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Disclaimer: This course is intended to educate employees of public transportation systems that have
agreed to voluntarily participate in the Rail Car Training Congottium. It is intended only as informal
guidance on the matters addressed, and shéuld.not be relied upon as the only method or manner for
performing the tasks or work outlined imthe matetials: Anyone using this document or information
provided in the associated training pfogram shouldrely on his or her own independent judgment or,
as appropriate, seek the advice of@ competent professional in determining the exercise of care in any
given circumstances. These materials afe based on compendiums of knowledge from transit
employees, manufacturers and outside consultants, each of whom may approach a repair, update, or
maintenance in their own‘unique way. Always follow the safety and maintenance procedures from
your own agency, union, relevant OEM(s) and/or regulatory organizations. In addition, the course
materials include examples ffom memiber agencies, nomenclature, procedures, and configurations
which can vary fsem one transit location to another. The document that you are now referencing may
have been meodified by, the Consortium member. For the original versions, please go to
TransitTraining.net or contact'the Transportation Learning Center.

The Rail Car Training Consortium, its participating agencies and labor unions, as well as the
Transportation Learning Center, make no guaranty or warranty as to the accuracy or completeness of
any information provided herein. The Rail Car Training Consortium, its participating agencies and
labor unions, as well as the Transportation Learning Center, disclaim liability for any injury or other
damages of any nature whatsoever, directly or indirectly, resulting from the use of or reliance on this
document or the associated training program.

Note: All images contained within this document were contributed by Rail Car Training Consortium
members unless otherwise noted.



COURSE 108: INTRODUCTION AND OVERVIEW TO CARBODY

Table of Contents

How to Use the Participant GUIAE ............cocieriieiiiiiieeiieie ettt i
TabLe OF CONTENLS ...ttt ettt ettt et st e et e et e enbeesaeeebeeeee 1
TaDLE OF FIGUIES ...ttt ettt ettt ettt e et e st e et e s it e et e s sseenseeeabeenseessseensaesnseenne il
MODULE Luuucuiiuinninnisinsaissenssesssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 1
OVEIVIEW waueenneecnrensrensrenssnssssesssnssssessssssssessssssssesssssssssssssssssassssssssassssesssssssssssssssssssssassssesssssssassssasssses 1
I-1  SafEty REVIEW ...oeiiiiiiiciie ettt ettt e e s tae e et eesaaeeesese e e sseesanab e seeeensaeesnseeennnes 2
1-2  History of Passenger Railcar Bodies.........c.ccccueveiienienieeneeneene e i 3
[-3 Carbody OVETVIEW .....ccviieeiieeeiieeiieeeeeeeesteeeieeeeieeeseeeessseeesssee e ianabe s sanasdieneneth e eeeeenseeennnes 6
I-4  SUMMATY .cooiiiiiiiiiiiieeiiie e ereeeesieeeseeesineeseeeeseeeeseeee s dan et e Saaatheeeeeessaanaas eeeeenneeenns 10
MODULE 2uuucuuiiuinnisensaissanssesssnssansssssssssssssesssssssssssssassssssaiosnsssssssessssssesssassssssssthessssssssssssssssssssass 11
CAPDOAY THLOYIOT uueennneeennvvecnnvrossasrcssasisssasiossssissssssssossesssussssbbesibunsessssseseadiossssscssssssssssssssssssssssssans 11
2-1  OVEIVIEW ...oiiiiiiiieiieeieeieeeieeneeeieesee el e aman i el e 12
2-2 OPEIatOr Cab...ccuvieiieeiieiieeieeiieeieeeie e esah e gaaa i e ee s tasheeenseeeeseenseessaeeseesnseenseeenseenseas 15
2-3  Flooring, Sides, and CeliNgS ........cccvvieriueeeiredereeeeeiassnaBin e eeeeenreeesreeessseeessseeessseesssseessseeenns 17
2-4  Seating and Other Installations ..al M. ... leiih et 19
2-5  Windows and WindSCreens. . .did... ..t oottt ettt et e esaeeeeeas 20
2-6  INterior LAGNEING . ..coueeeeeee i et sitie e ettt et e e te e et e e bt estaeebeeeabeenseesnseenseas 20
AN 11111100 F: 1 A PSR 21
MODULE 3...........ccuu.e. croallBee.covenreirinisissessississssssssasisssasssssstsssesassssssssessssssase 22
CarDOAY EXTOFIOT .ofbvsuseeenenesdonssesserecssssaniisnssssssossssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnass 22
K B € 1y 1o OO OSSOSO P PSPPSR 23
3-2  Carbaly ROOT ... ettt e e e e e e et e e e e e eaa e e eaaeesreeen 24
3-4  Catbody EndS............o i e ettt ebeeenaeens 25
3-3 CarbOAYISIACS ........oveiiiiiiiii e 26
3-5  EXteriOfLAZIIING . ...cooiiiiieiiieiie ettt ettt ettt et e st e e baeenae e bt e enbeebeeeabeens 29
T TN 1111111 23 oy PSP PPRUSTPSRN 29
MODULE Q....ouiieiinicensncssicsnnssesssicsssssnsssissssssesssssssssssssssssssssessssssssssssssssssssssssssssassssssssssasssssssssans 30
APLCULIALION e cnnnnaeneeonnneriosiranrrensssssrsssssssssessssssssesssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 30
Aol OVEIVIEW ..eutiiniiiiieiiieit ettt ettt ettt et ea e bttt et e bt et e a e sb e e bt eatesb e et e e bt e nbe et e satenbeenbeentenaeenee 31
4-2  MaJOT COMPONENLS....cceurieeirireeiieerreeerieeesteeessseeessaeesssaeessseesseeesssaeessseesssseeessseesssseessseeenns 31
BEILOWS ...ttt ettt h et et h et e a ettt nb et et sae e 32
4o SUIMIIIATY .eeoitiiiiiieeiiee ettt ettt ettt et et e e b bt e ettt e et e e e sab et e eab e e e abeeebbeeebbeesbteesabeeenaneeenas 33

