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PREFACE

A review of rail transit system maintenance practices for automatic fare
collection (AFC) equipment was performed. This study supports an UMTA
sponsored program to improve the reliability of AFC equipment. The maintenance
practices of the transit systems are generally similar, however, several exceptions
were found which have potential for improving AFC equipment reliability if more
widely adopted. Those practices worthy of consideration include: dedicated crews
for performing preventive maintenance, automated scheduling and monitoring of
preventive maintenance actions, incentives for additional training of maintenance
technicians, and automated systems for management and analysis of information on
maintenance problems and actions. Results of the study suggest that the many
advantages of AFC equipment, particularly those capable of performing complex
functions, are achieved at the expense of more intensive maintenance
requirements. Further analyses may support development of more effective
maintenance programs by determining if relationships can be established between
specific maintenance practices and the reliability of AFC equipment on different

transit systems.
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1. INTRODUCTION

This report describes the maintenance practices of rail transit systems for
automatic fare collection (AFC) equipment. The report was prepared in
support of an UMTA sponsored project to improve the reliability and

effectiveness of AFC equipment at rail transit systems.

Automatic fare collection equipment has the potential for reducing labor
costs and fraud, providing flexible and equitable fares, increasing patron
mobility, documenting origin/destination patterns, and producing demand and
revenue statistics. These benefits of AFC equipment are not being achieved
without certain costs, however. A problem generally encountered with AFC
equipment, particularly those with more complex functions, has been low
reliability with resulting intensive maintenance requirements. The quality of
maintenance provided by transit systems in response to this need may, in
turn, influence AFC equipment reliability. By documenting their individual
maintenance practices, this report will allow rail transit systems to share this

information in an effort to promote improved AFC equipment reliability.

Information for this report was obtained from sources listed in the reference
section and from telephone conversations and correspondence with rail
transit systems using AFC equipment. A total of 14 systems are currently
participating with UMTA in evaluating AFC equipment performance;
however, these systems are not uniformly treated in this report. More
information was obtained from some systems than others. If the information
in this report proves useful to rail transit systems, it can form the

basis for a more comprehensive analysis of maintenance practices.
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2. DESCRIPTION OF AFC EQUIPMENT BY TRANSIT SYSTEM

The different types of fare collection equipment operated by the various
agencies is summarized in Table 2-1. The total number of fare collection
units of all types per agency range from 2846 for NYCTA to 14 for LIRR.
All of the transit systems (RTA excluded) employ at least gates or turnstiles.
The number of daily passengers per gate/turnstile shows considerably less
variation from one system to another than the absolute number of units as
shown in Table 2-2. However, the variation in this statistic still ranges from
a low of 349 for ICG to a high of 2471 for CTA. This variation can partly be
explained by the relative complexity of the AFC equipment used by the
different agencies. Those agencies with the greatest number of passengers
per gate/turnstile (CTA, SEPTA, NYCTA) have simple turnstile systems that
perform only one function as shown in Table 2-3. Agencies in the next
highest group (PATH, MBTA) have only turnstiles but they perform several
functions. Those agencies with the fewest passengers per gate/turnstile
(WMATA, MARTA, PATCO, BART and ICG) all have either multiple types of
AFC equipment and or multiple functions involving magnetic fare cards
performed by the gates/turnstiles. As demonstrated in Section 3.2, there is
some evidence to suggest that those agencies with greater AFC equipment

complexity require a larger AFC maintenance staff per passenger.
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3. MAINTENANCE PRACTICES FOR AFC EQUIPMENT

3.1 MAINTENANCE ORGANIZATION

Organizational charts for transit systems with organizational units responsible for
maintaining AFC equipment are exhibited in Appendix A. The charts are simplified
from those originally obtained from the properties to highlight those organizational
elements involved in maintenance of AFC equipment. All transit systems have
units fully dedicated to performing maintenance of AFC equipment in station
areas. Shop repair of AFC equipment is sometimes performed by a general shop
support group which has responsibility for repair of other equipment in addition to
AFC equipment (PATCO, BART).

3.2 STAFFING AND ASSIGNMENT OF MAINTENANCE FUNCTIONS

Table 3-1 shows the number of emplyees directly associated with performing or
supervising AFC equipment maintenance functions on various transit systems. All
the transit systems have maintenance technicians fully dedicated to repair of AFC
equipment. On some transit systems the maintenance technicians split their time
between field repairs and shop repairs (ICG, MARTA, PATH). Taking into
consideration the amount of time spent in shops by their line technicians, the
number of AFC units (gates, fare card vendors, add fares, etc.) per line technician
ranges from an approximate high of 39 to a low of 13. These numbers cannot be
directly compared, since machine complexity, level of use, and equipment age have

not been taken into consideration.

Normalizing these results by passenger volumes (Ref. 1) shows that the number of
daily passengers per line maintenance technician (adjusted for shop time) is
remarkably similar for MARTA, BART, WMATA, PATCO and ICG at 6800, 5958,
5714, 4333 and 4214, respectively. These properties each have at least 2 different
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types of AFC equipment which perform a number of functions. PATH has a
significantly larger number of daily passengers per line maintenance technician at
28600. The greater maintenance productivity at PATH may be attributable to the
property having essentially only one type of AFC equipment (see Table 2-1) which

performs relatively few functions (see Tables 2-1, 2-2, and 2-3).

All properties have provisions for supervision of maintenance technicians. In some

cases, the first level of supervision is a senior technician or working foreman.

