do you feel that the space in the

vehicle for luggage or parcels is
adequate? 1[j:]Yes zlmﬂlNo
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22,

23.

24,

26,

27.

28.

29.

30.

31.

32.

33.

34.

35.

Was the vehicle layout (seating
arrangerent, entry and exit
provisions) satisfactory?

Did you feel that you had to wait
too long to ride ACT?

Did the vehicle speed seem fast
enough?

Did the vehicle speed seem too
fast?

Did the vehicle doors ever close
on vou?

Did you think there should be an
attendant on board?

Would you feel more secure if
police were present at various
locations in the system?

Do you think there should be a
closed circult television monitor
in the wvehicle?

Hava you ever felt unsafe in the
station or vehicle during the day?

Do you like the architecture of the
station?

Was the guideway obtrusive?

Were the vehicle and station areas
clean and well maintained?

Was the vehicle interior attractive?

Was information about the operation
and use of the system adequate?

114

r_]Yes

| -

! []¥es
! []Yes
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Yes

1'_:]Yes
lfi] Yes

1[" Yes
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[:'" Yes

No

2[:‘ No

No
2 No
2 No
(mh
2[] Mo
2'3 No
[k
z No
2:—““No

[

2 No
2 No




36-37. You have just answered several questions related to various factors..
These factors are listed on this card. Please indicate the 2 factors:
that are most important to you. Pick two only. (SHOW CARD).

“ ;comfort

2‘ !ride quality

3~'::‘lo::onvenience

* safety and security

appearance

information/instructions

38. Would you prefer this guideway to be:

t underground?

2 at grouad level?

3[:: elevated?

39. During the ride would you have preferred that the vehicle be larger,
sm2]ller or was it about the right size?

1 larger?

smaller?

right size?

40-44. In a typical week, for trips to work, school, shopping or other locations,
do you usually (at least twice a week): (Check as many as apply)

o drive your car alone or with family?

w1 [:]car pool or van pool?

“2' | take bus transit?

L3

take subway or railrcad?

b take taxi?

GO TO QUESTION #53
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45-51. llere are some possible reasons for wnot ridiung the ACT. Please tell ne
vhich are reasons why you do not presently ride the ACT.
(CHECK ALL THAT AP?LY)

43 You have 1o reason to travel botween the hotel apd shapain

-— center.
"e [:] The ACT does not wum at the times you could use it.
Y7 [_1 You do not think the ACT is mechanically safe.
8 [f%}You think the ACT would be toc crowded for comfort.
43 [ij You think you would have to wait longer than is reasonable.
50 [:] You think vyou might be stranded because of a stoppaze.

51 ' You think it would be difficult to take packages or othar
— bulky items on the ACT.

52-56. 1o a typical week, for trips to work, school, shopping or other
locations, do you usually (at least twice a week):

(Check as many as apply)
52 [:] drive your car alone or with family?
53 [f:]car pool or van pool?
Sh ii:]take bus transit?
33 f—] take subway or railroad?

58 take taxi?

.

57. Would you prefer the ACT guideway to be:

! [ iunderground?

3 l Iclevated?
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58. What was your immediate family's income (before taxes) in 19767 (SHOW CARD)
1 [:]less than $5,000
z [::]ss,ooo to $9,999
3 DSl0,000 to $19,999
N Dszo,ooo to $29,999
s Dsm,ooo to $49,999

& D over $50,000

Thank you very much for your cooperation.
59-60. Age: E:] I
%, 60

X k k k k k kx k k k k k k k k k k k k k k k k kx kx kx kx k¥ k¥ k¥ k X * k k k¥ ¥ & ¥ ¥ %

61. Sex: ! [:] Male
2 D Female

62. Site location;
t [:] Shopping Center
2 [ IHyatt Regency Hotel

63-64. Date May
63 6%

65-68 Tima completed

6S 66 67/ 68

A

69. Interviewer TS

70. Day of week:

! D Monday
2 [:] Tuesday

3
[:]Wednesday
M [::]Thursday

5 -

[:] Friday
s [:] Saturday
? [:] Sunday

Note: Leave all boxes blank for "no answer."
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