Intended For Use by Rail Vehicle Training Consortium Members Only
©Transportation Learning Center e Page ii



COURSE 108: INTRODUCTION AND OVERVIEW TO CARBODY

Table of Figures
Figure 1.1 Source: Linda Hall Library for Science, Engineering, Technology. Kansas City, MO.3

Figure 1.2 Mid-19"™ Century Passenger Coach Built by the Harlan & Hollingsworth Co.,
Wilmington, DE. Source: The American Engineer and Railroad Journal, Vol LXVII, No 6. June

1893, NEW YOIK, INY . ittt ettt e e e e s e st a bt e e e e e s e s saaaaaeeeesessessnnaaaees 4
Figure 1.3 Passenger Coach Built by Harlan & Hollingsworth Col, shown at the 1893 Chicago

WOTTA'S FaIT. ...ttt sttt ettt e et e st ebe e 4
Figure 1.4 Carbody with Ends Designated as “1” and “2” —Courtesy PATCO ........c.ccccvvevreennee. 6
Figure 1.5 Carbody with Ends Designated as "X" and "Y" —Courtesy BART ..a..cccccvvvecieennnennee. 6
Figure 1.6 Carbody with Ends Designated as "F" and "R" —courtesy WMATA .. ........ccoevenennee. 7
Figure 1.7 Consist Configurations of 7000 Series Rail Vehicles —courteSppWMATA .................. 7
Figure 1.8 Siemens S70 LRV — Courtesy CATS......ccovieiiiieiiieeieeeiee e sinneie s ase st eneth e 9
Figure 2.1 Interior Arrangement of Siemens S70 Light Rail Vehicle=courtesy CATS .............. 13
Figure 2.2 Left Interior Features of Kawasaki 7000 Series Car —courtesy WMATA .................. 14
Figure 2.1 Operator Cab —Courtesy VT A ......cccoeevveeeevestoonreee e 15
Figure 2.2 Plymetal Flooring Manufactured by Koshii™ RaildCar Intemors ............ccccceeveennnee. 17
Figure 2.3 Carpeted Flooring Manufactured by Forbo™ Flooring Systems..........ccccccevveeeenenne. 17
Figure 2.4 Hinged Ceiling Panels Layout on HRV —courtésy PATCO.............cccocoeiviiiiinnenen. 18
Figure 2.5 Ceiling and Side Panels on GCRTA Tokuyu™¢ats —photo by Amri Joyner ........... 18
Figure 2.6 New Bike Areas Proposed for BART's Eleet of the Future ............ccceeeevieiiiinnenn. 19