The shop staffs responsible for repair of AFC equipment on some properties are
supplemented with maintenance technicians that split their time between stations
and shops during off peak hours. On other properties (BART, PATCO) the shop
staffs perform repair on other electronic and communication equipment in addition

to AFC equipment.

The assignment of AFC maintenance personnel on properties is summarized in
Table 3-2. All the properties have at least 2 maintenance shifts which span at
least 12 hours of operation (most properties provide maintenance coverage from
about 6 am to 10 pm). Technicians are assigned to cover a transit line or group of
stations. This arrangement is permanent in BART's case. These technicians are
also frequently assigned to specific high density stations during peak hours,
especially if the stations are otherwise unattended, to provide quick response 1o
maintenance needs (ICG, MARTA, PATH, CTA).

3.3 MAINTENANCE PROCESS
The usual processes for initiating maintenance actions on properties is summarized
in Table 3-3. If a property normally has attendants on duty at their stations, the

attendants are the primary means by which AFC maintenance needs are made
known (BART, WMATA, CTA). If the stations are typically unattended, passengers

3-3
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frequently initiate maintenance actions by phoning in AFC equipment problems on
special passenger aid phones (PATCO). These stations are also monitored by closed
circuit television (MARTA, PATH) and other status devices (ICG) which assist the
property in determining if AFC maintenance actions are required. Property
employees (maintenance technicians, security guards,etc) may also make note of
equipment problems during the course of their normal duties and initiate

maintenance actions.
3.4 PERFORMANCE OF MAINTENANCE TASKS

The performance of maintenance tasks by various types of employees is
summarizied in Table 3-4. Minor "finger tip" maintenance requirements (soft
maintenance), typically involving clearing of money/card jams, are generally
performed by station attendants if the stations are staffed. PATH has a unique
situation which requires both a coin box operator and a security guard to be present
before AFC equipment can be opened. Because of this, attendants and
maintenance technicians will initally attempt to clear jams using special probes
that do not require opening the equipment. Properties which have unstaffed
stations must rely on maintenance technicians to clear money jams. MARTA also

permits security personnel to clear money jams.

Other maintenance actions performed on AFC equipment within the station area
(hard maintenance) is universally limited to replacement of malfunctioning
components/assemblies or worn parts and performing minor functions such as
adjustments, lubrication and cleaning. Repair of components/assemblies and
rebuilding of AFC equipment is generally performed by the properties in their
shops. Most properities have shop staffs dedicated to working on AFC equipment.
These staff, however, are often supplemented by line maintenance technicians
(ICG, MARTA, PATH). The BART shop staff repairs all electronic equipment in
addition to AFC equipment.

3-6
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3.5 PREVENTIVE MAINTENANCE PRACTICES

All properties have programs for preventive maintenance (PM) as summarized in
Table 3-5. On most properties, PM is performed by line maintenance technicians
as part of their normal duties. MARTA supplements its PM efforts with overtime
if necessary. WMATA is the only property with a fully dedicated crew for
performing PM only. Originally two shifts were established to perform PM. One of

the shifts is currently supporting regular maintenance activities.

Preventive maintenance is performed at different levels and frequencies among the
properties. The properties generally have daily inspections of AFC equipment to
check for proper operation. Primary PM is performed on a weekly basis at ICG.
The other properties have monthly programs of PM. BART and MARTA have
automated scheduling of AFC equipment for PM. ICG relies on senior technicians
to ensure that PM is performed on a weekly basis. A program is underway on ICG
to supplement their weekly PM with complete overhauls on their AFC equipment (6
months for bill validators and coin acceptors, 12 months for gates). All properties
have prescribed procedures for PM, however, they vary in specifics. Samples of

prescribed preventive maintenance procedures are exhibited in Appendix B.

Manual records of PM actions performed are kept by WMATA, BART and MARTA.
ICG does not keep a log of PM actions. BART and MARTA also place their PM
information in a computer automated data base for providing PM status updates on
all AFC equipment for management review. BART also keeps a copy of the

manually completed PM trouble ticket with the AFC equipment.
3.6 MAINTENANCE MANUALS AND TRAINING

All properties investigated have manuals or standard procedures for maintaining

AFC equipment as summarized in Table 3-6. The ICG uses an



Sp10231 paseq
-133ndwod pue Zo[ [enueyy

*padnpoud sypi0dal
A[yauow pajepijosuc)
*pal1ardwiod pied wg

*aseq eiep Jajndwod
O3UT PaJalua Os[y *juawl
-dinba y11m sAe1s Adop
‘Wd 407 13011 J[qnoJd g

*suof1oe
Wd JO Spiodail oN

ON

S9A

SaAp

S9A

SOA

*aduar1adxa
Jo siseq uo
pado[aAsap ‘sax

*A11[iqe[ieAe uedIUYOd)
pue DIjJeJy uoljels uo
Surpuadap Aqjeoiporiad
pajdadsur aie sa[IIsuing
£UoT321081p s,uerd

-1uyo9} e pawJsozsad Wd

*Suomn
-dadsur A[1eq *paJinbai
Wd A13910enb » ATyiuop

*wa3sAsqns Aq a[npayds
PaXIJ © UO paurejurew
$31eN) *SIOPUIA

13211 Jo Wd ON

*pausioyiad

osje suorioadsur

Apeam x Areq
*pa[NpaYyos Ajjesriewolne
Wd Ajquow Arewrig

*siseq
A[yruow e uo pausioy
-1ad st wg Lrewrlg

walsAs Surnpayos
Wd paseq-1a1ndwor)

*S[BAI3IUT Yjuouw! Z[ ® 9
spajuawardwt Suraq
wea8oad [neylarD
*A[>99m pawJsogiad

ST INd 1Byl SaInsua
UBIDTUYD} JOTUSG

*s913Np [ewW.Jou Jo 1aed
Se SueIDIUYDa} SUI]

*sa1anp [ewou jo 1ed
se SUBIDIUYD3} U]

‘uewJredas doys
pue sueid1uyoa1 doys

*A1ess303Uu

J1 POSN SWIIISAQ
*sa11np RWIOU Jo 1Ied
SB SUBIDIUYDD] JUI

‘nd Afuo
wJao3Jad o) pajedipap
Afreur8rio s3ziys om|

*S311Np [BWJOU JO 1Jed
S® SUBIDIUYDS} dUlq]

*S31INP [eWJOU JO 3Jed
S® SUBRIDIUYD3] Ul

YLD

HLlYd

0J1lvd

LAR A4

YLIVAM

Liavd

10|

{Pausuindoq
SUOTIOY WJ 218 MOH

{Nd 103
pasn s21npadolg
paqriosaig 3ty

LP3INPaYIS Wd ST MOY

ZNd swaogiad oyp

wayskg
11suel |

STOLLOVHd AONVYNILINIVW JALLNIATAd °¢-¢ dlqel

3-9



*3UI IDUR)SISSY JoBuassed«

VY10
Hlvd
OJlvd
*S[enuew JanideJnuely
sak sk palyIpow WalsAg JIsuel] sak VLIV
*3[qR[IEAR MOU J3Jn}
‘feuorido 3ururen -DeJNuUeW WO} sfenuew MaN
jeuonlippy °paJinbai *sfenuewWw J3Jnjdejnuewl
$3A  [9A9] WNWIUTW ‘sa L paIJIpow WalsAg 1Isuedj sak VIVWA
*pa13pisuod 3uraq * LeLJ37BU JRUNgORINURW
$3SJNOD 13YS3IJayYy uo paseq waysAs
sak *S3JIY M3U JOJ ‘saL 11sued] Aq padojaraq sk nive
*paudissecwiad yoal xTyd *so0l [enuew
a8ueyduayui sueIdIuydd} - Sujureny ©
J1ISUJIN] X JOPUdA sak Wwa3sAg isuea]  Ajuo ‘oN 0] |
{uswdinba jre uo (weidosd Buiureq JJaanjoeInuew 10 WIISAG Jpasn waisAg
pauiea3-ssoad A[[nj jisuel] Aq pedofaasq  4Asy3 aay jisued ]

SURIOTUYDI] Ay

s[enuepy dUBUUTRY

DNINIVIL ANV STVNNY dONVYNILNIVIW *9-¢ 3[qel

3-10



extensive training manual for this purpose. All properties have developed their
own manuals usually based on documents originally provided by the AFC equipment
manufacturer. WMATA is presently obtaining a revised set of maintenance

manuals from the equipment manufacturer.

All properties provide maintenance training for their employees when they are
hired and when new equipment is purchased. BART is currently considering
refresher courses for its maintenance technicians. WMATA has a urfique program
of requiring a minimum level of training for all maintenance technicians and
offering additional training as an employee option if higher certification is desired.
Maintenance technicians are generally cross-trained on all AFC equipment. The
only exception found to this is on the ICG where technicians responsible for
maintaining passenger assistance phones are permanently assigned to that

equipment.
3.7 MAINTENANCE SUPPORT ACTIVITIES

Various maintenance support activities and practices of properties are summarized
in Table 3-7. Documentation of maintenance actions, excluding preventive
maintenance, are at least manually performed on all properties. Samples of
maintenance action reports are exhibited in Appendix C. BART and MARTA also
transfer their maintenance information into a computer automated data base for
generation of consolidated activity reports and maintenance statistics. Samples of
computer generated maintenance statistics are exhibited in Appendix D. WMATA
is planning to implement an automated system for managing its maintenance

information.
Repair parts and other items required by technicians in the field are usually

transported from inventory points via the rail transit line. The ICG uses highway

vehicles to transport parts and equipment as well as the
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technicians between stations. WMATA uses contract employees to serve as line
runners for logistical support. BART has satellite storage of parts as well as a

central inventory similar to the other transit systems.

Communication with technicians in the field is accomplished by radio (ICG),
telephones and pagers (BART, WMATA), PA systems (BART, MARTA) and use of
passenger aid phones (MARTA).

Among their duties, maintenance technicians are frequently used by the transit
systems to retrofit AFC equipment and install new equipment (ICG, WMATA,
MARTA). BART performs only supervision of contractor retrofits and

installations.

Special diagnostic aids and tools are generally employed by the transit systems to
assist in maintaining AFC equipment. Frequently, AFC equipment has built in self
diagnostic capabilities to indicate which part of the operation cycle or subsystem
has malfunctioned (ICG, WMATA, MARTA). BART also has a special test box for
diagnosing problems on its IBM gates. MARTA uses portable ticket readers and
time generators. Since PATH personnel can't open AFC equipment without a coin
box operator and security officer present, attempts are initially made to clear jams

by using special metal and plastic probes.