Figure 2.7 Interior Windscreens ondWMATA7000'Series Rail Car — photo By Ben Schumin -
Flickr: Metro 7000-Series railcardebut, G€ BY-SA 2.0,

https://commons.wikimedia.or@w/indeX.php?curid=30540399 ........ccoceevvievieeiieiieeeeeeeeeeeen 20
Figure 3.1 Roof Shroud Loeations on LFLRV —courtesy VTA .......cccoiiiiiiiiiiiiiinieeeieeee, 24
Figure 3.2 Carbody Extérior No: 1 End —€ourtesy CTA .......cccoooieeiiecieeieeeeeieeeeeee e 25
Figure 3.3 Major Camponents of the Carbody Sides of a Siemens S-70 Rail Car —courtesy CATS
....................................................................................................................................................... 26
Figure 3.4 LRV Wrapped With Art Work —courtesy SacRT........ccccoeviviiiiiiiiiieieeeeeeee, 27
3.5 Mirror§ on LRY —courteSy MetroTransit. .. ....cocuiirieriiieriieeie ettt iee e e 28
Figure 4.1 Artictilation Panels Between A and B Cars —courtesy VTA ........cocoevivieniininienene. 31

Intended For Use by Rail Vehicle Training Consortium Members Only
©Transportation Learning Center o Page iii



COURSE 108: INTRODUCTION AND OVERVIEW TO CARBODY
MODULE 1: OVERVIEW

MODULE 1

Overview

Outline

1-1  Safety Review
1-2  History of Rail Carbodies
1-3  Carbody Overview

1-4  Summary
Outcome and Objectives

This module is the introduction to the first of three Consortium‘courses on the carbody. This
module starts with a safety review specific to workifig, on and arounddhe carbody, then it
provides a description of the carbody structure. Finally, this modulé lists five maintainable areas
of the carbody. Following the completion of this module, théyparticipant should be able to complete
the objectives with an accuracy of 75% or greater:

e Review safety guidelines.
e Describe the carbody struéture.
¢ Identify various carbody configurationst

e List five maintainable areas of the carbody.

Key Terms

e Consist
e Mairied Pair

Abbreviations

APTA  American Public Transportation Association
LRV Light Rail Vehicle
HRV Heavy Rail Vehicle
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MODULE 1: OVERVIEW

1-1 SAFETY REVIEW

All work around rail vehicles is dangerous work. Thus the importance of safe operation and
maintenance cannot be over-emphasized. Safety is an integral part of all maintenance programs
and is strictly enforced by all Consortium rail transportation agencies. Here are some important
points for technicians working on the carbody:

SAFETY PRECAUTIONS

e Wear proper-fitted and required PPE when wotking on the carbody.
This may mean working under the vehicle.

e Follow lockout-tagout procedures.

e Never work on equipment while eléetrical poweris applied unless it is
absolutely necessary as part of the mainténance procedure. Verify that
power is removed by checking with reliable equipment.

e Use proper lifting equipnient'to remove and replace heavy
components. Also make surethé.component is securely fastened to the
lifting device.

e Never attempt40 pesform'a two-person operation alone. Know and
follow emergency procedures.

e Never take any short cuts that are not clearly defined and approved.

e Followallagency saféty guidelines and procedures.

v Equipment

Com ents Are
Closed and Latched.

- That All Personnel and|
Equipment Are Clear.

. Traction Power Status

LRV
MAINTEENANCE
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MODULE 1: OVERVIEW

1-2 HISTORY OF PASSENGER RAILCAR BODIES

The first passenger train can be traced to England in 1825. “Locomotion No. 1”” was the first
steam locomotive to carry passengers on a public railway. It hauled passengers seated on wooden
planks from the mining town of Darlington to the town of Stockton. It did not take long for
America to catch the railroad fever and in 1830, the Baltimore and Ohio Railroad operated the
first scheduled railroad passenger service between Baltimore and Ellicott Mills (later known as
Ellicott City), Maryland. A year later the Mohawk and Hudson Railroad operated its first
passenger train between Albany and Schenectady, New York, a distance of 18 miles which took
45 minutes. The first passenger railcars were either wagons or stage coaches eonstructed of wood
and mounted on four-wheels tethered by chains very much like the drawing shown in Figure 1.1

R = AN A

Figure 1.1 Source: Linda Hall Library for Science, Engineering, Technology. Kansas City, MO.