Each transit system provides supervision of its maintenance technicians, although
the means differ. Several systems (ICG, BART) have senior or lead technicians
who serve as working foreman to provide direct supervision of maintenance
technicians. On BART the lead technicians are supervised, in turn, by one
foreman per shift. WMATA has one line supervisor per shift (6 shifts) who roams
between stations to oversee work and provide technical guidance. MARTA and
PATCO have one foreman responsible for overall supervision of maintenance

technicians.

Most transit systems at one time had a program of warranty administration for

their AFC equipment. These programs are now generally inactive since their AFC
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equipment is beyond the warranty period. WMATA is the only exception found with
an active warranty program and a manager of warranty administration. The
warranty period is one year for new AFC equipment on WMATA.

All the transit systems have additional staff to provide engineering and analytical
support to their maintenance programs. The various support activities encountered

on different transit systems include the following:

- maintainability, reliability and availability engineering.
- configuration control.

- system design and specification.

- preparation of maintenance manuals and procedures.

- design of corrective actions.

- supervision of installations and retrofits.

- selection of alternative systems/subsystems.
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k. CONCLUSIONS/RECOMMENDATIONS

AFC equipment maintenance practices of the rail transit systems
investigated exhibited many general similarities. Several notable exceptions
were observed, however, which might prove useful in improving equipment

reliability if they were more widely im plemented.

While all transit systems have programs for preventive maintenance, only one
had a maintenance crew fully dedicated to this function. Such a practice
could enhance the quality of preventive maintenance efforts. The scheduling
of preventive maintenance by several transit systems is automatically
performed by computer based systems and is also monitored by an automated
updating procedure. These systems may provide better assurance that

required maintenance is performed.

One transit system has requirements for additional training if maintenance
technicians desire higher levels of certification. Such a program provides an

incentive for technicians to improve their level of expertise.

Several transit systems have automated systems for managing records of
maintenance problems and subsequent maintenance actions. These systems
greatly enhance the ability of transit systems to develop information and

perform analyses that will lead to more effective maintenance practices.

Analysis of the maintenance practices information suggests that more
complex AFC systems permit greater operational flexibility and reduce the
need for station attendants. However, these systems also require more
intensive maintenance programs. In addition, the passenger processing time

is generally higher for the more complex AFC systems.
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It is recommended that further analyses of maintenance practices be
conducted and include consideration of reliability statistics for AFC
equipment on the different transit systems. If relationships between certain
maintenance practices and AFC equipment reliability can be established, this
information would prove useful in developing more effective maintenance

programs.
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APPENDIX A
TRANSIT AGENCY
ORGANIZATIONAL CHARTS

The purpose of this Appendix is to show the fare collection maintenance and
revenue handling responsiblities, including staffing support and functions, within
the overall organization of the rail tranist systems. Although incomplete, the
organizational charts at several systems (listed below) are included with the fare
collection maintenance responsibilities highlighted. Further planned maintenance
study efforts by the Department of Transportation will build upon this format to
make the charts as complete as possible.

BART
ICG
LIRR
MARTA
MBTA
PATCO
PATH
WMATA
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APPENDIX B

SAMPLE PREVENTIVE
MAINTENANCE PROCEDURES

MARTA GATES - PM PROCEDURES

IGG GATE WEEKLY MAINTENANCE
ICG VENDOR WEEKLY MAINTENANCE
BART ADDFARE LUBRICATION SCHEDULE -



MARTA GATES - PM PROCEDURES

RECOMMENDED BY

MANUFACTURER
Location Frequency Rem Action
Gate array Each shift External appearance | Visually check for surface

Each day

Coin acceptance

Turnstile

Displays

damage and cleanliness of
each cabinet.

Ensure that all latent dis-
play covers are clean and
undamaged and that when
lighted, information is
legible.

Verify that gates in use are
properly lighted ENTER or
EXIT, and gates not in use
are lighted CLOSED.

(1) Insert o cowvn
and actuate PUSE FOR
TRANSFER.

(2) Insert a. Token

-and
actuate PUSH FOR TRANS-
FER.

@) Check transfers to see
that printing is centered and
dark.

(1) Verify that the turnstile
rotates in both directions
and that damper functions
properly. (Adjust.damper
only when necessary.)

(2) Verify that turnstile
head bolts and arms are
tight.

Verify that all LED indica-
tors and latent displays
light during lamp test.




MERTRA GATLCS - PM PROCEDURES RECOMMENDED BY

MANUFACTURER

(Contaniued)

Location

Frequency

Item:

Action

Gate array
(cont)

Handicap gate

Ticket
ransport

Each time
cabinet is
opened

Ezch day

Every 30
days

Each day

Access doors and
panels

Interior area of
gate cahinet

Cabiret locks

Alarm

Barrier

Magnetic heads

Pinch rollers

LED lenses and
phototransistors

Check door and panel move-
ment for binding and align-
ment.

Check for chafing or binding
of electrical wiring. Correct
any sharp edge contacts
with lines.

Check for evidence of
overheating.,

Check all locks to ensura
proper operation and
security.

Verify that the handicap gate
alarm circuit is functioning
by exiting the gate in the
correct direction to check
that the zlarm does not
sound and then by attempd:g
to gain illegal entry tc
check that the alarm does
sound,

(1) Check barrier for
proper closing and latching.

(2) Check mounting hard-
ware for tightness.

Check magmetic heads for
cleanliness.