One passenger, a judge, recalled Mis first railcar journey in 1831 from Albany to Schenectady in
New York:

The trucks were coupled together with chains or chain-links, leaving from two to three
feet slack, and#vhen the locometive started it took up the slack by jerks, with sufficient
force to jerkdthe passéngerss,who sat on seats across the top of the coaches, out from
under their hats, atid m stopping they came together with such force as to send them
flyingsrom their seats... There being no smoke or spark-catcher to the chimney or smoke-
stack, a volume of black smoke, strongly impregnated with sparks, coals, and cinders,
came pouring back the whole length of the train. Each of the outside passengers who had
an umbrella raised it as a protection against the smoke and fire. They were found to be
but a momentary protection... all having their covers burnt off from the frames... [and] the
deck-passengers, each whipping his neighbor to put out the fire. [Quoted from: The
History of the First Locomotives in America from Original Documents and the Testimony
of Living Witnesses, by William H. Brown, 1871. Source:
https://railroad.lindahall.org/essays/rail-cars. html)

Not long after this, these rail carriages were replaced with rectangular cars and passengers sat on
wood benches on either side of a center aisle.

Intended For Use by Rail Vehicle Training Consortium Members Only
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MODULE 1: OVERVIEW

1-3 CARBODY OVERVIEW

The rail vehicle’s carbody is the area of the train where passengers ride the train. Among some
railcar layouts, the carbody also includes the cab where the train operator sits.

Rail vehicles are configured in several ways depending on vehicle type such as whether it is light
or heavy rail, power source (catenary or third rail), manufacturer, and other criteria. Typically,
rail vehicles consist of two cars: the “A” car and the “B” car. Each car is further defined as
whether it is a “1” or “2” ends (Figure 1.4) and “X” and “Y” ends (Figure 1.5). “F” and “R”
designations for front and rear ends are also used (Figure 1.6).

" SIDE SKIRT
ASSEMBLIES
(BUDD CARS ONLY)

Pa-R3107

dy with Ends Designated as “1” and “2” —Courtesy PATCO

A2- Car Y-End

||

Figure 1.5 Carbody with Ends Designated as "X" and "Y' —Courtesy BART

The designation of numbered or letter car ends varies by manufacturer and rail transportation
agency. For example, PATCO rail cars are assigned “1” for the cab end of a car and “2” for the
non-cab end of a car.

Intended For Use by Rail Vehicle Training Consortium Members Only
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Learning Application 1B: HRV Case Study

Read the following description from a manual for the 7000 Series cars

manufactured by Kawasaki for WMATA. Participate in classroom
Q discussion using the discussion questions that follow.

Note: The 7000-series cars do not have an operator's cab in every car:

even-numbered "A" cars have operator's cabs, while odd-numbered "B"

cars do not. The "B" cars can be operated however using smaller "hostler"
controls instead. The married pairs are composed of one of each type.

There are two types of 7000 Series cars designated as the A Car, which has afull width cab at
the front end ("F"-end) and the B Car, which has a Hostler Conttel Panel\(HCP) at the front
end. The exterior of the "F"-ends of both cars has red and white running lights, headlights,
and taillights. At the rear end ("R"-end) of both cars is agemi-permanent coupler to join an A
and B Car. The right and left sides of a car are alwaysdeterminéd by facing the "F"-end of the
car. The B Car has two configurations: Bl Car and B Cary The singledifference is the
inclusion of the Vehicle/Track Dynamic Monitoring,(V/TDM) systém on the B1 Car.

The 7000 Series creates a consist from car combinations,called married pairs. A married pair
is made up of an A Car and a B Car joined via'a semi-permanent coupler at the "R"-ends
(Figure 1.7). This configuration supportsythe electronics and networking technologies that
have been integrated into the new cars and theésshared mechanical and electrical systems such
as the brake air compressor (onlyfon the A Car)and the battery (only on the B Car).

Discuss:

1. In what ways does.the 7000 Series €ompares to the rail vehicles in your transportation
agency?

2. How are miultiple rail cars configured in your agency? How many rail cars make up
the longest consist?

Intended For Use by Rail Vehicle Training Consortium Members Only
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MODULE 2
Carbody Interior

Outline

2-1  Overview

2-2 Operator Cab

2-3  Flooring, Sides, and Ceilings
2-4  Seating and Other Installations
2-5 Windows and Windscreens
2-6  Interior Lighting

2-7  Summary
Outcome and Objectives
This module outlines the major areas of the carbody interioriand their components. Following the
completion of this module, the participant should be able to complete the objectives with an accuracy
of 75% or greater:

e List the major components commen to the carbody interior.

e Describe the functions of'carbody intefior components.

Key Terms

e Plymetal
e Windséreen

Abbreviations

ADA Americans with Disabilities Act

HRV Heavy Rail Vehicle

LRV Light Rail Vehicle

WSMD  Wheeled and Seated Mobility Devices
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MODULE 2: CARBODY INTERIOR

2-1 OVERVIEW

The carbody interior varies in layout and configuration depending on age, type of vehicle,
manufacturer and other criteria. In this module “interior” refers to those areas of the rail vehicle
where the passengers ride.

Some of the major components of the carbody interior include:

e Operator cab

e  Windows.

e Bike racks.

e Stanchions, grab rails, hanging straps.

e Stops for wheeled and seated mobility devices (WSMD).4 mostlyen older rail vehicles.
e Bulkhead doors (typically on heavy rail vehicles).

e Passenger seating.

e Signage, such as system maps, decals, ads.

e Rider alert panels.

e Fare collection or card equipment (typically ‘on streetcars).

This introduction and overview courSe describes these major components to lay the foundation
for the next level course which ceVers thednspection‘and maintenance of carbody components.

Generic interior components includéfflooring Stairs, windows, seats, stanchions, modesty panels,
signage, exit path marking, fire extinguishefs, doors, interior panels, threshold heaters, passenger
hand rails, luggage raeks and wheelchair restraints. The interior arrangement, for example, of a
light rail vehicle mdnufacturéd bysSiemens™ for the Charlotte Area Transportation System
(CATS) is shown.in Figure 2.1 on the next page.

Intended For Use by Rail Vehicle Training Consortium Members Only
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MODULE 2: CARBODY INTERIOR

A CAR
SANDBOXES

OPERATING

CAB
PANTOGRAFH
HAMD CRAME
LOCATION

PASSENGER
EMERGENCY
INTERCOM

BIKE
RACK

= ———= FOLDING

|| :
FOLDING = | —
SEATS T 'll
/
BIKE
RACK
WINDSCREENS |I
C CAR
STANCHIONS
BIKE
RACK
BIKE
RA
PASSENGER
EMERGENCY
INTERCOM
DOOR OPEN
PUSHBUTTON
(ON ALL DOORS) SANDBOXES
OPERATING
CAB
B CAR

&

Figure 2.1 Interior Arrangement of Siemens S70 Light Rail Vehicle —courtesy CATS
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2-2 OPERATOR CAB

The operator cab is an enclosed area of the rail vehicle from which the train operator works. It is
closed off from the passenger seating area. Some rail vehicles are designed with operator cabs on
both ends of the carbody. Other configurations have one cab. Not all rail cars have an operator
cab — some rail cars are part of a married pair where one car has the operator cab and the other
does not.

Though the operator cab layout varies by manufacturer, vehicle age, location requirement, and
other criteria, it is comprised of these areas:

e Console.
e Operator seat.

e (Cab door and windows. (Windshield is covered in Mo

DESTINATION
SIGN

FMS*

CAB DISPLAY

CONSOLE

WINDSHIELD
WIPER
ASSEMBLY

OPERATOR
SEAT

. e X *Fault
\ Monitoring
System

Figure 2.1 Operator Cab —Courtesy VTA

The operator cab is the center for communication between operator and passengers, operator
and central control, and train and wayside equipment
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MODULE 2: CARBODY INTERIOR

Side and Ceiling Panels

The interior of many passenger rail cars are comprised of side and ceiling panels that hide and
protect the electrical cables, fixtures, HVAC equipment, and other sensitive components. These
panels are often hinged with locks so that, when necessary, qualified technicians can gain access
to maintain, repair, or replace equipment and components.