Check drive and pressure
rollers for signs of exces-
sive wear,

Check for clearliness,




MARTA GATES - PM PROCEDURES RECOMMENDED BY

MANUFACTURER (Continued)

loc aﬁon

Fr.quency

Item

Action

Ticket
transport
(cont)

Coin
acceptor

Transfer
dispenser

Each day
(cont)

Each day

Every 30
days

Each day

Every 30
days

Transport belts

Housing

Coin return

Coin vault

LED lenses and
phototransistors

Housing door

Printer

Paper roll

Assembly

Check transport belts for
excessive wear and clean-
liness.

Verify that the acceptor
housing is correctly mounted.

Check coin-return mechanism
for correct adjustment and
operation.

Check to see if the vauit
is approaching capacity.
(View through coin channel.)

Verify that all LED and
phototransistor lenses are
in place.

Verify that the door of the
acceptor housing closes
freely and completely
triggering both micro-
switches.,

Check for acceptable print
quality,

Check supply of stock re-
maining on the roll,

Check all bolts fcr tightness,
(Do not overlook allen
screws cn timing shaft,)




ICG
GATE WEEKLY MAINTENANCE

Check clock and calendar.

Clean handler transport belt and all rollers.

Check all PAL functions

A,
B.
C.
D.
E.
F.
G.

Entry credit

Exit credit

Gate release

Error inhibit

Gate interim

Out of service indication from each handler.
Entry-Exit credit when gate is out of service.

Check for proper operation of 2ll gates.

A. Anti shutdown

B. Anit pass back

C. Run 2 paper and plastic tickets with 69 rides down in each
handler.

D. Check expiration date with tickets encoded for minimum and
maximum date.

E. Check station code with tickets encoded good in other than the
zone the gates are located.

F. Check with a zero ride ticket with a time other than the four
hours which is good.

G. Check error inhibit for station code error and 3 hour entry-exit.

Handler

A. Check handlers for proper operation.

B. Check for noisy handlers - replace and rebuild when found.

C. Clean belts, rollers, sensors and magnetic heads.

D. Check idler rollers for flat spots.

E. Check to make sure that the allen screws on the belt driver roller
is tight, to avoid slippage of belt and possible short tracks.

F. Check return and capture roller set screws, make sure they are tight.

G. Check for proper travel of ticket through handler and gate top cover.

H. Observe and make sure there are no loose screws on handlers,

especially the handler latch screws.

Check turnstile and adjust if necessary, for proper operation of the
damper, latching and credit subtracting mechanisms.

OVERALL

1.
2.

Clean gates.

Remove tickets from captures.



ICG
VENDOR WEEKLY MAINTENANCE

Clean handler and all ticket transport rollers.

Check handler belts and print ribbonmn.

Check all zone push buttons, observe pay this amount display for
proper fare. Select a ticket for one dollar or more and use one
dime, half dollar, quarter and one nickel. Observe pay this amount
display for proper subtraction. Check all zone push buttons, lights
and other bulbs and replace burned out bulbs.

Test dispense two tickets (Check one for)

1.
2.
3.
4.
5.
6.

Expiration date

Number of rides (one-way, round-trip or weekly) and (ticket type)
Length of clock track (2.6") and for skew

Printer (proper date and clarity) and (handler number)

Encoding should start about .4" from leading edge

Return the other ticket to Supervisor's office

Bill Validator

A.

Accepting ones and fives (proper credit)

Coin Acceptor

A.

Accepting nickels, dimes, quarters and halves (proper credit)

Check the following items

A.
B.
C.
D.
E.

F.
G.

Card 13 for proper expiration date and clock setting

Ticket stacker for refilling of tickets

Check capture bin for captured tickets

Check the last day of the month for proper setting

When 0SS should reject all coins and bill validator should not
start

Coin hoppers for change

Check batt with meter should read 4.2 V.D.C., replace if necessary

When the logic switch is turned off and on, the trip and audit counters
should be checked to make sure they don't advance. Also, check for
proper expiration date and printer date.

Clean exterior/interior when temperature is above freezing.
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BOOK NO. 45 ENGINEERING APPROVAL

BAY AREA RAPID TRANSIT DISTRICT

AUTOMATIC FARE COLLECTION
PREVENTIVE MAINTENANCE AND

1 %arts

DATE 1SSULD
10/12/81

REVISION DATE

INSPECTION MANUAL

ORIGINATOR
J. Whitely

1I.

I11.

Iv.

PURPOSE

Lubrication is applied to various moving parts to reduce friction or prevent
Tust.

MATERIALS REQUIRED

IBM ADDFARE LUBRICATION SCHEDULE

Dow

GENERAL
A.

MY ow

oy
5

SAFETY

A.

Lubricant IBM #12, Stock #91-50-51904
Lubricant IBM #23, Stock #91-50-51908
Lubricant, WD 40, Stock #91-50-51810

Texpad Texwipe, Stock #79-20-60005

Do not apply lubricant to any surface unless specifically called out in
the procedure.

Clean lubricant from hands prior to working on adjustment procedure.
Should a lubricant be smudged onto an unwanted clean surface, remove
with a texwipe alcohol pad.

Remove any excess lubrication.

Any lubricant that appears dried out or hard, should be removed prior
to the addition of new lubricant.

Use IBM manuals for parts and assembly reference.