rﬁ-
L

yA
i

@

0/

1/

HINGED PANEL ED PANEL

[PA-04-0089

Figure 2.5 Ceiling and Side Panels on GCRTA Tokuyu™ cars —photo by Amri Joyner
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MODULE 3
Carbody Exterior

Outline

3-1 Overview

3-2  Carbody Roof
3-3  Carbody Ends
3-4  Carbody Sides
3-5  Exterior Lighting

3-6  Summary

Outcome and Objectives

This module outlines the major areas of the carbody exterior, and their components. Following the
completion of this module, the participant should be able to complete the objectives with an accuracy
of 75% or greater:

e List the major componentsicommon to the carbody exterior.

e Describe functions of carbody exterior£omponents.

Key Terms
e Hubometer
e Vehicle wrap
Abbreviations
APTA  American Public Transportation Association

HRV Heavy Rail Vehicle
LRV Light Rail Vehicle
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3-2 CARBODY ROOF

Depending on the configuration of the rail vehicle, major components on the roof of the rail
vehicle may include:

e Catenary equipment. These are covered in a series of courses Consortium courses on
catenary systems for download at TransitTraining.net.

e Communication equipment. Similarly, these are covered in a series Consortium courses
available for download at TransitTraining.net.

e Roof shroud.

Learning Application 3A
List other components that are installed on the roof of the rail carbody

that your agency operates. What are th€ir major functions?

Roof Shroud

Roof shrouds are mounted on of the vehicle where the toof and side walls meet. The shrouds
conceal the roof equipment to maintain the overall appearance of the vehicle. The VTA in Santa
Clara, California, operates Kinki Sharyodew floorrail vehicles (LFLRV) which have ten roof
shrouds on each car.

Figure 3.1 Roof Shroud Locations on LFLRV —courtesy VTA
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Paint, Decals, Wraps

Carbody paint and decals are applied within specifications of the transportation system and
according to requirements and standards by other authorities having jurisdiction. Samples of
decals include emergency instructions and access; accessibility door; rail car number or
identification; as well as labels for rail car equipment such as the sandbox and emergency door
release.

Some rail transportation systems allow their vehicles to be wrapped for advertising or for
promoting public interest. Known as vehicle wraps, these are generally applied to light rail
vehicles and some marketing firms see these as rolling billboards. Vehicle w are a source of
revenue for some transportation systems.

ork —courtesy SacRT

Figure 3.4 LR |'I u Wi

v

Learning Application 3C

Read the article from Minnesota Public Radio’s website
https://www.mprnews.org/story/2014/10/09/metro-transit-ads. Your
instructor will have printed copies in class. Here are some questions for

class discussion:
1. How much revenue does Metro Transit stand to gain from the

advertising contract?

2. What is the estimated cost of a full wrap of a rail car?

3. What role, if any, would rail car maintainers have in the inspection
and maintenance of vehicle wraps?
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MODULE 4
Articulation

Outline

4-1 Overview

4-2  Major Components

4-3  Summary
Outcome and Objectives
This module identifies the primary components of the artic rail vehicle.
Following the completion of this module, the participant sh the objectives
with an accuracy of 75% or greater:

e List the major components common to th

e Describe the functions of articulation.

Key Terms

e Articulation section

Abbreviati

APT an Public Transportation Association
FTA al Transit Administration
LRV ail Vehicle

HRV Hea ail Vehicle
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4-1 OVERVIEW

As was described in Module 1, light rail vehicles generally consist of two or three sections (A
and B cars and sometimes A, B, and C cars). Between these cars is the articulation section
which serves as a flexible connection between cars and which enables the vehicle to bend
horizontally for curves and vertically for track irregularities.

4-2 MAJOR COMPONENTS

An articulation consists of:
e Articulation panels
e Articulation floor
e Rub plates
e Bellows assembly

e Rubber bearing and bearing support

These components are shown in Figure 4.1

BELLOWS

ARTICULATION
INTERIOR
PANEL

ARTICULATIO
FLOOR

RUB PLATE

Figure 4.1 Articulation Panels Between A and B Cars —courtesy VTA
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