Turn power off to prevent the starting of moving machinery while
lubricant is being applied.
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PROCEOURE NO. :T-3

T PREVENTIVE MAINTENANCE
:10/12/81 APPROVAL .
DATE ISSVED AND 'NSPECT'ON M
REVISION DATE: PAGE 2 or 4
V. PROCEDURE
A. Transport (See Figures 1 thru 6)
1. Inject and Drive pressure roll two-leaf spring and pin contact points
2. Inject and Drive pressure roll two-pivot points.
3. Main drive belt idler spring and pivet points.
4, Read, write, and verify casting pivot points.
5. Magnetic selected pressure roll leaf spring and pin contacts.
6. Magnetic selected pressure roll retainer spring contact with shaft en
7. Llockout gate return extension spring.
8. THM slides.
9. Magnetic selected pressure roll detent pin and armature contact.
(See Figure 7).
B. Coin Acceptor (See Figures 1 thru 6)
1. Transfer cradle pins and bushings.
C. Escrow (See Figures 1 thru 6)
1. Escrow Cup Shaft.
D. Pushbutton Assembly (See Figures 1 thru 6)
1. Shafts behind the pushbuttons where they pass through the sheet metal
pushbutton housing.
2. Bent coin release assembly at all pints where metal surfaces slide or
rotate against each other.
E. Door Assembly (See Figures 1 thru 6)

1.
2.
3.
4,
3.
6.

latch cam grooves and pins. .

Latch rod guides and clamps.

Latch rod strike surfaces.

Latch strikers - where rods engage.

Slot and Top of door mounted staybrace stop.

Spring plunger and stop pin on cabinet mounted staybrace.



PO0a NC AL

CATE I1SSUED’ 10/12/81

REVISION DATE:

PREVENTIVE MAINTENANCE
AND INSPECTION

PROCEDURE NO. .z 4 |
avenovar_ 20, ]

PAGE 3 OF 4

Apply 18M 7 23 greere between
preuvre roll leef spring ond pin
contuct poini located under bedplete
ot threet knife, under bmdplete ot
reed stution (not on Addfere) ond

in return path

Apply IBM 923 greme
ot pivot bushings else

FIGURE 1 LUBRICATION-PRESSURE ROLL

Apply 1804 723 groase hetwoen
plunger ond brecket

FIGURE 2 LUBRICATION IDLER ASSY.

Agply 100 723 greme betwoen prewsure roll leef
opring ord pin confoch~=twe lacotions on machines

FIGURE 3 LUBRICATION-PRESSURE
ROLL SPRING

Agply 10M 23 greme botwoon provune okt
ond reteiner spring

S~

FIGURE 4 LUBRICATION-RETAINER SPRING

Apply 10Mm #23
Foae ot spring
ondy

FIGURE 5 LUBRICATION-LOCKOUT GATE

Apgly 10M 923 gronse bntwoen sheft ond Leocko!

Asply 1BM I3
oo betwoe-
wether ond breche’

Apoly 1M 123 proame
berwoen she't gns
bocket. Mow sreft
vp eng down
“werk groess -

(Nerte: These lubrication iranructions opoly
olse 1o the be!t tightonen (2) on the
Roturn Peth Assembly)

FIGURE 6 LUBRICATION-RETURN PATH ASSY.



BOOX NC

45

DATE 1SSUED: 10/12/ 81

REVISION DATE:

PREVENTIVE MAINTENANCE
AND INSPECTION

PROCEDURE

———

APPROVAL

§O. AF— 3

PAGE 4

OF ¢4

F. Lubricate with lubriplate:
for operational ease.

Return money, bent coin release, etc., shafts
Adjust travel of shafts if required.

G. Lubricate with lubriplate all lock cylinders, hinges for doors, or panels,

"T'" handles, closing bolts and bearing surfaces.
smoothness.

Apply twre drops of 10
910 oil ot pratsure roll
detent pin ond erme-
e L e
lecatiors on machings

FIGURE 7 LUBRICATION-PRESSURE

ROLL DETENT

B-10
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APPENDIX C

SAMPLE MAINTENANCE ACTION REPORTS
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APPENDIX D

SAMPLE COMPUTER GENERATED
MAINTENANCE STATISTICS REPORTS
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MARTA

MAINTENANCE REFORTS PER STATION

STATION MR TTL
AVIINDALE 3
DECATUR 3
EAST LAKE &
CANDLER PARK 1
INMAN PARK 1
KING MEMORIAL 1
GEORGIA STATE 18
EAST LINE TOTAL 43
FIVE POINTS 22
OMN I 2
VINE CITY s
ASHBY 3
WE3T LAKE 10
HIGHTOWER 7
WEST LINE TOTAL S5
LAKEWOOD o
OAKLAND @
WEST END 14
GARNETT 1
PEACHTREE CENTER 10
CIVIC CENTER 2
NORTH AVENLIE 17
MIDTOWN 3
ARTS CENTER &
L INDBERGH @
LENOX @
NORTH/S0UTH LINE TOTAL ¢0
COMEINED TOTALS 152

FOR PERIOD EEGINNING @2/13/2% AND ENDING @3/93/3

MR N/LC

LOeSSS AN

-t
[ )

WS W h

[=s
S5 eSS -85 MNM6 S Y]

o

]
{l

)



MARTA
MAINTENANCE REPORTS PER PROBLEM TYFE

FOR PERIOD RESINNING 02/18/82 AND ENDING @3/032/82

PROBLEM DESCRIPTION EAST WEST N/S TOTAL

TRANSFER DISPENSER PROBLEMS:

PAPER JAM s 3 3 11
MECHANICAL 2 4 3 11
ELECTRICAL ® @ 2 )
RIBBON REPLACEMENT o S 2 7
RIBEON MECHANICA. @ () o @
CLOCK ZET 2 @ 3 s
CLOCK MECHANICAL @ ) o @
REPLACED ) @ ) o
TOTALS 10 12 12 34

COIN ACCEPTOR PROBLEMS:

COIN JAM 1 2 s 8
MECHANICAL ) ) 3 2
ELECTRICAL o ° 1 1
RETURN MECHANISM ) @ S )
REPLACED @ ® 2 2
TOTALS 1 2 11 14
CARD TRANSPORT PROPLEMS:
TICKET JAM 5 8 5 13
MECHANICAL 2 3 s 10
ELECTRICAL o o ) °
DIVERTER 1 ? 2 3
BLOCKER ® ) ° @
HEATER/ THERMOSTAT ) ® o @
REPLACED o o ® 0
TOTALS 8 11 12 21
CENTRAL ELECTRONICS PCB PROBLEMS:
RAM/ROM ) o @ @
TICKET/XFER JAM/SENSOR FAIL 2 1 1 4
COIN IN RETENTION o ) 1 1
MONEY BAG TWQ FULL/WRITE FAIL @ 6 1 7
REPLACED IC 1 @ ) 1
INTRUSION 2 @ 1 <
NO INDICATION - RESET LOGIC @ 2 2 4
RESEATED CHIPS 2 1 @ &
RELOADED VARIABELE DATA 4 & 7 17
REPLACED o @ @ @
TOTALS 11 1¢ 13 e

D-4



MARTA
MAINTENANCE REPDRTS PER PROBLEM TYPE
FOR FERIOD EEGINNING ©2/1:3/33 AND ENDING O3/Q0%/82

PROBLEM DESCRIPTIONM EAST WEST N/S TATAL

TURNETILE PROBLEMZ:

SQULENCO I %) Q 7] 7]
ADJUET DAMFER o by ] =
ADJIIST HUB/ARM @ @ 1 1
PROKEN HUR @ Q ] @
MECHANICAL 1 2 1 4
ELECTRICAL @ @ Q 7
TOTALS 1 4 2 7
MASTER CLQCt PROEBLEMS:
SET TIME/DATE Q @ 1 1
ELECTRICAL 7] ", o (7]
EATTERY Q Q @ @
REPLACED 7 "] [ Q
TOTALS @ ") 1 1
LAMP REPLACEMENTS: 1 2 Q ]
CARINET AND LOCK PRORLEMS: ") "] 4 4
HANDICAP BARRIER FRQOBLEMS: @ 7] Q ")
POWER SUPPLY PRORLEMS: (") @ 1 1
MISCELLANEDLS HARDWARE PROBLEMS:
LOOSE CONNECTION "] @ @ 7]
PASSENGER SENSOR "] o o Q
A1S BOARD Q o Q Q
OPTICAL SENSOR FCB 1 1 "] 2
READ/WRITE PCB @ ") o @
SIGNAL CONDITION PCR (") o o 7]
SOLENOID DRIVER PCR @ Q ] Q
JUNCTION BQOX PCE @ @ Q ]
DISPLAY PCB Q@ 2 Q e
PUSH FOR TRANSFER SWITICH "] @ 7] Q
CIRCUIT BREAKER REPLALCED @ U (7] o
VALILT/COIN EBAG 7] %] @ 7]
OTHER MECHANICAL 7] 7] (] 7
OTHER ELECTRICAL ] Q O @
TOTALS 1 3 ) 4



MARTA
MAINTENANCE REPORTS PER PRORLEM TYPE

FOR PERIOD EEGINNING 02/18/83 AND ENDING @3/03/83

PROELEM DESCRIPTION EAST WEST N/S TOTAL

OPERATIONS FROBLEMS:

MONEY BAG FULL @ 1 @ 1
INCORRECT BLISZ-RAIL TRANSFER Q@ @ ] @
TRANSFER FAPER LOW @ 9 Q Qo
DOOR OPEN 2 1 0 3
RERCQUTED TRANSFER FAFER ) @ 0 2
PATRON MIZUSE ' o 1 1
OTHER 4 Q S
TOTALS & 3 1 10
NO PRORLEM FOLIND: 4 2 3 v
COMEINED TOTALS 43 =1 &0 152



BART

ARSFIDGA MATHTENANCE anD RELIARILITY INFORMATION SYSTEM f1/1¢782
FUNCTION: HISTORY EQUIFMENT 14.22.2¢
WAYSIDE TRACKING
AUTOMATIC FARE COLLECTION -INCIDENT HISTORY-
EQUIF NDO LOC OFEN INCD STATUS
1001 Miéb 04 SERVICEARLE

EQUIF NO LDC OFEN INCD STATUS
1002 MyQ 01 SERVICEAERLE

TINCIDENY SYMF ILOC OCCURRED DATE/TIME REFAIRED DATE/TIME DOC NO
N329527D 4000 M?0 08/06/B2 §4:10 08/06/82 00:00 of
DEDUCTS FARE RUT DOES NOT FRINT VALUE ON TICKET OR OFEN EBARRIERS.
REFAIRED

INCIDENT SYMF ILOC OCCURRED DATE/TIME REFAIRED DATE/TIME DOC NO
N329535L 4000 M?0 08/10/82 16:02 08/11/82 00:00 01
ACCEFTS RVTS WILL NOT OFEN GATE
REFRD LATCH ON VERFD STATN

COMMAND -
MESSAGE: USE FFB TO FAGE FORWARD
MRSFCDOA MAINTENANCE AND RELIAEILITY INFORMATION SYSTEM 11716/82
FUNCTION: HISTORY EQUIFMENT 14.32.40
WAYSIDE TRACKING
AUTOMATIC FARE COLLECTION =INCIDENT HISTORY-
EQUIF NO LOC OFEN INCD STATUS
§002 M%0 01 SERVICEAELE
INCIDENT SYMF ILOC OCCURRED DATE/TIME REFAIRED DATE/TIME DOC NO
N338074J 4000 M90 08/25/82 17:30 0B/26/82 00:00 o1
BARRIER STAYS OFEN.
RESET CFP-%.

INCIDENT SYMF ILOC OCCURRED DATE/TIME REFAIRED DATE/TIME DOC NO
N33B8078A 4000 MO 08/27/82 19:23 08/28/82 00:00 01
VALUE DEDUCTED, HARRIEFRS DONT OFEN.

INCIDENT SYMF ILOC OCCURRED DATE/TIME REFAIRED DATE/TIME DOGC NO

NZIBII5L 4000 M0 09/22/82 20:45 0%9/22/82 00:00 01
EARRIERS REMAIN OFEN

RESET CF-9

COMMAND -

MESSAGE: USE FF7 TO FAGE BACKWARD OR FFe TO FAGE FORWARD



BART

HRSFCDOA MAINTENANCE AND RELIARILITY INFORMATION SYSTEM
FUNCTION: STATUS EQUIFMENT
WAYSIDE TRACKING

AUTOMATIC FARE COLLECTION =OFEN INCIDENTS-
EQUIF NO LOC OFEN INCD JSTATUS
1001 Mis 04 SERVICEARLE

EQUIF NO LOC OFEN INCD STATUS
1002 M20 o1 SERVICEAERLE

INCIDENT  SYMF  ILOC OCCURRED DATE/TIME INCD STATUS
N324546E 4000  M90 02/23/82 20:25  REFAIRED
TICKET JAn IN READ STATION

EQUIF NO LOC OFEN INCD STATUS

1663 AGO o SERVICEAELE
EQUIF NI LOC  OFEN INCD STATUS
_ 1664 Fi1e 3 SERVICEAELE
COMMAND :

MESSAGE: USE FF8 TO FAGE FORWARD



HREFPCDOH
FUNCTION:

LINE NO: Af10
FRINT (Y/N): N

EX-G STA EN-G STA
i02¢ SER 202¢ SEFR
1520 SER 2520 SER
1602 SER 2602 0UT
1762 SER 2702 SER
EX-GATE EN-GATE
SER 04 SER 03
ouT @0 ouT  of
COMMANE :

MESSAGE:

-MRSFCDOH

RE-G STA

RE-GATE
SER 00
ouT o0

BART

WAYSIDE TRACKING

AFC STATUS REFORT
LAKE MERRIT

CHAN STa  VEND STA
4498 SER 5022 JER
4417 SER 5038 JER.
47406 SER 56532 0UT

4749 OUT 5654 SER
STATION SumMMARY

CHANGER VERDOF
SER €3 SER 03
ouT  of ouT  of

ENTEFR STATION NOSFRINT OFTION

FUNCTION: EQUIF STATUS/STATION

LINE NO: M40
FRINT (Y/N): N

-EX-G STA4 EN-G
1058 SER 20658 SER
1059 SER 2059 SER
1060 SER 2660 SER
1067 SER 2066 SER
1556 SER 2544 SER
4557 SER 2545 SER
{558 SER 25446 SER
1565 SER 2545 SER
EX-GATE EN-GATE
SER 08 SER o8
oul 6% ouT 00
COMMAND :

MESSAGE :

§TA RE-G STHA

RE-GATE
SER 00
ouT 0

WAYSIDE TRACKING

AFC STATUS REFORT

CIVIC CENTEF
CHAN STA VEND
4016 SER 5065
4438 SER 5064
4439 SER 5067
44406 SER 5068
4702 SER 5142
4739 SER 561%
4740 SER 5¢&23

iTA
SER
FER
SER
ouT
SER
SER
SER

STATION
CHANGEF
SER 07
ouT 0%

SUMMAFRY
VENDOFR
SER ¢Ce
ouT &

ENTER STATION NO/FRINT OFTION

D-9/D-10

ADD STA
601§ SER

5019 SER

6647 SER

ADDFARE
SER 03
puT 00

AbI

6039
&040
6044
6637
6658
6613

S$Ta
ouT
SER
SER
SEF
SER
SER

ADITARE
SEF 0%
ouT 09

MAINTENGNCE AND RELIABRILITY INFORMATION SYSTEM
EQUIF STATUS/ETHTION

READ STA
7008 SER
7018 .SEE

READER
SER 02
ouT o0

MAINTENANCE AND RELIAKILITY INFORMATION SYSTEM

READ
70414
7042
7043

$TA
SER
SER
SEE

READEF
SER O3
ouy o6

§1/16/8%

4 .54

TRAN
Bo21
gead

oy
« o

STéH
SER
SER

TRANS

SER
ouT

TRAN
8120
8121
8422
8424
8125

ol
1210)

S1A
SEFR
SEFR
SER
SER
SEFR

TRENS

FEFR
CeT

OF
G
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